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Preface 

 
Youth is the power of India. India has the largest proportion of youth 

when it is compared to all the nations. Many western countries developed 

by taking advantage of youth when there was largest proportion of youth 

in their countries. Now it’s time for India to shine in the world. To shine 

India needs to develop the youth. If one look at India, it has largest or 2nd 

largest population in the world according to latest data, and there also it has 

largest youth population in the world. So obviously it is golden era of India 

to take                 such human resources to develop the country. To develop it, there 

should               be more focus on the youth. Hence investing on youth will give the 

maximum return to the country. 

Indian youth are more hard working. The examples are not seen only 

in India but outside the India also. CEO of many large companies like 

Google, Microsoft, etc is Indians origin, who had educated into the India. 

Many Indian origin citizens takes top most position in political carrier in 

foreign countries, like developing and small countries like Maldives to 

developed and powerful countries like UK, USA. Indian youth are showing 

their power very efficiently all over the world. 

Hence it is the need of India to invest on Indian youth. Proper 

calculation and knowledge of Indian youth have to be check time to time. 

Hence in this report we will focus on rural youth and their educational 

knowledge, their interest in education, how much time they are investing in 

education, what types of plans they had made for their future, the availability 

of study related material, digital material, etc. Also we will check their 

political knowledge since this knowledge also very useful for the 

formulation of acts and other development related things which will shape 

the country. In this survey report we will understand in which field the rural 

youth are focusing, how much time they spend in learning their own, is there 

good healthcare to make them fit, their performance in study, what are the 

problems and barriers in the study, awareness about political system. 
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Executive Summary 

 
In this report i.e., the Educational and Political awareness of rural 

youth in Bhiwapur Tahsil (District Nagpur), there are about 149 villages 

and we have taken samples of about 25 villages. The samples are taken 

randomly with taking care of that proportion of male and female will be 

same. The samples are selected randomly and each one has been asked 50 

questions. Total 15 participants participated in it. 

The primary data is the data which we have asked to the participant 

directly or through the phone call and Google form. Also some of the 

secondary data is also used from the government surveys and census reports. 

Based on the answers of the participants, data is distributed and classified 

and the conclusion is drawn. 

The report is classified into the 3 chapters –  

1) Health 2) Educational Awareness 3) Political Awareness 

In the 1st report i.e., Health we got that 

1) 66% of rural youth take part in extracurricular activities. Here in this 

66% the proportion of females is more than males, i.e., 6:5 for female 

and male. 

2) 94% of youth takes care of their health and 6% do not take care of 

their health, they said they are so busy and do not have time to look 

on their health. 

3) All the youth are aware of the balance diet as they had learned it in 

the science textbook of state board from class 8th. 

4) 94% of the youth said that they have accessibility of good healthcare 

system, while other 6% said they do not have good healthcare system 

as the doctors are frequently absent in government PHCs, also 

government hospitals not remained opened for more time, private 

hospitals take more fees and medicine is also costly. 

5) 94% of youth said they are doing/ helping in household works like 

cleaning home, washing clothes, filling water, etc, farming activities 

buying groceries, etc. while other about 5-6% said they do not do 

household works. According to some research the persons who do not 

do household works need to exercise but the persons who do 

household works may not need to exercise. 



vi  

In the 2nd report i.e., Educational Awareness, we got, 

1) The participants are – 60% doing their graduation, 30% post- 

graduation and remaining in higher education. 

2) 66% are still pursuing their education and 34% completed their 

education. Out of 34% who have completed their study, 12% 

completed their study after 11-12th, 59% completed their study after 

graduation and will study further, and 29% completed their study and 

will not like to do further study. Those who are still continuing/ 

pursuing their studies, i.e., 66%, out of them proportion of male and 

female is almost same, in fact females is slightly more than males. 

3) Most of the rural youth have taken science as their stream in education 

which shows that they are interested in scientific study. About 78% of 

youth chosen science as their educational field, 16% arts and 6% 

Commerce. 

4) 90% of youth are using digital tools. 

5) 90% of youth had taken the basic computer education. 90% of youth 

is aware that the computer education is the need of this world. 

6) 78% of the youth said that they have good internet speed in their tahsil. 

22% said either they do not have good internet speed or the tower is 

not nearby to them. 

7) 12% youth taking only 2 hours for their daily study, 40% taking 2-3 

hours, 32% taking 3-5 hours, and 6% taking 5-7 hours and 10% taking 

more than 7 hours. When it comes to study more than 5 hours of self 

study then males are more than females, only 1 women per 7 males 

taking more than 5 hours for their study. 

8) 84% of youth said they have accessibility of learning materials and 

16% said they do not have access to learning material, either they 

cannot afford to buy from market or if they are affordable to buy for 

them but the market is far away from them. 

9) Most of the youths likes in colleges – education, library, teaching, 

sports, rules and regulations, annual functions, etc. 

10) Don’t like youths in colleges – irregular lectures, lack of teachers, 

bias teachers, lazy teachers, lack of knowledge of teachers, teaching 

skills, infrastructure of school/colleges, 
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11) 6% of youth 31-50% satisfied with teachers, 38% youth 51-70% 

satisfied, 38% of youth 71-90% satisfied, and 18% of youth 90-100% 

satisfied with teachers. 

12) About 75% of youth scores more than 70% marks in 10th standards. 

6% of youths scores more than 90%. 

13) 31% of youth scores 51-60%, 31% youth scores 61-70% and 27% 

scored 71-80%, 12% scores 81-90%, no one scores more than 90% 

marks. 

14) Half of the youth have library in or near their villages. 

15) 80% of youths are aware of their future goals, while remaining are 

not. 

16) 54% of youth are working along with study. However here is one 

thing to note that many from this 54% have completed study and 

doing jobs based on their study. 46% do not work along with study. 

17) 88% of females want to do job after their education and remaining 

wants to be housewife. 

18) 76% of females said they do not have pressure of marriage before 

completing their studies, while 24% said they have pressure of 

marriage. 

19) All the females i.e., 100% females wants to continue study after 

marriage also. 

20) 64% males said that they have pressure of work before completing 

their studies. And remaining 36% do not have pressure of work 

before completing their studies. 

21) Most of the youth wants to do job after education. some wants to do 

preparation of exam. 

22) 90% of youth wants to do government job. 

23) 70% of youth are preparing for the competitive exam, most of them 

for government of exam. 

24) 70% said of youth said they have interest in farming. 

25) But only 30% of youth had taken farming as one of their subject in 

education. 

26) 60% of rural youth financially afford the education. Remaining do 

not afford education but government initiatives like scholarships 

helps them, however they cannot afford tuition classes. 
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27) According to youths barrier in study – financial, internet 

connectivity, speed of internet, mobile phone wasting time in social 

media and games, books not available, concentration, infrastructure. 

 
In 3rd Chapter, i.e., Political Awareness, we can conclude 

1) 76% of youths are reading newspapers, remaining not reading. 

2) 78% of youths are aware of the current affairs of national and 

international importance. 

3) 58% of youths aware of national election that will be held in 2024, 

however 42% of youths do not aware of it. This may because most of 

the youths focus on science stream. 

4) 56% knows difference between national and state election. About 

same percentage of youths are aware of election that will held in 2024. 

5) Most of the youths about 78% have given correct name of national 

political parties but only 10% youth were able to give correct name of 

state political parties. It shows that youth in this Tahsil are not more 

aware about political parties. One thing is to note that this survey had 

been conducted before the AAP declared as National Political Party 

and NCP; CPI had been taking down from National Political Parties. 

6) About 92% of youth knows BJP is in power in central government. 

8% did not give answers. 

7) About 55% youth said that Shiv-Sena is in power in the state 

government. About 36% said that BJP is in power in state government. 

Remaining youths said different names. Here one thing in interesting 

to note that, about 55% youth aware that Shiv-Sena is in power in 

state government. But only 10% of youth tells the correct name of 

state political parties. Region for this may be 1) most of the youth 

are considering the Shiv-Sena as the National political party, 2) youth 

don’t knows the difference between national political parties and 

state political parties, 3) Shiv-Sena was in news because of some 

changes in government and party. 

8) About 95% of the youths know that 18 is minimum age for eligibility. 

Remaining 5% tells the age of marriage as the age of eligibility to cast 

vote. 

9) 56% of youth did not cast their vote in election, which is huge 

percentage who did not cast their votes in election. 
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10) 39% only likes the policies of this government and 61% of youth do 

not like the policies of this government specially related to the 

generation of employments. 39% likes many different policies of 

government and are happy with the government initiatives. However, 

the percentage of such group is lower. 

11) 35% of youths are interested in contesting elections. 

12) About half of the youths participated in the Gramsabha meetings. 

13) 33% of the youth are questioned the leaders in Gramsabha according 

to the chart. 67% either do not take part in Gramsabha or if taken 

participation in Gramsabha then did not questioned their leader. 

14) Most of the youth sees honesty in their leader while casting votes, 

20% of youth sees honesty in their leader while casting the vote. Then 

education, good quality, anti-corruption, desire to work, experience 

etc also seen in leaders. 

15) Most of the youth thought the good qualities of their leader. 52% youth 

thought that their leaders are good and working for the village. 12% 

thought leader is not good and not bad also. 12% thought that their 

leader is corrupt, 12% thought that their leader is corrupt and bad, 

and 12% youth do not aware about their leaders. 

These are the findings from the survey about Educational and 

Political Awareness of rural youth of this region. The details of this 

are                           given in the report following in detail. 
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Introduction 

 
India’s population is among the youngest in an ageing world. By 

2022, the median age in India was 28 years; in comparison, it was 37 in 

China and the United States, 45 in Western Europe and 49 in Japan. India’s 

working-age population has numerically outstripped its non-working age 

population. A demographic dividend, said to have commenced around 

2004-05, is available for close to five decades. This is an extraordinary 

opportunity. Also India is the country having largest number of youth. 

Hence using these resources of largest youth India will become the 

powerful                      country. The need is to utilize the available resources. Giving 

quality education will make the country to utilize these resources with 

double productivity. 
 
 

Hence in this report of Research Methodology, we will try to 

find out where is the rural youth of Bhiwapur Tahsil in this competitive 

world. Are they aware of some basic things? For the progress of people 

there is needed to focus on certain things. In this report we will try to 

find out some of these things. In the 1st chapter our focus will be on the 

health as good health increases the productivity of the education and 

works. For good health the person needs to focus on his diet, exercise, 

sleep, etc activities, good healthcare systems, hospitals, etc. 
 
 

After good health education is also important thing for development. Good 

education makes the person to adopt good health. Here will try to know the 

educational qualification of youth of this area, their digital knowledge, tools in 

education, stream of education in which they are interested. Also we will try to 

know the internet uses of youth, accessibility of study material, libraries, what 

they like and don’t like in colleges, how satisfied they are with teaching, how 

much time they giving to study, there score in 10th and 12th. We will also try to 

know the their future planning, whether they will study and do job after 

marriage, specially females, Whether they had any barriers like financial 

one, interest etc and also whether they had any interest in farming. 
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In 3rd chapter will try to find their political knowledge about the 

parties, elections and awareness of latest development of national and 

international importance, there plan to participate in politics, contesting 

elections, their participation in meetings like Gramsabha, what they thought 

about leaders, etc. 
 
 

Hence to know the answers of such questions, I have framed the 

questions. There are total 50 questions which had asked to 50 people (25 

males and 25 females). The participants are selected randomly from about 

15 villages. Some of them have been asked the questions directly; some 

have been answered through Google form, some through the phone calls. I 

have noted their answers and inserted it in the MS Excel. Based on the 

calculation the report is prepared. 
 
 

The questions were 50 and asking such questions to all the 

participants takes lot of time and hence I have prepared the Google form. 

Some of the participants I have contacted do not wanted to give the answers 

on Google form and hence I have asked them directly or through 

telephone. I have take care that only digital users do not participate but the 

all to whom I randomly selected should participate and hence when they 

were uncomfortable with Google form then I asked them directly or 

through phone call. 
 
 

In this way the report are made and different charts are used for 

the easy understanding. Conclusions are drawn based on the data and pie 

charts. Also the executive summary of this report is prepared. In the 

executive summary whole report is summarizing in short way. But the 

detail study can be seen only in report of this survey.
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Research Methodology 

 

     1. Research Objectives: 
Every research paper gives insight of the particular samples. In 

this research i.e., the Educational and Political awareness of rural 

youth in Bhiwapur Tahsil (District Nagpur), we have taken a sample 

of different villages. And take out the conclusion based on it. This 

analysis tells what the rural youth thought about the education, and 

how is there political thought process. In this research I have talked to 

50 youths of different villages and based on their answers drawn the 

conclusion. 

As we know that the development of youth will definitely make 

our country great. Many social reformers and freedom fighters gives 

emphasis on education, many schools were opened in that time also. 

Dr. Ambedkar also gives the slogan of “Be educated, be organised, 

and                     be agitated”. 

To make youth more capable, the healthcare should also have 

to be taken care. And hence one of the objectives of this research is 

to know whether the youth have access of good healthcare system, 

hospital and whether the youth knows about the balance diet. Also the 

objective is to know whether the youth is taking care of his health. 

Another objective of this research is to know the education of 

the youth. In this research you will know how much education the 

rural youth had taken, and where the backward class in rural areas 

stands in education. Also which stream is chosen by the rural youth 

for their study? Also the objective of this report is to whether the 

rural youth is also using digital tools for their study. In this report you 

will know the time utilized in study by the rural youth. How satisfied 

are the rural youth about their teacher, is there quality education in 

rural area. Also we will know the barrier in the education, the 

excitement of studying etc. 

In term of politics, in this report, you will know how the rural 

youth aware about politics from national and state level to the 

grassroots level i.e., the Gram Panchayat level. Also you will know 

whether the youth acting responsibly in political affairs by casting 

their vote and questioning the leaders. The objective of this research 
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is also to know whether the youth are aware of party politics, party 

system and to know whether they wanted to be a politician. 

Hence with these all objectives, this report emphasis on 3 

important parameters i.e. Health, Education and Political Awareness. 

These are somewhat interrelated and accessibility of all these 

important parameters will help the youth to develop themselves. 

These things are mostly available in urban areas. But are rural areas 

also have accessibility of these is the focus of these research. 

     2.Research Design: 

This research is divided into 3 main important perspectives. In 

the first chapter you will know about the health care system. The 

knowledge of youth about health, whether they are taking care of their 

health and accessibility of the hospitals and healthcare system? To 

be mentally fit it is necessary that body should be fit. The healthy 

body increases the brain power and helps in education. It also helps 

to live a fresh life and not lazy, tired one. 

Second chapter is focusing on educational awareness of youth. 

Here samples are taken as both male and female in same proportion, 

their education and other information are included in research to know 

how much education youth are taking and what is their aim. Also in 

education, teachers’ role cannot be ignored. Hence how satisfied are 

youth with teachers are also important. In this chapter the description 

of barriers that comes in between the youth are also included. 

Third chapter focuses on the political awareness of rural 

youth. Whether rural youth knows about election, party system etc. 

are included in the report of research methodology survey. Whether 

they are participating in meetings of Gram Panchayat, questioning 

the leader or not are analyzed. Also in this part, the focus on 

National Parliamentary election and State Legislative elections are 

alsogiven.
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     3. Sample Size: 
Sample is a part of anything taken or presented for inspection. 

Hence sample is a group of people, objects, or items that are taken 

form a larger population for measurement. A sample refers to a 

smaller, manageable version of larger population for measurement. 

There are about 85 rural villages in Bhiwapur Tahsil. 

Population ranges from 8 to about 10,000, i.e., some villages have 

only 8 people and some have about 10,000 people, according to 

the population census 2011. However maximum villages have 

population in the range of 500 to 2000. Average population of these 

85 villages is 1400.     Here is one thing to note that our focus is not 

on all the population of the villages. Our focus is on the rural youth. 

Hence our focus is on the youth of the villages. In research, I have 

taken samples from 15 villages. Total samples I had collected is 50 

from 15 different villages. Different types of villages with particular 

distance are taken. 

I have asked them questions in my presence and some people are 

contacted through the mobile phone, and some with Google form. 

         4. Sampling technique: 

We have chosen random peoples as a sample. Here we have 

used probability sampling method i.e., simple probability sampling 

method, where every youth have an equal chance to enter into the 

sample. There was no particular emphasis on any community or any 

educated, uneducated, rich and poor. However, we have taken care to 

collect samples in equal proportion of male and female. 

In this way the samples are collected and the questions are 

asked to them. The maximum questions were in the form of Multiple 

Choice Questions (MCQ) and some were short answer questions. 

Maximum questions are compulsory and hence each sample gives 

the answers. All answers are noted properly. These answers are noted 

and inserted in the excel file to calculate and analyzed the data. 
 

     1. Types of data 
There are 2 types of data in the research methodology. One is 

primary data and second is secondary data. And we have collected 

both types of data in this research. 
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a) Primary data: Primary data are those data which are collected 

afresh and for the first time. It is original in nature. It is directly 

related to the issue or problem and current data. This data we have 

collected from the individual face to face. Sometimes we used 

voice call on mobile phone to ask the questions. We also frame the 

questions on Google form and ask the participants to give the 

answers. We have asked the same questions to each one and note it 

down. 
 

b) Secondary data: the secondary data are those data which have 

already been collected by someone else and which have already 

been passed through the statistical process. This data we have 

collected from different websites, and using the digital platform 

like YouTube. We have collected the census information from 

census2011.co.in website. It gives me the information of different 

villages in Tahsil, their population information, etc. This data helps 

us to easily find the villages in Tahsil. Also this website gives the 

data of literacy rate, religious population, percentage of ST/ST 

community, and sex ratio of the villages. But the data of population 

and villages is important for us in this research. 

 

2. Analysis of data 
 

Here We have edited the collected information on MS Excel to  

analyzed  it. All collected information added systematically and 

properly. The questions are large in size and may have become 

difficult to calculate. And hence coding is given to the questions and 

this inserted in the excel. All data are organised into the classes and 

different categories and numerals and symbols. 

Then data classified for the analysis in 3 chapters. First chapter is 

focusing on Health and related to health issues. As healthy person 

can think healthy                            and with its all efforts. The productivity of healthy 

person is far more than unhealthy. Second chapter deals with the 

educational awareness. Youth’s educational knowledge, their 

interest in education, how much time they are investing in 

education, what types of plans they had made for their future, the 

availability of study related material, digital material, etc. are 
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included in the second chapter of this research. Third chapter deals 

with political knowledge of the youth. Here the political knowledge 

of parties, national and state level election, grassroots level i.e., 

Gram Panchayat elections, youth’s participations in political 

activities are included. In this way whole research is divided into 3 

chapters. 

We have asked the questions to the 50 youths, out of which 25 

were males and 25 were females. Their age groups are also varies. 

6 participants i.e., 12% had age of 16-18, 6 participants i.e., 12% of 

had age of group of 18-20, 9 participants i.e., 18% had age 

between 20-22, 8 participants i.e., 16% had age of 22-24, 21 

participants i.e., 42% had age group of 24-26. This data can be 

easily understood by the following pie chart. 

 

 

Age group and their % 

12% 
12% 

16% 
18% 

42% 

16-18 

18-20 

20-22 

22-24 

24-26 
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Chapter 1:  

Health 

 
According to the World Health Organization, health is a state of 

complete physical, mental and social well-being and not merely the absence 

of disease and infirmity. Health can be promoted by encouraging healthful 

activities, such as regular physical exercise and adequate sleep, and by 

reducing or avoiding unhealthful activities or situations, such as smoking or 

excessive stress. 

World Health Organization describes mental health as a state of well 

being in which the individual realizes his or her own abilities, can cope with 

the normal stresses of life, can work productively and fruitfully, and is able 

to make a contribution to his or her community. Mental health is not just the 

mental illness. Mental illness is described as ‘the spectrum of cognitive, 

emotional and behavioral conditions that interfere with social and 

emotional wellbeing and the lives and productivity of people. Having a 

mental illness can seriously impair, temporarily or permanently, the mental 

functioning of a person. 

Diet: Achieving and maintaining health is an ongoing process, 

shaped by both the evolution of health care knowledge and practices as well 

as well as personal strategies and organized interventions for staying 

healthy. An important way to maintain one’s personal health is to have a 

healthy diet. A healthy diet includes a variety of plant-based and animal- 

based foods that provide nutrients to the body. Such nutrients provide the 

body with energy and keep it running. Nutrients helps build and strengthen 

bones, muscles and tendons and also regulate body processes (i.e., blood 

pressure). Water is essential for growth, reproduction and good health. 

Macronutrients are consumed in relatively large quantities and includes 

protein, carbohydrates, and fats and fatty acids. Micronutrients – vitamins 

and minerals – are consumed in relatively smaller quantities but they are 

essential for the body process. Making healthy food choices can lower one’s 

risk of heart diseases and the risk of developing some types of cancer, and 

can help one maintain their weight within a healthy rage. Hence balance 

diet should be essential part of one’s balance diet. 

Exercise: Along with diet it is also important to do extracurricular 

activities for the bodies proper functioning. Physical exercises enhance or 
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maintains physical fitness and overall health and wellness. It strengthens 

one’s bones and muscles and improves the cardiovascular system. Physical 

exercise can reduce the risks of heart disease, cancer, type 2 diabetes, high 

blood pressure, obesity, depression and anxiety. Participating in any 

exercising, whether it is housework, yard work, walking or standing up 

when talking on the phone, is often thought to be better than none when it 

comes to health. For the youth in colleges/schools many extracurricular 

activities are organised and hence it is recommended that students and 

youths should have to take participation in extracurricular activities in 

colleges/schools and in any village level, state level or community level 

competitions and also with their own they can play certain games. The 

main focus is on to maintain the body. Healthy body makes the brain 

strong and increase the intellectual power. 

Sleep: Another important factor for the health is sleep. Sleep is 

essential components in maintaining health. In children sleep is also vital 

for growth and development. Insufficient sleeps leads to fall for illness and 

insufficient sleep also makes the slower recovery from illness. Hence good 

sleep makes the body strong, increase the mental power, and increase the 

thought power. Hence good sleep is always necessary. Due to the role of 

sleep in regulating metabolism, insufficient sleep may also play a role in 

weight gain, or, conversely, in impeding weight loss. Hence sleep of 7-9 

hours is good for the adult. 

In this first chapter i.e. health all questions we have asked are related 

to                 their health. The questions were – 

1. Do you take part in any extracurricular activities? 

2. Are you taking care of your health? 

3. Are you aware of balance diet at least that we have learned in the 

science book? 

4. Is there good healthcare system, at least to cure the common 

problem? 

5. Do you do household work, like cooking, cleaning home, or washing 

clothes etc? 
 

The first question is talking about the extracurricular activities. 

Many schools/ colleges/ universities organised many competitions, to 
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promote the sports. Also, many villages/ tahsil/ district/ states organised 

such competitions. Also, in school/colleges, there are many extracurricular 

activities held specially the outdoor activities which help to strength the 

health of students. 

Health is necessary thing. A good health is always important for 

good brain. Brain can function very efficiently when the body is functioning 

good. Hence taking care of health mean increasing the power of 

development. Exercise makes the brain healthy. And there are many ways 

to do exercises. Good diet, proper sleep, and exercise like outdoor games 

can help to achieve the target of good health. Hence 2nd question is important 

one to know whether the youth are focusing on their health or not. Not 

taking care of health increases the cases of obesity, weight gain in youth. 

Also, luxurious lifestyle makes the youth lazy. 

3rd question is about balance diet. Government is also aware that the 

good diet is important for the development of student/youth and hence the 

chapter of balance diet was included in the science textbook to make the 

youth aware of it. Also government started the mid-day-meal programme to 

give the quality food to the youth in school. 

4th question is about the healthcare system. Presence of hospitals 

makes faster and proper recovery of people. Also affordable health care 

system makes the people to access it. Hence government established many 

Public Health Centers which gives the affordable healthcare to the people. 

It is important to give them affordable healthcare since in villages income 

of household is not that much as when we compare it to the cities. 

5th question was asked about the household work of youth. Doing 

household works more waste the time. But definitely some works have to 

be done. In villages mostly girls do not play the outdoor games. However in 

today’s world they also played and achieve success. But the proportions is 

so less. Hence for them it is necessary to do some works make them fit. And 

according to the WHO, doing some household works helps to make people 

fit. This works may include, taking the water from well, cleaning the home, 

etc. 
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Analysis of health data: 
 

1) Extracurricular activities: 

Out of 50 participants 33 i.e., 66% says that they take part in 

extracurricular activities and 17 participants i.e., 34% says that they does 

not take part in extracurricular activities including indoor and outdoor. 

 

 
Here out of total 33 participants who had said that they have taken 

participation in extracurricular activities, 15 of them i.e., 45% are male 

and 18 i.e., 55% are female. Here the proportion of female in 

extracurricular activities are more than male. 

Extracurricular activities 

34% 

66% 

 

Yes 

 

NO 
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Finding: In extracurricular activities 66% of participants i.e., majority of 

youths takes parts in such activities. It shows that rural youth are also 

taking part in other activities other than study. Normally it is considered 

that males take more participation than female but data collected from 

research region shows that females outnumber the males in 

extracurricular activities. According to the graph, in the research region, 

out of all people who takes participation in extracurricular activities, 

males are 45% and females are 55%. Females takes more participation 

in Bhiwapur tahsil rural areas. 
 

2) Taking care of health: 

Out of total 50 participants almost all participants said that they are 

taking care of their health. 47 participants i.e., 34% had said that they 

take care of their health. 3 participants i.e., 6% said that they do not take 

care of their health or they do not have time to take care of their health. 

Males and females in extracurricular 

activities 

18 
15 

Boys 

Girls 
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Findings: the graph shows that in the research region almost all the youth 

are taking care of their health. About 94% of youths are taking care of 

their health in research region. Also 6% said that they do not take care 

of their health or they do not have time to take care of their health. 

3) Balance diet awareness: 

Here all the 50 participants said that they are aware of the concept of 

balance diet and trying to follow the diet. 

 

Findings: In the research region all the youth of the tahsil are aware of 

balance diet. 

Aware of balance diet? 
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No 

Taking care of health 
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4) Healthcare system: 

Healthcare system includes the hospitals, availability of medicines, 

doctors, etc. Here the focus of research was whether the hospitals, 

doctors, medicines, etc related to the health are available in a need. 47 

participants i.e., 94% said that there is availability of good healthcare 

system. However, the small percentage of participants i.e., 3 participants 

(6%) said that good healthcare system is not available there. 

 

 

 

Findings: The healthcare system in this rural area of tahsil is good, 

according to survey. Pie chart shows that the healthcare system in rural 

area of this tahsil is good. According to the chart, about 94% of youth of 

rural areas of tahsil said that they have accessibility of healthcare system. 

However, 6% of youth said that the healthcare system is not that much 

accessible. 

Is Good healthcare system available? 
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5) Household works: 

As above 2 findings of caring of health, health care system, here also 

47 participants i.e., 94% said that they are doing household works. And 

3 participants i.e., 6% said that they do not do household works. Both 

male and female are equally helping the family members in household 

works. Household work doesn’t mean that only washing the cloths, 

cleaning the home. Female are doing household works like washing 

cloth, cleaning home, taking water, etc. Males are doing works like 

buying groceries, helping in farm, etc. In this way both male and 

female are helping their families in works. 

 

 
 

Findings: according to pie chart, it is clearly shows that rural youth of 

this tahsil is helping their families in household works like cleaning 

home, taking water from wells, cleaning cloths and farming activities, 

buying groceries etc. 
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Conclusion: From the above data, it can be concluded that the youth in 

rural area of the tahsil are participating in extracurricular activities, and 

aware of balance diet, also they are aware of their health. About 66% 

youths are taking part in extracurricular activities where the women 

have more proportion than men. This also shows the upliftment of 

women in rural youth. In terms of balance diet, rural youth of this 

tahsil are aware of balance diet, as they had learned it in the science book 

of class 8 and 10, and may be earlier also. When it comes to the health 

care, health care system, and household works, 94% youth of this tahsil 

have given positive response i.e., they care about their health, good 

healthcare system is available, they are doing other household works 

also. 

This good health care will definitely help the rural population 

of youth for their development and the development of the country. As I 

have mentioned before that good health makes not just body but also 

brain good. New innovative ideas come in mind. This can be further 

verified in the second chapter of this report where we can see the 

proportion of taking science stream is more than that of arts stream. 
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Chapter 2 

Educational Awareness 
 

India has a largest number of populations in the world. According 

to the United Nation, India will overtake China in the month of June or July 

of 2023 and will become the world’s largest populous country. India does 

not have just the largest population in the world but she has also the 

world’s largest young population. This population size which will be boon 

only if these young people are skilled enough to join the workforce. 

Quality education will play major role in it. 

But current state of Education faces major challenges like lack of 

adequate infrastructure, low government expenditure on education (less 

than 3.5% of GDP) and as per Unified District Information System For 

Education (UDISE) pupil-to-teacher ratio at national level for elementary 

schools is 24:1. So, its high time to tune the Indian Education System with 

global standards and adopt modern learning approaches that are responsive 

and relevant. By looking at such issues, Government of India comes with 

National Education Policy 2020. The implementation of National Education 

Policy properly in grassroots level is so important. In this survey we will 

try to find out the educational awareness of rural youth of our research 

tahsil. But before just look at the issues in education sector in India. 

Issues related to the Education Sector in India? 

1) Inadequate Infrastructure in Schools: According to Unified District 

Information System for Education (UDISE) for 2019-2020, only 12% 

of schools have Internet facilities and 30% have computers. About 

42% of these schools lacked furniture, 23% lacked electricity, 22% 

lacked ramps for the physically disabled, and 15% lack WASH 

facilities (which includes drinking water, toilets, and hand wash 

basins). 

2) High Dropout rate: the dropout rate is high in primary and secondary 

levels. Most of the students in 6-14 age groups leave the school before 

completing their education it leads to wastage of financial and human 

resources. According to National Family Health Survey – 5 not being 

interested in studies was the reason given by 21.4% of girls and 

35.7% of boys aged between 6 to 17 years for dropping out of school 

before the 2019-20 school years. 
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3) Problem of Brain Drain: Due to cutthroat competition for getting 

admission in top institutes like IITs and IIMs, a challenging academic 

environment is created for a huge number of students in India so they 

prefer going abroad, that makes our country deprived of good talent. 

There is definitely a quantitative expansion of education in India but 

the qualitative front (essential for a student to get a job) is lagging 

behind. 

4) Mass illiteracy: in spite of constitutional directives and efforts aimed 

at enhancing education, around 25% of Indians still remain illiterate, 

which also leaves them socially and digitally excluded. 

5) Lack of Adequate attention to Indian languages: Indian languages are 

still in an underdeveloped stage, the medium of instruction 

particularly in science subjects is English, resulting in unequal 

opportunities for rural students. Also, standard publications are not 

available in the Indian languages. 

6) Lack of technical and vocational education: Mainly, our educational 

system is of generalistic nature. Development of technical and 

vocational education is quite unsatisfactory, due to which the number 

of educated unemployed person is increasing day by day. 

7) Unaffordability: more incomes at rural level lead to education taking 

a backseat. Due to lack of awareness and financial stability, many 

parents tend to see education as an expense rather than an 

investment. They would rather want their children to work and earn. 

When it comes to higher education, lack of good institutes in the 

vicinity force students to shift in cities, which adds to their expenses. 

This leads to low rates of enrolment. 

8) Gender inequality: despite government’s efforts to ensure equality of 

opportunity for education for both men and women in our society, the 

literacy rate of women in India, especially in rural areas, still remains 

very poor. According to the United Nations Children’s Fund 

(UNICEF), poverty and local cultural practices (female infanticide, 

dowry, and early marriage) play a big role in gender inequality in 

education throughout India. Another obstacle to education is a lack of 

sanitation in schools across the country. 
 

These are some of the problems in Indian Educational 

System. By taking such issues in consideration and also by 
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Considering other such issues, we have asked some questions to the 

participants and noted their answers. Based on data the analysis is 

done and the findings are drawn. The questions that were asked to the 

participants are as follow – 

1) Your education? 

2) Did you complete your education or still pursuing? 

3) Your stream of education? 

4) Are you using digital tools for your study? 

5) Is there good internet connectivity in your area? 

6) Did you take basic computer education? 

7) How many hours do you spend learning on your own? 

8) Did you have access to all the learning materials you need? 

9) What do you like the most in your school/college? 

10) What you don’t like the most in school/college? 

11) Do you think the teacher in your school and colleges are good 

in teaching? How satisfied you with their performance in 

teaching? 

12) What is your performance in 10th std. 

13) Do you have access of library in our nearby of your village? 

14) What is your performance in 12th or equivalent exam? 

15) Are you working? 

16) (for female) Do you want to work after completing education   

or you will be housewife? 

17) (for female) Do you have a pressure of marriage before 

completing your education? 

18) (for male) Do you have pressure of work before completing 

your education? 

19) (for female) In case you married without completing your 

education, will you continue to study after marriage and will 

you work to earn or to profess your passion? 

20) What do you want to do after your education? 

21) Which type of job you want? 

22) Are you preparing for any particular examination? Can you tell 

me which exam is it? 

23) As you lived in a rural area, farming is the main occupation 

here; do you have a interest in a farming? 
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24) If Yes, then did you/are you studying certain subjects about 

farming? 

25) Is your financial condition is good enough to fulfill 

your           education? 

26) What are the barriers according to you comes for your study? 

Here numbers of questions asked are more than 1st chapter. 

This is because our main focus is on the educational and political 

awareness of rural youth. However, for the education, good health 

also needed and hence chapter of health deals with it. In this 2nd 

chapter we are dealing with the educational awareness of rural youth. 

Here the 1st question is to know how much they have studied. 

2nd question to know whether they are still studying or dropout. As we 

have already learned that mostly in rural areas problem of dropout is 

more. 3rd question is about the stream of education whether it is 

science, art or commerce. Related to it we already knows that science 

is mostly in English language, but the proportion of English speaking 

population is less in rural areas when we compared it to the urban 

areas. And hence it is necessary to know whether they take science 

or art or commerce. 

Today’s world is digital and Indian government is also 

promoting digitization, to make India, the digital India. Hence it is 

necessary to know whether the rural youth is also adopting the modern 

technology of digitization. Hence above 4th question is added. 5th 

question is to know whether there is good internet connectivity to 

access digital tools. 6th question is about to know that rural youth taken 

basic computer course to handle the computer which is so essential in 

all the fields of today’s world. Above 7th question is about how many 

hours rural youth takes time for learning in home. 

8th question is about whether the rural youth have 

accessibility of all material that he/she needed. Good market for books 

should be nearby; library should be there hence this question is added 

to know about it. What is the interesting thing the youth likes and what 

is not these questions are added in survey as question no. 9 and 10. 

These 2 questions are short answer questions. The next 11th, 12th 13th, 

14th questions are deals with the performance of teachers, the 

participants marks percentage in 10 and 12th class and accessibility
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          of library. 15th question is added to know whether the youth is 

working by taking aside education. Some questions are added 

specially to the females. Above 16th, 17th and 19th questions are asked 

specially to the females. There are many things in female’s life after 

her marriage and hence these questions are specially asked to them to 

know their opinion. Above 16th question is to know whether the 

females want to work after marriage or not. 17th question to know 

whether there is pressure of marriage before completing education. 

19th question is to know whether the females will continue study 

after the marriage, and also to know whether females will money. 

Same for male above 18th question is added to know whether there is 

pressure on male to work along with study. 20th and 21st questions 

are about the youth want to do and which type of job they want. 22nd 

question is about whether they are preparing for any exams. 23rd and 

24th questions are about whether youth have a interest in farming and 

whether they are/had studied any special subject about farming. 25th 

question is to know about their financial conditions to fulfill study 

and 26th question is short answer question where asked about the 

barriers is study like money problem, infrastructure etc. 
 

        Analysis of the Educational Awareness: 
 

1) Education studied:  

The participant contacted is from the age group of 16 and hence 

normally such participants already had completed the 10th standard 

study unless he takes admission late. Out of 50 participants 5 i.e., 

10% had been in the 11th or in 12th standard, 30 participants i.e., 

60% were in graduation and 15 i.e., 30% in post- graduation. 
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Findings: Chart shows that the most of the youth are in graduation 

which is becomes common and many rural youth is also doing 

post-graduation. It will be more clarified in 2nd point. 

 
2) Education is completed or still pursuing: 

Out of 50 participants 33 i.e., 66% said that they are still pursuing 

their studies and 17 i.e., 34% said that they had completed their 

education. 
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Here the youth who said that they have completed the study are 17, 

out of which 5 had said they had completed study after Post 

graduation, 10 said they had completed study after graduation and 

2 said that they had completed study after 11-12th class. 

 

 

 

Findings: from the chart it can be said that the about 66% of youth 

are still pursuing their studies. 

And remaining who had said that they had completed the study, out 

of them – 

i) 12% said they had studied till 11-12 and will not further study. 

ii) 59% said they had studied till graduation or equivalent and will 

not further study. 

iii) 29% said they had studied till post-graduation and will not study 

further. 

It is also interesting to know that 33 participants i.e., 60% said that 

they will continue study, out of them 10 are those who are pursuing 

study even after the post-graduation. This means that about 20% of 

rural youth wants to study further even after completing their post- 

graduation, this shows that not just in city but also in rural areas of 

this tahsil are hungry for study. 

Who said that they had completed study          
?? 
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Who are continuing their studies 
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The percentage of youth who are continuing their studies/ pursuing 

their studies, out of them percentage of male and female are almost 

same or you can say that percentage of female to continue study 

are slightly more in rural youth of this district. 
 

 

 

 

 

 

 

 

    

  

  

  

  

  

  

  

 

 

3) Stream: 

Out of total participants, 39 i.e., 78% had taken science as their 

education stream, 8 participants i.e., 16% had taken arts and 3 

participants i.e., 6% had taken commerce. 
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Findings: this chart shows that even in rural youth they are 

favoring more the science field. In rural area there is language 

problem where maximum peoples are favoring regional language 

to study but youth are favoring science stream. And English 

language is mostly used in the science stream. About 78% of rural 

youth are studying science, 16% are studying arts and 3% 

commerce. This shows that in this tahsil rural youth favouring the 

science as their stream of education. 

 
4) Digital tools in educational activities: 

Out of 50 participants, 45 of them i.e., 90% said that they 

are using digital tools in study. 5 i.e., 10% of them said that they 

are not using digital tools. 
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Findings: About 90% of rural youth of this tahsil used the digital 

tools for study. This is possible since Jio comes into the market and 

all other telecom companies follow the same pattern as of Jio. 

Competition between Telecom companies makes the internet 

cheaper and hence using digital tools are increased tremendously 

in whole India. However 10% of this tahsil youth does not used the 

digital tools some regions for them are they cannot afford the 

telecom services. 

 
5) Good Internet Speed: 

Out of 50 participants 39 i.e., 78% had said that they have good 

internet speed in their area. However 11 i.e., 22% said that they do 

not have good internet speed. 
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Findings: 78% of rural youth of this tahsil said that they have good 

internet speed in their area, however reaming 22% said that they 

do not have good internet speed. Good internet speed definitely 

helps to find the google data very fast and easily. Also it promotes 

online classes when teachers are too far away; promote digital 

economy through UPI, etc. 
 

6) Basic computer education: 

Computer is very important machine in today’s world. Hence 

knowledge of computer is so essential. Every sector used 

computers now. Out of total 50 participants 45 i.e., 90% had taken 

computer education and 5 i.e., 10% do not take computer 

education. 
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Findings: rural youth of this tahsil, 90% of them had taken a basic 

computer education mostly in private computer classes and some 

had taken computer classes in schools as new syllabus includes the 

ICT subject which gives basic computer knowledge to the students. 

The chart shows that computer knowledge is also become common 

knowledge and the youth of this region also adopting themselves 

according to the changing world. Here the easy and affordable 

internet helps them to learn and adopt themselves according to the 

world. 
 

7) Learning with their own: 

Taking time for learning is so important to grow. Out of total 50 

participants 6 participants i.e., 12% takes out less 2 hours for their 

study, 20 participants i.e., 40% had taking only 2-3 hours for their 

study, 16 participants i.e., 32% taking 3-5 hours, 3 participants i.e., 

6% taking 5-7 hours and 5 participants i.e., 10% taking more than 

7 hours for their study. 
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Time given to study in home 
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Findings: In the rural youth of this tahsil, 12% youth taking out 

only less than 2 hours for their study, 40% is taking out only 2-3 

hours, 32% taking 3-5 hours and 6% taking 5-7 hours and 10% 

taking more than 7 hours for their study. Second chart shows that 
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When it comes to do more than 5 hours of study more males are 

doing more study when compared to the females. 

8) Accessibility of all learning materials: 

Accessibility of learning materials is good in cities, but there are 

problems in the village areas for the accessibility of learning 

materials. However online shopping and nearest towns provide 

them learning materials. 42 participants i.e., 84% had said that they 

have access of learning materials and 8 participants said that they 

do not have accessibility of learning materials. 

 

Findings: Chart shows that 84% of the rural youth are accessing 

the learning materials and 16% do not have access of learning 

materials. 

9) What youths Likes most in school/college: 

These question and the another one was not the Multiple Choice 

Questions (MCQ) hence diversity in answers was common here. 

Sometimes each one gives the same answers in different words. 

Learning material accessible? 
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Ex., for education almost everyone used different words like study, 

learning, knowledge, quality education and education. In the 

research you can see most of the youths answer was education, 

almost 14 participants said that they likes most education. Next 

important answer was sport, 6 participants said that they like most 

sports, others answers are varies like 3 participants said that 

discipline is the thing that they like most, 1 said campaign, 3 said 

library, 1 said rules, 1 said writing, 7 said teaching/lectures, 1 said 

infrastructure, 4 said teaching, 1 said digital teaching, 1 said 

auditorium, 3 said friends, 1 said science experiments, 1 said mid- 

day-meal, 1said computer classes, 1 said annual function, and 1 

said competition. Here one thing is to note that some of the 

participants give more than one thing they like ex., one may said 

that he likes lectures and sports activities. 

Findings: from the above data we can say that in school/ colleges 

youth likes most is education, library, teaching, sports. Others also 

like rules, auditorium, annual functions, etc, but there proportion 

is less. Maximum student likes most in schools/ colleges is 

education, teaching, and sports which shows that how hungry they 

are for knowledge in this tahsil! 

 

10) What youth doesn’t like in school/colleges 

This question was also not the MCQ type question and hence 

participants gave the short answer. The most thing participants 

don’t like in school/colleges are irregular lectures, lack of teacher 

in school/colleges, bias teachers, infrastructure is not good, lack of 

knowledge of teacher, lack of skills of teaching, management and 

administration of school/colleges. 2 participants had said that they 

don’t like wastage of time in school/colleges, 3 said they don’t like 

PT lecture, 1 said he don’t like morning school, 2 said science 

experiments equipment are not present, science experiments are 

taken in lab, 1 participant said that he don’t like girls in 

school/college, he may have some bad experience with girl, it 

seems some laughable answer. 6 participants said that they don’t 

like irregular lectures, lack of teacher, and bias teachers, 6 

participants don’t like lazy teachers, lack of knowledge of teachers 

and teaching skill. 3 participants said that they don’t like fees, 3 
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said canteen not available, 1 said environment of study is not in his 

school/college, 3 said they don’t like punishment, discipline, 

overstrictness, however 3 said there is lack of strictness, 4-5 said 

management and administration are not good, 5 said infrastructure 

is not good, 1 said he/she don’t like extra classes, 1 don’t like tests, 

1 said there is no computer classes in his school/colleges, 1 said 

lack of extracurricular activities, 1said lack of future knowledge 

given and 1 said there is no arrangement of fresh water. 

Findings: from the data we can say that most of the youths don’t 

like irregular lectures, lack of teacher, and bias teachers, lazy 

teachers, lack of knowledge of teachers and teaching skill, also 

many don’t like infrastructure of schools/colleges. These may 

discourage them to learn. There are good examples in India, 

where the infrastructure of government schools is so good. We can 

take the examples of Delhi, where government schools investing 

large proportion of their money in infrastructure building and also 

large proportion of Delhi governments Gross Domestic Product is 

on the education sector. 
 

11) Satisfied with teachers? 

Out of total participants 3 participants i.e., 6% said that 

they are not so satisfied they gave 31-50% satisfaction level on 

teachers. 19 participants (38%) said they are somewhat satisfied 

and gave the satisfactory level of 51-70%. Also 19 other 

participants (38%) gave the satisfactory level of 71-90% about 

teacher and remaining 9 participants (18% participants) are 91- 

100% satisfied with teachers. However, no one is not satisfied with 

teacher, i.e., no one gave 0-30% satisfactory level to teachers. 

Means the teachers are doing something in teaching but about half 

of participants are not satisfied with the teachers. 
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Findings: No one in this tahsil are unsatisfied with the role of 

teachers, however their satisfactory level is not same. About 25% 

of the youth are very less satisfied with teachers and their teaching. 

6% of youth are only 31-50% satisfied with teachers, 38% of youth 

are 51-70% satisfied with teachers, 38% are 71-90% satisfied with 

teachers, and 18% are 91-100% satisfied. Many of whom who are 

not satisfied said that teacher are lacking with teaching skills and 

shows some laziness. However many of the youth about half of the 

youths are satisfied with teachers. 

 
12) Performance of student in class 10: 

Out of total participants 3 participants (6%) scored 51-60% in 10th   

standard, 16 participants (31%) scored 61-70% marks,15 

participants (29%) scored 71-80%, same 15 participants scored 81- 

90%, 3 participants (6%) scored more than 90% marks in 10th 

standard. 

How satisfied with teachers in teaching? 
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Finding: chart shows that the rural youths are more educated as  

seen in the cities, thanks to the free compulsory education and 

awareness initiative of government ant parents. About 75% scores 

more than 70% in 10th standard. 6% of rural youth of this region 

even scores more than 90% in 10th standard. 

13) Scores in 12th standard: 

Out of all the participants 15 of them scored 51-60%, 15 scored 

61-70%, 13 scored 71-80%and 6 scored 81-90%. No one scored 

below 50% and no one scored more than 90%. 
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Findings: from the chart is clear that no one score below the 50% 

and no one score more than 90% in 12th standard. 31% youth of 

this region scored 51-60%, 31% scored 61-70%, 27% scored 71- 

80% and 12% scored 81-90%. 

 
14) Library in or nearby of village: 

Here 25 participants said that they have library in or near 

their villages, and 25 said that they do not have library in or near 

their villages. 

 

 

 

Findings: 50% of rural youth have the library in or near their 

villages and 50% do not have the library near their villages. 
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15) Are the youths are aware of the future goals? 

About 40 participants said that they are aware of their 

future goals and have plan for it but 10 participants said that they 

do not have any plan for future. 

 

 

 

Findings: 80% of youth are aware of their future goals and the 

20% are not aware of their future goals. About 80% who are aware 

of their future goal have a plan to achieve their goals. Keeping 

goals in mind is always helpful and hence there is a good 

possibility where most of the youth of these 80% will achieve their 

goals. 
 

 

16) Working along with studying: 

Working along with study distributes the productivity 

between work and study. The person who is giving their 100% to 

study will have the more possibility to achieve the success that the 

person who is distributing their productivity between work and 

study. However the financial conditions of the most of the families 

in the rural areas are not that much good and hence many youth are 

studying along with working. 27 participants out of 50 are working 

along with study and 23 do not work and focusing in studies. 

Aware of future goals 

20% 

80% 

Yes 

No 
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Findings: 54% of youths are working along with study and 46% of 

youth are not working and only studying. However here one thing 

has to be note that in 54% who are working here are some youth 

who completed the study and now working or they are doing the 

job based on their study. In 46% here are most of the youth who 

are studying and some who have completed the study and now do 

not want to study. 

 
17) Female – Work after education or housewife? 

Out of 25 female participants, when asked about 

whether they will work to earn or will be housewife after 

completing their studies, 22 of them said they will work to earn and 

3 females said they will be housewife. 

 

 

Job or only housewife - female 

 
12% 

 
 

88% 

work/job 

Housewife 

Working 

46% 
54% Yes 

No 
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Findings: 88% of females want to do a job to earn and 12% of 

female wants to be housewife. It is nice to see that the females 

want to do the job after education. These will make the investment 

by government and parents in a right direction. Also the females 

working will help the nation to progress faster. 

 
18) Female - Pressure of marriage 

When asked to women about whether they have pressure of 

marriage before completing the education. 19 out of 25 female 

participants said that they do not have the pressure of marriage, and 

6 said that they have pressure of marriage before completing the 

education. 

 

 

Findings: from the chart we can say that 76% female youth of this 

tahsil do not have a pressure of marriage before completing the 

study however 24% of female youth have a pressure of marriage. 

 
19) Female – will they continue study even after marriage? 

When female were asked whether they will continue 

study even after the marriage and also whether they will do job to 

earn money after marriage. Here interestingly all the women said 

that they will continue study even after the marriage. About 2 

females said that they will be housewife but still they will continue 

the study even after marriage. 

Pressure of Marriage - for female 

24% 

76% 

Yes 

No 
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Findings: in the rural female youth all the females will like to 

continue study even after marriage. Some about 2 of them 

chooses to become the housewife but they also wanted to 

continue and complete study even after marriage. It shows that 

they are interested in study. And most of the women said that 

they will do job to earn the money also. 

 
20) Male – pressure of work before completing study: 

Out of total 25 male participants, 16 said that they have 

pressure of work before completing study and 9 said that they do 

not have the pressure of work before completing the study. This is 

because in the rural areas already the income of the households are 

not that much high as seen in the city. Hence pressure of work is 

more on the males before completing study. 

 

 

Male - pressure of work before 

Completing study 

36% 

64% 
Yes 

No 

Female - will continue study after 

marriage? 
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Findings: 36% of rural youth do not have the pressure of work 

before completing education but large youth of rural areas of this 

tahsil have the pressure of work. About 64% of youth of these 

areas have pressure of work before completing education. This 

number was earlier more but due to government initiatives and 

parents helps; about 36% of youth in rural areas are studying 

without such pressure. 

 
21) What they want to do after education? 

When asked to the all participants what they want to do 

after education. They give different types of interested works they 

want to do in future. This question was not the MCQ type question 

hence diverse answers are collected. 23 participants said they will 

do job after education, 11 said they do the preparation of 

competitive exam, 1 said he/she interested in music making, 2 said 

they do research, 2 said they will enjoy, 2 are interested in business, 

2 in earning, 1 wants to be politician. 1 wants to take 

responsibilities but which types of responsibilities he/she doesn’t 

tell. Also 1 is interested in children i.e., he will do children after 

study. This is very funny answer. And 3 participants said that they 

had not decided yet. 

Finding: most of the rural youth wants to do job after education. 

Large number of youth wants to do job, some wants to do the 

preparation of competitive exams and some in a very small 

proportion of youth wants to be musician, enjoyments, politicians, 

and researcher’s business. 

 
22) Types of job: 

Out of total participants 45 wants government job and 5 wants 

private jobs. 
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Findings: the craze of government jobs is more in this tahsils rural 

youth. About 90% of the youth wants to do government job and 

10% wants to do private jobs. 
 

23) Preparation of any exam: 

35 of the total participants said that they are preparing 

for the exams. 15 participants said that they are not preparing for 

any exam. The preparation for job may not only govt. but pvt. 

also. 

 

 

Findings: 70% of the youth are preparing for exams. Exams may 

be government exam or private; however the proportion of 

preparation for the government exam is more in youth. In last slide 

we have seen that 90% of youth wants government job, but exactly 

here 70% youth are preparing for the job. It may look some 

confusions but it is not so. 70% of youth are preparing for jobs but 

90% of youth wants government jobs, some this 90 % are doing 

their 11-12 standard. 

Preparing for any exam? 
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No 

Type of Job youth wants 
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24) Interest in farming: 

From the total participants 35 are interested in farming and 15 are 

not. 

 

 

Finding: 70% of rural youths are interested in farming. As they are 

have seen the farming from their births, so obviously there is 

attachment with the farm land in their mind. 
 

25) Study farming: 

If youth is studying farming then he may change the technique of 

farming technique and reform the farming. Hence youth taking 

farming subject in his syllabus can change the farming technique and 

applying the scientific technique in farming will makes the farmer 

earn more from the farm. To promote this many incentives are also 

given by the government to promote such syllabus. 

Interest in farming? 
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Findings: most of the rural youth do not take farming as subject in 

their syllabus. Only 30% of youth are taking farming or related to it 

as their one of the subjects. However this 30% of youth may change 

the farming sector in their respective region by educating others. 
 

26) Financial condition to study more: 

In India the free education is given to the person of age group of 6 

to 14. However for higher education also there are many provisions 

so that the youth will learn more. Still when asked about whether 

they are financially good to take the education, 30 participants 

said that they are financially afford the education and other 20 

said they are not financially good to study. 

 

 

Is financial condition is good to study 

more? 

40% 
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Yes 

No 

Study farming 
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Findings: 60% of rural youth are financially affording the 

education. And remaining said they do not afford education. 

However government scholarship helps them a lot to continue 

study. 
 

27) Barriers in study: 

This question was not the MCQ type and hence what the 

youth is thinking about barriers they tell clearly. Here all the 

participants gave different types of answers. 5 said that internet 

and its speed, 2 said lack of understanding the topics, 1 said English 

language, 2 said lack of teaching skills, 4 said mobile phone and 

social media apps, 6 said economic and money problems, 4 said 

concentration and interest, 2 said books not available nearby, 1 said 

lagging in basic knowledge, 1 said lack of digital tools, 2 said 

infrastructure discourage them, 2 said study environment is not 

good, 1 said distractions are more, 1 said lack of encouragements 

in the colleges, 1 said lack of knowledge of competition in outside 

villages, 1 said he along with his friends wasted time in gf/bf 

relationship, 1 said no discipline, 1 said wasting of time, 1 said that 

he has all types of barriers, and 8 said they do not have any barriers. 

Findings: mostly the rural youth’s barriers are internet 

connectivity and speed of internet due to less number of focuses 

of telecom companies in rural areas. Another barrier is mobile 

phone where most of the people wasting time in social media 

apps, and gaming. Also, there are many other barriers like, books 

unavailability, money problem, concentration, digital tools, 

infrastructure, etc.

               Conclusion: 
 

     66% of youth are still pursuing their studies. And remaining 

                Who had said that they had completed the study, out of them – 
 

i) 12% youth had studied till 11-12 and will not further study. 

ii) 59% youth they had studied till graduation or equivalent and will 

not further study. 

iii) 29% youth they had studied till post-graduation and will not 

study further. 
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The percentage of youth who are continuing their studies/ pursuing 

their studies, out of them percentage of male and female are almost 

same or you can say that percentage of female to continue study 

are slightly more in rural youth of this district. This shows males 

and females both are doing their best in studies. 

78% of youth had taken science as their stream. 16% had taken arts 

and 6% commerce. This shows that scientific study is favored by 

most of the youth. Competition in telecom sector makes the 

internet cheap and it helps the youth more. About 90% of youth are 

using digital tools in their study, which is huge number. Fast 

internet increases the research fast and fast internet also 

encourages searching the data fast. Hence fast and affordable 

internet helping the youth more. 78% of youth of this region 

experiencing good internet speed. Some areas do not 

experiencing fast internet and hence some measures needs to be 

taken. Fast internet helps the youth to take the online classes, 

helps to promote digital economy through UPI payment. 

Computer playing very important role, in today’s world. 

like the mobile phone becomes integral part of everyone’s life, one 

day computer will become the necessary thing in all people’s life. 

Today also almost every sector is run by a computer. About 90% 

of rural youth had taken the computer classes. It means youth are 

taking good knowledge of computers which will help them to come 

in the main stream. 

Self-learning is considered as key in learning also it 

shows how interested the person is in study. 12% of youth giving 

less than 2 hours for study, 40% are giving 2-3 hours and 32% 

giving 3-5 hours for study. 6% are giving 5-7 hours and 10% are 

giving more than 7 hours for their study. This time is a self study 

time, excluding the time of colleges. Here one thing is interesting 

to note that when it comes to do study more than 5 hours, males 

are giving more time than females in the ratio of 1:7 for female to 

male ratio. 84% of youth in this region have accessibility of 
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learning materials, and remaining 16% do not have. The region for 

not accessing the materials is affordability, no nearby market, etc. 

In school/colleges most of the youth likes education, 

library, teaching, sports, functions, etc. Most of the youths don’t 

like irregular lectures, lack of teacher, and bias teachers, lazy 

teachers, lack of knowledge of teachers and teaching skill, also 

many don’t like infrastructure of schools/colleges. These may 

discourage them to learn. The need for this tahsil is the investment 

in education like the Delhi government is doing. 6% of the youth 

give satisfaction levels of less than 50% with the performance of 

teachers, their teaching skills, laziness, etc. No one is fully satisfied 

i.e., 91-100%. 12% of youth are give the satisfaction level as 81- 

905 satisfied. And other large proportion of youths is satisfied 

between 50 – 80% satisfied with teachers. Also, half of the youth 

have youth have the library access and half do not have the 

accessibility of library. Hence focus on libraries has to be given. 

What is the performance of youth in the exams can be 

seen from their score in the exams. In a research we got that about 

75% of youth scores about 70% marks in examination and 6% of 

even score more than 90% in 10th standard. In 12th standard about 

65% youth scores between 51-70% and remaining 35% scores 

between 71-90%. There may be some other youth in this region 

who scores more than 90% but due to limited sample size, we 

didn’t get any such person. However, the people who can score 

more than 90% in 12th standards are very rare especially in rural 

areas. In this region the library are available to only about half of 

the youths i.e., 50% of youths in this region have the library in or 

nearby of their villages. About 80% of youth are aware of their 

future goal and have a plan to achieve those goals, but remaining 

20% do not have goal and they are studying without any aim. 

Keeping goals in mind is always helpful and hence there is a good 

possibility where most of the youth of these 80% will achieve their 

goals if they are not distracted and giving their 90-100% for their 

aim. But here we have seen that 54% of youths are working along 

with study and 46% youth are studying only. These youth who are 
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working along with study may not have good financial status and 

to study further they have to earn also. 

Country progress faster when all its citizens contribute 

their share for the development. In India, where women, SC, ST 

did not had the right, they were persecuted and hence Indian 

progress was behind many countries in the world. But now these 

groups also helping the country to achieve its height in a very high 

speed. India is the fasting growing economy in the world from the 

decade, this is due to the citizens contribution to make it possible. 

And because of women started contributing. About 80% of women 

of this area said that they will do job to earn the money after 

marriage also. Some percentage i.e., 20% said they will be 

housewife and will do any job. Also 76% of females said they do 

not have any pressure of marriage before completing their study. 

But the 24% said they have pressure marriage before completing 

their study. However all females including those 20% who do not 

want to do job, all the females want to continue study even after 

marriage. Talking about male, only 36% of male do not have 

pressure of work before completing their studies, remaining 64% 

have pressure of work before completing studies. Most of the rural 

youth wants to do job after education, some wants to do the 

preparation of competitive exams and some in a very small 

proportion of youth wants to be musician, enjoyments, politicians, 

researcher’s, business. 90% of youth of this region wants 

government job. This is due to the mentality of the youth here that 

government job is secure, and permanent. 70% of the youth are 

preparing for different exams. 

As these areas is dominated by farmers. And farming 

is the main activities to earn here. Youth studying farming in their 

syllabus may revolutionize the farming in their area by using latest 

technology. We have seen that in developed countries using 

machines and modern technology helps their farmers to increase 

their incomes. And hence youth can set good example in this sector. 

70% of youth are interested in farming activities and they are 

attached to their farm. And 30% do not have interest in farming. 

When it comes to taking farming as one of the subject in syllabus 

the process is reverse, only 30% of youth had taken farming as their 
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one the subject in syllabus. 70% did not take the farming as their 

one of the subject. 

60% i.e., 3/5th of the youths are financially good to take 

further education and 2/5th is not financially good to take further 

education. However there are many government initiatives which 

are helping them to take further education. Mostly the rural youth’s 

barriers are, internet connectivity and speed of internet due to less 

number of focus of telecom companies in rural areas. Another 

barrier is mobile phone where most of the people wasting time in 

social media apps, and gaming. Also, there are many other barriers 

like, books unavailability, money problem, concentration, digital 

tools, infrastructure, etc. Hence some initiatives are needed to 

boost the youth of these region. 
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Chapter 3: Political Awareness 
 

Political awareness is so important in the country specially which is the 

largest democracy in the world, i.e., India. The world’s first democracy is 

considered to the USA. But in India, there was democracy in India earlier 

than USA also. We know the Basveshwara’s first parliament, we know the 

Shakya clan which had form the republican system, and there are many such 

examples that India had democracy earlier also. Today India is world’s 

largest democracy, and hence each member of this nation i.e., each citizen 

of this nation should have to know the politics of India. 

Being the largest democracy means it also responsibility of 

citizens to aware of the politics. Use the politics for the development of 

country. Ultimately democracy is the rule of people. They choose the 

representative who will represent them in the national, state and also in a 

grassroots level. Hence it is necessary to be aware of the politics. The 

rules, acts, ordinances drawn by government directly or indirectly affect the 

people. Hence peoples also needs to check whether acts are promoting their 

and specially nations interest. 

There are many mediums to know the politics and development 

in India. Today TV becomes common thing in everyone’s house. And hence 

watching news on TV will help the citizens to aware of the politics. 

However, according to the many reports including the famous journalist like 

Ravish Kumar famous politician of USA Donald Trump questioning the 

role of media, as bias. They may right also, you can judge them by watching 

and using your brain also. To avoid such thing one can read newspapers. 

There are many newspapers that are trusted and giving exact news specially 

the English newspapers. Hence to keep our political and other information 

updated one can rely on newspapers. 

Vote of every person plays very important role in deciding future of 

the nation and the future of individual also. Hence while casting votes 

people should have to watch their leader carefully and vote the right leader 

who they want. Hence political knowledge is necessary. Which leader is 

doing what types of works, which leader should have to be chosen, these are 

the questions of which answers can be get when we are updated. Hence 

keeping the general knowledge of governments, keeping the knowledge of 
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important leaders are important. and hence people should have to choose the 

leader who can do best for themselves. In this 3rd chapter we are trying to 

know the knowledge of rural youth about the politics. How much they know 

about national, state politics and also the Panchayat raj institution. Also in 

this chapter we will try to know the political knowledge of youth about 

political parties, and youth is interested in politics and whether he/she will 

contest election. 

To make the politics fair, good, and ideal, it is citizens who played 

a key role. They played important role by choosing their representative in 

national and state level elections. When it comes to village level, here also 

they choose the leaders through election. There is another concept called 

Gramsabha, which looks like direct democracy examples. Here the meeting 

is takes place and villagers who are able to vote in election are allowed to 

participate. The villagers asked the questions to their leader here and leaders 

have to give the information about the works they had did and the work they 

are doing. In this chapter we are trying to know whether youth is actively 

participating in such politics. 

Analysis of Political Awareness data: 
 

1) Newspaper reading: 

Reading newspaper may seem some boring work, but is so 

important to keep our knowledge updated about politics. When asked 

about the reading of newspapers 38 participants said that they are 

reading newspaper and 12 participants said that they are not reading 

newspaper. 
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Findings: 78% of rural youth said that they are reading newspaper. 

And 24% said that they are not reading newspaper. 
 

 

2) Current affairs of national and international importance: 

In the world, India is the country who is more aware and more 

interested in the geopolitics, according to the International survey of 

institute. Hence Indians as they aware of international news may also 

aware of the national importance news. Here we are trying to know 

whether the youth of this tahsil are aware of the current affairs of 

national and international importance. Out of total participants 38 

participants said that they know the current information about 

national politics and 12 participants said that they are not aware of it. 

 

 

Aware of current knowledge of national 

and international importance 
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Nespaper reading 
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Findings: 24% of rural youth said that they are not aware of current 

affairs of national and international importance. 78% of rural youth 

are aware of the national, state and international level. 
 

3) Election in 2024 of Member of Parliament: 

Election plays key role in deciding the future of nation. National 

election is considered the biggest festival of India. Not officially it is 

festival but definitely it is media term to consider it festival to 

promote its importance. Out of all 50 participants, 29 participants 

said that they are aware of the election of 2024 of national level and 21 

said they are not aware of elections. 

 

 

 

Findings: 58% youth are aware of national election that will be held, 

and 42% are not aware of it. By looking the educational qualifications 

this number is not so good. This may because most of the youth are 

focusing on science. But election is so important so they should have 

to be aware of it. 

4) National-state election: 

Most of the people are not aware about the national and state 

level election. They considered as the same. Here we will find how 

much youth of this region knows about it. Here first they will give 

answer whether they knows the difference between national and state 

level election or not. Out of 50 participants 28 said that they know 

the difference between national election and state election. 

Aware of 2024 National Election 

 

 
42% 

58% Yes 

No 
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Findings: 56% of youths knows the difference between national and 

state level election. Remaining do not knows the difference between 

these two elections. The youth who don’t know the difference is about 

half. The same percentage of youth we have seen earlier that they are 

not aware of national election of 2024. 
 

5) National and state Political Party: 

When the question was asked to give the 2 name of national and 

2 name of state political parties, the result was not satisfactory. Here 

1 thing is to note that these questions were asked before the ECI 

declare the AAP as National Political Party, and removed the NCP, 

CPI from the National Political parties. Most of participants were 

given the name of national political parties correctly but the most of 

the participants were unable to tell the name of state political parties. 

Out of 50 participants only 5 participants i.e., 10% were tells the 2 

state and 2 national political party, remaining were not able to give. 

However about 39 participants gave the correct name of political 

parties but the remaining either not given the answers or given wrong 

answers. About 38 people do not gave the name of state political 

parties, only 5 participants gave the correct name of state political 

parties, some 6-7 gave 1 name of state political parties and remaining 

about 38 people not able to mentioned at least one name also. Many 

of the participants tells the name of national political parties as – 

Sharad Pawar, Uddhav Thakare, Lok Sabha, etc. Some added the 

name of state political in National political parties. 

Knows difference between national and 

state level elections 

44% 
56% Yes 

No 
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Findings: most of the youth about 78% have given correct name of 

national political parties, but only 10% people were able to give 

correct name of state political parties. It shows that youth in this tahsil 

are not more aware of the political developments. One thing is to note 

that this survey had been conducted before the AAP as declared as 

National Political Party and NCP, CPI had been take down from 

National Political Parties. 
 

6) Which party is in power in central government? 

When asked this question almost all the participants had given 

the correct answer i.e., BJP. 46 participants had said BJP, 4 did not 

gave the answer hence their answer is considered as ‘don’t know’. 

Findings: about 92% of youth knows that BJP is in the power in the 

national level. 
 

7) Which Party is in power in state government? 

When this question was asked to the participant’s different 

answers are seen. 27 participants said Shiv-Sena is in power in state. 

Here some also said that Shiv-sena + BJP form alliance in the state 

government. About 18 people said that BJP is in power in state 

government, 3 said that RCP is in power in state government. 

Findings: about 55% youth said that Shiv-Sena is in power in the 

state government. About 36% said that BJP is in power in state 

government. Remaining youths said different names. Here one thing 

in interesting to note that, about 55% youth aware that Shiv-Sena is in 

power in state government. But only 10% of youth tells the correct 

name of state political parties. Region for this may be 1) most of the 

youth are considering the Shiv-Sena as the National political party, 2) 

youth don’t knows the difference between national political parties 

and state political parties, 3) Shiv-Sena party was in news because of 

some changes in government and party. 
 

8) Age of vote: 

When asked about one of the easiest questions – what is the 

age for the eligibility for voting? The options were given as it was 
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MCQ. 47 had correctly gave the answer i.e., age of 18 is the age of 

eligibility for voting. However 3 people did not gave correct answer 

and said 21 is the age of eligibility for voting, which is the minimum 

age for marriage. 

 

 

Findings: about 95% of the youth knows that 18 is minimum age for 

eligibility to caste vote. 
 

9) Cast vote in election: 

When asked whether they had casted any vote in election. 22 

participants said that they had casted vote in election. Remaining 28 

said they did not cast any vote ever. 
 

 
 

Finding: most of the youth did not cast the vote in election. About 

56% of youth didn’t cast their vote in election. 44% had casted their 

vote. In this 56% some of them are learning in different places, and 

said it is not economical for them to travel only to just cast the vote in 

election. 
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10) Satisfaction of people: 

The question was asked whether the policies of this 

government are right for the people. It was the opinion based question. 

And the answers given by the people are their own thought about the 

government. 20 participants out of 50 said that this government is 

right for the people’s welfare. And 30 participants had said that this 

government is not right in many important aspects. And hence they 

are not likes many policies of the government specially to generate 

the employment. 
 

 
 

Findings: 39% only likes the policies of this government and 61% of 

youth do not like the policies of this government specially related to 

the generation of employments. 39% likes many different policies of 

government and are happy with the government initiatives. However 

the percentage of such group is lower. 
 

11) Entering in the politics: 

When the participants asked whether they have any plan or 

interest to contest any election either in a village level or some bigger 

election, 17 participants they will like to contest election and 32 

participants said they will have no such plan. However number seems 

many are interested in contesting election. 

Satisfied with policies of government? 

39% 

61% 
Yes 

No 
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Finding: 35% youth of this region is interested in contesting the 

election, 65% youth have no such plan to contest election. It is 

interesting that about 35% of the youth are interested to contest the 

election. 
 

12) Participation in Gramsabha: 

Gramsabha is the meeting of all the villagers who are 

eligible to cast the votes in election. Hence this meeting is very 

important where the villagers and leaders of villages discuss many 

issues, plans for the village development. Here many villagers asked 

the questions to their leaders and leaders gave answers of their 

questions. When asked about whether they participated ever in 

Gramsabha, 25 said that they had participated, and 25 said they do no 

participate. 
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Findings: about half of the youths are participating in the meeting 

called Gramsabha. 

13) Questioning the leader in Gramsabha: 

When participants were asked – did you question the 

leader in Gramsabha. 16 participants had said that they had questions 

the leaders in Gramsabha. 33 had said they did not questioned the 

leader. Out of these 33 many were not participated in Gramsabha. 

Many who present in the Gramsabha most of the participants asked 

the questions to the leaders. 
 

 
 

Findings: 33% of the youth are questioned the leaders in Gramsabha 

according to the chart. 67% either do not take part in Gramsabha or if 

taken participation in Gramsabha then did not questioned their leader. 
 

14) What do you see in leader? 

By asking this question, we tried to know what youth 

thought while casting their vote in election. Hence this question was not 

Multiple Choice Question. It is open question. And hence lot of different 

answers is seen. Participants answers were – 3 said anti-corruption, 

working for the people, 10 said honesty, 4 said education, 5 said good 

quality, 2 said social work, 1 said nature, 3 said serving the people, better 

management for people, 4 said security, work, development, 3 said desire 

to work, 3 said work experience, 2 said party, 2 said manifesto, 1 said 

charismatic behavior, 1 said money giver. 

Questioned leaders in Gramsabha 

meeting? 

 
33% 

67% Yes 

No 
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Findings: most of the youth sees honesty in their leader while casting 

votes, 20% of youth sees honesty in their leader while casting the vote. 

Then the education, good quality, anti corruption, desire to work, 

experience etc also seen in leaders. 
 

15) Thought about leader in village: 

When participants asked what they thought about their 

leader in village, and 5 options were given to them. 26 participants said 

that their leader has a good quality and working for the village 

development. 6 said they their leader is not good, 6 said that their 

leaders are corrupt, 6 said their leader is corrupt and not good, 6 said 

they are not aware about their leader. 
 

 
 

Findings: most of the youth thought the good qualities of their leaders. 

52% youth thought that their leaders are good and working for the 

village. 12% thought leader is not good and not bad also, 12% thought 

that their leader is corrupt, 12% thought that their leader is corrupt and 

bad, and 12% youth are not aware about their leaders. 

Thought about leaders in village 

12% 

12% 

12% 

12% 

52% 

Good and working 

for village 

not good not bad 

corrupt 

corrupt and not 
good 

do not aware about 

leader 
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        Conclusion: 
To keep you updated in the political knowledge the media 

especially the newspaper plays important role in it. 76% of the youth 

are reading newspaper, and 24% do not read the newspaper. 76% of 

youth said that they are aware of the current affairs of national and 

international importance. Only 58% of youth are aware of the election 

of 2024. 56% of youth are aware of the difference between national 

and state level elections. And reaming about 44% do not knows the 

difference between national and state level elections. Most of the 

youth about 78% have given correct name of national political parties, 

but only 10% people were able to give correct name of state political 

parties. It shows that youth in this tahsil are not more aware of the 

political developments. One thing is to note that this survey had been 

conducted before the AAP as declared as National Political Party and 

NCP, CPI had been take down from National Political Parties. 

About 92% of youth knows that BJP is in the power at 

national level. About 55% youth said that Shiv-Sena is in power in 

the state government. About 36% said that BJP is in power in state 

government. Remaining youths said different names. Here one thing 

in interesting to note that, about 55% youth aware that Shiv-Sena is 

in power in state government. But only 10% of youth tells the correct 

name of state political parties. Region for this may be 1) most of the 

youth are considering the Shiv-Sena as the National political party, 

2) youth don’t knows the difference between national political 

parties and state political parties, 3) Shiv-Sena party was in news 

because of some changes in government and party. 

It is important that youth should aware of the political 

knowledge. We have seen that in 1st chapter health, the youth are 

aware about it mostly. We have seen in 2nd chapter, Educational 

Awareness, the youths are mostly aware about many things. In 3rd 

chapter, we have seen that youth is aware of many things about 

political phenomenon, but there is need for them to increase more 

political knowledge as like that of health and educational. Mostly the 

youths in this tahsil had learned science, and hence they may have 

neglect the political knowledge. But this political knowledge is also 

important in day to day life, to frame good things, employment, and 

social Security, education, financially soundness almost in all fields. 
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Recommendations: 
 

1) Data can be collected with more number of participants e.g., 1000 

participants. It may give clearer picture of the survey. 

2) Survey can be done separately for educational awareness and political 

awareness with detailed and number of questions. 

3) Instead of randomly selecting the samples, the samples can be selected 

considering all types of participants will take part in it, ex., gender, 

education, working youth, students, and different types of categories. 

etc. 

4) Many uneducated youth did not agree to participate in survey because 

they may have some fear, and only more educated people agreed to 

participate. Hence by taking time, uneducated can also be included. 

5) The survey is conducted in 15 villages out of 85 so the number of 

villages can be increases. 
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Limitations: 
1) This survey conducted in a 15 villages, due to limited number of 

participants. However there are total 85 villages in this tahsil. 

2) When the participants were asked to participate in survey mostly 

educated agreed to participate but some uneducated youth do not want 

to participate because of fear of data leak, or they may think that any 

of action may be taken against them. I have tried that this is only 

survey but they didn’t agreed to participate. 

3) Participants were limited only 50 participants participated. 

4) Randomly selected samples are collected. 

5) The questions are not more detailed. 
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Appendices: 

1. Questionnaires: 
General information 

1. Your age? 

o 16-18 

o 18-20 

o 20-22 

o 22-24 

o 24-26 

2. Your Gender? 

o Male 

o Female 

3. Your Category? 

o SC 
o ST 

o OBC 

o (ask category) 

Education 

4. Your education? 

o 10 

o   10-12 
o Graduation or equivalent. 

o Post-graduation and further 

5. Did you complete your education or still pursuing? 

o Completed 

o Pursuing 

6. Your stream of education? 

o Science 

o Art 
o Commerce 

7. Are you using digital tools for your study? 

o Yes 

o No 

8. Is there good internet connectivity in your area? 

o Yes 

o No 

9. Did you take basic computer education? 
o Yes 

o No 
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10. How many hours do you spend learning on your own? 

o Less than 2 

o  2-3 

o  4-5 

o  5-7 

o More than 7 
11.          Do you partake in any extracurricular activities? 

o Yes 

o No 

12.          Are you taking care of your health? 

o Yes 

o  No 

13.  Are you aware of balance diet at least that we have learned in the    
science book? 

o  Yes 

o  No 

14.  Is there good healthcare system, at least to cure the      

common problem? 

o Yes 

o No 
15.           Did you have access to all the learning materials you   need? 

o Yes 

o No 

16. What do you like the most in your school/college? 

o (answer) 
17. What you don’t like the most in school/college? 

o (answer) 

18.  Do you think the teacher in your school and colleges are good   

in teaching? How satisfied you with their performance in 

teaching? 

o   10-30% 

o   31-50% 
o   51-70% 

o   71-90% 

o More than 90% 

19. What is your performance in 10th std. 

o Below 50% 

o Between 51 to 60% 

o   60 to 70 % 

o   71 to 80% 
o    80 to 90 % 
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o Above 90% 

20. Do you have access of library in our nearby of village? 

o Yes 
o No 

21. What is your performance in 12th or equivalent exam? 

o Below 50% 

o Between 51 to 60% 

o   60 to 70 % 

o   71 to 80% 

o   80 to 90 % 

o Above 90% 
22.  Are you aware of your future goal or are you just studying 

without any target? Simply do you have a plan A plan B and 

C or whatever for your future? 

o Yes 

o No 

23. Are you working? 

o Yes 

o No 
24. Do you do household work, like cooking, cleaning home, or 

washing clothes, etc. 

o Yes 

o No 

25. Do you want to work after completing the   education or you 

will be housewife? (for female) 

o Work 
o Housewife 

26. Do you have a pressure of marriage before completing your 

education? (for female) 

o Yes 

o No 

27. Do you have pressure of work before completing 

your education? (for female) 

o Yes 
o No 

28. In case you married without completing your education, will 

you continue to study after marriage and will you work to 

earn or to profess your passion? (for female) 

o Yes 

o No 
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29. What do you want to do after your education? 

o (Ask about the work) 

30. Which type of job you want? 

o Govt. 

o Non govt. 
31. Are you preparing for any particular examination? Can you 

tell me which exam is it? 

o Yes 

o No 

32. As you lived in a rural area, farming is the main   occupation 

here; do you have a interest in a farming? 

o Yes 
o No 

33. If Yes, then did you/are you studying certain subjects 

about farming? 

o Yes 

o No 

34. Is your financial condition is good enough to fulfill your 

education? 

o Yes 
o No 

35.          What are the barriers according to you comes for your        study? 

o (barriers) 
 

Political Questions 

36.           Do you read newspaper? 

o Yes 

o No 

37. Are you aware of the current affairs of national and   international 

importance? 
o Yes 

o No 

38. Are you aware of the election that will held in 2024? 

o Yes 

o No 

39. Do you know the difference between National Parliamentary 

election and state legislature election? 
o Yes 

o No 

40. Can you tell me at least 2 names of national political     party and 

state political party? 

o (answer) 
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41. Which party is in power in central government? 

o (answer) 

42. Which party is in power in state government? 

o (Answer). 

43. On what age person is allowed to vote? 
o 16 

o 18 

o 20 

o 21 

o 23 

o 25 

44. Did you caste any vote in any election held recently? 
o Yes 

o No 

45.           Direction to be benefits the people of country? 

o Yes 

o No 

46. Are you planning to contest any election of Grampanchayat or block 

level election or will you try to reach to the MLA post? Will you take 

part in leadership? 
o Yes 

o No 

47. While casting vote what do you see in your leader? 

o (answer) 

48. There is always a meeting in every village called        Gramsabha; 

did you ever take part in it? 

o Yes 
o No 

49. Did you question your leaders in your Grampanchayat in 

Gramsabha? 

o Yes 

o No 

50. What do you think about the leader in your 

          Grampanchayat, especially sarpanch and upsarpanch? 

o They are good and working for village development 
o They are not good and not bad also 

o They are corrupt 

o Not aware about leader 
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2. Interview schedule 
 

Interview was conducted from 15 March 2023 to 25 March 

2023. It was conducted by face to face interview, some with contacted 

through phone call and some had given the answers through google 

form. Also the interview was conducted before the ECI declared AAP 

as National Political Party and NCP, CPI had taken down from the 

National Political Party and made them State Political Party. 
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“Applications of Derivative” 
Introduction  

1.1 History  

Newton and Leibniz quite Independently of one another were largely responsible for 

developing the ideas of Integral calculus to the point where hitherto Insurmountable 

problems could be solved by more or less routine methods. The successful 

accomplishments of these men were primarily due to the fact that they were able to 

fuse together the integral calculus with the second main branch of calculus, 

differential calculus. 

Isaac Newton (1642-1727)   Gottfried Leibniz (1646-1716) 

 

 

 

 

 

The central idea of differential calculus is the notation of derivative. Like the 

integral, the derivative originated from a problem in geometry the problem finding 

the tangent line at a point of a curve. Unlike the integral. However, the derivative 

evolved very late in the history of mathematics. The concept was not formulated 

until early in the 17 century when the French mathematician Pierre de Fermat, 

attempted to determine the maxima and minima of certain special functions. 

1.2 Definition of Derivative: 

        We begin with a function f defined at least on some open interval (a, b) on the x-

axis. Then we choose a fixed-point x in this interval and introduce the difference 

quotient 

𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
 

        Where the number h, which may be positive or negative (but not zero), is such that 

x + h also lies in (a, b). The numerator of this quotient measures the change in the 
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function when x changes from x to x + h. The quotient itself is referred to as the average 

rate of change of f in the interval joining x to x + h. 

        Now we let h approach zero and see what happens to this quotient. If the quotient 

approaches some definite value as a limit (which implies that the limit is the same 

whether h approaches zero through positive values or through negative values), then 

this limit is called the derivative of f at x and is denoted by the symbol f'(x) (read as "f 

prime of x"). Thus, the formal definition of f(x) may be stated as follows: 

2. DEFINITION OF DERIVATIVE: The derivative f'(x) is defined by the equation 

                                          F’(x) = lim
ℎ→0

𝑓(𝑥+ℎ)−𝑓(𝑥)

ℎ
 

provided the limit exists. The number f'(x) is also called the rate of change of f at X. 

Meaning of derivative:-  

 The Derivative is the exact rate at which one quantity changes with respect to 

another 

 Geometrically, the derivative is the slope of curve at the point on the curve. o The 

derivative is often called the "instantaneous" rate of change. 

 The derivative of a function represents an infinitely small change 

 the function with respect to one of its variables. 

 The Process of finding the derivative is called "differentiation". 

1.3  Application of Derivatives in Various Fields/Science such as in: - 

 Biology 

 Economics 

 Chemistry 

 Physics 

 Mathematics 

 Others (Psychology, sociology & geology) 
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2. Application of Derivative in Medical and Biology: 

       Sometimes we may question ourselves why students in biology or medical 

department still have to take mathematics and even physics. After reading this post, you 

will understand why. 

2.1 Growth Rate of Tumor: 

       A tumor is an abnormal growth of cells that serves no purpose. There are certain 

levels of a tumor regarding to its malignancy. 

       The first level is benign tumor. It does not invade nearby tissue or spread to other 

parts of the body the way cancer can. In most cases, the outlook with benign tumors is 

very good. But benign tumors can be serious if they press on vital structures such as 

blood vessels or nerves. Therefore, sometimes they require treatment and other times 

they do not. 

       The second level is premalignant or precancerous tumor which is not yet malignant, 

but is about to become so. 

    The last level is malignant tumors. These are cancerous tumors; they tend to become 

progressively worse, and can potentially result in death. Unlike benign tumors, 

malignant ones grow fast, they are ambitious, they seek out new territory, and they 

spread (metastasize). 

       The abnormal cells that form a malignant tumor multiply at a faster rate. Experts say 

that there is no clear dividing line between cancerous, precancerous and non-cancerous 

tumors sometimes determining which is which may be arbitrary, especially if the tumor 

is in the middle of the spectrum. Some benign tumors eventually become premalignant, 

and then malignant. 

       The rate at which a tumor grows is directly proportional to its volume. Larger 

tumors grow faster and smaller tumors grow slower. 

       The volume of a tumor is found by using the exponential growth model which is 

𝑉(𝑡) = 𝑉0 ∗ 𝑒𝑘𝑡 
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Vo initial volume exponential growth, k-growth constant, t-time  

In order to find the rate of change in tumor growth, you must take the derivative of the 

volume equation (V (t)) 

𝑉(𝑡) = 𝑉0 ∗ 𝑒𝑘𝑡  

𝑉′(𝑡) = 𝑉0 ∗ 𝑒𝑘𝑡 ∗ 𝑘 

Because 𝑒𝑘𝑡  is a complicated function, we use chain rule to derivate it. 

𝑦 = 𝑒𝑘𝑡  

      Let    𝑢 = 𝑘𝑡𝑦 = 𝑒𝑢 

𝑑𝑦

𝑑𝑡
=

𝑑𝑦

𝑑𝑢

𝑑𝑢

𝑑𝑡

𝑑𝑦

𝑑𝑡
= 𝑒𝑢 

𝑑𝑢

𝑑𝑡
= 𝑘

𝑑𝑦

𝑑𝑡
= 𝑘𝑒𝑢 

𝑑𝑦

𝑑𝑡
= 𝑘𝑒𝑘𝑡  

From the calculation above, we know that the derivative of 𝑒𝑘𝑡  is 𝑘 ∗ 𝑒𝑘𝑡 

𝑉′(𝑡) = 𝑉0 ∗ 𝑘 ∗ 𝑒𝑘𝑡  

Because V(t) itself is equal to 𝑉0 ∗ 𝑒𝑘𝑡 we may conclude 

𝑉′(𝑡) = 𝑘 ∗ 𝑉 

There is the example to prove this theory: 

2.2 Larger tumor: 

       Find the rate of change of a tumor when its initial volume is 10 cm³ with a growth 

constant of 0.075 over a time period of 7 years 

𝑉(𝑡) = 𝑉0 ∗ 𝑒𝑘𝑡  

𝑉(7) = 10 × 2.178(0.075)7 

𝑉(7) = 15.05𝑐𝑚3 

𝑉′(𝑡) = 𝑘. 𝑣 
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𝑉′(𝑡) = 0.075 × 15.05 

𝑉′(𝑡) = 1.13𝑐𝑚3/𝑦𝑒𝑎𝑟 

       Then let's calculate the rate of change of smaller tumor with the same growth 

constant and time period. 

2.3 Smaller tumor: 

Find the rate of change of a tumor when its initial volume is 2 cm³ with a growth 

constant of 0.075 over a time period of 7 years 

𝑉(𝑡) = 𝑉0 ∗ 𝑒𝑘𝑡  

𝑉(7) = 2 × 2.178(0.075)7 

𝑉(7) = 3.01𝑐𝑚3 

𝑉′(𝑡) = 𝑘. 𝑣 

𝑉′(𝑡) = 0.075 × 3.01 

𝑉′(𝑡) = 0.23𝑐𝑚3/𝑦𝑒𝑎𝑟 

       With this calculation we know how important it is to detect a tumor as soon as 

possible. It is crucial to give a right treatment that will stop or slow down the growth of 

the tumor because bigger tumor intend to grow faster and, in some case, becoming a 

cancer that have a small chance to cured. 

2.4 Blood Flow: 

       High blood pressure can affect the ability of the arteries to open and close. If your 

blood pressure is too high, the muscles in the artery wall will respond by pushing back 

harder. This will make them grow bigger, which makes your artery walls thicker. 

Thicker arteries mean that there is less space for the blood to flow through. This will 

raise your blood pressure even further. 

       Due to fat and cholesterol plaque that cling to the vessel, it becomes constricted. If 

an artery bursts or becomes blocked, the part of the body that gets its blood from that 

artery will be starved of the energy and oxygen it needs and the cells in the affected area 

will die. 
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       If the burst artery supplies a part of the brain then the result is a stroke. If the burst 

artery supplies a part of the heart, then that area of heart muscle will die, causing a 

heart attack. 

       We can calculate the velocity of the blood flow and detect if there are something 

wrong with the blood pressure or the blood vessel wall. In this case, we portrait the 

blood vessel as a cylindrical tube with radius R and length L as illustrated below 

 

 

 

 

   Because of the friction at the walls of the vessel, the velocity of the blood is not the 

same in every point. The velocity of the blood in the center of the vessel is faster than 

the flow of the blood near the wall of the vessel. The velocity is decreases as the distance 

of radius from the axis (center of the vessel) increases until v become O at the wall. 

       The relationship between velocity and radius is given by the law of laminar flow 

discovered by the France Physician Jean-Louis-Marie Poiseuille in 1840. This state that 

𝑉 =
𝑃

4𝑛𝐿
(𝑅2 − 𝑟2) 

V =  initial volume 

𝑛 = viscosity of the blood 

𝑃 = Pressure difference between the ends of the blood vessel 

𝐿 = length of the blood vessel 

𝑅  = radius of the blood vessel  

𝑟 = radius of the specific point inside the blood vessel that we want to know. 

       To calculate the velocity gradient or the rate of change of the specific point in the 

blood vessel we derivate the law of laminar flaw 

𝑉 =
𝑃

4𝑛𝐿
(𝑅2 − 𝑟2) 
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𝑉′ =
𝑑

𝑑𝑟
[

𝑃

4𝑛𝐿
(𝑅2 − 𝑟2)] =

𝑃

4𝑛𝐿

𝑑

𝑑𝑡
(𝑅2 − 𝑟2) 

𝑉′ =
𝑃

4𝑛𝐿
(0 − 2𝑟) 

𝑉′ =
𝑃

4𝑛𝐿
(−2𝑟) 

Example: - The left radial artery radius is approximately 2.2 mm and the viscosity of the 

blood is 0.0027 Ns/𝑚2. The length of this vessel is 20 mm and pressure differences are 

0.05 N. What is the velocity gradient at r = 1 mm from center of the vessel? 

𝑉′ =
2𝑟𝑃

4𝑛𝐿
 

𝑉′ =
−2.1 × 10−3 × 0.05

4 × 0.0027 × 20 × 10−3
 

𝑉′ =
−10−4

2.16 × 10−4
 

𝑉′ = −0.46 𝑚/𝑠 

       So, we can conclude that the velocity gradient is -0.46 m/s. if the gradient of velocity 

is too high then the person may have a constriction in his/her blood vessel and needs 

further examination and treatment. 

2.5 Population models: 

       The population of a colony of plants, or animals, or bacteria, or humans, is often 

described by an equation involving a rate of change (this is called a "differential 

equation"). For instance, if there is plenty of food and there are no predators, the 

population will grow in proportion to how many are already there: 

𝑑𝑝

𝑑𝑡
= 𝑟𝑝 
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Where r is constant. It's not hard to check that the function p(t) = 𝑃0𝑒𝑟𝑡 

 

 

 

 

 

 

 

𝑃0 = 50   ,   𝑟 = 0.65 

       Satisfies this differential equation, where po is the starting population. Colonies tend 

to grow exponential until they run out of space food or run into predators. 

       When there are limits on the food supply, the population is often governed by the 

logistic 

EQUATION:- 

𝑑𝑝

𝑑𝑡
= 𝑐𝑝(𝐿 − 𝑝) 

Where c and L are constant. The population grows exponentially for a while, and then 

levels off at a horizontal asymptote of L 
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The logistic equation also governs the growth of epidemics, as well as for the example, 

the frequency of certain genes in a population. 

3. Application of Derivative in Chemistry 

The change in temperature 

  An object's temperature over time will approach the temperature of its 

surroundings (the medium). 

 The greater the difference between the object's temperature and the medium's 

temperature, the greater the rate of change of the object's temperature. 

 This change is a form of exponential decay. 

 

 

 

 

 

 

 

 

3.1 Newton's Law of Cooling. 

 It is a direct application for differential equations.  

 Formulated by Sir Isaac Newton. 

 Have many applications in our everyday life. 

  Sir Isaac Newton found this equation behaves like what is called in Math 

(differential equations) so his used some techniques to find its general solution. 

3.2 Derivation of Newton's Law of Cooling: 

 Newton's observations: 

He observed that observed that the temperature of the body is proportional to the 

difference between its own temperature and the temperature of the objects in 

contact with it. 
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 Formulating: First order separable DE 

 Applying differential calculus: 

𝑑𝑇

𝑑𝑡
=   −𝑘(𝑇 − 𝑇𝑔) 

       Where k is the positive proportionality constant 

 By separation of variables we get 

𝑑𝑇

(𝑇 − 𝑇𝑔)
=   −𝑘𝑑𝑡 

 By integrating both sides we get 

𝐼𝑛(𝑇 − 𝑇𝑔) + 𝐶 − 𝑘𝑡 

 At time (𝑡 = 0) the temperature is 𝑇0 

𝐶 = −𝐼𝑛(𝑇0 − 𝑇𝑔) 

 By substituting  𝐶 = −𝐼𝑛(𝑇0 − 𝑇𝑔)we get 

𝐼𝑛 
(𝑇 − 𝑇𝐸)

(𝑇0 − 𝑇𝐸)
= −𝑘𝑡 

𝑇 = 𝑇𝐸 +  (𝑇0 − 𝑇𝐸)𝑒−𝑘𝑡  

3.3 Applications of Newton's Law of Cooling in Investigations in a Crime Scene: 

The police came to a house at 10:23 am were a murder had taken place. The detective 

measured the temperature of the victim's body and found that it was 26.7°C. Then he 

used a thermostat to measure the temperature of the room that was found to be 20°C 

through the last three days. After an hour he measured the temperature of the body 

again and found that the temperature was 25.8°C. Assuming that the body temperature 

was normal (37°C), what is the time of death? 

 

 

 

 

 

 

Solution   𝑇 = 𝑇𝐸 + (𝑇0 − 𝑇𝐸)𝑒−𝑘𝑡  
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       Let the time at which the death took place be x hours before the arrival of the police 

men.      

      Substitute by the given values 

𝑇(𝑥) = 26.7 = 20 +  (37 − 20)𝑒−𝑘𝑥 

𝑇(𝑥 + 1) = 25.8 = 20 +  (37 − 20)𝑒−𝑘(𝑥+1) 

Solve the 2 equations simultaneously 0.394 =  𝑒−𝑘𝑥  

      0.341 = 𝑒−𝑘(𝑥+1) 

By taking the logarithmic function 

𝐼𝑛(0.394) = −𝑘𝑥.........(1)                      𝐼𝑛(0.341) = −𝑘(𝑥 + 1)............(2) 

By dividing (1) 𝑏𝑦 (2) 

𝐼𝑛(0.394) 

 𝐼𝑛(0.341)
=

−𝑘𝑥 

−𝑘(𝑥 + 1)
 

0.8657 =
 𝑥

𝑥 + 1
 

                                                                Thus, 𝑥 ≅  7 hours 

          Therefore, the murder took place 7 hours before the arrival of the detective which 

is at 3:23 pm 

3.4 Applications of Newton's Law of Cooling in Processor Manufacturing 

        A global company such as Intel is willing to produce a new cooling system for their 

processors that can cool the processors from a temperature of 50°C to 27°C in just half 

an hour when the temperature outside is 20°C but they don't know what kind of 

materials they should use or what the surface area and the geometry of the shape are. 

So, what should they do? 

Simply they have to use the general formula of Newton's law of cooling 

𝑇 = 𝑇𝐸 +  (𝑇0 − 𝑇𝐸)𝑒−𝑘𝑡  

And by substituting the numbers they get27 = 20 + (50 − 20)𝑒—0.5𝑘  

Solving for k, we get   𝐾 =  2.9 



12 
 

so, they need a material with K=2.9 (k is a constant that is related to the heat capacity, 

thermodynamics of the material and also the shape and the geometry of the material) 

Application of Derivative in Physics: Derivatives with respect to time: 

In physics, we are often looking at how things change over time: 

1. Velocity is the derivative of position with respect to time: 

𝑣(𝑡) =
𝑑

𝑑𝑡
(𝑥(𝑡)) 

2. Acceleration is the derivative of velocity with respect to time: 

𝑎(𝑡) =
𝑑

𝑑𝑡
(𝑣(𝑡) =

𝑑2

𝑑𝑡2
(𝑥(𝑡)) 

3. Momentum (usually denoted p) is mass times velocity, and force (F) is mass times 

acceleration, so the derivative of momentum is 

𝑑𝑝

𝑑𝑡
=

𝑑

𝑑𝑡
(𝑚𝑣) = 𝑚

𝑑𝑣

𝑑𝑡
= 𝑚𝑎 = 𝐹 

One of Newton's laws says that for every action there is an equal and opposite reaction, 

meaning that if particle 2 puts force F on particle 1, then particle 1 must put force-F on 

particle 2. But this means that the (momentum is constant), since 

𝑑

𝑑𝑡
(𝑝1 + 𝑝2) =

𝑑𝑝1

𝑑𝑡
+

𝑑𝑝2

𝑑𝑡
= 𝐹 − 𝐹 = 0 

This is the law of conservation of momentum. 

Derivatives with Respect to Position: 

In physics, we also take derivatives with respect to x. 

1. For so called "conservative" forces, there is a function 𝑉(𝑥) such that the force 

depends only on position and is minus the derivative of V namally 𝐹(𝑥) =

𝑑𝑣(𝑥)

𝑑𝑥
(𝑇ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑣(𝑥) is called the potential energy. dx For instance, for a mass on a 

spring the potential energy is 
1

2
𝑘𝑥², where k is a constant and the force is  -k x. 
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2. The kinetic energy is 
1

2
𝑚𝑣². Using the chain rule, we find that the total energy is 

𝑑

𝑑𝑡
(

1

2
𝑚𝑣2 + 𝑣(𝑥)) = 𝑚𝑣

𝑑𝑣

𝑑𝑡
+ 𝑉′(𝑥)

𝑑𝑥

𝑑𝑡
= 𝑚𝑣𝑎 − 𝐹𝑣 = (𝑚𝑎 − 𝐹)𝑣 = 0 

since 𝐹 = 𝑚𝑎. This means that the total energy never changes. 

          These are just a few of the examples of how derivatives come up in physics. In fact, 

most of physics, and especially electromagnetism and quantum mechanics, is governed 

by differential equations in several variables. 

4.1 Elasticity of Demand 

        The elasticity of demand E, is the percentage rate of decrease of demand per 

percentage increase in price. We obtain it from the demand equation according to the 

following formula:𝐸 =
𝑑𝑞

𝑑𝑝
×

𝑝

𝑞
 

Where the demand equation expresses demand q, as a function of unit price p, we say 

that demand has unit elasticity if E=1. 

         To find the unit price that maximizes revenue, we express E as a function of p, set 

E-1, and then solve for p 

EXAMPLE:  

Suppose that the demand equation 𝑞 =  20,000 − 2𝑝. 

Then     𝐸 = −(−2)
𝑝

20000−2𝑝
=

𝑝

10000−𝑝
 

𝐼𝑓 𝑝 =  2000, then 𝐸 =
1

4
 and demand is inelasticity at this price. 

If 𝑝 =  8000, then 𝐸 =  4, and demand is elasticity at this price. 

If 𝑝 =  5000, then 𝐸 =  1, and the demand has unit elasticity at this price. 
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5.  Application of Derivative in Mathematics: 

Applications of Maxima and Minima: Optimization Problems: 

           We solve optimization problems of the following form: Find the values of the 

unknowns x, y,... maximizing (or minimizing) the value of the objective function f, 

subject to certain constraints. The constraints are equations and inequalities relating or 

restricting the variables x, y..... 

      To solve such a problem, we use the constraint equations to write all of the variables 

in terms of one chosen variable, substitute these into the objective function f, and then 

find extrema as above. (We use any constraint inequalities to determine the domain of 

the resulting function of one variable.) Specifically: 

1. Identify the unknown(s): 

These are usually the quantities asked for in the problem. 

2.  Identify the objective function. This is the quantity you are asked to maximize or 

minimize. 

3.  Identify the constraint(s). 

These can be equations relating variables or inequalities expressing limitations 

on the values of variables. 

4.  State the optimization problem. This will have the form "Maximize [minimize] 

the objective function subject to the constraint(s)." 

5.  Eliminate extra variables. 

If the objective function depends on several variables, solve the constraint 

equations to express all variables in terms of one particular variable. Substitute 

these expressions into the objective function to rewrite it as a function of a single 

variable. Substitute the expressions into any inequality constraints to help 

determine the domain of the objective function. 

6. Find the absolute maximum (or minimum) of the objective function. 

Example: 

Here is a maximization problem                              

Objective Function  
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 Maximize 𝐴 =  𝑥𝑦    

subject to 𝑥 +  2𝑦 =  100 

𝑥 ≥ 0, and 𝑦 ≥ 0Constraints 

     Let us carry out the procedure for solving. Since we already have the problem stated 

as an optimization problem, we can start at Step 5. 

5. Eliminate extra variables. 

  We can do this by solving the constraint equation 𝑥 +  2𝑦 =  100 for x 

(𝑔𝑒𝑡𝑡𝑖𝑛𝑔 𝑥 =  100 − 2𝑦) and substituting in the objective function and the 

Inequality involving x: 

6. Find the Absolute maximum (or minimum) of the objective function:- 

            Now, we have to find the maximum value of  𝐴 =  100𝑦 − 2𝑦2. 

            Taking derivative of A with respect to y. 

𝑑𝐴

𝑑𝑦
=

𝑑

𝑑𝑦
(100𝑦 − 2𝑦2) = 100 − 4𝑦 

             For extreme points 

 𝑑𝐴

𝑑𝑦
= 0100 − 4𝑦 = 0 

𝑦 =
100

4
𝑦 =  25 

                  Put value of y in constant x, 𝑥 +  2𝑦 =  100. 

𝑥 =  100 − 2𝑦 

  𝑥 =  100 − 2(25) 

 𝑥 = 100 − 50 x = 50 

                   Thus, extreme point is (50,25). 

                 Maximum value of objective function, 𝐴 =  𝑥𝑦𝐴 =  (50)(25)  𝐴 =  1250 
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Maximum, 𝐴 =  1250 

5.1   Analyzing Graphs: 

           We can use graphing technology to draw a graph, but we need to use differential 

calculus to understand what we are seeing. The most interesting features of a graph are 

the following. 

Features of a Graph 

1. The x- and y-intercepts: If  𝑦 =  𝑓(𝑥), find the x-intercept(s) by setting y = 0 and 

solving for x; find the y-intercept by setting x = 0. 

2. Relative extrema: Use the processer to find relative extrema and locate the relative 

extrema. 

3. Points of inflection: Set 𝑓"(𝑥)  =  0 and solve for x to find candidate points of 

inflection. 

4. Behavior near points where the function is not defined: If 𝑓(𝑥) is not defined at x, 

consider lim 𝑓(𝑥) and lim 𝑓(𝑥) to see how the graph of f approaches this point. 

5. Behavior at infinity: Consider 𝑙𝑖𝑚 𝑓(𝑥) and 𝑙𝑖𝑚 𝑓(𝑥) if appropriate, +80 to see how 

the graph of f behaves far to the left and right. 
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To analyze this, we follow the procedure at left: 

1. The x and y-intercepts: Setting y = 0 and solving for x gives 𝑥 = 0. This is the only x-

intercept. Setting 𝑥 =  0 and solving for y gives y= 0: the y-intercept.  
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2. Relative extrema: The only extrema are stationary points found by setting 𝑓′(𝑥)  =  0 

and solving for x, giving x = 0 and x=-4. The corresponding points on the graph are the 

relative maximum (0, 0) and the relative minimum at  (−4, 8/9). 

3. Points of inflection: Solving f "(x) = 0 analytically is difficult, so we can solve it 

numerically (plot the second derivative and estimate where is crosses the x-axis) and 

find that the point of inflection lies at 𝑥 = −6.1072. 

4. Behavior near points where the function is not defined: The function is not defined at 

𝑥 = −1 and 𝑥 =  2. the limits as x approaches these values from the inferred from the 

graph: left and right can be 

Other Application of Derivatives in Mathematics: 

 Approximation by differentials and newton's method 

  Monotonic functions, relative and absolute extrema of functions 

 Convex functions, inflection points and asymptotes 

 Curve sketching 

  L'Hospitals rule and indeterminate forms 

  Roll's and mean value theorems 

 Classical inequalities 

  tangent, normal lines, curvature and radius of curvature 

 Evaluate and involute 

  Envelope of a family of curves and osculating curves 

 related rates 

 optimization problems in geometry, physics and economics 
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1. Introduction 

Optically stimulated luminescence (OSL) originally developed for 

geological/archaeological dating, has been found very useful for diverse 

applications in the field of radiation dosimetry. In the past decade there have 

been tremendous developments in the field of OSL dosimetry [1, 2]. There is a 

discernable paradigm shift in personnel dosimetry from thermoluminescence 

dosimeter based systems to OSL based dosimetry systems for monitoring of 

exposure of workers to ionizing radiation. This is primarily due to the attractive 

features of OSL mode of readout like multiple readouts, no need of thermal 

annealing which avoids problems like thermal quenching thermal stability of 

dosimeters, etc. Precise control of stimulation light intensity, wide dynamic 

dose range of linearity, high sensitivity, and the possibility of re-estimation of 

dose and remote dose measurement are the other advantages of OSL technique 

over the conventional thermoluminescence (TL) technique [3]. 

There is still a scarcity of OSL materials with demonstrated properties 

suited to dosimetry applications. Progress on the development of OSL materials 

with engineered properties has been slow and most research has focused on the 

                                                             
[1] L.Bøtter-Jensen, S.W.S.McKeever, A.G.Wintle, Optically Stimulated Luminescence, (2003), Elsevier Science B.V. 

[2] S. W. S. McKeever. Radiat. Prot. Dosim. 100 (2002) 27. 

[3] M.S.Kulkarni International Journal of Luminescence and Applications 2 (2012) 84. 
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OSL characterization of existing materials [4]. Yukihara and McKeever remark 

that “the development of synthetic materials with optimal characteristics, such 

as was the case with Al2O3:C, will require a more focused effort and one in 

which material synthesis and characterization of luminescence and physical 

properties are carried out hand-in-hand”. 

One of the reasons for availability of only a handful of OSL dosimetry 

materials with adequate properties is that they have to satisfy certain stringent 

conditions necessary for such applications. The important conditions which 

have been listed quite often are [5]- 

1.  Tissue equivalence (Zeff =7.22) 

2.  Sufficiently high sensitivity and accuracy 

3.  Linearity of dose response over a wide range (μGy – few Gy) 

4.  Dose rate independence of the response 

5.  Negligible thermal as well as anomalous (tunneling) fading (loss of 

luminescence signal due to ambient conditions, temperature etc.), ~ 5% 

over the monitoring period. 

6.  Emission spectra preferably in the range 300-400 nm  

7.  Stimulation spectrum having good overlap with 470 nm LED emission 

8.  Long-term stability under varying environmental conditions 
                                                             
[4] E.G.Yukihara and S.W.S.McKeever, Optically Stimulated Luminescence Fundamentals and Applications (2011) John 

Wiely & Sons Ltd., UK. 

[5] M. P. Chougaonkar, Munish Kumar and B. C. Bhatt International Journal of Luminescence and Applications 2 (2012) 

194. 
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9.  Reusability 

10.  Low cost of preparation 

Several materials have been excluded from the “starting list” due to 

condition 8. Especially, hygroscopic materials are considered totally unsuitable. 

Example of NaCl is a case in hand. OSL in NaCl has been reported several 

times [6,7,8,9,10]. However, it is not included in the list of suitable phosphors 

[4], presumably due to its hygroscopic nature and water solubility. In this 

chapter, we have described development of suitable, “water-proof” dosimeters 

from hygroscopic materials such as NaCl and NaF. 

2. Experimental 

2.1 Preparation of phosphors 

2.1.1 NaCl:Cu 

NaCl:Cu was prepared by wet chemical process For the preparation of 

NaCl:Cu, A.R. grade NaCl was first dissolved in double distilled water.  The 

aqueous solution of CuCl2 was added to it so as to give the ratio Na:Cu 104:1 

and then the resultant solution was evaporated to dryness on a hot plate. It 

yielded white powder of NaCl:Cu. This powder was melted in graphite crucible 

at 810oC and quenched to room temperature.  

                                                             
[6] R.M. Bailey, G. Adamiec, E.J. Rhodes Radiat. Meas. 32 (2000) 717. 

[7] H.Nanto, T.Usuda, K.Murayama, S.Nakamura, K.Inabe, and N.Takeuchi. Radiat. Prot. Dosim. 47 (1993) 293. 

[8] K.J. Thomsen, L.  Bøtter-Jensen and A. S. Murray, Radiat. Prot. Dosim. 101 (2002) 515. 

[9] Ch. Bernhardsson, M. Christiansson, S. Mattsson and Ch. L.  Raaf, Radiat.Environ. Biophys. 48 (2009) 21. 

[10] Magdalena Biernacka, Arkadiusz Mandowski, Radiat. Meas. 56 (2013) 31. 
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2.1.2 NaF:Ca,Cu 

 NaF:Cu was prepared by simple melt-quenched technique. For the 

preparation of NaF:Ca,Cu , a certain amount of HF was taken in the Teflon 

beaker. Analytical grade Na2CO3 was added slowly in the HF till the 

effervescence was observed. Then the mixture was dried in open air for 5 to 6 

days, which yielded white powder of NaF. Then the solutions of CuCl2 and 

CaCl2 in water were sprinkled over it and again dried under the lamp. Phosphor 

is heated with an appropriate RAP agent like NH4Cl in a closed glass tube at 

about 4000C for 1 hour with loosely closed lid. Then it was melted at 1000oC in 

graphite crucible and quenched to room temperature.  

The samples thus obtained in above preparations were ground and sieved 

to the particle size of 72 - 200 micron. 

2.2  Preparation of pellets 

The epoxy based pellets of both the phosphors were prepared as 

described in section 2.5.4 of chapter 2 using the epoxies 5012 A and 5012 B. 

The epoxies were mixed in the ratio 2:1. The phosphors in weight ratio 1:5 were 

added to the epoxy and mixed thoroughly. The mixture was then poured into the 

mould to make the pellets of 10 mm diameter with the thickness of 0.25 mm. 

Pellets weighing 42 ± 0.1 mg (phosphor content 7 mg) were selected for the 

experiments. These will be referred to as NaClSCP for singly coated pellets of 

NaCl and NaFSCP for that of NaF. Some of the pellets were given additional 
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coating of the same epoxy. These will be referred to as NaClDCP and NaFDCP. To 

ensure that there is no contribution of epoxy to OSL, some blank pellets were 

also included in the OSL studies. 

 PL spectra in the spectral range 220-700 nm were recorded at room 

temperature on Hitachi F-4000 spectro-fluorimeter with spectral slit widths of 

1.5 nm. 90Sr/90Y beta-ray source with dose rate of 20 mGy/min was used for 

irradiation. The CW-OSL and TL response of the samples are recorded on the 

integrated TL-OSL reader system. CW-OSL readouts were carried out using 

blue (470 nm) light stimulation and a Schott UG 1 filter (UV band pass filter 

with maximum transmittance at 360 nm having a transmittance 0.02 at 420 nm) 

in front of the photomultiplier tube. The stimulation light intensity at the sample 

position was 48 mW/cm2 and signal was recorded for 200 s with a 100 ms 

acquisition time. Details of the integrated TL-OSL reader system are described 

elsewhere [11]. OSL data integrated for the first four seconds of stimulation was 

used to compare the OSL sensitivities of the phosphors and commercial OSL 

phosphor Al2O3:C (Landauer) 

3    Results and Discussions: 

3.1 PL spectra of NaCl:Cu and NaF:Ca,Cu 

                                                             
[11] Kulkarni M.S., Mishra D.R.  and Sharma D.N., Nucl. Instrum. Meth. Phys. Res. B 262 (2007) 348. 
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The PL spectra were studied. For NaCl:Cu strong emission (figure 1 d) is 

observed for Cu+ (0.01 mol %) in near UV region in form of a peak around 357 

nm. The corresponding excitation spectrum shows a peak around 254 nm 

(figure 1 c). This is consistent with the information available on Cu+ PL [12]. 

For NaF:Ca,Cu The broad band emission was observed around 330 nm to 450 

nm. The Cu+ emission was observed at 365 nm (figure 1b) for the excitation of 

254 nm (figure 1a). This is consistent with the information available on Cu+ PL 

[13].  

                                                             
[12] J. Simonetti, D.S. McClure, Phys. Rev. B, 16 (1977) 3887.  

[13] S. A. Payne, A.B. Goldberg and D.S. McClure, J. Chem. Phys. 78 (1983) 3688. 
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3.2 TL in NaCl:Cu and NaF:Ca,Cu 

The glow curves of the powders for the exposure of 100 mGy of beta rays 

are as shown in figure 2.  TL glow curve was recorded with the heating rate of 

5oC/second. The glow peaks for NaCl:Cu were observed around 121oC and 

155oC. Whereas for NaF:Ca,Cu the glow peaks were observed around 160oC 

and 208oC. 
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Figure 1 PL spectra of NaCl:Cu and NaF:Ca,Cu 

     a)   NaF:Ca,Cu excitation for 365 nm emission 

    b)   NaF:Ca,Cu emission for 254 nm excitation 

     c)   NaCl:Cu excitation for 357 nm emission 

     d)   NaCl:Cu emission for 254 nm excitation 
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All these properties are more or less similar to those reported in the 

literature. However, samples in the form of loose powder are not suitable as 

dosimeter due to hygroscopic nature. The pellets of the phosphor are free from 

this drawback, as shown in following sections. 

3.3 CW-OSL in NaCl:Cu and NaF:Ca,Cu 

 Figure 3 shows the CW-OSL curves of the powders for 100 mGy of beta 

exposure. The CW-OSL signals of the phosphors were compared with that of 

commercial phosphor Al2O3:C (Landauer). The comparison of CW-OSL signals 

is given in table 1. The CW-OSL in NaF:Cu was also studied. NaF:Ca,Cu was 
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Figure 2: TL glow curves for NaCl:Cu and  

NaF:Ca,Cu for 100 mGy of beta exposure. 
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found to be more sensitive than NaF:Cu hence further studied were done using 

NaF:Ca,Cu. 

 

Name of 

phosphor 
Area integration over 

60 seconds 

Averaging the OSL 

counts for first 5 

second 

Al2O3:C 1.00 1.00 

NaCl:Cu 13.00 16.00 

NaF:Ca,Cu 1.00 2.00 

Table 1: Comparison of CW-OSL sensitivities of NaCl:Cu and NaF:Ca,Cu with 

Al2O3:C 

3.4  Leachability NaCl:Cu and NaF:Ca,Cu pellets 
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Measurements were made for 25 numbers each of singly and doubly 

coated pellets. The sensitivity variation from pellet to pellet was within ±5 %. 

Sensitivity of pellets is about 20 % lower than that of powders. This is due to 

loss of signal by scattering, internal reflections, etc. within the epoxy. Blank 

pellets did not show any OSL, thus confirming that there is no contribution of 

epoxy to OSL signal. 

 

 

For studying the leaching behaviour, the pellets were kept in distilled 

water for different duration of time ranging from 1 hour to 5 days. These wet 

 

Figure 4: Effect of leaching on  
a) Phosphor mass of  1. NaClDCP and 2. NaClSCP 
b) OSL sensitivity of    1. NaClDCP and  2. NaClSCP 
c) Phosphor mass of   1. NaFDCP   and  2. NaFSCP 
d) OSL sensitivity of    1. NaFDCP  and  2. NaFSCP 
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pellets are allowed to dry by gently wiping and soaking water with help of 

tissue paper. The CW-OSL sensitivities for the pellets after soaking for different 

durations were measured by exposing them to 20 mGy. Results are presented in 

figures 4. It is seen from figures 4a and 4c, that after immersing in water, 

phosphor gets partially dissolved for both NaClSCP and NaFSCP. The amount of 

dissolved phosphor goes on increasing monotonously. In 100 hours about 50 % 

of the phosphor is leached away for NaClSCP whereas only 5% leaching of 

phosphor was observed in NaFSCP. However no such leaching is observed for 

NaClDCP and NaFDCP pellets and weight remains constant. Difference in the OSL 

sensitivities follows similar trend (figure 4b and figure 4d). Both NaClDCP and 

NaFDCP do not show any variation beyond the statistical errors in the 

measurements (about ±3%). The OSL sensitivities for NaClSCP and NaFSCP 

pellets go on monotonously decreasing with the leaching time. About 35% 

reduction of OSL sensitivity was observed for NaClSCP whereas for NaFSCP, 

OSL sensitivity decreases by about 40% when compared with the OSL 

sensitivity of corresponding unsoaked pellets. 

4  Conclusions 

PL and TL properties of the phosphors are more or less similar to those 

reported in the literature. Both phosphors show good OSL signals as compared 

to commercial phosphor Al2O3:C. The OSL signal of NaCl:Cu was about 16 
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times more intense when compared with Al2O3:C whereas NaF:Ca,Cu was 

found to be equally sensitive as Al2O3:C.  

OSL dosimeters can be prepared from the hygroscopic materials like 

NaCl and NaF. Not only, that the prepared dosimeters are insensitive to 

moisture, but these can even be immersed in water and still the OSL sensitivity 

remains unaffected. Though here NaCl:Cu and NaF:Ca,Cu phosphors were 

taken as an example, the work can be extended to other hygroscopic and/or 

water soluble materials. Hygroscopic materials, hitherto considered as 

unsuitable for use as OSL phosphors, can be in the reckoning, if the other 

properties like sensitivity, etc. are adequate. This will be of help in finding new 

OSL materials. 
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INTRODUCTION 
 

In our society all the ceremonies beginning from the birth to death are 

celebrated after consulting religious almanac. The advice of an astrologer is sought on 

various occasions such as Naming Ceremony, Wearing Sacred, Thread, Marriage, 

Baby-shower, Land Reverence, Laying of Foundation Stone Ceremony or Entering a 

new house, Ceremony performed before occupying a new dwelling, Journey of a long 

duration, Commencing of new business, profession, industry etc. We have a tradition 

to consult the auspicious day, time, moments minutely before starting any ceremony. 

It is clearly seen that there is a great impact of planets, status of planets at the time of 

birth in the horoscope and constellations at the time of ceremony in our routine life. In 

astrology it is clarified that the person can be free from depression, sickness, physical- 

social- economical-mental or supernatural troubles by planting a tree relevant to the 

constellation existing at the time of his/her birth. This is only the reason why our 

ancestors have revered the trees as Gods and placed them equivalent to the divine 

elements/Gods-Goddesses. For this purpose, a specific structure had been prepared 

for devotees to worship a worth-worshipping tree according to the status of divine 

constellations at the time of birth of a person. According to Constellation, Human 

being is always dominated by the presence of Sun, Moon and other planetary 

structures. The purchasing power of Gems/Pearls is too costly for poor. Since ancient 

times, plants were considered invaluable to Gems/Pearls. Tribal inhabiting in forests 

is "Nature lovers" and use plants in various forms and ways. They believe that the 

dominance of weak and obstacle causing factors can be minimized by wearing 

poultice form. Nowadays this plant is used as insecticides to protect crop. It is 

dangerous in excessive usage. The seeds of this plant can be used only after complete 

purification. Nux Vomika is worshipping plant for those persons born within the 

tenure of this constellation. The deity of Ayurveda is God Aswinikumar. Shell-trees 

are too much useful in many diseases. The persons born in this constellation are 

therefore related to God Aswinikumar and a plant like Nux Vomika. 

The foundation stone for the park was laid by Sri L. K. Advani, Deputy Prime 

Minister of India in 2002. He planted a Vikankat on that day. The responsibility for 

planning and developing the park was given to Social Forestry Division. Department 
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officials visited a Zodiac Park in Bangalore to study the concept. Scientists from the 

Indian Institute of Astro-Physics were consulted in the planning process. It took 

around two years to complete the construction of the park The Park was opened after 

a colourful programme on the occasion of Van Mahotsav in 2004. The Park was 

inaugurated by Governor M. Rama Jois and many other dignitaries. 

Nakshatra Van is a park created by the Jharkhand Forest Department in front 

of the residence of the governor of Jharkhand in Ranchi, the capital of the Indian state 

of Jharkhand. A Nakshatra or lunar mansion is one of the 27 or 28 divisions of the sky 

that the Moon passes through during its monthly cycle, as used in Hindu astronomy 

and Hindu astrology. Each Nakshatra is identified by its prominent star(s) and is 

associated with a Zodiac. Hindu astrologers believe that each constellation of the 

zodiac is associated with a tree. Those trees are of medicinal, social, aesthetic or 

economic value. 

As we know how each element and forces in the universe are integrated and 

related to the cosmic energies, the solar system, the constellations and the planets are 

related having a direct impact on us. Ancient Hindu scripts have studied them densely 

and there is an amazing astrological association of the star constellations and the 

zodiac with planets and trees. Yes, as per the studies each star has a gem, zodiac and a 

planet connected to it. So, we will briefly know about the trees and a bit about their 

medicinal values. When we say star here, we mean each Nakshatra as mentioned in 

Sanskrit. 

Nakshatra meaning star constellation and van means forests, simply put 

together is Nakshatravana which forming a garden or a forest with these trees 

associated with stars as per the Vedic astrology. We have group of stars called 

constellations. These stars are arranged significantly in the sky and the Hindu texts 

defines 27-star combinations as Nakshatras which in Sanskrit means something that 

does not decay. These 27 nakshatras are systematically distributed over the period of 

all 12 months and all these trees are indeed indigenous having medicinal, cultural and 

economic value. In Indian culture it is traditionally believed and practiced in some 

parts that a tree should be planted when a baby is born as per the zodiac or star and it 

would be beneficial for the ecology. To add on, the trees are planted in a particular 
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direction as per the planet it is related with. And this is according to the principals of 

"Vaastushashtra" (traditional Indian architecture) which describes the arrangement of 

temples, houses, objects, trees, etc. in proper directions as per the astrological and 

cosmic alignments. Considering the diversity of the trees many choose Nakshatravana 

pattern for their gardens, organizations, offices as a cultural move and of course to 

beautify the place. Moving ahead, let us also know the twenty-seven stars and the 

trees associated with it. Star names are in Sanskrit and scientific names are used for 

the trees to make it precise. We have tried to connect few with regional names as they 

are common and it will be easy to identify. 

Our ancestors adopted the concept of "Banas" and "Vedic Vanas" (sacred 

groves) to protect rare medicinal plants in the ancient days. Worshipping of sun, 

moon, stars, rivers, plants and trees are part and parcel of our culture and tradition. 

Based on the available scriptures on the planting of medicinal plants, Sharada Peeta 

has come out with 'Nakshatravana' medicinal plants, flower and fruit bearing plants 

park, at Menace on the outskirts of Sringeri. The sacred groves have been built. 
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REVIEW OF LITERATURE 
 

 

 
 

1) Bhatia et al (1984) studied plants as traditional worshipping. 

 

2) Chandrakanth et al (1990) surveyed temple forests in India‟s forest 

development. 

3) Dubey (1998) studied Nakshatra Vriksha. 

 

4) Dwivedi and Chandola (2022) overviewed lesser-known conservation efforts 

of the medicinal plants in Uttarakhand. 

5) Iyengar et al (2015) studied about traditional worshipping and conservation of 

plants. 

6) Jain and Kapoor (2007) studied universal & used but underexplored traditions 

under category of „Divine Botany‟. 

7) Jassai and Chaplot (2003) gathered traditional knowledge on plant 

conservation linked to beliefs & religious rites. 

8) Joshi and Gupta (2011) studied Astroethnobotany which tells about 

relationship of plants, planets and nakshatra. 

9) Komalavalli (2022) worked on the interdisciplinary nature of the subject 

Astrology, botany of the celestial plants and traditional Indian medicine, with 

the emergence of a new sub-discipline Astrophytomedicine that deals with the 

study of plants associated with celestial bodies in Astrology. The study reveals 

that celestial plant species associated with specific celestial bodies emancipate 

the harmful effects of the planets on humankind and the associated celestial 

plant itself is a remedy for the diseases associated with celestial bodies. 
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10) Majumdar (1927) studied Vanaspati-Plants and Plant Life as in India in 

treaties and traditions. 

11) Maneesha et al (2021) explored astrologically designed medicinal gardens of 

india. 

12) Mishra (2018) studied relation between Rashi Nakshatra vatika and human 

health. 

13) Pandey et al (2019) explored Thematic Herbal Gardens. 

 

14) Parihar and Sharma (2021) studied the traditional uses and the therapeutic 

potential of nine sacred plants of India that symbolises nine planets. 

15) Shah and Patel (2014) enumerated various plant species useful in each 

nakshatra for human society. 

16) Shubhashree et al (2018) made a study on conservation and preservation of 

medicinal plants-leads from Ayurveda and Vrikshayurved. 

17) Sikarwar (2015) explored the saga of Indian sacred plants. 

 

18) Soni et al (2023) studied significance of plants in Vedic astrology, their socio- 

religious beliefs, conservational and therapeutic aspects. 

19) Thakkar et al (2011) made a preliminary study on plant species associated 

with astrology at Punitvan, Gandhinagar (Gujarat) India. 
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STUDY AREA 
 

The present study was carried out in Bhiwapur village. Bhiwapur village is located in 

Bhiwapur tehsil of Nagpur district in Maharashtra, India. It is situated 3km away from 

sub-district headquarter Bhiwapur (tehsildar office) and 74km away from district 

headquarter Nagpur.The total geographical area of village is 1916.06 hectares. 

Bhiwapur has a total population of 14,268 peoples, out of which male population is 

7,126 while female population is 7,142. Literacy rate of bhiwapur village is 75.31% 

out of which 80.82% males and 69.81% females are literate. There are about 3,555 

houses in bhiwapur village. Pincode of bhiwapur village locality is 441201.Umred is 

nearest town to bhiwapur for all major economic activities, which is approximately 

22km away. The location code or village code of Bhiwapur village is 536621 

 

 

 
 

 
Fig. Map of Bhiwapur Tehsil In Nagpur District of Maharashtra (India) 
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MATERIALS & METHODS 
 

 

 
 

The present paper deals with a preliminary study on plant species associated 

with the Nakshatra. It reports botanical name, local name, family, and morphological 

characters of various Angiospermic plants which are worshipped according to the 

related Nakshatra. We have taken photographs and collected information with several 

trips. The species were arranged according to Bentham and Hooker system of 

classification by using the flora of Gujarat state. 

 



8  

 

 
 

OBSERVATION TABLE 
 

 

 

 
 

SN 

 

Nakshatra 

 

Plant name 

 

Botanical name 

 

Family 

 

1. 
Ashwini 

(Beta Arietis) 

Kajra 

(Poison nut) 

Strychnos nux- 

vomica 

 

Loganiaceae 

 
2. 

Bharani 

(41 Arietus) 

Amla 

(Indian gooseberry) 
Emblica 

officinalis 

 
Euphorbiaceae 

 

3. 
Kritika 

(Etatauri Alcyone-2) 

Umbar 

(Cluster fig) 

 

Ficus racemosa 
 

Moraceae 

 

4. 
Rohini 

(Aldebaran) 

Jamun 

(Java plum) 

 

Syzygium cumini 
 

Myrtaceae 

 

5. 
Mrigashirsha (Lambda 

orionis) 

Khair 

(Cutch tree) 

 

Acacia catechu 
 

Leguminosae 

 

6. 
 

Ardra (Gamma) 
Sissam 

(Indian rosewood) 

 

Dalbergia sissoo 
 

Fabaceae 

 
7. 

Punarvasu 

(Beta Geminorium 

pollux) 

 
Bamboo 

Dendrocalamus 

strictus 

 
Poaceae 

 

8. 
Pushya 

(Delta Cancri) 

Peepal 

(Sacred fig) 

 

Ficus religiosa 
 

Moraceae 

 
9. 

Ashlesha 

(Zeta Hydare) 

Nagkesar 

(Indian rose 

chestnut) 

 
Mesua ferrea 

 
Calophyllaceae 

 

10. 
Magha 

(Regulus/ Roleonis) 

Vatavruksh 

(Banyan tree) 

 

Ficus bengalensis 
 

Moraceae 

 

11. 
Purva phalguni (Delta 

Leonis) 

Palash 

(Flame of forest) 

Butea 

monosperma 

 

Fabaceae 

12. 
Uttara phalguni 

(Denebala) 
Payar Peepal 

(Golden rumph‟s fig) 

 
Ficus rumphii 

 
Moraceae 
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13. 

 
 

Hasta 

(Delta Corvi) 

Chameli 

(Jasmine) 
Jasminum 

grandiflora 

 
Oleaceae 

Ambada 

(Wild mango) 

Spondias 

mangifera 

 

Anacardiaceae 

 

14. 
Chitra 

(Virginis spica) 

Bael 

(Stone apple tree) 

 

Aegle marmelos 
 

Rutaceae 

 

15. 
Swathi 

(Alpha Bootis/ Arcturus) 

Arjun 

(Arjun tree) 

Terminalia 

arjuna 

 

Combretaceae 

16. Vishakha 

(Alpha Librae) 

Champhar 

(Governor‟s plum) 

Flacourtia 

montana 

 

Oleaceae 

 

17. 
Anuradha 

(Delta Scorpii) 

Bakul 

(Bullet wood) 

 

Mimusops elengi 
 

Sapotaceae 

 

 
18. 

 

 
Jeshta (Antares) 

Shimalo 

(Red silk cotton 

tree)/ 

Kate savar 

(Red cotton tree) 

 
Bombax 

malabaricum/ 

Bombax ceiba 

 

 
Bombacaceae 

19. 
Moola 

(Lambada Scorpi) 

Garmalo 

(Indian laburnum 

tree) 

 
Cassia fistula 

 
Leguminosae 

 

20. 
Purva ashada 

(Delta sagittarii) 

Vet 

(Rattan cane) 

 

Calamus rotang 
 

Arecaceae 

 

21. 
Uttara ashada (Sigma 

sagittavivi) 

Fanas 

(Jack fruit tree) 

Artocarpus 

heterophyllus 

 

Moraceae 

 

22. 

Shravan 

(Alpho Aquila/ Altair) 
Rui 

(Milk weed) 

Calotropis 

procera/ gigantia 

 
Asclepiadaceae 

 

23. 
Dhanishtha 

(Beta Dalphini) 

Shami 

(Spunge tree) 

Prosopis 

cineraria 

 

Mimosaceae 

 

24. 
Shatataaraka (Lambda 

Aquarii) 

Kadamb 

(Burflower tree) 

Anthocephalus 

cadamba 

 

Rubiaceae 

 

25. 
Purva Bhadrapada (Beta 

pegasi/ Markab) 

Aam 

(Mango tree) 

 

Mangifera indica 
 

Anacardiaceae 
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26. 

Uttara Bhadrapada 

(Gamma Pegasi/ 

Algenib) 

Neem 

(Margosa tree) 

Azadirachta 

indica 

 
Meliaceae 

 

27. 
Revati 

(Zeta piscium) 

Mahua 

(Indian butter tree) 

 

Madhuca indica 
 

Sapotaceae 
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Description Of Plant Species 

 
1. ASHWINI: Strychnos nux-vomica 

 

 

 

 
 

 
Ashwini nakshatra is situated at 0° to 13°20' in the first zodiac sign of Aries. 

It is shaped as a face of horse and there are three stars in it. This constellation has 

windy (Vaayu) nature (Prakruti) and it directs towards the human body above the 

legs. It has blood-red colour. This is divine constellation, its origin (Yoni) is Ashwa, 

East (Purva) Yunja and Adhya Nadi. The Nirayana Surya stays in this constellation 

from 14th April to 27th April. During 14 to 17 April, it is in first phase (Charan), 

from 17th to 20th April in second phase (Charan), on 20th April in third phase 

(Charan) and on 21st April in fourth phase (Charan). Its lord of Situation (Dasha- 

naath) is Ketu. Ashwini, Megha and Moola are the constellations of Ketu. 

Kajra tree associated with the Ashwini nakshatra is 'poison nut. Such shell- 

plants are used as medicinal herbs in ailment of Fever, Weakness, Neurotic problems, 

Hair-fall, Hair Skin of Skull etc. They soothe the wounds, skin-boils, abscesses; 

leaves of this plant are used in poultice form. Nowadays this plant is used as 

insecticides to protect crop. It is dangerous in excessive usage. The seeds of this plant 

can be used only after complete purification. Nux Vomika is worshipping plant for 

those persons born within the tenure of this constellation. The deity of Ayurveda is 

God Ashwinikumars. Shell-trees are too much useful in many diseases. The persons 
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born in this constellation are therefore related to God Aswinikumar and a plant like 

Nux Vomika. Strychnos nux-vomica is a medium-sized tree with a short, thick trunk. 

The wood is dense, hard white, and close-grained. The branches are irregular and are 

covered with a smooth ashen bark. The young shoots are a deep green colour with a 

shiny coat. The leaves have an opposite decussate arrangement (each opposing pair of 

leaves at right angles to the next pair along the stem), are short stalked and oval 

shaped, have a shiny coat, and are smooth on both sides. The leaves are about 4 

inches (10 cm) long and 3 inches (7.6 cm) wide. The flowers are small with a pale 

green colour and a funnel shape. They bloom in the cold season and have a foul smell. 

MEDICINAL USES: Strychnos is promoted within herbal medicine as being a 

treatment for a wide range of maladies, including cancer and heart disease. The level 

of toxic alkaloids in the unprocessed Strychnos seeds used in traditional medicines 

can be determined using established HPLC methods and HPLC-UV methods. 
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2. BHARANI: Emblica officinalis 
 

 

 

 
 

 
Bharani constellation is situated at 13°20' to 26°40' in the Aries. It is shaped 

like a feminine generative organ with three stars situated in it. Its origin (Yoni) is 

Gaja, East (Purva) Yunja, Manushya Gana and Madhya Nadi. Its Lord of Situation 

(Dashanaath) is Shukra (Venus). It has a span of 20 years of Dasha. It is of feminine 

gender with Royal virtues. It directs towards the human body's lower parts of legs. Its 

colour is red and God is Yama (God of Death). The Nirayana Surya stays in this 

Nakshatra from 29th April to 11th May. It is in the first phase (charan) from 28th to 

30th April, from 1st May to 3rd May in second phase (charan) from 4th May to 7th 

May in third phase (charan) and from 7th May to 10th May in fourth phase (charan). 

A period of 36 minutes of entering (Pravesh) is known as Visha Nadi Bharani 

(Devanagari: r₹ ) is the second nakshatra in Hindu astronomy, corresponding to 35, 

39, and 41 Arietis altogether. In Jyotișa, Bharani is ruled by Shukra (the planet 

Venus). Also, it is classified as a Cruel or Active nakshatra, meaning that, under 

electional astrological beliefs, works of a harmful or deceptive nature are best 

conducted while the moon is Bharani. Bharani is seen as being under the domain of 

Yama, the god of death or Kali. 

Amala is the nakshatra plant of Bharani. It is rich in vitamin C (a potential 

antioxidant). Jam of unripe fruits, pickles of this fruits are made which are full of 

energy, digestive and immunative. Its taste is astringent and is helpful in urinal and 
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indigestion problems. Dry fruits are very useful in bleeding, diarrhoea and 

constipation. The fruits are having abundant elements of Vitamin-C. If used with 

contents of Iron, it soothes the patients suffering from Jaundice, Indigestion, Asthama, 

Coughing etc. Those who belong to this constellation, this tree is as good as a 

worshipping tree. If the person recites hymn (Mantra) of this Nakshatra sitting under 

the tree as shown below, his all the problems are solved and gets good results. The 

tree is small to medium in size, reaching 1–8 m (3 ft 3 in - 26 ft 3 in) in height. The 

branchlets are not glabrous or finely pubescent, 10-20 cm (3.9-7.9 in) long, usually 

deciduous; the leaves are simple, subsessile and closely set along branchlets, light 

green, resembling pinnate leaves. The flowers are greenish-yellow. The fruit is nearly 

spherical, light greenish-yellow, quite smooth and hard on appearance, with six 

vertical stripes or furrows. Ripening in autumn, the berries are harvested by hand after 

climbing to upper branches bearing the fruits. 

MEDICINAL USES: Various studies show that Amla possesses anti- diabetic, 

hypolipidemic, anti-microbial, anti- inflammatory, antioxidant, hepatoprotective and 

anti-emetic activities. 
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3. KRUTIKA: Ficus racemosa 
 

 

 

 

 
Krutika begins form 26°40' of Aries and till 10° of Taurus is the status of this 

constellation which is named after the first son of Lord Shiva: Kartikeya. It is shaped 

like a shavingtool's end or an end of arrow having six stars in it. Its god is Agni 

Dev (God of Fire), Class (Varg) of Garuda, Origin (Yoni) of Mash (Aries), Devil 

(Rakshasa) Gan, East (Purva) Yunja and Antya Nadi. Its God of Situation (Dasha 

Naath) is the Sun (Surya) and Dasha (tenure) is 6 years. It remains form 12th May to 

14th May in first phase (charan) from 15th May to 18th May in second phase 

(charan), 18 to 21st May in third phase (charan) and from 22nd May to 28th May it is 

in the fourth phase (charan). During the night, a cluster of six stars visible in the sky is 

known as the Pleiades or Krittika. As per Vedic astrology, Krittika resides in the sign 

of Taurus and Aries. It is considered as a source of power and energy as 'Agni' or 

'Fire' is the ruling deity. 

Oudumber tree associated with the Krutika nakshatra. it is extremely useful 

and virtuous tree. Cluster fig is associated with this nakshatra. It is cool by nature. 

Birds, insects and worms are attracted towards its fruits because of sweet taste and 

worms are found in their fruits. But the fruits are dried and crushed into powder form 

for storage purpose. A sweet food is prepared using this powder after adding milk, 

sugar and flour. The leaves of this tree are a very good fodder for domestic animals. 

The nector dribbling from its roots is used to prepare Oudumbarasava. This Asava is 
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very useful remedy for patients suffering from Small-Pox, Chicken-Pox, Measles etc. 

This is also used in case of diabetes patients. The person born in this Nakshatra 

should worship this tree and recitation of the (Lio-Sinh). Its origin (Yoni) is Shwana, 

Manushya Gana, Madhya Yunja and Aadhya Nadi. Its shape is like an only 

brightshining star. Ardra means wet. Lord Rudra (Shiva) is its God (Devta) and its 

vishottari nath (God) is Rahu (Dragon's head) having tenure of 18 years. It has 

command on nerves system of human body. Aardra Nakshatra's body parts are hands, 

shoulder and neck. Some learned people consider its impact on eyes. Its colour is 

green. It is in the tribe of lowest caste (Executioner- Butcher). It has hot tempered 

virute (Tamasik Guna). 

MEDICINAL USES: Ficus racemosa Linn. (Moraceae) is a popular medicinal plant 

in India, which has long been used in Ayurveda, the ancient system of Indian 

medicine for various diseases/disorders including diabetes, liver disorders, diarrhea, 

inflammatory conditions, hemorrhoids, respiratory, and urinary diseases. 
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4. ROHINI: Syzygium cumini 
 

 

 

 

 
Rohini means a red cow in sanskrit and it is the name of mother of Lord 

Balaram/Balabhadraji, elder brother of Lord Krishna. She is daughter of Kashyap 

rushi and Surabhi. Begining from 10° of Taurus (Vrushabh Rashi) and ending at 

23°20' of the same is called Rohini Nakshatra. It is having a shape of a chariot with 

five stars in it. It is also called as a Cart (Shakat). The Nirayan Sun (Surya) remains in 

this constellation in first phase (Charan) from 26th to 28th May, second phase 

(Charan) from 29th to 31st May, third phase (Charan) from 1st to 4th June and during 

4th to 8th June in fourth phase (Charan). Its first phase (charan) has varg (class) of 

Garuda whereas the class (Varg) of 2nd 3rd and 4th phase (charan) is Mruga. Its 

Origin (Yoni) is Snake (Sarpa), Gana is Human (Manushya) East (Purva) Yunja and 

Antya nadi. Its God of Dasha (Dasha naath) is the Moon (chandra) with a tenure of 

ten years. Rohini uf) is a goddess in Hinduism and the favorite consort of Chandra, 

the moon god. She is a daughter of Daksha and sister of the 26 others Nakshatras. Of 

the lunar mansions, the asterisms Kṛttikā, Revati, and Rohini are often described as 

deified beings and “mothers”. Lady Rohini's name means “the red one”. She, as “the 

red goddess” (Rohini Devi), is the personification of Aldebaran. 

Jamun plant is associated with Rohini nakshatra. Fruit of this tree are sweet 

and tasty. Fresh fruits and their juice are useworthy for patients of diabetes. 

Generally, the fruits are ripe during monsoon which are useful in ailments. The young 
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children can be free from stomachache, indigestion, lack of appetite gripping. In case 

of scorpion's bite, the juice of leaves of this treee is very effective. Its wood is used in 

construction, furniture as well as fuel. The person born during the influence (Prabhav) 

of this constellation is suggested to worship this tree. here are trees associated with 

each 27 nakshatrams or birth stars. Rohini Nakshatra also has a particular tree 

dedicated to it. People born on each nakshatra should worship the particular tree. The 

tree associated and worshipped by Rohini Nakshatra Born People is Indian black 

plum or Eugenia Jaambolana. 

MEDICINAL USES: Ayurveda strongly recommends this berry for treating various 

conditions related to heart, arthritis, asthma, stomach pain, bowel spasm, flatulence 

and dysentery. The diuretic effects of jamun flushes toxins out of the kidneys, while 

the high fibre content aids in digestion and prevents nausea and vomiting. 
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5. MRUGSHIRSHA: Acacia catechu 
 

 

 

 
 

 
Mrugshirsha constellation has status in Taurus (Vrushabh) Rashi from 23°20' 

till 6°40' of Gemini (Mithun) Rashi. It has a shape of the head of a deer/antelope 

having three stars arranged in it. The God of this Nakshatra is Moon (Chandra), class 

(varga) of its first and second phase (charan) is deer (Mruga) whereas the class 

(varga) is Cat (Marjar) class (varg) of 3rd and 4th phase (charan). Its origin (Yoni) is 

Snake (Sarpa), dev-gana, East (Purva) yunja and Madhyam Nadi. Its vishottari God of 

position (Dasha-naath) is Mars (Mangal) which has tenure of seven years. The nature 

(Guna) of this Constellation is hottempered (Tamasika) Origin (Yoni) is impotent 

(Napunshak) and it has supremacy (Aadhipatya) on the eye-brow of a man. It has 

silver (Ruperi) colour. In this constellation the Nirayan Surya stays from 8th to 11th 

June in first phase (charan), 12th to 15th June in second Phase (charan), from 16th to 

18th June in third phase (charan) and from 19th to 21st June in fourth phase (charan). 

Kher plant is associated with Mrugshirsha nakshatra trees are found in areas 

of Gujarat, Punjab, Bihar, Madhya Pradesh, Maharashtra and Gadhwal-Kumaon areas 

of Himachal Pradesh. They are in majority states of India. Extract or powder of 

Catechu tree wood is its main product being used with betel leaf. This extract or 

powder (Katho) is used to prepare ayurvedic medicines such as Swalp Khadir, 

Khadirashthi, Khadirashtak etc. This tree is a useful medicine for skin diseases 

particularly Albino (Kustharoga) and toothache as well as pain of molar teeth 
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(Daadh). If the person of this Nakshatra sits and worships following hymn under 

Catechu tree, his problems are solved and gets good result. Cacti have a variety of 

uses: many species are used as ornamental plants; others are grown for fodder or 

forage, and others for food (particularly their fruit). Cochineal is the product of an 

insect that lives on some cacti. Many succulent plants in both the Old and New World 

- such as some Euphorbiaceae (euphorbias) - are also spiny stem succulents and 

because of this are sometimes incorrectly referred to as "cactus". 

MEDICINAL USES: Prickly pear cactus is also used for medicine. Prickly pear 

cactus is used for type 2 diabetes, high cholesterol, obesity, alcohol hangover, colitis, 

diarrhea, and benign prostatic hypertrophy (BPH). It is also used to fight viral 

infections. 
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6. ARDRA: Dalbergia sissoo 
 

 

 

 
 

 
Ardra constellation exists in Gemini (Mithun) from 6°40' to 20°0'. Ardra 

Nakshatra is also symbolized by the diamond that relates to hard work and intellectual 

abilities. Alternatively, scholars symbolize Ardra Nakshatra with “a man‟s head” 

which signifies identical ideas of mind's brilliance and mentality. The class (varg) of 

1st, 2nd and 3rd phase (charan) is Cat (Marjar) and that of 4th phase (charan) is Lion 

(Lio-Sinh). Its origin (Yoni) is Shwana, Manushya Gana, Madhya Yunja and Aadhya 

Nadi. Its shape is like an only bright shining star. Ardra means wet. Lord Rudra 

(Shiva) is its God (Devta) and its vishottari nath (God) is Rahu (Dragon's head) 

having tenure of 18 years. It has command on nerves system of human body. Aardra 

Nakshatra's body parts are hands, shoulder and neck. Some learned people consider 

its impact on eyes. Its colour is green. It is in the tribe of lowest caste (Executioner- 

Butcher). It has hot tempered virute (Tamasik Guna). The Nirayan Sun (Surya) 

remains in this constellation in first phase (charan) from 22 to 25th June in second 

phase (charan) from 26th to 28th June, from 29th June to 1st July in third phase 

(charan) and in the fourth phase (charan) from 2nd to 6th July. It is believed that this 

Nakshatra is the best period for commencing education of a child. Ardra Nakshatra is 

also symbolized by the diamond that relates to hard work and intellectual abilities. 

Alternatively, scholars symbolize Ardra Nakshatra with "a man's head" which 

signifies identical ideas of mind's brilliance and mentality. The Presiding deity of 
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Ardra Nakshatra or Ardra Nakshatra Lord is Rudra. The Presiding deity of Ardra 

Nakshatra or Ardra Nakshatra Lord is Rudra. 

Sisam tree associated with Aadra nakshatra. Sisam is Indian Rosewood is a 

deciduous rosewood tree, also known as sisu, sheesham, tahli, Tali and also 

Irugudujava. It is native to the Indian Subcontinent and Southern Iran. In Persian, it is 

called Jag. It is the state tree of Punjab state (India) and the provincial tree of Punjab 

province (Pakistan). It is primarily found growing along river banks below 900 metres 

(3,000 ft) elevation, but can range naturally up to 1,300 m (4,300 ft). The temperature 

in its native range averages 1040 °C (50-104 °F), but varies from just below freezing 

to nearly 50 °C (122 °F). D. sissoo is a medium to large deciduous tree with a light 

crown which reproduces by seeds and suckers. It can grow up to a maximum of 25 m 

(82 ft) in height and 2 to 3 m (6 ft 7 in to 9 ft 10 in) in diameter, but is usually smaller. 

Trunks are often crooked when grown in the open. Leaves are leathery, alternate, 

pinnately compound and about 15 cm (5.9 in) long. Flowers are whitish to pink, 

fragrant. 

MEDICINAL USES: Dalbergia sissoo is reported to be a stimulant used in folk 

medicine and remedies. It is a folk remedy for gonorrhoea and skin ailments. 

Ayurvedic prescribe the leafy juice for eye ailments, the woody bark pastes as 

anthelmintic, antipyretic and analgesic. The wood is also used in India for boils, 

leprosy and nausea. 
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7. PUNARVASU: Dendrocalamus strictus 
 

 

 

 
 

 
Punarvasu constellation exists between Gemini 20° to 3°20' of Cancer. The 

symbol for Punarvasu nakshatra is a quiver of arrows, which is associated with 

the ability to strive toward a desire or ambition. 1st, 2nd and 3rd phase (charan) of 

this constellation are in Gemini and 4th phase (charan) is in Cancer. Its first and 

second phase (charan) are of Cat (Marjar Varga) and third as well as fourth phase 

(charan) are of Cancer (Mesh Varga). Its origin (Yoni) is Marjar, Devgana, Madhya 

Yunja and Aadhya Nadi. Punarvasu means to dwellreside again. There are four stars 

in this Nakshatra. Aditi is its God of worship. Aditi is the mother of Lord Vishnu and 

the Sun. She is wife of Kashyam Rushi. There are twelve Aaditya who are her sons. 

Lord Rama was born during this constellation when it was in the fourth phase 

(charan). Its colour is like lead. It has command over the nose. It is a male 

constellaiton and is endowed with virtues. Punarvasu nakshatra consists of two bright 

stars known as Castor (AlphaGeminorium) and Pollux (Beta- Geminorium). These 

two stars are significant for those born under Punarvasu as life lessons will often 

unfold in pairs. In astrology, Punarvasu extends from the zodiac sign of Gemini into 

the sign of Cancer. "Punar" means repeat and "vasu" means ray of light, thus 

Punarvasu translates as "becoming light again." Punarvasu brings harmony after the 

chaos of the storm. There is a sense of renewing creative pursuits and beginning with 

a fresh new idea. The ruling deity is Aditi, the goddess of abundance and the mother 

of all godly beings. Aditi gives a sensitive and nurturing quality to this nakshatra. 
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Jupiter is the ruling planet and bestows optimism and an interest in higher learning. 

Punarvasu is a star of accommodation and people born under this nakshatra are often 

home bodies with a strong sense of safety. 

Bamboo tree is associated with Punarvasu nakshatra. is generally found in 

every part of India. It is mostly grown in Western and Southern India. In Gujarat it is 

found in the forests of Dang and Rajpipla. This tree is of many varities in case of its 

length, thickness etc. Every bamboo tree is having knots (Ganth) from which a very 

effective medicinal object named Vansh-Lochan is obtained. This herb/medicinal 

object is used not only in India but also in Japan and China. The leaves of this are 

boiled and pasted on the joints of human body to treat rheumatism (Sandhiva). This 

constellation's person is advised to worship the bamboo tree. Similar to bamboo's 

usefulness, the person belonging to this Nakshatra is ready to help others. 

MEDICINAL USES: In this region, bamboo leaves are described in the traditional 

medicine for treating hypertension, arteriosclerosis, cardiovascular disease, and 

certain forms of cancer. These therapeutic properties are most likely mediated by their 

antioxidant capacity. 
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8. PUSHYA: Ficus religiosa 
 

 

 

 
 

 
Pushya constellation being a very prosperous is having three stars in it. It 

exists in 3°20' to 16°40' of Cancer (Kark). The symbol of the Pushya Nakshatra is 

cow's udders. The class (Varg) of first, second and third phase (charan) is Aries 

(Mesh) and that of fourth phase (charan) is dog (Shwan). The origin (Yoni) of this 

Nakshatra is Aires (Mesh), Dev gana, Madhya Yunja and Madhya Nadi. Its swami 

(God) is Saturn (Shani) which has a tenure of 19 years. Pushya means to nurture, to 

strengthen. It is having hot tempered virtue. Its colour is reddish black and has 

command on face. Its swami (God) is Bruhspati (Jupiter). Bharatji, brother of Lord 

Rama was born in this constellation. Pushya is a nakshatra in Indian astrology. Some 

texts refer to it as Tishya, meaning "to look". It corresponds to y, 8, and 0 Cancri in 

the Cancer (constellation). Bharata, brother of Rama, was born under this Nakshatra. 

In the epic Mahabharata, the marriage of Draupadi to the five Pandavas takes place 

when the Moon enters Nakshatra. Pushya is known as Poosam in Tamil and Pooyam 

in Malayalam. Swaminarayan was born under this Nakshatra. It is also mentioned in 

the story of the birth of Buddha. 

Peepal tree is associated with Pushya Nakshatra. it is grown in every part of 

India. It is a shady tree with speedy growth. The followers of Hinduism and 

Buddhism worship this tree and consider it as a sacred tree on the earth. Its soft 

leaves, buds and fruits are used as a food during famine. Its fruits are favoured food of 
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birds and leaves are a good fodder for domestic animals. Its wood is used as wood- 

board for furniture. Its tender leaves and bark are used as medicine. The bark of this 

tree is a very effective medicine in skin diseases particularly eczema. This 

constellation is believed to be a very sacred and auspicious. There is a tradition of 

purchasing gold, jewellery, ornaments during the day of Gurupushyamrut Yoga or 

Amrutsiddhi Yoga. The Peepal tree is very sacred and is worshipping tree for persons 

of this Nakshatra. The people belonging to this Nakshatra are found spiritual, 

peaceloving, calm and full of perseverance because of this sacred tree. 

MEDICINAL USES: Ficus religiosa is an Ayurvedic tree used for the treatment of 

cough, skin diseases, improving the skin complexion, nausea, vomiting, diarrhea and 

improving the sexual potency. Peepal tree leaves have been traditionally used in the 

treatment of heart ailments, nose bleeding, diabetes, constipation, fever, jaundice, etc. 

You can take some extract of 2-3 leaves of Peepal tree. 
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9. ASHLESHA: Mesua ferrea 
 
 

 
Aashlesha constellation exists in Cancer (Kark) from 16°40' to 30°. Its 

symbol is the Näga or coiled serpent. Ashlesh means to hug or to embrace. Its class 

(varg) is shwan (Dog), origin (Yoni) is Marjar (Cat), Rakshasa (Devil) Gan, Madhy 

Yunja and Anty Nadi. This is a virtuous Nakshatra. Its Dasha naath is Mercury 

(Budh) having tenure (Dasha Varsh) of 17 years. It is circle shaped or a snake shaped 

with five stars in it. Its deity; is Serpant- God. Laxman and Shatrughna, borthers of 

Lord Rama were born during the period of this constellation. The Nirayan Surya 

(Sun) remains in this constellation from 3rd to 10th August. Its command is on Ears. 

Its colour is reddish black with Stree Yoni (Female Origin). Ashlesha Sanskrit: 

  ` T (also known as Ayilyam in Tamil and Malayalam Ashlesha is also known as 

the Clinging Star or Nāga. It is known as the Hydra. It extends from 16:40 to 30:00 

Cancer. The planetary lord is Mercury or Buddha. Its presiding deities are the Nāgas. 

The nakshatra's symbol is a coiled serpent. It is a trikshna or sharp nakshatra. Its 

animal symbol is the male cat. The Hindu gods Lakshmana and Shatrughna, brothers 

of Rama, were born under this Nakshatra Like its symbol, the Näga or coiled serpent, 

people of this nakshatra are said to have confused emotions and no matter how close 

you are to them, they will always betray you. On the other hand, Ashlesha natives are 

said to have very good leadership skills, to be apt at managing even a large army, and 

to be diplomatic and cordial by nature. 

Naagkesar tree is associated with Aashlesha Nakashatra. This is middle-sized 

tree is found in the Himalayan range, Andaman Islands, Southern India and North- 
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East India. It is found in a range of 1500 mts. in Andaman Islands. It is also found in 

Nepal. This tree is ever-green, beautiful tree with blue coloured round-stems. Its stem 

is straight and sticky. The pistil of its flower is known as Naagkeshar. It is always 

used as medicine. This tree having large quantity of leaves is grown generally in the 

compound of temples, gardens and roadsides. Its wood is very strong and is known as 

Iron-wood. Naagkeshar is the worshipping tree for persons of "Aashlesha", 

"Vishakha" and "Anuradha" constellations. The Gods of them are Naag (Snake God), 

Indra and Surya (Sun) respectively. It is believed that the flower, pistil and the tree are 

respectively worshipped by these Constellations. The God of this constellation is 

Serpant God. 

MEDICINAL USES: Fresh flowers of this tree are useful in skin diseases like 

leprosy, itching, erysipelas, scabies, wounds and excessive sweating as it provides 

fragility and transparency to the skin. Dried flowers are used in Dysentery with 

Mucus. Oil from the seeds of this tree is used in treating sores and rheumatism. 
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10. MAGHA: Ficus bengalensis 
 

 

 

 
 

 
Magha This constellation remains in Leo (Sinh) from 0° to 13°20'. There are 

five stars in a straight line. Some people consider six stars in it and imagine it as a 

figure/shape of a house. The Gods of this constellation are forefathers (Pitruo), Class 

(Varg) of Mouse (Mushak), its origin (Yoni) is of Mouse (Mushak), Rakshas (Devil) 

Gana, Madhy Yunja and Antya Nadi. It has command over lips and chin. Its colour is 

creamy and virtue is hot-tempered (Tamasik). Its origin (Yoni) is lady Magha'means 

big or grand and as the name suggests it imparts to its natives, royal and respectable 

positions in their lives. It is the symbol of authoritative status, domination and high 

social respect. The individuals belonging to this nakshatra are considered to be leaders 

in their fields. Instead of being ruled by Devatas, Magha nakshatra is ruled by Pitra. 

So, the natives are strongly inclined to their ancestral beliefs and traditions. Also, 

since the nakshatra is controlled by daemons so the person finds himself immersed in 

the material pleasures of the world. This is directly connected to our and our ancestors 

past deeds. 

Vat Vruksha is associated with Magha nakshatra. This tree is found 

everywhere in India. Banyan Tree is symbol of long life-span, strength and prosperity. 

It is huge with spreaded green leaves and airy-roots resulting into a great and 

unending tree. All the parts of this tree are used as medicine. Its gum is used to treat 

boils, joint-pain, toothache and cracks of heels. Its fruits are given to stop diabetes and 
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germ is a resulting medicine in family-planning and guineaworm. In Indian 

civilization, Banyan tree is of great importance. A chaste & devotional wife worships 

this sacred tree on full-moon day (Poornima) of Jyestha month (Eighth month of 

Vikram Era). There is a mythological ancient incident of Satyavan who was dead. But 

his chaste-devotional wife Savitri worshipped this tree: observed the vow of the tree 

and could get her husband alive from death-bed. Majority Indians worship this tree. 

MEDICINAL USES: According to Ayurveda, it is astringent to bowels; useful in 

treatment of biliousness, ulcers, erysipelas, vomiting, vaginal complains, fever, 

inflammations, leprosy. 
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11. PURVA PHALGUNI: Butea monosperma 
 

 

 

 
 

 
Purva Falguni Constellation exists in Leo (Sinh) from 13°20' to 26°40'. The 

God of this constellation is Bhag which one of the names of Surya (Sun). He is the 

son of Aditi. Its shape is of a bed-stead's four legs. In the two square sides of these 

legs three are two stars on each one. The class (varg) of first phase (charan) is Mouse 

(Mushak) and that of the second, third and fourth phase (charan) is dog (Shwan). Its 

origin (Yoni) is Mouse (Mushak), Manushya Gan, Madhya Yunja and Madhya Nadi. 

Its Vishottari God (Vishottari Dasha-Naath) is Venus (Shukra) with a tenure of 20 

years. It has covetous-greedy quality. It has command on the right hand. Its colour is 

light blue. The Nirayan Sun (Surya) reamains in this constellation during the period 

from 31st August to 12th September. The Purva Phalguni Nakshatra is present from 

13.20 degrees till 26.40 degrees in Sinha or Leo zodiac sign. Planet Venus rules it, 

and the native loves to enjoy all worldly comforts. It is represented by the back legs of 

a bed. The Nakshatra deity is Aryaman - the God of contracts & union. 

Khakharo tree associated with Purva Falguni nakshatra. This tree is found in 

every part of Gujarat. Its flowers having red colour of rays of rising Sun are main 

characteristics. These flowers are very useful on boils and skin ailments so it is called 

Shataghra. The coal of this tree is destroyer of stinking smell/bad-odour. Its gum is 

useful in bleeding and diarrhoea. The seeds of the flower are useful to treat worms. 

Butea monosperma is a species of Butea native to tropical and sub-tropical parts of 
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the Indian Subcontinent and Southeast Asia, ranging across Pakistan, India, 

Bangladesh, Nepal, Sri Lanka, Myanmar, Thailand, Laos, Cambodia, Vietnam, 

Malaysia, and western Indonesia. Common names include flame-of-the-forest, palash, 

and bastard teak. 

MEDICINAL USES: Butea monosperma is widely used in ayurveda, unani and 

homeopathic medicine. Flowers are astringent to bowel, in heal "Kapha", leprosy, 

strangury, gout, skin diseases, thirst sensation; flower juice is used to treat eye 

diseases. 
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12. UTTARA FALGUNI: Ficus rumphii 
 

 

 

 

 
Uttara Falguni constellation exists in Leo (Sinh) 26°40' to 10° of Virgo 

(Kanya). The shape is like legs of bed-stead with two stars. The class (Varg) of 1st 

and 2nd phase (charan) is Dog (Swan) and that of 3rd and 4th phase (charan) is 

Mouse (Mushak). Its origin (Yoni) is of a cow, Manushya Gana, Madhya Yunja and 

Aadhya Nadi. Its God is Aryama. It is one of the twelve Aaditya. The Sun remains in 

this Constellation for a period from 13th September to 26th September. Deriving its 

divine force from the governing deity Aryaman, Uttara Phalguni nakshatra exists in 

pair along with its stellar counterpart Purva Phalguni nakshatra. Ruled by the 

planetary force of Sun, Uttara Phalguni nakshatra happens to spread from the zodiac 

of Virgo to Leo. 

Khadak tree is associated with Uttara Falguni Nakshatra. Indian Laurel [Ficus 

rumphii] This tree is found in Gujarat, West Bengal, Central India and Himachal 

Pradesh. They are grown in the forests of Southern Parts and on road- sides. This tree 

is similar to peepal tree with similar medicinal cheracteristics. The bark decoction of 

this tree can treat wounds of burn. The people belonging to this constellation may 

suffer from back-pain, neuro-ailments, bleeding etc. Ficus rumphiil is a banyan fig 

species in the family Moraceae. No subspecies are listed in the Catalogue of Life. The 

species can be found in: India, southern China, Indo- China and Malesia. 
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MEDICINAL USES: Juice forms the whole plant is used to kill worms; it also is 

taken internally with turmeric, pepper and ghee to treat asthma. Bark is used for 

snakebite. 
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13. HAST: Jasminum grandiflora 
 

 

 

 
 

 
Hast Constellation stays in Virgo from 10° to 23°20'. There are five stars in it 

arranged in a shape of palm/paw. The main symbol is “a hand with all five fingers 

spread-eagled”. The Nirayan Surya (Sun) exists in this constellation for the period 

from 27th September to 10th October. The class (varg) of first phase (charan) is 

Mouse (Mushak), second phase (charan) is Aries (Mesh) and that of third and fourth 

phase is Dog (Swan). Its origin (Yoni) is Mahishini (Queen/Female Buffalo), Madhya 

Yunja, Aadhya Nadi and Dev-gena. Its God of situation (Dasha - Naath) is Moon 

(Chandra) which has a tenure of ten years. Lord Sun (Suryanarayan) is the God of this 

constellation. There are twelve Aaditya and Surya is one of them. It has command on 

the fingers of hand and is having dark green colour. As a solitary star existing on the 

celestial firmament, Chitra nakshatra embodies and exemplifies the supreme 

craftsmanship of its governing deity Twashtar. Ruled by the planetary force of Mars, 

the singularly existent Chitra nakshatra extends from the zodiac of Virgo to that of 

Libra. 

Jasmine plant is associated with the hast nakshatra. It is grown in compound, 

gardens and parks. Jasmine leaves are used on jaw-pain, mouth-boils and anaemia. 

Jatyadi Oil made from its flowers is used on the unhealing wounds which are not 

getting well for a longer period. Hast is a very powerful constellation but its plant is a 

delicate one. The person should follow the worship under this tree/near the plant and 
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recite following hymn (Mantra) which will remove all the troubles from the life and 

there will be peace, prosperity and fulfilment of all wishes. Jasminum auriculatum is 

a species of jasmine, in the family Oleaceae. It is found in India, Nepal, Sri Lanka, 

Bhutan and the Andaman Islands. Due to essential oil contained in the flowers, it 

cultivated commercially in India and Thailand. It is used for decorative purposes and 

festivals in India. in India in Odia and Bengali languages. Jasminum auriculatum is 

called Nityamalli in Tamil. 

MEDICINAL USES: Jasmine has been used for liver disease (hepatitis), pain due to 

liver scarring (cirrhosis), and abdominal pain due to severe diarrhoea (dysentery). It 

is also used to prevent stroke, to cause relaxation (as a sedative), to heighten sexual 

desire (as an aphrodisiac), and in cancer treatment. 
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14. CHITRA: Aegle marmelos 
 

 

 

 
 

 
Chitra mean a brightening, shining, gorgeous sharp pearl. Sometime it seems 

like a lamp. The symbol of Chitra Nakshatra is a shiny bright jewel or pearl 

which represents brilliance and also the light that shines within us. This constellation 

is made of only one star and is a symbol of prosperity. Lord Vishwakarma is the deity 

for worship for the persons of this constellation. It remains at 23°20' of Virgo to 6°40' 

of Libra. The class (Varg) of first two (1&2) phase (charan) is Mouse (Mushak) and 

for remaining two (3&4) phase (charan) is deer/antelape (Mruga). Its origin (Yoni) is 

Tiger (Vyaghra), Rakshasa (Devil) Gana, Madhya Yunja and Madhya Nadi. Its 

Vishottari God is Mars (Mangal) with tenure of seven years. It has a tenure of seven 

years. It is a female (Stree) constellation having command on the neck. It is having 

hot-tempered (Tamasik) virute (Guna). As a solitary star existing on the celestial 

firmament, Chitra nakshatra embodies and exemplifies the supreme craftsmanship of 

its governing deity Twashtar. Ruled by the planetary force of Mars, the singularly 

existent Chitra nakshatra extends from the zodiac of Virgo to that of Libra. 

Bael tree is associated with Chitra nakshatra. This green tree is found in lower 

sloppy regions of the Himalayas, Western, Northern and Southern India. It is grown 

everywhere as a sacred tree in India. The fruit of this tree is sweet-hot, bitter, 

digestive and stimulative. So, it is used as a medicine in indigestion, diarrhoea, acidity 

and gripping. Its root, bark and leaves are used in Typhus/Typhoid (Enteric fever). 
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The oil extracted from its seeds is used as a remedy of Scrofula (Kanthmala). The 

sticky substance on the seed is used to join broken things. It is also used in drawing, 

painting, colouring. Its mixture with lime powder is used as cement. This tree is a 

favourite one of Lord Shiva and its God of worship is Lord Vishwakarma. It is 

believed that this tree must have been asociated with Chitra constellation because of 

its great ability and power. The scientific name of the fruit is "Anvardhak". In Greek 

mythology a golden fruit was grown in the garden in Herra, which was worshipped by 

the deities-Eagle Gods. In protuguese language its meaning is Marmolis which is a 

golden fruit. They worshipped this golden fruit by calling it Eagle-Marmolis- a devine 

fruit. 

MEDICINAL USES: 

 
Aegle Marmelos leaf juice with honey can prove useful for treating fever. Aegle 

Marmelos can be used to treat tuberculosis. Aegle Marmelos is rich in anti-oxidants 

which helps in insulin secretion which leads to low blood sugar levels. 
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15. SWATI: Terminalia arjuna 
 

 

 

 
 

 
Swati is a constellation of Libra (Tula) having status from 6°40' to 20°. The 

symbol of Swati Nakshatra is shoot of a plant or coral. There is only one star in 

this constellation and shape is of a coral (Paravalun). The class (Varg) of first to third 

phase (charan) is deer/antelope (Mruga) and for the 4th phase (charan) is Snake 

(Sarp). Its origin (Yoni) is Mahishini (Queen/female buffalo) Dev gana, Madhya 

Yunja and Antya Nadi. Its command is on the chest having black colour. This is a 

female origin (Stree-Yoni) constellation with hottempered nature (Tamasik Guna). Its 

Vishottari Dasha-Naath (God of Condition) is Dragon's Head (Rahu) with tenure of 

18 years. The Sun exists in this constellation from 24th October to 6th November. 

Swati (Devanagari, Transliteration IAST svāti, also found svāti) According to some is 

a feminine noun of unknown derivation or 'su' + 'ati' ("Great goer", in reference to its 

remoteness) meaning very beneficent. Probably referring to its brightness call "the 

real pearl" in Bhartrhari's kävyas. It was the name of one of the wives of the Moon in 

Hindu Epics and the Sanskrit name of Arcturus as well as of the nakshatra (lunar 

mansion) associated with Arcturus in Hindu astrology. Swati is a very common Hindu 

name. Also spelled Swathi. 

Arjuna tree is associated with Swati nakshatra. This is a big evergreen tree 

with spreaded branches with vast shed. It is naturally found on the banks of the rivers 

and streams. It is also grown in the gardens-parks and roadsides for shed-purpose. 
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This tree-wood is used for making agricultural tools, building material, small boats, 

rafts, Ply-wood and water-tubs. The bark of this tree is used for rearing tussar silk- 

worms. The bark is also used as a medicinal object in heart-disease and joining of 

fractured bones. The extract of fresh leaves is useful in ear-pain. T. arjuna grows to 

about 20-25 metres tall; usually has a buttressed trunk, and forms a wide canopy at 

the crown, from which branches drop downwards. It has oblong, conical leaves which 

are green on the top and brown below; smooth, grey bark; it has pale yellow flowers 

which appear between March and June; its glabrous, 2.5 to 5 cm fibrous woody fruit, 

divided into five wings, appears between September and November. The tree does not 

suffer from any major diseases or pests, but it is susceptible to Phyllactinia terminale 

and rot due to polystictus affinis. 

MEDICINAL USES: In traditional Ayurvedic medicine, Terminalia arjuna has been 

used to balance the three "humors": kapha, pitta, and vata. It has also been used for 

asthma, bile duct disorders, scorpion stings, and poisonings. 
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16. VISHAKHA: Flacourtia montana 
 

 

 

 
 

 
Vishakha constellation exists in Libra (Tula) from 20° to 3°20' of Scorpio 

(Vruschik). Its symbol is an archway or a victory flag. Its third phase (charan) is in 

Libra and fourth phase (charan) is in Scorpio (Vruschik). It is in the shape of an Arch 

(Toran) with 4 Stars in it. The class (Varg) of this Constellation is Snake (Sarp), 

Origin (Yoni) is Tiger (Vyaghra), Rakshasa (Devil) Gana. Madhya Yunja and Anty 

Nadi. It is a female's origin (stree-Yoni). It is endowed with Virtues (Satvaguni). The 

Sun usually remains in this constellation from 7th November till 19th November. 

Indra (King of Gods) and Agni (God of Fire) are Gods of this constellation. Vishakha 

nakshatra is the 16th nakshatra in the constellation. The lord of this constellation is 

Jupiter. It stays in the Libra sun sign from 20 ansh to 3 ansh 20 kala in Scorpio sun 

sign. This nakshatra is also called as 'tripad', because its 3 phases are Libra sun sign 

and the last phase is in Scorpio sun sign. 

Viklo (Mytenus emarginata) tree is associated with the Vishakha nakshatra. 

Shrub or small tree up to 6 m high; bark pale brown, smooth, cracked; branches 

terete, with pale lenticels; spines axillary or terminating short lateral shoots. Leaves 

thick, coriaceous. Maytenus / meitɛnəs/ is a genus of flowering plants in the family 

Celastraceae. Members of the genus are distributed throughout Central and South 

America, Southeast Asia, Micronesia and Australasia, the Indian Ocean and Africa. 

They grow in a very wide variety of climates, from tropical to subpolar. In 2017, a 
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taxonomic review moved 123 species of Maytenus to a new genus, called 

Monteverdia. 

MEDICINAL USES: Plant extracts of the Celastraceous have been used for 

centuries throughout South America and China as insect repellents and insecticides in 

traditional agriculture and also for the treatment of a plethora of medical ailments 

from stomach complaints and fever to rheumatoid arthritis and cancer. 
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17. ANURADHA: Mimusops elengi 
 

 

 

 
 

 
Anuradha constellation exists in Scorpio (Vruschik) from 3°20' to16°40'. It 

has four stars arranged in a shape of Lotus (Kamal) or Umbrella (Chhatri). The 

symbol of Anuradha Nakshatra is a triumphal arch, which represents success and 

the lotus flower, which represents purity and auspiciousness even in mud and filth. 

The class of this constellation is Snake (Sarp Varg), Antya Nadi, Madhy Yunja, Dev- 

gana and origin (Yoni) of Tiger (Vyaghra). Its gender is male. Its God of position 

(Dasha- Naath) is Saturn (Shani) which has a tenure of 17 years. Maitra is its God of 

worship. Maitra is one of the twelve Aaditya. Anuradha nakshatra dictates the cosmic 

heavens above with balance, harmony, and honour. It extends to the realm of Scorpio 

and is governed by Lord of the Rings. Striking a melodic nexus with 'Vishakha 

Nakshatra'; Anuradha Nakshatra derives its divine strength from its ruling deity - 

Mitra. 

Borsalli tree is associated with Anuradha nakshatra. is a medium-sized 

evergreen tree found in tropical forests in South Asia, Southeast Asia and northern 

Australia. English common names include Spanish cherry, medlar, and bullet wood. 

In it is called maulsari in Hindi, bakul in Sanskrit, Bengali, Malayali, Manipuri, 

magizamaram in Tamil, and ranja in Kannada. Its timber is valuable, the fruit is 

edible, and it is used in traditional medicine. As the trees give thick shade and flowers 

emit fragrance, it is a prized collection of gardens. The bark, flowers, fruits, and seeds 
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of Bakula are astringent, cooling, anthelmintic, tonic, and febrifuge. It is mainly used 

in dental ailments like bleeding gums, pyorrhea, dental caries, and loose teeth. 

Extracts of flowers are used against heart diseases, leucorrhoea, and menorrhagia, and 

act as antiduretic in polyuria and antitoxin. The snuff made from the dried and 

powdered flowers is used in a disease called ahwa in which strong fever, headache, 

and pain in the neck, shoulders, and other parts of the body occurs. Ripened fruits 

facilitate a cure for burning urination. 

MEDICINAL USES: The bark, flowers, fruits, and seeds of Bakula are used in 

Ayurvedic medicine in which it is purported to be astringent, cooling, anthelmintic, 

tonic, and febrifuge. It is mainly used for dental ailments such as bleeding gums, 

pyorrhea, dental caries, and loose teeth. 
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18. JYESTHA: Bombax malabaricum 
 

 

 

 
 

 

 

Jyestha means the biggest. This constellation exists in Scorpio (Vruschik) 

from 16°40' to 30°. There are three stars in the shape of an earring (Kundal). The 

symbol of Jyeshtha is a circular amulet, umbrella, or earring. The God of this 

constellation is Indra. Its first phase (charan) is of Sarpa-varga (Snake- class) and 

class (varg) of 2nd, 3rd and 4th phase (charan) is Deer (Mruga). Its origin (Yoni) is of 

Deer (Mruga), Rakshas (Devil) Gana, Aadhya Nadi and Antya Yunja. It is endowed 

with virtues (Satvaguni) It has female origin (Stree Yoni), cream colour with 

command on right-side of the body. The symbol of Jyeshtha is a circular amulet, 

umbrella, or earring, and it is associated with Indra, chief of the gods. The lord of 

Jyeshtha is Budha (Mercury). Jyestha is termed in Malayalam as Thrikketta and in 

Tamil as Kēttai. The nakshtra is called honorifically as Trikkētta (Tiru + Këtta). 

Jyeshtha nakshatra corresponds to Antares. 

Shimalo tree is associated with Jyestha nakshatra. This tree is found 

everywhere in India. It blossoms during summer without leaves. It is thorny with 

attractive shape of branches. Different parts of this tree are used as medicine. Its red- 

coloured gum is hard, energetic and cold but creates brain-power. Its thorns are useful 

in pimples. The wood is soft and therefore it is used in match box, packing and 

plywood industries. Bombax malabaricum, commonly known as Silk cotton tree, is a 
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tree used in Ayurvedic traditional medicine to treat many ailments and health 

conditions and part of many ayurvedic traditional medicinal remedies. 

MEDICINAL USES: It has wide range of therapeutic applications. In Unani System 

of Medicine, it is used as diuretic, anti-dysenteric, emetic, anti- diarrhoeal, and 

aphrodisiac. It is used to treat wounds, acne, skin blemish, pigmentation, cold and 

cough. 
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19. MOOLA: Cassia fistula 
 

 

 

 
 

 
Moola means the root of a tree/plant/dynasty and also means the very first of 

its kind. It remains in the sagittarius till 13°20'. The meaning of 'Moola' is the root 

and its symbol is a group of a bunch of roots that are tied together. A group of 

eleven stars in the shape of the tail of a lion is its outlook. The Goddess wearing black 

clothes-Nirit is its Goddess. She swells in the kingdom of dead. It represents the evils. 

The 1st and 2nd phase (charan) of this Mula constellation is Deer (Mruga) and 3rd as 

well as 4th phase class (Varg) is Mouse (Mushak). The Dog (Swan) is its origin 

(Yoni), Rakhsas (Devil) Gana, Antya Yunja and Aadhya Nadi. Its command is on the 

left side of the body with bluish-red colour. This is an impotent (Napunshak) 

constellation According to the Vedic astrological beliefs, Moola (Mula) nakshatra is 

the 19th nakshatra or lunar mansion among the 27 nakshatras, and it ranges from 

degrees 0°00 to 13°20' in the Sagittarius sign. 

Garmalo tree is associated with Mula nakshatra. is known as the golden 

shower tree and by other names, is a flowering plant in the family Fabaceae. The 

species is native to the Indian Subcontinent and adjacent regions of Southeast Asia. It 

ranges from southern Pakistan eastward throughout India to Myanmar and Thailand 

and south to Sri Lanka. It is closely associated with the Mullai region of Sangam 

landscape. It is the national tree of Thailand, and its flower is Thailand's national 

flower. It is also state flower of Kerala in India and of immense importance amongst 
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Malayali population. It is a popular ornamental plant and is an herbal medicine. 

Cassia fistula is widely grown as an ornamental plant in tropical and subtropical 

areas. It blooms in late spring. In Ayurvedic medicine, the golden shower tree is 

known as aragvadha, meaning "disease killer". The fruit pulp is considered a 

purgative, and self-medication or any use without medical supervision is strongly 

advised against in Ayurvedic texts. Cassia fistula, commonly known as golden 

shower, purging cassia, Indian laburnum, or puddingpipe tree, is a flowering plant in 

the subfamily, Caesalpinioideae of the legume family, Fabaceae. The species is native 

to the Indian subcontinent and adjacent regions of Southeast Asia. 

MEDICINAL USES: Bark of the Aragvadha is extensively used by Ayurveda in 

India in the treatment of inflammatory swellings and as a cleaning agent for ulcers 

and wounds. It is believed to decrease purulent discharge and act local antiseptic. The 

fruits are also used as a laxative. 
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20. PURVASHADHA: Calamus rotang 
 

 

 

 
 

 
Purvashadha constellation stays in Sagittarius (Dhana) from 13°20' 26°40'. 

Its shapes are like Tusk with four stars. The tusk of an elephant symbol is used to 

represent Purva Ashadha Nakshatra, it belongs to the Brahmana caste. The class 

(varg) of 1st phase (charan) is Mouse (Mushak), 2nd is Snake (Sarp), third phase 

(charan) is Mouse (Mushak) and fourth phase-class (charan-varg) is Dog (Swan). Its 

origin (Yoni) is Monkey (Vanar), Manushya (Man) Gan, Anty-yunja and Madhya 

Nadi. Lord Varun (Rain God) is its God-deity and its lord of position (Dasha Naath) 

is Venus (Shukra). Its tenure is 20 years. Generally, the Sun is in this constellation for 

the period from 29th December to 10th January. he twentieth Nakshatra is Purva 

Ashadha Nakshatra and its lord is 'Venus', this nakshatra is also known as Jal 

Nakshatra and are most compatible with Rohini, Ashwini, and Hasta Nakshatra. 

Netar tree is associated with Purvashadha nakshatra. is one of the scandent 

rattan palms used for Malacca cane in the making of furniture, baskets, walking- 

sticks, umbrellas, tables and general wickerwork, and is found in Southwest Asia. The 

basal section of the plant grows vertically for 10 meters or so, after which the slender, 

tough stem of a few centimeters in diameter, grows horizontally for 200 meters or 

more. It is extremely flexible and uniform in thickness, and frequently has sheaths and 

petioles armed with backward-facing spines which enable it to scramble over other 

plants. It has pinnate, alternate leaves, 60-80 cm long, armed with two rows of spines 
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on the upper face. The plants are dioeciously, and flowers are clustered in attractive 

inflorescences, enclosed by spiny spathes. The edible fruits are top-shaped, covered in 

shiny, reddish-brown imbricate scales, and exude an astringent red resin known 

medicinally and commercially as "Dragon's blood". They are mostly slender- 

stemmed leaf-climbers, where the pinnae at the outer end of the leaf have been 

modified into stout, backward pointing spines. 

MEDICINAL USES: It is also used as a treatment for wounds, diarrhoea, fever, 

dysentery, mouth ulcers, and skin conditions. The wood of C. rotang is also used 

medicinally to expel intestinal worms. The leaves are used for biliousness and blood 

diseases, and the root for fevers and as an antidote to snake venom. 
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21. UTTAR ASHADHA: Artocarpus heterophyllus 
 

 

 

 
 

 
Uttarashadha constellation remains in Sagittarius (Dhan) from 26°40' to 10° 

of Capricorn (Makar). This nakshatra is symbolised by a tusk of an elephant or by 

a small bed. The first phase (charan) is of Sagittarius (Dhan) and the remaining phases 

(2-3-4 charan) are of Capricorn (Makar). There are four stars of a bed-stead shape. 

Vishwadeva are God of this Nakshatra. These Gods have command on brain-cells of a 

person. The class of 1st and 2nd phase is Mouse (Mushak varg) and 3rd & 4th phase 

(charan) class (varg) is Lion (Sinh) (Leo). Its origin (Yoni) is Mangoose (Noliya) 

Manushya Gana, Antya Yunja and Antya Nadi. Its God-master is Sun and the tenure 

is 6 years. The Sun remains in this constelation for a period from 11th January to 23rd 

January. Uttara Ashadha or Uttarashada nakshatra is the 21st nakshatra among the 

twenty-seven that are present according to the vedic astrological beliefs. The lord or 

the ruling planet for this nakshatra is the Sun. It spans through the constellations of 

Sagittarius up to Capricorn. 

Fanas tree is associated with Uttarashadha nakshatra. This tree is found in hot 

regions. It is an evergreen, huge & fruitful tree. Its average height is 15 mts. It is 

found in Northern India, Eastern States and Western ghat of South India. It is also 

grown in hot humid regions. West Bengal, Bihar and South India states sow the seeds 

of this tree. In South India, the fruits are grown with a period of 8 to 10 years. But in 

Northern part they grow later than this. The fruits are hanging on the main stem or 
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main-big branches. Pickles and vegetables are made from unripe-raw fruits. The ripe 

fruit is very tasty and healthy-nourishing. Its wood is used in furniture, musical 

instruments and wood-carving. Small fiber got from beating green wood give 

Safron/orange colour. This colour is used by Buddhist Monks in colouring sacred 

clothes. The Gum extracted from this tree is also found useful. This tree should be 

worshipped by the people of Uttarashadha constellation. 

MEDICINAL USES: Ashes of the leaves are used for treating ulcers, diarrhoea, 

boils, stomach-ache and boils. Seeds are aphrodisiac and as a cooling tonic like the 

pulp. Root decoction can reduce fever and can treat diarrhoea, skin diseases and 

asthma. The pulp is an anti-syphilitic and a vermifuge. 
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22. Shravan: Calotropis gigantea 
 

 

 

 
 

 
Shravan constellation is of Lord Vishnu. Vishnu means the only one who has 

achieved the highest heights. The symbol for Shravan Nakshatra is three 

footprints, representing the path of spiritual evolution or “The Ear”. Some people 

consider only 22 constellations and they count Abhijeet as the 22nd constellation so 

22nd is Shravan. Shravan means to hear. There are three stars in it, and is called as 

three steps of Lord Vishnu. The deity of this constellation is Lord Vishnu. It is also 

believed that this constellation pertains to Goddess Saraswati, the Goddess of 

Learning. Goddess Saraswati is worshipped on the bright fifth day (Shukal Panchami) 

when the Sun is in Shravan constellation and Moon is in Revati Constellation. 

Shravana Nakshatra consists of three stars Altair, Alshain, and Tarazed. These three 

stars together form the head of Aquila, the Eagle. To put it simply, the word Shravana 

means 'Hearing', and the symbol is 'The Ear because of which we hear. Shravana 

Nakshatra is the star of listening and learning. 

Aakado tree is associated with Shravan nakshatra. This tree is found 

everywhere in India. It is grown in forests, sandy soil, barren land and ruined houses. 

We consider this as a useless tree and avoid a medicinal herb. Its leaves, roots, bark 

are used in cough, asthama, lack of appetite etc. Calotropis gigantea, the crown 

flower, is a species of Calotropis native to Cambodia, Vietnam, Bangladesh, 

Indonesia, Malaysia, the Philippines, Thailand, Sri Lanka, India, China, Pakistan, 



54  

 

 

 

Nepal, and tropical waxy flowers Africa. It is a large shrub growing to 4 m (13 ft) tall. 

It has clusters of that are either white or lavender in colour. Each flower consists of 

five pointed petals and a small "crown" rising from the center which holds the 

stamens. The aestivation found in Calotropis is valvate i.e., sepals or petals in a whorl 

just touch one another at the margin, without overlapping. The plant has oval, light 

green leaves and milky stem. The latex of Calotropis gigantea contains cardiac 

glycosides, fatty acids, and calcium oxalate. 

MEDICINAL USES: Despite serious safety concerns, Calotropis is used for 

digestive disorders including diarrhoea, constipation and stomach ulcers; for painful 

conditions including toothache, and joint pain; and for parasitic infections cramps, 

including elephantiasis and worms. 
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23. DHANISHTHA: Prosopis cineraria 
 

 

 

 
 

 
Dhanishtha means wealthy-rich. This is a constellation of four stars in 

shape of a Mrudang (Drum Played at both ends). Its first and second phase 

(charan) are in Capricorn (Makar), third & fourth phase (charan) are in Aqaurius 

(Kumbha). Its class (varg) is Cat (Manjar), origin is Sinh (LionLeo), Anty Yunja and 

Madhya Nadi. The Sun stays in this constellation from 7th to 19th February. Its God 

of condition (Dasha-Naath) is Mars (Mangal) which has tenure of seven years. It has 

silver-blue colour and origin (Yoni) is woman (Stree). It posseses hot-tempered virtue 

(Tamasik Guna). The deities of this constellation are Ashta Vishwadeva-Ashta 

Vasava. They are spiritual deities are like the Sun. Their nos are eight so good 

auspicious work should not be done during the period. Dhanishta is the 23rd Birth star 

on the zodiac belt and the governing deity of this Nakshatra are the eight Vasus, the 

eight-element Gods. On close observation, the Nakshatra holds the shape of a dolphin, 

and as we know, they are some of the most intelligent creatures in the animal 

kingdom. 

Khijado (Sami) tree is associated with Dhanishtha nakshatra. This tree is 

found in Gujarat, Punjab, Rajasthan and other States. This tree is of two types in size 

i.e., big and small. It is very useful in cough, phlegm, Psychosis and other ailments. It 

is a good fodder for domestic animals in dry-areas. Its leaves, bark and pod are used 

in these ailments. The person under influence of this constellation has too much 
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thohgtfullness so he should worship this tree and recite following hymn (Mantra) 

sitting under the tree. Prosopis cineraria, also known as gaff, is a species of flowering 

tree in the pea family, Fabaceae. It is native to arid portions of Western Asia and the 

Indian Subcontinent, including Afghanistan, Bahrain, Iran, India, Oman, Pakistan, 

Saudi Arabia, the United Arab Emirates and Yemen. Its leaves are shattered and 

stripy along its branch. It can survive extreme drought. It is an established introduced 

species in parts of Southeast Asia, including Indonesia. 

MEDICINAL USES: Prosopis cineraria stem bark is useful in the treatment of 

Rheumatism, Cough, Common cold, Anthelmintic disorder, dysentery, Bronchitis, 

Asthma, Leukoderma, piles. 
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24. SHATATAARAKA: Anthocephalus cadamba 
 

 

 

 
 

 
Shatbhisha or Shatataraka or Shattara constellation is from 6°40' to 20° of 

Aquarius (Kumbh). An „empty circle‟ is the symbol of this star which represents 

that this Nakshatra pertains to the realm of imaginary perception or as the Hindi term 

goes „Maya‟. It's all the four phases (charan) are in Aquarius. This constellation is in a 

circle shape with 100 (hundred) stars in its Varun (Rain God) is its deity. It remains 

during the period from 20th February to 3rd March. Its first phase (charan) is Manjar 

(Cat) class (varg) and remaining three are of Mesh (Aires) varg (Class). It has Horse 

Origin (Ashwa Yoni), Rakshas (Devil) Gana, Antya Yunja and Aadhya Nadi. Its 

master-Swami is Dragon's head (Rahu) which has period of 18 years. Its command, is 

on right thing. It is of neutar (Napunshak) gender (Jati) and possesses hot-temper 

(Tamasik Gun) virtues. 

Kadamb tree is associated with Shatbhisha nakshatra. This is an evergreen 

tree with huge-sheddy leaves of medium size and round shape. It is found everywhere 

in India. In the Himalayas it is found at the height of 1200 mts. The fruits of this tree 

are green-yellow with sweet juice in lucrative shape. Its wood is soft. It is used in 

furniture, building material, tea container boxes and packing material. The wood is 

useful in carving & designing, Gum, Wax and resin are also available from this tree. 

The bark and juice of leaves is useful in Cardiac problems, blood pressure and 

Rheumatism. Its bark and roots are very effective to children in case of fever and 
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stomachache. This tree is very favored by Lord Krishna. Neolamarckia cadamba, with 

English common names bur flower-tree, laran, and Leichardt pine, and called kadam 

or cadamba locally, is an evergreen, tropical tree native to South and Southeast Asia. 

The genus name honor‟s French naturalist Jean- Baptiste Lamarck. It has scented 

orange flowers in dense globe-shaped clusters. The flowers are used in perfumes. The 

tree is grown as an ornamental plant and for timber and paper-making. Kadam 

features in Indian religions and mythologies. 

MEDICINAL USES: Anthocephalus cadamba (Roxb.) Miq. (Rubiaceae) is one of 

the most precious medicinal evergreen tropical trees native to South and Southeast 

Asia. As a traditional medicine, it is used for various ailments such as fever, uterine 

complaints, skin diseases, inflammation, anaemia, dysentery, leprosy. 
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25. Purva-Bhadrapad: Mangifera indica 
 

 

 

 
 

 
Purva-Bhadrapad constellation exists at 20° of Aquarius (Kumbh) till 3°20 

of Pisces (Min). Its symbol is Man with two faces. Its three phases (charan) are in 

Aquarius (Kumbh) and 4th phase (charan) is in Pisces (Min). It is a conch shape with 

two stars and deity is Lord Shiva. In this constellation 1st and 2nd phase (charan) are 

of Mesh Varg (Aries class), 3rd & 4th phase (charan) are of Sarp varg (Snake class). 

Its origin (Yoni) is Lion (Sinh-Leo), Manushya Gana, Antya Yunja and Aadhya Nadi. 

The Sun remains in this constellation from 4th to 14th March. 

Mango Tree is associated with Purva-Bhadrapad nakshatra. Mango tree is 

found in hot and semi-hot regions in hilly as well as plain regions. Mango tree is a 

very useful tree and everyone loves its fruits. Mango is considered as one of the best 

and sweetest fruit of the world. Pickles and Powder are made from unripe fruits. Its 

wood is used for fuel and building material. During festivals and auspicious 

occasions, green leaves of mango tree are tied in string and kept at the entrance door 

for good omen. During the Yagna leaves are kept on the pot. During the Yagna 

ceremony its wood is considered sacred as a fuel. 

MEDICINAL USES: Various parts of plant are used as a dentifrice, antiseptic, 

astringent, diaphoretic, stomachic, vermifuge, tonic, laxative and diuretic and to treat 

diarrhoea, dysentery, anaemia, asthma, bronchitis, cough, hypertension, insomnia, 

rheumatism, toothache, leucorrhoea, haemorrhage and piles. 
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26. UTTARA BHADRAPAD: Azadirachta indica 
 

 

 

 
 

 
Uttara Bhadrapad constellation exists in Pisces (Min) from 3°20' to 16°20'. 

Uttara Bhadrapad means a beautiful left-leg. Uttara Bhadrapadă is represented by 

dualistic imagery, often two legs of a bed. Other common symbols include a two- 

headed man, or twins. It gives strength to control anger. It also denotes long distance 

travel, sacrifice and spiritual progress. It is constellation of two stars. Its first phase 

class (charan varg) is Snake (Sarp), second is Aries (Mesh) third is Lion (Sinh-Leo) 

and that of fourth is Snake (Sarp). Its origin (Yoni) is Cows (Gau), Madhya Nadi, 

Antya Yunja, Manushya Gana and Master (Swami) is Saturn (Shani). Its duration is 

19 years. Snake God is its deity and the Sun remains in this constellation from 17th to 

30th March. Uttara Bhadrapadā or Uttrṭṭāti (Devanagari: TRIGG) is the twenty-sixth 

nakshatra in Hindu astrology, corresponding to y Pegasi and a Andromedae. It is ruled 

by Shani, the deity identified with the planet Saturn. Under the beliefs of electional 

astrology, Uttara Bhadrapada is a Fixed constellation, meaning that while it is 

prominent, it is a good time to build houses, found communities or engage in other 

activities related to permanence, stability and structure. The Ahirbudhnya, a 

serpentine or draconian creature, is the deity which oversees Uttara Bhadrapadā. 

Neem Tree is associated with Uttara-Bhadrapad nakshatra. Hot atmospheric 

areas of dry weather and forests of this area have abundant growth of this neem tree. 

This tree is grown everywhere. In the North and Western part of India. It is grown 
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largely. This tree has a quality of insecticide. It is sheddy tree for travellers. In towns 

and villages this tree is grown on road-sides, open land and near houses. A bitter 

Ayurvedic sect of treatment. Soap-cake is made from its extracted oil. It is also 

effective in some other diseases. Its dried leaves are kept in food grains and woolen- 

clothes to protect them from harmful insects and ants. It is also used for ailment of 

animals. Its wood is used for building material and agricultural tools. This tree is must 

to worship for those who are born in Uttara Bhadrapada Constellation. Azadirachta 

indica, commonly known as neem, nimtree or Indian lilac, is a tree in the mahogany 

family Meliaceae. It is one of two species in the genus Azadirachta, and is native to 

the Indian subcontinent and most of the countries in Africa. 

MEDICINAL USES: Neem leaf is used for leprosy, eye disorders, bloody nose, 

intestinal worms, stomach upset, loss of appetite, skin ulcers, diseases of the heart and 

blood vessels (cardiovascular disease), fever, diabetes, gum disease (gingivitis), and 

liver problems. The leaf is also used for birth control and to cause abortions. 

 



63  

 

 
 

27. REWATI: Madhuca indica 
 

 

 

 
 

 
Rewati constellation exists from 16°40' to 30° of Pisces (Min). There are 32 

stars in the shape of a Mridang (Drum played at both ends). Revati is symbolized by 

fish (often a pair of fish). It is also associated with the sea. Pusan is its deity. Pusan 

means the deity giving nutrition and prosperity. Pusan is one of the 12 Aaditya. The 

class (varg) of 1st and 2nd phase (charan) is Sanke (Sarp) and that of 3rd & 4th is 

Lion (Sinh-leo). Its origin (Yoni) is Elephant (Gaja), Dev-gana, Purva Yunja, Antya 

nadi and Swami - Adhipati is Mercury (Budha). Its tenure is 17 years. The sun 

remains in this constellation from 31st March to 13th April. The command of this 

constellation is on shin-bone (GhuntiAnkle). Its colour is blue and stree-Yoni. This 

constellation possesses endowment of virtues (Satvaguni). Revati is the Hindu name 

for Zeta Piscium, a star on the edge of the Pisces zodiac constellation. In Hindu 

sidereal astronomy this star is identified as the First Point of Aries, i.e., when the Sun 

crosses this star, a new solar year begins. Revathi is the last star in the Pisces 

constellation, which is the last zodiac sign. Ashwini is the first star in Aries 

constellation, which is the first zodiacal sign. Revati (Devanagari: ach is the twenty- 

seventh nakshatra in Hindu astrology (or the 28th, if Abhijit is counted) 

corresponding to Piscium. It is ruled by Pușan, one of the 12 Adityas. According to 

the beliefs of traditional electional astrology, Revati is a sweet or delicate nakshatra, 

meaning that while Revati has the most influence, it is best to begin working on 

things of physical beauty like music and jewellery. 
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Mahua tree is associated with Rewati nakshatra. This is a huge, shady 

evergreen tree found in all the forests of Southern India. It is also found in Guajrat, 

Maharashtra, Andhra Pradesh, Madhyapradesh. They are grown in some plains of 

Northern India and some regions of Southern India. Oil is extracted from the seeds of 

its fruits to use in washing-soap-cakes. In some village on the outskirt of forest this oil 

is used in cooking. It is believed that this oil is used as mixture in vegetable ghee. A 

healthy nutritious cattle food is also prepared. The tribal people gather the flowers, 

dry them and use in routine food. The flowers are also used to prepare wine so it is 

called wine-tree. Wood is used for building material and leaves are used as fodder for 

the domestic animals. The flowers of this tree are also used as medicinal herb. The 

people who are born during the period of this constellation should worship this tree. 

Madhuca longifolia is an Indian tropical tree found largely in the is commonly known 

as madhūka, madkam, mahuwa, Butter central, southern, north Indian plains and 

forests, Nepal, Myanmar and Sri Lanka. It Tree, mahua, mahwa, mohulo, Iluppai or 

vippa chettu. It is a fast-growing tree that foliage, and belongs to the family 

Sapotaceae grows to approximately 20 meters in height, possesses evergreen or semi- 

evergreen. 

MEDICINAL USES: 

 
It is used as Anti diabetic, antiulcer, hepato protective, anti-pyretic, anti- 

fertility, analgesic, antioxidant, swelling, inflammation, piles, emetic, dermatological, 

laxative, tonic, anti-burn, anti-earth worm, wound healing headache and many more 

problems. 
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RESULT & DISCUSSION 
 

 

 
 

The present paper deals with a preliminary study on plant species associated 

with the Nakshatra. It reports botanical name, local name, family, and morphological 

characters of various Angiospermic plants which are worshipped according to the 

related Nakshatra. Total 27 plant species belonging to 24 genera and 18 families were 

recorded. We know that Indians designed 27 nakshatras along the ecliptic to denote 

approximate positions of the moon on each day of the month. This means each 

nakshatra should be placed at the intervals of roughly 130 in the sky. Our simulations 

show us that at no time since 7900 BC pointer moved with the rate of 130 per century. 

The highest relative rotation rat was in the era before 4000 BC and pointer took 

roughly 250 - 400 years to span 130 in the sky during that period. The absolute 

rotation rate (motion of the pointer alone) was highest when the bowl of the Saptarshi 

was closest to the then celestial pole and the motion through 130 took pointer slightly 

less than 500 years. The text, however, clearly mentions that the Saptarshi stay in 

each nakshatra for 100 years. Thus, at the first look, the observation looks erroneous. 

The analysis above assumes that all nakshatras have roughly same size. In practice, 

this assumption is not true. Some authors argue that Indians first divided ecliptic in 28 

(converted to 27 later) equal divisions and then associated principal stars with them. 

Although this task is easily done in modern times, but it would be almost impossible 

task for a primitive naked eye observer without aid of angle measuring instruments or 

sky maps. 

The nakshatras in their most primitive form must have been limited to just 

recognisable star groups in vicinity of daily position of the moon. Consequently, they 

were more likely to be just stars and not divisions of ecliptic initially and likely to be 

spaced unequally. Thus, some nakshatras are smaller than others. We noticed that the 

pointer stays in Pushya nakshatra for very small period as compared to other 

nakshatras. We also observed that the motion of the pointer is nonlinear. 
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CONCLUSION 
 

 

 
 

Present paper indicates 27 constellations with 27 plant species show 

importance of individual. In the ancient time our elders were directly or indirectly 

connected with the trees. They believed that plants are useful to different purposes in 

life. Recently people believe in astrology, so they can care and protect the plants 

regularly. Besides, all the cultural and medical values if we also consider planting 

them for their aesthetic purpose that is more than enough, because it will not only 

beautify the ambiance, give shade and oxygen but it will definitely help the ecosystem 

flourish and the birds will dwell happily as most of the trees are fruit bearing. The 

nakshatra next to the Punarvasu is Pushya which is a very small nakshatra. As the 

geometrical concepts like angles etc. were probably not developed at that time, 

rotation was measured simply in per nakshatra basis. The simulations above show that 

indeed Saptarshi spanned Pushya in roughly 100 years. Thus, very initial attempts to 

determine rate of rotation of the Saptarshi coincided with 100-year transition for a 

nakshatra. This puts a strong case that the mention of the Saptarshi transition was a 

real astronomical observation and not a random fanciful statement. The conventional 

interpretation of the pointer would mean that this observation was done in around 

2200 - 2100 BC. As this period matches well with the conventional knowledge of the 

Saptarshi motion, we believe that the word nakshatra in the reference refers to the 

principal stars only. 

By 2050, an estimated 66% of the total world‟s population will be living in an 

urban environment. Urbanization, coupled with a changing climate, is a challenge on 

a global scale that greatly impacts the health and well-being of humans. In order to 

establish healthy and vibrant communities, trees need to be part of the global 

discussion. Over the past 30 years, science has demonstrated how trees in our 

landscapes benefit people and those well-maintained trees is an important asset to 

keeping a community healthy and safe. Planting and maintaining trees, as part of 

urban planning and engineering solutions, can serve as a nature-based solution to 

many challenges communities face: managing storm water, supporting mental and 

physical health for people, reducing crime, addressing pollution, and providing 
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wildlife habitat. Despite the critical importance of urban forest, urban tree cover 

continues to decline nationwide each year. Investing in trees through planting, care, 

and maintenance will produce a significant return on investments, especially as older 

and larger trees provide the most benefits Trees are a long-term solution for many 

issues people face and they are a valuable resource for every community, especially 

those in urban or suburban settings. Botanical gardens and arboreta play an important 

role in this pursuit for a healthy and vibrant urban forest. These institutions provide 

valuable insight and leadership due to their expertise in botany and horticulture, as 

well as an established track record of public outreach and training. The future of 

urban forestry should focus on protecting large trees, as well as improving age 

structure, standards and planning management. While not comprehensive, this list 

provides an overview of the many scientific benefits that trees, and green space with 

trees, provide to people both directly and indirectly. 
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1. INTRODUCTION 

Biodiversity is the outcome of interaction between the phylogenetic history of life on 

the earth and ecological process. All kinds of living organisms are required to keep the 

ecosystem alive. The status and trends in biodiversity reflect the health of an ecosystem that 

support and enrich human life. So, biodiversity conservation of nature and natural resources 

is the need of today to safeguard our own survival and that of our planet. 

Biodiversity conservation refers to the sustenance of the variety of life. Taxonomy is 

the tool by which the components of biological diversity are identified, enumerated, and 

therefore provides basic knowledge underpinning management of biodiversity. At its most 

detailed level, taxonomy describes the variations present within species and such knowledge 

contributes in identifying groups of organisms of conservation significance, giving those 

species and subspecies a formal conservation status. 

Bird diversity is much greater than that of reptiles, amphibians and mammals 

respectively. Presently, there are 10,711 extant species and 158 extinct species of birds of the 

world. The diversity is astounding, with birds existing almost everywhere in the world. 

Birds live all over the world. They range in size from the two-inch bee hummingbird 

to the nine-foot ostrich. More than half of the known birds on earth are perching birds. Birds 

first appeared during the Cretaceous, about 100 million years ago. Birds diversified 

dramatically round about the time of the Cretaceous–Paleocene extinction event 66 million 

years ago, which killed off all the non-avian dinosaur lines. Birds, especially those in the 

southern continents, survived this event and then migrated to other parts of the world. 

Modern birds have wings which are more or less developed depending on the species; 

the only known groups without wings are the extinct moa and elephant birds. Wings, which 

evolved from forelimbs, gave birds the ability to fly. Later many groups evolved with 
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reduced wings, such as ratites, penguins, and many island species of birds. The digestive and 

respiratory systems of birds are also adapted for flight. Some bird species in aquatic 

environments, particularly seabirds and some aquatic birds have evolved as good swimmers. 

Some birds, especially crows and parrots, are among the most intelligent animals. 

Several bird species make and use tools. Many social species pass on knowledge across 

generations, a form of culture. Many species annually migrate great distances. Birds are 

social. They communicate with visual signals, calls, and bird songs. They have social 

behaviors such as cooperative breeding and hunting, flocking, and mobbing of predators. 

Most bird species are socially monogamous, usually for one breeding season at a 

time, sometimes for years, but rarely for life. Other species are polygamous (one male with 

many females) or, rarely, polyandrous (one female with many males). Birds produce 

offspring by laying eggs which are fertilized by sexual reproduction. They are often laid in a 

nest and incubated by the parents. Most birds have an extended period of parental care after 

hatching. Some birds, such as hens, lay eggs even when not fertilized, though unfertilized 

eggs do not produce offspring. 

 

2. RELATED WORKS 

Many researchers worked on diversity, distribution, status and abundance of birds all over 

India that includes checklist of 453 bird species [2], 127 avian species belonging to 38 

families from Dindori District [3], 140 species from the TERI campus of Madhya Pradesh 

[4]. About 113 species from the Sultanpur National Park Gurugram Haryana [5], 109 

species from Gauhati University Campus, Assam [6], 304 species from Pond Dam 

Wetland in Himachal Pradesh [7], 99 species from Vansda National Park Gujarat [8], 93 

species from Campus of University of Jammu [9]. 
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In Maharashtra also several research works reported on the Avian fauna in which 540 bird 

species reported from Maharashtra [10], about 450 bird species listed from western 

Maharashtra [11], 64 species from Salim Ali lake Aurangabad [12, 13], 151 species from 

Nanded city [13]. Total 165 species from Osmanabad district [14], 53 species from 

Parbhani district [15, 17], 55 species from the Ghotnimbala lake of Chandrapur district 

[16], 50 species in Aundha Nagnath of Higoli district [18] and 84 species Majalgaon of 

Beed District [19]. However, no proper data are available on the diversity, distribution, 

status and abundance of avian fauna of Bhiwapur. By keeping this mind, we conducted 

this survey to investigate the same. This study would be baseline information for future 

studies. 

3. STUDY AREA: 

 

Bhiwapur Mahavidyalaya is located in Bhiwapur, in the Nagpur district of 

Maharashtra, India (20.7649° N, 79.5148° E). Bhiwapur is a rural place with 137 small 

villages and is very close to the tribal dominated belt of forest area. Located in the serene 

natural environment with lush green forests and agriculture as the basic occupation. 

MAHARASHTRA 

BHIWAPUR BHIWAPUR 
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Bhiwapur a small flourishing town is 72 Km away from Nagpur. Bhiwapur is also a tehsil in 

Umred subdivision of Nagpur district in Nagpur revenue Division in the Berar region in the 

state of Maharashtra, India. Umred - Karandla wildlife sanctuary is situated about 25 Km 

from Bhiwapur Mahavidyalaya. The sanctuary is home to resident breeding many birds, 

Tigers, Gaur, wild dogs and rare animals like flying squirrels, pangolins and honey badgers. 

Bhiwapur city had a gram panchayat and 2015 it became a Nagar Panchayat. As per 

Indian government census of 2011, the population was 81,519. Bhiwapur is famous for red 

chillies and the main occupation of people in this town is red chilli cutting. A tiny river called 

Maru river flows from the outskirts of Bhiwapur which dries up during hot summers and 

overflows during good monsoon season. This serves as a source of water for irrigation 

purpose for the nearby villages. 

Bhiwapur Mahavidyalaya has a large water body at the back side of the college 

campus which plays an important role in fulfilling the basic needs of many animals living in 

the vicinity. Among these animals bird diversity plays a vital role in balancing the pond 

ecosystem. They play an important role in the ecosystem as potential pollinators, scavengers 

and a good indicator [1]. This project was undertaken to understand the local diversity of 

birds and their role in the environment.  

In the present proposed project attempts were made to study the aspects of diversity of 

birds in and around Bhiwapur Mahavidyalaya. Since there is no published checklist and 

record of birds from this study area by earlier workers. The study of these aspects would help 

in understanding the Birds’ ecology and factors influencing their status in this region of 

central India in order to formulate strategies for their conservation.  
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3. OBJECTIVES: 

1. To identify the bird diversity. 

2. To study the general morphology and terminology of birds. 

 

4. METHODOLOGY: 

The bird surveys carried out above mentioned areas during wildlife week from 2
nd

 

October 2022 to 8
th

 October 2022. Survey of birds made by digital camera (Canon EOS 

700D, EFS 55-250 lens) for keeping the birds’ record. We made direct observations and 

species, noting of birds by walking on the roads, tracks, wetlands and agricultural areas.  

 

5. SIGNIFICANCE: 

1. The present study will record biodiversity of birds. 

2. The checklist will be beneficial to study the fauna of birds of Bhiwapur area of 

Central India. 

3. It will clear the picture of effects of changing environment on present status of birds’ 

diversity. 

 

 

 

 

 

 

 



6 
 

6. OBSERVATIONS AND CONCLUSION: 

In total 16 different species of birds were identified during the project survey. 

List of identified birds 

Sr. 

no. 

Name of the bird Scientific Name Photo 

1.  White Throated 

Kingfisher 

 

Halcyon 

smyrnensis 

 

2.  Common 

Stonechat 

 

Saxicola maurus 
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3.  Pied Bushchat Saxicola caprata 

 

4.  Little Ringed 

Plover 

Charadrius dubius 

 

5.  Brahminy starling Sturnia pagodarum 
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6.  Indian Pied Myna Gracupica contra 

 

7.  Rufous Tailed 

Lark 

Ammomanes 

phoenicura 

 

8.  Little Egret Egretta garzetta 
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9.  Black Drongo Dicrurus 

macrocercus 

 

10.  Green Bee Eater Merops orientalis 

 

11.  Red crested 

pochard 

Netta rufina 
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12.  Spot Billed Duck Anas 

poecilorhyncha 

 

13.  Purple Heron Ardea purpurea 

 

14.  Purple Moorhen Porphyrio 

porphyrio 
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15.  White Browed 

Wagtail 

Motacilla alba 

 

16.  Red Wattled 

Lapwing 

Vanellus indicus 
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ABSTRACT 

 
The purpose of this Water Analysis Assessment for Degree Students is to find out, 

how the water sample can test. The report starts with introduction and ends with 

conclusion with experiment report. The report defines the detailed information about 

water testing with various examples. The report also explains about the quantity of the 

samples and types of the samples. The Sampling Methods consists of Manual sampling, 

which explain the details of water testing. 

 
The physical and chemical properties of drinking water vary. It is therefore difficult to 

obtain a truly representative sample. We need water for different purposes; we need 

water for drinking, agriculture, irrigation, swimming, fishing, etc. Water for various 

purposes requirements for the composition and purity, and each body of water must be 

tested regularly to confirm the suitability. 

 
The types of analysis could change from simple field testing for a single analytic to 

laboratory. The analytical process demands sampling and sample storage since changes 

in composition of water do not stop once the sampling has been taken. Screeningis done 

to ensure that water reaches the laboratory, the same composition as it has occurred during 

sampling. 
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INTRODUCTION 
 

Sampling: 

 

The physical and chemical characteristics of drinking water vary from top to 

bottom of depth of land, as well as with time as from morning to evening. It 

therefore becomes difficult to obtain a truly representative sample. 

Source of sample: 

 
Sample collected from, River water, Water, Lake Wate,r Tube well and testing conducted 

13th April, 2023 

 

Fig.No.1 River water Fig. No. 2 Lake water 
 

Fig. No.3 Tube well Water 
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Sample containers: 

 
Containers typically are made of plastic or glass, but one material may be preferred over the 

others. For example, silica, sodium, and boran may be leached from soft glass but not plastic, 

and trace levels of some pesticides and metals may absorb onto the walls of glass containers. 

Thus, hard glass container is preferred. For samples, containing organic compounds, do not 

use plastic containers expect those made of fluorinated polymers such as 

polytetrafluoroethylene (PTFE). 

 

Sample Volumes: 

 
Collect a 1 litre sample for most physical and chemical analyses. Do not use sample from the 

same container for multiple testing requirements (e.g., organic, inorganic, bacteriological, and 

microscopic examinations) because methods of collecting and handling are different for each 

type of test. Always collect enough sample volume in the appropriate container in order to 

compile with the sample handling, storage and preservation requirements. 

 

Preservation Techniques: 

 
To minimize the potential for volatilization or bio degradation between sampling and 

analysis, keep samples as cool as possible without freezing. Preferably pack samples in 

crushed or cubed ice or commercial ice substituent before shipment. Avoid using dry to 

break. Dry ice also may effect a pH change in samples. Keep composite samples cool with 

ice or a refrigeration system set at 4˚C during compositing. Analyse samples as quickly as 

possible on arrival at the laboratory. If immediate analysis is not possible, preferably store at 

4˚C. 
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Experiments: 

 
Aim: To assess the following Physico-chemical properties of water samples nearby 

Bhiwapur. 

Objectives: 

Physical Test & Chemical Test 

 Colour

 Odour

 Suspended solids

 Turbidity

 pH parameters

 Total Hardness.

 Chloride

 

Chemical required 

 
 Distilled water

 Buffer tablets pH values of 4.0,7.0,9.2

 EDTA,

 Ammonium chloride,

 Ammonium hydroxide,

 EBT

 Sodium chloride,

 Ethanol

 Acetic acid

 Potassium Iodide

 Sodium thiosulphate

 Starch.

 

Apparatus requirement 

 

 Ph meter with electrode

 Beakers

 100 ml standard flasks
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 Funnels

 Filter papers

 Wash bottle
Methods: 

 

1. Turbidity: 

 

Three pin plug of the instrument was introduced into the appropriate main socket. The 

instrument was switched on and it was allowed to warm up for 10 to 15 minutes. The 

appropriate range is selected and standardize control was kept maximum. The test tube 

with distilled water was inserted into the cell holder and it is covered with light shield. 

Now set zero control was adjusted to indicate zero in the meter. The test tube containing 

distilled water is removed and was replaced with the test tube containing standard 

solution. The test tube containing the sample solution was inserted into the cell holder 

and the corresponding reading was noted in NTU units. 

 

Preparation of stock standards 

The particles of formation are uniform in size and shape. The stock standards 

prepared from the formations are accurate within 1% and stable for 6-8 weeks. The stock 

standard of 4000NTU is prepared as per the following procedure. 

1) Take 5g of reagent grade Hydrazine Sulphate and dissolve in 400 of 

distilled water. This is solution A. 

2) Next dissolve 50g of pure HexamethyleneTetramine in 400 ml of distilled 

water. This is solution B. 

3) Mix solution A and B and make it upto one litre by adding distilled waterand 

allow this mixture to settle for 48 hours at normal room temperature. 
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This is a stock standard of 4000 NTU and can be used for 6-8 months to prepare 

working standards as per following table. Shake this solution well before making 

dilution. 

 

 

 

NTU Standard Amount of stock std.Required to make 1 lit sol. 

500 125.0 ml 

100 25.0 ml 

50 12.5 ml 

10 2.5 ml 

5 1.25 ml 

1 0.25 ml 

 

 

 

 

 

Result: 

The turbidity in sample water=5.3NTU 
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Determination of pH 

Preparation of reagent 

Standard Buffer Solutions: 

 
They can be prepared easily by dissolving the pH powder or tablets completely in 

100ml of distilled water. 

 

pH unit of measure which describes the degree of acidity or alkalinity of a solution. 

It is measured on a scale of 0to 14. The term pH is derived from P the mathematical 

symbol of the negative logarithm, and H the chemical symbol of the Hydrogen. The 

formal definition of pH is the negative logarithm of the hydrogen ion activity. 

 

pH= -log10[H+] 

 

pH provides the needed quantitative information by expressing the degree of the 

activity of an acid or base in terms of hydrogen ion activity. 

 

Fresh distilled water has a pH of 7. Acidic waters have a pH of 0to 7, whereas 

alkaline waters have a pH of 7 to 14. Ammonia and Lime solution have pH of about 12 

where as many cool drinks, lime juice, battery, etc. have pH of less than 4. As pH is 

measured on a logarithmic scale, a water having a pH of 6to 10 times more acidic than 

the natural water, a water having a pH of 4 is 1000 times more acidic than water with pH 

7 and a pH of 2 is 100000 times more acidic than apH of 7. 

 

pH of a solution can be found easily by using pH strips (paper) or a pH meter gives 

very accurate values whereas pH strips gives approximate values. pH is determinedby the 

measurement of electromotive force of a cell comprising an indicator electrode 

responsive to hydrogen ions (such as glass electrode) immersed in the test solution and a 
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reference electrode is usually achieved by means of a liquid junction, which forms a part 

of the reference electrode. The ‘emf’ of this cell is immersed with pH meter. This is high 

impedance electrometer calibrated in terms of pH 

Procedure: 

 
Connect the pH electrode to the input socket at the front. Clean the electrodewith distilled 

water and dry it. Dip the electrode in the 4.00 pH buffer solution which is provided. 

Measure the temperature of the buffer solution. Keep the TEMP. Knob at temperature of 

the solution. Push the pH switch. Adjust the display to 4.00 pH with the CAL knob. Now 

the instrument is calibrated. Wash theelectrode, dry it and put it in the solution whose pH 

is to be measured. 

Result: 

pH of the given samples=7.27 

 

3. Determination of Hardness of water 

Reagent preparation: 

1. EDTA solution 0.01N: 

 

Dissolve 3.723g of disodium salt of EDTA in distilled water to prepare 1literof 

solution. Store in polyethylene or Pyrex bottle. 

2. Buffer solution: 

 

Dissolve 16.9g of ammonium chloride in 143ml of concentrated ammonium 

hydroxide. Add 1.25g of magnesium salt of EDTA to obtain sharp change in color of 

indicator and dilute to 1 liter with distilled water. 

3. Eri chrome Black T: 

 

Dissolve 0.25g of EBT in 500ml alcohol or 0.5g of EBT with 100g sodiumchloride (A.R) 

to prepare dry powder. 

Hardness is generally caused by the calcium and magnesium ions present in water. 
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Polyvalent ions of some other metals like strontium, iron, aluminum, zinc and 

manganese etc. Are also capable of precipitating the soap and thus contributing to the 

hardness. However, the concentration of these ions is very low in natural waters, 

therefore, hardness is generally measured as concentration of only calcium 

and magnesium which are far higher in qualities over other hardness producing ions. 

Calcium, and magnesium form a complex of wine red color with Erichrome black t at 

pH of 10.0+0.1 the EDTA has g0t a stronger affinitytowards ca++ and mg++ and, 

therefore by addition of EDTA, the former complex ion broken down and a new 

complex of blue color is formed. 

Procedure: 

Titration: 

EDTA vs Sample Water 

 
To pipette out 20ml of sample water into a clean conical flask. To this 5ml of buffer 

solution and 2drops of Eri chrome Black T indicator was added. The solution was 

titrated against EDTA taken in the burette. The end point was changeof color from wine 

red to steel blue. The titration was repeated up to concordant values. 
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Sr. No Volume of std. 

Water sample 

(ml) 

Burette Reading 

(ml) 

Volume of 

EDTA (ml) 

End point 

Initial Final 

1 20 0 11  

11 
Change from 

wine red to 

steel blue 
2 20 0 11 

 

 

Where, 
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Amount of hardness present in the given sample water = Normality of sample 

Water X Equivalent wt. of 

CaCO3 X 1000 

=  
 

=577.5 mg/l 
 

 

Result: 

 
The hardness of given sample of water 577.5 mg/l 

 

 

 
Determination of Chlorides: 

Reagent preparations: 

1) Silver Nitrate 0.02N: 

Dissolve 3.4 g of dried silver nitrate in distilled water to make 

1liter of the solution and keep in a dark bottle. 

2) Potassium chromate 5%: 

Dissolve 5 g of potassium chromate in 100 ml distilled water. 

3) Sodium chloride 0.0141N: 

Dissolve 4.121 g of anhydrous Sodium chloride in 250 mldistilled 

water 

Silver nitrate reacts with chloride to form very slightly soluble white precipitate of 

AgCl2. At the and point when all the chloride get precipitated, freesilver ions react with 

chromate to form silver chromate of reddish brown color. 



11 
 

Procedure: 

 

Titration: 

 
Sample Water Vs Silver Nitrate 

 

20 ml of sample water pipette out into a clean conical flask. One drop of 

potassium dichromate was added as a indicator. The solution turns yellow in color.The 

solution was titrated against silver nitrate taken in the burette. The end point was the 

change of yellow color into reddish brown color. Titration was repeated up to its 

concordant values. 

S.NO Volume of 

samplewater 

(ml) 

Burette reading 

(ml) 

Volume of 

silver Nitrate 

(ml) 

End point 

Initial Final 

1 2 

0 

0 2.5  

2.5 

Yellow colorto 

reddish 

2 2 

0 

0 2.5  
brown 

 

 
Where, 
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=0.00537 N 

 

Amount of chloride present in the given sample of water =0.033 N Normality 

of sample water X Equivalent weight of silver nitrate X 1000 

=0.00537X39.5X1000 

 

=212.043 mg/l 

 

Result: 

The amount of chloride present in the given sample of water=212.043 mg/l 
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CONCLUSION 
 

 

 

Sr.NO PARAMETER DESIRABLE 

LIMIT 

MAXIMUM 

PERMISSIBLE 

LIMIT 

OBSERVED 

VALUE 

1 Color 5 25 - 

2 Odour Unobjectable Unobjectable - 

3 Taste Agreeable Agreeable Agreeable 

4 Turbidity 

(NTU) 

5 10 5.3 

5 pH value 6.5 – 8.5 No relaxation 6.77 

6 Total Hardness 300 600 577.5 

7 Chlorides 250 1000 212.45 
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1.1 Overview 

Brunt clay bricks are being used extensively almost throughout India and are 

perhaps the most important building construction material. But the unlimited 

use of clay is harmful to society as all the bricks kilns in India depend of good 

quality clay available from agricultural fields and presuming a weight of 3 kg. 

Per brick. The total clay taken out from the agricultural fields per day was over 

300 million tonnes for 10,000 Crore bricks. Moreover, clay bricks available in 

certain regions are poor in quality and costly which have forced engineers to 

look for better material capable of reducing the cost of construction. At 

present, India has production capabilities of over 10,000 Crore bricks through 

around 45,000 local kilns (Bhatta’s) in the unorganized sector. So, the use of 

industrial waste products such as fly ash, for making bricks in ecologically and 

economically advantageous since apart from saving precious top agricultural 

soil, it meets the social objective of disposing industrial waste, i.e. fly ash which 

otherwise is a pollutant and a nuisance, The ever-increasing volume of fly ash 

quantities in the world has not been remotely matched by its utilization. 

Autralia is an example where such utilization has been minimal. The most 

important and popular use of fly ash in Autralia has been in the partial 

replacement of Portland cement. The use of fly ash in concrete is to the extent 

of maximum of 25% replacement of Portland cement. This conservatism can be 

understood in the context of concrete where the ash is mixed raw, and the 

effects of high-volume replacement are still subject to research. 

It is however not quite, justifiable that the brick industry should take similar 

conservative attitude. Environmental concerns have been raised in some parts 

of the world where coal is the main power generating resource and where 

bricks are also the main building material. Such concerns have resulted in 

legislation to oblige the brick industry to incorporate at least 25 % by weight of 

fly ash and or bottom or pond ash in the brick making mixture if the industry is 

within 50 km from a coal power generation plant. Some successful ventures 

have been reported where fly ash was incorporated in the mixture at the rate 

of 20 % to 50 % Nevertheless, there is only little evidence that incorporation of 

fly ash in the brick mixture has exceeded the 30 % by volume, even when the 
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legislation was obeyed. Reasons behind such reluctance are not clear. A most 

probable reason is the fear of change in many small factories and the ingrained 

conservatism in the attitude of take holders of the large producers. Added to 

this is the fact, that with an existing clay brick factory, the incorporation of fly 

ash is a potential addition of cost. The possible incompatibility of the ash with 

the clay and shale during the various processes of production including the 

crucial one of firing may be a legitimate difficulty. At high temperatures beyond 

1000 oC, the temperature and length of time of firing become very sensitive to 

the type of ash and of course to the clay and shale if in the same mixture. This 

would be the case as long as the factory still uses the ash as partial replacement 

to the main flay and shale ingredients. The situation may become completely 

different when the ash is the only ingredient of the brick’s mixture. 

Compatibility is no more as issue in such a case. So far few attempts at 

manufacturing bricks from more than 80 % fly ash have been made. 

The engineers now believe that fly ash on its own can be an excellent raw 

material for brick making. this has now been proven and a patent is taken for 

manufacture of bricks from fly ash. The response of the ash to firing 

temperature at 1000 oC and beyond can be accurately controlled even in small 

factories. The potential savings with this approach are many. Savings in 

production and transportation costs and producing brick of superior qualities 

to those of standard clay bricks are in addition to the environment solution that 

such venture may bring about. 

Clay brick have recently been primarily used for all major construction 

purpose approximately, 40 % of the total expenditure occur in bricks laying and 

related process. Being the prime component is construction industry it is used 

up many critical resources. The bricks industry is one of the prime contributors 

to the air pollution. It amounts to 28.8 % of the total air pollution, Second only 

to transportation. Emission of huge quantity of toxic elements from bricks kilns 

in causing serious health hazards. 

The bricks kilns emit toxic fumes containing suspended particulate matters 

rich in carbon partitions and high concentration of carbon monoxides and 

oxides of sulphur (Sox) that are harmful to eye, lungs, and throats. The oxides 

of sulphur also cause important monuments to corrode like Taj Mahal which is 
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turning yellow due to pollution. The bricks filled owned have been burning 

bricks with fire wood. As a result, a large number of trees like Keora, ‘Chaila’, 

Sundari, Mehgini, Bain etc. Are being fekked indiscriminately, causing vast 

deforestation further disadvantage of clay bricks include consumption of 

natural resources, fertile top soil causing exposure of an unfertile soil which is 

unsuitable for other purpose as brick manufacturing include burning of clay. 

Another major drawback of clay bricks is the presence of effloresces dur to 

wring proportion of material. Since, we cannot be sure about the proposition 

of materials in the top soil, it sometimes led the higher alkali contain which 

causes white material to flake out of the bricks. 

The principal target waste recycling is to ultimately reduce the amount of 

waste that gets disposed of causing environmental nuisance. Waste recycling 

has also been employed to provide alternative materials that facility the 

reduction in the depletion rate of natural materials, which are getting 

overexploited. The natural materials used for the making of concrete are some 

of the materials that get easily depleted in the environment. Concrete is the 

one material in construction that is generally used, and it requires the utilization 

of recycled material in the mix. All over the world, sand and gravel account for 

the highest amount of extracted materials. Of the global quantity of materials 

explored annually (between 47 to 59 billion tonnes) sand and gravel accounted 

for 68 % to 85 % of these materials. The building construction and maintenance 

of civil engineering structures need a large weight of aggregates. A typical 

concrete mixture has about 90 % by weight of aggregates. Considering, the 

amount of waste glass generated, a third is utilized in the generation of newly 

produced glass leaving the opportunity for it to be used in other applications. 

Large amounts of glass waste are generated from many industries. Various 

industries globally reuse glass in different processes and as packaging material 

or as storage, Table 1. Illustrates the recycling rates of selected countries. 

Germany showed the highest recycling rates as far back as 2004 

Tile powder behaves like admixtures, which can be used to produce Ready 

Mix Concrete. When crushed tiles replace coarse aggregate, compressive 

strength increases up to 10 %, but after that it decreases. The authors in further 

confirm that ceramic waste can be used as coarse aggregate as the properties 
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of ceramic waste coarse aggregate are within the range of the values of 

concrete making aggregate according to Indian Standard. The use of Crushed 

Tile Aggregate (CTA) caused a 40 % loss in compressive and splitting tensile 

strengths. 

CTA (Crushed Tile Aggregate) has negatively affected abrasion and freeze 

thaw durability. According to these result, 100 % replacements of CTA as a 

coarse aggregate in not appropriate. The use of CTA in concrete has positive 

effects on the environment and obtaining lower costs. Tiles aggregate concrete 

is little bit more economical as compared to conventional concete. As an 

estimate for making 1m3 of concrete by substituting 20 % normal 20 mm 

aggregates. By addition of ceramic tile waste into concrete, proper effective 

utilization of ceramic tile waste can be achieved. 

In India, thermal power plant is largest source of energy. The 65 % electricity 

consumed in India is generated by thermal power plant. In India there are 132 

thermal plants, from that, 41 thermal plants are in western region, 27 thermal 

plants in northern region, 36 thermal plants in eastern region and 28 thermal 

pants are in southern region. The total units in thermal plants are 431. The 

production of fly ash (FA) depends on thermal power station; there are 431 

units for generation of power and ultimately for production of FA. From above 

information, understood the production of FA is in large quantity. The 

percentage of fly ash production is increases as developments in country. 

Following figure I shows that the production of FA in 2010 is 160 million tons in 

India and the utilization of FA is less than 50 million tons means the uses of FA 

in our country is nearly 35 % of total fly ash production. The remaining FA is 75 

% which is totally waste and wastes are unwanted or unusable materials that 

are dumped on the open space ground. The dumping of waste pollutes the 

environments and destroys the cultivated lad hence the engineers are obliged 

to find sustainable solution for this problem. To overcome this pollution, 

engineers implement such techniques that FA is used in production PPC 

cement, construction material such as concrete, mortar, and fly ash bricks. 

Fly ash help in increasing the strength of construction material cause fly ash has 

cementations property, due to property, due to this property FA used in bricks 

manufacturing. 
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There are various types of bricks manufactured in India; some of common 

bricks used in construction are : common burnt clay bricks, clay bricks, sand 

lime bricks (Calcium Silicate Bricks) engineering bricks, concrete bricks and fly 

ash clay bricks. From this, normal clay bricks, sand lime bricks, and concrete 

bricks are commonly used in construction practice. The optimum combination 

of fly ash to produce good quality of brick was studied. The various parameter 

of bricks was checked with IS codal provision and recommended test were 

studied. 

Over recent year improvements in living standards and technological 

development have brought about a significant growth in the consumption of 

single-use bottles. The consequent increase of waste glass in Turkey, especially 

from the beverage sector, requires technical solution for recycling that are also 

economically feasible. the use of waste of waste glass in the production of 

building materials (such as brick) has been successfully carried out as it can 

reduce both consumption of natural resources and the cost of waste disposal 

while protecting the environment from the harmful effect of waste material. 

Glass has become indispensable in life due to such propertied as its ability to 

take any shape with ease, its bright surface and resistance to abrasion, and its 

safety and durability. As the range of uses of glass increase, so does the amount 

of the waste glass. The United Nations estimates the volume of solid waste 

disposed of annually over the world to be 200 million tonnes, 7 % of which is 

made up of glass. For Turkey, this amount approaches 120 000 tonnes, 80 000 

tonnes of which are recycled, and it has been reported that in Germany 3 

million tonnes of waste of which are recycled and it has been reported that in 

Germany 3 million tonnes of waste glass are being recycled. Furthermore, 

unlike other waste products, glass is imperishable and thus detrimental to the 

environment. 

The present trend is towards of glass obtained from waste materials in the 

fabrication of marketable products such as glass-ceramics, tiles for flowing or 

lining, foam glass, insulating or reinforcing fibers, and glass or glass – ceramic 

composites. A nottle recovery system, through which empty bottles are 

collected, washed and reused, had already been established. In addition, 

broken bottles and bottles previously containing chemicals cosmetics, etc are 
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melted down to be recycled or crushed and turned into paving material, block 

material, glass tile, glass fiber, lightweight blowing agents etc. (Seung at al 

2004). The glass-ceramic process has been proposed as one real and useful 

choice to recycle industrial and municipal waste glass, It involves the controlled 

nucleation and crystallization of glasses through carefully designed heat 

treatment, producing materials with dense, fine-grained microstructures 

(Alvarez –Mendez at al 2003) The use of waste glass in the production of 

building materials has been successfully pursued as it can reduce both the 

consumption of natural resources and the cost of waste disposal, as well as 

protecting the environment form harmful effects. As glass is one of the the 

predominant constituents of vitrified ceramic bodies, many authors have 

considered this to be the most suitable field for the potential recycling of waste 

glass. An eco-brick is a plastic bottle packed with used plastic to a set density. 

They serve as reusable building blocks. Eco-bricks can be used to produce 

various items, including furniture garden wall and other structures. 

Over recent years improvements in living standard and technological have 

brought about significant growth in the consumption of single-use-bottle. The 

consequent increase of waste glass in Turkey, especially form the beverage 

sector, requires technical solutions for recycling that are also economically 

feasible. The use of waste glass in production of building materials (Such as 

brick) has been successfully carried out as it can reduce both the consumption 

of natural resources and the coste of waste disposal while protecting the 

environment from the harmful effects of waste materials. 
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1.2 Aim of the Project 

 
Experimental Study of Waste Material to Produce Eco Friendly Bricks. 

 

1.3 Objective of Project 
 

 To develop an efficient way and to effectively utilize the waste glass and 

waste tiles. 

 To reduce the consumption of natural resources such as clay and river 

Sand for the Manufacturing of bricks. 

 To study the material propertied of waste Tiles, waste Glasses. 

 To study IS 5454 : 1978 is use to make Brick samples. 

 To analyzing which proportion will be suitable for Bricks and procedure 

of making brick. 

 To achieve strength and feasibility. 

 To find various test results on brick samples. 
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CHAPTER 2 

LITERATURE REVIEW 
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2.1 Background Study : 

The main goal of researching waste materials is finding the new class of 

materials with the tactic, considered as a multipurpose material; that give good 

Strength, creative architecture and construction through sustainability. 

With the advent of advanced technology, waste materials are used in various 

civil engineering application. Waste materials being a relatively new can indeed 

create high value-added opportunities and has a strong innovative content if well 

supported. 

This literature summaries of the technology, material requirements, classification 

of smart materials, smart structures and their application. The insights gained by 

gathering data on smart materials have found a large number of application in civil 

engineering practice. 

Smart materials technology being a comparatively new can indeed create 

high value- added opportunities and feature a strong innovative content if well 

supported and exhibit extraordinary ability in performing their design function. 

Smart materials are capable of sensing their environment and may actuate so as to 

perform their functions. 

2.2 Finding from Literature Review 

The literature search includes reviews of published literature. Fields 

performance reports and other published documents. However, the field 

performance remains limited. The given table (2.2.1) shows the which materials 

author used and what is the proportion they used in their project, and shows the 

result of those material. 

Table 2.2.1 Summary of literature review 
 

 
Sr. 
No 

Author and year Material used & 
proportion 

Conclusion 

1  
Samir Ur Rehman 

S. (July 2018) 

 

Waste paper. 20 % 
proportion of waste 

material used 

Result : 
1) Water Absorption was recorded as 

34.6 % 
2) It was observed that the sample was able to 
take load of 500 kg of compressive load 
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   2) Compression test. 
Sample was made to undergo fire 
resistance test in an electrical oven as t 
temperature of 1500 C. 

Conclusion : work developed a paper brick 
with the help of waste paper, Portland 
cement and PET (Polyethylene Terephthalate) 
bottles. Experiments result show that there is 
a very vast scope fore developing cost 
effective alternative building materials. 

2  
 
 
 
 

 
Muhannad 

Saleem 
 

Syed Kazmi saffer 
Abbas (Sep. 2014) 

 
 
 
 
 

 
Sugarcane bagasse 
ash (SBA) and rice 

husk ash (REHA) To a 
proportion of 5,10,15 
and mix with water. 

Result : 
1) Compression strength test : 
The bricks specimens show the strength of 
6.62 & 7.18 Mpa. after incorporating 5% of 
RHA & SBA. 

 

2)Water absorption test : 
 

It shows that the addition of SBA it gives the 
10 % of absorption & without SBA it gives the 
17 % of absorption to its own weight. 
Conclusion : 

Bricks specimens after incorporation of RHA & 
SBA shoe less compression and flexural 
strength. 5 % of waste addition is burned clay 
brick satisfy the building codes of Pakistan. 

3  
 
 
 
 
 

Ismil Demir 
Mehnat Orhan( 

May 2003) 

 
 
 
 

 
Perlite (Volcanic rock) 
and lime material as a 

binder with 
proportion of 30 % 

Result : 
1) Maximum dry shrinkage 5.75 % for the 
perlite bricks. 
2) Water absorption test : Average water 
absorption value in % =24.7 

3) Compression strength test : Average bulk 
density of perlite brick = 623.28kg/m3 
Conclusion : 
The low unit weight is one of the most 
important features for the bricks and 
construction sector. Water absorption of 
(80.20) brick is lower compare to other brick 
samples. The less water absorbed by brick the 
greater its quality. 
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4  
 
 
 
 

Maniah Kothari 
(June 2021) 

 
 
 
 

Plastic Waste and 
foundry dust 75 % 

waste dust mixed and 
25 % plastic waste 

Result : 
Compression test shows that the these bricks 
are 2.5 times stronger than the normal red 
clay bricks. 

 

Water absorption test, in this test these 
bricks compute the 0% absorption of water. 

 

Conclusion : The rhino bricks can not only 
meet industrial pollution but also turns waste 
into product. 

5  
 
 
 

Bijakhan Shaffin 
Hadawlae Kishori 
Jore Aparna (Feb 

2019) 

 
 
 

 
Fly ash, demolished 

mortar, sludge, 
demolded bricks. 

Result :-1) Water absorption test , of these 
bricks came with 1 15% of its own weight. 

 

2)Compression strength test, of this brick is 
342 N/mm2 

 

Conclusion :- the bricks are mainly made of fly 
ash & stidge and OPC is used as a binder & 
demolished mortar and demolished bricks is 
used to reduce the cost and waste to provide 
the sustainable solution. 

 
 

2.3 Literature of Review 

1. Pravin P. Godling, M.B. Verma, “A review of eco –friendly brick by using fly- 

ash”, Journal of Construction engineering, Technology and management, Vol. 07, 

April 2018, pp2249-4723 

Studied on the reaction between FA and lime and mentions in paper that 

reaction between FA and lime is exploited for the manufacturing of bricks. he also 

told that, the FA reacts with lime at normal temperature in presence of moisture 

and from compound having cementations propertied. In his investigation, the 

reaction between FA and lime in compacted form was studied and then measuring 

free lime. CaO remaining in the mix after different periods of curing. 

2. mohannad Azhar Saleem syed Minjaj Saleem Kazmi, “ clay bricks prepared with 

sugarcane bagasse and rice husk ash-A sustainable solution”, Matec web of 

conference – 120, 03001, Sep 2014. 
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It is found that the cement could be advantageously replaced with SCBA up 

to maximum limit of 10 %. Although, the optimal level of SCBA content was 

achieved with 1.0 % replacement. Partial replacement of cement by SCBA increase 

workability of fresh concrete; therefore, use of super plasticized is not substantial. 

The density of concrete decreases with increase in SCBA content, low weight 

concrete produced in the society with waste materials (SCBA) [3]. Locally available 

agro waste ash (BA) was used to replace cement in proportions 5%, 10%, 15, 20% 

by eight of cement respectively in concrete. 

3. Aneke Frank Ikechukwu, Celumusa Shabangu,” Critical review on types of 

bricks types 14 – plastic sand bricks”, Case studies in construction materials, Vol- 

2021, March 2021 

Brick is one of the most common masonry units used as building material. 

Due to the demand, different types of waste have been investigated to be 

incorporated into the bricks. There has been a considerable imbalance between the 

availability of conventional building materials and their demand in the recent past. 

On the other hand, the plastic waste is abundantly available and the disposal of 

waste plastics is a biggest challenge, as repeated recycling of PET botterls poses a 

potential danger of being transformed to a toxic material and only a small 

proportion of plastic wastes are being recycled. 

4. Manish Kothari, “ Manufacturing and Testing of Plastic Sand Bricks:, Web page 

June- 2021. (https://www.thebetterindia.com/233190/plastic-waste-bricks- 

cheap-low-cost-purchase-features-recycle-emngineer-crchitect-anand-gurarat- 

agn136/) 

Plastic is a non-bio-degradable substance which takes thousands of years to 

decompose that created land as well as water pollution to the environment. The 

quantity of plastic waste in Municipal Solid Waste (MSW) is expanding rapidly. It is 

estimated that the rate of usage is double for every 10 years. The plastic usage is 

large in consumption and one of the largest plastic wastes is polyethylene (PE) The 

utilization of earth-based clay material of the largest plastic wastes is 

polyethylene(PE). 

https://www.thebetterindia.com/233190/plastic-waste-bricks-cheap-low-cost-purchase-features-recycle-emngineer-crchitect-anand-gurarat-agn136/
https://www.thebetterindia.com/233190/plastic-waste-bricks-cheap-low-cost-purchase-features-recycle-emngineer-crchitect-anand-gurarat-agn136/
https://www.thebetterindia.com/233190/plastic-waste-bricks-cheap-low-cost-purchase-features-recycle-emngineer-crchitect-anand-gurarat-agn136/
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5. Ismil Demir, Mehnat Orhan, “ An Investigation on the Production of 

Construction Brick with Perlite Addition”, journal of key engineering material, 

May 2004, Vol-264 pp268:2161 

Ismil Demir, Mehnat Orhan (May 2003) studies the manufacturing heat 

insulation as heat conductivity resistant bricks with clay and perlite. The mixture 

was constituted from clay and perlite with diverse perlite-clay ratios by weight and 

water that was incorporated into mixture around 7.4 % of total aggregate weight. 

Specimens were maintained at room temperature for 24h and then cured at 2000 

C for completion of curing process in an strength. 

 
 

2.4 Finding from Literature survey : 

 
Based on the previous research work, a comparison of strength and proportion of 

industrial and construction waste materials are used. 

1. Combination of two waste materials waste glass and waste tile. 

2. The variation in the proportion of waste glass and waste tile. 

3. The sieve size is different for the various proportion. 

4. The percentage of the fly ash is used 60 % for the all proportion because 

when fly ash is added 60 % them it gives the good compressive strength, 

which is referred from literature “A review of ecofriendly bricks by using fly 

ash” by Pravin P. Gadling. 

5. The percentage of OPC (Ordinary Portland cement) is used 10 % and the 

percentage of sand is used 10 5 for all the proportion. 
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CHAPTER NO 3 

CODAL PROVISION 
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Overview : 

For the comparative study of the International Building codes namely IS, ACI 

& UBC/IBC are considered, After studying and analyzing different clauses of these 

coded comparative discussion has been made along with highlighting some 

research gaps. These comparisons will facilitate the scope of improvement in 

building codes after further studies and validation. 

Indian Standard Recommendation 

The materials selection as per IS codal provision that gives specification of 

materials used in manufacturing of Bricks. 

a) Cement 

b) Fly Ash 

c) Water 

d) Sand 

Table No. 3.0 Materials and IS codes 
 

Sr No Materials IS code Uded 
1. Cement IS 8112:2013 

2. Fly Ash IS 3812 (Part 1) 2003 
3. Sand IS 2116 (1980) 

 

Cement : 

Physical analysis of 43 Grade Portland cement as per IS 8112:2013 

Fly Ash : 

Fly ash governed by IS 3812 (part 1) 2003. the BIS specification limits for chemical 

and physical property. 

3.1 IS 12894 : 2002 Pulverized Fuel Ash-line Bricks Specification ( First Revised) 

In this code test of tolerance and dimension for fly-ash brick is given (clause 5.1- 

and 5.2- page no. 62). The most commonly used and manufactured brick size is the 

“Imperial Brick”. 
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It is 230 mm long x wide 71 mm high with a mass between 3 and 5 kg, depending 

on the materials used, the degree of verification and the perforation provided. 

The figure 3.1.1 shows the standard shape, size and frog of non-modular brick. 
 

 

Fig. 3.1.1 Shape and Size of frog in brick 
 
 
 

3.2 IS :3495 Method of Testing of Burnt Clay, Building Bricks 

1. Determination of Compressive strength (IS 3495-1992 part 1 pg. No Clause No. 

4) 

Apparatus : A compression testing machine, the compression plate which shall 

have a ball seating in the form of portion of a sphere, the center of which coincides 

with the center of the plate, shall be used. 

Preconditioning: Remove unevenness observed in the bed faces to provide two 

smooth and parallel face by grinding. Immerse in water at room temperature for 

21 h. remove the specimen and drain out any surplus moisture at room 

temperature. Fill the frog (where provide) and all voids in the is the bed face flush 

with cement mortar (1 cement, clean coarse sand of grade 3 mm and down). Store 

under the damp jute bags for 24 h, followed by immersion in clean water for 3 days. 

Remove and wipe out any traces of moisture. 
 

Procedure: Place the specimen with flat faces horizontal, and mortal filled face 

facing upward between two 3-ply plywood sheets each of 3 mm thickness and 
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carefully center between plates of the testing machine. Apply load axially at a 

uniform, rate of 14N/mm 2 (140 kg/cm2) per minute till failure occurs and note the 

maximum load at failure. The load at failure shall be the maximum load at which 

the specimen fails to produce any further increase in the indicator reading on the 

testing machine. 

Maximum load at failure (N) 
compressive strength (N/mm2) =      

Area of bed Surface (mm2) 
 

2. Determination of Water Absorption (IS 3495-1992 Part 2 pg. No. 3 Clause No. 4) 

Apparatus : A sensitive balance capable of weighing within 1% of the mass of the 

specimen; and a ventilated oven. 

Preconditioning : Dry the specimen in a ventilated oven at a temperature of 105 to 

115o C till it attains substantially constant mass. Cool the specimen to room 

temperature and obtain its weigh (m1) Specimen, warm to touch shall not be used 

for the purpose. 

Procedure : Immerse completely dried specimen in clean water at a temperature 

of 27+2oC for 24h. Remove the specimen and wipe out any traces of water with a 

damp cloth and weigh the specimen. Complete the weighing 3 min after the 

specimen has been removed from water. Water absorption, percent by mass, after 

24 h. immersion in cold percent in cold percent by mass, after 24 h immersion in 

cold water is given by the following formula. 

 
 

M2-M1 

Water Absorption (%) = ------------------------------ * 100 
M2 

 
3. Determination of Efflorescence (IS 3495-1992-part 3 pg. No. 5 Clause No. 4 ) 

Apparent : A shallow flat bottom dish containing sufficient distilled water to 

completely saturate the specimens is used. The dish shall be made of glass 

porcelain or glazed stoneware and of size 180 mm x 180 mm x 40 mm depth for 

square shaped and 200 mm x 40 mm depth for cylindrical shaped. 
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Procedure : Place the end of the bricks in the dish, the depth of immersion in water 

being 25 mm. Place the whole arrangements in a warm ( For example, 20 to 30 o C) 

well ventilated room until all the water in the dish is absorbed by the specimens 

and the surplus water evaporates. Cover the dish containing the brick with suitable 

glass cylinder so that excessive evaporation from the dish may not occur. Ehen the 

water has been absorbed and bricks appear to be dry, place a similar quantity of 

water in the dish is absorbed by the specimens and the surplus water evaporates. 

Cover the dish containing the brick with suitable glass cylinder so that excessive 

evaporation from the dish may not occur. Ehen the water has been absorbed and 

bricks appear to be dry, place a similar quantity of water in the dish and allow it to 

evaporate as before. 

Report : The liability to efflorescence shall be Nil- When there is no perceptible 

deposit of efflorescence. 

Slight – Ehen not more than 10 percent of the exposed area of the brick is covered 

with a thin deposit salts. 

Moderate – When there is a heavier deposit that unaccompanied by powdering or 

flaking of the surface. 

Serious – When there is a heavy deposit of salts accompanied bp powdering and 

/or flacking of the exposed surfaces. 

3.3 Fly –Ash Lime Brick (IS 2180 and IS 1077) 

Fly-ash lime brick has weight compressive strength less than 30 N/mm2 

approximate 300 kg/cm2 for higher strength. 

There are several Indian standard codes for Bricks like IS 5454 on “Code for the 

Sampling for the fly Ash Brick”. 

The IS : 5454: 1976 is used for sampling for fly ash brick. 

 This standard lays down methods for sampling and criteria for ascertain 

conformity of solid, hollow and perforated burnt clay building bricks to the 

relevant specifications. 

 A collection of bricks of the same class and side, manufactured under 

relatively similar conditions of production. For the purpose of sampling, a lot 

shall contain a maximum of 50 000 bricks. In case a consignment has bricks 
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more than 50000 of the same classification and size, and manufactured 

under relatively similar conditions production, it shall be divided into lots of 

50000 bricks or part thereof. 

 The dimension and tolerances have been specified in various standards for 

clay buildings bricks. In some standards the dimensions and tolerances have 

been specified for individual brick. In some other standards the dimensions 

and tolerances have been specified a group of 20 bricks. 

 
 

3.4 Bricks Classification 

On field practice bricks are classified as first class and fourth class nased on 

their physical and mechanical propertied. 

As per Indian Standard IS: 1077-1957, the bricks are classified as under the various 

class on their propertied and Compressive strength. Table 3.4.1 shows the class 

Designation of bricks according to their Average Compressive Strength. 

Table of 3.4.1 Classes of Burnt Clay –Fly Ash Bricks 
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CHAPTER NO 4 

MATERIAL USED 
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Traditionally, the term brick referred to a small unit of building material consisting 

primarily of clay. As the high usage of clay in brick cause the problem of soil erosion 

and destroying the natural resources. Therefore, the fly ash is best alternative for 

clay, generally, for making Fly ash bricks OPC, fly ash and sand is required but in 

finding of higher strength we have added different materials like waste tiles and 

waste glass. 

For making brick samples different type of material are used as follows. 

1. Waste glass 

2. Fly ash 

3. OPC 

4. Natural Sand 

4.1 Waste Glass 
 

Million tons of waste glass is being generated annually all over the world. Once the 

glass becomes a waste it is disposed as landfills, which is unsustainable as this does 

not decompose in the environment. Glass is principally composed of silica. Use of 

milled (ground) waste glass in concrete as partial replacement of cement could be 

an important step toward development of sustainable (environmentally friendly, 

energy-efficient and economical) infrastructure system. When waste glass is milled 

down to micro size particles, it is expected to undergo pozzolanic reaction with 

cement hydrated, forming secondary Calcium Silicate Hydrate (C-S-H). In this 

research chemical propertied of both clear and colored glass were evaluated. 

Chemical analysis of glass and cement samples was determined using X-ray 

fluorescence (XRF) technique and found minor differences in composition between 

clear and colored glasses. Flow and compressive strength tests on mortar and 

concrete were carried out by adding 0-25 % ground glass in which water to binder 

( cement + glass) ratio is kept the same foe all replacement levels. With increase in 

glass addition mortar flow was slightly increased while a minor effect on concrete 

workability was noted. To evaluate the packing and pozzolanic effects, further 

tested were also conducted with same mix details and 1 % super plasticizing 

admixture dose ( by weight of cement) and generally found an increase in 

compressive strength of mortars with admixture. As with mortar, concrete cube 

sample were prepared and tested for strength ( until 1 year curing). The 
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compressive strength test results indicated that recycles glass mortar and concrete 

gave better strength compared to control samples. A 20 % replacement of cement 

with waste lass was found convincing considering cost and the environment. 

Glass is the background of the daily lives of most people. the potential for glass 

recycling comes largely from the container and flat glass sectors, because of their 

dominance in terms of mass and their relatively uniform chemical composition, 

with soda lime-silica glass accounting for virtually all the contained and flat glass 

produced. 
 
 
 

Fig. 4.1.1 Waste Tiles 
 
 

4.2 Waste tiles 
 

Ceramic tiles are important construction materials used in almost all 

building. The production of these tiles normally starts from raw material. Grinding 

and mixing. Granulating by spray drying pressing, firing and /or polishing and 

glazing, Waste mid, which the sediment is of washed down particles from these 

manufacturing processes in approximately 2 % of the final products. This mud 

which contains both coarse particles (feldspar, quartz, and ground fired tiles) and 

fine particles (clay minerals such as kaolinite and mice) is far too impure to be re- 

used in tile production, so it is normally disposed of as waste in landfills. Elimination 

of this waste mud has become more and more problematic due to the huge amount 

of this waste produced each year and the increasing cost of disposal one way 
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forward to solve this problem is by utilizing this waste for other proposed. (D. 

Wattarnasiriwech et al, 2009) 

Ceramic wastes are produced as a result of the ceramic processing. These 

wasted cause soil, air and groundwater pollution. The pollutant of ceramic industry 

which are mud and tile are coming from the ceramic plant’s refinery systems are 

stored in the waste disposal site of the plant. 

There is a high concentration of Zn in the refinery mud coming from the unit 

of glaze plant. Tile waste foes not pollute the environment. There are number of 

hazardous wastes used in stabilization/solidification (S/S) technique. These 

techniques are used in the industry for different types of wastes materials. 

Stabilization is the process of modifying the mechanical, chemical and hydraulic 

propertied of a waste residue to produce a more environmentally safe, economical 

and low maintenance waste disposal waste disposal sites ( H. Koyuncuetal, 2004) 

The amount of tile waste on earth is enough for use as an aggregate in 

concrete. Tile is produced from natural material sintered at high temperatures. 

There are no harmful chemicals in tile. Waste tiles cause only the apparition of 

pollution. However, some parts of tiles are used in cotto as flooring and also 

flooring in tennis courts, walkaways, cycling paths and gardens as a ground 

material. Therefore, waste tiles are stores in factory fields because of their 

economic value Nevertheless, each year approximately 2500, 000 tins if tiles are 

worn out, while 100 million tiles are used for repairs. These waste materials can be 

recycled to save money (I.B Topcu and M. Canbaz, 2007) 

Ceramic waste can be transformed into useful coarse aggregate. The 

properties of ceramic waste coarse aggregate are well within the range of the 

values of concrete making aggregates.The properties of ceramic waste coarse 

aggregate concrete are not significantly different from those of conventional 

concrete. The use of ceramic waste coarse aggregate concrete has increased 

because it has various advantages over other cementations materials ( H Bincici, 

2007) 
 

It has been estimated that about 30 % of the daily production in the ceramic 

industry goes to waste. This waste is not recycled in any form at present. However, 

the ceramic waste is durable, hard and highly restart to biological, chemical and 

physical degradation forces. As the ceramic waste is piling up every day there is 
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pressure on the ceramic industries to find a solution for its disposal. Meanwhile 

conventional crushed stone aggregate reserves are residual products in making 

concrete will lead to sustainable. Concrete design and greener environment (RM 

Senthamarai and P.D Manoharan, 2005) 
 
 
 

Fig.4.2.1. Waste Tiles 
 
 

4.3 Fly Ash : 
 

Fly ash is heterogeneous y product material produced in the combustion process 

of coal used in power stations. It is fine grey colored powder having spherical glassy 

particles that rise with flue gases. As fly ash contains pozzolanic materials 

components which reach with lime to from cementations materials. Thus, fly ash is 

used in concrete, mines, landfills and dams. 

Fly ash or flue ash, also known as pulverized fuel ash, or coal combustion 

residuals (CCRs), is a coal combustion product that is composed of the particulates 

(fine particles of burned fuel) that are driven out of coal- fired boilers together with 

the flue gases. In modern coal-fired power plants, fly ash is generally captured by 

electrostatic precipitators or other particle filtration equipment’s before the flue 

gases reaches the chimneys. Depending upon the source and composition of the 

coal being burned, the components of fly ash vary considerably, but all fly ash 

includes substantial amount of silicon dioxide (SiO2) b (both amorphous and 

crystalline), aluminum oxide (A12O3) and calcium oxide (CaO) the main mineral 

compounds in coal bearing rock strata. 
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In the past, fly ash produced from coal combustion was simply entrained in 

flue gases and dispersed into the atmosphere. This created environmental and 

health concerns that prompted laws that have reduced fly ash emissions to less 

than 1 % of ash produced. Worldwide, more that 65 % of fly ash produced from 

coal power stations is disposed of in landfills and ash ponds. The current fly ash 

scenario in India is given below which is referred from the literature “A review of 

ecofriendly bricks by using fly ash” by Pravin P. Gadling et and all. 
 
 
 

Fig.4.3.1 Current fly ash scenario in India 
 
 

 

Chemical Composition of Fly Ash 

The chemical composition of fly ash depends upon the type of coal used and 

the methods used for combustion of coal. the below table 4.3.1 shows the chemical 

composition of fly ash of different coals. the chemical composition which is referred 

from 

Table 4.3.1 Chemical composition of fly ash of different coals. 
 

Component Bituminous Coal 
Sub bituminous 

Coal 
Lignite Coal 

SiO2 (%) 20-60 40-60 15-45 



35 
 

A12O3 (%) 5-35 20-30 20-25 

Fe2O3 (%) 10-40 4-10 4-15 

CaO (%) 1-12 5-30 15-40 

LOI (%) 0-15 0-3 0-5 
 
 

Description :- 

The physical propertied of fly ash are, 

1. Fineness of Fly Ash :- 

As per ASMT, the fineness of the fly ash is to be checked in both dry n wet 

sieving. The fly ash sample is sieved in 45-micron sieve and the percentage 

of retained on the 45-micro sieve is calculated. Further fineness is also 

measured by Le Chatelier method and Blaine Specific Surface method. 

2. Specific Gravity of Fly Ash :- 

The specific gravity of Fly ash ranges from a low value of 1.90 for a sub 

bituminous ash to a high value of 2.96 for an iron-rich bituminous ash. 

3. Size and Shape of Fly Ash :- 

As the fly ash is very fine material, the particles size ranges in between 10 to 

100 microns. The shape of the fly ash is usually spherical glassy shaped. 

4. Color :- 

The color of the fly ash depends upon the chemical and mineral constituents. 

Lime content in the fly ash gives tan and light colours wheras brownish colour 

is imparted by the presence of iron content. A dark grey to black colour is 

typically attributed to an elevated un-burned content. 

 
 

Classification of Fly Ash 

The classification of fly ash is done differently as per codes uded. They are 

1. Type of Fly Ash as per IS Codes (IS 3812-1981) 
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A. Grade I 

This grade of Fly as is derived from bituminous coal having fraction 

SiO2+A12O3+Fe2O3 greater than 70 %. 

B. Grad II 

This grade of Fly ash derived from lignite coal having fractions 

SiO2+Fe2O3 grater then 50 %. 

1. Type of fly ash as per American Society for Testing and Materials ( ASTM 

C618) 

Depending on the type of coal and the resultant chemical analysis, ASTM has 

classified fly ash. 

A. Type C 

Type C fly ash is produced from the combustion of lignite or sub bituminous 

coals, contains CaO higher than 10 percent and possessed cementitious 

propertied in addition to pozzolanic properties. 

B. Type F 

Type F fly ash is produced from the combustion of bituminous or an 

anthracite coal contains CaO below 10 percent and possesse pozzolanic 

properties. 
 

Fig.4.3.2 Fly Ash 
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Property : 

 
 Fitness of Fly Ash-As per ASTM, The fineness of the fly ash is to be checked 

in both dry n wet sieving. The fly ash sample is sieved in 45- micron sieve and 

the percentage of retained on the 45-micron sieve is calculated. Further 

fineness is also measured by Le Chaterlied method and Blaine Specific 

Surface method. 

 Specific Gravity of Fly Ash- The specific gravity of fly ash ranges from a low 

value of 1.90 for a sub-bituminous ash to a high value of 2.96 for an iron-rich 

bituminous ash. 

 Size and shape of Fly Ash-As the fly ash is a very fine material, the particle 

side ranges in between 10 to 100 microns. The shape of the fly ash is usually 

spherical glassy shaped. 

Application : 

 Concrete production, as a substitute material for Portland cement, sand.] 

 Fly –ash pellets which can replace normal aggregate in concrete mixture. 

 Embankments and other structural fills (Usually for road construction) 

 Grout and Flow able fill production 

 Waste stabilization and solidification. 

 Cement clinker production – (as a substitute material for clay) 

 Mine reclamation 

 Stabilization of soft soils 

 Road sub base construction 

As aggregate substitute material (e.g. for brick production) 

Advantages : 

 It is highly economical. 

 Use of Fly Ash is environmentally friendly as the waste materials from 

industries are effectively being used to create quality building materials. 
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 Fly ash has very small particles which makes the concrete highly dense and 

reduce the permeability of concrete, it can add greater strength to the 

building. 

 The concrete mixture generated a very low heat of hydrations which 

prevents thermal cracking. 

 Fly Ash concrete is resistant to acid and sulphate attacks. 

 
 
 

 
Disadvantage 

 The quality of fly ash can affect the quality and strength of Cement concrete. 

Poor quality fly ash can increase the permeability of the concrete and cause 

damage to the building. 

4.4 Ordinary Portland Cement: 

Properties of Ordinary Portland Cement: 

(1) Chemical Propertied 

Portland cement c onsists of the following chemical compounds. 

a) Tricalcium Silicate [ 3 caO.SiO2 (C3S)] % 

b) Dicalcium Silicate [2CaO.SiO2 (C2S)] 30 % 

c) Tricalcium aluminate [3CaO.A12O3 (C3A)] 11 % 

d) Tetra calcium aluminate [ 4CaO.A12O3. Fe2O3 (C3AF)] 11 % 
 

There may be small quantities of impurities present such as calcium oxide ( CaO) 

and magnesium oxide (MgO) 

When waters added to cement, C3A is the first to react and cause initial set. It 

generated great amount of heat. C3S hydrates early and develops strength in the 

first 28 days. It also generated heat. C2S us the next hydrate. It hydrated slowly and 

is responsible for increase in ultimate strength. C4AF is comparatively inactive 

compound. 
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(II) Physical Propertied 

The following physical propertied should be checked before selecting a port 

land dement for the civil engineering works. IS 2691967 specifies the method of 

testing and prescribes the limits. 

(a) Fineness (b) Setting time 

 
(b) Soundness       (d) Crushing strength 

 

 

(a) Fineness : It is measured in terms of percentage of weight retained ager 

sieving the cement through 90-micron sieve or by surface area of cement 

in square centimeter per gram of cement. Accourding to IS code 

specification weight retained on the sieve should not be more than 10 

percent. In terms of specific surface should not be less than 2250 cm2/gm. 

Fig.4.4.1 Ordinary Portland cement 
 
 
 

(b) Setting time : A period of 30 minutes as minimum setting time for initial 

setting and a maximum period of 600 minutes as maximum setting time specified 

by IS code, provided the tests are conducted as per the procedure prescribed by 

IS 269-1967. 

(c) Soundness : Once the concrete has hardened it is necessary to ensure that 

no volumetric changes take place. The cement is said to be unsound, if it exhibits 

volumetric instability after hardening. IS code recommending test with Le 
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Chatelier mould for testing this property. At the end of the test, the indicator of 

Le Chatelied mould should not expand by more than 10 mm. 

(d) Crushing Strength: For this mortar cubes are made with standard sand and 

tested in compression testing machine as per the specification of IS code. The 

minimum strength specified is 16 N/mm2 after 3 days of curing. 

Advantages of ordinary Portland cement: 

 OPC has great resistance to cracking and shrinkage. 

 The initial setting of OPC is faster that that PPC. 

 The treatment period of OPC is shorter than PPC hence the cost of 

treatment is reduced, therefore recommended where the cost-prohibitive 

treatment will occur. 

Disadvantage of ordinary Portland Cement : 

 It cannot be used for large-scale concreting because it has a higher heat of 

hydration than PPC. 

 The durability do OPC is lower than the PPC. 

 It produces relatively less solid concrete than PPC, so pumping the concrete 

becomes a bit difficult. 

 The OPC is finer hence higher permeability and consequently lower 

durability. 

 OPC is expensive than PPC. 

 
4.5 Natural Sand : 

Sand is a granular material composed of finely divided rock and mineral 

particles, Sand has various compositions but is defined by its grain size. Sand grains 

are smaller than gravel and coarse than silt. Sand can also refer to textural class of 

soil or soil or soil type; i.e. a soil containing more than 85 percent sand –sized 

particles by mass. The composition of sand various, depending on the loca rock 

sources and conditions, But the most common constituent of sand in iland 

continental setting and non-tropical coastal settings is silica (silicon dioxide, or 

SiO2) usually in the form of quartz. 
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Fig.4.5.1 Natural Sand [River Sand] 

 

Calcium carbonate is the second most common type of sand, for example, 

aragonite, which has mostly been created, over the past 500 million years, by 

various forms of life, like coral and shellfish. For example, it is the primary form of 

sand apparent in area where reefs have dominated the ecosystem for million of 

years like the Caribbean. Somewhat more rarely, sand may be composed of calcium 

sulphate, such as gypsum and selenite, as is found in place like White Sands 

National Park and Salt Plains National Wildlife Refuge in the U.S 

Sand is a non-renewable resource over human timescales, and sand suitable 

for making concrete is in high demand. Fig. 4.5.1 shows the natural sand from river 

basin of “Bawanthadi”, Desert sand, although plentiful, in not suitable for concrete. 

50 billion tons of beach sand and fossil sand is used each year for construction. 

Composition : 

The exact definition of sand varies. The scientific Unified Soil classification 

System used in engineering and geology corresponds to US Standard Sieves, and 

defines sand as particles with a diameter of between 0.074 and 4.75 millimeters. 

By another definition, in terms of particle size as used by geologists, sand particles 

range in diameter from 0.0625 mm a volume of approximately 4.2 cubic 

millimeters, the difference in volumes being 34,688 measures difference. Any 

particle falling within this range of sizes is termed a sand grain. Sang grains are 

between gravel. 

Sources : 
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Rocks erode or weather over a long period of time, mainly by water and 

wind, and their sediments are transported downstream. These sediments continue 

to break apart into smaller pieces until they become fine grains of sand. the type 

of rock the sediment originated from and the intensity of the environment five 

different compositions of sand. The most common rock to from sand is granite, 

where the feldspar minerals dissolve faster than the quartz, causing the rock to 

break apart into small pieces. In high energy environments rocks barks apart much 

apart much faster than in more calm setting. In granite rocks this results in more 

feldspar minerals in the sand because they don’t have as much time to dissolve 

away. The term for sand formed by weathering is “epiclastic”. 

Uses : 

Abrasion : Before sandpaper, wet sand was used as an abrasive element between 

rotating devices with elastic surface and hard materials such as very hard stone 

(making of stone vases), or metal (removal of old stain before re-staining copper 

cooking posts) 

Agriculture : Sandy soil are ideal for crops such as watermelons, peaches and 

peanuts, and their excellent drainage characteristics make them suitable for 

intensive dairy farming.) 

Air filtration : Finer sand particles mixed with close was commonly used in certain 

gas mask filter designs but have largely been replaced by microfibers. 

Aquaria : Sand makes a low-cost aquarium base material which some believe is 

better than gravel for home use. It is also a necessity for saltwater reef tan, which 

emulate environment composed largely of aragonite sand broken down from coral 

and shellfish. 

Artificial reefs: Geotextile nagged sand can serve as the foundation for new reefs. 

Artificial islands in the Persian Gulf. 

Beach nourishment : Governments move sand to beaches where tides, stroms, or 

deliberate changes to the shoreline erode the original sand. 

Cob : Coarse sand makes up as much as 75 % of cob. 

Bricks : Manufacturing plants add sand to mixture of clay and other materials for 

manufacturing bricks. 
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Concrete : sand is often a principal component of this critical construction material. 

Glass : Sand rich in silica is the principal component in common glasses. 

Landscaping : Sand makes small hills and slopes ( Golf courses would be an 

example) 

Mortar : Sand is mixed with masonry cement or Portland cement and lime to be 

used in masonry construction. 

Paints : Mixing sand with paints produces a textures finish for walls and ceiling or 

non-slip floor surfaces. 

Railroads : Engine drives and rail transit operators use sand to improve the traction 

of wheels on the rails. 

Recreation : Playing with sand is a favorite beach activity. One of the most beloved 

uses of sand to make sometimes intricate, sometimes simple structures known as 

sand castles, proverbially implement. Special play areas for children enclosing a 

significant area of sand and known as sand box, are common on many public 

playgrounds, and even as some single-family homes. Sand dunes are also popular 

among climbers, motorcyclists and beach buggy drivers. 

Roads : Sand improves traction ( and thus traffic safety) in icy or snowy conditions. 

Sand animation: Performance artists draw images in sand. Makers of animated 

films use the same term to describe their use of sand on front lit or backlit glass. 

Sand casting : Casters moisten or oil moulding sand, also known as foundry sand 

and then shape it into moulds into which they pour molten material. This type of 

sand must be able to withstand high temperatures and pressures, allow gases to 

escape, have a uniform, small grain size, and be non-reactive with metals. 

Sandbags : These protect against floods and gunfire. The inexpensive bags are easy 

to transport when empty, and unskilled volunteers can quickly fill them with local 

sand in emergencies. 



44 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER NO. 5 

METHODOLOGY 
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5.1 Collection of material : 

For preparation of brick samples various materials are used which are waste glass, 

waste tiles, natural sand, ordinary Portland cement. Where, waste tile was 

collected from “Kach Company”, waste tiles were collected from construction site. 

Fly ash was collected from the thermal power plant which is “Adani Power plant – 

tirora” and natural sand was collected from “Bawanthadi” river. 

Glass : 

The waste glass is collected from the glass factory, glass which are broken in 

small pieces while cutting the glass fir various shapes for wind shield purpose. 

Waste glass can also be collected from demolished waste. We have collected 15 kg 

of waste glass and sieved it from 2.36mm and 4.75 mm. to make it in fine powder 

as in to be worked in brick formation. The below figure 5.1.1 shows the Waste 

Glass. 
 

Fig.5.1.1 Waste Glass 
 

Waste tiles : 

The waste tiles were collected from the demolished construction waste. 

These tiles have high tensile strength, as it is use for staircase decorative purpose. 

We have used 15 kg of waste tiles in it and cost us the transportation only, but in 

practical purpose of modelling it charges 30 paise for construction of model. We 

have crushed the big pieces of glass and tiles in standard size manually, so that can 
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be crushed in impact testing machine into micron pieces. The below figure 5.1.2 

show the Waste tiles in before and after Crushing and sieved from. 

5.2 Preparation of materials : 

First the waste tiles break into small chunks from hammer and then that 

small chunks put in a ‘Impact Testing Machine’ to make fine powder. Then the 

crushed tile and glass powder sieve through two different size of sieve, first sieve 

form 2.36mm sieve which is passing from 2.36mm sieve and then we sieve the 

crushed waste materials which is passing from 2.75mm sieve and retaining from 

the 2.36mm sieve size. Same procedure dine for glass and tile. The below figure 

5.2.1. show the Manually crushing and sieving the tiles and glass. 
 

 

5.3 Making of Bricks : 

The main and most important phase for making fly ash brick in to mix the raw 

material as well. The quality and strength depend on the mixing process. These are 

the different types of material that will be mixed in the following ideal materials Fly 

ash, sand, waste tiles, waste glass.OPC (Ordinary Portland cement), and water. 

These all material can be used in fly ash brick making machine. In this mixing 

process, after adding waste glass, waste tikes, and fly ash with some water, It is 

suggested to mix well appropriately, After that add a oration of sand and cement 

as above-mentioned table. And mixed it for some time till is is not mixed properly. 

With these or basic raw material manufacturing process comes to an end. 

Fly ash bricks (230 x 110 x 80) mm were manufactured using as semi-automatic 

operated machine. The following steps were followed in manufacture in compacted 

fly ash bricks. 

1) Fly ash and sand (60 % fly ash : 10 %sand, by weight) were mixed in dry state. 

Required amounts of line and gypsum were added to the dry mixture. Both 

these operations were carried out in a mechanical mixer (for 5 minutes) such 

that a uniform mixture of fly ash-sand-stabilizer was obtained. Figure 5.4.1 

shows the manually mixing of material for brick sample. 
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2) Uniform mixture of fly ash-sand-stabilizer was spread into a thin layer ( 100 

mm thickness). Using a garden rose-can required amount of water ( 10 % for 

FAL 10 and FALG 10 brick, and 12 % for FAL 17 and FALG 17 bricks) was 

sprinkled and mixed manually with the aid of a spade in order to ensure that 

moisture is uniformly distributed in the mixture. 

3) Known amount of the fresh mixture was weighed and poured into the 

machine mound. Shows the filled mould really for compaction. After closing 

the lid, the compaction is carried out through the movement of pastor 

attached to the toggle lever. 

4) After compaction stroke the lid is opened and the brick is ejected out and 

kept in a stack for curing. The fig. 5.4.2 shows the mechanical procedure for 

making brick. The Stack of fly ash bricks was covered with wet gunny cloth 

and water is sprinkled three to four times daily such that the entire stack is 

moist. The bricks were cured for 28 days and then were allowed to dry in the 

open atmosphere for four weeks and then used for testing. 

5) After the brick goes through by mixing and pressing processed, now it turns 

to do cure and dry the bricks. When bricks made it is stored in very safe 

chamber and placed through palled truck. (Figure 5.4.3) is the final brick for 

construction use after drying and curing of the bricks for around 10 -15 days 

in the sun light. So. This is the whole process the bricks are made. This 

process is not tactic and difficult as you go accordingly and wisely. 
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Various Test Performed on Bricks 
Bricks are the oldest and useful construction materials used all over the work 

for masonry construction. Due to the immense importance of bricks in such 

types of the bricks in such types of construction, it is necessary to determine 

the suitability and quality of bricks. 
 

Field Test Laboratory Test 

1. Shape and Structure Test 
2. Soundness Test 
3. Dimension Test 
4. Hardness Test 
5. Strength Test 

1. Water Absorption Test 
2. Crushing Strenght Test 
3. Effloresces Test 
4. 

 

6.1 Field test of bricks : 

It is necessary to check the quality of brick before using it in construction 

activity. There are some field tests that we can conduct in the field on order to 

check the quality of bricks. These tests are as follows. 
 

 

Fig.6.1.1 Shapes of Bricks 

1. Shape and Structure Test : 

Shape and size of brick are very important consideration. All bricks used for 

construction should be of same size. The shape of brick should be purely 

rectangle with sharp edged. In this test, a brick is closely inspected. It should be 

of standard size and its shape should be rectangular worth sharp edged. Fig. 
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6.1.1 shows Shape of brick. For this purpose, 20 bricks of standard size ( 230mm 

x 75mm) are selected at random and they stacked lengthwise, along the width 

and along the height. For good quality bricks, the results should be within the 

permissible limits. 

That test is done to examine the structure of the brick when the brick in 

broken. It is seen that the structure of the brick is homogeneous, compact and 

free from any defect such as holes, limps etc. or not. Mainly the defects such as 

holes, lumps should not be there. 

2. Soundness Test : 

Soundness test of brick carried out to check the nature of brocks when it 

connects with sudden impact load. In this test two bricks are held by both 

hands and struck with one another. If the bricks give clear metallic ringing 

sound and don’t beaks then those are good quality bricks. Soundness test 

bricks shows the nature of bricks shows the nature of bricks against sudden 

impact. In this test, 2 bricks arte chose randomly and struck with one another. 

 
3. Dimension Test : 

 
The test on brick as per (IS : 1077 ) is available for guidance for the dimension 

test of bricks procedure. 

This test helps us to find the dimension of our bricks and also whether the 

brick we are using is standard size or not. 

20 Pieces out of selected pieces are taken and are laid flat as shown in Fig. 

6.1.3 the to clearance (Section)on the sizes of bricks are fixed by giving 

maximum and minimum dimensions, Not on individual bricks but on batches 

of 20 bricks chosen at random. It folloes from this method of measurement 

that batches are likely to contain, bricks outside the prescribed limits of 

tolerance. Such lots should be rejected to avoid complaints about the 

variation of prepends. 
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Fig.6.1.2 Soundness of Briks 

 

Due to the standard size of the selected bricks. It is suitable for the 

construction of masonry work. 

The dimension of brick 230mm x 110mm x 80 mm 

Same number of bricks will cover more area. 

 
4. Hardness Test : 

 
The hardness test of bricks is used to determine the resistance of bricks to 

abrasion. In the hardness test of the bricks or scratches made on the exposed 

surface of the bricks, if there is any impression is left on the brick, then the 

brick is not sufficiently hard to ward. There should not be any impression left 

on the brick after scratching it with nails. The hardness test for model as 

conducted, test brick was taken and scratch was made on bricks surface with 

the help of finger mail and found no impression after scratching on it. 

5. Impact Test : 

 
Impact test of brick perform on anymore on- site or laboratory. 

Procedure for impact test. 

1. Take the brick 

2. Drop it freely from a 1 meter height on a hard surface. 

3. Inspect the dropped brick any damage has occurred or not. 

4. If the bricks broke or crack its means that the bricks impact value is 

lower so rejects those brick. 
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The Impact test on model was conducted, test bricks was fall from 1 meter height 

there was damage found on the corner of brick. It means the bricks can be used for 

the masonry work. 
 

Fig.6.2.2 Making Bricks 
 
 
 
 

 

Lab test on Bricks : 

To produce good quality of structure, good quality materials are required. To 

decide the quality of materials some test are to be conducted on bricks. The tests 

which are required to find the suitability of brick of construction purpose are 

discussed in below test. 

a. Water Absorption Test 

b. Crushing Strength Test 

c. Effloresces Test 

Water Absorption Test: The on bricks as per IS code (Brick water Absorption test is 

code is (1077-1992) is available for guidance for the water absorption from the 

water absorption test of bricks. 

This test is carried out to determine the amount of water absorption by the brick. 

When immersed in water for a period of 24 hr. It should not in any case. Exceed 20 

% of weight of dry brick. This test is carried out for all the sampled of fly ash bricks 

& clay bricks. 

Formula for water absorption test : 
 

Ww-Wd 
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WA =   X 100 
wd 

 

Where,  
W d – is dry weight of brick 
W w – is the weight after immersion of brick in water for 24 hours. 

 

Absorption test : 
 

 The average absorbed moisture content of fly ash bricks is found to be 9.77 

% 

 A test to determine the moisture content of fly ash as a percentage of its dry 

weight 

 The brick which is made by Glass and Tile, it absorbed 2.21 % water. 
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Table 6.2.1 Tabular observation of Water Absorption Test 
 

This below table 6.2.1 shows the result of average water absorption in percentage 
( %) of each sample. 

 

Fly ash brick : 

Sr. No Dry Weight 
(kg) 

Wet 
Weight (kg) 

Water 
Absorption 
(gm) 

Water 
absorption 
(%) 

Average 
Water 
absorption 
(%) 

Sample no. A [Fly ash-60 %, OPC-10 %, Sand 10 %, Waste tile- 5%,(2.36mm), waste 
Glass-15 %(2.36mm)] 

A1 3.45 3.54 90 2.60  
 

3.77 
A2 3.38 3.50 140 3.90 

A3 3.32 3.48 160 4.81 

Sample no. B [Fly ash-60 %, OPC-10 %, Sand 10 %, Waste tile- 10%,(4.75mm), waste 
Glass-10 %(4.75mm)] 

B1 3.43 3.54 110 3.20  
 

2.69 
B2 3.46 3.54 80 3.21 

B3 3.51 360 90 2.56 

Sample no. C [Fly ash-60 %, OPC-10 %, Sand 10 %, Waste tile- 10%,(4.75mm), waste 
Glass-10 %(4.75mm)] 

C1 3.41 3.47 60 1.76 2.21 

C2 3.49 3.56 70 2.00  

C3 3.45 3.55 100 2.80 
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Sample no. D [Fly ash-60 %, OPC-10 %, Sand 10 %, Waste tile- 10%,(4.75mm), waste 
Glass-10 %(4.75mm)] 

D1 3.43 3.59 162 4.66  
 

3.58 
D2 3.46 3.61 150 4.33 

D3 3.49 3.63 138 4.01 

Sample no. E [Fly ash-60 %, OPC-10 %, Sand 10 %, Waste tile- 10%,(4.75mm), waste 
Glass-10 %(4.75mm)] 

E1 3.42 3.53 110 3.21  
 

3.58 
E2 3.50 3.64 140 4.00 

E3 3.47 3.47 123 3.54 

Sample no. F [Fly ash-60 %, OPC-10 %, Sand 10 %, Waste tile- 10%,(2.36mm), waste 
Glass-10 %(4.75mm)] 

F1 3.43 3.52 90 2.62  
 

2.88 
F2 3.41 3.53 120 3.51 

F3 3.46 3.54 87 2.60 

 
 

Description : 

These tables show the percentage water absorption of various proportion for all 

bricks sample. We tale 6 sample of bricks , in each sample for water absorption 

test, we take 3 number of bricks. All the bricks have same proportion of fly ash, 

OPC and sand. i.e, Fly ash 60 %, OPC 10 % and sand 10 %. The variation only in the 

proportion of waste tile and waste glass and sieve size. 

For the first sample, we taken 5 % of waste tiles and 15 % waste glass and 

sieve size 2.36 mm give the result of 3.77 of water absorption. Addition of this 

proportion give highest water absorption. 
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The addition of 10 % of waste tiles and 10 5 of waste glass and sieved it form 

2.36mm sieve size give the 2.69% of water absorption. 

For third sample 5 % of waste glass and here we changed the sieve size for each. 

We sieved waste tiles from 2.36mm sieve and waste glass. 

 

 
Compression test : 

Fig.6.2.3 Bricks Machine 
 

This is a key test performed to determine the suitability of a brick for construction 

work an d to determine the load carrying capacity of bricks under compression. 

Fig.6.2.2 shows the test is performed with the help of ca compression testing 

machine. 

The crushing strength of brick is found out by placing it is “Compression Testing 

Machine” . It is press till it breaks as per BIS :1077 -1957, the minimum crushing 

strength of brick is 3.5N/mm2. 
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Table of 6.2.1 Tabular observation of Water Absorption Test 

This below table 6.2.1 shows the result of average water absorption in percentage 

( %) of each sample. 
 

 

Fly ash brick 

Sr. No Dry Weight Wet 
Weight (kg) 

Water 
Absorption 
(gm) 

Water 
absorption 
(%) 

Average 
water 
absorption 
(%) 

Sample No. A [ Fly ash -60%, OPC-10 %, Sand-10 %, Waste tiles- 5%, (2.36mm), 
Waste Glass- 15%(2.36mm) 

A1 3.45 3.54 90 2.60  

3.77 A2 3.38 3.50 140 3.90 

A3 3.32 3.48 160  

Sample No. B [ Fly ash -60 %, OPC-10 %, Sand-10 %, Waste tiles- 10 %, (4.75mm), 
Waste Glass- 10 %(4.75mm) 

B1 3.43 3.54 110 3.20  

2.69 B2 3.46 3.54 80 2.31 

B3 3.51 3.60 90 2.56 

Sample No. C [ Fly ash -60 %, OPC-10 %, Sand-10 %, Waste tiles- 10 %, (4.75mm), 
Waste Glass- 10 %(4.75mm) 

C1 3.41 3.47 60 1.76 2.21 

C2 3.49 3.56 70 2.00 

C3 3.45 3.55 100 2.80 

Sample No. D [ Fly ash -60 %, OPC-10 %, Sand-10 %, Waste tiles- 10 %, (2.36mm), 
Waste Glass- 10 %(2.36mm) 

D1 3.43 3.59 162 4.66 3.58 

D2 3.46 3.61 150 4.33  

D3 3.49 3.63 138 4.01  
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Sample No. E [ Fly ash -60 %, OPC-10 %, Sand-10 %, Waste tiles- 10 %, (4.75mm), 
Waste Glass- 10 %(4.75mm) 

E1 3.42 3.53 110 3.21 3.58 

E2 3.52 3.64 140 4.00 

E3 3.47 3.47 123 3.54 

 
 

Description: 

These tables show the percentage water absorption of various proportion 

for all bricks sample. We take 6 samples of bricks; in each sample for water 

absorption test, we take 3 number of bricks. All the bricks. All the bricks have 

same proportion of fly ash, OPC and sand I.e Fly ash 60 %, OPC 10 % & sand 10 %. 

The variation only in the proportion only in the proportion of waste tile and waste 

glass and sieve size. 

For the first sample, we taken 5 % of waste tiles and 15 % of waster glass 

and sieve size 2.36 mm give the result of 3.77 of water absorption. Addition of 

this proportion give highest water absorption. 

The addition of 10 % of waste tiles and 10 % of waste glass and sieved it 

from 2.36 sieve size give the 2.69% of water absorption. 

For third sample 5% of waste tiles and 15% of waste glass and here we 

changed the sieve size for each, we sieved waste tiles from 2.36mm sieve and 

waste glass. 
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ABSTRACT 
 

 

Building information modeling (BIM) is a supported process that supports various 

tools, technologies, and agreements. Rapid infrastructure growth and the energy crisis 

need to be reinforced. A high-performance building offers a relatively higher level of 

energy efficiency or greenhouse gas reduction than required by building codes. 

Due to the boom of global wide population, it’s a far almost approximately 40% of the 

once-a-year strength fed on within side the global in constructing today. The Indian 

homes are accountable for 1/3 of general strength intake today. This case examine 

focuses normally three types of bricks, Concrete Brick, AAC Block. We discover that 

AAC Block have best thermal resistance and Concrete Brick have less thermal 

resistance than AAC Block but more than that of Red Bricks. 

With the help of Autodesk Revit and Green Building Studio the pathway to model an 

energy-efficient building is opened. The peak cooling load was generally reduced 6 

times on comparison thus is a more preferred choice than conventional. Also, the 

efficient use of software like Auto Cad, BIM, etc. is used to analyze materials 

productivity, effect, use, and efficiency before actually using it on-site. 

Keyword: 

Energy Efficient, Autodesk Revit, AutoCAD, BIM, Peak Cooking Load. 
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INTRODUCTION 

1.1 Overview : 
 

In present day times of a quick infrastructure growth and a looming energy crisis, there 

is a robust choice to cope with and comprise suitable practices for inexperienced 

energy and assets use on the identical time as making production plans, be it 

residential or commercial applications. 

Building Information Modelling (BIM) is a way supported with the aid of using the 

resource of several tools, technologies, and contracts concerning the technology and 

manipulate of digital representations of physical and sensible tendencies of places. 

Building report models (BIMs) are computer files (regularity, however currently no 

exchanged, or networked to resource decision – making regarding a built asset, 

Individuals, organizations, and authorities, organizations that plan to assemble 

operate and keep houses and several physical infrastructures which encompasses 

water, refuse, energy, gasoline, communication utilities, roads, railways, bridges, ports 

and tunnels. 

Cooling load is the price at which sensible and latent warm temperature should be 

removed from the distance to keep an everyday area’s dry-bulb air temperature and 

humidity. Sensible warm temperature in the distance motives its air temperature to 

upward push on the identical time. As latent warm temperature is related to the 

upward push of the moisture content material, it influences the cooling lad in a 

constructing, requiring the usage of unique warm temperature transfer mechanism. 

The SI gadgets are watts. Homes with excessive standard overall performance are 

those that deliver an extensively higher diploma of energy overall performance. The 

overall performance or greenhouse-gasoline line cut price is much less than that is 

required. 

Architects, designers, and builders normally format and assemble excessive-standard 

overall performance house with the usage of pretty some strategies, tools, and 

materials to make sure that, upon completion the constructing will eat a minimal 

amount of energy. 
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1.2 Aim 

 
Making structure energy efficient by selecting proper material by analyzing it using 

Autodesk Revit Software. 

1.3 Objectives : 
 

 Analyzing the thermal insulation of the structure. 

 Changing the material of the structure and analyzing it. 

 Selecting suitable material to provide proper thermal insulation in the structure. 

 Making the structure more energy efficient. 
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CHAPTER 02 

LITERATURE REVIEW 
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LITERATURE REVIEW 

2.1 Background Study 

In this current scenario, there is an uptick in energy consumption which is a great cause 

of concern. In the housing space due to the inefficient availability of proper room 

temperature external cooling or heating appliances are being used to maintain that 

room temperature and the need is to focus in maintaining the temperature without 

external help. 

From this literature review on the subjects, the majority of the research focuses on 

the changing or adding some naturally available ingredients to existing used materials 

and check the effect on the building on various aspects. Also, some study suggests to 

take maximum benefit to available sources of software’s like AutoCad, Autodesk Revit, 

Green Building Studio etc. to analysis the effects of the future made buildings prior to 

its construction. The benefit of using the software is that wre can analysis its actual 

effect on the building and note what more changes can be made for the perfect output 

as thought. 

However, it was observed that the analysis is made on changing the existing 

composition of the materials and obtain the result. So, this study is carried out to 

utilize the actually used materials only and see which of them gives out the best 

cooling effect and analyze it further. This study is the comparison between Red Brick, 

Concrete Brick and Autoclaved Aerated Concrete for analyzing its temperature effect 

among the three and find out which is suitable material. 
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2.2 Literature Review 
 

1. Application of Sustainable Construction Materials for Urban Houses 

Author : R. V. Relegoakar , H.R.Gavali, V.V. Sakhare, A Puppala and P.B.Aswath 

Year of Publication : 2017 

 

In this paper, the author briefs the application of energy –efficient materials whose 

efficiency is used for the construction of Urban Slums in the areas if Nagpur, 

Maharashtra, India. The material used was bio-fuel ash, cellular high weigh (M1-BFA- 

CLW ) bricks which were locally available in the area. In general practice for the 

concrete roof, geofaom is recommended but in this case study, the material (M1-BFA- 

CLW) and roof treated with geofoam) and traditional material i.e (M2 –fly ash brick 

with concrete roof) are compared. This was analyzed by using BIM Software for cooling 

demand over the year. The result obtained that the studied model and materials were 

energy-efficient, cheaper and conserved 46 % of operating energy annually (Cooking 

demand) in comparison with traditionally used materials. 

 
2. Evaluation of Energy –efficient design strategies: Comparison of the thermal 

Performance of Energy Efficient Office Buildings in composite climate, India. 

Author : Farheen Bano, Vandana Singh 

Year of Publication : 2018 
 

 
This paper aims to survey the energy consumption in the mid-rise-high-rise-office 

building situated in Indian in the composite climate and compare their energy 

efficiencies. In this comparative study, energy –efficiencies, office building are 

considered. The study focuses on the strategies designed for reducing the heat, proper 

ventilation and air conditioning (HVAC) and lightning loads of this building’s sliding. 

Various factors such as building form, plan depth, envelope co is, ratio, n, ect, are taken 

into consideration, The comparative study was effectively carried out and compared 

with national energy consumption benchmarks for the composite climate. The result 
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indicated the design strategies were achieved performed well which led to a decrease 

in the consumption of energy of high-rise office building in composite climate. 

 
3. Opportunity if Improving the Thermal Performance of High-Performance 

University Building based on Revit Software. 

Author : Rapid Rashad Jassem A1 Doury, Thamir K. Ibrahim, Thamer Khalif Salem 

Year of Publication : 2020 
 
 

In this study, with the help of Revit Software, the thermal performance of the building 

is examined. BIM technology is further used to improve the overall efficiency of an 

existing building. On analyzing, simple changes like replacing a double glass window 

with triple glass led to reducing the annual energy demand and its cost around 24% & 

25% resp. Thus, analyzing and effectively carrying out the changes leads to a green 

building which is the ultimate focus of this paper. 

 

4. Using a data-driven approach to sort of the Energy Efficient Buildings 

Author : Yuezhong Liu, Yi-Chum Huang, Dr. Rudi Stouffs 

Year of Publication : 2015 

In this paper the authors analyzed the development of energy –efficient building as a 

sustainable vision to tackle today’s environmental issue. The outcome is suffered in all 

professions i.e., architectural designs and building engineering since the output of the 

buildings depends on their designs. The processed data has to be analyzed efficiently 

without any errors. It was earlier processed by traditional data analyzing methods, but 

the best way it to apply advanced data analysis methods for ease and convenience. 

Thus, the authors put forward their view is to use a data-driven approach to the 

carryout design process of energy efficient building. 

 

5. The Analysis of the impact energy efficient techniques to enhance the building 

performance 
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Author : Perma Sharma, V.R. Prasath Kumar, R. Senthil Kumar. 

Year of Publication : 2020 
 
 

This paper’s author suggests an upgrade in the area of low energy building problem. 

With the help or Revit, GBS, and Autodesk multiple stimulation can be carried out. 

Autodesk Software is best and commonly used for small- sized projects by designers. 

The authors aim for a zero-emission building and incorporation renewables into 

existing buildings. The conclusion suggest proper design and planning can help to 

increase the energy output and gross annual cost and cumulative consumption can be 

reduces to 12 % and 3.7 % resp. Ultimately different criteria evaluated for this study 

indicate improvement in the energy efficiency of the building. 

 

6. Energy Performance Analysis of an Office Building Using BIM 

Author : Md. Rakibul Hasa, Md. Saidul Islam,Jhumana Akter 

Year of Publication : 2017 

In this state, study hours aim to deal with BIM grounded energy performance analysis 

and optimize the utilization of Revit and Green Building Studio (GBS). Due to the 

increase in the trend of energy-efficient building worldwide especially in developed 

countries, the need arises to study this area according to the authors. The building 

model was developed in Revit and analyzed in GBS thus comprehensive data of 

performance i.e., heating load, cooling load, electricity consumption, and fuel 

consumption are studied. 

7. Energy Analysis of Residential Building Using Revit 

Author : Azmira Soma Aditya Naik, Mohsin Khan, Yangala Charishmanjali 

Year of publication : 2019 

In this paper this author has done study on the residential building made with naturally 

available straw bales. Due to properties like low destiny, low thermal conductivity, low 

specific heat capacity; straw bales are the best replacement to the walling materials. 

On analyzing the performance of straw hales in Autodesk Revit Software walling 
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material can reduce the peak cooling and heating load by 38.05 % and 32.37% resp. in 

comparison to the conventional red clay bricks. 
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2.3 Summary of Literature Review : 
 
 

Sr. 
No 

 
Title 

 
Author 

Journal and 
Year of 
Publication 

 
Overview 

 
Conclusion 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Application of 
Sustainable 
Construction Materials 
for Urban Houses 

 
 
 
 
 
 
 
 
 
 
 
 
 

R. V. 
Relegoakar , 
H.R.Gavali, 
V.V. Sakhare, 
A Puppala 
and 
P.B.Aswath 

 
 
 
 
 
 
 
 
 
 
 
 
 

International 
Journal   of 
Environmental 
Science  and 
Development 
Vol. 8, No.3 
March 2017 

 

 
In this paper, 
the    author 
briefs       the 
application    of 
energy         – 
efficient 
materials 
whose 
efficiency     is 
used  for   the 
construction of 
Urban Slums in 
the areas    if 
Nagpur, 
Maharashtra, 
India.      The 
material  used 
was   bio-fuel 
ash, cellular 
high weigh (M1- 
BFA-CLW ) 
bricks       which 
were locally 
available in the 
area. This was 
analyzed        by 
using BIM 
Software for 
cooling demand 
over the year. 

It is concluded in 
the specific case 
that the use of 
BFA-CLW bricks 
is more 
appropriate as 
compared to FA 
bricks as a 
walling material. 
For the 
considered case, 
insulation    the 
roof was a more 
suitable  option 
rather    than 
protecting 
vertical   walls. 
The obtained 
results indicated 
that     the 
proposes 
solution    for 
waling roofing 
application    is 
cost competitive 
and an energy 
efficient  model 
than the present 
state of the art 
practice     of 
constructing 
urban   slum 
houses. 
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2. 

 
 
 
 
 
 
 
 
 
 
 

Evaluation of Energy – 
efficient design 
strategies: Comparison 
of the thermal 
Performance of Energy 
Efficient  Office 
Buildings in composite 
climate, India. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Faheen Bano, 
Vandana 
Singh 

 
 
 
 
 
 
 
 
 
 
 
 

Solar Energy 
(International 
Solar Energy 
Society) 
Journal,  Vol. 
176, Dec 2018 

This paper aims 
to survey    the 
energy 
consumption in 
the  mid-rise- 
high-rise-office 
building situated 
in Indian in the 
composite 
climate     and 
compare  their 
energy 
efficiencies.     In 
this comparative 
study, energy – 
efficiencies, 
office  building 
are considered. 
The    study 
focuses on the 
strategies 
designed     for 
reducing the 
heat, proper 
ventilation and 
air conditioning 
(HVAC) and 
lightning loads 
of this building’s 
sliding. 

 
 
 

 
The comparative 
study    was 
effectively 
carried out and 
compared with 
national energy. 
Consumption 
benchmarks for 
the composite 
climate.   The 
result  obtained 
indicated    the 
design strategies 
were  achieved 
performed  well 
which led to a 
decrease in the 
consumption of 
energy high rise 
office  buildings 
in composite 
climate. 
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3. 

 
 
 
 
 
 
 
Opportunity if 
Improving the Thermal 
Performance of High- 
Performance University 
Building based on Revit 
Software. 

 
 
 
 
 
 
 
Rapid Rashad 
Jassem A1 
Doury, Thamir 
K. Ibrahim, 
Thamer Khalif 
Salem 

 
 
 
 
 
 

Journal  of 
Mechanical 
Engineering 
Research and 
Developments, 
Vol. 43, No.6 
Year :2020 

 
 
 

In this  study, 
with the help of 
Revit Software 
the   thermal 
performance of 
the   building 
examined.  BIM 
technology   is 
further used to 
improve    the 
overall 
efficiency of an 
existing 
buildings. 

Building 
Information 
Modeling (BIM) 
technology can 
lead to foresight 
the designed 
building 
performance 
that provides a 
real opportunity 
to  decision 
makers    to 
enhance   the 
building 
performance in a 
way that minifies 
the energy 
consumption 
cost  and 
pollution. 

 
 
 
 
 
 
 
 

 
4. 

 
 
 
 
 
 
 
 

Using a data-driven 
approach to sort of the 
Energy Efficient 
Buildings 

 
 
 
 
 
 
 
 

Yuezhong Liu, 
Yi-Chun 
Huang,Dr. 
Rudi Stouffis 

 
 
 
 
 
 

 
Journal of 
Information 
Technology in 
Construction 
January 2015 

In this paper, the 
authors 
analyzed     the 
development of 
energy efficient 
building      as 
sustainable 
vision to tackle 
today’s 
environmental 
issued.    Thus 
they put forward 
their view is to 
use a   data- 
driven approach 
to the carryout 
design  process 
of   energy 
efficient 
buildings. 

 
 

It is anticipated 
that this work 
flow  will  help 
design teams to 
formally 
investigate   the 
performance of 
many     more 
alternatives 
during      the 
different design 
phases, leading 
to   improved 
built 
environments. 
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5. 

 
 
 
 
 
 
 
 

The Analysis of the 
impact energy efficient 
techniques to enhance 
the building 
performance 

 
 
 
 
 
 
 
 

Perma 
Sharma, V.R. 
Prasath 
Kumar,  R. 
Senthil Kumar. 

 
 
 
 
 
 
 

3rd 

Intrernational 
Conference on 
Advance on 
Advances in 
Mechanical 
Engineering 
Year 2020 

 

This paper’s 
author suggests 
an upgrade in 
the area of low 
energy building 
problems. 
Which the help 
of Revit,  GBS, 
and  Autodesk 
multiple 
stimulations can 
be carried out. 
The authors aim 
for   zero- 
emission 
building and 
incorporation 
renewables into 
existing 
buildings. 

The conclusion 
suggests proper 
design  and 
planning’s can 
help to increase 
the  energy 
output and gross 
annual cost and 
cumulative 
consumption 
can be reduced 
to 12 % and 3.7 
% resp. 
Ultimately 
different criteria 
evaluated   for 
this  study 
indicate 
improvement in 
the energy 
efficiency of the 
buildings. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



21 | P a g e 
 

 
 
 
 
 
 
 
 
 
 
 
 

6. 

 
 
 
 
 
 
 
 
 
 
 
Energy Performance 
Analysis of an Office 
Building Using BIM 

 
 
 
 
 
 
 
 
 
 

Md. Rakibul 
Hasa, Md. 
Saidul 
Islam,Jhumana 
Akter 

 
 
 
 
 
 
 
 
 
 

Journal of 
System and 
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In this state, 
study hours aim 
to deal with BIM 
grounded 
energy 
performance 
analysis  and 
optimize        the 
utilization of 
Revit and Green 
Buildings Studio 
(GBS). The 
buildings model 
was  developed 
in Revit and 
analyzed in GBS 
thus 
comprehensive 
data    of 
performance i.e. 
heating load, 
cooling load, 
electricity  and 
fuel 
consumption is 
studied. 

 
 

 
Energy efficient 
building has 
great impact to 
reduce the 
harmful effect of 
building energy 
consumption. 
The aim of this 
research was to 
documents the 
energy perforce 
analysis  of 
existing building 
and comparative 
analysis of base 
run simulation 
and  optimized 
simulation 
results. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



22 | P a g e 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
7. 

 
 
 
 
 
 
 
 
 
 
 
 
Energy Analysis of 
Residential Building Using 
Revit 

 
 
 
 
 
 
 
 
 
 
 
Azmira Soma 
Sekhar Aditya 
Naik. Mohsin 
Khan, Yangala 
Charishmanjali 

 
 
 
 
 
 
 
 
 
 
Proceedings of 
Sustainable 
Infrastructure 
Development 
& 
Management 
(SIDM ) 2019 

 
 
 
 
 
 
 
 
 

In this paper, the 
author has done 
a case study on 
the residential 
building made 
with naturally 
available straw 
bales. 

Straw     bale 
construction     is 
found  to     be 
more 
economical and 
eco-friendly 
when compared 
toe conventional 
buildings.  From 
this study it is 
found     that 
buildings  made 
of straw   bale 
wall  is  more 
efficient       in 
providing 
interior thermal 
comfort. Walling 
material     can 
reduce the peak 
cooling     and 
heating load by 
38.05     %     and 
32.37 % resp. In 
comparison to 
the conventional 
red clay bricks. 
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SUN PATH AND SUN PATH DIAGRAM 
 

 

 Sun path refers to the apparent significant seasonal-and-hourly positional changes of 

the sum (and length of daylight)as the Earth rotates, and orbits around the sun. 

 Sun – path diagram as the name suggests is something that is used to determine the 

location, in the sky, of the sun at any point of time during the day, throughout the year. 
 
 

 

Figure 1. Sun Path Diagram 
 

 

Orientation :- 
 
 Orientation is the positioning of a building in relation to arch. Seasonal variations in 

the sun’s path as well as prevailing wind patterns. 

 Good orientation can increase the energy efficiency of your building making it more 

comfortable to live in and cost efficient to operate. 
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Principles of good orientation:- 

 
Principles of suitable orientation:- 

 
 Good orientation, mixed with different power performance feature, can lessen or 

maybe put off the want for auxiliary heating and cooling, ensuring in decrease power 

bills, decreased greenhouses fuel lime emissions and advanced comfort. 

 It takes account of summer time season and wintry weather varsions eithinside the 

sun’s route in addition to the path and kind of winds, including cooling breezes. Good 

orientation can assist lessen or maybe put off the want for auxiliary heating and 

cooling. Ensuing in decrees power bills, decreased greenhouse fuel line emissions and 

advanced. 

 

Analysis for the best Orientation 

 Priorities you’re heating and cooling needs. 

 Temperature ranges, both seasonal and diurnal (day night) 

 Humidity ranges 

 Direction of cooling breezes, hot winds, cold winds, wet arch winds. 

 Seasonal characteristics, including extremes 

 Impact of Local geographic features on climatic conditions (see Choosing arch site) 

 Impact of adjacent building and existing landscape. 

 
 
 
 

Orientation for passive Heating:- 

Sun movement from high angle in summer to low angle in winter. 

 Orientation for passive heating is about using the sun as a source of fee home heating 

by letting winter sun in and keeping unwanted summer sun out. 
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For Example 

 In cold climates orientations west of north increase west of north increase solar gains 

in the Ach afternoon when they are arch most desirable for evening comfort, but east 

of north can warm the house more in the mornings, improving daytime comfort for 

those who are ate home then. 

 In warmer climates, orientations east of north can allow better capture of cooling 

breeze. 

 

Climate specific Responses:- 

In high humidity climates and hot dry climates with warm winters, shade the building 

and outdoor living spaces throughout the year. 

1) Hot humid Climates : 
 

In hot humid climate, it is essential to shade the walls year-round and highly 

advantageous to shade the whole roof. 

 Shade all external opening and walls including those facing south. 

 Use covered outdoor living A areas such as verandas and deep balconies to 

shade and cool incoming air. 

 Use shaded skylights to compensate for any resultant loss of natural daylight. 

 Choose and position landscaping to provide adequate shade without blocking 

access to cooling breezes. 

2) Hot dry Climates : 
 

 Shade all external openings in regions where no winter heating is 

required. 

 Provide passive solar shading to north-facing opening in regions where 

winter heating is required. Avoid shading any portion o the glass in winter 

when winter heating is required – use upward raked eaves to allow full 

winter solar access, or increase the distance between the window head 

the underside of the eaves. 

3) Warm humid and ward/mild temperate Climates : 
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 Provide passive solar shading to all north-facing openings, Arousing 

shade structures or correctly sized eaves. 

 Use adjustable shade screens or deep overhangs to the east and west. 

Adjustable shade screens low angle sun the most effectively. 

4) Cool temperate Climates : 
 

 Do not place deep covered balconies to the north as they obstruct winter 

sun. Balconies to the east or west can also obstruct winter sum to a lesser 

extent. 

 Avoid shading any portion of the north-facing glass in winter use upward 

raked-eaves to allow full winter solar access, or increase the distance 

between the window head and the underside or the Arch eaves. 

 Use deciduous planting to the east and west. Avoid planting to the north 

that world obstruct solar access. 

How does the sun position affect the building design? 

 
Designing a building with the sun in mind can help reduce both heating and cooling 

loads. Sun shining into a building provides free heat and natural light. It can also 

create glare and when the heat isn’t needed, discomfort and added demand for  

cooling. The sun rises in the east and sets in the west. 
 

 
Figure 2 Effect of Sun Position on Building 
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CHAPTER 4 

LOCATION MAP. AutoCAD And AUTODESK REVIT PLAN 
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LOCATION MAP 

 

 
Auto CAD 2D PLAN 

Figure 3 Location Map 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. AutoCAD 2D Plan 

 
 

 



30 | P a g e 
 

AUTODESK REVIT 2D PLAN 
 
 
 

 

Figure 5 Revit Plan 
 
 
 

AUTODESK REVIT 3D PLAN 
 

Figure 6 Revit 3 D Plan 
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CHAPTER 5 

ENERGY EFFICIENT MATERIALS 
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ENERGY EFFICIENT MATERIALS 
 

 

7.1) Red Bricks 

7.2) Concrete Bricks 

7.3) Autoclaved Aerated Concrete (A A C) Block 
 

7.1 Red Bricks : 
 

The term brick technically refers to a block product of dried clay, however it’s 

progressively often used popularity to talk over with alternative with chemicals 

cured masonry blocks. Mortar, glue, or interlocking air all choices for changes of 

integrity bricks. Bricks are available a spread of classifications, types, materials, and 

sizes that fluctuate by place and age, and that they are created in massive 

quantities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



33 | P a g e 
 

Red Bricks Different Properties :- 
 

1. Red bricks use the following raw materials : Line clay or Alumina, Sand, Iron 

Oxide, Magnesia. The sand used for red brick manufacture in mostly 

obtained locally. 

2. Red Bricks are available in modular sizes of 190 x 90 x 90 mm and 190 x 90 x 

40 mm. And also, in non-modular sizes of 230 x 110 x 70 mm and 230 x 110 

x 30 mm 

3. The compressive strength various from one class to another and hence lied 

in the range between 3.5 to 35N/mm2. 

4. The dry density also various depending on the class of brick. It normally 

ranges from 1600 to 1920 kg/m3 

5. The water absorption of red bricks in recommended to be less than 20 % of 

its weight. 

6. The thermal conductivity of red bricks in advised to have a value in the range 

of 0.6 to 1W/m.k 

7. Red bricks utilize clay which in naturally available. This production hence 

depletes the top fertile soil. Red bricks also emit more carbon dioxide during 

its manufacture. 

8. Red bricks alone are cheap. But overall cost including the cost of mortar and 

construction is high as it demands more mortar 

9. Red bricks can be used as structural material for the construction of 

structures like buildings, foundations, arches, pavement and bridges. 
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7.2 Concrete Bricks : 
 

Blocks or concrete masonry are the foremost common names for concrete 

bricks, that are typically pale gray, They are engineered of dry, small- 

aggregate concrete that is poured into steel moulds and compacted 

victimization either an “egg layer” or a static machine. Instead of being burnt, 

the finished blocks are available a spread of shapes, sizes and face 

treatments, several of that are designed to appear like clay bricks? Concrete 

bricks are available a spread of hues and are factory-made whith sulphate – 

resistant cement or the same, they’re appropriate for troublesome things 

like wet conditions and holding walls once created with enough cement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



35 | P a g e 
 

Concrete Block Different properties :- 

 
1. Concrete blocks use the following raw materials ordinary Ordinary 

Portland Cement, sand, gravels, water. In certain situation, fly ash can be 

use instead of fine sand. 

2. Standers sizes of solid concrete blocks are length 400,500 or 600 mm 

height of 200, 100 mm and the width from 50,70, 100, 150, 200, 250 or 

300 millimeters. The dimension differs from manufacturer to 

manufacturer. 

3. The compressive strength of solid concrete block varies based on the 

grade of cement used. Its compressive strength varies from 4 to 5 N/mm. 

4. The dry density of the solid concrete block is depended on the grade of 

block. This ranges from 1800 to 2500 kg/m3 

5. Solid concrete blocks must not have a water absorption value not greater 

than 10 % of its weight. 

6. Solid concrete blocks usually have a thermal conductivity in the range 0.7 

to 1.28W/m.K 

7. The amount of carbon dioxide emitted during the manufacture of solid 

concrete blocks is less. 

8. Solid concrete blocks have flat and even surface that hence demand less 

mortar compared to red. 

9. Solid concrete blocks require 7 to 14 days of curing which demand high 

amount of water compared to red brick. 

10. The solid concrete blocks cost high as individual pieces. It consumes less 

mortar. It have the advantage that the same wall area can be consumes 

less number of solid concrete blocks than red bricks. 

11. Solid concrete blocks are employed in construction to act both as load 

bearing and non-load bearing in walls, panel wall and partition walls. This 

can also be used as backing for piers, retaining walls, other facing 

materials. 
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7.3 AAC Blocks : 
 

AAC (autoclaved acrated concrete) could be formed, light-weight foam 

concrete artefact that may be accustomed create concrete masonry unit- 

like blocks. AAC product are created from quartz sand, calcined mineral, 

lime, cement, water and Aluminum powder and are cured in an autoclave 

beneath heat and pressure. AAC was fictitious powder and are cured in 

an autoclave beneath heat and pressur. AAC was fictitious within the mid- 

1920s and provides structure, insulation, and fireplace and moulds 

resistance all at identical time. Blocls, wall panels, floor and roof panels, 

and product will be used for each interior and exterior construction and 

that they will be coated with siding materials like veneer brick or vinyl 

siding, or painted or coated with or plaster compound to safeguard them 

from the weather. Other than the very fact that they’re straightforward 

to put it. 
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AAC Blocks properties : 
 

AAC Block Authoclaved aerated concrete. 
 

1) It is lightweight precast, foam concrete building material suitable for 

concrete masonry unit. 

2) it is Eco friendly in nature not producing pollution in environment and it is 

certified green building material. 

3) It is load bearing in nature having high compressive strength 5N/mm2 

4) It is fireproof Insulating building material having a resistance of about 4 an 

hour against fire. 

5) Actually, it is aerated concrete have more air voids, due to presence of air 

void in between that’s why it is high weight and easy for handling even it has 

high volume. 

6) There us different size of AAC Block are available in market, but there are 

four common sizes are 600mm x 200mm x 100mm, 600mm x 200mm x 

150mm, 600mm x 200mm x 200mm and 600mm x 200mm x 225mm 
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RESULT 
 

 

Location : Nagpur 

Table 1 : Result for Nagpur City 
 

 
Type of 

Brick 

Hall 
(W/mont 

h) 

Kitchen 
(W/mont 

h) 

W.C 
(W/mont 

h) 

Bedroom 
1 

(W/mont 
h) 

Bedroom 
2 

(W/mont 
h) 

Total 
(W/mont 

h) 

Decreas 
e in 

Cooling 
Load % 

Concrete 
Brick 

5906 4706 1324 6514 6688 25138 0.00% 

Red Brick 4479 3241 960 4512 4649 17841 29.02 % 

Autoclave 
d Aerated 
Concrete 
Block i.e 
AAC Block 

 

 
4148 

 

 
2794 

 

 
801 

 

 
3910 

 

 
4227 

 

 
15880 

 

 
36.82 % 
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Location : Delhi 

Table 2 : Result for Delhi City 
 
 

 
Type of 

Brick 

Hall 
(W/mont 

h) 

Kitchen 
(W/mont 

h) 

W.C 
(W/mont 

h) 

Bedroom 
1 

(W/mont 
h) 

Bedroom 
2 

(W/mont 
h) 

Total 
(W/mont 

h) 

Decreas 
e in 

Cooling 
Load % 

Concrete 
Brick 

5906 4706 1571 6688 6514 25138 0.00% 

Red Brick 5561 4240 1277 5435 5509 22122 12.85 % 

Autoclave 
d Aerated 
Concrete 
Block i.e 
AAC Block 

 

 
5032 

 

 
3564 

 

 
1034 

 

 
4571 

 

 
4875 

 

 
19076 

 

 
24.85 % 
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Location : Hydrabad 

Table 3 : Result of Hydrabad City 
 
 

 
Type of 

Brick 

Hall 
(W/mont 

h) 

Kitchen 
(W/mont 

h) 

W.C 
(W/mont 

h) 

Bedroom 
1 

(W/mont 
h) 

Bedroom 
2 

(W/mont 
h) 

Total 
(W/mont 

h) 

Decreas 
e in 

Cooling 
Load % 

Concrete 
Brick 

5906 4706 1571 6688 6514 25138 0.00% 

Red Brick 5630 4192 1259 5367 5461 21909 13.69 % 

Autoclave 
d Aerated 
Concrete 
Block i.e 
AAC Block 

 

 
4148 

 

 
2794 

 

 
801 

 

 
3910 

 

 
4227 

 

 
15880 

 

 
37.44 % 
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Location : Tripura 

Table 4 : Result of Tripura City 
 

 
Type of 

Brick 

Hall 
(W/mont 

h) 

Kitchen 
(W/mont 

h) 

W.C 
(W/mont 

h) 

Bedroom 
1 

(W/mont 
h) 

Bedroom 
2 

(W/mont 
h) 

Total 
(W/mont 

h) 

Decreas 
e in 

Cooling 
Load % 

Concrete 
Brick 

5906 4706 1571 6688 6514 25138 0.00% 

Red Brick 4780 3439 1011 4520 4758 18508 27.09 % 

Autoclave 
d Aerated 
Concrete 
Block i.e 
AAC Block 

 

 
4387 

 

 
2958 

 

 
848 

 

 
3927 

 

 
4327 

 

 
16447 

 

 
35.50 % 

        

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



43 | P a g e 
 

Location :Shimla 

Table 5 :Result of Shimla City 
 

 
Type of 

Brick 

Hall 
(W/mont 

h) 

Kitchen 
(W/mont 

h) 

W.C 
(W/mont 

h) 

Bedroom 
1 

(W/mont 
h) 

Bedroom 
2 

(W/mont 
h) 

Total 
(W/mont 

h) 

Decreas 
e in 

Cooling 
Load % 

Concrete 
Brick 

5906 4706 1571 6688 6514 25138 0.00% 

Red Brick 5665 4236 1273 5415 5479 22068 13.06 % 

Autoclave 
d Aerated 
Concrete 
Block i.e 
AAC Block 

 

 
4148 

 

 
2794 

 

 
801 

 

 
3910 

 

 
4227 

 

 
15880 

 

 
37.44 % 
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Table 6 : Combined Data of Required Cooling Load (Watt/Month) 
 
 

 Nagpur 
(W/month) 

Delhi 
(W/month) 

Hydrabad 
(W/month) 

Tripura 
(W/month) 

Shimla 
(W/month) 

Concrete 
Brick 

25138 25385 25385 25385 25385 

Red Brick 17841 22122 21909 18508 22068 
Autoclaved 
Aerated 
Concrete 
Block (AAC 
Block) 

 

15880 

 

19076 

 

15880 

 

16447 

 

15880 

 
 
 

Table 7 : Combined Data of Required Cooling Load (%) 
 
 

 

 Nagpur Delhi Hydrabad Tripura Shimla 

Concrete 
Brick 0 % 0 % 0 % 0 % 0 % 

Red Brick 29.02 % 12.85 % 13.69 % 27.09 % 13.06 % 
Autoclaved 
Aerated 
Concrete 
Block (AAC 
Block) 

 

36.82 % 

 

24.85 % 

 

37.44 % 

 

35.20 % 

 

37.44 % 
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CONCLUSION 
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CONCLUSION : 
 
 

The faster increase in global energy usage has developed some vital issues over supply 

problems, exhaustion of electricity assets and solar energy and heavy environmental 

impacts. About 40 % of the total energy in consumed by building. Therefore, energy 

consumption. Due to designing of energy-efficient and high-performance building 

equates that building performance and simulations tools are utilized. Energy is an 

important tool for the overall development and improvement of the quality of life. 

Energy Efficient Building means using less energy for doing the same amount or work. 

The meaning of energy efficiency is to reduce energy consumption, reduce 

greenhouse gases (carbon emission) and global warming and decrees the dependence 

of fossil fuel by taking the benefit of natural resources and minimizing the west of 

energy. 

 

1. As per out research we conclude that AAC Blocks required 10 % and 30 5 less energy 

that of Red Bricks and Concrete Blocks respectively. Hence AAC Block are the most 

efficient material to use for the construction. 

2. In the hotter cities AAC blocks serve as an energy efficient material as this saves a 

lot of energy required and fulfils the required cooling load. 

3. The cities where the average temperature is less than 30- degree Celsius red brick 

can also be used as an energy efficient building material as there is not much 

difference in the required cooling loads at that type of cities. 

4. Also, as AAC blocks are lighter in weight, it becomes efficient in transportation, 

labor work, etc. hence it saves energy as well money in comparison with the red 

brick and concrete brick. 

5. It also efficient in making high rise building as its self –weight is lower than red 

bricks and concrete bricks. 

6. AAC is aslo an eco-friendly material as it is made from the fly ash. 
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CHAPTER 8 

FUTURE SCOPE OF WORK 
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FUTURE SCOPE OF WORK 
 
 

 

1. The Present study is limited, as the use of three materials i.e. Red Brick, 

Concrete Brick and Autoclaved Aerated Concrete but these materials can be 

replaced by any other materials or materials can be added in it. 

2. In present study only the use of AutoCAD and Autodesk Revit has been 

made but other software’s like Green Building Studio can also be used for 

analysis. 

3. In the present study analysis of only peek cooling load has been done but 

other parameters like peek heating load can also be analyzed. 

4. In the present study we have considered only one direction, i.e., west facing 

entrance but other direction can be taken into considerations also the 

arrangement of rooms can be changed for future analysis. 
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INTRODUCTION 

 

 

1.1 General introduction 

 
Dairy cattle are believed to have been first domesticated some 6000-10000 years ago, 

and are recorded in early documents and artefacts in India, Babylonia, Egypt and Old 

Testament Palestine Robinson (1996). The consumption of animal milk is a by-product of 

animal domestication, which occurred about 10.000 years ago. Milk and dairy foods are 

nutrient-dense foods supplying energy and significant amounts of protein and micronutrients. 

The inclusion of dairy products adds diversity to plant-based diets. The primary role of milk 

is to nourish the infants of a species. The biological value of milk proteins is very high and 

when supplemented with cereals. the biological value gets enhanced. This enhancement of the 

biological value is known as the "supplementary value of milk proteins. Milk lipids exist in 

milk as fat in water emulsion in the shape of globules which are stabilized by a membrane 

primarily of lipoprotein complex. Milk lipids provide the necessary calories for the 

maintenance and growth of mammalian off-springs (Muchlhoff et al. 2013). Milk was known 

as a food of high value-but was also recognised as being highly perishable. Therefore its 

transformation into products of somewhat greater keeping quality, such as cheese, butter and 

curds has been known and practised for many centuries (Robinson, 1996). 

According to Prevention of Food Adulteration (PFA) rules (1983). paneer means a 

product obtained from cow's or buffalo's milk or a combination thereof by precipitation with 

sour milk, lactic acid, or citric acid. It shall not contain more than 70% moisture and the fat 

content shall not be less than 50% of the dry matter. Good quality paneer is characterized by 

a typical acidic flavor with slightly sweet taste. a firm cohesive and spongy body, and a 

closely-knit, smooth texture (Sachdeva and Singh, 1995). 

Paneer is a South Asian variety of soft cheese obtained by acid and heat coagulation 

of milk. It is a non-fermentative, non-renneted, non-melting and unripened type of cheese. 

Paneer is popular throughout South Asia, used in raw form or in preparation of several 
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varieties of culinary dishes and snacks. The production of paneer is now spreading throughout 

the world. The ability of paneer to be deep fried is one feature that has led to its wider 

acceptance and a favorite for making snacks, pakoras or fried paneer chunks. Paneer is a rich 

source of animal protein available at a comparatively lower cost and forms an important 

source of animal protein for vegetarians. Overs and above as high protein content and 

digestibility, the biological value of protein in paneer is in the range of 80 to 86 (Khan and 

Pal. 2011). 

1.2 Statement of the problem with justification 

 
Paneer is a high nutrient diet containing a good amount of fat and protein. Because of 

high protein and fat content and easy availability of the raw material Le: milk; paneer 

production can be done as an alternative to the meat protein. It is also becoming a great animal 

protein supplement for vegetarians. This study aims to highlight the nutritional richness and 

the convenience in making such nutritionally rich food. 

Paneer can be made in a diverse way with different modifications. It can be made with 

different coagulating agents, at a suitable heating temperature range. The fat content and 

heating temperature employed in the preparation of the product directly affects the product 

quality. On one hand, low fat milk may not meet the required standard and on the other, the 

heating temperature has a direct role in the textural property of the product. The variation in 

fat content and heating temperature affects the color and appearance, flavor, and body and 

texture of the final product. 

As the traditional method of paneer preparation technology has been commercialized 

these days, there is the need of product modification. This can be achieved by monitoring the 

influencing factors that may affect the final quality of product; such as by making control over 

the temperature during heating, fat content of milk used, type and concentration of coagulating 

agent etc. This study was a part of an effort on the improvement of the existing traditional 

methodology which use none of the aforementioned subjects to get a perfect product. The 

main problem related to this study is to get the optimized parameters regarding fat content and 

heating temperature. Similarly, it is to compare the yield of paneer with respect to the heating 

temperature and milk fat varied. 
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1.3 Objectives 

 
1.3.1 General objectives: 

 
The general objective of this work is to study the effect of for comment and being temperature 

of milk in the sensory quality and yield of paneer. 

 

 

1.3.2 Specific objectives 

 
a) To carry out physico-chemical analysis of milk 

b) To prepare paneer by employing different heating temperatures and with different fat 

content and compare the yield. 

c) To study the effect of fat and heating temperature in the sensory quality of paneer 

d) To carry out the physicochemical analysis of the final product. 
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1.4 Significance of the study 

 
In the traditional and household practice, paneer is prepared by adding lemon juice to 

boiling milk to coagulate it which results inferior product quality. The control over the process 

is not done which yields variation in the quality of product. This study and its results will 

directly help the people to understand the effect of fat content of raw milk and the heating 

temperature employed in making of the product. Also, the standardization, and optimization 

of their existing process in preparation of the product can be achieved. 

1.5 Limitations of the study 

 
i. Microbiological analysis of milk and product was not done. 

ii. Shelf life of the product was not studied. 
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Part II 

LITERATURE REVIEW 

 

2.1 History of dairy development 

 
Organized dairy development activities in Nepal began in 1952 wat die aatishisent of 

Yak cheese factory in Langtang of Rasuwa district under loud and Agriculture Organization 

(AO) assistance in 1953 In 1954, a Dairy Development Section was established under the 

Department of Agriculture (DoA) and also small-scale milk processing plant was started in 

Tusal, a village of Kavre diarict In 1955, Dairy Development Commission was formed 

The First Five Year Plan (1956-61) stressed on the need to develop a modern dairy 

industry. Accordingly, in 1956, a Central Dairy Plant, with an average milk processing 

capacity of 500 L/h was established in Lainchaur, with the financial assistance from New 

Zealand and technical assistance from FAO. Around the same time, a second mini milk 

processing plant was established at Khuripati, in Bhaktapur district. The plan started 

processing of milk and marketing activities from 1958. History of dairy cooperatives dates 

back to the First Five Year Plan (1956-61) when the dairy cooperatives were formed in Tusal 

Village of Kavre district. 

In earlier days when there were no organized dairies, demand for milk was fulfilled by 

raising cows/buffaloes by the people themselves or through the direct supply from the 

professional milk producers. These producers used to go house by house and deliver the 

required quantity of milk to the households (FAO, 2010) 

2.2 Socio-economic impacts 

 
Dairy farming is an integral part of rural livelihood which shows the concept of 

cooperative approach for gaining common goal of farmers. Dairy cooperatives have made the 

farmers to unite in a group, which has made them more social. Dairy cooperative is a common 

venue where farmers meet in the morning and evening daily during milk delivery so regular 
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meeting have provided them opportunity for mutual harmony and sharing their socio- 

economic impact. Dairy cooperative makes society organized, harmonized and helpful. Dairy 

cooperative helps to create awareness in health, sanitation, and education to the farmers. The 

income from the milk and livestock farming has made them culturally changed such as with 

good housing hygienic toilet, bio-plant, television and elocation Livestock farming specially 

dairying is backbone of income for the sillagers. Animal and animal by-products keep 

economic value such as animal sale, milk cash, fertilizer, draught and biogas and broadly 

speaking, it has socio-economic importance (Chaudhary and Upadhyaya, 2013). 

2.3 Milk 

 
The primary role of milk is to nourish the infants of a species. The consumption of 

animal milk is a by-product of animal domestication, which occurred about 10,000 years ago 

Milk and dairy foods are nutrient-dense foods supplying energy and significant amounts of 

protein and micronutrients. The inclusion of dairy products adds diversity to plant-based diets 

(Weaver et al., 2013). Milk contains many different components like water. fat. protein, 

lactose and ash. The most important component is butterfat, which gives milk its special 

creamy taste and color. Milk can be regarded as a complete food, containing protein, fat, 

lactose, vitamins and minerals, together with natural enzymes and those derived from 

microorganisms within the milk. It has a high nutritional value, but is an excellent medium 

for microbial growth. Milk is extremely variable in its composition. There are variations 

between individual cows in a breed, between breeds and between seasons, Variations between 

species are also very considerable (Lewis, 1994). 

2.3.1 Physicochemical aspect of milk 

 
The principal constituents of milk are water, fat, proteins, lactose (milk sugar) and 

minerals (salts). Milk also contains trace amounts of other substances such as pigments, 

enzymes. vitamins, phospholipids (substances with fatlike properties), and gases. The residue 

left when water and gases are removed is called the dry matter (DM) or total solids content of 

the milk (Bylund. 1995a). 
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The composition of milk of different species is tabulated in the Table 2.1. 

 
Table 2.1 Proximate composition of milk of different species 

 
Animal Moisture% Protein% Fat% Lactose% Ash% 

Human 87.4-88.5 1.2-1.3 2.1-4.0 6.8-7.0 0.2 

Cow 86.6-87.5 3-4 3.4-6.4 4.4-5.6 0.7-0.8 

Buffalo 82.9-84.2 2.7-4.7 5.3-15 3.2-4.9 0.7-0.9 

Goat 85.5-86.5 3-5.2 3-7.2 3.2-4.7 0.7-0.9 

Sheep 82.7 5.5-5.8 6.4-7.9 4.5-4.7 0.8-0.92 

Horse 87.6 2.2 1.7 6.2 0.5 

Camel 87.7 3.5 3.4 4.7 0.71 

source: Robinson (1996) 

 
According to (Gantner et al., 2015), the fat content, protein content, lactose content 

and ash content of buffalo milk was found to be 5.3-15%, 2.7-4.7% 3.2-4.9% and 0,8-0.9%. 

2.3.2 Pasteurization of milk 

 
Pasteurized beverage milk must be safe for the consumer and have a shelf life of a 

week or longer when kept refrigerated. Flavor, nutritive value, and other properties should 

deviate only slightly from those of fresh raw milk Milk is heated for a variety of reasons. The 

main reasons are: to remove pathogenic organisms, to increase shelf-life up to a period of six 

months; to help subsequent processing, eg fore-warming before separation and 

homogenization; or as an essential treatment before cheese making, yoghurt manufacture and 

the production of evaporated and dried milk. When milk is heated, many changes take place; 

these changes that may lead to protein coagulation are as follows: 

 decrease in pH 

 precipitation of calcium phosphate 

 denaturation of whey proteins and interaction with casein 

 Maillard browning 
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 modification of casein dephosphorylation, hydrolysis of K-casein and general 

hydrolysis 

 changes in micellar structure: zeta potential, hydration changes, association- 

dissociation. 

The casein fraction of milk is very heat stable, whereas the whey protein fraction is 

heat labile and almost completely denatured at 100°C. The denatured whey protein complexes 

with the casein and does not usually precipitate. But when cheese whey is heated, the proteins 

start to denature, coagulate and precipitate between 75 and 80°C. This illustrates the protective 

effect of casein towards coagulation (Lewis, 1994). 

Pasteurization means heating every particle of the milk or milk product to a specific 

temperature for a specified period of time (63°C for 30 min). This destroys bacteria and other 

micro-organisms that may affect consumers' health. It makes the milk safe and healthy, and 

also improves the keeping quality, so that milk and milk products can be stored for longer 

periods without being spoilt. Pasteurization ensures the safety and greatly enhances the shelf 

life of the product. A mild heat treatment, e.g.. 15 s at 72°C. kills all pathogens that may be 

present (especially Mycobacterium tuberculosis, Salmonella spp. enteropathogenic E. coli,  

Campylobacter jejuni, and Listeria monocytogenes) to such an extent that no health hazard is 

left. Some cells of some strains of Staphylococcus aureus can survive the heat treatment, but 

they do not grow to the extent as to form hazardous amounts of toxins. Such pasteurization 

inactivates alkaline phosphatase to the extent as to be no longer detectable (the enzyme may, 

however, regenerate slightly after keeping the product for some days, but this is especially 

true of pasteurized cream). Most of the spoilage microorganisms in raw milk, such as 

coliforms, mesophilic lactic acid bacteria. and psychrotrophs, are also killed by low 

pasteurization. Among those not killed are heat- resistant micrococci (Microbacterium spp.). 

some thermophilic streptococci, and bacterial spores. But these microorganisms do not grow 

too quickly in milk, except Bacillus cereus. The latter organism is pathogenic if present in 

large numbers. Among the undesirable enzymic decompositions. lipolysis (as caused by the 

natural milk lipoprotein lipase) is of special importance. Homogenized milk is highly 

susceptible to lipolysis because of its readily accessible substrate, therefore, it should be rather 

intensely heated (e.g., 20 s at 75°C) to reduce its lipase activity to 10 or 10. Plasmin is not 
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inactivated by pasteurization but the keeping time of pasteurized beverage milk generally is 

too short to cause problems (Walstra er af. 2006). 

2.4 Composition and types of milk protein 

 
Proteins are giant molecules built up of smaller units called amino acids. A protein 

molecule consists of one or more interlinked chains of amino acids, where the amino acids are 

arranged in a specific order. About 95% of the nitrogen in milk is in the form of protein Casein 

is the main milk protein being" of the total, remainder of which are the serum proteins and 

other minor protein in traces. Carbon. Hydrogen, Nitrogen, Oxygen, Sulphur, and phosphorus 

are the elements present in protein (Walstra et al. 20066) 

2.4.1 Casein 

 
Casein is defined as the protein precipitating from milk near pH 4.6. It thus is not 

soluble at its isoelectric pH. Casein is not a globular protein, it associates extensively and is 

present in milk in large aggregates, the casein micelles, which also contain the colloidal 

calcium phosphate (CCP). On acidification, the CCP dissolves. Casein does not show 

denaturation However, heating at temperatures above approximately 120°C causes the casein 

to slowly become insoluble due to chemical changes. Caseins are hydrophobic; they have a 

fairly high charge, many prolines, and few cysteine residues. Casein molecules cannot or can 

hardly be denatured, because they have little secondary and tertiary structure. Several different 

caseins occur in milk, but their separation is not easy. Reactions that cause their precipitation 

from milk (acidification, renneting, and centrifugation after adding calcium) all yield a more 

or less complete mixture of caseins. Casein is a dominant protein found in milk. The casein 

easily forms polymers containing several identical or different fractions of molecules. The 

different fractions are differing in composition. solubility, and rennet coagulation. Casein is 

the macromolecule in the form of micelles and each micelle composed of about 1000 casein 

micelle. Casein exists in colloidal form comprising as-, B. k- caseins along with a divalent ion 

to form a stable micelle (Waugh. 1961). With the discovery of k-casein as the stabilizing 

agent, reaction steps involved in the rennet action on casein resulting in clotting of milk has 

now been understood clearly (Walstra et al., 2006b). 
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2.4.2 Serum proteins 

 
Serum proteins are present in a dissolved forms in the serum. They are often called 

whey proteins, although they are not precisely identical to the proteins of rennet whey, which 

abo contains the peptides spla off from casein. The immunoglobulins in mit var widely in 

concentration and composition (colostrum has a high immerglobin content) Most serum 

proteins (except proteose peptone) are globular proteins; they have relatively high 

hydrophobicity and compactly folded peptide chains (Waltra et al. 2006) 

2.4.3 Minor proteins. 

 
Amongst the minor proteins present in milk, milk enzymes play a vital role in 

assessing milk quality and shelf life. Milk being a repository of several enzymes, it is a popular 

starting material for the isolation and purification of certain enzymes. Alkaline phosphatase, 

xanthin oxidase, lipase, lysozyme, robinuclease, acid phosphatase, protese catalase, 

peroxidase, and lactosesynthetase are some enzymes present in milk. The membrane of the 

fat globule contains several of these, including various glycoproteins. Most of the many 

enzyme proteins present in milk are also located in the fat globule membrane. All membrane 

proteins also occur in the plasma, although in very small concentrations (Walstra et al. 2006b). 

2.5 Precipitation of casein 

 
Generally, casein is precipitated by the following methods. 

 
2.5.1 Acid coagulation of casein 

 
The pH value of normal milk often ranges from 6.6 to 6.7. When acid is added, the pil 

is reduced and at pH 4.6, i.e. isoelectric point will be obtained in which casein will be 

precipitated. At acid coagulation of milk, casein micelle properties are altered by a lowered 

milk pH. This causes CCP to dissociate from the micelles and the negative charges in the 

casein micelles are neutralized, with aggregation occuring as the isoelectric point of the casein 

micelle (pH 4.6) is approached. A porous network of loosely linked aggregates is formed. The 

acidification method of milk can be done by using bacterial cultures, which ferment lactose 

to lactic acid. direct addition of acids, such as HCI, or the utilization of glucono-8-lactone 
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(GDL), which is hydrolyzed to gluconic acid, resulting in a reduction in pH. At normal milk 

pH, most proteins have a net negative charge value causing king- range electrostatic repulsion 

and shon-range hydration repulsion between protein molecules, which stabilizes casein 

micelles. At low pit, the net negative charge on the casein micelles is lowered because of the 

decrease in ph. The acidification from plts to 4.6 induces the disassociation of the calcium 

complexes by the phosphoserines, whereas the previous pH region (pH 6.6 to 5) induces 

mainly the solubilization of the calcium phosphate (Phadungath, 2005). 

2.5.2 Enzymatic precipitation of casein 

 
The dynamic stability of micelle is due to x-casein but it is most susceptible to 

enzymes. It responses positive to enzymes. When enzyme like renin and pepsin are added in 

milk. precipitation of casein takes place with the formation of p-casein. The reaction is as 

follows. 

para-k-caseinate + Glycomacropeptide 

 
K-casein of micelle       rennet Hydrophobic Hydrophilic 

(insoluble in water) (soluble in water) 

 
In the above reaction, para-x-caseinate remains in micelle with us and ẞ casein. Being 

insoluble, it causes precipitation of casein which is known as enzymatic precipitation of 

casein. The soluble glycomacropeptide part which is soluble is drawn with whey during the 

precipitation especially on cheese manufacturing (Acharya, 2006). 

2.5.3 Heat precipitation of casein 

 
Pure casein is not precipitated by heat, but in fresh milk prolonged heating at high 

temperatures 100°C for 12 or more hrs or 120°C under pressure will cause the precipitation 

of casein. On boiling fresh milk, a thin layer of finely precipitated casein, together with other 

milk constituents including fat, forms a thin layer over the surface of the milk. The application 

of heat to milk that is slightly acidic will cause the precipitation of casein. When milk is heated 

at 130°C for several hours hydrogen bond ruptures and B-dimensional structure of casein 
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disruption causes ultimately the protein denaturation and finally precipitation occurs. The 

cooked curd cascin is less soluble and contain more ash than the her caseins (Acharya, 2006). 

2.5.4 Alcoholic precipitation of casein 

 
When the fresh milk is acted upon by microorganisms and the plt value is lowered 

than 6.6, due to the formation of lactic acid, at this condition, if we add alcohol the 

precipitation will take place. It is called alcoholic precipitation of casein 

The principle of alcoholic precipitation is the dehydration of adsorbed layer of micelle 

and exposure of K-casein and ultimately action of developed acidity due to microbial 

contamination upon the milk. Hence alcoholic precipitation of milk will be only possible if 

the milk is contaminated by microbes and acidity is developed. This method is used to quick 

check the freshness of milk. If the milk is immediately precipitated out on adding alcohol, it 

is not fresh and vice versa (Acharya, 2006). 

2.6 Factors influencing coagulation of milk 

 
Coagulation of milk is a complex process, influenced by many different factors. The most 

obvious are pH, calcium content and temperature. Decreasing the pll and increasing the 

temperature will decrease the coagulation time. Regarding calcium, the coagulation reaction 

is favored both by increased levels of bound colloidal calcium phosphate (CCP) and free 

calcium ions. Adding calcium to the milk will increase these levels in addition to lowering 

pH. Many factors are intertwined and the milk protein fraction, which has 19 different effects 

on the coagulation properties. Milk from cows with mastitis is associated with a high pH and 

low levels of casein (Hallén, 2008). 

2.7 Whey 

 
Whey, the liquid residue of cheese and casein production, is one of the biggest 

reservoirs of food protein still remaining largely outside human consumption channels. Whey 

comprises 80-90% of the total volume of milk entering the process and contains about 50% 

of the nutrients in the original milk: soluble protein, lactose. vitamins and minerals. Whey as 

a by-product from the manufacture of hard, semi-hard or soft cheese and rennet casein is 
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known as sweet whey and has a pH of 5.9-6.6. Manufacture of mineral-acid precipitated casein 

yields acid whey with a pH of 4.3 4.6. Liquid whey consists approximately 93% of water and 

contains almost 50% of total solids present in milk of which lactose is the main constituent 

while protein represents less than 1% of total solids. Whey must be processed as soon as 

possible atter collection, as its temperature and composition promote the growth of bacteria. 

Otherwise the whey should be quickly cooled down to about 5°C to temporarily stop the 

bacterial growth (Bylund, 1995b). 

2.8 Historical background of paneer 

 
Paneer is the Hindu name of the seeds of Whitania Coagulans, a vegetable rennet that 

produces a bitter curd. In past times, ancient Indians already produced curdled milk products 

obtained by admixture of pieces of creeper called Putika or pieces of bark of Palasa tree or 

Kuyala (Jujuke) to the milk. However, the curdled milk product, Paneer, appears to have been 

introduced in the subcontinent from the Middle East. One of the anique Iranian nomadic 

cheeses is called paneer khiki. It was originally developed by the well-known Bakhtiari tribe 

that used to stay in Isfahan (in summer) and in Shiraz (in winter). When salted, this cheese is 

known as paneer-e-shour. The word paneer means container and khiki means skin. Rennet 

from goat or sheep was used for its production. It may be assumed that paneer was introduced 

in India by Persian and Afghan invaders. It is perhaps for this reason that Paneer making 

practice is confined to the North-west frontier regions of the sub-continent (Nembang and 

Aneja. 1990). 

It is believed that the nomads of south west Asia were the first to develop several 

distinctive heat and acid coagulated varieties of cheese. The people of Kusana and Saka 

Satavahana periods (AD 75-300) used to consume the solid mass prepared from mixture of 

warm milk and curd, which resembles paneer. Paneer Khiki is one of the unique Iranian 

nomadic cheese developed by Bakhtiari tribe of Iran; when salted it is known as paneer-e- 

shour. The literal meaning of word paneer (Persian) is container and that of "khiki' is skin. 

Paneer is the Persian word for cheese. Paneer is also the Hindi name of Withania coagulans, 

a vegetable rennet that yields bitter curd. The nomads of Afghanistan developed two distinct 

varieties of white paneer viz., paneer-e-kham from raw milk and paneer-e- pokhta from boiled 
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milk. Sour milk. pieces of a creeper called putika, bark of palasa tree or Kuyala (jujuka) might 

have been used for the coagulation of milk. Paneer was probably first introduced into India 

by Persian and Afghan invaders. This could be the reason for its wide popularity in the North 

Western parts of India and Southern regions of Jammu and Kashmir. However, it was only 

during the last five decades that paneer has spread to other parts of India probably due to wide 

spread migration of people from one region to another (Khan and Pal, 2011). 

Traditionally, buffalo milk is boiled in a suitable iron vessel and a small portion of this 

is then transferred to a smaller vessel The coagulama (usually sour whey) is added to the bot 

milk and stirred with a ladle till coagulation is completed. The contents of the vessels are 

emptied over a piece of coarse cloth to drain off whey) held over another bigger vessel (to 

collect whey). The whole process is repeated several times till all the milk is converted into 

paneer (Raseral 1991). 

2.9 Heat treatment of milk 

 
During the heat treatment, milk behaves as a complex reaction system where many 

physical chemical and biochemical reactions take place. The heat induced reactions in bulk of 

milk can be subdivided into five categories; destruction of microorganisms. inactivation of 

enzymes, denaturation of proteins, loss of nutrients and formation of new components (Britz, 

2008). 

2.9.1 Heat stability of milk 

 
Heat treatment is applied in many dairy processes either to enhance desirable 

properties of the products such as texture and taste, or to ensure its safety and shelf-life, Heat- 

treated milk proteins have interesting functional properties that are widely applied in food, 

cosmetics or pharmacy. The formation of complexes between whey proteins and K-casein 

during heat treatment of milk dramatically affects the protein organization in both the colloidal 

casein and the serum phases of milk and consequently, its technological applications (Donato 

and Guyomare. 2009). 

The problems of regulating heat stability (that is the relative resistance of milk to 

coagulation upon sterilization) appeared over a century ago in the manufacture of evaporated 
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(condensed) milk. The heat stability of milk refers to the ability of milk to withstand high 

processing temperatures without visible coagulation or gelation. The ability of milk to 

withstand high-temperature treatments without loss of its stability is fairly unique and makes 

the production possible of many sterilized milk products with a long shelf life. These products 

include UHT milks and creams, in-can sterilized milks. evaporated milk, sweetened 

condensed milk and milk powders, especially those intended for reconstitution and 

recombination into sterilized products (heat-stable powders). Concentrated milks are 

considerably less heat stable than non-concentrated milks. 

The optimum heat stability is dependent on a certain balanced ratio of calcnim plas 

magnesium ions to phosphate plus citrate ions. Any disturbance in the salt balance, due to the 

excess or deficiency of either group accelerates the heat coagulation. Practical solutions to the 

heat stability problems include the following: 

 manipulation of preheat treatments 

 matching the natural pH of milk to that of the heat stability maximum 

 addition of different levels of phosphate 

 addition of buttermilk and phospholipids at appropriate levels 

 combination of the above treatments (Singh. H 2004) 

 
2.9.2 Factors affecting heat stability of milk 

 
The higher the acidity and low pH means lower the heat stability and vice versa. 

Addition of acid to milk, either by bacterial action or chemical means, results in an increase 

of ionic calcium, which in turn disturbs the salt balance and lowers the heat stability. The 

higher the total solids, the lower will be the heat stability and vice versa. The temperature- 

time and method of pre-heating/fore-warming milk affects the heat stability of milk. 

Homogenization of milk tends to slightly lower the heat stability which is affected by the 

pressure used; the greater the homogenization pressure, the greater will be the reduction in 

heat stability. The increase in the concentration of ratio of calcium plus magnesium ions to 

phosphate plus citrate ions disturbs the salt balance resulting in lowering of heat stability. 

Table 2.2 shows the changes in milk during heating and its impact on heat stability. 
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Table 2.2 Changes in milk during heating and their possible impact on heat stability 
 

Changes that promote instability Changes that enhance stability 

 Decrease in pH  Reduction in calcium ion activity 

 Deposition of calcium phosphate onto 

micelles 

 Association of whey proteins with 

casein micelles 

 Association of whey proteins with 

casein micelles 

 Reduced sensitivity of casein to 

calcium ions 

 Dephosphorylation of casein  Thermal degradation products of 

lactone 

 Dissociation and hydrolysis of 

caseins, in particular k-casein 

 

 Reduction in zeta potential and 

hydration 

 

 Covalent bond formation  

Source: Singh (2004) 

 
2.10 Factors affecting the quality of paneer 

 
2.10.1 Type of milk 

 
Acidic milk having titrable acidity of 0.20 to 0.23% yields a product with inferior 

quality. Homogenization of cow milk is recommended to bring about improvement in the 

yield and organoleptic score of paneer. For making good quality paneer, buffalo milk is 

considered. more suitable than cow milk (Sachdeva et al, 1985). 

Animal udder infection (mastitis) results in higher pH values for fresh milk whereas 

lower values show bacterial action. The bacterial action disturbs salt balance ie., causes 

progressive removal of calcium and phosphates from caseinate phosphate micelle due to 

which coagulation is faster simply on heating or on addition of small amount of coagulant 

which directly affects the quality of the final product (Acharya and Katwal, 2002). 
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2.10.2 Acidity of milk 

 
Milk having acidity within the range of 0.14-0.16% should be accepted for paneer 

manufacture. As a result of bacterial action on milk lactose there is increase in acidity in milk 

(Acharya and Katwal, 2002). 

2.10.3 pH of milk 

 
Variation in the pH of coagulation has a significant effect on the body and texture, 

flavour. quality and yield of paneer. According to (Sachdeva and Singh, 1988a), with the fall 

in pH (5.5-5.0), the moisture retention and yield of paneer decreased. However, at coagulation 

pH of 5.0: the moisture, TS recovery and yield were lower. The moisture content and yield of 

paneer increased from 50 to 58,6% and from 20.8 to 24.8% respectively, when coagulation 

pH increased from 5.1 to 5.4. Sensory quality was best at pl4 5.3-5.35 which is recommended 

for paneer making from buffalo milk. 

2.10.4 Coagulant 

 
Among citric acid, ascorbic acid, tartaric acid and lactic acid for the preparation of 

paneer using buffalo milk, ascorbic acid is the best coagulant for providing best texture 

properties as well as chemical and organolaptic test (Karadbhajne and Bhoyarkar, 2010). 

2.10.5 Concentration of coagulant 

 
The concentration of coagulant has a profound effect on the body and texture of 

paneer. Low acid strength results in soft body and smooth texture, while high acid strength 

results in hard body. The amount of coagulant required for coagulation of milk depends upon 

the type of milk, buffering capacity of milk, type of coagulant and the coagulation temperature 

employed (Khan and Pal, 2011). The total solid loss in whey increases as there is an increase 

in concentration of coagulants. (Sachdeva and Singh, 1988b) reported that loss of total solid 

in whey was 5.8%, 6.4% and 6.8% on coagulating milk with 1,2 and 3% citric acid 

respectively. 
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The sensory score were maximum for paneer made with each coagulant of 1% solution 

and decreased with increase in concentration; stronger solutions resulted in paneer with 

slightly acidic taste and harder body. Solutions lower than 1% concentration would increase 

the bulk of the contents posing problems in handling (Sachdeva and Singh, 1988b). The yield 

of paneer obtained from 1% citric acid was highest (14.2%) than other coagulant 

concentrations. The sensory evaluation results indicated that the product prepared from citric, 

tartaric and lactic acids at 1% each could be considered the best product (Karadbhajne and 

Bhoyarkar. 2010). The percent yield obtained from 1% citric acid was 14.2%, which is higher 

than 2% and 3% solution whereas in case of tartaric acid and lactic acid, 2% solution was 

optimized (Acharya and Katwal. 2002). 

2.10.6 Coagulation temperature 

 
The optimum temperature of coagulation differs for different types of milk and their 

composition, including fat. Coagulation temperature influences moisture retention in paneer 

An increase in temperature of coagulation from 60°C to 90°C decreased the moisture content 

of paneer from 59% to 49%. Paneer obtained by coagulating milk at 70°C had the best 

organoleptic quality and had desired frying quality namely integrity/shape retention and 

softness (Sachdeva and Singh, 1988a). A coagulation temperature of 70°C has been 

recommended for paneer making from buffalo milk (Bhattacharya et al., 1971a). 

Temperatures higher than this resulted in dry and hard paneer while lower temperature yielded 

product having very moist surface (Sachdeva and Singh, 1988a). 

2.11 Yield of paneer 

 
The yield of paneer is dictated by the composition of milk used (type of milk. 

standardization for fat or fat and SNF), heat treatment given to milk, type and strength of 

coagulant. losses incurred after coagulation (based on pll and temperature of coagulation) and 

moisture content of resultant paneer after pressing. Since the milk solids in paneer constitutes 

mainly fat, protein. lactose and minerals, it is desired that the maximum recovery of individual 

components would maximize the yield and recovery of total milk solids in paneer (Sachdeva 

and Singh, 1988a). 
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Sharma et al. (2002) reported that the composition of milk, which changes with the 

seasons of the year, had profound effect on the yield of paneer. Milk obtained during winter 

season gave highest yield (15.5%) while rainy season led to least yield (14.79%). They 

recommended adequate heat treatment to milk so as to have desired protein denaturation was 

necessary to enhance the yield of paneer. Co-precipitation of casein and whey protein through 

acidification in presence of calcium chloride (0.15%) led to enhanced yield of paneer (Singh, 

S. and Kanawjia, 1988). The yield of paneer from buffalo milk decreased with an increase in 

coagulation temperature while for cow milk it increased. Homogenization increased the yield 

of paneer significantly (Sachdeva and Singh, 1988a). 

2.11.1 Role of heating and fat content in the yield 

 
The yield of paneer was dependent on the fat and content of the mill start protein 

recovered in paneer and its moisture contest More amour of fat in low higher retention of total 

solids in the curd after coagulation which, uhuatly improves the yield of the product. A yield 

of around 21-23% for panoor contaming 31:54% mending can be obtained from buffalo milk 

while yield from cow milk is a 17-18% (an and Pal, 2011). 

Heating causes denaturation of whey proteins which is an irreversible process and the 

whey proteins get associated with casein micelles. Whey proteins are the best sensitive. 

globular, water soluble proteins and enzymes. The degree of dentured whey proteins depends 

on the time-temperature combination during the heating and is mainly determined by the 

maximum temperature to which milk is heated. During the process of licitacid coagulation, 

calcium and phosphate are transferred from the solution to the colloidal state These reactions 

are irreversible. The mineral balance also changes on heating Calcium and phosphate become 

more insoluble and bind to the casein-micellar structure. The constituents of fat globule 

membrane particularly phospholipids influence the recovery of fat (Akkerman, 2014). Low 

recovery of milk solids and fat is due to the less number of fat globules in milk which could 

not trap the sufficient amount of milk protein through their association with the fat-globule 

membrane. Also, during cooling, the rate of cooling had the most prominent effect on the 

recovery of total milk solids in paneer than the rate of heating. Faster the rate of cooling, the 

overall recovery of milk solids was higher as compared to heating. In case of lactose recovery 
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only, faster heating rate was found to be better. By decreasing the combined effect of heating 

and cooling rates, increased in the recovery of total milk solids (fat, protein, lactose and 

minerals) was observed (Sahu and Das, 2010). 

2.12 Preservation of paneer 

 
2.12.1 Low temperature storage 

 
A report suggested that the storage of paneer at subzero temperature, i.e., -13°C and - 

32°C for 120 days did not affect its flavor and appearance, and the product was acceptable 

even up to 120 days after frying. Further, the paneer made from 4, 5, and 6% fat milk could 

be stored for not more than six days at 10°C, and for 120 days at -13°C and 32°C. A dec in 

moisture content and increase in non-protein nitrogen (NN) was observed. In the decrease in 

moisture content was more for the samples stored in -13°C, while the increase in NPN was 

observed to be more for the product stored at-12C, Storage at toC for 6 days revealed no 

appreciable physico-chemical changes up to 6 days, but putrid navor developed on the 7 day 

(Arora and Gupta. 1980) 

Frozen paneer had a shelf life of up to 8 days but surface drying was observed 

However, the sensory qualities of frozen paneer at 9°C or -15°C were found to be almost. 

comparable (Vishweshwarajah, 1987). 

2.12.2 Dehydration and deep freezing 

 
Vishweshwaraiah (1987) studied the effect of dehydration or freezing on the shelf life 

of paneer. Fresh paneer had an average composition of 55% moisture and 45% total solids 

(TS). It was (1) cut into cubes and hot air-dried at 75°C for up to 4 h; (ii) extruded to increase 

surface area, then dried for up to 2 h; or (ii) frozen at -9°C or -15°C. After 4 hr drying, it (1) 

had a moisture content of 15-18%; (ii) extruded paneer retained less moisture (5-9%) and 

drying was comparatively faster (2). Although extruded paneer had a shelf life of up to 2 

months versus three days for fresh product, the rehydration characteristics were poor and 

lacked cohesive properties. 
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2.12.3 Heat Sterilization 

 
Thermal sterilization of paneer at 15 psi for 15 min in tin cans kept the product well 

over a period of 50 days at room temperature but slight browning and cooked flavor affected 

the organoleptic quality significantly. Paneer cubes fried prior to sterilization, however, got 

spoiled earlier due to the development of pronounced oxidized flavor after 40 days of storage 

(Sachdeva, 1983). Rao et al. (1984) developed a method that extended the shelf life of paneer 

for up to three months at 35°C. The process involved concentration of standardized milk (2% 

fat, 9.2% Milk Solids-not-Fat (SNF)) to 27% total solids by ultrafiltration, followed by 

texturization at 118°C for 5 min, which also inactivated the microbial spores and yielded a 

long shelf life of product. The resultant product had a greater proportion of whey protein 

bound to the casein network than in traditional paneer. Total solids recovery was 95%, and 

overall acceptabilny score on the 4-poins Hedonis scale) was RS. 

2.12.4 Use of preservatives 

 
2.12.4.1 Brine 

 
Shelf life of six days at room temperature was obtained when raw paneer was dipped 

in 18% salt solution for 30 min. Singh et al. (1988) claimed that the shelf life of paneer could 

be extended up to 16 days by dipping in brine (5%) and storing at refrigeration temperature, 

but the continuous dipping resulted in a very soft and fragile body and dull yellow appearance 

of the product toward the end of 10 days of storage period. 

Paneer dipped in 5% brine solution lasts for nearly 20 days as against control that is 

spoiled after 6 days of storage an 8-10°C (Narayanan et al., 2016). 

2.12.4.2 Sorbic acid, irradiation, and benzoic acid 

 
The experiments revealed that the shelf life of paneer could be extended up to 36 days 

a room temperature by adding sorbic acid to milk (0.15%) and subsequent wrapping of paneer 

in sorbic acid-coated butter paper. However, similar shelf life (36 days) of paneer was 

achieved at 5°C when the product was prepared by adding 0,05% sorbic acid to milk. The 

sorbic acid content in paneer varied from 0.15 to 0.3%. It was observed that treatment of 
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paneer with -sorbic acid and/or gamma radiation reduced the microbial load Combination 

treatment of 0.10% sorbic acid in milk and irradiation of the product at 2.5 kilo Gray (kGy) 

preserved paneer samples for 30 days at ambient temperature (25-35°C). The use of benzoic 

acid (1200 ppm 0.12%) for the enhancement of shelf life of paneer to 40 days at refrigerated 

temperature, and to 20 days at 37°C was studied (Singh et al., 1989). 

2.12.4.3 Potassium sorbate and nisin 

 
Incorporation of 0.1% potassium sorbate enhanced the shelf life of paneer from 6 days 

to 18 days when stored at 5°C. The keeping quality of paneer containing was extended by 

addition of 0.1% potassium sorbate by 13 days, 3-4 days, and I day at 7, 22, and 37°C 

respectively However, the keeping quality was further improved by adding non together with 

the potassium sorbate (Rao et al. 1991). 

2.13 Packaging of paneer 

 
Packaging means safely and cost-effectively delivering product to the consumers in 

accordance with the marketing strategy of the organization. The primary role of packaging is 

to protect the nutritional and sensory properties of milk and milk products from processing 

stage to the final consumption. Good packaging lowers product costs, reluces product 

wastage, helps consumers make purchase decisions, and protects against tampering and 

spoilage. Paneer is highly susceptible to chemical and microbial changes, and its packaging 

should protect against these changes, maintain quality and effective sales appeal, and add to 

consumer convenience. Above all, good packaging is essential to protect human health, and 

provide safety and comfort. It is observed that the technology for production of paneer is well 

known for over a long time, but its proper packaging needs attention. Various materials have 

been used for the packaging of paneer, they are: PE sachets, Butter paper. Parchment paper, 

Wax coated paper, Saran coated films. LLD/BA /Nylon-6/BA/LDPE ( polybinding agent), 

coextruded laminates, heat-induced shrink films (Goyal and Goyal, 2016). 

Use of saran-coated packaging films (saran is a polyvinylidene chloride which is a 

synthetic polymer having low permeability to a wide range of gases and vapors thus making 

it most valuable for use in food packaging) helped in enhancing the shelf life of paneer to a 
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great extent (Sachdeva and Singh. 1990b). Vacuum packaging of paneer in laminated pouches 

can help to increase its shelf life to about 30 days at 61°C (Narayanan et al., 2016). 

2.14 Storage of paneer 

 
2.14.1 Physico-chemical changes in paneer during storage 

 
2.14.1.1 Moisture 

 
The effect of storage at 10°C, -13°C, and -32°C on the moisture content of paneer was 

studied by (Arora and Gupta, 1980). The observations made in their experiments indicated 

that the initial moisture content of 53,20% in fresh paneer increased to $4.36 mil 5461% on 

the third and sixth day respectively when stored at 10°C, while at -13°C storage the moisture 

content was observed to be 54.89, 52.22, 50.25, and 57.22% on the 30, 60 and 120 day of 

storage respectively, but when the product was redhe moisture content decreased to $2.78, 

52.10, 51.91, and 49.07 on the 30, 60, 90, and 120 day of storage respectively. Ras et al (1984) 

observed reduction in moisture content of paneer when stored for six days at 5°C Pal (1998) 

observed that moisture content in fresh paneer prepared from standardized buffalo milk (1.5% 

(at) was 55.787%, which decreased to 54.85% on the 5° day, 53.74% on the 10" day, and 52 

36% on the 15 day of storage. 

2.14.1.2 pH value 

 
The pH of paneer (prepared from standardized buffalo milk with 5% fat) decreased 

from 6.60 to 5.80 on the sixth day of storage at 10°C (Bhattacharya et al, 1971b). Arora and 

Gupta (1980) reported that there was an increase in the pH value of paneer (6% fat) from 6.0 

to 6.02 and 6.03 on the third and sixth day of storage at 10°C, while at -13°C. pH was found 

to be 6.04, 5.99, 6.02, and 5.88 on the 30, 60, 90", and 120 day of storage respectively, and at 

-32°C storage the pH was 5.94, 6.00. 5.73, and 5.90 on the 30" 60". 90, and 120 day of storage 

respectively. The work of Pal (1998) indicated that the pl value of fresh paneer, i.e. 6.21, 

decreased during storage at 82°C to 6.04, 5.78, and 5.73 on the 5, 10, and 15 day respectively. 
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2.14.1.3 Titratable acidity (TA) 

 
Bhattacharya et al. (1971b) reported that the initial TA in terms of percentage of lactic 

acid (%LA) 0.15% in fresh paneer increased to 0.49% on the sixth day when stored at 10°C. 

Pal and Garg (1989) reported an increase from 0.192 to 0.328 in TA of paneer samples stored 

at 71°C for 11 days. 

2.14.1.4 Peroxide value (PV) 

 
Sindhu et al. (2000) reported that peroxides were absent in fresh paneer but appeared after 30 

days of storage at <10°C in buffalo milk paneer (0.4 meq/kg of fat) and cow milk paneer (0.34 

meq/kg of fat). 

2.14.2 Sensory property of paneer 

 
The data collected by hattacharya er al (1971) on the changes in organicy of paneer 

prepared from milk containing 5% fat and stored at 10 revealed that the rating of the flavor 

and texture score decreased from very good to go" and "fair respectively after three and 6 days 

of storage. However, slimy appearance at the top of paneer samples were observed after 6 

days of storage 

The textural profile analysis showed that all textural properties of refrigerated paneer 

(stored at 6 to 8°C), such as hardness, cohesiveness, springiness, gumminess, and chewiness, 

initially increased up to 15 days, and thereafter decreased appreciably 45 days of storage. 

Conversely, all textural properties of frozen samples (-28 to -30°C) decreased consistently 

throughout the storage period of 60 days. This may be due to the injury caused by the 

formation of ice-crystals and solidification of fat, which upon thawing disturb the casein 

matrix. Similar trends were observed in the case of gumminess and chewiness of paneer 

(Kanawjia and singh, 1996). 

Sachdeva and Singh (1990a) observed gradual deterioration in the flavor score during 

the storage of paneer dipped in plain water for 2 hrs packed in PE pouches. The product was 

rated unacceptable after 10 days due to the development of putrid odor, and an acidic and 

bitter taste. Slight decrease in the body and texture score was also noted due to the loss of 
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moisture, but when paneer was dipped in HO solution (0.2%), a moldy flavor developed after 

22 days of storage at 10°C, and the product was evaluated as unacceptable. 

Arora and Gupta (1980) observed that when paneer samples from milk containing 6% 

fat were stored at 10°C, the sensory scores were 98 and 95, each out of 100, respectively on 

the third and sixth day of storage. Storage of paneer at sub-zero temperature, i.e. at -13°C and 

-32°C for 120 days did not affect its flavor and appearance but the body and texture of the 

product deteriorated and became crumbly and fluffy. The initial sensory scores for 4, 5, and 

6% paneer were 95, 96, and 98 respectively, which decreased to 88, 88, and 90 at- 13°C, and 

89, 89, and 90 at -32°C respectively after 90 days of storage. It was observed that although 

the product was acceptable flavor-wise, its freshness was lost. The body and texture properties 

were significantly affected during storage. However, the appearance of the paneer was not 

affected significantly during storage. 

2.14.3 Microbiological changes in paneer during storage 

 
Sachdeva (1983) noted increase in the total counts as well as yes and mold CYAM) 

counts during storage of paneer up to 10 days at 5°C. The total counts of mesophilic bacteria. 

Y&M, and coliform increased during 15 days of storage of paper at Ca 1998). Singh et al 

(1989) reported reduction in mesophilic count initially at 5C in paneer but rapid increase was 

noted after four days in unwrapped samples, and after six days in wrapped sorbic acid-coated 

paneer. 

2.15 Shelf life 

 
The shelf life of paneer was reported to be only six days at refrigeration temperature 

10°C without much deterioration in quality, but the freshness of the product was lost after 3 

days, while at room temperature paneer did not keep well for more than 1 day Spoilage of 

paneer at surface decreases the shelf life (Bhattacharya et al, 1971b). Arora and Gupta (1980) 

reported that the paneer prepared from milk having 4, 5 and 6% fat could be stored for not 

more than 6 days at 10°C, and for at least 120 days at -13°C and -32°C without much decrease 

in sensory quality. Sachdeva (1983) observed 16 days shelf life for paneer samples tightly 

wrapped in heat shrink film and stored under refrigeration conditions. The researcher reported 
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that paneer could be stored well for over a period of 50 days at room temperature by 

sterilization Rao et al. (1984) observed relatively less moisture loss in paneer packed in PE 

bags compared with parchment paper when the product was stored for six days under 

refrigeration conditions. Sachdeva and Singh (1990a) found that dipping of paneer samples in 

brine, acidified brine, or H2O extended the shelf life to 22, 20, 22, and 32 days, respectively. 

Ranawat et al. (1991) dipped paneer in sorbic acid solution (1000 ppm) and found that the 

paneer could be stored at 0 to 4°C up to 6 weeks. Pal and Garg (1989) reported that the shelf 

life of paneer was 7 days at 7°C when made from sweet cream buttermilk, then the flavor, 

texture, and appearance scores gradually declined but still the paneer was acceptable for up to 

9 days with lower sensory scores. Kanawjia and Khurana (2006) reported that the limited 

keeping quality of paneer at refrigeration temperature can be enhanced by using antimicrobial 

substances and vacuum packaging. In order to determine the shelf life of MAP paneer. 

Shrivastava (2007) subjected the samples to five types of atmospheres (air, vacuum, 100% 

CO2. 100% N₂, and 50% CO2/50% N and stored at 3+1°C. The shelf life of paneer increased 

significantly up to 30 days for the product packaged under 100% CO 100% N 50 CDN Underv 

life of 20 days was achieved. Pal (1998) observed that the shelf like of for pat coated with 

paraffin was was more than 10 days at regemper The shelf-life of paneer is only 1 day room 

temperature and the spillage in mainly attributed so the growth of surface saiming at offspring 

m Shelf-life of paneer child be significantly enhanced by adopting MA (CO, N-50:50) 

prepared by adopting 11 comprising of 1% Nat11% CA potasium sorbate Keeping quality of 

paneer was extended from 1/12 des -1°C) and 6 to 20 days at refrigeration (751) temperature 

about much affecting the sensory and physico-chemical characteristics of paneer In order to 

enhance the shelf in paneer several attempts have been made in the past, which cluded 

preservatives, vacuum packaging low temperature sterilization, treatment with brine, 

chlorinated water, 110 delivered withic sald Morage diydration and potassium sorbate and 

antioxidants (Thippeswamy et al. 2011) 
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2.16 Proximate composition of paneer 

 
The proximate composition of paneer shows toul solids of 49.99% fat content 28.MP 

protein 16.07%, lactose 2.33% and ash 2.67% (Masud er al., 1992) Similarly, the moisture 

content of market paneer was found to be 52.90%, fat content 16-28% and protein content 

18.06% (Desale et al., 2009). In another finding, the moisture content of paneer was found to 

be 52.75% fat content 25.64% protein content 15.62%, lactose content 2.68% and an content  

of 2.14% (Kumar et al. 2014). 

2.17 Functional properties of milk protein and paneer 

 
A functional property of a material in its ability to produce a specified property in the 

product in which the material is applied, Proteins can produce nutritional value and a number 

of physico-chemical properties. An important functional property of milk proteins is that they 

can be used to make gels. A gel can also be made in order to immobilize the liquid in the gel. 

Milk proteins are often used to help making oil-in-water emulsions and to stabilize these 

against physical changes Proteins are the foaming agents of choice. If the protein is well 

soluble, its concentration is high, and the beating is vigorous, the overrun obtained can be 

considerable, up to 1000% or even more. Protein-stabilized foams are however, quite sensitive 

to fast coalescence if the system contains even small quantities of lipids (Walstra et al., 2006a). 

Paneer does not melt and so can be used to introduce interesting textures in hot dishes. 

Paneer will undergo browning when cooked, including Maillard browning due to its relatively 

high lactose concentration. This brown colour can add visual appeal to certain dishes. Paneer 

itself has a rather bland flavour but it can act as a flavor carrier. Therefore i is excellent 

marinated or used in a curry or sauce. The mild flavour of the paneer also lends itself to use 

in sweets where the flavour of sweetened paneer compliments other flavours such as pineapple 

or coconut (Anon., 2011). 
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2.18 Uses of paneer 

 
Paneer is the important nutritious and wholesome indigenous, dairy product, which 

occupy a prominent place among traditional milk products and carry a lot of market potential. 

These products are of high quality proteins, fat, minerals and vitamins. Paneer is used as a 

base material for the preparation of a large number of culinary dishes and it is a popular food 

product at the household level as well as its use is increasing in organized food chains. It is an 

excellent match of non-vegetarian food (Karadbhajne and Bhoyarkar, 2010). Paneer is 

commonly used in sweets, snacks or with vegetables. Paneer can be included in curries, 

particularly with tomatoes, potatoes or peas. Cubes of paneer can be added to soup which 

provides texture. Paneer can absorb other flavours, for instance it can be marinated and grilled. 

Different traditional Indian dishes can be prepared by Paneer with spinach peas e mustard 

leaves Fresh paneer can be held in se vyrup and served as a sweet Aither sweet can be nude 

by mixing paneer with standa ingredients and then frying the misture and serving is in sugar 

syrup. A hack cat hom by frying rolls made from grated paneer mixed with water waked bread 

and spices. A snack can be made by deep frying crumb coated balls of mashed potan and pans, 

Pencet can be blended with other ingredients and used as a sandwich fitting (Ano 20111 

2.19 Sensory quality of paneer and evaluation. 

 
Sensory quality is a combination of different serises of perception coming in play 

choosing and eating food. Appearance, which can be judged by the eye, e coke, re shape, 

uniformity, absence of defects etc is of first importance in food selection law embraces the 

senses of taste, smell and feeling. Odor, a vastly complex semation is the most important 

factor in flavor. Kinesthetics, principally concerns about texture and consistency (Ranganna, 

2012) 

2.19.1 Evaluation of sensory quality 

 
From early times, judging has been the preserve of experts, who had trained 

themselves to remember and distinguish small differences in odour and taste of specific 

products like tea coffee, wine etc. With the development of sensory evaluation techniques on 

scientific lines. the experts are being replaced by the panels whose sensitivity and consistency 
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have been established by training and repeated tests. The panel members analyze food 

products through properly planned experiments and their judgments are quantified by 

appropriate statistical analysis for determining the significance of variation of average scores 

and the contribution of individual quality characteristics to overall quality. The trained panel 

is generally constituted of a small number of people who in a rigorously controlled set-up in 

the laboratory look after quality control of in-line and final product, process development and 

to a limited extent preliminary acceptance testing (Ranganna, 2012). 

2.19.2 Hedonic rating test 

 
Hedonic rating relates to pleasurable or unpleasurable experiences. The hedonic rating 

test is used to measure the consumer acceptability of food products. The panelist is asked to 

rate the acceptability of product on a scale usually of nine points ranging from "like extremely 

to dislike extremely. The results are analyzed for preference with data from large untrained 

panels. Semi trained panels in smaller number are used to screen a number of products for 

selecting a few for consumer preference studies. The test is more useful in determining the 

preferences than in determining the differences. To analyze the results. numerical values are 

assigned to each point on the scale, one point usually being given for like extremely and nine 

points for dislike extremely or vice versa. The scale may be reduced to seven or five 

(Ranganna, 2012). 
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Part III 

MATERIALS AND METHODS 

3.1 Materials 

 
3.1.1 Collection of milk 

 
Raw buffalo milk for pancer preparation and analysis collected from the Himali Krishi 

Farm, Dhana-12, Chatars line. It was brought in LDPE plastic legs and operated s use Butter 

ghee obtained after the cream separation of milk was used as the odor trying of paneer 

3.2 Materials used 

 
The materials required were used from the labs of Central Camps of Technology the 

glasswares, chemicals and instruments used in the research purpose are listed in Appendix A. 

3.3 Methodology 

 
3.3.1 Preparation of pancer 

 
Fig. 3.1 shows the procedural flowchart for the pancer preparation. 

 
Fresh buffalo milk 

Filtering through muslin cloth 

Preheating to 40-45 C 

Cream separation using cream separator 

 

 
Cream Skim Milk 

(calculated amount) 

 
 

Whole milk 
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Standardization (making desired fat content) 

Heating to respired temperature (80-90CY 

Cooling to 70°C 

Coagulation of milk by 16 citric acid solition 

Stirring till greenish whey separates out from cord 

Allowing to stand for 5 min for complete curd-whey separation and curd settlement 

Filtration through muslin cloth 

Whey 

Pressing the curd in the wooden mould (4"x4"x4") with 2 kg/cm pressure for 25 min 

Weighing to get yield 

 
Immersing in clean, chilled water at 4-5°C for 1-2 h 

 
Cutting the product into rectangular pieces of uniform dimensions having desirable 

weight 

 
Vacuum packaging in LDPE plastics 

Refrigeration for storage and further analysis 

Fig. 3.1 Flow chart for the preparation of pancer 

Source: Bhattacharya et al. (1971a) and Sachdeva and Singh (1988a) 

 
3.3.1.1 Standardization of milk fat 

 
In order to obtain the product with uniform composition and maximum yield. milk 

needs to be standardized. Standardization also enables the manufacturer to conform to the 

standards requirements for paneer Buffalo milk was employed for the preparation of pancer. 

The milk was first sent for the cream separation Whole milk was used along with skim milk 
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to adjust the required fat content. Standardization was done on weight basis. The standardized 

milk with respect to fat content was then used for product preparation 

3.3.1.2 Heating of milk 

 
The standardized milk was heated to different temperatures ranging 80°C to 90°C for 

pasteurization at a constant medium flame with continuous stirring. In order to maximize the 

total solids recovery, it is desirable to heat the buffalo milk to C without holding (Sachdeva 

and Singh, 1988a) 

3.3.1.3 Cooling and coagulation 

 
The heated milk was allowed to cool to 70°C for coagulation. Smiths r al (2014 

suggested the coagulation temperature of 70°C since the yield was much influenced by fat at 

this temperature. 

1% citric acid solution was used for coagulation. 1% citric acid solution was prepared 

with fresh water. Acid solution was poured slowly with constant light stirring till greenish 

whey separated out. It was allowed to stand as such for five minutes for curd settlement and 

complete curd-whey separation. 

3.3.1.4 Whey drainage 

 
After coagulation of milk, the curd was allowed to settle down for 5 min without 

surring During this period the temperature should not be allowed to drop below 63°C 

(Bhattacharya et al., 1971a). Thereafter, the curd along with the whey was transferred in a 

hoop lined with muslin cloth to remove the whey. 

3.3.1.5 Filtration 

 
The curd-whey mass was then filtered through muslin cloth to separate curd from 

whey Filtrate was discarded. Curd was then wrapped properly in the same muslin cloth used 

and pressed for final shape. 
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3.3.1.6 Pressing 

 
Pressing was done in a wooden mould of dimension 4 with pressure it as per De er al 

(1971) and Vishwestwaralaby (1986) It was done for 25 min Pressing was so For complete 

whey expulsion and to get the final desired shape of the product. After pressing, the pressed 

curd was weighed for the yield of paneer out into desired dimensio and then dipped in 

previously prepared clean chilled water at 3-4°C for 1-21 to arrest the growth of 

microorganisms. Then, it was vacuum packed in LDPE plastic and refrigerated. 

3.3.2 Experimental design 

 
Response Surface Method (RSM) of Design Expert 71:5 was employed for the system 

at sampling and recipe formulation. Response surface methodology (RSM) was adopted in 

the experimental design as it emphasizes the modeling and analysis of the problem in which 

response of interest is influenced by several variables and the objective is to optimize this 

response. A three-level, two-factor Central Composite Rotatable Design (CCRD) was 

employed. The independent variables selected for the experiments were: fat content and 

heating temperature. The response variable was yield. The three levels of the process variables 

were coded as -1, 0 and 1. The range of fat adjusted was from 3% to 5% and temperature was 

set in the range of 80°C to 90°C. Table 3.1 shows the experimental combinations in coded 

and uncoded levels for the fat content and heating temperature. 

Table 3.1 Experimental combinations in Coded and Uncoded level it fit content 

 
S.N. Sample 

Code 

Coded variables Uncoded variables 

A B Fat content 

(%) 

Heating 

temperature (0C) 

1 A 0 0 4 85 

2 B -1 -1 3 80 

3 C 1 -1 5 80 

4 D -1 1 3 90 

5 E 1 1 5 90 
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3.3.3 Sensory evaluation 

 
The prepared and refrigerated samples were cut into pieces of uniform dimensions and 

kept for sensory analysis. Sensory analysis was performed with thirteen semi-trained panelists 

evaluating color and appearance. flavor, taste, body and texture and overall acceptability of 

prepared pancer. The samples were organoleptically evaluated on 9 point hedonic scale rating 

based upon the degree of their like and dislike (9 -like extremely. I dislike extremely) by 

panelists comprising of teachers and students of Central Campus of Technology. Dharan. Each 

panelist was provided with coded samples and a sheet of sensory evaluation card. They were 

asked to evaluate the sample according to quality attributes like color, flavor, taste, texture 

and overall acceptability. They were also provided potable water to rinse mouth between the 

tests. The specimen of score card is given in Appendix A. The results of the sensory evaluation 

were statistically studied using the software GenStat Release 12.1. 

3.3.4 Physicochemical analysis 

 
The physicochemical analysis of the product was done by adopting the methods as follows 

 
3.3.4.1 Moisture content 

 
The moisture content was determined by the oven drying method according to Ranganna 

(2012). 

3.3.4.2 Titratable acidity 

 
The titratable acidity was obtained by titration method as described in Ranganna (2012) 

 
3.3.4.3 Protein content 

 
The protein content of milk was determined by formal titration and of product by the micro 

kjeldahl method and the nitrogen to protein conversion factor used was 6.25 as explained in 

Ranganna (2012). 
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3.3.4.4 Fat content 

 
The fat content of the milk was done using milk fat butyrometer and of product was 

determined using ether extractives (petroleum ether) in soxhlet apparatus according to 

Ranganna (2012). 

3.3.4.5 Ash content 

 
The ash content was determined according to the total ash method as explained in Ranganna 

(2012). 

3.3.4.6 Lactose content 

 
The lactose content was determined by the Lane and Eynon method according to Ranganna 

(2012). 

3.3.5 Statistical analysis 

 
All the data obtained in this work were analyzed by the statistical program known as 

GenStat program which was developed by Lawes Agricultural Trust (1955). The results of the 

sensory evaluation were statistically studied using software GenStat Release version 12.1. The 

results of sensory analysis were subjected to two-way ANOVA and LSD tests at 5% level of 

significance among formulations were made. Actually, the judgements of panelists were on 

the basis of their likes and dislikes but not on the basis of the fat content or treated temperature 

of the product. The samples were coded as A, B, C, D and E. The ANOVA results of the 

sensory analysis of all five pancer samples are given in Appendix B. 



44 
 

Part IV 

Results and discussions 

 

The present study was carried out to optimize the preparation of paneer. The fresh 

whole milk was analyzed for proximate composition. It was then preheated to make slightly 

warm to around 40°C to make sure every fat globule has melted and skimming would be easier 

The product preparation was then started. All samples were prepared and stored accordingly. 

The prepared pancer were cut into cubes of dimension 2cm-2cm-2cm (0.5cm) and subjected 

to sensory evaluation. The best sample was selected from the sensory evaluation and statistical 

analysis of the data. Physico-chemical analysis of the product was done accordingly. 

4.1 Milk composition 

 
Table 4.1 shows the proximate composition of milk. 

 
Table 4.1 Composition of milk used for pancer preparation. 

 
Constituents Percentage (%.wb) 

Moisture 84.7(0.4) 

Fat 5.3(0.1) 

SNF 9.75(0.02) 

Protein 4.52(0.2) 

Lactose 4.42(0.2) 

Ash 0.8(0.1) 

 

 
The values in the table are the means of the triplicate samples and the figures in the 

parenthesis are the standard deviations. 

The results of the milk composition from the above data are in accordance with the 

findings of Gantner et al. (2015) and Robinson (1996). 
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4.2 Standardization of milk 

 
Create separation of whole milk was done using cream separator. The whole milk was 

mixed uniformly with the skimmed milk to get the desired fat comers. The skimmed mit fat 

content used in the standardition of sample A 11. CD and th standardization was done using 

the Person Square method on weight has Table 4 shows the results of standardtration of milk 

Table 4.2 Results of standardization of milk 

 
Sample Whole milk used 

(kg) 

Skimmed milk used 

(kg) 

Standardized milk 

fat (%) 

A 2 1.18 4 

B 2.2 1.74 3 

C 3 0.18 5 

D 2.3 1.82 3 

E 3 0.18 5 

 

 

4.3 Effect of fat content and heating temperature on the sensory quality of 

pancer 

4.3.1 Color and appearance 

 
Among five samples, samples A. D and E had the maximum mean sensory score for 

color and appearance with 7.231 while samples B and C had the minimum score with 7.154. 

Statistical analysis of the collected data showed that there is no significant effect (p<0.05) of 

fat content and heating temperature on color and appearance at 5% level of significance. All 

samples were similar in respect to appearance of the product and were not significantly 

different between each other. The value in vertical axis shows the mean scores given by 13 

panelists. 
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The formulation of all sample were found to be similar in terms of color of the product. 

The results are in accordance to the findings of (Bhattacharya et al. 1971a). Bhattacharya et 

al. (1971a) studied the effect of different fat levels viz: 6, 3.5 and 1.5% in milk in the sensory 

characteristics of pancer. They found that the color and appearance was not affected to a 

remarkable extent but lower fat milk yielded paneer with less acceptability. It is thus 

concluded that the variation in the fat content and heating temperature does not significantly 

affect the color and appearance of the product. Fig. 41 shows the mean sensory scores for 

color of pancer. 

 

 

Fig. 4.1 Mean sensory scores for color of paneer 

 

 

 
*Values with same letters for any sensory parameter are not significantly different at p<0.05. 
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4.3.2 Flavor 

 
The flavor of paneer has a direct relationship with fat content of milk. Paneer made 

from milk with fat content up to 3% is fairly acceptable, but reduction in fat percent from this 

level, the paneer is unacceptable (Chawla et al., 1987). Among five samples sample E got the 

maximum mean sensory score for flavor with 7.385. Statistical analysis showed that there is 

significant effect (p<0.05) of fat content and heating temperature on the flavor of paneer at 

5% level of significance. The mean sensory score of sample E was more than other samples 

and was significantly different than other samples. Sample E had the proportion of fat and 

heating temperature of 5% and 90°C respectively. Similarly samples 11 and D were less 

preferred by the panelists and hence got least sensory scores. Statistical analysis showed that 

they were significantly different than other but were not different among themselves. Fig. 4.2 

shows the mean sensory scores for flavor of pancer. 

 

 

Fig. 4.2 Mean sensory scores for flavor of paneer 

 

 

 
*Values with same letters for any sensory parameter are not significantly different at p<0.05. 
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4.3.3 Taste 

 
Among the five samples, sample A and E are found to have the maximum mean 

sensory score having 6.846 each for taste. Statistical analysis showed that there is significant 

effect (p<0.05) of fat content and heating temperature on the taste of paneer at 5% level of 

significance. Samples A and E were significantly different in terms of taste than other samples 

but were not significantly different among themselves. The mean sensory score of sample B 

and D were less than other samples hence least accepted by the panelists. Fig. 4.3 shows the 

mean sensory scores for taste of pancer. 

 

 

 

 

Fig. 4.3 Mean sensory scores for taste of pancer 

 
*Values with same letters for any sensory parameter are not significantly different at p<0.05. 
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4.3.4 Texture 

 
The maximum mean sensory score for texture among five samples A. B. C. D and E 

was found to be 7.385 and it was of sample E. Statistical analysis showed that there is 

significant effect (p-0.05) of fat content and heating temperature on the texture of pancer at 

5% level of significance. The mean sensory score of sample B was least than other samples. 

Here among the prepared pancer samples with different formulations of fat percentage 

and heating temperature. sample E was found to be superior to all followed by sample A. 

Various researchers suggested use of buffalo milk standardized to 5-6% fat to get product 

complying with the PFA standards. Bhattacharya et al. (1971b) found that buffalo milk 

contains higher amount of milk solids (fat, proteins, lactose and minerals) than cow's milk. 

The spongy characteristics of paneer is associated with buffalo's milk, which is the reason for 

the superior quality of paneer from this milk. Sample B and D were lacking good texture. It is 

due to the less fat retention in the product Fig 44 dhows the money scores for texture of pancer. 

 

 

Fig. 4.4 Mean sensory scores for texture of paneer 

 
*Values with same letters for any sensory parameter are not significantly different at p<0.05. 
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4.3.5 Overall acceptance 

 
Heat treatment is one of the technological requirements of the process, which affects 

the sensory and microbiological quality of paneer. Similarly the fat content of milk affects the 

yield and sensory attributes. According to the panelists. sample E get the highest mean sensory 

score for overall acceptance among five samples A, B, C, D and E and was found to be 7.385. 

Similarly, sample D got the least mean sensory score with a total score of 6.538 respectively. 

Statistical analysis showed that there is significant effect (p=0.05) of fat content and heating 

temperature on the overall acceptance of pancer at 5% level of significance. The mean sensory 

score of sample E was more than other samples. Fig. 4.5 shows the mean sensory scores for 

overall acceptance of paneer. 

 

 

Fig. 4.5 Mean sensory scores for overall acceptance of paneer 

 
*Values with same letters for any sensory parameter are not significantly different at p<0.05. 
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4.4 Yield of paneer samples 

 
The yield of paneer samples A. B, C, D and E were found to be 13.2%, 10.78%, 

13.65% 12.5% and 14.15% respectively. These values were slightly less than the findings of 

(Smitha et al., 2014). Fig. 4.6 shows the yield of prepared paneer samples. 

 

 

Fig. 4.6 Yield of the prepared pancer samples 

 
The yield and TS recovery increased with increase in heating temperature while solids 

in whey decreased. This is due to complex formation between whey proteins and casein. At 

higher temperature, casein acts as scavenger for serum proteins, which are otherwise lost in 

whey. Sachdeva and Singh (1988a) recommended a final heating temperature of 90°C 

(without holding) to be the most suitable for the manufacture of pancer. A lower final heating 

temperature (<80°C) resulted in a product with poor consistency. In order to maximize the 

total solids recovery, it is desirable to heat the buffalo milk to 90°C without holding. Milk 

heated at 90°C without any holding, results in paneer with a total solids recovery of about 

66%. The recovery does not increase appreciably on holding the milk at 90°C and is, therefore, 

not required (Sachdeva and Singh, 1988a). 
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Higher fat in milk also results in lower moisture retention in paneer and, therefore, a 

loss in terms of yield. Paneer of good quality can never hold moisture beyond 60% and thus 

the value of 70% as the maximum limit for moisture in pancer as stipulated in PFA standards 

appears to be too high. The yield of paneer mainly depends on the fat and SNF of milk as well 

as on the moisture, fat and protein retained in the paneer (Bhattacharya et al. 1971a): 

(Sachdeva and Singh. 1988a). The yield and TS recovery increased with increase in heating 

temperature while solids in whey decreased. This is due to complex formation between whey 

proteins and casein. At higher temperature, casein acts as scavenger for serum proteins. which 

are otherwise lost in whey, Sachdeva and Singh (1988) recommended a final heating 

temperature of 90°C (without holding) to be the most suitable for the manufacture of pancer. 

In order to maximize the total solids recovery. It is desirable to heat the buffalo milk to 90°C 

without holding. Milk heated at 90°C without any holding results pancer with a total solids 

recovery of about 66% (Sachdeva and Singh, 1988). 

The sample formulation with 5% fat content and heated at 90°C had the highest yield 

it is due to the significantly higher retention of milk fat and SNF into the curd. Smitha et al 

(2014) concluded that the highest yield of paneer was obtained at coagulation temperature of 

70°C with optimum moisture percentage. They also observed that when milk was coagulated 

at 70°C, the yield was more influenced by fat. The milk used in the sample E preparation had 

fat and SNF content of 5.3% and 10.22% respectively. The yield in percentage of all paneer 

samples is shown in the figure above. The yield of prepared paneer were found to be slightly 

less than that found by Smitha et al. (2014). 
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4.5 Proximate Composition of Pancer 

 
The proximate composition of the best product (formulation-E) was determined. The 

moisture content, protein, content. fat content lactose content and ash content of pancer were 

found to be 54.6%, 18.8%, 22.5%, 2.0% and 2.1% respectively. The pH and titratable acidity 

were found to be 5.83 0.057 and 0.225+0.0011 respectively. These values were similar to the 

findings of Masud et al. (1992). Desale et al. (2009) and Kumar et al (2014) Table 4.3 shows 

the results of the composition of paneer. 

Table 4.3 Results of the composition of the paneer 
 
 

Constituents Percentage (%, wb) 

Moisture 54.6(0.2) 

Protein 18.8(0.3) 

Fat 22.5(0.2) 

Lactose 2.0(0.01) 

Ash 2.1(0.06) 

*The values in the table are the mean of the triplicates and values in the parenthesis are the 

standard deviation and are in wet basis 

According to a study by Masud et al. (1992), the total solids, fat, protein, lactose and 

ash content of paneer made from buffalo milk was 49.93%, 28 86%, 16.07% 2.33% and 2.67% 

respectively which closely matches with my findings. Similarly, another study by Desale et 

al. (2009) found the average moisture content of paneer to be 52.90%, fat content in the range 

of 16-28% and average protein content of 18% from wide variety of samples The results of 

my study are comparable to the findings of Desale et al (2009). The results of table 4.4 are 

also in accordance to the findings of Kumar et al. (2014) where moisture content of 56.77%, 

fat content of 22.30% and protein content of 16.62% of paneer was observed. 
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Fig 4.7 Results of oil uptake by the paneer samples 

 
The samples were diced into cubes of approximately 2cm x 2cm x 2cm (+- 0.5cm). 

Deep oil frying was done at a temperature of 160°C for 2 min. The oil uptake by paneer 

samples after deep oil frying was calculated in dry basis. 10 g deep oil fried sample was taken 

for the oil uptake determination. Sample E yielded the maximum 2.3 g oil than all other 

samples. During frying, water escapes from the food while oil migrates into the food providing 

nutrients and flavors. Deep oil frying process involves both mass transfer mainly represented 

by water loss and oil uptake, and heat transfer. The moisture removal from food material must 

be sufficient to ensure the optimum fat uptake (Farkas et al... 1956: Ziaiifar, 2008). The results 

of oil uptake supported the review done by Ziaiifar (2008). 
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PART V 

 

CONCLUSION AND RECOMMENDATION 

 

 

5.1 Conclusion 

 
This study was carried to understand the role of fat content of milk and heating 

temperature in the yield and physicochemical properties of the product. Semi trained panelists 

of the Central campus of technology were employed in the sensory evaluation. 

I. The conclusions of the study are summarized into the following points L The highest 

value of yield of paneer was observed to be 14.15% for the formulation with 5% fat 

and heated at 90°C 

II. Fat content and heating temperature had not significant effect in the color and 

appearance of the products but had significant effect in the flavor, taste, texture and 

overall acceptance of paneer. 

III. From sensory analysis, sample formulation of 5% milk fat heated at 90°C was found 

best 

5,2 Recommendations 

 
Based on this study, following recommendations have been made 

 
I. For commercial scale production, calcium phosphate incorporation can be done to 

increase the yield of paneer. 

II. Effect of coagulating agents other than citric acid can be studied. 

III. The findings of thesis can be used by the manufacturers (domestic or industrial scale) 

to make much acceptable product according to sensory attributes. 
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Part VI 

SUMMARY 

 

Pancer is a high protein food prepared after coagulating the milk Pancer is a tight 

nutrient diet containing a good amount of fat and protein. Because of high protein and fat 

content and easy availability of milk, paneer production can be done as an alternative to the 

meat protein. It is also becoming a great animal protein supplement for vegetarians. It is 

hugely popular in the eastern Asia and mostly in the Indian subcontinent. 

For this study, milk was brought from the local dairy of Dharan Cream separation was 

done to adjust the fat content accordingly. The product was prepared after heating milk at 

suitable required temperature followed by coagulation with 1% citric acid solution and 

pressing in a wooden mould of 4"x4"x4" dimension. The sample formulation for the study 

was adjusted according to the fat content and heating temperature of milk. Altogether five 

different formulations were prepared. A Central composite Rotatable Design (CCRD) for two 

variables at three levels was designed for experimental combinations. Sensory analysis by 

thirteen semi-trained panelists based upon nine point hedonic rating scale was done and the 

sensory scores obtained were statistically analyzed using two way ANOVA (10) blocking) at 

5% level of significance. 

The formulation of 5% fat content in milk heated at 90°C gave the best outcome in 

terms of sensory score, they were preferred by the sensory panelists over other samples. The 

percentage yield was highest for the product with same formulation. Further physico- 

chemical analysis of the best sample was done. 

From the study it is concluded that fat content and heating temperature had not 

significant effect in the color and appearance of the products but had significant effect in the 

flavor, taste, texture and overall acceptance of paneer. Appreciable paneer can be prepared 

using buffalo milk with fat content of 3-5%, heating at 80-90°C. The oil uptake was found to 

be in the range of 26-32% (db) and cost of the product was calculated to be Rs.632.86 per kg. 
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Appendix A 

 
Table A.1 Materials used in product preparation 

 
S.N. Materials used 

01. Centrifuge 

02. Cream separator 

03. Wooden mould (for pressing) 

04. Van Gulik butyrometer 

05. Refrigerator 

06. Vacuum sealer 

07. Heating vessels 

08. Heating system 

09. Thermometer 

10. Muslin cloth 

11. Packaging plastics LDPE 

12. Titration set 

13. Kjeldahl protein determination set 

14. Digital electronic balance 

15. Hot air oven 

16. Muffle furnace 

17. pH meter 

18. Beakers 

19. Volumetric flasks 

20. Amyl alcohol 

21. Gerber acid (90% sulfuric acid) 

22. Citric acid 
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Appendix B 

 
(Data of GENSTAT release of pancer) 

 
Two way ANOVA (no blocking) for sensory analysis of paneer samples 

 
Table B.1 Mean sensory scores for different treatments 

 
Samples Treatment     

 Color Flavor Taste Texture Overall 

acceptability 

A 7.231a 7.154bc 6.846b 7b 7.231c 

B 7.154 a 6.769a 6.231a 6.538a 6.692ab 

C 7.154 a 7.154bc 6.308a 6.769ab 6.923b 

D 7.231a 6.692a 6.231a 6.615a 6.538a 

E 7.231a 7.385c 6.846b 7.385c 7.385c 

Grand mean 7.2 6.969 6.492 6.862 6.954 

 

 
The values are the mean of sensory scores given by thirteen panelists. The samples 

having same superscript in each column did not vary significantly at 5% significance level. 

F-ratio <0.05 indicates significant difference at 5% level of significance. 
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Two way ANOVA results for sensory analysis of paneer 

Table B.2 Two way ANOVA (No blocking) for taste 

Source of 

variation 

d.f s.s m.s. v.f. F pr. 

Penalist 12 6.4 0.5333 3.24 0.002 

Sample 4 0.0923 0.0231 0.14 0.966 

Residual 48 7.9077 0.1647   

Total 64 14.4    

 

 
Since F pr>0.05, there is no significant difference between the samples so, LSD testing is not 

necessary. 
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Table B.3 Two way ANOVA (No blocking) for flavor 

 
Source of 

variation 

d.f s.s m.s. v.f. F pr. 

Penalist 12 9.9385 0.8282 5.23 <.001 

Sample 4 4.4 1.1 6.95 <.001 

Residual 48 7.6 0.1583   

Total 64 21.9385    

 

 
Since, F pr <0.05, there is significantly different between the sample so, LSD testing is 

necessary. 

 

 

 

 

Table B.4 LSD for flavor LSD at 0.05-0.3138 

 
Sample code Mean score Mean difference 

A 7.154 A-B>LSD* B-D LSD* 

B 6.769 A-C<LSD* B-E>LSD* 

C 6.846 A-D>LSD* C-D<LSD* 

D 6.692 A-E<LSD* C-E>LSD* 

E 7.385 B-C<LSD* D-E>LSD* 

*-significantly different 

 

 

 
Since, F pr <0.05, there is significantly different between the sample so, LSD testing is not 

necessary. 
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Table B.5 Two way ANOVA (No blocking) for taste 

 
Source of 

variation 

d.f s.s m.s. v.f. F pr. 

Penalist 12 7.8462 0.6538 3.52 <.001 

Sample 4 5.4769 1.3692 7.37 <.001 

Residual 48 8.9231 0.1859   

Total 64 22.2462    

 

 
Since, F pr <0.05, there is significantly different between the sample so, LSD testing is 

necessary. 

 

 

 

 

Table B.6 LSD for taste LSD at 0.05 0.34 
 

Sample code Mean score Mean difference 

A 6.846 A-B>LSD* B-D LSD* 

B 6.231 A-C<LSD* B-E>LSD* 

C 6.308 A-D>LSD* C-D<LSD* 

D 6.231 A-E<LSD* C-E>LSD* 

E 6.846 B-C<LSD* D-E>LSD* 

*-significantly different 
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Table B.7 Two way ANOVA (No blocking) for texture 

 
Source of 

variation 

d.f s.s m.s. v.f. F pr. 

Penalist 12 8.5538 0.7128 3.0 0.003 

Sample 4 6.0615 1.5154 6.53 <.001 

Residual 48 11.1385 0.2321   

Total 64 25.7538    

 

 
Since, F pr <0.05, there is significantly different between the sample so, LSD testing is 

necessary. 

 

 

 

 

Table B.8 LSD for texture LSD at 0.05 -0.3799 

 
Sample code Mean score Mean difference 

A 7.0 A-B>LSD* B-D LSD* 

B 6.538 A-C<LSD* B-E>LSD* 

C 6.769 A-D>LSD* C-D<LSD* 

D 6.615 A-E<LSD* C-E>LSD* 

E 7.385 B-C<LSD* D-E>LSD* 

*=significantly different 
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Table B.9 Two way ANOVA (No blocking) for overall 

 
Source of 

variation 

d.f s.s m.s. v.f. F pr. 

Penalist 12 6.0615 0.5051 3.88 <.001 

Sample 4 6.5538 1.6385 12.59 <.001 

Residual 48 6.2462 0.1301   

Total 64 18.8615    

 

 
Since, F pr <0.05, there is significantly different between the sample so, LSD testing is 

necessary. 

 

 

 

 

Table B.10 LSD for overall LSD at 0.05 0.2845 

 
Sample code Mean score Mean difference 

A 7.231 A-B>LSD* B-D LSD* 

B 6.692 A-C<LSD* B-E>LSD* 

C 6.923 A-D>LSD* C-D<LSD* 

D 6.538 A-E<LSD* C-E>LSD* 

E 7.385 B-C<LSD* D-E>LSD* 

*-significantly different 
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Appendix 

 

Cost calculation for paneer 

 
Table C.1 Cost calculation for pancer 

 
Ingredients Rate Quantity Cost 

Milk 80/ltr 3.18 L 254.4 

Citric acid 900/kg 5g 4.5 

Total cost   258,9 

Final cost with 10% 

overhead 

  284.79 

Product prepared   450g 

Cost/kg   632.86 
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Photo Gallery 
 
 

 
 

 
Plate 1. Wooden mould 4"x4"x4" 
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Plate 2. Prepared paneer samples 
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Plate 3. Best Samples 
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Plate 4. Oil fried paneer cubes 
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ABSTRACT 

 
This project presents the overall design of Home Automation System (HAS) with low cost 

and wireless system. It specifically focuses on the development of an IOT based home automation 

system that is able to control various components via internet or be automatically programmed to 

operate from ambient conditions. In this project, we design the development of a firmware for smart 

control which can successfully be automated minimizing human interaction to preserve the integrity 

within whole electrical devices in the home. We used Node MCU, a popular open source IOT platform, 

to execute the process of automation. Different components of the system will use different 

transmission mode that will be implemented to communicate the control of the devices by the user 

through Node MCU to the actual appliance. The main control system implements wireless technology 

to provide remote access from smart phone. We are using a cloud server-based communication that 

would add to the practicality of the project by enabling unrestricted access of the appliances to the 

user irrespective of the distance factor. We provided a data transmission network to create a stronger 

automation. The system intended to control electrical appliances and devices in house with relatively 

low cost design, user-friendly interface and ease of installation. The status of the appliance would be 

available, along with the control on an android platform. This system is designed to assist and provide 

support in order to 1fulfil the needs of elderly and disabled in home. Also, the smart home concept 

in the system improves the standard living at home. 
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INTRODUCTION 
 

Internet of Things (IOT) is a concept where each device is assign to an IP address and through that 

IP address anyone makes that device identifiable on internet. The mechanical and digital 

machines are provided with unique identifiers (UIDs) and the ability to transfer data over a  

network without requiring human-to-human or human-to-computer interaction. Basically, it 

started as the “Internet of Computers.” Research studies have forecast an explosive growth in  

the number of “things” or devices that will be connected to the Internet. The resulting network  

is called the “Internet of Things” (IoT). The recent developments in technology which permit the  

use of wireless controlling environments like, Bluetooth and Wi-Fi that have enabled different 

devices to have capabilities of connecting with each other. Using a WIFI shield to act as a Micro 

web server for the Arduino which eliminates the need for wired connections between the Arduino 

board and computer which reduces cost and enables it to work as a standalone device. The Wi-Fi 

shield needs connection to the internet from a wireless router or wireless hotspot and this would 

act as the gateway for the Arduino to communicate with the internet. With this in mind, an 

internet based home automation system for remote control and observing the status of home 

appliances is designed. 

Due to the advancement of wireless technology, there are several different type of connections 

are introduced such as GSM, WIFI, and BT. Each of the connection has their own unique 

specifications and applications. Among the four popular wireless connections that often 

implemented in HAS project, WIFI is being chosen with its suitable capability. The capabilities of 

WIFI are more than enough to be implemented in the design. Also, most of the current 

laptop/notebook or Smartphone come with built-in WIFI adapter. It will indirectly reduce the cost 

of this system. 

 

BACKGROUND 
 

The concept of “Home Automation” has been in existence for several years. “Smart Home”, 

“Intelligent Home” are terms that followed and is been used to introduce the concept of 

networking appliance within the house. Home Automation Systems (HASs) includes centralized 

control and distance status monitoring of lighting, security system, and other appliances and 

systems within a house. HASs enables energy efficiency, improves the security systems, and 

certainly the comfort and ease of users. In the present emerging market, HASs is gaining 

popularity and has attracted the interests of many users. HASs comes with its own challenges. 

Mainly being, in the present day, end users especially elderly and disabled, even though hugely 

benefited, aren’t seen to accept the system due to the complexity and cost factors. 

 

PROJECT OBJECTIVES 
 

Design of an independent HAS 

To formulate the design of an interconnected network of home appliance to be integrated into 

the HAS. The objective to account for every appliance and its control to be automated and 

integrated into the network further formulated into the HAS. 
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Wireless control of home appliances (Switch and Voice mode) 

To develop the application that would include features of switch and/or voice modes to control  

the applications. 

 
Monitoring status of appliances 

Being able to view the status of home appliances on the application, in order have a better HAS. 

 
Secure connection channels between application and Node MCU 

Use of secure protocols over Wi-Fi so that other devices are prevented to achieve control over 

the HAS. Secure connections are obtained by SSL over TCP, SSH. 

 
Controlled by any device capable of Wi-Fi (Android, iOS, PC) 

To achieve flexibility in control of the home appliances, and device capable of Wi-Fi connectivity 

will be able to obtain a secure control on the HAS. 

 
Extensible platform for future enhancement 

With a strong existing possibility of adding and integrating more features and appliances to the 

system, the designed system needs to be highly extensible in nature. 

 
 

SCOPE 

The aim is to design a prototype that establishes wireless remote control over a network of home 

appliances. The application is designed to run on android device providing features like, switch 

mode control, voice command control and a provision to view the status of the devices on the 

application itself. Considering its wide range of application, following are the scope of this 

prototype. 

The system can be implemented in homes, small offices and malls as well, being in-charge of 

control of the electrical appliances. 

For remote access of appliances in internet or intranet. The appliances in the above mentioned 

environment can be controlled in intra-network or can be accessed via internet. 

The development of technology friendly environment. The system incorporates the use of 

technology and making HAS. By the use of day to day gadgets we can utilize them for a different 

perspective. 

 
 

PROJECT MANAGEMENT 

Management of any project can be briefly disintegrated into several phases. Our project has been 

decomposed into the following phases: 
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ENVISIONED PHASE 

PLANNING PHASE 

MODELLING PHASE 

• Information Gathering 

• Project Initiation 

 
• Hardware & software estimation 

• Scheduling and distribution of task 

 
• Analysis of project 

• Design and architechture of project 

CONSTRUCTION 
PHASE 

DEPLYOMENT 
PHASE 

• Coding and hardware assembly 

• Testing and Debugging 

 
• Delivery of project 

• Feedback 
 

 

Figure 1. Model of phases in project management. 
 

Experimentation 

This phase involved discussions regarding necessary equipment regarding the project. The study of 

related already existing projects, gathering required theoretical learning. It also included figuring out 

the coding part, by developing simple algorithms and flowcharts to design the whole process 

Design 

This phase was, designing layout of the application, and the necessary features to be included. This 

involved the complete hardware assembly and installing the code to Node MCU. The power strip was 

designed to connect the home appliances that can be controlled via GPIO pins. 

Development and testing 

This phase had the development of the application. The android device was connected to the Node 

MCU via wireless network (WiFi) and the whole prototype was tested for identification and removal 

of bugs. 

Real world testing 

The prototype was ready to be tested into the real world and integrated with various real time 

electrical appliances. 

 

 

OVERVIEW AND BENEFITS 

 
The benefits of an established wireless remote switching system of home appliances include: 
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No legal issues 

Obtaining access to or traversing properties with hard lines is extremely difficult. 

 
Reduced wiring issues 

Considering the increase in price of copper, thus increases the possibility of the wire to be stolen. 

The use of a wireless remote system to control home appliances means no wire for thieves to 

steal. 

 
Extended range 

As the system establishes control over Wi-Fi, it was a generally considered descent range. That is 

150 feet indoors. Outdoors it can be extended to 300 feet, but since the application is of a HAS,  

an indoor range is considered. 

 
Security 

As the connection of the control of the HAS is established over a secure network the system 

ensures security to the maximum extent. 

 
Integrable and extensive nature 

The prototype designed can be integrated to a larger scale. Also it has an extensive nature being 

able to add or remove the appliances under control according to application. 

 

ORGANIZATION OF THESIS 

 
The thesis is organised into seven chapters including the introduction. Each chapter is unique on 

its own and is described with necessary theory to comprehend it. 

 
Chapter 2 deals with Literature Review, this chapter reflects a comprehended form of the existing 

projects related to the topic. It credits the projects along with a brief paragraph of summery about 

the project. This reflects the various people worked on this area, how different and advanced 

each project is from one another. 

 
Chapter 3 has the Theory that has been acquired to commence the project work. This discussed 

about IOT, the advantages, disadvantages the network topologies and communication protocols. 

This chapter also briefs about the main microcontroller unit of the prototype, Node MCU. Its pin 

configuration, various functional units of the development board and the installation process of 

the device. The chapter further giver a brief overview of the project, a block diagram of the system 

and the circuit diagram. 

 
Chapter 4 describes the Hardware Modelling and setup of the project. The chapter points the 

main features of the prototype, gives a layout of the project, lists the components requires. It 

briefly describes the various setup processes involved with the project, including hardware 
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interfacing and software installation and setup according to our requirement. It finally gives the 

hardware assembly involved. 

 
Chapter 5 is the Logic and operation of the project. A flow chart presents the actions describe the 

working process of the prototype. It discussed the principle of operation of the system with the 

advantages and disadvantages of the microcontroller unit. It describes Blynk and IFTTT 

application and the wireless network established to attain remote control over the system. It 

describes the process of voice control mode and gives an overall cost estimation of the project. 

 
Chapter 6 is the conclusion and Future scope. This chapter includes the result of the project work 

carried, the limitations it possesses, the further enhancements and modification that can be 

integrated into the prototype and finally concludes the project work carried so far. 

 
Chapter 7 lists the References that have been used for the commencement of the project work. 

 
Appendix A & B individual hardware description of the prototype and associated data sheets. 
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“Smart Energy Efficient Home Automation System using IOT”, by Satyendra K. Vishwakarma, 

Prashant Upadhyaya, Babita Kumari, Arun Kumar Mishra. 

This paper presents a step-by-step procedure of a smart home automation controller. It uses IOT to 

convert home appliances to smart and intelligent devices, with the help of design control. An energy 

efficient system is designed that accesses the smart home remotely using IOT connectivity. The 

proposed system mainly requires, Node MCU as the microcontroller unit, IFTTT to interpret voice 

commands, Adafruit a library that supports MQTT acts as an MQTT broker and Arduino IDE to code 

the microcontroller. This multimodal system uses Google Assistant along with a web based 

application to control the smart home. The smart home is implemented with main controller unit  

that is connected with the 24-hour available Wi-Fi network. To ensure, that the Wi-Fi connection do 

not turn off, the main controller is programmed to establish automatic connection with the available 

network and connected to the auto power backup. 

 

 
“IOT Based Smart Security and Home Automation”, by Shardha Somani, Parikshit Solunke, Shaunak 

Oke, Parth Medhi, Prof. P. P. Laturkar. 

This paper focuses on a system that provides features of Home Automation relying on IOT to operate 

easily, in addition to that it includes a camera module and provides home security. The android 

application basically converts Smartphone into a remote for all home appliances. Security is achieved 

with motion sensors if movement is sensed at the entrance of the house; a notification is sent that 

contains a photo of house entrance in real time. This notification will be received by the owner of the 

house via internet such that app can trigger a notification. So owner can raise an alarm in case of any 

intrusion or he/she can toggle the appliances like opening the door if the person is a guest. The 

system uses Raspberry Pi, a small sized computer which acts as server for the system. The smart 

home consist two modules. Home automation that consists; fan light and door controller, and 

security module that consists; smoke sensor motion sensor and camera module. 

 

 
“A Dynamic Distributed Energy Management Algorithm of Home Sensor Network for Home 

Automation System”, by Tui-Yi Yang, Chu-Sing Yang, Tien-Wen Sung. 

This paper proposes an optimization of home power consumption based on PLC (Power Line 

Communication) for an easy to access home energy consumption. This also proposes a Zigbee and 

PLC based renewable energy gateway to monitor the energy generation of renewable energies. ACS 

and DDEM algorithm are proposed for the design of an intelligent distribution of power management 

system to make sure ongoing power supply of home networks. To provide efficient power 

management the power supply models of home sensor network are classified groups viz. main supply 

only, main supply and backup battery, rechargeable battery power and non-rechargeable battery 

power. Devices with particular features are assigned to these groups. It targets to establish real time 

processing scheme to address variable sensor network topologies. 
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“Enhance Smart Home Automation System based on Internet of Things”, by Tushar Churasia and 

Prashant Kumar Jain. 

This paper proposes a system that develops a model to reduce the computation overhead in existing 

smart home solutions that uses various encryption technologies like AES, ECHD, hybrid, etc. these 

solutions use intermediate gateway for connecting various sensor devices. The proposed model 

provides a method for automation with sensor based learning. The system uses temperature sensor 

for development but other sensors can also be used as per requirement. These smart home devices 

with sensors can configure themselves autonomously and can operate without human intervention. 

This work minimizes encryption decryption and focuses on authentication and automation of smart 

home devices with learning. The system bypasses local gateway mentioned in existing system to 

provide better security for smart home devices and sensor data and save computation overhead. The 

real time broker cloud is directly connected with smart home and manages all incoming and outgoing 

request between users and devices. The main purpose to use real time broker cloud is save time of 

cryptographic operations. 

 

 
“Visual Machine Intelligence for Home Automation”, by Suraj, Ish Kool, Dharmendra Kumar, 

Shovan Barman. 

The paper present a vision-based machine intelligence system to sense on/off state of common home 

appliance. The proposed method of sensing the state of appliances results on a novel home 

automation system. The accessibility of the suite of devices in the home over a remote network is  

facilitated by the IP Addressing methods in the IOT. This project uses two boards viz. Raspberry Pi 

and Intel Galileo Gen 2. The communication between the User devices, Raspberry Pi and the Intel 

Galileo boards happens over a wireless network. The UDP protocol is deployed to facilitate the 

wireless communication of the nodes present in the home automation network. A Pi Cam and a USB 

Logitech camera attached to the rotating shaft of two different servo motor capture snapshots that 

are passed as inputs to the Machine Learning based models trained using dlib-C++ to detect the state 

of the operation of the appliances. The proposed method uses visual modality to automate the 

appliances, as privacy concerns may emerge while using the images from some specific places, as a 

counter to this issue, an SPDT switch is added to the Raspberry Pi which when turned off ensures that 

even if the images are taken from the webcams, they are just passed as inputs to the machine 

learning models and are not displayed on the website when the users access the website on the 

server address obtained from Raspberry Pi. 

 

 
“A Low Cost Home Automation System Using Wi-Fi based Wireless Sensor Network Incorporating 

internet of Things”, by Vikram.N, Harish.K.S, Nihaal.M.S, Raksha Umesh, Shetty Aashik Ashok 

Kumar. 

This paper illustrates a methodology to provide a low cost Home Automation System (HAS) using 

Wireless Fidelity (Wi-Fi).This crystallizes the concept of internetworking of smart devices. A Wi-Fi 

based Wireless Sensor Network (WSN) is designed for the purpose of monitoring and controlling 

environmental, safety and electrical parameters of a smart interconnected home. The different 

 



12 | P a g e 
 

sections of the HAS are; temperature and humidity sensor, gas leakage warning system, fire alarm 

system, burglar alarm system, rain sensing, switching and regulation of load & voltage and current 

sensing. The primary requirement of HAS to monitor and control of devices is accomplished using a 

Smartphone application. The application is developed using Android Studio based on JAVA platform 

and User Interface of those are exemplified. The primary focus of the paper is to develop a solution 

cost effective flexible in control of devices and implementing a wide range of sensors to to capture 

various parameters. 

 

 
“Voice Controlled Home Automation System using Natural Language Processing and Internet of 

Things”, by Mrs. Paul Jasmin Rani, Jason Bakthakumar, Praveen Kumaar.B, Praveen Kumaar.U, 

Santhosh Kumar. 

The paper focuses on the construction of a fully functional voice based Home automation system 

that uses Internet of Things, Artificial Intelligence and Natural Language Processing (NLP) to provide 

a cost-effective, efficient way to work together with home appliances using various technologies such 

as GSM, NFC, etc. it implements a seamless integration of all the appliances to a central console, i.e. 

the mobile device. The prototype uses Arduino MK1000, known as Genuino MK1000. The NLP in this 

project gives the user the freedom to interact with the home appliances with his/her own voice and 

normal language rather than complicated computer commands. The appliances are connected to the 

mobile device through an Arduino Board that establishes the concept of Internet of Things. The 

Arduino Boards are interfaced with the appliances and programmed in such a way that they respond 

to mobile inputs. 
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CHAPTER 3 
THEORY 
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IOT (INTERNET OF THINGS) 
 

IOT as a term has evolved long way as a result of convergence of multiple technologies, machine 

learning, embedded systems and commodity sensors. IOT is a system of interconnected devices 

assigned a UIDS, enabling data transfer and control of devices over a network. It reduced the 

necessity of actual interaction in order to control a device. IOT is an advanced automation and 

analytics system which exploits networking, sensing, big data, and artificial intelligence technology 

to deliver complete systems for a product or service. These systems allow greater transparency, 

control, and performance when applied to any industry or system. 

 

 
Features of IOT 

Intelligence 
 

IOT comes with the combination of algorithms and computation, software & hardware that makes 
it smart. Ambient intelligence in IOT enhances its capabilities which facilitate the things to respond 
in an intelligent way to a particular situation and supports them in carrying out specific tasks. In 
spite of all the popularity of smart technologies, intelligence in IOT is only concerned as a means of 
interaction between devices, while user and device interaction are achieved by standard input 
methods and graphical user interface 

 

Connectivity 
 

Connectivity empowers the Internet of Things by bringing together everyday objects. Connectivity 
of these objects is pivotal because simple object level interactions contribute towards collective 
intelligence in the IOT network. It enables network accessibility and compatibility in the things. 
With this connectivity, new market opportunities for the Internet of things can be created by the 
networking of smart things and applications 

 

Dynamic Nature 
 

The primary activity of Internet of Things is to collect data from its environment, this is achieved 
with the dynamic changes that take place around the devices. The state of these devices change 
dynamically, example sleeping and waking up, connected and/or disconnected as well as the 
context of devices including temperature, location and speed. In addition to the state of the device, 
the number of devices also changes dynamically with a person, place and time 

 

Enormous Scale 
 

The number of devices that need to be managed and that communicate with each other will be 
much larger than the devices connected to the current Internet. The management of data 
generated from these devices and their interpretation for application purposes becomes more 
critical. Gartner (2015) confirms the enormous scale of IOT in the estimated report where it stated 
that 5.5 million new things will get connected every day and 6.4 billion connected things will be in 
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use worldwide in 2016, which is up by 30 percent from 2015. The report also forecasts that the 
number of connected devices will reach 20.8 billion by 2020 

 

Sensing 
 

IOT wouldn’t be possible without sensors that will detect or measure any changes in the 
environment to generate data that can report on their status or even interact with the 
environment. Sensing technologies provide the means to create capabilities that reflect a true 
awareness of the physical world and the people in it. The sensing information is simply the analog 
input from the physical world, but it can provide a rich understanding of our complex world 

 

Heterogeneity 
 

Heterogeneity in Internet of Things as one of the key characteristics. Devices in IOT are based on 
different hardware platforms and networks and can interact with other devices or service platforms 
through different networks. IOT architecture should support direct network connectivity between 
heterogeneous networks. The key design requirements for heterogeneous things and their 
environments in IOT are scalabilities, modularity, extensibility and interoperability. 

 

Security 
 

IOT devices are naturally vulnerable to security threats. As we gain efficiencies, novel experiences, 
and other benefits from the IOT, it would be a mistake to forget about security concerns associated 
with it. There is a high level of transparency and privacy issues with IOT. It is important to secure 
the endpoints, the networks, and the data that is transferred across all of it means creating a 
security paradigm. 

 
 
 

Advantages of IOT 
 

Communication 
 

IOT encourages the communication between devices, also famously known as Machine-to-Machine 
(M2M) communication. Because of this, the physical devices are able to stay connected and hence 
the total transparency is available with lesser inefficiencies and greater quality. 

 

Automation and Control 
 

Due to physical objects getting connected and controlled digitally and centrally with wireless 
infrastructure, there is a large amount of automation and control in the workings. Without human 
intervention, the machines are able to communicate with each other leading to faster and timely 
output. 

 

Information 
 

It is obvious that having more information helps making better decisions. Whether it is mundane 
decisions as needing to know what to buy at the grocery store or if your company has enough 
widgets and supplies, knowledge is power and more knowledge is better. 
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Monitor 
 

The second most obvious advantage of IOT is monitoring. Knowing the exact quantity of supplies or 
the air quality in your home, can further provide more information that could not have previously 
been collected easily. For instance, knowing that you are low on milk or printer ink could save you 
another trip to the store in the near future. Furthermore, monitoring the expiration of products can 
and will improve safety. 

 

Time 
 

As hinted in the previous examples, the amount of time saved because of IOT could be quite large. 
And in today’s modern life, we all could use more time. 

 

Money 
 

The biggest advantage of IOT is saving money. If the price of the tagging and monitoring equipment 
is less than the amount of money saved, then the Internet of Things will be very widely adopted. 
IOT fundamentally proves to be very helpful to people in their daily routines by making the 
appliances communicate to each other in an effective manner thereby saving and conserving 
energy and cost. Allowing the data to be communicated and shared between devices and then 
translating it into our required way, it makes our systems efficient. 

 

Automation of daily tasks leads to better monitoring of devices 
 

The IOT allows you to automate and control the tasks that are done on a daily basis, avoiding 
human intervention. Machine-to-machine communication helps to maintain transparency in the 
processes. It also leads to uniformity in the tasks. It can also maintain the quality of service. We can 
also take necessary action in case of emergencies. 

 

Efficient and Saves Time 
 

The machine-to-machine interaction provides better efficiency, hence; accurate results can be 
obtained fast. This results in saving valuable time. Instead of repeating the same tasks every day, it 
enables people to do other creative jobs. 

 

Saves Money 
 

Optimum utilization of energy and resources can be achieved by adopting this technology and 
keeping the devices under surveillance. We can be alerted in case of possible bottlenecks, 
breakdowns, and damages to the system. Hence, we can save money by using this technology. 

 

Better Quality of Life 
 

All the applications of this technology culminate in increased comfort, convenience, and better 
management, thereby improving the quality of life. 
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Disadvantages of IOT 
 

Compatibility 
 

Currently, there is no international standard of compatibility for the tagging and monitoring 
equipment. I believe this disadvantage is the most easy to overcome. The manufacturing companies 
of these equipment just need to agree to a standard, such as Bluetooth, USB, etc. This is nothing 
new or innovative needed. 

 

Complexity 
 

As with all complex systems, there are more opportunities of failure. With the Internet of Things, 
failures could sky rocket. For instance, let’s say that both you and your spouse each get a message 
saying that your milk has expired, and both of you stop at a store on your way home, and you both 
purchase milk. As a result, you and your spouse have purchased twice the amount that you both 
need. Or maybe a bug in the software ends up automatically ordering a new ink cartridge for your 
printer each and every hour for a few days, or at least after each power failure, when you only need 
a single replacement. 

 

Privacy/Security 
 

With all of this IOT data being transmitted, the risk of losing privacy increases. For instance, how 
well encrypted will the data be kept and transmitted with? Do you want your neighbours or 
employers to know what medications that you are taking or your financial situation? 

 

Safety 
 

Imagine if a notorious hacker changes your prescription. Or if a store automatically ships you an 
equivalent product that you are allergic to, or a flavour that you do not like, or a product that is 
already expired. As a result, safety is ultimately in the hands of the consumer to verify any and all 
automation. 

 

As all the household appliances, industrial machinery, public sector services like water supply and 
transport, and many other devices all are connected to the Internet, a lot of information is available 
on it. This information is prone to attack by hackers. It would be very disastrous if private and 
confidential information is accessed by unauthorized intruders. 

 

Lesser Employment of Menial Staff 
 

The unskilled workers and helpers may end up losing their jobs in the effect of automation of daily 
activities. This can lead to unemployment issues in the society. This is a problem with the advent of 
any technology and can be overcome with education. With daily activities getting automated, 
naturally, there will be fewer requirements of human resources, primarily, workers and less 
educated staff. This may create Unemployment issue in the society. 

 

Technology Takes Control of Life 
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Our lives will be increasingly controlled by technology, and will be dependent on it. The younger 
generation is already addicted to technology for every little thing. We have to decide how much of 
our daily lives are we willing to mechanize and be controlled by technology. 

 
 

Application Grounds of IOT 

Wearables 

Wearable technologies is a hallmark of IOT applications and is one of the earliest industries to have 

deployed IOT at its services. Fit Bits, heart rate monitors, smartwatches, glucose monitoring devices 

reflect the successful applications of IOT. 

Smart homes 

This area of application concerned to this particular project, so a detailed application is discussed 

further. Jarvis, an AI home automation employed by Mark Zuckerberg, is a remarkable example in 

this field of application. 

Health care 

IOT applications have turned reactive medical based system into proactive wellness based system. 

IOT focuses on creating systems rather than equipment. IOT creates a future of medicine and 

healthcare which exploits a highly integrated network of sophisticated medical devices. The 

integration of all elements provides more accuracy, more attention to detail, faster reactions to 

events, and constant improvement while reducing the typical overhead of medical research and 

organizations 
 

Figure 2. Working of IOT enables care devices. 

Agriculture 
 

A greenhouse farming technique enhances the yield of crops by controlling environmental 

parameters. However, manual handling results in production loss, energy loss, and labour cost, 

making the process less effective. A greenhouse with embedded devices not only makes it easier to 

be monitored but also, enables us to control the climate inside it. Sensors measure different 
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parameters according to the plant requirement and send it to the cloud. It, then, processes the data 

and applies a control action. 

 

 

Figure 3. IOT controlled greenhouse environment. 

Industrial Automation 

For a higher return of investment this field requires both fast developments and quality of 

products. This vitality thus coined the term IIOT. This whole schematic is re-engineered by IOT 

applications. Following are the domains of IOT applications in industrial automation 

 

 Factory Digitalization 
 Product flow Monitoring 
 Inventory Management 
 Safety and Security 
 Quality Control 
 Packaging optimization 
 Logistics and Supply Chain Optimization 

 

Government and Safety 
 

IOT applied to government and safety allows improved law enforcement, defence, city planning, 

and economic management. The technology fills in the current gaps, corrects many current flaws, 

and expands the reach of these efforts. For example, IOT can help city planners have a clearer view 

of the impact of their design, and governments have a better idea of the local economy. 

 

 
IOT Technologies and Protocols 

Several communication protocols and technologies cater to and meet the specific functional 

requirements of IOT system. 
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Bluetooth 

Bluetooth is a short range IOT communication protocol/technology that is profound in many 

consumer product markets and computing. It is expected to be key for wearable products in 

particular, again connecting to the IOT albeit probably via a smartphone in many cases. The new 

Bluetooth Low-Energy (BLE) – or Bluetooth Smart, as it is now branded – is a significant protocol for 

IOT applications. Importantly, while it offers a similar range to Bluetooth it has been designed to 

offer significantly reduced power consumption. 

Zigbee 

ZigBee is similar to Bluetooth and is majorly used in industrial settings. It has some significant 

advantages in complex systems offering low-power operation, high security, robustness and high 

and is well positioned to take advantage of wireless control and sensor networks in IOT 

applications. The latest version of ZigBee is the recently launched 3.0, which is essentially the 

unification of the various ZigBee wireless standards into a single standard. 

Z-Wave 

Z-Wave is a low-power RF communications IOT technology that primarily design for home 

automation for products such as lamp controllers and sensors among many other devices. A Z- 

Wave uses a simpler protocol than some others, which can enable faster and simpler development, 

but the only maker of chips is Sigma Designs compared to multiple sources for other wireless 

technologies such as ZigBee and others. 

Wi-Fi 

Wi-Fi connectivity is one of the most popular IOT communication protocol, often an obvious choice 
for many developers, especially given the availability of Wi-Fi within the home environment within 
LANs. There is a wide existing infrastructure as well as offering fast data transfer and the ability to 
handle high quantities of data. Currently, the most common Wi-Fi standard used in homes and 
many businesses is 802.11n, which offers range of hundreds of megabit per second, which is fine 
for file transfers but may be too power-consuming for many IOT applications. 

 
Cellular 

Any IOT application that requires operation over longer distances can take advantage of 
GSM/3G/4G cellular communication capabilities. While cellular is clearly capable of sending high 
quantities of data, especially for 4G, the cost and also power consumption will be too high for many 
applications. But it can be ideal for sensor-based low-bandwidth-data projects that will send very 
low amounts of data over the Internet. 

 

NFC 
NFC (Near Field Communication) is an IOT technology. It enables simple and safe communications 
between electronic devices, and specifically for smartphones, allowing consumers to perform 
transactions in which one does not have to be physically present. It helps the user to access digital 
content and connect electronic devices. Essentially it extends the capability of contactless card 
technology and enables devices to share information at a distance that is less than 4cm. 
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LoRaWAN 

LoRaWAN is one of popular IOT Technology, targets wide-area network (WAN) applications. The 

LoRaWAN design to provide low-power WANs with features specifically needed to support low-cost 

mobile secure communication in IOT, smart city, and industrial applications. Specifically meets 

requirements for low-power consumption and supports large networks with millions and millions of 

devices, data rates range from 0.3 kbps to 50 kbps. 

 

 
IOT software 

IOT software addresses its key areas of networking and action through platforms, embedded 

systems, partner systems, and middleware. These individual and master applications are 

responsible for data collection, device integration, real-time analytics, and application and process 

extension within the IOT network. They exploit integration with critical business systems (e.g., 

ordering systems, robotics, scheduling, and more) in the execution of related tasks. 

Data Collection 

This software manages sensing, measurements, light data filtering, light data security, and 

aggregation of data. It uses certain protocols to aid sensors in connecting with real-time, machine- 

to-machine networks. Then it collects data from multiple devices and distributes it in accordance 

with settings. It also works in reverse by distributing data over devices. The system eventually 

transmits all collected data to a central server. 

Device Integration 

Software supporting integration binds (dependent relationships) all system devices to create the 

body of the IOT system. It ensures the necessary cooperation and stable networking between 

devices. These applications are the defining software technology of the IOT network because 

without them, it is not an IOT system. They manage the various applications, protocols, and 

limitations of each device to allow communication. 

Real-Time Analytics 

These applications take data or input from various devices and convert it into feasible actions or 

clear patterns for human analysis. They analyse information based on various settings and designs 

in order to perform automation-related tasks or provide the data required by industry. 

Application and Process Extension 

These applications extend the reach of existing systems and software to allow a wider, more 

effective system. They integrate predefined devices for specific purposes such as allowing certain 

mobile devices or engineering instruments access. It supports improved productivity and more 

accurate data collection. 
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NODE MCU 
 

NodeMCU (Node Microcontroller Unit) is a low-cost open source IOT platform. It initially included 

firmware which runs on the ESP8266 Wi-Fi SoC from Espressif Systems, and hardware which was 

based on the ESP-12 module. Later, support for the ESP32 32-bit MCU was added. 
 

 

Figure 4. Node MCU Development Board. 
 

 
NodeMCU is an open source firmware for which open source prototyping board designs are available. 
The name “NodeMCU” combines “node” and “MCU” (micro-controller unit). The term “NodeMCU” 
strictly speaking refers to the firmware rather than the associated development kits. 

Both the firmware and prototyping board designs are open source. 

The firmware uses the Lua scripting language. The firmware is based on the eLua project, and built 
on the Espressif Non-OS SDK for ESP8266. It uses many open source projects, such as lua- cjson 
and SPIFFS. Due to resource constraints, users need to select the modules relevant for their project 
and build a firmware tailored to their needs. Support for the 32-bit ESP32 has also been implemented. 

The prototyping hardware typically used is a circuit board functioning as a dual in-line package (DIP) 
which integrates a USB controller with a smaller surface-mounted board containing the MCU and 
antenna. The choice of the DIP format allows for easy prototyping on breadboards. The design was 
initially was based on the ESP-12 module of the ESP8266, which is a Wi-Fi SoC integrated with 
a Tensilica Xtensa LX106 core, widely used in IOT applications. 

 
 

Pin Configuration of Node MCU Development Board 

This module provides an access to the GPIO subsystem. All the access is based on I/O index number 
of Node MCU kits, not the internal GPIO pins. For example, the D0 pin on the development kit is 
mapped to GPIO pin 16. Node MCU provides access to the GPIO pins and the following pin mapping 
table is a part of the API documentation. 

 
 

https://en.wikipedia.org/wiki/Internet_of_Things
https://en.wikipedia.org/wiki/Firmware
https://en.wikipedia.org/wiki/ESP8266
https://en.wikipedia.org/wiki/ESP8266
https://en.wikipedia.org/wiki/System_on_a_chip
https://en.wikipedia.org/wiki/ESP32
https://en.wikipedia.org/wiki/Prototyping
https://en.wikipedia.org/wiki/Node_(computer_science)
https://en.wikipedia.org/wiki/Micro-controller
https://en.wikipedia.org/wiki/Development_kits
https://en.wikipedia.org/wiki/Open_source
https://en.wikipedia.org/wiki/Lua_(programming_language)
https://en.wikipedia.org/w/index.php?title=SPIFFS&action=edit&redlink=1
https://en.wikipedia.org/wiki/ESP32
https://en.wikipedia.org/wiki/Dual_in-line_package
https://en.wikipedia.org/wiki/Breadboard
https://en.wikipedia.org/wiki/ESP8266
https://en.wikipedia.org/wiki/Tensilica
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PIN NAME ON NODE 
MCU DEVELOPMENT 

KIT 

ESP8266 INTERNAL 
GPIO PIN NUMBER 

PIN NAME ON NODE 
MCU DEVELOPMENT 

KIT 

ESP8266 INTERNAL 
GPIO PIN NUMBER 

0 [*] GPIO16 7 GPIO13 

1 GPIO5 8 GPIO15 

2 GPIO4 9 GPIO3 

3 GPIO0 10 GPIO1 

4 GPIO2 11 GPIO9 

5 GPIO14 12 GPIO10 

6 GPIO12 
  

 

Table 1. Node MCU index ↔ GPIO mapping. 
 
 

[*] D0 (GPIO16) can only be used for GPIO read/write. It does not support open- 
drain/interrupt/PWM/I²C or 1-Wire. 

 
 

The ESP8266 Node MCU has total 30 pins that interface it to the outside world. The pins are grouped 
by their functionality as: 

 
 

Power pins: There are four power pins viz. one VIN pin & three 3.3V pins. The VIN pin can be used to 
directly supply the ESP8266 and its peripherals, if you have a regulated 5V voltage source. The 3.3V 
pins are the output of an on-board voltage regulator. These pins can be used to supply power to 
external components. 

 
 

GND: is a ground pin of ESP8266 Node MCU development board. 
 
 

12 IC Pins: are used to hook up all sorts of I2C sensors and peripherals in your project. Both I2C Master 
and I2C Slave are supported. I2C interface functionality can be realized programmatically, and the 
clock frequency is 100 kHz at a maximum. It should be noted that I2C clock frequency should be 
higher than the slowest clock frequency of the slave device. 

 
 

GPIO Pins: ESP8266 Node MCU has 17 GPIO pins which can be assigned to various functions such as 
I2C, I2S, UART, PWM, IR Remote Control, LED Light and Button programmatically. Each digital enabled 
GPIO can be configured to internal pull-up or pull-down, or set to high impedance. When configured 
as an input, it can also be set to edge-trigger or level-trigger to generate CPU interrupts. 
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ADC Channel: The Node MCU is embedded with a 10-bit precision SAR ADC. The two functions can 
be implemented using ADC viz. Testing power supply voltage of VDD3P3 pin and testing input voltage 
of TOUT pin. However, they cannot be implemented at the same time. 

 
 

UART Pins: ESP8266 Node MCU has 2 UART interfaces, i.e. UART0 and UART1, which provide 
asynchronous communication (RS232 and RS485), and can communicate at up to 4.5 Mbps. UART0 
(TXD0, RXD0, RST0 & CTS0 pins) can be used for communication. It supports fluid control. However,  
UART1 (TXD1 pin) features only data transmit signal so, it is usually used for printing log. 

 
SPI Pins: ESP8266 features two SPIs (SPI and HSPI) in slave and master modes. These SPIs also 

support the following general-purpose SPI features: 

 4 timing modes of the SPI format transfer 

 Up to 80 MHz and the divided clocks of 80 MHz 

 Up to 64-Byte FIFO 

 

SDIO Pins: ESP8266 features Secure Digital Input/output Interface (SDIO) which is used to directly 
interface SD cards. 4-bit 25 MHz SDIO v1.1 and 4-bit 50 MHz SDIO v2.0 are supported. 

 
 

PWM Pins: The board has 4 channels of Pulse Width Modulation (PWM). The PWM output can be 
implemented programmatically and used for driving digital motors and LEDs. PWM frequency range 
is adjustable from 1000 μs to 10000 μs, i.e., between 100 Hz and 1 kHz. 

 
Control Pins: are used to control ESP8266. These pins include Chip Enable pin (EN), Reset pin (RST) 

and WAKE pin. 

 EN pin – The ESP8266 chip is enabled when EN pin is pulled HIGH. When pulled LOW 

the chip works at minimum power. 

 RST pin – RST pin is used to reset the ESP8266 chip. 

 WAKE pin – Wake pin is used to wake the chip from deep-sleep. 
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Figure 5. ESP8266 Node MCU pinout. 
 
 

Parts of Node MCU Development Board 
 

ESP 12-E Module 

The development board equips the ESP-12E module containing ESP8266 chip having Tensilica 
Xtensa® 32-bit LX106 RISC microprocessor which operates at 80 to 160 MHz adjustable clock 
frequency and supports RTOS. 

 
There’s also 128 KB RAM and 4MB of Flash memory (for program and data storage) just enough to  

cope with the large strings that make up web pages, JSON/XML data, and everything we throw at IOT 

devices nowadays. 

 

The ESP8266 Integrates 802.11b/g/n HT40 Wi-Fi transceiver, so it can not only connect to a Wi-Fi 

network and interact with the Internet, but it can also set up a network of its own, allowing other 

devices to connect directly to it. This makes the ESP8266 Node MCU even more versatile. 
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 Tensilica Xtensa® 32-bit LX106 

 80 to 160 MHz clock frequency 

 128 kb internal RAM 

 4 MB external flash 

 802.11b/g/n HT40 Wi-Fi transceiver 
 
 
 
 
 
 

 

Figure 6. ESP 12E module in Node MCU Development board. 
 
 

Power Requirements 

As the operating voltage range of ESP8266 is 3V to 3.6V, the board comes with a LDO voltage 
regulator to keep the voltage steady at 3.3V. It can reliably supply up to 600mA, which should be 
more than enough when ESP8266 pulls as much as 80mA during RF transmissions. The output of the 
regulator is also broken out to one of the sides of the board and labelled as 3V3. This pin can be used 
to supply power to external components. 

Power to the ESP8266 Node MCU is supplied via the on-board Micro B USB connector. Alternatively, 
if you have a regulated 5V voltage source, the VIN pin can be used to directly supply the ESP8266 and 
its peripherals. 

 
 
 
 

 Operating voltage 2.5V to 3.6V 

 On-board 3.6V 600mA regulator 

 80 mA operating current 

 20 µA during sleep mode 

 
 
 
 
 
 

Figure 7. Power module on a Node MCU development board. 
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Peripheral I/O 

 
The ESP8266 Node MCU has total 17 GPIO pins broken out to the pin headers on both sides of the 

development board. These pins can be assigned to all sorts of peripheral duties, including: 

 ADC channel – A 10-bit ADC channel.

 UART interface – UART interface is used to load code serially.

 PWM outputs – PWM pins for dimming LEDs or controlling motors.

 SPI, I2C & I2S interface – SPI and I2C interface to hook up all sorts of sensors and 

peripherals.

 I2S interface – I2S interface if you want to add sound to your project.

As a result of the pin multiplexing feature (Multiple peripherals multiplexed on a single GPIO pin), a 

single GPIO pin can act as PWM/UART/SPI. 

 

Figure 8. GPIO pins on Node MCU development board. 
 

On Board Switches and LED Indicators 
 

The ESP8266 Node MCU features two buttons. One marked as RST located on the top left corner is 

the Reset button, used of course to reset the ESP8266 chip. The other FLASH button on the bottom 

left corner is the download button used while upgrading firmware. The board also has a LED indicator 

which is user programmable and is connected to the D0 pin of the board. 
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Switches and indicators 

 
 RST: Reset the ESP8266 chip 

 FLASH: Download new programs 

 Blue LED: User programmable 
 
 
 
 
 
 

 

Figure 9. ON board switches and LED indicators on Node MCU development board. 
 

 
Serial Communication 

 
The board includes CP2102 USB-to-UART Bridge Controller from Silicon Labs, which converts USB 

signal to serial and allows your computer to program and communicate with the ESP8266 chip. 

 
 
 
 
 

 CP2120 USB-to-UART converter 

 4.5 Mbps communication speed 

 Flow control support 

 
 
 
 

 
Figure 10. CP2120 on Node MCU development board. 

 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.silabs.com/
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Installation of Node MCU 
 

Mostly these days devices download and install drivers on their own, automatically. Windows doesn’t 

know how to talk to the USB driver on the Node MCU so it can’t figure out that the board is a Node 

MCU and proceed normally. Node MCU Amica is an ESP8266 Wi-Fi module based development 

board. It has got Micro USB slot that can directly be connected to the computer or other USB host 

devices. Ti has got 15X2 header pins and a Micro USB slot, the headers can be mounted on a 

breadboard and Micro USB slot is to establish connection to USB host device. It has CP2120 USB to 

serial converter. In order to install CP2120 (USB to serial converter), user is needed to download the 

driver for the same. Once user downloads drivers as per its respective operating system, the system 

establishes connection to Node MCU. The user needs to node down the COM post allotted to newly 

connected USB device (Node MCU) from device manager of the system. This com port number will 

be required while using Node MCU Amica. As the CP2120 driver is been installed, the Node MCU can 

be programmed using Arduino IDE software by coding in embedded C. this requires ESP8266 board 

installation in Arduino IDE from board manager, and assigning communication port. 
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BLOCK DIAGRAM 

Block diagram of the proposed system 
 

 

Figure 11. Block diagram of proposed system. 
 
 
 

The block diagram gives the functionality of the overall project. The Node MCU unit is the 

microcontroller or the main controlling unit of the system. The user uses the mobile application in 

setting commands for functioning of the appliances. The mobile application interprets the command 

form in user in voice or switch mode and sends signal to the Node MCU unit, over a wireless network 

established by Wi-Fi communication. Hence the Wi-Fi module (actually inbuilt into Node MCU), helps 

the microcontroller establish Wi-Fi communication with a device and take commands from an 

application over wireless network. The Node MCU on further receiving the signal then turns on/off 

the appliance with the help of relay. The Node MCU, relay and the final appliances are physically 

connected. There is a power supply unit that powers the microcontroller, the relay as well as the final 

appliances. There is also a display unit that displays the status of the application. 
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Proposed system 
 

The android OS provides the flexibility of using the open source. The inbuilt sensors can be accessed 

easily. The application used to control the system has the following features. Android Phone acts as 

a client and data are sent via sockets programming. The application takes command from user in two 

different modes. 

 Switch mode: Switch mode uses the radio buttons that are used to control the home 

appliances. The radio button sends the status of the switch.

 Voice mode: Voice Mode is used to control the home appliances using voice command. Using 

the inbuilt microphone of Smartphone, the application creates an intent that fetches the 

speech data to the Google server which responds with a string data. The string data are 

further analysed and then processed.

More detailed discussion about the modes of control and how they actually control the system is 

discussed if coming chapters. 
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OVERVIEW OF PROJECT 

The following describes the process of creating an account in Blynk application and generating 

unique ID against a particular device. This ID acts as an identifier for the particular device on the 

Blynk server. 
 

Figure 12. Creating an account and generating unique ID in Blynk Server. 

Once the unique Id is generated the next step would be to include this key into the coding written in 

embedded C to establish communication between Node MCU and Blynk Server. The following 

describes this process. 
 

Figure 13. Setup to control Node MCU from Blynk application 
 
 

Download the Blynk application from playstore on the 
smartphone with which appliances are to be controlled. 

Create an account in the Blynk using your own email ID. 

A unique ID is generated by the application under a new 
project for a particular device. 

This is is added to the program before installing it into 
the controlling device. 

With this unique ID the devices are identified in the 
Blynk server for it's working 

Node MCU is connected through WiFi 

The SSID (network name) and password of the Wi-Fi 
network is added into the code. 

Open the Blynk application and create a new project. 

Add the unique ID created by the application in the code 
and install it to Node MCU. 

 
Insert switches in the Blynk application and corrospond 
then to particular GPIO pins as in the code and the 
hardware connection. 
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CIRCUIT DIAGRAM 
 

 
Figure 14. Connection diagram of Node MCU controlling 4 channel relay module. 
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MAIN FEATURES OF THE PROTOTYPE 

The features of the developed prototype are: 
 

 The prototype establishes a wireless remote switching system of home appliances.

 The prototype uses Wi-Fi to establish wireless control, which gives an indoor range to about 

150 feet.

 The command to switch on and off an appliance can be given from radio buttons on the 

application from one’s smartphone.

 There is also a provision developed to use voice commands on smartphone to remotely 

switch home appliances

 Any device capable of Wi-Fi connectivity can be used to control the prototype.

 The control over home appliances is obtained over secure connections, by SSL over TCP, SSH.

 Simple design easy to integrate into a verity of appliances and extend on further range.

 Displays the status of each appliances on the application in smartphone

 Cost effective.

 

 
PROJECT LAYOUT 

 
 

 
 
 
 
 
 

Figure 15. Layout of project module 
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Node MCU is the microcontroller unit in the prototype. It has an in built Wi-Fi module (ESP8266) that 

establishes wireless remote switching of home appliances. 

Four channel relay module consists 4 individual relays physically connected between Node MCU and 

the home appliances. It takes signals form GPIO pins of Node MCU and accordingly connects or 

disconnects home appliances from the supply. They act as the switching device. 

LED and resistors are used in this prototype to replace real appliances. They indicate power being 

turned on and off to the appliances. In real time operation they would be replaced by actual home 

appliances. 

Blynk application was designed for the Internet of Things. It can control hardware remotely, it can 

display sensor data, it can store data, visualize it, etc. the prototype primarily uses Blynk application 

to sense commands from user to the hardware over wireless network. 

Google assistant is a system software present on the android phone. It interprets the voice 

commands by the user to turn on or off an appliances. 

IFTTT application the voice commands interpreted by the google assistant isn’t understandable by  

Blynk application thus unable to send to the hardware. IFTTT is an intermediate application that 

interprets commands from Google assistant and sends on and off signal to Blynk application Via Blynk 

server. 

COMPONENTS REQIRED 
 

SL. NO 
Component Quantity 

1. 
Node MCU 1 

2. 
4 channel relay board 1 

3. 
9V battery 1 

4. 
LED 4 

5. 
2.2K Ω Resistor 4 

6. 
Blank PCB (KS100) 1 

7. 
Male pin header 1 

8. 
Female pin header 1 

9. 
Jumper wires 8 

10. 
USB Cable 1 

Table 2. Component listing. 
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SETTING UP THE SYSTEM 
 
 

Downloading and installing and Blynk application on smartphone 

 Blynk application is downloaded and installed from the Play Store.

 Once the application is installed, a new account is created and logged in to it.

 After logging in, a new project is created. The project is named, hardware is selected as Node 

MCU and the connection type is selected as Wi-Fi, and created.

 At this point Blynk will sends an authentication token to email id. This authentication token 

will be used to identify the hardware in the Blynk server.

 As the prototype uses 4 channel relay module, 4 buttons are added to the screen from the 

side bar.

 All the 4 buttons are then customised by adding a name and selecting the digital pin it will 

correspond to. This section will actually affect the hardware connection as the relays will be 

physically connected to the digital pins corresponded here.

 The setup of Blynk application is now complete.
 

Figure 16. Set up Blynk application 
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Driver installation for hardware interfacing 
 

Mostly these days devices download and install drivers on their own, automatically. Windows doesn’t 

know how to talk to the USB driver on the Node MCU so it can’t figure out that the board is a Node 

MCU and proceed normally. 

 Node MCU Amica is an ESP8266 Wi-Fi module based development board. It has got Micro 

USB slot that can directly be connected to the computer or other USB host devices. Ti has got 

15X2 header pins and a Micro USB slot, the headers can be mounted on a breadboard and 

Micro USB slot is to establish connection to USB host device. It has CP2120 USB to serial 

converter.

 In order to install CP2120 (USB to serial converter), user is needed to download the driver for 

the same.

 Once user downloads drivers as per its respective operating system, the system establishes 

connection to Node MCU.

 The user needs to node down the COM post allotted to newly connected USB device (Node 

MCU) from device manager of the system. This com port number will be required while using 

Node MCU Amica.

 

 
Interfacing Node MCU with Arduino IDE 

 

To begin with the latest Arduino IDE version, we’ll need to update the board manager with a custom 

URL. Open up Arduino IDE and go to File > Preferences. Then, copy below URL into the Additional 

Board Manager URLs text box situated on the bottom of the window: 

http://arduino.esp8266.com/stable/package_esp8266com_index.json 

 

Figure 17. Arduino IDE preferences. 
 

http://arduino.esp8266.com/stable/package_esp8266com_index.json
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OK. Then navigate to the Board Manager by going to Tools > Boards > Boards Manager. There should 

be a couple new entries in addition to the standard Arduino boards. Filter your search by typing 

esp8266. Click on that entry and select Install. 

 
 
 

Figure 18. ESP8266 board installation in Arduino IDE. 
 
 
 

Before we get to uploading sketch & playing with LED, we need to make sure that the board is 

selected properly in Arduino IDE. Open Arduino IDE and select Node MCU 0.9 (ESP-12 Module) option 

under your Arduino IDE > Tools > Board menu. 

 

Figure 19. Arduino IDE board manager installation. 
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Now, plug your ESP8266 NodeMCU into your computer via micro-B USB cable. Once the board is 

plugged in, it should be assigned a unique COM port. On Windows machines, this will be something 

like COM#, and on Mac/Linux computers it will come in the form of /dev/tty.usbserial-XXXXXX. 

Select this serial port under the Arduino IDE > Tools > Port menu. Also select the Upload Speed: 

115200 
 

 
Figure 20. Assigning communication port on Arduino IDE. 

 
 

 

Uploading code to Node MCU 
 

 NodeMCU is connected to PC using a USB cable.

 
 Now, we’ll set up the Arduino IDE by changing some settings. So, open up the Arduino IDE. 

Select Tools > Board and select ‘NodeMCU 1.0 (ESP-12E Module)’ as the board. And that’s all 

the settings we need to change. So now we begin writing the code.

 

 Select Files > Examples > Blynk > Boards_WIFI > ESP8266_Standalone. A new file with some 

prewritten code opens. The following changes to the code are made.

 

1. The line which says ‘char auth[] = “YourAuthToken”, replace YourAuthToken part with 

your Blynk’s authentication token that was generated by the Blynk server. 
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2. The line which says char ssid[] = “YourNetworkName”, replace YourNetworkName part 

with the name of Wi-Fi network that the Node MCU must connect to. 

 

3. The line where it says char pass[] = “YourPassword” and replace the YourPassword part 

with the password of the Wi-Fi network. 

 
 
 

 
Figure 21. Code in Arduino IDE to be installed to Node MCU. 

 
 The code is ready to be uploaded to the hardware. On clicking upload button, the code is 

uploaded to Node MCU and the next time it’s powered on, it automatically connects to the  

assigned Wi-Fi network.

 
 
 

Installation and setup of IFTTT 
 

 To configure IFTTT we visit their website https://ifttt.com and sign up using google account.
 

 After signing in, we select My Applets from header, and select New. Search for Google 

assistant and connect. Allow IFTTT for permission to use Google account to add voice 

commands to it.

 
 

https://ifttt.com/
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 Configure the application to work as desired, and Create Trigger.
 

 

Figure 22. IFTTT configured with actions and commands. 

 
 Select webhooks that will allow to send commands to Blynk server. Add 

http://188.166.206.43/ YourAuthTokenHere / update / DigitalPinToBeUpdateHere to the URL 

field.

 

YourAuthTokenHere is replaced by the authentication token generated by Blynk server. 

DigitalPinToBoUpdatedHere is replaced by the digital pin of Arduino that corresponds to the 

Node MCU rather than the one of Node MCU itself. 

 

Following details are added to program the applet. Here ‘0’ means to turn on, so we are 

basically saying Blynk to turn on relay that is connected to pin D3, which in our case is relay 

one. 

Click on Create Action and finish. 
 
 
 
 
 
 
 
 

 

http://188.166.206.43/YourAuthTokenHere/update/DigitalPinToBeUpdateHereto
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Figure 23. Configuration of applet to switch relay with voice commands. 

 
 Similarly, another applet is created to turn off the relay, repeating all the steps above except 

the following changes: instead of writing “Turn on relay one”, written “Turn off relay one”and 

instead of [“0”], written [“1”]. Two triggers are created to turn on and off one Relay.

 

 Similarly, we create triggers for remaining 3 relays by change the phrase and Digital pin for 

each Relay. All the other steps will remain the same.

 

In the end for 4 relays, we have 8 triggers to turn each of them on or off. After all this is done, voice 

commands to Google Assistant can switch relay. 
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HARDWARE ASSEBLY 

 
Hardware assembly mainly includes connecting specific digital pins of NodeMCU to the 4 

relays on the relay module, including the connection of supply and ground pins. The main 

functional assemble in this prototype is simple. The further 4 relays are fit to be connected to 

any appliance desired to be controlled. 

The vital part in hardware assembly is taking into account the digital pin that corresponds to 

which relay. This connection is done as per the setup of Blynk application. The radio buttons 

on Blynk application are set up to switch a particular digital pin in Node MCU. It is made sure 

that the relay connection are physically made according to this set up. For example, we have 

assigned the radio button on Blynk application corresponding to relay 1 to work with D3. Then 

physical connection of relay 1 is made with D3 of Node MCU. 

 
 
 

Figure 24. Node MCU & 4 channel relay connection. 

 
In this prototype instead of real home appliances, we connect the relays to LEDs, (according to 

circuit diagram) to just ensure the functionality of the prototype. The prototype is given a supply 

from a 9V battery. 
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CHAPTER 5 
LOGIC AND OPERATION 
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FLOW CHART 
 
 
 

 

Figure 25. Flow chart of prototype function. 
 
 
 

This flow chart shows the working of the project. The process starts be initializing the Wi-Fi, the 

network name and password are written in the code and uploaded to Node MCU. The android device 

is connected to Node MCU over Wi-Fi. The Blynk server is set up and connection is made, the devices 

is identified in the Blynk server using the generated authentication token. The command for 

controlling the load is given to the application, and this command, over Wi-Fi network is sent to the 

Node MCU. 
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PRINCIPLE AND OPERATION 

Node MCU is an open source IOT platform. It includes firmware which runs on the ESP8266 Wi-Fi SoC 

from Espressif Systems, and hardware which is based on the ESP-12 module. The term “Node MCU” 

by default refers to the firmware rather than the development kits. The firmware uses the Lua 

scripting language. It is based on the eLua project, and built on the Espressif Non-OS SDK for ESP8266. 

It uses many open source projects, such as lua-cjson, and spiffs. 

 

 
Advantages of Node MCU 

 

 Low cost, the Node MCU is less costly compared to any other IOT based device.

 Node MCU has Arduino Like hardware I/O. It is becoming very popular in these days that 

Arduino IDE has extended their software to work in the field of ESP 8266 Field module version.

 Node MCU has easily configurable network API.

 Integrated support for Wi-Fi network: ESP 8266 is incorporated in Node MCU, which is an 

easily accessible Wi-Fi module.

 Reduced size of board.

 Low power consumption.

 

 
Disadvantages of Node MCU 

 The operation of the circuit depends on the working internet connection. If the working 

internet connection is not available then it will not run.

 Node MCU also depends on the free server provided by the third party, if the free server is 

not working then it will not run.

 Node MCU has less resources of official documentation

 Need to learn a new language and IDE

 Reduced pinout

 Scarce documentation

 
BLYNK APPLICATION 

The Blynk application was designed for the primary purpose of Internet of Things. Blynk is a 

platform with IOS and Android apps to control Arduino, Raspberry Pi and the likes over the 

Internet. It’s a digital dashboard where graphic interface for a prototype can be built by simply 

dragging and dropping widgets. It can control hardware remotely, it can display sensor data, can 
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store and visualize data and possessed a lot more functionality. There are three major components 

in the platform: 

 
 Blynk Application: allows to you create amazing interfaces for your projects using various 

widgets we provide.

 Blynk Server: responsible for all the communications between the smartphone and 

hardware. You can use our Blynk Cloud or run your private Blynk server locally. It’s an open- 

source, could easily handle thousands of devices and can even be launched on a Raspberry 

Pi.

 Blynk Libraries: for all the popular hardware platforms – enable communication with the 

server and process all the incoming and outgoing commands.

 
Every time a radio button is accessed in the Blynk application, the message travels to the Blynk 

Cloud, where it finds the specific hardware by the unique generated authentication token. It works 

in the same way for the opposite direction. 

 
 
 

Figure 26. Working principle of Blynk application. 
 
 

WIRELSS COMMUNICATION NETWORK 

The prototype aims to wireless control over home appliances with the technology of IOT. As discussed 

earlier, IOT supports various wireless communication protocols, like Bluetooth, Z-Wave, Zigbee etc. 

this prototype uses Wi-Fi as wireless communication network to establish remote access over home 
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appliances. This is because Wi-Fi has its own advantages over other wireless communication 

protocols. 

 

 
Advantages of Wi-Fi over other wireless technologies like Bluetooth and ZigBee 

 

Bluetooth is generally used for point to point networks and Bluetooth operates at a much 

slower rate of around 720 Kbps which is very small for video transfer or moving large amount of data 

like the image captured from a camera, whereas the bandwidth of Wi-Fi can be up to 150Mbps and 

very ideal for video transmission. 

Wi-Fi is very much secure means of communication than Bluetooth. 
 

Wi-Fi connection to send video, audio, and telemetry operation, while accepting remote control 

commands from an operator who can be located virtually anywhere in the world. 

Robots are already being eyed for obvious tasks like conducting search-and rescue missions during 

emergencies or hauling gear for soldiers in the jungle or woods. The mechanics of the robot uses the 

concept that has been developed to ensure robust navigation, search and transportation in rough 

terrain. 

 
 
 

STANDARD BLUETOOTH UBW ZIGBEE WI-FI 

IEEE 
specification 

802.15.1 802.15.3a 802.15.4 802.11a/g/b 

Frequency band 2.4 GHz 3.1-10.6 GHz 868/915 MHz; 
2.4 GHz 

2.4 GHz; 5 GHz 

Maximum 
signal rate 

1 Mb/s 110 Mb/s 250 Kb/s 54 Mb/s 

Nominal range 10 m 10 m 10-100 m 100 m 

Nominal TX 

power 
0-10 dBm -41.3 dBm/MHz (-25) -0 dBm 10-20 dBm 

RF channels 79 1-15 1/10; 16 14 (2.4 GHz) 
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Channel 
bandwidth 

1 MHz 500 MHz- 7.5 
GHz 

0.3/0.6 GHz; 2 
MHz 

22 MHz 

Modulation 
type 

GFSK BPSK, QPSK BPSK (+ASK), O- 
QPSK 

BPSK, QPSK, 
COFDM, CCK, 

M-QAM 

Spreading FHSS DS-UBW, MB- 
OFDM 

DSSS DSSS, CCK, 
OFDM 

Co-existence 
mechanism 

Adaptive 
frequency 
hopping 

Adaptive 
frequency 
hopping 

Dynamic 
frequency 
selection 

Dynamic 
frequency 
selection, 

transmit power 
control 

Basic cell Piconet Picomet Star BSS 

Extension of 
basic cell 

Scattemet Peer-to-peer Cluster tree, 
Mesh 

ESS 

Maximum cell 
nodes 

8 8 >65000 2007 

Encryption E0 Stream 
chipper 

AES block 
cipher (CTR, 

counter mode) 

AES block 
cipher (CTR, 

counter mode) 

RC4 stream 
cipher (WEP), 

AES block 
cipher 

Authentication Shared secret CBC-MAC 

(CCM) 

CBC-MAC 
(extention of 

CCM) 

WPA2 (802.11i) 

Data protection 16-bit CRC 32-bit CRC 16-bit CRC 32-bit CRC 

 

Table 3. Comparison chart of Wi-Fi with other wireless communication protocols. 
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VOICE MODE CONTROL 

The prototype works in both switch mode and voice mode of control. The switch mode is 

simply be accessing the radio buttons on the Blynk application, and the process of control has been 

discussed earlier in this chapter in the section before. Here we will discuss the voice mode control 

of the prototype. We use application IFTTT and Google assistant on smart phone to achieve control 

by voice commands.IFTTT stand for ‘If This Then That’, is an interface that provides web based 

service in which devices are connected to mobile application. 

We cannot connect the Google Assistant to the Node MCU directly, and that is the only 

reason we are using the Blynk app. Blynk app can directly connect to the Node MCU and send data 

to it. So, if we can send the voice commands interpreted by Google assistant directly to the Blynk 

app, the Blynk app can then forward those commands to the NodeMCU. But the problem is Google 

Assistant cannot directly understand foreign commands like “turn on the fan” or “turn on relay 

one” etc. on its own. So, to solve this we use another intermediate application/website called 

‘IFTTT’. 
 

Simply, to control our home appliances over the internet we are using Node MCU and to 

connect Node MCU with the home appliances we use a relay board. Now to send on or off signals 

to the Node MCU we use our smartphone, and we do this using the Blynk app. But we want to send 

the on or off signals using voice commands. To do this we use google assistant in our smartphone 

and an app called IFTTT. 

So, in the end what will happen is, when we say a voice command like “ok google turn on 

the light” to the Google Assistant, Google Assistant sends that this foreign command to IFTTT. IFTTT 

interprets this command and sends an on or off signal to the Blynk app via the Blynk Server. Blynk 

will then send this signal to the Node MCU and then to our electrical appliances. 

 

Figure 27. Voice and switch mode control. 
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COST ESTIMATION 
 
 

 

SL. NO COMPONENTS QUANTITY PRICE 

1. Node MCU 1 ₹350 

2. 4 channel relay board 1 ₹120 

3. 9V battery 1 ₹50 

4. LED 4 ₹8 

5. 2.2K Ω Resistor 4 ₹4 

6. Blank PCB (KS100) 1 ₹40 

7. Male pin header 1 ₹5 

8. Female pin header 1 ₹5 

9. Jumper wires 8 ₹40 

10. USB Cable 1 ₹50 

Total ₹672 

 

Table 4. Costing of Project. 
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CHAPTER 6 
CONCLUSION AND 

FUTURE SCOPE 
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RESULT 

The experimental model was made according to the circuit diagram and the results were as expected. 

The home appliances could be remotely switched over Wi-Fi network. Both the switch mode and the 

voice mode control methodologies were successfully achieved. The Blynk application was also 

successful in displaying the status of every application. 

 

 
LIMITATIONS 

Android devices having lower API version than 16 requires internet access to convert the speech data 

to string data. Currently, the application is made for Android Smart Phones; other OS platform 

doesn’t support our application. During voice mode, external noises (voice) may affect our result. The 

speech instruction that we command in our voice mode may not give exact result as expected. There 

hence lies an ambiguity in result. 

 

 
FURTHER ENHANCEMENT AND FUTURE SCOPE 

Looking at the current situation we can build cross platform system that can be deployed on various 

platforms like iOS, Windows. Limitation to control only several devices can be removed by extending 

automation of all other home appliances. The prototype can include sensors to implement automatic 

control of the home appliances like; an LDR that can sense daylight and switch lamp accordingly, a 

PIR to detect motion and be used for security purposes making an alarm buzz, or a DHT11 sensor 

that’s senses ambient temperature and humidity of atmosphere and switch fan/air conditioner  

accordingly. Scope of this project can be expanded to many areas by not restricting to only home, 

but to small offices 

 

 
CONCLUSION 

It is evident from this project work that an individual control home automation system can be cheaply 

made from low-cost locally available components and can be used to control multifarious home 

appliances ranging from the security lamps, the television to the air conditioning system and even 

the entire house lighting system. And better still, the components required are so small and few that 

they can be packaged into a small inconspicuous container. The designed home automation system 

was tested a number of times and certified to control different home appliances used in the lighting 

system, air conditioning system, home entertainment system and many more . Hence, this system is 

scalable and flexible. 
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NODE MCU 

NodeMCU is an open source IoT platform. It includes firmware which runs on the ESP8266 Wi-Fi 

SoC from Espressif Systems, and hardware which is based on the ESP-12 module. The term 

"NodeMCU" by default refers to the firmware rather than the development kits. The firmware uses 

the Lua scripting language. It is based on the eLua project, and built on the Espressif Non-OS SDK for 

ESP8266. It uses many open source projects, such as luacjson and SPIFFS. 
 

 

Figure 28. Node MCU module. 
 
 

RESISTOR 
 
 
 
 

Figure 29. Resistor. 
 

 
Resistance is the opposition of a material to the current. It is measured in Ohms Ω. All conductors 

represent a certain amount of resistance, since no conductor is 100% efficient. To control the electron 

flow (current) in a predictable manner, we use resistors. Electronic circuits use calibrated lumped 

resistance to control the flow of current. Broadly speaking, resistor can be divided into two groups 

viz. fixed & adjustable (variable) resistors. In fixed resistors, the value is fixed & cannot be varied. In 

variable resistors, the resistance value can be varied by an adjuster knob. It can be dividedinto (a) 

Carbon composition (b) Wire wound (c) Special type. The most common type of resistors usedin our 

projects is carbon type. The resistance value is normally indicated by colour bands. Each 
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resistance has four colours, one of the bands on either side will be gold or silver, this is called fourth 

band and indicates the tolerance, others three band will give the value of resistance (see table). For 

example, if a resistor has the following marking on it say red, violet, gold. Comparing these coloured 

rings with the colour code, its value is 27000 ohms or 27 kilo ohms and its tolerance is ±5%. Resistor 

comes in various sizes (Power rating).The bigger the size, the more power rating of 1/4 watts. The 

four colour rings on its body tells us the value of resistor value. 

 

 
Colour Code of Resistor 

 
 

 

Figure 30. Colour code of resistor. 
 

 

RELAY 

A relay is an electrically operated switch. Current flowing through the coil of the relay creates a 

magnetic field which attracts a lever and changes the switch contacts. The coil current can be on or 

off so relays have two switch positions and they are double throw (changeover) switches. 

The relay’s switch connections are usually labelled COM (POLE), NC and NO: 

COM/POLE= Common, NC and NO always connect to this, it is the moving part of the switch. 

NC = Normally Closed, COM/POLE is connected to this when the relay coil is not magnetized. 
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NO = Normally Open, COM/POLE is connected to this when the relay coil is MAGNETIZED and vice 

versa. 
 

 

Figure 31. 6V Cube relay. 
 
 
 

4 CHANNEL 5V RELAY MODULE 
 
 
 

Figure 32. 4 Channel 5V Relay Module. 
 

 
In a 5V 4-channel relay interface board, each channel needs a 15-20mA driver current. It can 

be used to control various appliances and equipment with large current. It is equipped with high- 
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current relays that work under AC250V 10A or DC30V 10A. It has a standard interface that can be 

controlled directly by microcontroller. 

When the signal port is at low level, the signal light will light up and the optocoupler 817c (it 

transforms electrical signals by light and can isolate input and output electrical signals) will conduct, 

then the transistor will conduct, the relay coil will be electrified, and the normally open contact of 

the relay will be closed. When the signal port is at high level, the normally closed contact of the relay 

will be closed. So you can connect and disconnect the load by controlling the level of the control 

signal port. 
 

 

Figure 33. Schematic of relay module. 
 
 

BLANK PCB 

A printed circuit board (PCB) mechanically supports and electrically connects electronic components 

using conductive tracks, pads and other features etched from copper sheets laminated onto a non- 

conductive substrate. PCBs can be single sided (one copper layer), double sided (two copper layers) 

or multi-layer (outer and inner layers). Multi-layer PCBs allow for much higher component density. 

Conductors on different layers are connected with plated-through holes called vias. Advanced PCBs 

may contain components - capacitors, resistors or active devices - embedded in the substrate. 
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Figure 34. Blank glass epoxy PCB board. 
 

 
FR-4 glass epoxy is the primary insulating substrate upon which the vast majority of rigid PCBs are  

produced. A thin layer of copper foil is laminated to one or both sides of an FR-4 panel. Circuitry 

interconnections are etched into copper layers to produce printed circuit boards. Complex circuits 

are produced in multiple layers. Printed circuit boards are used in all but the simplest electronic 

products. Alternatives to PCBs include wire wrap and point-to-point construction. PCBs require the 

additional design effort to lay out the circuit, but manufacturing and assembly can be automated. 

Manufacturing circuits with PCBs is cheaper and faster than with other wiring methods as 

components are mounted and wired with one single part. Furthermore, operator wiring errors are 

eliminated. 
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User Manual V1.2 

ESP8266 NodeMCU WiFi Devkit 
 

 

 

 

 

 

 

The ESP8266 is the name of a micro controller designed by Espressif Systems. The ESP8266 

itself is a self-contained WiFi networking solution offering as a bridge from existing micro 

controller to WiFi and is also capable of running self-contained applications. 

This module comes with a built in USB connector and a rich assortment of pin-outs. With a 

micro USB cable, you can connect NodeMCU devkit to your laptop and flash it without any 

trouble, just like Arduino. It is also immediately breadboard friendly. 
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1. Specification: 

 Voltage:3.3V. 

 Wi-Fi Direct (P2P), soft-AP. 

 Current consumption: 10uA~170mA. 

 Flash memory attachable: 16MB max (512K normal). 

 Integrated TCP/IP protocol stack. 

 Processor: Tensilica L106 32-bit. 

 Processor speed: 80~160MHz. 

 RAM: 32K + 80K. 

 GPIOs: 17 (multiplexed with other functions). 

 Analog to Digital: 1 input with 1024 step resolution. 

 +19.5dBm output power in 802.11b mode 

 802.11 support: b/g/n. 

 Maximum concurrent TCP connections: 5. 

 
2. Pin Definition: 

 
3. Using Arduino IDE 
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The most basic way to use the ESP8266 module is to use serial commands, as the chip is basically a WiFi/Serial 

transceiver. However, this is not convenient. What we recommend is using the very cool Arduino ESP8266 project, 

which is a modified version of the Arduino IDE that you need to install on your computer. This makes it very convenient 

to use the ESP8266 chip as we will be using the well-known Arduino IDE. Following the below step to install ESP8266 

library to work in Arduino IDE environment. 

Install the Arduino IDE 1.6.4 or greater 
Download Arduino IDE from Arduino.cc (1.6.4 or greater) - don't use 1.6.2 or lower version! You can use your existing 

IDE if you have already installed it. 
 

You can also try downloading the ready-to-go package from the ESP8266-Arduino project, if the proxy is giving you 

problems. 
 

Install the ESP8266 Board Package 
Enter http://arduino.esp8266.com/stable/package_esp8266com_index.json into Additional Board Manager URLs 

field in the Arduino v1.6.4+ preferences. 
 

Click ‘File’ -> ‘Preferences’ to access this panel. 

Next, use the Board manager to install the ESP8266 package. 
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Click ‘Tools’ -> ‘Board:’ -> ‘Board Manager…’ to access this panel. 

Scroll down to ‘ esp8266 by ESP8266 Community ’ and click “Install” button to install the ESP8266 library package. 

Once installation completed, close and re-open Arduino IDE for ESP8266 library to take effect. 
 

Setup ESP8266 Support 
When you've restarted Arduino IDE, select ‘Generic ESP8266 Module’ from the ‘Tools’ -> ‘Board:’ dropdown menu. 

 

 
Select 80 MHz as the CPU frequency (you can try 160 MHz overclock later) 
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Select ‘115200’ baud upload speed is a good place to start - later on you can try higher speeds but 115200 is a good 

safe place to start. 

 
 
 

 
Go to your Windows ‘Device Manager’ to find out which Com Port ‘USB-Serial CH340’ is assigned to. Select the 

matching COM/serial port for your CH340 USB-Serial interface. 
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Find out which Com Port is assign for CH340 Select the correct Com Port as indicated on ‘Device Manager” 

 

Note: if this is your first time using CH340 “ USB-to-Serial ” interface, please install the driver first before proceed 

the above Com Port setting. The CH340 driver can be download from the below site: 
 

https://github.com/nodemcu/nodemcu-devkit/tree/master/Drivers 
 
 

Blink Test 
 

We'll begin with the simple blink test. 

Enter this into the sketch window (and save since you'll have to). Connect a LED as shown in Figure3-1. 
 

 

 

Now you'll need to put the board into bootload mode. You'll have to do this before each upload. There is no timeout 

for bootload mode, so you don't have to rush! 

 

 Hold down the ‘Flash’ button. 

 While holding down ‘ Flash’, press the ‘RST’ button. 

 Release ‘RST’, then release ‘Flash’ 
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void setup() { 

pinMode(5, OUTPUT); // GPIO05, Digital Pin D1 

} 
 

void loop() { 

digitalWrite(5, HIGH); 

delay(900); 

digitalWrite(5, LOW); 

delay(500); 

} 

https://github.com/nodemcu/nodemcu-devkit/tree/master/Drivers
http://www.handsontec.com/


 When you release the ‘RST’ button, the blue indication will blink once, this means its ready to bootload. 
 

 
Once the ESP board is in bootload mode, upload the sketch via the IDE, Figure 3-2. 

 

 
Figure3-1: Connection diagram for the blinking test 
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Figure 3.2: Uploading the sketch to ESP8266 NodeMCU module. 

The sketch will start immediately - you'll see the LED blinking. Hooray! 
 

 
Connecting via WiFi 

 
OK once you've got the LED blinking, let’s go straight to the fun part, connecting to a webserver. Create a new sketch 

with this code: 

Don’t forget to update: 

const char* ssid = "yourssid"; 

const char* password = "yourpassword"; 

to your WiFi access point and password, then upload the same way: get into bootload mode, then upload code via 

IDE. 
 

 

 

/* 

* Simple HTTP get webclient test 

*/ 

 

#include <ESP8266WiFi.h> 

const char* ssid = "handson"; 

const char* password = "abc1234"; 

password 

// key in your own SSID 

// key in your own WiFi access point 
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const char* host = "www.handsontec.com"; 

 

void setup() { 

Serial.begin(115200); 

delay(100); 

// We start by connecting to a WiFi network 

Serial.println(); 

Serial.println(); 

Serial.print("Connecting to "); 

Serial.println(ssid); 

 

WiFi.begin(ssid, password); 

 

while (WiFi.status() != WL_CONNECTED) { 
delay(500); 

Serial.print("."); 

} 

 

Serial.println(""); 

Serial.println("WiFi connected"); 

Serial.println("IP address: "); 

Serial.println(WiFi.localIP()); 

} 
 

int value = 0; 

 

void loop() { 

delay(5000); 

++value; 
 

Serial.print("connecting to "); 

Serial.println(host); 

 

// Use WiFiClient class to create TCP connections 

WiFiClient client; 

const int httpPort = 80; 
if (!client.connect(host, httpPort)) { 

Serial.println("connection failed"); 

return; 

} 

 

// We now create a URI for the request 

String url = "/projects/index.html"; 

Serial.print("Requesting URL: "); 

Serial.println(url); 

 

// This will send the request to the server 

client.print(String("GET ") + url + " HTTP/1.1\r\n" + 

"Host: " + host + "\r\n" + 

"Connection: close\r\n\r\n"); 
delay(500); 

 

// Read all the lines of the reply from server and print them to Serial 

while(client.available()){ 
String line = client.readStringUntil('\r'); 

Serial.print(line); 

} 

 

Serial.println(); 

Serial.println("closing connection"); 

} 
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Open up the IDE serial console at 115200 baud to see the connection and webpage printout! 
 

 

That's it, pretty easy right ! This section is just to get you started and test out your module. 
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         Handson Technology  
User Guide 

4 Channel 5V Optical Isolated Relay Module 
 

 

This is a LOW Level 5V 4-channel relay interface board, and each channel needs a 15-20mA 

driver current. It can be used to control various appliances and equipment with large current. 

It is equipped with high-current relays that work under AC250V 10A or DC30V 10A. It has 

a standard interface that can be controlled directly by microcontroller. This module isoptically 

isolated from high voltage side for safety requirement and also prevent ground loopwhen 

interface to microcontroller. 
 

 

Brief Data: 
 

 Relay Maximum output: DC 30V/10A, AC 250V/10A. 

 4 Channel Relay Module with Opto-coupler. LOW Level Trigger expansion board, which is 

compatible with Arduino control board. 

 Standard interface that can be controlled directly by microcontroller ( 8051, AVR, *PIC, DSP, 

ARM, ARM, MSP430, TTL logic). 

 Relay of high quality low noise relays SPDT. A common terminal, a normally open, one 

normally closed terminal. 

 Opto-Coupler isolation, for high voltage safety and prevent ground loop with microcontroller. 
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Schematic: 

VCC and RY-VCC are also the power supply of the relay module. When you need to drive a large power load, 

you can take the jumper cap off and connect an extra power to RY-VCC to supply the relay; connect VCC to 

5V of the MCU board to supply input signals. 

NOTES: If you want complete optical isolation, connect "Vcc" to Arduino +5 volts but do NOT connect 

Arduino Ground. Remove the Vcc to JD-Vcc jumper. Connect a separate +5 supply to "JD-Vcc" and board 

Gnd. This will supply power to the transistor drivers and relay coils. 

If relay isolation is enough for your application, connect Arduino +5 and Gnd, and leave Vcc to JD-Vcc jumper 

in place. 
 

 
 

4 Channel Relay Module Schematic 

 

2 www.handsontec.com 

http://www.handsontec.com/


It is sometimes possible to use this relay boards with 3.3V signals, if the JD-VCC (Relay Power) is provided 

from a +5V supply and the VCC to JD-VCC jumper is removed. That 5V relay supply could be totally isolated 

from the 3.3V device, or have a common ground if opto-isolation is not needed. If used with isolated 3.3V 

signals, VCC (To the input of the opto-isolator, next to the IN pins) should be connected to the3.3V device's 

+3.3V supply. 

NOTE: Some Raspberry-Pi users have found that some relays are reliable and others do not actuate sometimes. 

It may be necessary to change the value of R1 from 1000 ohms to something like 220 ohms, or supply +5V to 

the VCC connection. 

 

 
NOTE: The digital inputs from Arduino are Active LOW: The relay actuates and LED lights when the input  

pin is LOW, and turns off on HIGH. 

 

 
Module Layout: 

 

 
 

Operating Principle: 

See the picture below: A is an electromagnet, B armature, C spring, D moving contact, and E fixed contacts. 

There are two fixed contacts, a normally closed one and a normally open one. When the coil is not energized, 

the normally open contact is the one that is off, while the normally closed one is the other that is on. 
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Supply voltage to the coil and some currents will pass through the coil thus generating the electromagnetic 

effect. So the armature overcomes the tension of the spring and is attracted to the core, thus closing the moving 

contact of the armature and the normally open (NO) contact or you may say releasing the former and the 

normally closed (NC) contact. After the coil is de-energized, the electromagnetic force disappears and the 

armature moves back to the original position, releasing the moving contact and normally closed contact. The 

closing and releasing of the contacts results in power on and off of the circuit. 

Input: 

VCC : Connected to positive supply voltage (supply power according to relay voltage) 

GND : Connected to supply ground. 

IN1: Signal triggering terminal 1 of relay module 

IN2: Signal triggering terminal 2 of relay module 

IN3: Signal triggering terminal 3 of relay module 

IN4: Signal triggering terminal 4 of relay module 

 

Output: 

Each module of the relay has one NC (normally close), one NO (normally open) and one COM (Common) 

terminal. So there are 4 NC, 4 NO and 4 COM of the channel relay in total. NC stands for the normal close 

port contact and the state without power. NO stands for the normal open port contact and the state with power. 

COM means the common port. You can choose NC port or NO port according to whether power or not. 

Testing Setup: 

When a low level is supplied to signal terminal of the 4-channel relay, the LED at the output terminal will 

light up. Otherwise, it will turn off. If a periodic high and low level is supplied to the signal terminal, you can 

see the LED will cycle between on and off. 

For Arduino： 

Step 1：  

Connect the signal terminal IN1、IN2, IN3 & IN4 of 4-channel relay to digital pin 4, 5, 6, 7 of the Arduino 

Uno or ATMega2560 board, and connect an LED at the output terminal. 

IN1> 4; IN2> 5; IN3>6; IN4>7 

Step 2: 
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Upload the sketch "4 Channel Relay Demo " to the Arduino Uno or ATMega2560 board. Then you can see 

the LED cycle between on and off. 

The actual figure is shown below: 
 

 
 

Arduino Sketch: 4 Channel Relay Demo 

/************************************************Name： 
4 channel_relay 

Description: control the 4 channel relay module to ON or OFF 

Website: www.handsontec.com 

Email: techsupport@handsontec.com 

*****************************************************/ 

 

//the relays connect to 

 

int RelayControl1 = 4; // Digital Arduino Pin used to control the motor 

int RelayControl2 = 5; 

int RelayControl3 = 6; 

int RelayControl4 = 7; 

 
 

void setup() 

{ 
Serial.begin(9600); 

pinMode(RelayControl1, OUTPUT); 

pinMode(RelayControl2, OUTPUT); 

pinMode(RelayControl3, OUTPUT); 

pinMode(RelayControl4, OUTPUT); 

} 
 

 

void loop() 

{ 
 

digitalWrite(RelayControl1,HIGH);// NO1 and COM1 Connected (LED on) 

delay(1000); 
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digitalWrite(RelayControl1,LOW);// NO1 and COM1 disconnected (LED off) 

delay(1000); 

digitalWrite(RelayControl2,HIGH); 

delay(1000); 

digitalWrite(RelayControl2,LOW); 

delay(1000); 

digitalWrite(RelayControl3,HIGH); 

delay(1000); 

digitalWrite(RelayControl3,LOW); 

delay(1000); 

digitalWrite(RelayControl4,HIGH); 

delay(1000); 

digitalWrite(RelayControl4,LOW); 

delay(1000); 

} 
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Abstract: 

In this term paper we explore the possibilities of enhancing the user comfort and operational cost 

of smart departmental store providing range of methods for maximum utilization of resources. We 

present a utility-based departmental store that can detect human interventions in every aisle and 

automatic control system that make adjustments based on conditions such as occupancy, daylight 

availability assurance as well as ensuring considerable energy saving. Moreover, the wide array of 

products and services of departmental store require greater emphasis on maintenance of 

temperature and humidity and confirming the protection and contamination ofthe products. 

Thus, the features of stabilizing temperature with the aid of varied sensors helps to monitor the 

betterment of the entire environment. The buildings which are designed currently do not use 

building control strategy that may incorporate occupant level comfort as well as meeting operation 

goals in an efficient manner. Hence, we propose an intelligent lighting control strategy aided with 

maintenance of external factors by humidity and temperature and PIR motion sensors and 

Graphical User Interface (GUI) all of which help significantly reducing energy usage and 

operational cost, whereas maximizing daylight harvest and user comfort. 
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Chapter: 1 

INTRODUCTION 

Motivation 

The modern era beckons to solve the energy crisis along with increasing energy consumption day by day 

which is creating problem in everywhere. Particularly in city area departmental stores have become a 

big part of energy consumption. Thus, the role of automated control systems in helping to reduce the cost 

of production and provide production safety with ecological balance preservation is significantly 

important. Moreover, the other advantages highlighted in this term paper would be the reduction in the 

influence of the human factor on controlled process and enabling us to solve the minimization of raw 

material consumption. Thus, the basic functions carried out in controlling the several parameters on major 

areas of departmental store as well as management, data exchange, information processing, 

accumulation and storage, all these methods are interconnected to bring about the improvement of 

product quality, internal environment, energy savings plans and essential increase in production 

efficiency. 

 

Project Objective 

The objective of this project is to develop an intelligent automatic control system aims to minimize power 

consumption as well as sustainable development of smart energy saving system for our future generation. 

Moreover, the usage of installed intelligent light controls that enables users to adjust levels according to 

their preferences inspired us to work on it. Thus, the integration of PIR motion sensors to the lights in low- 

trafficked areas and high-trafficked areas of departmental store would serve as a replacement of standard 

light bulbs with no energy-efficient plans. Hence, all these motion sensors that we have worked in our 

project aims to add a bit of energy-savings strategy fostering efficient method to curb the energy crisis. In 

this project, the internal environment of lighting system is controlled in such a way that when a person 

leaves or enters the working areas, the PIR motion sensor will sense their movement and switch the light 

on or off accordingly. The technology helps customer to do grocery shopping even at midnight. 

Furthermore, the energy-saving light controls provide comfort, productive visual environment, enhancing 

quality of work in the departmental store and finally the reduction of lighting costs. Security system 

ensures the security of the departmental store. All these advantages serve to find the best way to do a 

job in a departmental store and the way is developed and worked critically in this term paper. 
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Scope of project 

In this paper we explore how the internal environment conditions of a departmental store are controlled 

via Control Unit. The control unit will solely be responsible for communicating with the external 

environment with three key sectors which are lamps, temperature controller and humidity controller. 

Arduino Uno is chosen to be the microcontroller board for this project as it provides open- source physical 

computing platform and can take inputs from a variety of lights, sensors and other physical outputs. One 

of the output leads to the LM35 temperature sensor mounted on a project board and reads out the 

external data to the 14 inch display monitor. The other output goes all the way to the humidity sensor, 

HSM 20G which also reads out its external data via display monitor. Both these sensors are connected to 

their respective actuators with the help of 6 V Relay. The microcontroller can control the relay connection 

to the actuators. Among the actuators, a 12 V DC fan is also used in relay connection. For intelligent light 

controls, the intensity is maintained by the lamps influence on a smaller area of space around it. The 

motion will be detected by a sensor called PIR (Pyro electric infrared sensor)which will detect the human 

body in specific area and another is light sensor (LDR) which will detect the light intensity of the specified 

area. All these sensors will be connected to the microcontroller board with the aid of jumper wires. 
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Chapter 2: 

SYSTEM DESCRIPTION 
 

Introduction 

An automatic light, temperature, humidity control system consists of the components such as Occupancy 

Sensors, Temperature Sensors, Humidity Sensors, Micro controller, different actuators and connecting 

wires. Other different components required by the system for this project will be deliberated later. 

Different types of occupancy sensors that can be used in automatic system to minimize energy 

consumption and the reason to choose PIR sensor over others, its working principle will be discussed. 

Other sensors used in the system and their working principle will also be discussed and different table will 

show some comparison. The utility of using Micro controller “Arduino Uno” in this project will be also 

deliberated in this paper. 

 

occupancy sensors 

Occupancy sensors are lighting control device that detects occupancy of a space by people and turns the 

lights on or off automatically using infrared or ultrasonic technology. Occupancy sensors are typically used 

to save energy, provide automatic control, and comply with building codes. When occupancy in a given 

space is predictable, switching can often be scheduled using simple devices such as time-clocksand 

timer-switches to save energy. When occupancy is not predictable, then switching can be automated 

using occupancy sensors. Occupancy sensors detect when a space is occupied or unoccupied and turn the 

lights on or off automatically after a short period of time to save energy. Depending on the characteristics 

of the space to be controlled, energy savings as high as 90% can be realized through use of occupancy 

sensors. Here below a table is shown to comprehend energy saving can be done using occupancy sensors. 

http://en.wikipedia.org/wiki/Electric_light
http://en.wikipedia.org/wiki/Infrared
http://en.wikipedia.org/wiki/Ultrasound
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Table 2.1: Power saving by using occupancy sensors 
 

Occupancy area Energy Savings 

Private office 15 – 50% 

Classroom 40 – 50% 
Conference room 25 – 70% 

Restrooms 32 – 72% 
Corridors 32 – 84% 

Storage areas 50 – 80% 

 
There are different types of occupancy sensors which are being used all over the world for certain benefits, 

some of them are explained below: 

 
Passive Infrared (PIR) sensors: 

PIR sensors, the simplest type are vastly used occupancy sensor for its inexpensiveness and betterusage. 

PIR sensor has a sensor face that measures different air temperatures in a room. The PIR detectorsends a 

signal to switch on lights when a person is in the room. It is an electronic sensor that measures infrared 

(IR) light radiating from objects in its field of view. They are most often used in PIR-based motion 

detectors. 

 
Ultrasonic sensors: 

Ultrasonic sensor also known as the Ping sensor measures distance using sonar; an ultrasonic (well above 

human hearing) pulse is transmitted from the unit and distance-to-target is determined bymeasuring the 

time required for the echo return. Output from the sensor is a variable-width pulse that corresponds to 

the distance to the target. 

 

Microwave Detector and Occupancy Sensor: 

This sensor is being used in many places for its good performance. Microwave based detectors emits 

microwaves from the detector cover a wide range to detect movement and activate lighting controls or 

an alarm. Battery-operated microwave occupancy sensors will work during power outages, so they are 

good for home security. 

http://en.wikipedia.org/wiki/Sensor
http://en.wikipedia.org/wiki/Infrared
http://en.wikipedia.org/wiki/Passive_infrared_sensor#MOTION
http://en.wikipedia.org/wiki/Passive_infrared_sensor#MOTION
http://en.wikipedia.org/wiki/Passive_infrared_sensor#MOTION
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(a) (b) (c) 
 

Figure 2.1: Three types of Occupancy sensors. (a)Passive Infrared (PIR) sensor, (b)Ultrasonic 

sensor (c) Microwave Detector and Occupancy Sensor. 

 
There are some type of PIR sensor which combined with PIR sensor for better performance and security 

purpose. Two of them are briefly explained below: 

 

Combined PIR and Ultrasonic Detector: 

This type of PIR detector is coupled to an active ultrasonic wave-emitting detector. These provide accurate 

readings of when people come into and out of a room, enabling more precise control of the lighting 

system. These are also good for use in home security as they can pinpoint the movement of intruders in 

the home with accuracy, and activate alarms when needed. 

 
Combined PIR and Microwave Occupancy Sensor: 

This type of occupancy sensor works well in spaces with windows. PIR detectors sometimes unable to 

detect movement beyond the windows, because glass blocks infrared radiation, but microwave emitters 

can. This sensor can activate an alarm or turn on interior lights when people approach home or office 

windows at night. These combined sensors are mostly used in Intrusion detection in protected area and 

formation of alarm notification by opening the contact output signal relay. 
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(a) (b) 

Figure 2.2: Two types of combined PIR sensors. (a) Combined PIR and Ultrasonic sensor, (b) 

Combined PIR and Microwave Occupancy Sensor. 

 
There are advantages and disadvantages of above sensors. In our project for system and system purpose 

and for several advantages we used Passive Infrared sensor (PIR). For departmental stores required range 

for motion or occupancy sensor is 3m to 4m. So PIR sensor is preferred the most. 

 
Passive infrared sensor (PIR) 

Every object that has a temperature above perfect zero emits thermal energy (heat) in form of radiation. 

We, Homo sapiens, radiate at wavelength of 9-10micrometers all time of the day. The PIR sensors are 

tuned to detect this IR wavelength which only emanates when a human being arrives in their proximity. 

The term “pyroelectricity” means: heat that generates electricity. All objects with a temperature above 

absolute zero emit heat energy in the form of radiation. Usually this radiation is invisible to the human 

eye because it radiates at infrared wavelengths, but it can be detected by electronic devices. The term 

passive in this instance refers to the fact that PIR devices do not generate or radiate any energy for 

detection purposes. They work entirely by detecting the energy given off by other objects. The sensor can 

trigger an alarm when a heat level changes in intensity or position. 

http://en.wikipedia.org/wiki/Absolute_zero
http://en.wikipedia.org/wiki/Heat
http://en.wikipedia.org/wiki/Human_eye
http://en.wikipedia.org/wiki/Human_eye
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Figure 2.3: pin configuration of PIR sensor 

Working Principle of PIR sensor 

In our project we used PIR sensor that has a pyro-electric sensor module which developed for human body 

detection. A PIR detector combined with a Fresnel lens are mounted on a compact size PCB together with 

an analog IC, SB0061, and limited components to form the module. High level output of (3.3v) variable 

width is provided and has range from 3m to 4m, lens angle 140 degree and its configuration and working 

principle is relatively simple. Here pin 1 is used to power up the sensor and pin 3 is used as ground which 

completes the circuit and by pin 2 the sensor sends and receives signal acting as an input and output pin. 

 
 
 
 

 
 

Fegure 2.4: PIR sensor range and its lens angle 
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To make it entirely purposeful it is connected to an intelligent chip which provides the input signal. Here 

in our project for the intelligent chip microcontroller Arduino uno is used. The PIR Pin “+” is connected to 

Arduino +5 and PIR pin “-” is connected to Arduino Gnd. When PIR sensors can sense thermal energy 

within its range from 3m to 4m its sends signal to the connected microcontroller and microcontroller 

controls the lightning system. 

 

 

Figure 2.5: Working Principle of PIR sensor. 

 
For the better work performance the PIR sensor should be install on the ceiling. 

 

Adavntage 

The advantages of PIR sensor over other sensors as occupancy sensor is that it has compact size (28 X 38 

mm),less complex,easy to install, power consumption very low (current drain 1.5mA-0.1mA and DC 0.8V- 

405V), highh sensivity,low noise,delay time can be varied from 5s to 18 minutes,blockade time 0.5sto 50s 

and can operate under temperature from -15 degree to 70 degree. Most importantly ,as opposed to 

microwave sensor, it can’t be a problem as the waves can’t penetrate walls where motion would be 

expected and it is way less expensive than other sensors. 

 

Limitation 

PIR sensor cannot detect a stationary or very slowly moving body and they are temperature sensitive, 

another drawback is that its field of view is not as broad as other sensors; ceiling mounting can help reduce 

this weakness. Another shortcoming is that motion directly toward the sensor may fail to resultin a 

trigger. This type of sensor should not be mounted near ventilation ducts, pointed toward windows or 

placed where temperature changes will be common. 
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Temperature sensor 

A temperature sensor is a device that gathers data concerning the temperature from a source and 

converts it to a form that can be understood either by an observer or another device. These sensors come 

in many different forms and are used for a wide variety of purposes, from simple home use to extremely 

accurate and precise scientific use. There are four main contact temperature-sensing devices available, 

divided in three families: thermocouples (self-generating sensors), resistance temperature detectors and 

thermistors (resistive sensors), and temperature-transducing ICs (PN or Semi-conductive). These sensors 

translate the temperature into a reference voltage, resistance or current, which is then measured and 

processed and a numerical temperature value is computed. 

 

Thermocouples: 

Thermocouples are a physically simple sensor, though how they function is more complex. Thermocouples 

are a widely used type of temperature sensor for measurement and controland can also be used to 

convert a temperature gradient into electricity. Commercial thermocouples are inexpensive, 

interchangeable, are supplied with standard connectors, and can measure a wide range of temperatures. 

 
Resistance temperature detectors (RTDs) 

Resistance Temperature Detectors (RTD), as the name implies, are sensors used to measure temperature 

by correlating the resistance of the RTD element with temperature. Most RTD elements consist of a length 

of fine coiled wire wrapped around a ceramic or glass core. The element is usually quite fragile, so it is 

often placed inside a sheathed probe to protect it. The RTD element is made from a pure material whose 

resistance at various temperatures has been documented. The material has a predictable change in 

resistance as the temperature changes. 

 

Temperature IC 

Semiconductor temperature sensors are produced in the form of ICs. Their design results from the fact 

that semiconductor diodes have temperature-sensitive voltage vs. current characteristics. When two 

identical transistors are operated at a constant ratio of collector current densities, the difference in base- 

emitter voltages is directly proportional to the absolute temperature. Temperature sensing ICs are 

available either in analog form, which output a voltage or current which is proportional to the 

http://en.wikipedia.org/wiki/List_of_temperature_sensors
http://en.wikipedia.org/wiki/Gradient
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temperature, or digital, which communicate temperature over a digital communication line, such as 

one-wire PWM, two-wire I2C, or a multiple wire SPI connection. 

 

 
(a) (b) (c) 

 

Figure 2.6: three types of temperature sensors, (a) thermocouple,(b) Resistance temperature 

detectors(RTD), (c) temperature IC. 

 
In our project temperature IC’s are used for various utilities. The following table offers a comparison of 

the different characteristics of the various temperature sensor types. 

 
Table 2.2: Different characteristics of three temperature sensors 

 
 

Characteristic Platinum RTD Thermocouple Temperature IC 

Active Material Platinum Wire Two Dissimilar Metals Silicon 
Transistors 

Changing 
Parameter 

Resistance Voltage Voltage or 
Current 

Temperature 
Range 

-200°C to 500°C -270°C to 1750°C -55°C to 150°C 

Sensitivity 2 mv/°C 0.05 mV/°C ~1 mv/°C or ~1 
uA/°C 

Accuracy -45 to 100°C: ±0.5°C; 100 to 
500°C: ±1.5°C; 500 to 1200°C: 
±3°C 

0 to 275°C: ±1.5 °C to ±4°C; 
275 to 1260°C: ±0.5 to ±0.75% 

±2 °C 

Linearity Excellent Moderate Excellent 
Response Time 2-5 s 2-5 s  

Stability Excellent Poor Excellent 

Base Value 100 Ω to 2 kΩ < 10 mV Various 

Noise 
Susceptibility 

Low High High 

Drift +/- 0.01% for 5 years 1 to 2°F per year 0.1°C per month 
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Special 
Requirements 

Lead Compensation Reference Junction None 

Device Cost $60 - $215 $20 - $235 $5 - $50 

Relative System 
Cost 

Moderate Moderate Low 

 

LM35 

Working 

principle: 

The LM35 series are precision integrated-circuit temperature sensors, with an output voltage linearly 

proportional to the Centigrade temperature. Thus the LM35 has an advantage over linear temperature 

sensors calibrated in ° Kelvin, as the user is not required to subtract a large constant voltage from the 

output to obtain convenient Centigrade scaling. Here pin1 is used to power up the sensor and pin 3 

completes the circuit. Pin 2 sends the output and the output is taken against a register connected to the 

sensor. Here is a commonly used circuit. For connections refer to the picture below. 

In this circuit, parameter values commonly used are: 
 

 Vc = 4 to 30v 
 5v or 12 v are typical values used. 
 Ra = Vc /10-8 

 
 
 
 
 
 
 
 
 
 

Figure 2.7: Pin configuration and circuit of LM35. 

2.4.2Advantage 

The LM35 has various advantages over other temperature sensors in terms of linearity besides LM35 does 

not require any external calibration or trimming to provide typical accuracies of ±1⁄4°C at room 

temperature and ±3⁄4° Cover a full −55 to +150°C temperature range. Low cost is assured by trimming 

and calibration at the wafer level. It has low output impedance, linear output, and precise inherent 

calibration that make interfacing to readout or control circuitry especially easy. It can be used with 
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single power supplies, or with plus and minus supplies. As it draws only 60 μA from its supply, it has very 

low self-heating, less than 0.1°C in still air. 
 

 

 

Figure 2.8: Linearity of different temperature sensors. 

 
Limitation 

There are some limitations of using LM35 sensor. LM35 IC sensors have narrow temperature rangewhich 

is -55 to 150°C max, wider inter-changeability, unlike other temperature sensors it need power supply is 

required, comparatively slow and self-heating. 

 
Physical setup 

The LM35 can be applied easily in the same way as other integrated-circuit temperature sensors. It can 

be glued or cemented to a surface and its temperature will be within about 0.01 ˚C of the surface  

temperature. 

 
light Dependent Resistor (LDR) 

LDR alight-dependent resistor, otherwise known as photo-resistor, photoconductor, or photocell, is a 

variable resistor whose value decreases with increasing incident light intensity. An LDR is made of a high- 

resistance semiconductor. If light falling on the device is of high enough frequency, photons absorbed by 

the semiconductor give bound electrons adequate energy to jump into the conduction band. The resulting 

free electrons conduct electricity, thereby lowering resistance. In our projectLRDis used to measure the 

light intensity during day time and night that determines the number of lights should be turned on in order 

to save sufficient amount of energy. 
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Figure 2.9: Light Dependent Resistor (LDR) 
 
 

 

 
Figure 2.10: LDR circuit. 

 
LDRs or Light Dependent Resistors are very useful especially in light/dark sensor circuits. Normally the 

resistance of an LDR is very high, sometimes as high as 1000 000 ohms, but when they are illuminated 

with light resistance drops dramatically. Here in our project one end of the LDR is used to power it up and 

a resistor is connected in serial with the LDR. Formula for calculating Vout is given below. 
 

𝑅2 
𝑉𝑜𝑢𝑡 = 𝑉i𝑛 × .................................................................................................. (i) 

𝑅𝑙𝑑𝑟 + 𝑅2 
 

 

Humidity 

Humidity is something we hear about daily in weather reports. Absolute humidity is the mass of water 

vapors divided by the mass of dry air in a volume of air at a given temperature. Relative humidity is the 

ratio of the current absolute humidity to the highest possible absolute humidity (which depends on the 

current air temperature, humidity and human body. When the relative humidity is high, we feel much 

hotter than actual temperature. If the relative humidity is low, we feel much cooler than the actual 
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temperature. For example, according to the Heat Index, a relative humidity of 75% at 80°F (27°C) would 

feel like 83.574°F ±1.3 °F (28.652°C ±0.7 °C) at ~44% relative humidity. 

 
Humidity sensor 

The humidity sensor we used in this project is called HSM-20G.This sensor is essential to applications 

where relative humidity is converted to standard voltage output. The relative humidity should monitor an 

ideal environment. The common problem result by humidity such as dampness dryness and condensation 

cause various problems for the food and raw vegetables inside a departmental store. Too high or too low 

humidity can affect the quality of food or vegetables. A departmental store needs a controlled humidity 

condition. In order to ensure energy efficient and optimized quality, humiditysensor is a much needed 

device to serve our purpose. Our project will be using a humidity sensor where the sensitivity is very high 

but cost efficient. The roughly operation of this device is that once the on/off button is pressed, the device 

will be activated and the LCD will display both the humidity and temperature levels. The accuracy of this 

device will be depending on the sensitivity being used. The limitation of this project is that the device is 

only designed to display the reading of humidity and temperature on the LCD provided. HSM-20G is 

designed to sense both temperature and humidity. Our sensor HSM-20G that we used in this project is 

a DC 5.0 input voltage and the output voltage is 1-3V.The measuring accuracy for the detection of 

humidity reading is ±0.05RH. The combination of humidity output, with the temperature output being 

matching current or voltage signal. The sensor is highly sensitive to humidity in air. 

 

Figure 2.11 HSM 20G 
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HSM-20G Characteristics 
 

Module Humidity Sensor, HSM-20G 

Input Surrounding environment humidity 

Output Humidity sensor will produce an analogue 
voltage and then will go through an analogue 
digital converter ADC fitted inside the 
Arduino. 

Functionality To convert sensor reading to voltage output. 

 
 

LABEL DESCRIPTION 

Vcc The power supply to the sensor 

Humidity Output The analogue of the humidity for the 
sensor 

GND Ground of the sensor 

Temperature Output The analogue output of the 
temperature for the sensor 

Sensor for temperature Sensor to sense the temperature 

Sensor for humidity Sensor to sense humidity 

4-pin header The connector to the cable which 
connect to the microcontroller in the 
Arduino device. 

 
Advantage 

There are many reasons why we chose HSM-20G as our humidity sensor. The following points show some 

of the reasons. Small size makes it easy to conceal and suit current miniaturization product Compatible 

with all types of microcontroller makes it reduces the complexity of interfacing. High sensitivity to 

humidity in air which makes it quite reliable. 

 
Lighting system 

Lighting system in a departmental store includes the selection of the appropriate lights for the greater 

efficiency for the store. Now-a-days there are vast number of different kinds of lights that can be installed 

in departmental stores. Popular and typical lighting includes lights which are incandescent light bulbs, 

compact fluorescent lamps, LED bulbs. In our project LED bulbs are used for its enormous competence. 
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LDE Bulb 

Now a days as energy saving has become a great concern energy-efficient lighting has progressed quickly 

over the past decade for the purpose, as the more efficient LED light bulbs replace compact fluorescent 

lamps and incandescent light bulbs. Today, LED bulb technology has advanced to offer light bulbs for most 

fixtures and applications, in cool and warm light, and in dimmable and non-dimmable options. LEDs 

contain no mercury, and are very durable. And while the initial cost of LEDs seems high in comparison to 

other bulbs, they are actually less expensive to use for the overall life of the bulb than compact fluorescent 

lamps or incandescent light bulbs. For these reasons, Earth easy only sells LED bulbs, as we believe this 

is the best value in lighting today. Many different models and styles of LEDbulbs are emerging in 

today's marketplace. 

 

Diffused LED bulbs 

Diffused LED bulbs are the clusters of LEDS which are covered by dimpled shaped lens that helps spreading 

light out over a wider area. Recently the use of diffused LED bulbs is increasing for their immense 

efficiency. Available in standard Edison bases, these bulbs have many uses, such as area lighting for rooms, 

porches, reading lamps, accent lamps, hallways and low-light applications where lights remain on for 

extended periods. 

 

Flame Tip, Candelabra Base LEDs 

Another form of popular LED bulbs are flame tip, candelabra base LED bulbs. These bulbs are designed 

to replace incandescent candelabra bulbs. These bulbs are considerably more efficient as these flame tip 

LEDs deliver the equivalent light of 25 to 35 watt incandescent drawing only 3.5 watt of electricity and 

because of the heat sink in the base, light doesn’t scatter downwards as much as a typical lights. 

 
 
 

LED Tube Lights 

Led tube lights are designed to take over the place of typical fluorescent tube lights. These LED tubesare 

available in 8 and 16 watts. Because fluorescent lights are often installed in high ceilings in commercial 

sites, there are additional savings because the frequency of changing bulbs is greatly reduced. 



17  

 

 

 

 

(a) (b) (c) 
 

Figure 2.11: Different kind of LED bulbs. (a) Diffused LED bulbs, (b) Flame Tip, Candelabra Base 

LEDs (c) LED Tube Lights. 

 

Advantages of LED bubs 

LED bulbs last up to 10 times as long as compact fluorescents, and far longer than typical incandescent 

light bulbs. Since LEDs do not have a filament, they are not damaged under circumstances when a regular 

incandescent bulb would be broken. These bulbs do not cause heat build-up; LEDs produce 3.4 btu's/hour. 

Common incandescent bulbs get hot and contribute to heat build-up in a room. LEDsprevent this heat 

build-up, thereby helping to reduce air conditioning costs in the home. No mercury is used in the 

manufacturing of LEDs. LED light bulbs use only 2-17 watts of electricity (1/3rd to 1/30th of Incandescent 

or CFL). LED bulbs used in fixtures inside the home save electricity, remain cool and save money on 

replacement costs since LED bulbs last so long. Small LED flashlight bulbs will extend battery life 10 to 15 

times longer than with incandescent bulbs. 
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Table 2.3 Equivalent wattages and light output of Incandescent, CFL and LED bulbs 
 
 

Light Output LEDs Bulbs CFLs Incandescents 

Lumens Watts Watts Watts 

450 4 - 5 8 - 12 40 

300 - 900 6 - 8 13 - 18 60 

 

1100 - 1300 
 

9 - 13 
 

18 - 22 
 

75 - 100 

1600 - 1800 16 - 20 23 - 30 100 

2600 - 2800 25 - 28 30 - 55 150 

 

Cost Comparison between LEDs, CFLs and Incandescent light bulbs 

Although LEDs are initially expensive, the cost is recouped over time and in battery savings. LED bulb use 

was first adopted commercially, where maintenance and replacement costs are expensive. But the cost 

of new LED bulbs has gone down considerably in the last few years and is continuing to go down. Today, 

there are many new LED light bulbs for use in the home, and the cost is becoming less of an issue. 

Table 2.4 Cost comparison between LEDs, CFLs and Incandescent bulbs 
 

 LED Bulbs CFL Incandescent 

Light bulb projected lifespan 50,000 hours 10,000 hours 1,200 hours 

Watts per bulb (equiv. 60 watts) 10 14 60 

 

Cost per bulb 
 

$35.95 
 

$3.95 
 

$1.25 

KWh of electricity used over 
50,000 hours 

 

300 500 
 

700 
 

3000 

 

Cost of electricity (@ 0.10per KWh) 
 

$50 
 

$70 
 

$300 
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Bulbs needed for 50k hours of use 

 
1 

 
5 

 
42 

 
Equivalent 50k hours bulb expense 

 
$35.95 

 
$19.75 

 
$52.50 

 

Total cost for 50k hours 

 

$85.75 

 

$89.75 

 

$352.50 

 

Comparing the features of Incandescent, CFL and LED bulbs: 

The LED bulbs have some distinct performance over the features such as ON/OFF cycle, durability, emitted 

heat, sensitivity to temperature etc. that made it more efficient for use. Below there is a table that 

compares different features among the lights. 

Table 2.4 comparison of the features 
 

 
LED Bulbs CFLs Incandescents 

Frequent On/Off Cycling no effect shortens lifespan some effect 

Turns on instantly yes slight delay yes 

 

Durability 
 

durable 
 

fragile 
 

fragile 

 
Heat Emitted 

 
low (3 btu's/hr) 

 
medium (30 btu's/hr) 

 
high (85 btu's/hr) 

 
Sensitivity to temperature 

 
no 

 
yes 

 
some 

 
Sensitivity to humidity 

 
no 

 
yes 

 
some 

 
Hazardous Materials 

 
none 

 
5 mg mercury/bulb 

 
none 

 

Replacement frequency 
(over 50k hours) 

 
1 

 
5 

 
40+ 
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Humidifier 

 
Controlling Humidity 

Controlling humidity in a departmental store is very important. If humidity is very low in a particular 

section of the departmental store, it would create a very uncomfortable atmosphere for the occupants 

of that store at that section. By using a humidifier, the problems could be overcome. Although, we 

couldn’t show the actuators for humidity sensor in our project due to some limitations, a “Desiccant” for 

high relative humidity and “Mechanical dehumidifier” can be used in large departmental stores. Both 

these devices are connected by individual relays to the Arduino. 

Dehumidifiers are appliances that help reduce the humidity levels in the air. There are primarily two 

types of humidifiers: desiccant and mechanical. 

 
 

 

 

Desiccant 

Desiccant Models are named for their use of a desiccative or 

drying substance to remove moisture from the air. 

The dehumidifying process involves exposing the desiccant matter 

to an air stream with high relative humidity. These units do 

not use compressors and are best placed in areas with low 

temperatures and lower humidity levels. They 

are inexpensive and quite effective when controlling light 

humidity problems. 

 
 
 

 

Mechanical 

Mechanical Models are much more common. These units are like 

air conditioners, containing both hot and cold coils in the same 

box.As the fan draws indoor air over the cold coil, the moisture 

is collected into a bucket. Dry air then passes through the hot coil 

to warm it back to its original temperature. 

As a result, mechanical units raise the air temperature slightly, as 

opposed to air conditioners, which cool the air as it dehumidifies 

it. This model is ideal for moderate to high humidity levels. 

 
Conclusion: For the purpose of energy saving, smart departmental stories designed with the suitable 

components from various selections which are mentioned above. Selection of right components for 

system, their parameters also play a vital role and such as energy efficiency, cost efficiency etc. 

http://www.air-n-water.com/eva-dry-dehumidifiers.htm
http://www.air-n-water.com/newair-dehumidifiers.htm
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Chapter 3 

System size, Model development and Space type 

Introduction 

System size provides the factors for the automatic light, temperature, humidity control system in a 

departmental store to power up the actuators. This system will require a various range of sensors and 

actuators which will be connected with intelligent chip as microcontrollers. In our project a 

microcontroller “Arduino Uno” is used to ensure better interfacing with the sensors. Sensors and the 

actuators will be connected with the Arduino Uno and other circuit components which includes relays 

that help the actuators to turn on and turn off according to the sensor reading and to the coding in 

microcontroller. The calculation for the departmental store size, number of LED lights, sensors, air 

condition and other components plays a vital role for the system size. Efficiency is the foremost concern 

for this system design. 

 
Model Development and space type for the departmental store 

Model development and space type for the departmental store represents typical departmental store well 

enough to provide specific guidance to increase energy efficiency.This project adopts many aspects of the 

benchmark project departmental store.In a standard form of departmental store the space area for 

grocery section is the largest followed by Dry food section which has the second large area.For this project 

a departmental store of 25000 square feet is taken as a standard form. This departmental store contains 

six primary sections sales, produce, deli, bakery, dry storage and office. The layout of this project contains 

six space types, whose name and sizes are shown in table. 
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Table 3.1Model Development and space type for the departmental store: 
 
 

 

Space Type 
 

Floor Area (ft^2) 
 

Floor Area (m^2) 
 

Percent of total 

Grocery and sales 14000 1301 56 

Dry foods 4250 395 17 

Medicine 1250 116 5 

Electronic and 

crockeries 

 

1250 
 

116 
 

5 

Cloths and cosmetics 3750 348.51 15 

Office 500 46.45 2 

Total 25000 2322.96 100 

 

In this model the largest area is allocated for Grocery and Sales. In any departmental store the occupancy 

density in grocery section is much higher than any other sections and for this reason any departmental 

store requires larger space for this section. The standard space for grocery and sales section is 50 to 56 

percent which says in 25000 square feet the floor area it will require is 14000 square feet or 1301 square 

meters. The area allocated for dry food is 4250 square feet or 395 square meters,for medicine section 

1250 square feet or 116 square meters, for electronics and crockeries 1250 square feet, for cloths and 

cosmetics 3750 square feet and for office 500 square feet. The percentage area for the sections is given 

in the table and in the bar chart. 
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Bar chart 3.1: Percentage of total floor area of different sections 
 
 

 
 

Figure 3.1: Model and space type of departmental store 

Percentage of total floor area of different sections 

60 

50 

40 

30    

Percentage of 
total floor area 
of different 
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20 

10 
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Sales and 
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office 
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Calculation of necessary power for LED lights 

As for efficiency LED lights are optimum choice as it reduces energy consumption up to 88 percent. As in 

only 20 percent of power loss occurs. From this layout, the number of LED bulbs required for per square 

feet is determined. There are different calculations for different type of lighting systems. The NEC defines 

3 watts per ft² for lighting is required in a departmental store and the brightness generally required is 

from 1100 lumen to 1300 lumen. Wattage 9 to 13 is obligatory for the expected brightness.In this project 

for power saving and human comfort purposes LED light of power capacity 12 watt and brightness 1100 

lumen is used. In a typical departmental store 23 percent of total power consumption istaken by lighting 

system. 

 

 
 
 
 

In a departmental store for each square feet area 3 watt is required for lighting purpose. In this project 

one LED bulb of 1100 lumen is used for every 4 square feet area. The number of bulbs needed is the 

total area of the departmental store divided by the area covered by each bulb. 
 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜ƒ 𝑏𝑢𝑙𝑏𝑠 𝑛𝑒𝑒𝑑𝑒𝑑 = ..................................................................................................................................... (ii) 

𝐴𝑟𝑒𝑎 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑏𝑦 𝑒𝑎𝑐ℎ 𝑏𝑢𝑙𝑏 
 

 
25000 

Number of bulbs needed = 
4

 

= 6250 

 
LED guide formulas are needed for calculating total power that used by the bulbs. There are some 

formulas for calculation below: 
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𝑆𝑦𝑠𝑡𝑒𝑚 i𝑛𝑝𝑢𝑡 W𝑎𝑡𝑡𝑎𝑔𝑒(W) ........................................................... 
𝐷𝑒𝑚𝑎𝑛𝑑 ƒ𝑜𝑟 𝑃𝑜𝑤𝑒𝑟(𝑘W) = (iii) 

1000 

𝐻𝑜𝑢𝑟𝑠 𝑜ƒ 𝑜𝑝𝑒𝑟𝑎𝑡i𝑜𝑛................ 
𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡i𝑜𝑛 (𝑘W) = 𝑆𝑦𝑠𝑡𝑒𝑚 i𝑛𝑝𝑢𝑡 𝑤𝑎𝑡𝑡𝑎𝑔𝑒(𝑘W) × (i𝑣) 

𝑌𝑒𝑎𝑟 

𝐻𝑜𝑢𝑟𝑠 𝑜ƒ 𝑂𝑝𝑒𝑟𝑎𝑡i𝑜𝑛 𝑂𝑝𝑒𝑟𝑎𝑡i𝑛𝑔 𝐻𝑜𝑢𝑟𝑠 
= 

𝑂𝑝𝑒𝑟𝑎𝑡i𝑛𝑔 𝐷𝑎𝑦𝑠 
× 

𝑂𝑝𝑒𝑟𝑎𝑡i𝑛𝑔 W𝑒𝑒𝑘𝑠 ................................. 
× 

 
(𝑣) 

𝑌𝑒𝑎𝑟 𝐷𝑎𝑦 W𝑒𝑒𝑘 𝑌𝑒𝑎𝑟 
 
 
 

 
𝑆𝑦𝑠𝑡𝑒𝑚 𝑙𝑢𝑚𝑒𝑛 𝑜𝑢𝑡𝑝𝑢𝑡 ............... 

𝐿i𝑔ℎ𝑡i𝑛𝑔 𝑆𝑦𝑠𝑡𝑒𝑚 𝐸ƒƒi𝑐i𝑒𝑛𝑐𝑦(𝐿𝑢𝑚𝑒𝑛 𝑝𝑒𝑟 W𝑎𝑡𝑡 𝑜𝑟 𝐿𝑃W) = (𝑣i) 
𝐼𝑛𝑝𝑢𝑡 W𝑎𝑡𝑡𝑎𝑔𝑒 

W 𝑇𝑜𝑡𝑎𝑙 𝑆𝑦𝑠𝑡𝑒𝑚 𝐼𝑛𝑝𝑢𝑡 W𝑎𝑡𝑡𝑎𝑔𝑒(W) ...................................... 
𝑈𝑛i𝑜𝑡 𝑃𝑜𝑤𝑒𝑟 𝐷𝑒𝑛𝑠i𝑡𝑦 ( . ƒ𝑡. ) = (𝑣ii) 

  

𝑠𝑞 𝑇𝑜𝑡𝑎𝑙 𝐴𝑟𝑒𝑎(𝑆𝑞𝑢𝑎𝑟𝑒 𝐹𝑒𝑒𝑡) 
 

W𝑎𝑡𝑡 (W) = 𝑉𝑜𝑙𝑡(𝑉) × 𝐶𝑢𝑟𝑟𝑒𝑛𝑡i𝑛 𝐴𝑚𝑝𝑒𝑟𝑒𝑠 (𝐴) × 𝑃𝑜𝑤𝑒𝑟𝐹𝑎𝑐𝑡𝑜𝑟(𝑃𝐹) ................................................ (𝑣iii) 
 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 = 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 i𝑛 𝐴𝑚𝑝𝑒𝑟𝑒𝑠(𝐴) × 𝐼𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒(𝑜ℎ𝑚)[𝑂ℎ𝑚 𝐿𝑎𝑤] ...................................................... (i𝑥) 
 
 

 
In a 25000 square feet departmental store, 6250 diffused LED bulbs are needed. If one LED bulb 

consumes 12 watt, 6250 LED bulbs require energy per day = 

 
(12 W X 6250 X 18 ℎ𝑟𝑠 ) = 1350 𝑘Wℎ / 𝑑𝑎 y 

𝑑𝑎𝑦 
 

 

= (1350 𝑘W × 365) /𝑦𝑒𝑎𝑟 
 

= 492.75 𝑀Wℎ / 𝑦𝑒𝑎𝑟 
 

LED bulbs consume the least power and have the longest life span, lasting up to 40 or 50 years. LEDs 

cost about $36 per bulb. This kind of bulb is both energy-efficient and environmentally friendly, as it does 

not contain mercury or lead like CFLs do. LEDs also function much better than CFLs when it comes to using 

dimmer switches. The LED color spectrum is still in development. As of right now, LED bulbs only come in 

two varieties, cool white light and warm white light. A cost-comparison analysis done by Eartheasy.com 

shows that both LEDs and CFLs will save up to of $10,000 over a 10-year period. The savings for consumers 

who use LED bulbs will add up to about $2,000 more. 

http://www.eartheasy.com/live_led_bulbs_comparison.html
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Specific humidity 

Specific humidity is the ratio of water vapor to dry air in a particular mass, and is sometimes referred to 

as humidity [6] ratio. Specific humidity ratio is expressed as a ratio of mass of water vapor per unit mass 

of dry air. 

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝐻𝑢𝑚i𝑑i𝑡𝑦 = 
𝑚𝑎𝑠𝑠 𝑜ƒ 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑢𝑟 

𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜ƒ 𝑚𝑜i𝑠𝑡 𝑎i𝑟 
… … … … … … … … … … … … . . (𝑥) 

 
 
 
 

 

𝑅𝑒𝑙𝑎𝑡i𝑣𝑒 ℎ𝑢𝑚i𝑑i𝑡𝑦 = 
𝑃𝑎𝑟𝑡i𝑎𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜ƒ 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑟 

𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑 𝑣𝑎𝑝𝑜𝑟 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜ƒ 𝑤𝑎𝑡𝑒𝑟 𝑎𝑡 𝑎 𝑔i𝑣𝑒𝑛 𝑡𝑒𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 

 

* 100% (𝑥i) 

 
 

 
𝑀𝑎𝑠𝑠 𝑜ƒ 𝑤𝑎𝑡𝑒𝑟 𝑣𝑎𝑝𝑜𝑟............................................ 

𝑆𝑝𝑒𝑐iƒi𝑐 ℎ𝑢𝑚i𝑑i𝑡𝑦 = (𝑥ii) 
𝑀𝑎𝑠𝑠 𝑜ƒ 𝑑𝑟𝑦 𝑎i𝑟 

 

Storage environment 

To reduce the risk of accidental contamination it is critical that packaged items be stored in a limited 

access area, where the storage shelves are clean and environment maintained. Personnel with 

appropriate attire and frequent hand hygiene are an integral aspect of ensuring an appropriate storage 

environment. When relative humidity levels exceed 70% having a controlled storage environment helps 

reduce the risk of contamination. 

 

Chart 3.2 Showing Relative Humidity Levels (%) each day in a departmental store: 

120 
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Cold storage 

60 

 
40 

Vegetables and fruits section 

Dry food 

Pharmacy Section 

20 

Day 1 Day 2 Day 3 Day 4 
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Chapter 4 

Calculation for Power Saving 
 
 

Introduction 

The modern era indicates to resolve the energy crisis along with increasing energy consumption day by 

day which is creating problem in everywhere and energy crisis is any great bottleneck in the supply of 

energy resources to an economy. There has been an enormous increase in the global demand for energy 

in recent years as a result of industrial development and population growth. Energy efficiency, means 

using less energy to provide the same level of energy. In this project the prime objective is to minimize 

maximum use of electricity by using energy saving lighting system and occupancy sensor. A present 

departmental store is taken as an example to show the project energy efficiency. Different occupancy 

density and percentages of occupancy in different sections are shown for power calculation and the yearly 

saving of energy is also shown in this segment. 

 

Occupancy density 

The occupant density refers to the amount of persons that can safely fit into the space available and 

occupancy density of a departmental store is very essential for calculating occupancy in every section 

which helps further to calculate energy saving. In this project we take an existing departmental store as 

an example to determine yearly power consumption. The occupancy in different section varies in order 

to space type. Occupancy is highest in Grocery section which is 36.9 percent, in Dry food section 32.14 

percent, in cloths section 16.67 percent, in cosmetic section 5.28 percent, in electronics and crockery’s 

section is 4 percent and in medicine is 4 percent. 

 

Pie chart 4.1 Occupancy in every section 

Occupancy in every section 
Grocery 36.9% 

 

Dry foods 32.14% 
 

Cloths 16.67% 
 

Cosmetics 5.28% 
 

Electronics and 
crockeries 5% 

http://en.wikipedia.org/wiki/Bottleneck_%28logistics%29
http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Economics
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Occupancy in different section also varies in different hours. The operating hour of the store is from 8 

am in the morning to 10 pm in the night. According to the store manager occupancy is higher in morning 

and evening. So these hours are divided into peak hours and nonpeak hours. Occupancy is higher in peak 

hours and number of people drops to one third in nonpeak hours. 

 

Operation hour of departmental store = 8 am to 10 pm=14 hours 

Peak hours =9 am to 12 am and 5 pm to 9 pm= 7 hours 

Nonpeak hours = 8 am to 9, 12 pm to 5 pm and 9 pm to 10 pm= 7 hours 
 
 

It is observed in that departmental store that during peak hours the number of people visit in grocery 

section is 41, in dry food section 19, in cloths section 36, in cosmetic section 6, in electronics and crockery’s 

section 5 and in medicine section 5. In nonpeak hours the number drops to one third of peak hours. It is 

also observed that in cosmetic, electronics and crockery’s and in medicine section the occupancy remains 

relatively constant in both peak and nonpeak hours. A bar chart is given below for better interpretation. 

 

Bar chart 4.1 occupancy in peak and nonpeak hours 

45 
 

40 
 

35 
 

30 
 

25 
 

20 
peak hours 

15 
non peak hours 

10 

Grocery Dry foods Cloths Cosmetics Electronic 
and 

Crockeries 

Medicine 
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During nonpeak hours the number of people in departmental store drops to one third of the number 

during peak hours. In peak hours Grocery, Dry foods and Cloths sections are remain 100 percentoccupied 

and in nonpeak hours the percentage of hours remained occupied in these three sections is 75 percent, 

68 percent and 60 percent. The number of people in cosmetics Electronics and medicine sections remains 

relatively constant all day. A table is given below to calculate the operation hours of lights with PIR sensor 

and without PIR sensor. 

Table 4.1 Operation hours of lights with PIR sensor and without PIR sensor 
 

 

 

 
 

Space type 

 

 
 

Number of 
people per 
peak hour 

 

 
Number of 
people per 
nonpeak 

hour 

 
Percentage of hour 

remain occupied 

 
Operation hour of 

lights with PIR sensor 

 
 

Operation 
hour of 
lights 

without 
PIR sensor 

During 
Peak 
hours 

During 
nonpeak 

hours 

During 
Peak 
hours 

During 
nonpeak 

hours 

 

Grocery 

 

41 

 

14 

 

100 

 

75 

 

7 

 
5 hrs 15 

mins 

 

14 

 

Dry foods 

 

19 

 

6 

 

100 

 

68 

 

7 

 
4 hrs 45 

mins 

 

14 

 

Cloths 

 

36 

 

12 

 

100 

 

60 

 

7 

 
4 hrs 12 

mins 

 

14 

 

Cosmetics 

 

6 

 

6 

 

50 

 

50 

 
3 hrs 30 

mins 

 
3 hrs 30 

mins 

 

14 

 

Electronics 

 

5 

 

5 

 

50 

 

50 

 
3 hrs 30 

mins 

 
3 hrs 30 

mins 

 

14 

 

Medicine 

 

5 

 

5 

 

50 

 

50 

 
3 hrs 30 

mins 

 
3 hrs 30 

mins 

 

14 
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Calculation for power saving 

In that departmental store fluorescent bulbs of 30W and 1100 lumen were used. One LED bulb creates 

similar brightness with power capacity from 9 - 13 watt. Most of the LED bulbs of 12 watt which create 

1100 lumens are available in different stores in present days. If this bulb replaces fluorescent bulb of 

power capacity 30 watt and similar brightness power consumption drops to a very lower value. 
 

Table 4.2 power calculation for one LED light 
 

 

 

 

 

Space type 

 

Operation hour of lights with PIR sensor 
 

 

Operation 
hour of 
lights 

without 
PIR sensor 

Total consumption of energy per 
day (Wh) 

 

 

During 
Peak hours 

 

 
During 

nonpeak 
hours 

 

 

 
Total 

With PIR sensor 
and one LED bulb 

of power 
capacity 12 watt 

Without PIR 
sensor and 
with one 

fluorescent 
bulb of power 

capacity 30 
watt 

 

Grocery 
 

7 
 

5 hrs 15 mins 
12 hrs 15 

mins 

 

14 
147 420 

 

Dry foods 
 

7 
 

4 hrs 45 mins 
11 hrs 45 

mins 

 

14 
141 420 

 

Cloths 
 

7 
 

4 hrs 12 mins 
11 hrs 12 

mins 

 

14 
134.4 420 

 

Cosmetics 
3 hrs 30 

mins 

 

3 hrs 30 mins 
 

7 
 

14 
84 420 

 

Electronics 
3 hrs 30 

mins 

 

3 hrs 30 mins 
 

7 
 

14 
84 420 

 

Medicine 
3 hrs 30 

mins 

 

3 hrs 30 mins 
 

7 
 

14 
84 420 

 

Total 
    674 2520 

Here calculations are shown for six bulbs in six sections in that departmental store to find the energy 

consumption by a single bulb. 

Total consumption of energy in watt-hour per day in six sections by six LED bulbs of 12 watt with PIR 

sensor = 674.4 Wℎ 

Average total consumption of energy in watt-hour per day by one LED bulb of 12 watt with PIR 

sensor= 112.4 Wℎ 

Total energy consumption by a single LED bulb with PIR sensor per year = 112.4 Wℎ × 365 𝑑𝑎𝑦𝑠 
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= 41026 𝑤𝑎𝑡𝑡 − ℎ𝑜𝑢𝑟 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 

= 41.026 𝑘Wℎ 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 

∼ 41 𝑘Wℎ 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 

Total energy consumption in watt-hour per day by six fluorescent bulbs of 30 watt without PIR sensor= 

2520 Wh or 2.52 kWh. 

Total energy consumption in watt-hour per day by a single fluorescent bulb of 30 watt without PIR 

sensor=420 Wh 

Total energy consumption by a single fluorescent bulb without PIR sensor per year 

= 420 Wℎ × 365 𝑑𝑎𝑦𝑠 

= 153300 Wℎ 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 

= 153.3 𝑘Wℎ 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟. 

 
So energy saving per year by a single LED light with PIR sensor = ( 153.3 𝑘Wℎ − 41 𝑘Wℎ) 

= 112.3 𝑘Wℎ 

The departmental store was 6000 square feet in area and 2000 fluorescent bulb was used in lighting 

system. Energy consumption by 2000 bulb per day is = 420 Wℎ × 2000 

= 840000 Wh or 840 kWh. 

In that departmental store 350 KVA or 280 kW of power is being used in every hour that’s means in 14 

hours, energy consumption is 3920 kWh and energy consumption by lighting system is 840 kWh which is 

21.42%. 

If 2000 LED bulbs with PIR sensors replace fluorescent bulbs, the total energy consumption of that store 

drops to 3304.80 kWh and the lighting system consumes 224800 Wh or 224.80 kWh of energy which is 

6.80% of the total energy per day. 

So if that department store used LED lighting system with PIR sensors, that would have reduced energy 

consumption up to 15.69% per day and 224.5 kWh of energy per year. 

Now a day’s CFLs of 22 watt are available creating similar brightness of 12 watt LED bulbs. In that case  

lighting system would consume 112.42 kWh per year. So, energy saving per year by a single LED light with 

PIR sensor is (112.42 − 41) kWh = 71.42 kWh. 

Conclusion 

Considering all the above calculations and data from the tables, it can be concluded that using occupancy 

sensor and LED lighting system reduces amount of energy consumed, and thus being energy- saving and 

cost effective at the same time. The calculated data confirms that this lighting system will be efficient 

enough. 
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Chapter 5 

Hardware Implementation 

Introduction: 

 
As the technology advances, more complicated systems emerge, requiring sophisticated components and 

equipment. After some rigorous researches, components and equipment suitable and available for the 

system have been selected to ensure the system performance and to please the major objective of the 

project. This section includes all the researches been done to confirm the appropriate method whichare 

implemented through electrical circuits. These circuits confirm maximum output with minimum system 

requirements. There are four different individual circuits for each aspects and the final circuit is the 

integration of all four circuits. For better interfacing with the sensors and actuator the microcontroller 

used in this project is “Arduino Uno”. The individual and the complete both circuits are tested under 

definite experimental conditions and limitations. Temperature control system could not becompletely 

developed because of unavailability of certain actuators. 

 
Here is a model work for the departmental store which will be controlled by MCU. 

 

 

 
 
 

Figure 5.1 Control of the departmental store 
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In this project areas of the departmental store are divided into different sections for working purpose. 

There is a microcontroller unit (Arduino Uno) in every section and every microcontroller unit (Arduino 

Uno) will be connected with computer for controlling purpose. Every microcontroller unit controls light, 

humidity, temperature and human body detection during closed time for security purpose. 

 
Arduino Uno 

Any automatic system requires an intelligent chip such as microcontroller that controls the system 

components. Microcontroller is a small computer on a single integrated circuit containing a processor 

core, memory, and programmable input/output peripherals. The microcontroller unit used in this project 

is Arduino uno which is a platform for prototyping interactive objects using electronics. Itconsists of both 

hardware and software.Arduino is based on the Atmel AVR CPUs and being deployed in a wide variety of 

projects, ranging from sensors networks to robotic submarines. It has 14 digital input/output pins (of 

which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramicresonator, a USB connection, a 

power jack, an ICSP header, and a reset button. It contains everything needed to support the 

microcontroller; simply connect it to a computer with a USB cable or power it with a AC-to-DC adapter or 

battery to get start. 

 
 
 

 

Figure 5.2: Arduino Uno and its pin configuration. 

http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Input/output
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Control of lighting system 

Lighting control system is one most important part in departmental store. In this project we have use two 

different sensors one is LDR (photoresistor) and another is PIR (motion detector) sensor. Here 

photoresistor is used to determine the light intensity and PIR sensor is used detect human body. In figure 

5.2 shows the light controlling circuit. Here one part of the LDR is connected to the 5v andanother point 

is connected to the resistor R1 in series. The voltage across R1 is the output voltage and this is the analog 

input to the microcontroller unit (MCU) Arduino. For different light intensity theoutput voltage will 

be different. If light intensity rises then voltage across LDR will decrease and voltage across R1 will rise. 

Also if light intensity decreases then voltage across R1 will decrease. For different output voltage the MCU 

will turn on and turn off the switches of light to control the light intensity in a specific area. In lighting 

control system we have three different conditions for light intensity per square meter which are given 

below: 

If Light intensity>1000 lux then it will be consider as high light intensity. 

If Light intensity=600to1000 lux then it will be consider as medium light intensity. 

If Light intensity<600 lux then it will be consider as low light intensity. 

To control light intensity our purpose is to keep the light intensity in medium range. so according to fig: 

at low light intensity the MCU will turn on switch 1and 2. It will continue same in medium light 

intensity .if light intensity is high then MCU will turn off switch 2(Relay 2). If light intensity is low 

then MCU will turn on switch 2.according to light intensity the MCU will control the switches. 
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Figure 5.3 Control of lighting system 

At the same time light will not turn on in a specific area if no human exist in that area .According to 

fig5.2 PIR sensor will detect the human body. If any human is detected by sensor in that area then PIR 

sensor will send 3.3v as analog signal to MCU. When MCU get signal from PIR sensor then it will turn on 

switch 3(Relay 3). At that time the lights will actually turn on. Here resistor across LDR, R1=1Khm and 

resistor across PIR, R=10Khm. Also relays have used as switch where MCU will control these relay by digital 

output which is equal to 5v.in fig 5.3 shows the flowchart of lighting control system. 
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Figure 5.4 Control flowchart of lighting system. 
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Figure: 5.5 lights turn on when human body is detected. 
 
 

 
Figure5.6 lights turn off when no human body is detected. 

 
In figure 5.6 shows the individual circuit implementation of lighting control system which gives an 

understanding internal circuit complete system. The box in the fig 5.6 is sample representation of a 
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single area in departmental store. PIR sensor is connected to the entrance side of the area and LDR is 

connected inside the box. 

 

 

(a) (b) 

 
Figure 5.7 Practical implementation of control of lighting system. (a) No human body, (b) with human 
body. 

 
Temperature control system. 

For human comfort in depart mental store temperature is one of the most important part which has be 

controlled. Especially the temperature needed for human comfort in departmental store is 21°C to 24°C.In 

temperature control we have used LM35 temperature sensor. There are three different pin inLM 35 

temperature sensor .the first pin is connected the +5vdc source from Arduino.The middle pin is connected 

to the 10Khm resistor in series. The last pin is connected to the ground. The voltage across 10Khm resistor 

is the output voltage. This output voltage is the input signal or analog signal for MCU. 



39  

  
 

(a) (b) 

 
Figure5.8 (a) LM35, (b) LM35 circuit 

In different temperature the LM 35 temperature sensor provide different output voltage but it changes 

linearly according to temperature changes. When MCU will get signal from the sensor it will convert the 

signal and count it as in °C. For example if temperature is 25°c in a specific area then sensor will provide 

0.25v across the resistor. Then MCU will convert it to actual temperature and write that value. In our 

project our purpose is to keep the temperature between 21°C to24°C.in fig 5.9 shows how the total circuit 

will work. 

 

 

 
 
 
 
 
 

Figure 5.9(a) Circuit for temperature control 
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Figure 5.9(b) control flowchart of Temperature control system. 

 

When temperature in specific area is higher than 24°C then MCU will turn on the switch or relay by 

providing digital output to the relay which is equal to 5v.then the AC will turn on. The temperature of 

the AC will be adjusted to20°C.Again if the temperature is below 20°C then MCU will turn off the switch 

and AC will stop working. For winter season at low temperature inside the store hitter will be used to 

control the temperature .Even in winter season the temperature will be between 21°Cto24°C. Fig 5.10 

Shows individual circuit implementation of temperature control system. In practical implementation we 

have used fan as actuator. 
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(a) (b) 
 

Figure 5.10 practical implementation of temperature control system.(a)sensor circuit,(b)actuator 

control. 

 

Humidity control system 

In departmental store to keep fresh the vegetables, fruits and other items it is necessary to keep the 

specific humidity rate in those area .for different items humidity rate will be different. In departmental 

store for vegetables and fruits the humidity rate will be 90%to95% relative humidity. For fruits and 

vegetables the humidity rate will be 60%to85% relative humidity. In our project to control humidity we 

have used HSM 20-G humidity sensor. There are four pins in this sensor where two of them are connected 

to ground and 5v dc source. And other two pins are the output pin for humidity and temperature. The 

output pin for humidity is connected with R1 resistor where R1=10Khm.the voltage across R1 is output 

signal provided by humidity sensor. 
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(a) (b) 

(c) 
 
 

Figure5. 11 (a) humidity sensor,(b)sensor circuit,(c)practical implementation 

 
 

The output voltage is the input signal for the MCU .When MCU will receive signal from sensor and it will 

count humidity rate of an area. According to the rate of humidity MCU will turn on the relay or switch of 

humidifier. For fresh vegetables and fruit MCU will keep humidity rate between 90% and 95% RH. For dry 

vegetables, fruits and other items MCU will keep humidity rate between 60% and 85% RH. In fig 

5.11 we have shown the individual circuit diagram of humidity control system. 
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Figure 5.12 Circuits for humidity control 
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In fig 5.13shows the integrated circuit diagram of light, temperature and humidity control system. Here 
one MCU (Arduino) will control the total system. 

 
 
 

 
 
 
 
 

 
Figure 5.13 integrated circuit of light, temperature, humidity control system. 
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Graphical User Interface (GUI) 

 
In computing, Graphical User Interface is a type of user interface that allows users to interact with 

electronic devices through graphical icons and visual indicators such as secondary notation, as opposed 

to text-based interfaces, typed command labels or text navigation. GUIs were introduced in reaction to 

the perceived steep learning curve of command-line interfaces (CLI), which require commands to betyped 

on the keyboard. A window massage box is a (usually) rectangular portion of the monitor screen that 

can display its contents seemingly independently of the rest of the display screen. A major feature is the 

ability for multiple windows to be open simultaneously. Each window can display a different application 

or each can display different files that have been opened or created with a single application. 

In this project GUI is used for monitoring the different aspect like light intensity, temperature, 

humidity, human body detection and security massage. In this design there are five windows which 

indicate the different aspects and two controlling buttons which are used for security purpose. 

 
Security control system 

 
For security system each and every area there will be PIR sensor. Each sensor will be connected to the 

MCU and MCU will be connected to the computer of control room. There will be a monitor screen which 

is developed by using Microsoft visual basic software. In that monitor screen there will be security 

switches .before closing store security switch have to be turned on. After that PIR sensor will start to 

detect human body .If any human is found after closing store then MCU turn on alarm. Also in monitoring 

box massage box will show massage and area where human will be found. At the time of opening store in 

the morning when security switch will be turned off then PIR sensor will stop working.In figure 5.14 

shows the circuit diagram of security control system. 

http://en.wikipedia.org/wiki/Computing
http://en.wikipedia.org/wiki/User_interface
http://en.wikipedia.org/wiki/User_%28computing%29
http://en.wikipedia.org/wiki/Human-computer_interaction
http://en.wikipedia.org/wiki/Icon_%28computing%29
http://en.wikipedia.org/wiki/Secondary_notation
http://en.wikipedia.org/wiki/Text-based_user_interface
http://en.wikipedia.org/wiki/Learning_curve
http://en.wikipedia.org/wiki/Command-line_interface
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(a) 
 
 
 
 

 

(b) 
 

Figure 5.14 (a) Massage box (b) circuit of security system 
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GUI with MCU 

 
The purpose of Using GUI in our project is to monitor the light intensity, temperature, humidity, human 

body detection and security massage. The all sensors and actuators will be connected to the MCU (Arduino 

Uno) where the MCU will connect to the computer of the control room. The MCU will write thevalues 

from sensors and through serial communication line computers will read the values and show those to 

the monitoring box. In fig 5.15 shows the serial communication with MCU and computer. Hereall circuit 

has been integrated with MCU. 

 

 

 
Figure 5.15 Circuit of serial communication with MCU and computer. 
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IN fig 5.16 shows the actual form of monitoring box with different windows. 
 
 

 
Fig 5.16 Massage box with five different aspects of the system. 

 
 

 
Figure 5.17 Implementation of the total system 
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Conclusion: 

With three of the major sensors and MCU light, temperature and humidity is controlled in this system. 

GUI in this system also plays a vital role in terms of detecting human body presence for security purpose 

during night and by showing the system status in different windows. In hardware implementation all the 

connections and total implementation was done with sincerity and intensity to ensure the circuits to 

work properly. 



50  

Chapter 6 
 
 

CONCLUSION 

 
Smart departmental store, an automatic light, temperature and humidity control system is an energy 

efficient system in different ways such as the use of LED light and PIR sensor which save a vast amount 

of power every year. Unlike typical lighting system which consumes large amount of power this system 

is able to minimize the power consumption as well as the yearly cost. Choosing the LED lamp over other 

lighting source, not only makes the system further energy efficient but also makes it cost effective and 

be easy to maintain in the long run. Compared to other lamps LED consumes much less power and has a 

very high life. Although the initial cost is slightly more than the other lamps, considering no maintenance 

and replacement cost, makes it the best choice for this project. Humidity and temperature sensors also 

contribute to the power saving. Humidity largely contributes to the storage of food item and some other 

grocery product. Temperature sensor also contributes to save power consumption. 

 
There are few limitations in our project which is the major drawback of our project. In this project a DC 

fan is used instead of an air conditioner to represent as a temperature for unavailability of certain 

actuators and due to time constrain power saving calculation is not completes . We couldn’t show the 

actuators for humidity sensor in our project due to some limitations. 

 
Future work of this project will be able to control all the aspects from the GUI window which reduces 

the difficult process of setting the range for temperature in the departmental store. 
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Chapter 1 
 

Introduction 

 

 
Automation plays an increasingly very important role in the world economy and in daily life. 

Automatic systems are being preferred over any kind of manual system. We can also call it an 

“SMART STREET LIGHT SENSING”. Intelligent light sensing refers to public street lighting 

that adapts to movement by pedestrians, cyclists and cars. Intelligent street lighting, also 

referred to as adaptive street lighting, dims when no activity is detected, but brightens when 

movement is detected. This type of lighting is different from traditional, stationary and 

illumination, or dimmable street lighting that dims at pre-determined times. 

The research work shows automatic control of streetlights as a result of which power is saved 

to some extent. In the scope of industrialization, automation is a step beyond mechanization. 

Whereas mechanization provided human operators with machinery to assist the users with 

muscular requirements of work, automation greatly decreases the need for human sensory 

and mental requirements as well. Basically, street lighting is one of the important parts. 

Therefore, the street lamps are relatively simple but with the development of urbanization, 

the number of streets increases rapidly with high traffic density. There are several factors need 

to be considered in order to design a good street lighting system such asnight-time safety for 

community members and road users, provide public lighting at cost effective, the reduction 

of crime and minimizing it is effect on the environment. At the beginning, street lamps were 

controlled by manual control where a control switch is set in each of the street lamps which is 

called the first generation of the original street light. After that, another method that has been 

used was optical control method done using high pressure sodium lamp in their system. 

Nowadays, it is seen that the method is widely used in the country. The method operates by 

set up an optical control circuit, change the resistance by using of light sensitive device to 

control street lamps light up automatically at 
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dusk and turn off automatically after dawn in the morning. Due to the technological 

development nowadays, road lighting can be categorized according to the installation area 

and performance, for an example, lighting for traffic routes, lighting for subsidiary roads and 

lighting for urban center and public amenity areas. The WSN helps in improving the network 

sensing for street lighting. Meanwhile, street light system can be classified according to the 

type of lamps used such as incandescent light, mercury vapor light, metal halide light, high 

pressure sodium light, low pressure sodium light, fluorescent light, compact fluorescent light, 

induction light and LED light. Different type of light technology used in lighting design with 

their luminous efficiency, lamp service life and their considerations. The LED is considered a 

promising solution to modern street lighting systemdue to its behavior and advantages. Apart 

from that, the advantages of LED are likely to replace the traditional street lamps such as the 

incandescent lamp, fluorescent lamp and high-pressure Sodium Lamp in future but LED 

technology is an extremely difficult process that requires a combination of advanced 

production lines, top quality materials and high- precision manufacturing process. Therefore, 

the research work highlights the energy efficient system of the street lights system using LED 

lamps with IR sensor interface for controlling and managing. 
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Chapter 2 
 

Theory 

 

 
Smart Street Lighting 

Street lights are doing more than ever in today’s smart cities. With digital networks and 

embedded sensors, they collect and transmit information that help cities monitor and respond 

to any circumstance, from traffic and air quality to crowds and noise. They can detect traffic 

congestion and track available parking spaces. Those very same networks can remotely 

control LED lights to turn on and off, flash, dim and more, offering cities a chance to maximize 

low-energy lighting benefits while also improving pedestrian and bicyclist safety. With street 

lights creating a network canopy, those networks of data can be used by more than just 

lighting departments, empowering even schools and businesses via a lightinginfrastructure 

that brightens the future of the digital city. 

 
Smart lighting helps cities save energy, lower costs, reduce maintenance—all while better 

serving citizens and reducing energy use and CO2 emissions. Automation and networked 

control can further increase your energy savings and reduce maintenance spending. 

Networked street lighting built on a scalable platform can reduce crime up to 10%and make 

roadways safer through improved visibility. Leveraging intelligent control systems can 

rapidly increase lighting efficiencies and traffic management. 
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Arduino Uno R3 

It is a microcontroller board based on the ATmega328. Arduino is an open-source, 

prototyping platform and its simplicity makes it ideal for hobbyists or novice to use as well as 

professionals. The Arduino Uno has 14 digital input/output pins (of which 6 can be used as 

PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a USB connection, a power jack, 

an ICSP header, and a reset button. It contains everything needed to support the 

microcontroller; simply connect it to a computer with a USB cable or power it with AC-to- DC 

adapter or battery to get started. 

 

The Arduino Uno R3 uses an ATmega16U2 instead of the 8U2 found on the Uno (or the FTDI 

found on previous generations). This allows for faster transfer rates and more memory. No 

drivers needed for Linux or Mac (in file for Windows is needed and included in the Arduino 

IDE), and the ability to have the Uno show up as a keyboard, mouse, joystick, etc. The Arduino 

Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver 

chip. Instead, it features the Atmega8U2 microcontroller chip programmed as a USB- to-serial 

converter. 

 

The Uno R3 also adds SDA and SCL pins next to the AREF. In addition, there are two 

new pins placed near the RESET pin. One is the IOREF that allow the shields to adapt to the 

voltage provided from the board. The other is a not connected and is reserved for future 

purposes. The Uno R3 works with all existing shields but can adapt to new shields which use 

these additional pins. 

 

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. 

Preferred quality and originals are made in Italy. The Arduino Uno and version 1.0 will be the 

reference versions of Arduino, moving forward. The Uno is the latest in a series of USB 

Arduino boards, and the reference model for the Arduino platform. 
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Fig. 2.1 Arduino Board 
 

Features of the Arduino UNO: 
 

 Microcontroller: ATmega328

 Operating Voltage: 5V

 Input Voltage (recommended): 7-12V

 Input Voltage (limits): 6-18V

 Digital I/O Pins: 14 (of which 6 provide PWM output)

 Analog Input Pins: 6

 DC Current per I/O Pin: 40 mA

 DC Current for 3.3V Pin: 50 mA

 Flash Memory: 32 KB of which 0.5 KB used by bootloader

 SRAM: 2 KB (ATmega328)

 EEPROM: 1 KB (ATmega328)

 Clock Speed: 16 MHz
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IR sensor 

An infrared sensor is an electronic device that emits in order to sense some aspects of the 

surroundings. An IR sensor can measure the heat of an object as well as detects the motion 

as well as the presence of an object due to intervention or interruption. These type of sensors 

measure only infrared radiation, rather than emitting it that is called as a passive IR sensor. 

Usually in the infrared spectrum, all the objects radiate some form of thermal radiations. 

These types of radiations are invisible to our eyes that can be detected by an infrared sensor. 

The emitter is simply an IR LED (Light Emitting Diode) and the detector is simply an IR 

photodiode which is sensitive to IR light of the same wavelength as that emitted by the IR 

LED. When IR light falls on the photodiode, the resistances and these output voltages, 

change in proportion to the magnitude of the IR light received. 

An IR sensor is a device which detects IR radiation falling on it. There are numerous 

types of IR sensors that are built and can be built depending on the application. Proximity 

sensors (Used in Touch Screen phones and Edge Avoiding Robots), contrast sensors (Used 

in Line Following Robots) and obstruction counters/sensors (Used for counting goods and in 

Burglar Alarms) are some examples, which use IR sensors. 

 

Working Mechanism 

An IR sensor is basically a device which consists of a pair of an IR LED and a photodiode 

which are collectively called a photo-coupler or an opto-coupler. The IR LED emits IR 

radiation, reception and/or intensity of reception of which by the photodiode dictates the 

output of the sensor. Now, there are so many ways by which the radiation may or may not 

be able to reach the photodiode. 

Direct incidence 

We may hold the IR LED directly in front of the photodiode, such that almost all the 

radiation emitted, reaches the photodiode. This creates an invisible line of IR radiation 

between the IR LED and the photodiode. Now, if an opaque object is placed obstructing this 

line, the radiation will not reach the photodiode and will get either reflected or absorbed by 

the obstructing object. This mechanism is used in object counters and burglar alarms. 

https://www.elprocus.com/ir-remote-control-basics-operation-application/
https://www.elprocus.com/passive-infrared-pir-sensor-with-applications/
http://www.elprocus.com/explain-different-types-leds-working-applications-engineering-students/
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Indirect Incidence 

High school physics taught us that black color absorbs all radiation, and the color white 

reflects all radiation. We use this very knowledge to build our IR sensor. If we place the IR 

LED and the photodiode side by side, close together, the radiation from the IR LED will get 

emitted straight in the direction to which the IR LED is pointing towards, and so is the 

photodiode, and hence there will be no incidence of the radiation on the photodiode. Please 

refer to the right part of the illustration given below for better understanding. But, if we 

place an opaque object in front the two, two cases occur: 

Reflective Surface 

If the object is reflective, (White or some other light color), then most of the radiation will get 

reflected by it, and will get incident on the photodiode. For further understanding, please 

refer to the left part of the illustration below. 

Non-reflective Surface 

If the object is non-reflective, (Black or some other dark color), then most of the radiation 

will get absorbed by it, and will not become incident on the photodiode. It is similar to there 

being no surface (object) at all, for the sensor, as in both the cases, it does not receive any 

radiation. 

Fig. 2.2 Circuit Diagram of IR Sensor Fig. 2.3 IR Sensor 
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Light Dependant Resistor Circuit 
 

LDRs or Light Dependent Resistors are very useful especially in light/dark sensor circuits. 

Normally the resistance of an LDR is very high, sometimes as high as 1000000 ohms, but when 

they are illuminated with light resistance drops dramatically. Electronic onto sensors are the 

devices that alter their electrical characteristics, in the presences of visible or invisiblelight. 

The best-known devices of this type are the light dependent resistor (LDR), the photo diode 

and the phototransistors. Light dependent resistor as the name suggests depends on light for 

the variation of resistance. LDR are made by depositing a film of cadmium sulphide or 

cadmium selenide on a substrate of ceramic containing no or very few free electrons when not 

illuminated .The longer the strip the more the value of resistance. When light falls on the strip, 

the resistance decreases. In the absence of light the resistance can be in the orderof 10K ohm 

to 15K ohm and is called the dark resistance. Depending on the exposure of lightthe resistance 

can fall down to value of 500 ohms. The power ratings are usually smaller and are in the range 

50mw to .5w. Though very sensitive to light, the switching time is very high and hence cannot 

be used for high frequency applications. They are used in chopper amplifiers. Light dependent 

resistors are available as discs 0.5cm to 2.5cm. The resistance rises to several Mega ohms under 

dark conditions. The device consists of a pair of metal film contacts separated by a snakelike 

track of cadmium sulphide film, designed to provide the maximum possible contact area with 

the two metal films. The structure is housed in a clear plastic or resin case, to provide free 

access to external light. Practical LDRs are available in variety of sizes and packages styles, the 

most popular size having a face diameter of roughly10mm. 

When an LDR is brought from a certain illuminating level into total darkness, the resistance 

does not increase immediately to the dark value. The recovery rate is specified in k 

ohm/second and for current LDR types it is more than 200k ohm/second. The recovery rate 

is much greater in the reverse direction, e.g. going from darkness to illumination level of 300 

lux, it takes less than 10ms to reach a resistance which corresponds with a light level of 400 

lux. A LDR may be connected either way round and no special precautions are required 

during the time of soldering. 

Darkness: Maximum resistance, about 1Mega ohm. 
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Very bright light: Minimum resistance, about 100 ohm. The LDR is a variable resistor 

whose resistance decreases with the increase in light intensity. Two cadmium 

photoconductive cells with spectral response are very similar to that of the human eye. The 

cell resistance falls with increasing light intensity. Some of its features: 1) High reliability. 2) 

Light weight. 3) Wide spectral response. 4) Wide ambient temperature range. 

 

 
 

Fig. 2.4 LDR Circuit Fig. 2.5 Light Dependant Resistor 
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Light Emitting Diode 
 

A light-emitting diode (LED) is a two-lead semiconductor light source. It is p-n junction diode 

that emits light when activated. The long terminal is positive and the short terminal is 

negative. When a suitable current is applied to the leads, electrons are able to recombine with 

electron holes within the device, releasing energy in the form of photons. This effect is called 

electroluminescence, and the color of the light (corresponding to the energy of the photon) is 

determined by the energy band gap of the semiconductor. LEDs are typically small (less than 

1 mm2) and integrated optical components may be used to shapethe radiation pattern. 

LEDs are versatile semiconductor with a number of attributes which make them perfect for 

most applications. Their features include: 

 

 Long Life: LEDs can last over 100,000 hours (10+ years) if used at rated current

 No annoying flicker as we experience with fluorescent lamps.

 LEDs are impervious to heat, cold, shock and vibration.

 LEDs do not contain breakable glass.

 Solid-State, high shock and vibration resistant

 Extremely fast turn on/off times

 Low power consumption puts less load on the electrical systems increasing battery 

life.

Here we have used the most common 5mm white light. White LEDs are perfect for replacing 

inefficient incandescent bulbs in night lights and path lights. 

SPECIFICATION: 

Intensity: 28,500mcd Voltage: 3.0v-3.3v 

Color Freq: x=31 y=32 Typical: 3.1v 

Viewing Angle: 48º Current: 20mA 

Lens: Water Clear 

https://en.wikipedia.org/wiki/Semiconductor
https://en.wikipedia.org/wiki/Semiconductor
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CAUTIONS: 

LEDs produce a focused light source and extra care should be used for your eyes ,though 

intensity is not very high. While testing the LEDs a resitance must be applied to it.Also, being 

a semiconductor device, they are sensitive to static charges. 

 

 
 

 

Fig. 2.6 LED Structure Fig. 2.7 LED 
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Chapter 3 
 
 

Working Procedure 
 

The working procedure of the Smart street light using IR sensors is explained below. The 

following are the different steps included in building a Smart street light. 

1. Output of the LDR pin is connected to A0 (analog) port of Arduino Uno board. 

 

2. Connect all output of the IR sensors to port numbers A1, A2, A3, A4 and A5 respectively 

(analog) which is the input signal to the Arduino board. 

3. Connect the ground of all the IR sensors to GND port. 

 

4. The output signals from LED are connected to port number 5, 6, 9, 10 and 11 respectively. 

 

5. Again connect all the negative terminals of LED’s to GND port. 

 

6. Power is passed to the Arduino (7-12V) 

 

Fig. 3.1 Circuit diagram for Smart street light using IR sensors 
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The Fig 3.1 is the circuit diagram of the Smart streetlight. It works in accordance with the 

varying sunlight. Whenever there is sufficient sunlight in surroundings, LDR exhibits high 

resistance and acts as an insulator, while in darkness this LDR behaves as low resistance path 

and allows the flows of electricity, this LDR’s operates with the help of IR sensors,these 

sensors are activated under low illumination conditions and these are controlled by an 

AT89C51 micro controller, every basic electronic circuit will operate under regulated 5v DC. 

When any object comes in the range of IR sensors, as IR LED emits the radiations and reflected 

back to IR photodiode by the object. Hence, object is detected. 

The heart of Arduino circuit is the low power, high performance Arduino micro controller is 

programmed by embedded assembly programming language for implementing these tasks; 

this program is stored and operated by means of storage device EPROM. 

The intensity of LED’s is remained at low initially (when no object is detected, at no natural 

light condition) by Arduino using Pulse Width Modulation (PWM) technique where analog 

signal is converted to digital signal, ON-OFF process of LEDs take place so rapidly in such a 

way, the LEDs seem to glow dimly when seen by naked eye. Hence, intensity of LEDs are 

controlled by varying duty cycle. 

While coming to the functional block i.e. LDR, LEDs, IR sensors, these components are in 

expensive, smaller in size, less complexity, highly reliable, low power applications, minimum 

risk with greater accuracy. The project is successfully implemented in many areas based on 

the experimental verification proving that it can save the electrical power to greaterextent 

removing the manual work completely; the system became the origin for upcoming advanced 

intelligent systems in saving both human and electrical power. 

The switching of the LEDs are operated through coding applied in Arduino using Aduino 

software. 
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Chapter 4 
 
 

Results and Discussion 
 

In this section, the setup of the whole research work is depicted in a step by step manner. 

Sample screenshots are displayed once the components are fixed and connected to each other. 

All the components are connected to each other and thus completes the system setup which 

helps one to understand the steps in a simple and easy way. With these steps, even when a 

person who is trying to implement the same, it makes it simple, clear and easy. The following 

are the screenshots in an orderly way: 

 

 
 

 

Fig. 4.1 Initial Setup Phase 1 
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The Fig 4.1 depicts the initial setup of the hardware. All the components are in accordance to 

every other component. The five IR sensors are placed next to each other. The Arduino board 

is about to be mounted and connected to the external power supply for the flow of current. 

All the five IR sensors are going to be connected to the Arduino board. All the wirings with 

the breadboard are installed. 

 

 

Fig. 4.2 Initial Setup Phase 2 

 

The Fig 4.2 depicts the second phase where all the LEDs are connected with the Arduino 
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and Arduino is mounted. All the connections are completed, as soon as the 5V power supply 

is fed to the input Arduino, circuit will start to work perfectly. 

 

 
Fig. 4.3 Operation Phase 1 

 

The Fig. 4.3 shows the initial operation when power is supplied to the Arduino at the 
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natural lighting condition. Thus, LDR circuit detects light and LDR works as an insulator, does 

not allow the current to pass through the circuit. Hence, LEDs are remained turn off. 

 

 

Fig. 4.4 Operation Phase 2 

 

In Fig. 4.4, LDR is hidden by finger tip, to create natural dark condition. Due to no light, the 

resistance of LDR becomes very low, allowing current to pass through the LDR circuit. Thus, 

LEDs glow dimly. 
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Fig. 4.5 Operation Phase 3 

 

Fig. 4.5 depicts when any object is detected by the first sensor first two adjacent LEDs glow 

with its full intensity keeping rest of the LEDs lit dimly. 
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Fig. 4.6 Operation Phase 4 

 

Fig. 4.6 shows that fourth IR sensor detects the object and glows the corresponding LED and 

the successive LED with full intensity keeping rest of LEDs lit dimly. 
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Chapter 5 
 
 

Coding 
 

int led = 11; 

int led1 = 10; 

int led2 = 9; 

int led3 = 6; 

int led4 = 5; 

int ldr = A0; 

int x1, x2, x3, x4,x5; 

void setup() 

{ 

 

Serial.begin (9600); 

pinMode (led,OUTPUT); 

pinMode (led1,OUTPUT); 

pinMode (led2,OUTPUT); 

pinMode (led3,OUTPUT); 

pinMode (led4,OUTPUT); 

pinMode (ldr,INPUT); 

} 

 

void loop() 

 

{ 
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int ldrStatus = analogRead (ldr); 

if (ldrStatus <=300) 

{ 

 

if (analogRead(A1)<500) // IR 1 CODE 

 

{ 

 

x1=0; 

x2=1; 

digitalWrite(led,HIGH); 

digitalWrite(led1,HIGH); 

delay(100);// micro second 

} 

 

else 

 

{ 

 

if(x1==0){ 

digitalWrite(led,HIGH); 

analogWrite(led,255/5); 

delay(50); 

} 

if(x2==1){ 

digitalWrite(led1,HIGH); 

analogWrite(led1,255/5); 

delay(50); 
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} 
 

} 

 

if (analogRead(A2)<500) // IR 2 CODE 

 

{ 

 

x2=0; 

x3=1; 

digitalWrite(led1,HIGH); 

digitalWrite(led2,HIGH); 

delay(100);// micro second 

} 

 

else 

 

{ 

 

if(x2==0) 

 

{ 

 

digitalWrite(led1,HIGH); 

analogWrite(led1,255/5); 

delay(50); 

} 

 

if(x3==1) 

 

{ 

 

digitalWrite(led2,HIGH); 

analogWrite(led2,255/5); 

delay(50); 
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} 
 

} 

 

if (analogRead(A3)<500) // IR 3 CODE 

 

{ 

 

x3=0; 

x4=1; 

digitalWrite(led2,HIGH); 

digitalWrite(led3,HIGH); 

delay(100);// micro second 

} 

 

else 

 

{ 

 

if(x3==0) 

 

{ 

 

digitalWrite(led2,HIGH); 

analogWrite(led2,255/5); 

delay(50); 

} 

 

if(x4==1) 

 

{ 

 

digitalWrite(led3,HIGH); 

analogWrite(led3,255/5); 

delay(50); 
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} 
 

} 

 

if (analogRead(A4)<500) // IR 4 CODE 

 

{ 

 

x4=0; 

x5=1; 

digitalWrite(led3,HIGH); 

digitalWrite(led4,HIGH); 

delay(100);// micro second 

} 

 

else 

 

{ 

 

if(x4==0){ 

digitalWrite(led3,HIGH); 

analogWrite(led3,255/5); 

delay(50); 

} 

if(x5==1){ 

digitalWrite(led4,HIGH); 

analogWrite(led4,255/5); 

delay(50); 

} 

 

} 
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if (analogRead(A5)<500) // IR 5 CODE 

 

{ 

 

x5=0; 

 

digitalWrite(led4,HIGH); 

delay(100);// micro second 

} 

 

else 

 

{ 

 

if(x5==0){ 

digitalWrite(led4,HIGH); 

analogWrite(led4,255/5); 

delay(50); 

} 

 

} 

 

} 

 

else 

 

{ 

 

digitalWrite(led, LOW); 

digitalWrite(led1, LOW); 

digitalWrite(led2, LOW); 

digitalWrite(led3, LOW); 

digitalWrite(led4, LOW); 

}} 
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Chapter 6 
 
 

Application and Advantages 
 

 The street light control circuit can be used in normal roads, highways, express ways 

etc. 

 The project can also be used in parking areas of malls, hotels, industrial lighting, etc. 

 
 If the lighting system implements all LED lights, the cost of the maintenance can be 

reduced as the life span and durability of LEDs is higher than Neon based lights which 

are normally used as street lights. 

 As the lights are automatically turned ON or OFF, huge amount of energy can be 

saved. 

 This system less costly, less installation and maintenance cost and more efficient as 

compared to the others system 
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Chapter 7 
 
 

Limitations and Future Work 
 

 This system can be used for only one way traffic. A highway might be covered by this 

system on dual system installation on both side. 

 The system does not have any automatic fault detector. 

 Pole damage detection with the addition of suitable sensor can be implemented. 
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Chapter 8 
 
 

Conclusion 
 

By using Smart Street light, one can save surplus amount of energy which is done by 

replacing sodium vapor lamps by LED and adding an additional feature for security 

purposes. It prevents unnecessary wastage of electricity, caused due to manual switching of 

streetlights when it’s not required. It provides an efficient and smart automatic streetlight 

control system with the help of IR sensors. It can reduce the energy consumption and 

maintains the cost. The system is versatile, extendable and totally adjustable to user needs. 

 The system is now used only for One way traffic in highways. 

 

 Continuous uses of LDR and IR sensors even in day time. 

 

 Not switched on before the sunset. 

 

The Smart light system can be further extended to make the current system in two- 

way traffic, making the system more flexible in case of rainy days and introduction of ways 

to control the lights through GSM based service. 
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Abstract 

 
In agriculture, soil moisture sensing is critical for plant growth and to enhance crop 

productivity. Nowadays, technology has revolutionized agriculture applications. For 

instance, soil moisture sensors can be used to find the soil's current state: dry, wet, watery. 

The core aim of this thesis is to investigate the cost-effective soil moisture sensors by 

considering four sensors by investigating freely available COTS sensors from different 

manufactures and integrate the sensor with suitable communication technology for long- 

distance communication. A comparative analysis is performed for different commercial 

off-the-shelf soil moisture sensors in cost, accuracy, durability, and corrosion resistance. 

Secondly, feasible communication technology is investigated for long-range agricultural 

applications. 

 

The sensors' accuracy is examined for three different soils, such as clay, loam, and silt 

soil, for three different temperatures, i.e., room temperature, 40oC, and 50oC. Soil 

preparation and maintenance of the environment are the most critical part of the 

experiment, which should be handled carefully. 

 

Based on the experimental results, the author has found that capacitive sensors are better 

than resistive sensors due to their capability to avoid corrosion and provide better 

measurement readings. Capacitive V1.0 sensor is the most accurate, corrosion-resistant, 

and most durable among all the sensors. Capacitive V1.0 is costly than V1.2 but has more 

accuracy, while V1.2 is cheaper than V1.0 but has less accuracy. So, these sensors can be 

used based on the requirements,i.e., accuracy or cost. Moreover, the author has found that 

LoRa is a more feasible communication technology than NB-IoT for agricultural 

applications because of lower latency, low power consumption, long-range, and long 

battery life. 

 

This thesis is written in English and is 84 pages long, including 5 chapters, 22 figures, 

and 14 tables. 
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Annotation 

 
In agriculture, soil moisture sensitivity is critical for plant growth and increasing crop productivity. Today, 

technology has changed the applications of agriculture. For example, soil moisture sensors can be used to find 

the current state of the soil: dry, wet, watery. The main objective of this thesis is to investigate cost-effective 

soil moisture sensors by considering four sensors, exploring freely available COTS sensors from different 

manufacturers and integrating the sensor with suitable communication technology for remote communication. 

A comparative analysis of various commercial off-the-shelf soil moisture sensors is performed in terms of cost, 

accuracy, durability, and corrosion resistance. Second, feasible communication technology for remote farming 

applications is explored. 

The accuracy of the sensors is investigated for three different soils such as clay, loam and silt soil at three 

different temperatures i.e. room temperature, 40°C and 50°C. Soil preparation and environmental maintenance 

is the most critical part of the experiment and should be handled carefully. 

Based on the test results, the author has found that capacitive sensors are better than resistive sensors because 

they have the ability to avoid corrosion and provide better measurement examples. The capacitive V1.0 sensor 

is the most accurate, corrosion-resistant and durable of all sensors. Capacitive V1.0 is more expensive than 

V1.2 but has higher accuracy, while V1.2 is cheaper than V1.0 but has lower accuracy. So these sensors can be 

used according to the requirements i.e. accuracy or cost. Moreover, the author has found LoRa to be a more 

feasible communication technology than NB-IoT for agricultural applications due to its lower latency, low 

power consumption, long operating life, and long battery life. 

This thesis is written in English and is 84 pages long, including 5 chapters, 22 figures and 14 tables. 
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1 Introduction 

 
Technology has revolutionized each sphere of life. Smart agriculture or smart farming is 

also an example of this revolution. This is the era of “smart things” where things are 

intelligent and clever enough to make their own decisions without humans' involvement. 

Researchers are working globally to contribute value to agriculture such asmonitoring of 

plants, smart irrigation system, soil moisture monitoring [1]. Agriculture is an inevitable 

part of human survival because it is the major source of food. Accordingto the United 

Nations, the World population is estimated to reach more than 9.7 billion by 2050. Hence, 

double food consumption should be provided, particularly in developing countries. Food 

for all is one of the fundamental difficulties of the 21st century. Not only production but 

lowering down its side effect on climate change is alsoa vital challenge [2]. 

 

A sustainable system should be provided, where climate change could not affect the 

productivity of the plants. Water is the basic need in agriculture and the water demand, or 

the volume of water needed to sustain a healthy plant, can't generally be fulfilled by 

rainfall alone. When rainfall occurs, soil cannot store all the water from it. For farming, 

timely and fair irrigation is completely is very important for crop production. Additional 

water necessity for crops can be approximated as the potential difference between 

moisture deficit through evapotranspiration and moisture entering through irrigation or 

rainfall. Whereas, scarcity of water can lead to droughts and over-irrigation can cause 

damage to the root of crops. Apart from the food, crops like cotton and rubber play a 

significant part in the economy [3]. Moreover, soil acts as an important part of earthly 

water dynamics by maintaining precipitation on the ground. Mechanical characteristics 

of the soil like texture, compatibility, breaking, swelling, shrinkage, and density are reliant 

on the content of soil moisture. They all have a significant part to play in plant growth. 

Precision farming is required in this case. Precision farming gives a platform where 

farmers can produce a quality of crops at a lower cost. This is possible to achieve through 

the usage of smart agriculture. 
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Smart agriculture can be defined as a process where various sensors are integrated with 

communication technologies to monitor the changes in the environment due to various 

external factors, and collected data is optimized to make a smart decision. Steps involved 

in an intelligent agriculture system are as follows: sense the agriculture parameters such 

as soil moisture, temperature, etc., identification of target location and gathering of data, 

data transfer from the field to the control station, and finally make the decision based on 

various factors such as domain knowledge, actuation, and control, local data, etc. [1]. 

Smart agriculture systems can be implemented using smart devices and the Internet of 

Things (IoT) services. Visible advantages and dominance of the Internet can be noticed 

across the globe. This has enabled the development of the IoT. Low-power and affordable 

microprocessors have been developed and taken into use. It facilitates to produce robust, 

cost-effective, and low-power devices that can fulfill the needs of precision agriculture. 

The process is accelerating because of its pervasive, highly interoperable, and open 

nature. It is also estimated that by 2020, 25 billion devices would be associate remotely, 

as shown in Figure 1 [4]. 

 
 

 

Figure 1.1. Increase in IoT devices [4] 

 

 
According to [5], in the coming years, IoT will become the Internet of Meat (IoM) because 

the technology will be injected into the body and connected and accessed by wireless 

communication technologies. According to Gartner Hype Cycle figure 2. IoT isone of the 

emerging technologies in the coming 2 to 5 years. 
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Figure 1.2. Hypercycle for the Internet of Things [5] 

 

 

Smart agriculture is relying on the integration of smart devices, such as sensors and 

communication technologies. For precision farming (PF), the analysis of the field 

parameters is important. Farmers require smart technology that can help them to maintain 

the quality of crops [3]. PF needs a frequent visit to the land. Regularity is veryimportant 

for the optimal production of crops. The development of Low Power Wide Area Network 

(LPWAN) technologies solves this problem of frequent visits to agricultural land because 

LPWAN communication technologies support a wide area of communication with low- 

power consumption; PF will help to irrigate our agricultural land timely and adequately. 

The deficiency of affordable solutions gives critical agricultural distress, and it especially 

hits poor farmers. The worth of money of the sensors is shown in their accuracy and 

precision. Hence, proposing affordable soil moisture sensors with high accuracy and 

precision is important for all groups of farmers. 

LPWAN first appeared to market in 2013. It is very useful for IoT devices because IoT 

devices need to send a small amount of data only. LPWAN covers long distances at the 

constrain of the low data rate. LPWAN provides us low power, wide-area, and long 

battery life communication, which is perfect for IoT devices. These networks can gather 

data from a large area and can upload it to the system for analysis. Few wireless networks 

are effective for data transmission in the sensor network. 
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Figure 1.3. Bandwidth vs. range capacity of short distance, cellular, and LPWAN [6] 

Figure 3 illustrates the bandwidth vs. a range of wireless communication technology. It is 

mentioned that LPWAN covers longer distances than all the other technologies. Low 

power networks are ZigBee, Bluetooth, Radio Frequency Identification (RFID), Long 

Term Evolution for Machines (LTE-M), Sigfox, Narrowband IoT (NB-IoT), and Long 

Range (LoRa). In this, some are licensed, and some are unlicensed [4]. Zigbee, Bluetooth, 

RFID are not useful for our work because they don’t cover long distances like Sigfox, 

NB-IoT, and Lora. 

 

Applications of IoT in smart agriculture 
 

Agriculture IoT has numerous applications such as crop monitoring, water management, 

soil monitoring sensor, machines for routine operations, etc. [7], which is shown in Figure 

4. Some of these applications are briefly explained here. 

 
 

1. Water Management 

In the contemporary era, scarcity of water is a potential global issue. So, the smart 

irrigation system is a contemporary need to control the excess water usage that 

also affects crop quality and production. Novel technology is mentioned by [8], 

which is known as an “automatic smart irrigation decision support system 

(SIDSS)” which helps in effective water management and irrigation of the crop 
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fields by making a smart decision according to climatic conditions, characteristics 

of soil and weather prediction etc. 

 
 

 
Figure 1.4. Applications of smart agriculture system [7] 

 

 
2. Monitoring of livestock 

With the help of smart devices, it is possible for farmers to collect information 

about the schedule of the feeding, location, and health condition of the cattle. For 

instance, if one animal is sick, then it can be found by continuous monitoring of 

the herd, and other animals can be saved before contamination [9]. 

 
3. Monitoring of climate conditions 

Climatic conditions are responsible for plant growth or crop production. So, it is 

essential to monitor the rough changes in climatic conditions such as temperature 

and moisture. The use of the temperature and moisture sensors to get the real- 

time instantaneous values of these factors helps to manage the 



18  

adequate amount of water, which eventually helps to increase the efficiency of 

the farm [10]. 

 
4. Soil moisture monitoring 

Monitoring of soil moisture is very essential to maintain the soil profile i.e. is 

the quality of soil good for the plants or for identifying diseases which may harm 

the crop production. Soil sensors are used to measure the electrical conductivity, 

moisture, temperature, nutrients and sense other soil properties. This collected 

information is used to estimate the soil profile and based on that, the amount of 

fertilizers is determined for the farm [9]. 

 

Motivation to study soil moisture 
 

Farming has been around us for thousands of years, which supports mankind to grow and 

create stable settlements for their better wellbeing. The latest investigation on climate 

change shows that the conditions might get worse. As a result, people will face dry seasons 

more rapidly [11]. We all know that various factors need to be considered for precision 

farming. Factors like temperature, moisture, rain and several others influencing the 

optimal growth of the plant. Soil moisture measurement techniques are in the market for 

many decades. Soil moisture sensors that give high accuracy are very expensive and still 

far away from the majority of farmer's daily uses. There exist low- cost soil moisture 

sensors in the market as well. Due to their very slow and inaccurate measurement, they 

didn’t get popularity [12]. 

 

Therefore, the main objective of this thesis work is to evaluate the soil moisture sensors 

which should be accurate, reliable, precise, low-cost and durable in the way that these can 

be used for precision agriculture. Soil moisture sensor that will be having accuracy, low- 

cost and low-power consumption can be used broadly, even in developing countries. Soil 

moisture data must be gathered for the analysis purpose so that when to irrigate or plants 

for optimal production to be decided. This can be done with the help of LPWAN 

technologies. As NB-IoT and LoRa are more suitable for the long-rangecapabilities, these 

technologies have been selected for evaluation to find which technology suits better for 

the low-cost agricultural IoT scenario. 
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Problem Statement 
 

The problem statement of this thesis work is to find a soil moisture sensor that keeps the 

moisture of the soil between optimal levels that plays an essential role in plant growth. 

Sensors previously available on the market have been too costly for many farmers in 

emerging countries. Affordable moisture measuring equipment can help in mitigating this 

problem and farmers can do precision farming with the help of the latest technologies. 

Less amount of work has been done in the practical implementation of the affordable soil 

moisture sensors. 

 

Given the above, the research statement of this thesis work is as follows: 
 

 
 

 

The approach followed to achieve the goal 
 

The primary objective of this thesis is to analyze various soil moisture sensor to achieve 

the following results: 

 

 Find COTS soil moisture sensors available on the market and select cost- 

effective sensors for further comparison; 

 

 Test the accuracy, precision, and low power of the sensors; 

 
 Select a networking technology solution for data acquisition; 

 
 Integrate the measurement technology with networking technology; 

 
 Sends and receives the soil moisture data over a long-range; 

 
 Check the operation of sensor network indoor and outdoor as well; 

 Comparative analysis of different COTS soil moisture sensors in terms 

of cost, accuracy, durability, corrosion resistance. 

 

 Comparative analysis of LoRa and NB-IoT technology to examine the 

feasible communication technology for the given scenario. 
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Significance of work 
 

Over many years, ample techniques have been analyzed and used for soil moisture 

measurement. This measurement allows monitoring of agricultural land without visiting 

frequently. Due to modern measurement techniques, low-cost sensors like capacitive and 

resistive for moisture measurement. Dielectric measurement technique or as more recent 

measurement technique is becoming more and more popular for low-cost and excellent 

accuracy. The benefits of wireless sensor networks (WSN) will be used for low-power 

and long-distance communication. The novelty of this thesis is that it will investigate the 

cost-effective soil moisture sensors by considering four sensors by investigating freely 

available COTS sensors from different manufactures and integrate the sensor with suitable 

communication technology for long-distance communication. 

 

This thesis report is consisting of six chapters. Chapter 1 covers a general introduction, 

motivation, problem statement. Chapter 2 focuses on the literature review and methodology. 

Chapter 3 provides a detailed description of devices, hardware, and software requirements to 

execute the project. Chapter 4 covers the implementation and discusses the results and 

findings. Chapter 5 presents the conclusion and future scope of the work. This thesis ends 

with references and appendices. 
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2 Literature Review 

 
This chapter represents the background of various soil moisture sensors, which gives a 

deep understanding of the literature behind the investigation of low-cost and accurate soil 

moisture sensors. 

 

Soil Moisture and its type 
 

Soil moisture is a key factor which has a strong impact on nutrients of soil. It is very 

essential to consider this factor, for instance, in low rainfall region, fertilizer rates should 

be chosen according to the soil moisture level. Fertilizers usage according to soil moisture 

levels provides a good economic return [13]. Moreover, according to [14], soil moisture 

is a pivotal state variable which helps to understand the dynamics of earth system as 

movement of water through different soils and landscape is different. So, it is every 

important to understand the pattern of soil moisture. Soil moisture varies because of 

several reasons like temperature, landscape position, soil structure and composition and 

man-made structure on the soil [4]. Every agriculture field has its own characteristics that 

totally depend on its soil types which gives us ideas about the qualityand quantity of 

production. 

 
Soil moisture (𝜃) is expressed in Equation 2.1 as the ratio of the total volume of soil that 

is wet where 𝑉𝑤 is the wet volume and 𝑉𝑇 is the volume of the soil both measured in cm3. 

𝜃 = 𝑉𝑤⁄𝑉𝑇 (2.1) 

Soil moisture is of three types gravitational, capillary and hygroscopic moistures [15]. 

 
Gravitational moisture 

 

This moisture moves through the soil freely because of the gravity. It generally traps into 

the macropores of the soil. It moves rapidly in the soil and stays in the soil for 2-3 days 

after irrigation or rainfall [15]. 
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Capillary moisture 
 

This moisture generally traps into the micropores of the soil because of the coherence and 

adhesion. This moisture is responsible for every physical-chemical- mineralogical- 

biological communication between the clay and the outer world [15]. 

 

Hygroscopic moisture 
 

This moisture generally presents on the surface of the soil. And this soil moisture is very 

hard to remove from the soil due to the adhesiveness against the gravitational force. This 

kind of moisture generally presents in the clayey soil in comparison to the sand because 

sand has a high surface area [16]. 

 

Soil moisture measurement techniques 
 

Soil moisture techniques can be divided into two types such as direct methods and indirect 

methods which is shown on Figure 2.1. Direct methods include gravimetric or thermo 

gravimetric techniques whereas indirect methods include tensiometric, electrical or 

electromagnetic, radiation, thermal and remote sensing methods. 

 
 

 

Figure 2.1. Soil moisture measurement techniques 
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Direct moisture measurement techniques 
 

Direct moisture analysis techniques extract soil moisture by drying it inside the oven or 

it includes some chemical reaction process like calcium carbide technique and thermo- 

gravimetric process [20]. 

 

Thermo-gravimetric technique 
 

This is the oldest and most popular soil moisture measurement technique. It is based on 

the principle of weighing of the soil before and after the oven drying. We keep wet soil 

samples inside the oven for 24 hours at 105 C. But in case of organic soil moisture 

temperature is always in between 50-70 C. This process is very much accurate for finding 

soil moisture irrespective of soil types and salinity [21]. There is no need for anyspecific 

calibration. The moisture in the soil can be computed by using the following formula: 

% Moisture measurement = 
wt of wet soil−wt of dry soil 

∗ 100 (2.2) 
wt of dry soil 

 
 

Volumetric water measurement can measure by knowing soil bulk density (SBD). 

 

% Volumetric water content =
 wt of wet soil−wt of dry soil 

∗ 100 ∗ BD (2.3) 
wt of dry soil 

 
 

Where, BD denoted bulk density. 

 
But there are few demerits of it which inhibits the use technique are: 

 
 This method is time-consuming; 

 
 Hard to measure the different depth of moisture content and; 

 
 The soil used for oven drying cannot be used again for measurement because 

drying changes the soil structure. 

 

Calcium carbide technique 

 

It is one of the fastest methods to find soil moisture content. It is also called as a speedy 

soil moisture technique. This technique uses chemical reaction for determining the soil 

moisture. In this, calcium carbide will diffuse with moisture available in the soil and 

produce acetylene gas. Equation 2.4 shows this chemical reaction [22]: 
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𝐶𝑎𝐶2 + 2𝐻2𝑂 = 𝐶𝑎(𝑂𝐻)2 + 𝐶2𝐻2 (2.4) 

 

 

Indirect/Modern moisture measurement techniques 
 

Modern technique has various methods to measure soil moisture. 

 
Radiation technique 

 

Radiation technique can be divided into neutron scattering and gamma-ray attenuation 

technique which are elaborated in the next sections. 

 

 Neutron Scattering 

 
The neutron moisture measurement technique scatters neutrons. It is extensively used 

for measuring volumetric soil moisture. Its response time is 1-2 min approximately 

which makes it fast. Figure 2.2 reflects the working of neutron probe. This 

measurement technique helps us to measure a large surface area. In this, neutrons 

particles hit the hydrogen atom which is present in the soil. As it emits neutrons, 

therefore we need to have training about it. 

 
 

 
Figure 2.2. Neutron probe [16] 

On the other hand, the major disadvantages [16] are: 

 
 Expensive 

 
 Radiation hazard 

 
 It must calibrate for different soil types. 
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 The resolution of depth is still doubtful. 

 
 The analysis is somewhat reliant on physical and chemical soil characteristics. 

 
 We can variations in measurements because of soil density. 

 
Advantages: 

 
 It is a non-destructive way of measurement. 

 
 It can measure water in any phase. 

 
 Robust and precise 

 
 Not affected by salinity or air gaps 

 
 Gamma-ray attenuation technique 

It is a radioactive technique, and it can determine the moisture from the depth 25 mm or 

even less than that with a great resolution. Scattering and absorption of gamma-ray take 

place in this technique. The absorption of beam energy detects moisture content. It is 

faster than the neutron probe because its response time is less than a minute. However, 

it is more harmful than the neutron probe as well as it is costlier than the neutron probe 

[16]. 

 

Disadvantages: 

 
 It is costly and complicated to use. 

 
 Failure in situ water condition during freezing, thawing or iced. 

 
 Huge alteration in moisture content can happen in highly layered soil 

Advantages: 

 Temporary soil moisture variations can be quickly observed 

 
 Non-destructive 

 
 The sampling period is comparatively quick around 10 seconds 
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Remote Sensing Technique 
 

Recently, remote sensing methods have been applied to measure soil moisture. Evaluation 

of moisture by remote sensing techniques renders only exterior knowledge and is 

inadequate to witness the whole soil [16]. Moreover, field analysis gives relevant data 

about both surface and subsurface moisture of the soil [20]. 

 

Some of its major drawbacks are: 

 
 Quite complicated material commonly including satellites 

 
 A highly valuable approach needing the usage of satellite arrangements in most 

events. 

 

Merits: 

 
 Quick method 

 
 No need of calibrations 

 
 the health risk is not involved with this technique. 

 
Thermal dissipation technique 

 

A thermal dissipation sensor is made of porous ceramic material. It has a tiny heater inside 

it which is placed inside the soil and a temperature sensor is kept at the sensor with the 

help of a cable. When we apply voltage to the heater than heat dissipation is measured. 

This heat radiation is linked to soil moisture. But this device needs tocalibration and it is 

costly [16]. 

 

Electromagnetic techniques 
 

Electromagnetic (EM) techniques involve methods that rely on the impact of moisture 

on the electrical properties of soil. The resistivity of soil depends on moisture content 

therefore it can help for the foundation of moisture sensor. All EM techniques depend on 

the dielectric permittivity. Because there is a big difference in the dielectric constant of 

soil and water. The dielectric constant of dry soil is between 2 to 5 and for water is 

approximately 81. Electrical permittivity cannot get altered by the effect of temperature 

changes. Due to this EM sensor, like Time domain reflectometry and capacitance 
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techniques are a very common and accurate method for moisture measurement [23]. This 

technique can be divided into Time Domain Reflectometry (TDR) technique and 

capacitive technique. 

 

 TDR technique 

 
TDR technique is one of the widely used instruments for soil moisture measurement. It 

suggests measuring the dispersion of electromagnetic waves (EMW). This technique is 

fast, nearly free from soil type, non-destructive, befitted for surface and profile 

measurements. Thus, if the soil is wetted the dielectric constant (K) is large and the travel 

time of the EMW waveguides will be maximum. If the soil is drained the travel time of 

waveguides will be small. TDR provides the dielectric constant, K of soil which is 

analytically associated with the volumetric water content (𝜃) it is stated in given below 

Equation 2.5, 

 

𝐾 = [𝑐. 𝑡⁄2𝐿] (2.5) 

 
In the above equation, 𝑐 is the velocity of light, t is the transient time for EM wave and 

L is the length of the probe. 

θ = 4.3 ∗ 10−6(K3) − 5.3 ∗ 10−2 − 5.5 ∗ 10−4 (K2) + 4.3 ∗ 10−6(K3) (2.6) 

 
Here, K is the measured dielectric constant of soil. Above equation 2. is Topp’sequation 

for measuring volumetric water content (VWC). Topp’s noticed that soil composition like 

structure, moisture level, temperature, salt, and measured frequency influenced the 

electrical response of soil []. 

 

Working principle of TDR 

 
It measured the dielectric permittivity (K) of soil by evaluating the delay between the 

incident and the reflected EMW. EMW propagates along with the probes which are 

inserted in the soil. The large variation within the dielectric constant of the water and soil 

makes the travel time of the pulse depends on the volumetric moisture content (𝜃) [16]. 

Figure 2.3 depicts the layout of soil moisture measurement using TDR technique. 
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Advantages: 

Figure 2.3. The layout of soil moisture measurement using the TDR [16] 

 

 

 Accurate 

 
 Calibration is usually not required for different soil types 

 
 Minimum soil disruption 

 
 Comparatively insensitive to regular salinity levels 

 
 It can accommodate synchronous measures of soil electrical conductivity as well 

Disadvantages: 

 Comparatively high-priced devices due to complicated electronics 

 
 Comparably little sensing volume (3.05 cm) range about the length of 

waveguides. 

 

 Lack of reflection in highly saline soil. 

 
Capacitive technique 

 
The capacitance-based methods have an oscillating circuit and a sensing component that 

is installed in the soil. Here, frequency relies on the dielectric constant of soil. 

Measurement of the charge time of the capacitor is required for finding the dielectric 

constant. It generally consists of two electrodes which produce a capacitor by the soil as 
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the dielectric. Variations in soil moisture content are identified by the variances 

happening in the operating frequency (10–150 MHz). The working principle of the 

Capacitive sensor and TDR is similar. But capacitive sensor uses swept frequency for 

getting data. 

 

Advantages: 

 
 Accurate after soil specific calibration 

 
 Can read in high salinity levels, where TDR fails 

 
 Better resolution than TDR (avoids the noise that is implied in the waveform 

analysis performed by TDRs) 

 

 Flexibility in probe design (more than TDR) 

 
 Devices are relatively inexpensive compared to TDR due to the use of low- 

frequency standard circuitry. 

 

Disadvantages: 

 
 It is extremely critical for reliable measurements to have good contact between 

the sensor (or tube) and soil. 

 

 Careful installation is necessary to avoid air gaps 

 
 Needs soil specific calibration. 

 
Resistive technique 

 
As soil moisture content increases, soil resistivity decreases. The quantification of soil 

resistivity can be done by measuring either the resistivity between electrodes in soil or the 

resistivity of material in equilibrium. When the soil's water content is high, the soil has a 

stronger electrical conductivity, resulting in lower resistance levels that indicate a high 

soil moisture. When the water content in the soil is low, the soil has poorer electrical 

conductivity, hence resulting in a higher resistance which indicates as low soilmoisture 
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Advantages: 

 A simple method of measurement. 

 It delivers the results immediately. 

 Very low in cost. 

 

Disadvantages: 

 Sensors provide less accuracy in sandy soils due to large particles. 

 Sensors are required to be calibrated for each soil type. 

 

However, Capacitive sensors are relatively affordable, accurate, and easily work on any 

soil type suitable for this thesis work. 
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3 Materials and Methods 

 
In Chapter 2, background study of the soil moisture sensors is presented clearly. This 

chapter 3 consists of description of materials/products which are used for experimentation 

to find the cost-effective with defined figure of merits such as accuracyand precision. 

Here, four soil moisture sensors from different manufacturers are used forthe practical 

implementation. The specifications are described in this chapter. Moreover, 

communication technology is also an inevitable part of this thesis, as it helps to 

communicate with sensor to transmit and receive the information which is also discussed 

in this Chapter 3. 

 

Capacitive Soil Moisture Sensors 
 

As the name indicates, soil moisture level is measured using capacitive sensing. 

Capacitive sensing technique is described under section 2.5.4. The popularity of this 

sensor is due to its long service life because it has ability of corrosion prevention. In 

addition, this sensor provides operating range of 3.5V to 5.5V as an on-board voltage 

regulator is available which makes it more usable. It is also compatible with Raspberry Pi 

and low-voltage Microcontroller Units (MCU) [24]. Two capacitive sensors named as 

Capacitive Soil Moisture Sensor V1.0 and Capacitive Soil Moisture Sensor V1.2 are used 

for the implementation in this thesis. 

 

Capacitive Soil Moisture Sensor V1.0 
 

This soil moisture sensor can be directly connected to Gravity I/O expansion shield 

because it is compatible with 3-pin Gravity interface. 
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Table 3.1. Specification of Capacitive Soil Moisture Sensor V1.0 [25] 

 

 
 
 

Feature Value 

Operating Range 3.3 – 5.5 VDC 

Output Voltage 0 – 3.0 VDC 

Operating Current 5mA 

Interface PH2.0 – 3P 

Dimensions 3.86 x 0.905 inches (L x W) 

Weight 15g 

Manufacturer DFRobot 

Price $ 1.50 

 

 
 

 

Figure 3.1. Capacitive Soil Moisture Sensor V1.0 [25] 
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Capacitive Soil Moisture Sensor V1.2 
 

The manufacturer of this product is Paialu and this sensor supports 3-pin Gravity Sensor 

interface. 

 
Table 3.2. Specification of Capacitive Soil Moisture Sensor V1.2 [26] 

 

 

 
 

Feature Value 

Operating Range 3.3 – 5.5 V 

Output Voltage 0 – 3.0 V 

Interface PH2.0 – 3P 

Dimensions 99 x 16 mm/ 3.9 x 0.63” 

Weight 40 g 

Manufacturer Paialu 

Price 250rs 

 

 

 
 

 

Figure 3.2. Capacitive Soil Moisture Sensor V1.2 [26] 
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Resistive Soil Moisture Sensors 
 

These sensors are used to measure the volumetric content of water using two probes. The 

current passes through these two probes to measure the moisture value by measuring its 

resistance. If there is more water, the soil is able to conduct more electricity that means 

the value of resistance is less. Therefore, the moisture level is higher. On the other hand, 

when there is less water, the soil conducts less electricity that means the value of 

resistance is more. Therefore, the moisture level is lower. Hence, drysoil is poor conductor 

of electricity [24]. Two resistive soil moisture sensors named as SEN0114 and resistive 

moisture sensor V2 are used for the implementation in this thesis. 

 

SEN0114 (Resistive soil moisture sensor) 
 

The specification of the resistive soil moisture sensor (SEN0114) is given in Table 3.3. 

As mentioned before, the working principle of this sensor based on soil resistivity 

measurement. It is useful to monitor the water requirement for the plants in gardens. 

 

Table 3.3. Specification of Resistive Soil Moisture Sensor (SEN0114) [27] 

 
 

Feature Value 

Power Supply 3.3 V or 5 V 

Output Voltage Signal 0 – 4.2 V 

Current 35 mA 

Pin Definition Analog output (Blue wire) 

Power (Red wire) 

GND (Black wire) 

Size 60 x 20x 5 mm 

Value Range 0 – 500 (In water) 
 

500 - 750 (Humid soil) 
 

> 750 (dry soil) 
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Manufacturer AZDelivery 

Price 150rs 

 

 

 
 

 

Figure 3.3. Resistive soil moisture sensor (SEN0114) [24] 

 

 

Grove - Resistive soil moisture sensor 
 

The specification of the Grove- Resistive soil moisture sensor is given in Table 3.4. This 

sensor is cost-effective and easy to use. Moreover, it is compatible with Grove interface. 

It can be used for moisture sensing, botanical gardening, and measurement of consistency 

[28]. 

 

Table 3.4. Specification of Grove - Resistive Soil Moisture Sensor [28] 

 
 

Feature Value 

Power Supply 3.3 V - 5 V 

Current 35 mA 

Pin Definition Analog output (Blue wire) 

Power (Red wire) 

GND (Black wire) 
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Size 60 x 20x 6.35 mm 

Value Range 0 – 300 (Dry soil) 
 

300 - 700 (Humid soil) 
 

700 - 950 (In water) 

Manufacturer DFRobot 

Price 180rs 

 

 

 
 

 

Figure 3.4. Grove – Resistive Soil Moisture Sensor [28] 

The main disadvantage of the resistive soil moisture sensors is the corrosion problem of 

the probes of the sensors. This is not only due to contact of the probes with the soil but 

also the flowing DC current causes electrolysis of the sensor. This problem can be 

resolved by using sensor with AC current. And capacitive sensors are capable to do so. 

Therefore, capacitive soil moisture sensors are preferred over resistive due to their 

capability to avoid corrosion and provides better readings of the measurement. These are 

theoretical findings but, in this thesis, we will prove these findings with practical 

implementation. 
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Arduino Nano 
 

The Arduino Nano is a small, complete, and breadboard-friendly board based on the 

ATmega328P released in 2008. It offers the same connectivity and specs of the Arduino Uno 

board in a smaller form factor.[1] 

The Arduino Nano is equipped with 30 male I/O headers, in a DIP-30-like configuration, 

which can be programmed using the Arduino Software integrated development environment 

(IDE), which is common to all Arduino boards and running both online and offline. The board 

can be powered through a type-B mini-USB cable or from a 9 V battery.[2] 

 
The technical specifications of the board are available in Table 3.5. 

 
Table 3.5. Technical specifications of Arduino Nano board [30] 

 

Features Value 

Microcontroller ATmega328P-PU 

Operating Voltage 5 V 

Input Voltage Range 6 – 20 V 

Input Voltage 

Recommendation 

7 – 12 V 

Digital I/O Pins 14 

PWM Digital I/O Pins 6 

Analog Input Pins 6 

DC Current for 3.3 V 

Pin 

50 mA 

DC Current per I/O Pin 40 mA 

Flash Memory 32 KB 

SRAM 2 KB 

EEPROM 1 KB 

Clock Speed 16 MHz 

LED_BUILTIN 13 

https://en.wikipedia.org/wiki/Single-board_microcontroller
https://en.wikipedia.org/wiki/ATmega328
https://en.wikipedia.org/wiki/Arduino_Uno
https://en.wikipedia.org/wiki/Arduino_Uno
https://en.wikipedia.org/wiki/Arduino_Nano#cite_note-1
https://en.wikipedia.org/wiki/I/O
https://en.wikipedia.org/wiki/Dual_in-line_package
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/Integrated_development_environment
https://en.wikipedia.org/wiki/USB_hardware#Connectors
https://en.wikipedia.org/wiki/Arduino_Nano#cite_note-2
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Types of Soil 
 

For the implementation purpose, author has used three different soils namely clay soil, 

slit soil, and loam soil. The brief description about these soils is provided in below 

sections. 

 

 Clay soil 

 
Clay soil consists of fine mineral particles and not organic materials. This soil doesn’t 

have much space between the mineral particles, so it is very sticky. The main benefit of 

this soil is that it retains moisture because of its density [34]. 

 
 Slit soil 

 
Slit soil comprises of medium sized particles which is in between sand and clay soil. This 

type of soil has limited moisture retention properties and have high fertility rate. This soil 

is found near the bank of rivers and water bodies [35]. 

 

 Loam soil 

 
Loam soil consists of an equal amount of sand and silt and a little amount of clay. It is 

mainly used in gardening because it is able to retain water easily but also drains quickly. 

The main properties of loam soil are nutrient-rich, avoid waterlogging, loose, friable etc. 

Loam soil contains the largest sand proportion, which does not hold moisture and provides 

air passage and good drainage [36]. 
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4 Experimental Set-Up and Interpretation of Results 

 
In Chapter 4, the experimental set-up and interpretation of results is presented. In the first 

section, the description of hardware and software is available whereas second section 

comprised of the practical results such as soil moisture values, temperature values for 

three different soils. 

 

Experimental Set-Up 
 

The experimental set-up for this practical work consists both hardware and software. The 

description of hardware and software is as follows: 

 

 Hardware Description 

 

 

 Resistive sensors (SEN0114 and Grove) 

 
 Arduino Nano board 

 
 Laptop/PC x 1 

 

 Jumper wire 
 

 Water pump 

 

 

 

 Software Description 

 
 Arduino IDE (Integrated Development Environment) 

 
 The Things Network 
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Steps involved in the experimental set-up: 

 
1. Preparation of soil and maintenance of the environment. 

 
2. Connection of sensor with Arduino board. 

 
3. Writing of code on Arduino IDE. 

 
4. Connections of Arduino board and receiving data at the Serial monitor. 

 
1. Preparation of soil and maintenance of the environment 

 
Soils are prepared by considering the amount of soil and amount of water added to the 

soil. For instance, if the amount of dry soil (200 g) and 50 ml of water is added to the dry 

soil, the amount of wet soil becomes 250 g because 1ml is equal to 1g. By using Equation 

2.2, 

 

Moisture content (%) = 250−200 ∗ 100 = 25% 
200 

 

Similarly, 50% of moisture content is calculated using 200 g of dry soil, and 100 ml of 

water is added to the dry soil. For 75% of moisture content, 150 ml of water is added to 

the 200 g of the dry soil. Lastly, 100% of moisture content is achieved by adding 200 ml 

of water into 200 g of the dry soil. 

 

The maintenance of the environment (temperatures) to perform this experiment. An oven 

is used to maintain the temperature. For instance, firstly, set the oven at 40oC for five 

minutes and put soil with 25% moisture content in the oven. Wait for five minutes, then 

open the lid, place the sensor inside the soil at the recommended depth (datasheet) and 

close the lid. Data is measured only for one minute to get accurate results at a particular 

temperature because water starts to evaporate at a higher temperature. The same 

procedure is repeated for different moisture levels (50%, 75%, and 100%) and 

temperatures (40oC and 50oC). 
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2. Connection of sensor with Arduino board 

 
All four sensors have the same pin configuration for the Arduino Uno board. The 

connections for the pins are described below. 

 

 
The module generates an output voltage based on the resistance of the probe, which is available at an 

Analog Output (AO) pin. 

 

The same signal is fed to an LM393 High Precision Comparator, which digitizes it and makes it 

available at a Digital Output (DO) pin. 
 

The module includes a potentiometer for adjusting the sensitivity of the digital output (DO). 

 

You can use it to set a threshold, so that when the soil moisture level exceeds the threshold, the 

module outputs LOW otherwise HIGH. 

 

This setup is very useful for triggering an action when a certain threshold is reached. For example, if 

the moisture level in the soil exceeds a certain threshold, you can activate a relay to start watering 

the plant. 
 

 Rotate the knob clockwise to increase sensitivity and counterclockwise to decrease it.  
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The module also includes two LEDs. The Power LED illuminates when the module is turned on, and 

the Status LED illuminates when the soil moisture level exceeds the threshold value. 
 

Soil Moisture Sensor Pinout 
 

The soil moisture sensor is extremely simple to use and only requires four pins to connect. 
 

AO (Analog Output generates analog output voltage proportional to the soil moisture level, so a higher 

level results in a higher voltage and a lower level results in a lower voltage. 
 

DO (Digital Output) indicates whether the soil moisture level is within the limit. D0 becomes LOW when 

the moisture level exceeds the threshold value (as set by the potentiometer), and HIGH otherwise. 
 

VCC supplies power to the sensor. It is recommended that the sensor be powered from 3.3V to 5V. 

Please keep in mind that the analog output will vary depending on the voltage supplied to the sensor. 
 

GND is the ground pin. 
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Wiring 

Let’s hook up the soil moisture sensor to the Arduino. 

 

Let’s begin by powering up the sensor. For this, you can connect the VCC pin of the module to 

Arduino’s 5V pin. 

 

However, one well-known issue with these sensors is that they have a shorter lifespan because they 

are constantly exposed to moisture. Moreover, constantly applying power to the sensor while buried 

in soil significantly accelerates the rate of corrosion. 
 

To avoid this, it is recommended that the sensor be turned on only when taking readings. 

 

One easy way to do this is to connect the sensor’s power pin to a digital pin on an Arduino and set it 

to HIGH or LOW as needed. Also, the total power drawn by the module (with both LEDs lit) is about 

8 mA, so powering the module from a digital pin is fine. So, we’ll connect the VCC pin to the 

Arduino’s digital pin #7. 

 

Finally, connect the A0 pin to the Arduino’s A0 ADC pin. 

The wiring is shown in the image below. 

 

Figure 4.1. Pin connections of resistive soil-moisture sensor with Arduino Nano board 

 

Finding the threshold values 

 
To estimate the soil moisture level, record the values of your sensor output when the soil is as dry as 

possible and when it is completely saturated. 
 

Keep in mind that your sensor may be more or less sensitive depending on the type of soil you use. Also, minerals dissolved in water from 

fertilizers and other sources can affect the sensor output. 
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3. Writing of code on Arduino IDE. 

 
Arduino IDE stands for “Integrated Development Environment” which is officially 

introduced by Arduino.cc. IDE is an open source software which provides a platform for 

code editing, compiling, and uploading of the code in the Arduino device. IDE 

environment supports both C and C++ programming languages [37]. 

 

 
Figure 4.2. Arduino IDE with written code 

int sensor_pin = A0; // Soil Sensor input at Analog PIN A0 

int output_value ; 

void setup() { 

// put your setup code here, to run once: 

pinMode(4,OUTPUT); 

Serial.begin(9600); 

Serial.println("Reading From the Sensor ..."); 

delay(2000); 

} 

 

// put your main code here, to run repeatedly: 

void loop() { 

output_value= analogRead(sensor_pin); 

output_value = map(output_value,550,10,0,100); 

Serial.print("Mositure : "); 

Serial.print(output_value); 

Serial.println("%"); 

if(output_value<0){ 

digitalWrite(4,HIGH); 

} 

else{ 

digitalWrite(4,LOW); 

} 

delay(1000); 

} 
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Experimental Results 
 

Experimental results are discussed in this section and these are categorized in four parts 

according to four soil moisture sensors. The experiment is performed to get the readings 

of sensor using three soils namely clay, loam and silt for three temperatures such as room 

temperature, 40oC and 50oC. Finally, the measured readings of sensor are compared with 

values of data sheet to check the accuracy of the sensor i.e. how measured and actual 

values closely related. The measured values of the sensor reflect the state of the soil, is it 

dry, wet or watery. The actual values for these states vary from sensor to sensor because 

these values are defined by manufacturer. 

 
Resistive soil moisture sensor (SEN0114) 

 

The experiment is performed at room temperature for four values of water content i.e. 

25%, 50%, 75% and 100%. Table 4.2 shows the sensor reading for clay, loam and silt  

soils with different moisture content at room temperature. According to data sheet, Dry 

state: [Above 750]; Wet state: [750 , 500]; Watery state: [500 , 0]. 
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Table 4.8. Sensor (Resistive soil moisture sensor, SEN0114) readings for clay, loam and silt soils with 

different moisture content at room temperature 
 

Moisture content (%) Clay soil Loam soil Silt soil 

25 363 624 662 

50 368 659 722 

75 243 462 539 

100 198 154 223 

 

 

 

 

 
Figure 4.13. Moisture content vs sensor readings at room temperature, Resistive soil moisture sensor 

(SEN0114) 

Figure 4.13 depicts the moisture content vs sensor readings at room temperature. It can 

be analyzed that sensor readings are less than 500 i.e. in water state with clay soil for all 

the values of water content. Both loam and silt soils do not have dry state but shows wet 

state within the range of 500-750 for 25% and 50% water content and also shows watery 

state with values < 500 for 75% and 100% water content. 

 

 At 40oC 

 

Table 4.9 shows the Sensor (Resistive soil moisture sensor, SEN0114) readings for clay, 

loam and silt soils with different moisture content at 40oC. For clay soil, sensor shows 

wet state (536) with 25% of water content at 40oC whereas it showed watery state for 
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same water content at room temperature, it means sensor behavior is accurate for clay 

soil. 

Table 4.9. Sensor (Resistive soil moisture sensor, SEN0114) readings for clay, loam and silt soils with 

different moisture content at 40oC 
 

Moisture content (%) Clay soil Loam soil Silt soil 

25 536 744 767 

50 432 684 590 

75 208 436 396 

100 198 281 238 

 

 
 

 

Figure 4.14. Moisture content vs sensor readings at 40oC, Resistive soil moisture sensor (SEN0114) 

Loam and silt soil have almost dry and dry state respectively with increase in 

temperature. Also, both soils have wet and watery states. So, it can be concluded that 

the sensor behaves accurately at 40oC. 

 At 50oC 

 
Table 4.10 shows the Sensor (Resistive soil moisture sensor, SEN0114) readings for clay, 

loam and silt soils with different moisture content at 50oC. The behavior of sensor is 

approximately same at temperatures 40oC and 50oC. 
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Table 4.10. Sensor (Resistive soil moisture sensor, SEN0114) readings for clay, loam and silt soils with 

different moisture content at 50oC 
 

Moisture content (%) Clay soil Loam soil Silt soil 

25 492 612 703 

50 380 553 620 

75 257 408 410 

100 193 260 298 

 
 

 

Figure 4.15. Moisture content vs sensor readings at 50oC, Resistive soil moisture sensor (SEN0114) 

The main drawback of this sensor is that it gets corroded during the experimental phase. 

So, this sensor is not reliable for agricultural applications because durability and 

corrosion resistive are the main requirements for these applications. 

Resistive soil moisture sensor (Grove) 
 

The experiment is performed at room temperature for four values of water content i.e. 

25%, 50%, 75% and 100%. Table 4.2 shows the sensor reading for clay, loam and silt  

soils with different moisture content at room temperature. According to data sheet, Dry 

state: [0, 300]; Wet state: [300 , 700]; Watery state: [700 , 950]. 

 

Table 4.11 shows the Sensor (Resistive soil moisture sensor, Grove) readings for clay, 

loam and silt soils with different moisture content at room temperature. The sensor 



49  

reading shows watery state for 25%, 75% and 100% water content but wet state (579) for 

50% water content in clay soil. Loam soil has watery state for all values of water content 

at room temperature whereas silt soil has wet state for 25% and 50% water content and 

watery state for 75% and 100%. 

 
Table 4.11. Sensor (Resistive soil moisture sensor, Grove) readings for clay, loam and silt soils with 

different moisture content at room temperature 
 

Moisture content (%) Clay soil Loam soil Silt soil 

25 785 712 619 

50 579 743 664 

75 818 772 794 

100 826 793 820 

 

 

 

 
 

Figure 4.16. Moisture content vs sensor readings at room temperature, Resistive soil moisture sensor 

(Grove) 

It can be observed from the Figure 4.16 that the behavior of sensor is not accurate as it 

is showing watery state with little water content. It means the sensor is not reliable and 

can’t be used for agriculture applications. 

 At 40oC 

 
Table 4.12 shows the Sensor (Resistive soil moisture sensor, Grove) readings for clay, 

loam and silt soils with different moisture content at 40oC. It can be observed from the 
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below table that clay soil has watery state for all the values of water content even at 

40oC. As the state of the soil should be changes with increase in temperature. 

Table 4.12. Sensor (Resistive soil moisture sensor, Grove) readings for clay, loam and silt soils with 

different moisture content at 40oC 
 

Moisture content (%) Clay soil Loam soil Silt soil 

25 751 480 591 

50 797 687 700 

75 821 807 743 

100 855 818 813 

 

 
 

 
Figure 4.17. Moisture content vs sensor readings at 40oC, Resistive soil moisture sensor (Grove) 

Moreover, the results of the sensor with loam and silt soil are also unacceptable because 

the difference of measured data and actual data is more. It means the sensor is not 

working accurately at 40oC. This sensor is not suitable for agricultural applications due 

to inaccurate measurements. 

 
 At 50oC 

 
Table 4.13 shows the Sensor (Resistive soil moisture sensor, Grove) readings for clay, 

loam and silt soils with different moisture content at 50oC. It can be observed from the 
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below table that clay soil has watery state for the values of water content (50%, 75% 

and 100%) even at 50oC. 

Table 4.13. Sensor (Resistive soil moisture sensor, Grove) readings for clay, loam and silt soils with 

different moisture content at 50oC 

 

 

Moisture content (%) Clay soil Loam soil Silt soil 

25 652 398 540 

50 716 601 710 

75 823 842 800 

100 854 832 843 

 

 

 

 
 

Figure 4.18. Moisture content vs sensor readings at 50oC, Resistive soil moisture sensor (Grove) 

It can be concluded from the Figure 4.17 that the sensor is behaving accurately as it is 

showing almost dry state with less water content and watery state with more water 

content. But the sensor is inaccurate as it the deviation of the measure values for every 

state is more from the actual values i.e. given by manufacturer. 
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Result Discussions 
 

This section discusses the results according to the perspective of soils such as clay, 

loam, and silt soil. The accuracy of the sensors is analyzed by noticing their behavior in 

different soils at different temperatures. The sensor’s respective manufacturer defines 

the values for dry, wet, and in water states. All the sensors have the same trend of 

values, such as the minimum for in-water and maximum for dry state except the 

resistive grove sensor. However, it can be concluded by analyzing the results of section 

that the grove sensor is the most inaccurate because it   shows   maximum 

deviation from the soil state's actual values, which are defined by the 

manufacturer. So, only threesensors, namely Capacitive V1.0, Capacitive V1.2, 

and Resistive (SEN0114) soil moisture sensors, are used for the comparison. 

 
 Clay soil 

 

  

  

 

Figure 4.19. The behavior of sensors in clay soil 
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Figure 4.19 depicts the behavior of sensors in clay soil at different moisture levels and 

temperature. Clay soil consists of small particles and has water retention properties. 

Capacitive V1.0 sensor shows the dry states for less water content (25% and 50%) because 

the soil dries with an increase in temperature. As the water content increases (75% and 

100%), it only shows wet and watery because clay soil absorbs the water and becomes 

sticky. Capacitive V1.2 sensor shows more deviation from the actual values (Dry state: 

[520 , 430]; Wet state: [430 , 350]; Watery state: [350 , 260]) as compare to Capacitive 

V1.0. Moreover, the actual values for soil states of resistive (SEN0114) sensor are dry 

state: [Above 750]; Wet state: [750 , 500]; Watery state: [500 , 0]. This sensor is the least 

accurate compared to the capacitive sensors because it behaves correctly for higher water 

content, but with lower water content, it shows inaccurate behavior. For instance, with 

25% and 50% water content, the sensor reading should increase towards the dry state, but 

it started decreasing for 50oC temperature. Overall, Capacitive V1.0 behaves correctly 

according to the clay soil properties. 

 

 Loam soil 

Figure 4.20 depicts the behavior of sensors in loam soil at different moisture levels and 

temperature. Loam soil contains the largest proportion of sand, which does not hold 

moisture or drains quickly. It can be seen from the below figure that capacitive sensors 

show approximately the same behavior by reading revolves around the wet state at room 

temperature, 40oC, and 50oC, i.e., loam soil absorbs water quickly and drains easily. So, 

the capacitive sensor readings are almost similar except for the 75% water content. 

Resistive (SEN0114) soil moisture sensor reads nearly dry states for 25% water content, 

but it behaves unexpectedly for 50% water content as it reads wet state for higher 

temperature. Overall, it is tough to understand the behavior of the resistive sensor with 

loam soil. 
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Figure 4.20. The behavior of sensors in loam soil 

 

 
 Silt soil 

Figure 4.21 depicts the behavior of sensors in silt soil at different moisture levels and 

temperature. Silt soil consists of medium size particles and has some proportion of clay 

soil. So, its water retention capability lies between loam and clay soil. Both the capacitive 

sensors read the wet states for all the moisture content with little variation because silt  

soil has medium water retention property, and the sensor reading lies in the range of the 

wet state. But the curve is different for 100% water content. Even though both the sensors' 

reading lies in the wet state range, the trend is different, i.e., CapacitiveV1.0 shows an 

upward trend, whereas Capacitive V1.2 shows a downward trend. Overall, it can be 

concluded that the Capacitive V1.0 sensor is more accurate because it maintains the same 

behavior for all the water content levels as compare to Capacitive V1.2. The resistive 

sensor has shown different behavior for all the moisture content 
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levels, which makes it inaccurate because it is hard to understand how it behaves in silt 

soil. 

 
 

  

  

 
 

Figure 4.21. The behavior of sensors with silt soil 

 

 
Based on the above results, it can be concluded that capacitive soil moisture sensors are 

more accurate and reliable than resistive soil moisture sensors because these provide 

better measurement readings and avoid corrosion. The corrosion in resistive soil moisture 

sensors is not only because of the contact of probes with soil but also due to electrolysis 

of the sensors. The corrosion problem makes these sensors less durable. Table 4.14 

depicts the comparison of these four sensors based on cost, manufacturer, accuracy, 

corrosion resistance, and 
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5 Conclusion 

 

Summary 
 

Agriculture is an indispensable part of human life as it is the primary source of food, but 

it is essential to monitor the crops' quality and productivity. For instance, a sustainable 

environment should be provided for agriculture using smart technology for crop 

monitoring, smart irrigation, soil moisture monitoring, etc. Smart agriculture can be 

defined as a process where various sensors are integrated with communication 

technologies to monitor the changes in the environment due to various external factors, 

and collected data is optimized to make a smart decision. Soil moisture analysis is critical 

for the quality of the crop as soil acts as an important part of earthly water dynamics by 

maintaining precipitation on the ground. But the problem is the availabilityof affordable 

soil moisture sensors. Sensors previously available on the market have been too costly for 

many farmers in emerging countries. Affordable moisture measuringequipment can help 

mitigate this problem, and farmers can do precision farming with the help of the latest 

technologies. 

 
This thesis's first aim was to perform a comparative analysis of different commercial off- 

the-shelf soil moisture sensors in terms of cost, accuracy, durability, and corrosion 

resistance. The second main goal is to find a feasible communication technology (LoRa 

and NB-IoT) for the considered scenario. With these aims, the author has investigated the 

cost-effective soil moisture sensors by considering four sensors by investigating freely 

available COTS sensors from different manufacturers and integrating the sensor with 

suitable communication technology for long-distance communication. 

 
For experimental results, the author has chosen four sensors: Capacitive V1.0, Capacitive 

V1.2, Resistive (SEN0114) sensor, and Resistive (Grove) sensor. These sensors are tested 

with three different soils such as clay, loam, and silt soil for three different temperatures 

i.e., room temperature, 40oC, and 50oC. Capacitive V1.0 sensor 
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behaves correctly according to the clay soil properties, i.e., it consists of small particles 

and has water retention properties. It shows the dry states for less water content (25% and 

50%), but it only indicates wet and watery with more water content (75% and 100%) 

because clay soil absorbs the water and becomes sticky. Capacitive V1.2 sensor shows 

more deviation from the actual values with clay soil compared to Capacitive V1.0. 

Resistive sensors are less accurate compared to the capacitive sensors with clay soil. 

Similarly, capacitive sensors show approximately the same behavior. Their readings 

revolve around the wet state at three temperatures, i.e., loam soil absorbs water quickly 

and drains easily. Again, Capacitive V1.2 has shown more deviation with loam soil as 

compared to Capacitive V1.0. However, it was tough to understand the resistive 

(SEN0114) sensor's behavior with loam soil because it reads nearly dry states for 25% 

water content. Still, it behaves unexpectedly for 50% water content as it reads wet state 

for higher temperature. The capacitive sensors also read the wet conditions for all the 

moisture content with little variation because silt soil has medium water-retention 

property. The sensor reading lies in the wet state range but shows a different trend for 

100% water content. The resistive sensor has shown different behavior for all the moisture 

content levels, making it inaccurate because it is hard to understand how it behaves in silt 

soil. Overall, it can be concluded that the Capacitive V1.0 sensor is more accurate because 

it maintains the same behavior for all the water content levels as compare to Capacitive 

V1.2, Resistive (SEN0114), and Resistive (Grove) sensor. 

 
Based on the comparative analysis of NB-IoT and LoRa technology, the author has found 

that LoRa technology can be used for agricultural applications because of lower latency, 

low power consumption, long-range, and long battery life. 

Capacitive V1.0 sensor is most accurate, corrosion-resistant, and most durable among all 

the sensors, whereas capacitive V1.2 is less accurate than V1.0, but it is also corrosion- 

resistant, most durable, and cheaper. There is a trade-off between accuracy and cost. 

Capacitive V1.0 is costly than V1.2 but has more accuracy, while V1.2 is less expensive 

than V1.0 but has less accuracy. So, both can be used for agricultural applications based 

on the requirements such as accuracy or cost. On the other hand, as mentioned, resistive 

sensors are less accurate, corrode quickly, costly, and less durable. 
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Based on these results, it can be concluded that the thesis's initial purpose has been 

accomplished, i.e., comparative analysis of different COTS soil moisture sensors with a 

key figure of merits such as cost, accuracy, durability, corrosion resistance. And finally, 

feasible communication technology was investigated for long-range communication. 

 

The results are encouraging and pave the way for the use of COTS sensors, mainly 

Capacitive V1.0 and Capacitive V1.2 soil moisture sensing for agriculture applications. 
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ABSTRACT 

 
Online phishing is one of the most epidemic crime schemes of the modern Internet. A 

common countermeasure involves checking URLs against blacklists of known phishing 

websites, which are traditionally compiled based on manual verification, and is inefficient. Thus, 

as the Internet scale grows, automatic URL detection is increasingly important to provide timely 

protection to end users. In this thesis, we propose an effective and flexible malicious URL 

detection system with a rich set of features reflecting diverse characteristics of phishing 

webpages and their hosting platforms, including features that are hard to forge by a miscreant. 

Using Random Forests algorithm, our system enjoys the benefit of both high detection power 

and low error rates. Based on our knowledge, this is the first study to conduct such a large-scale 

websites/URLs scanning and classification experiments taking advantage of distributed vantage 

points for feature collection. Experiment results demonstrate that our system can be utilized for 

automatic construction of blacklists by a blacklist provider. 
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1. INTRODUCTION 
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INTRODUCTION 

 
Online phishing is one of the most epidemic crime schemes of the modern Internet. A 

common countermeasure involves checking URLs against blacklists of known phishing 

websites, which are traditionally compiled based on manual verification, and is inefficient. Thus, 

as the Internet scale grows, automatic URL detection is increasingly important to provide timely 

protection to end users. In this thesis, we propose an effective and flexible malicious URL 

detection system with a rich set of features reflecting diverse characteristics of phishing 

webpages and their hosting platforms, including features that are hard to forge by a miscreant. 

Using Random Forests algorithm, our system enjoys the benefit of both high detection power 

and low error rates. Based on our knowledge, this is the first study to conduct such a large-scale 

websites/URLs scanning and classification experiments taking advantage of distributed vantage 

points for feature collection. Experiment results demonstrate that our system can be utilized for 

automatic construction of blacklists by a blacklist provider. 

When a client tries to connect with a server through HTTPS, a TLS handshake is 

performed. As the first step, the server needs to send over an X.509 certificate signed by a CA. 

Afterward, this certificate is used by the client to identify and authenticate the server against the 

X.509 trust chain until the root CA of the certificate is found in the so-called “root certificate 

store” of the client’s computer. 
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1.1 Objective 

 

The project’s objectives are as follows: 

 To study various automatic phishing detection methods

 To identify the appropriate machine learning techniques and define a solution using the 

selected method

 To select an appropriate dataset for the problem statement

 To apply appropriate algorithms to achieve the solution to phishing attacks

 Trying to get unsuspecting users to give up their money, credentials or privacy is a 

particularly insidious form of social engineering that can have disastrous effects on 

people’s lives.

 The lure is what entices the user to click on a link. It can be advertising a way to get easy 

money, obtain an illicit product, or a warning that a user’s account has been compromised 

or blocked in some fashion.

  The hook is often a website that is designed to mimic a legitimate website of a reputable 

organization such as a bank or other financial institution.

 The hook is used to trick the user into entering and submitting their credentials such as 

user-name, password, credit card number, etc.

  The catch is when the user has submitted private information and the malicious owner of 

the website collects and uses this information to exploit the user and his account.

 Phishing attacks continue to be of persistent and critical concern to users, online 

businesses, and financial institutions.

 A phishing website lures users into divulging their sensitive information such as 

passwords, pin numbers, personal information, and credit card numbers, and uses such 

information for financial gains.

 According to current industry estimates, the annual financial losses due to phishing 

attacks across different economies surpasses $3 billion
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LITERATURE REVIEW 

 
Phishing attacks classify as social engineering attack. In this kind of attack, the adversary 

does not necessarily look for a vulnerability in the system but also, looks for unaware users to 

lure them. For example, an attacker creates a webpage similar to a login page of a well-known 

email provider and sends the link to the users and asks them to log in. In this example, there is 

not any security concern relates to the Email provider. If the end-user does not aware of the 

potential threats, they may be fooled by the attacker. During last decade, different researchers 

tried to come up with different approaches. From a higher perspective, we categorize all of these 

efforts in two major categories. In the first category, we discuss the approaches that try to 

address the problem in a human-based manner. The approaches in this category increase the 

knowledge of end-users and help them to make a good decision when they face a suspicious 

websites. In the second category, we study the software-based approaches. In this approach, 

different techniques adapt to distinguish between legitimate websites and phishing ones and 

takes them down without considering end-users. The result of this category may also be fed to 

the first category to help end-users. 

Our work in this thesis focuses mainly on detecting phishing websites with machine 

learning. There has been quite some effort regarding similar topics such as malicious domain 

blacklisting and email spam filtering. Furthermore, it is increasingly popular to utilize machine 

learning in these areas. Existing malicious websites detection approaches16–28 can be mainly 

divided into two categories based on the features leveraged: static feature based approaches16– 

23 and dynamic feature based approaches 24–28. Static feature based approaches16–23 rely on 

features extracted from the URL, page content, HTML DOM structure, domain-based 

information (such as WHOIS and DNS records) and so on. Alternatively, dynamic feature based 

solutions 24–28 primarily focus on analyzing behaviors captured when the page is loaded and 

rendered, or investigating system logs when some scripts are executed. In this thesis, we 

concentrate on exploiting static features. 
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2.1 Problem Definition 

The problem is derived after making a thorough observation and study about the method of 

classification of phishing websites that makes use of machine learning techniques. We must 

design a system that should allow us to: 

• Accurately and efficiently classify the websites into legitimate or phishing. 

• Time consumed for detection should be less and should be cost effective. 

 
 

We focus on the problem of determining if a target website is a phishing one or not, based on the 

information provided on the website. We consider the standard definitions of a phishing website 

from literature. Typically, the content of a phishing website is textually and visually similar to 

some legitimate website. We focus on characterizing the nature of such websites using only the 

information from the website and training a machine learning classifier to distinguish between 

phishing and legitimate websites. 

Currently, a lot of existing tools, encapsulated in browsers, search engines or 

applications, such as Safe Browsing from Google9 and SmartScreen10 from Microsoft, try to 

inform a user that a specific URL the user is about to visit has been identified as unsafe or 

malicious. This is realized by matching the URL being visited with blacklists constructed by the 

security community. Those blacklists are accumulated using various techniques, ranging from 

user reporting to web crawlers with site content analysis to automatic classification based on 

heuristics or machine learning classifiers. However, many malicious websites can still sneak 

through such protection systems, which can be the consequence of a number of reasons: 

1. The website is too new and thus has not been scanned or analyzed by any mechanisms 

yet. 

2. The website has been incorrectly analyzed, either due to the imperfection of mechanisms 

or the countermeasures against detection taken by the attackers, e.g. abusing the legal 

short URL services. 
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2.2 Proposed System 

The state-of-the-art machine learning approaches for phishing detection can be broadly 

classified as email, content, and URL based. The email-based approaches focus on analyzing 

emails based on various features. However, there has been the considerable evolution of phishing 

emails against such approaches, which makes them inadequate for current day context. This is 

shown by the relatively high rate of success of spear phishing emails attacks compared to other 

phishing methods. The content-based approaches perform in-depth analysis of content and build 

classifiers to detect phishing websites. These works rely on features extracted from the page 

content as 5 well as from third-party services like search engines, and DNS servers. However, 

these approaches are not efficient due to a large number of training features and the dependence 

on third-party servers. 

Using third-party servers violates user privacy by revealing the user’s browsing history. 

More importantly, several features used in these approaches, like URL related features, do not 

accurately model the phishing phenomenon. Furthermore, in most of these approaches, except 

there is a critical issue of using biased datasets and the design of features that seem to work well 

for such datasets. Approaches like examine DOM content of the pages looking for the similarity 

of attacks. But, with the advent of newer attacks like that closely mimic legitimate websites, such 

approaches will be ineffective. The URL-based approaches analyze various features based on the 

target URL such as length of the URL, page rank of the URL, number of dots in the URL, 

presence of special characters, hostname features like IP address, domain age, DNS properties, 

and geographic properties, among other features. While the intuition in these approaches is 

sound, i.e., the URL is a good indicator of phishing attacks, the structural changes of modern-day 

URLs negates several lexical features identified by these approaches. For instance, these days, 

the URLs generated by websites like Google and Amazon, are long and contain many non- 

alphabetic characters, which dilute the lexical similarity of legitimate URLs. For this reason, the 

URL based approaches inadvertently tend to be biased towards the datasets being used and are 

likely to be ineffective in the future. A few hybrid detection mechanisms combine content and 

URL features, but suffer from the same problems as described. The work in also discusses 

features based on the Fully Qualified Domain Name of the phishing website. However, their 

approach depends on the results of search engines and incurs a significant delay. 
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2.3 Proposed Work 

Machine learning algorithms have been proven to have the ability to discover complex 

correlation among different data items of similar nature. Many algorithms consist of two steps: 

learning and testing. In the learning step, the algorithms try to learn from supporting examples 

and in the testing phase, the researchers evaluate the accuracy of the algorithms. Attackers often 

use email to send out phishing URLs to the victim. Consequently, detecting potentially 

dangerous emails helps lead to prevent users to be caught in the phishing website. There is a 

wide literature on automating detection for phishing email by looking at the context of the email. 

used 16 features to detect phishing email. While they use email messages as a source to extract 

the features, we only focus on the website itself rather than how the attacker tries to tempt the 

users.described an approach based on URL classification using statistical methods to discover 

the lexical and host-based properties of malicious web site URLs. 

They use lexical properties of URLs and registration, hosting, and geographical 

information of the corresponding hosts to classify malicious web pages at a larger scale. These 

methods are able to learn highly predictive models by extracting and automatically analyzing 

tens of thousands of features potentially indicative of suspicious URLs. The resulting classifiers 

obtain 95-99% accuracy, detecting large numbers of malicious websites by just using their 

URLs. However, their approach requires a large feature set and extracts host information with 

the help of third-party servers. We discussed why using URL-based features and third-party 

services lead to a biased dataset. Provided an overview of nine different machine learning 

techniques, including Support Vector Machine, Random forests, Neural Networks, Naive Bayes, 

and Bayesian Additive Regression Trees. They analyzed the accuracy of each classifier on the 

dataset, a state of the art dataset, and achieved a maximum accuracy of 91.34% using AdaBoost. 

They used a wide range of classifiers but based on adaptive nature of these attacks and not using 

an updating dataset cannot guarantee the resiliency of the solution. 



8  

2.4 Problem Scope 

The system will get HTML source code and URL of input webpage first. URL features 

normally just check internal and external links from HTML source code based on domain name. 

In HTML source code, there normally are four types of features that will be investigated and 

extracted, namely login forms, hyperlinks, CSS and JavaScript, and web identity features. The 

system will extract a different set of features into a common feature vector. Then, it will train, 

test, and validate with a specific classifier such as a random forest classifier. A content-based 

framework, uses features based on capturing various characteristics of legitimate web 

applications as well as their underlying web infrastructures. focus on the fundamental 

characteristics of phishing web sites and decompose the classification task for a phishing web 

site into URL classifier and content-based classifier. Their classifier does not need periodic 

retraining. Additionally, propose to extract features from URLs and webpage links to detect 

phishing website. Also analyze the hyperlinks found in the HTML source code of the website. 

Propose a stacking model to detect phishing webpages using URL and HTML features. 



 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

3. SYSTEM REQUIREMENT 

SPECIFICATION 
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3.1.1 PyCharm 

SYSTEM REQUIREMENT SPECIFICATION 

PyCharm is the most popular IDE used for Python scripting language. This chapter will 

give you an introduction to PyCharm and explains its features. 

PyCharm offers some of the best features to its users and developers in the following aspects − 

 

 Code completion and inspection 

 Advanced debugging 

 Support for web programming and frameworks such as Django and Flask 

 
3.1.2 Dataset 

Dataset in Python is mostly used for manipulation of Gifs and other custom data which 

frames the entire dataset as per requirement. It helps in maintaining the order and simplifying the 

complex data structure for further manipulation or enhancement. Dataset in any format is mostly 

used for many other necessities that streamline the process. Dataset in Python has a lot of 

significance and is mostly used for dealing with a huge amount of data. These datasets have a 

certain resemblance with the packages present as part of Python 3.6 and more. Python datasets 

consist of dataset object which in turn comprises metadata as part of the dataset. Querying to 

these datasets may include dataset objects to return the required index based on rows and 

columns. The dataset object comes into the picture when the data gets loaded initially that also 

comprise the metadata consisting of other important information. 



11  

MINIMUM SOFTWARE REQUIREMENTS 

 
 

3.2.1 Minimum Software Requirements 

 PyCharm 

 Database: Datasets 

 
3.2.2 Language Used 

 Machine Learning 

 Python 



 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

4. System Design 
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SYSTEM DESIGN 
 

4.1 Flowchart Diagram 
 

 

 

 

 
 

 

 

 
 

4.2 Creating a Phishing Dataset 

The dataset based on features of websites on the internet quickly become out of date and 

stale. We built a framework that can address this problem. Using that, it is possible to 

add/remove a feature to/from the dataset. In addition, the user can redo the extracting step to get 

the updated values for currently defined features. In the initial attempt, we use features that 

defined, but we implement them in the Python. To create our dataset, we scanned the top 3000 

sites in the Alexa.com database and 3000 online phishing websites obtained from phishtank.com. 

We made two assumptions here: first, all of the websites gotten from Alexa.com are legitimate 

websites. We believe this to be a valid assumption because of the ephemeral nature of phishing 

websites, they tend to pop in and out of existence (as is evidenced by the short domain 

registration times) to evade being blocked or tagged as phishing. 
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The top sites ranked in Alexa.com must be popular and have been around for a longer period of 

time to attain this ranking. Second, we assumed that websites found on the Phishtank.com were 

phishing websites. PhishTank.com incorporates a community of registered users who report sites 

as phishing. Each member is ranked by the community and builds a good reputation by correctly 

reporting if a website is phishing or not. Since it is a very well-known repository for phishing 

websites, we can trust its decision for labeling a website as a phishing one. 

 
4.3 Implemented Features 

We used 29 different features to create their dataset and we used their definitions to create our 

own dataset. These features can be categorized into five categories: URL based, DNS based, 

External statistics, HTML based, and JavaScript based. 

 
4.3.1 URL Based 

URL based features are based on some aspect of the URL of the website. Attackers try to 

use the URL to deceive users by obfuscating it in some fashion. For example, URLs that have an 

IP address, an ’at’ symbol (@), double slash, contain a prefix or suffix are all methods employed  

to disguise a URL. Other notable methods are the length of URL, whether the website has a 

subdomain, uses a shortening service or uses a non-standard port. 

 
1. Having IP Address: If an IP address is used as an alternative of the domain name in the URL, 

such as "http://125.98.3.123/fake.html", users can be sure that someone is trying to steal their 

personal information. In a Python script, we checked that if the website URL is in the form of an 

IP, we assume it as a phishing website otherwise it is legitimate. 

 
2. URL Length: To ensure the accuracy of our study, we calculated the length of URLs in the 

data set and produced an average URL length. The results showed that if the length of the URL 

is greater than or equal 54 characters then the URL classified as phishing. By reviewing our 

dataset, we were able to find 1220 URLs whose lengths equal to 54 or more which constitute 

48.8% of the total dataset size. 

http://125.98.3.123/fake.html
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3. Shortening Service: URL shortening is a method on the web in which a URL may be made 

considerably smaller in length and still lead to the same webpage. This is accomplished by 

means of an "HTTP Redirect" on a domain name that is short, which links to the webpage that 

has a long URL. For example, TinyURL is a service that makes the URL shorter. The URL like 

"http://portal.hud.ac.uk/" can be shortened to "bit.ly/19DXSk4" using this service. If it used 

TinyURL, we will assume it as a phishing, otherwise, it is a legitimate website. 

 
4. Having At (@) Symbol: A URL that contains a "@" symbol is not trusted as the browser 

generally ignores everything proceeding the "@". If the URL contains the "@" sign we marked it 

as phishing. 

 
5. Double Slash Redirecting: URLs that contain "//" are marked as phishing as the double slash 

is used to redirect users to another site. Phishing URLs employ this method to hide 20 their real 

URL. An example is http://www.colostate.edu//http://www.phishing.com. 

 

6. Prefix Suffix: The dash symbol is rarely used in legitimate URLs. Phishers tend to add 

prefixes or suffixes separated by (-) to the domain name so that users feel that they are dealing 

with a legitimate webpage. For example, http://www.Confirme-paypal.com/.In our framework, 

we check whether that website uses a "-" in the name of URL or not. If it is used, we assume it as 

a phishing website. 

 
7. Having Subdomain: Let us assume we have the following link: 

http://www.hud.ac.uk/students/.A domain name might include the countrycode top-level 

domains (ccTLD), which in our example is "UK". The "ac" part is shorthand for "academic", the 

combined "ac.uk" is called a second-level domain (SLD) and "hud" is the actual name of the 

domain. To produce a rule for extracting this feature, we first have to omit the (www.) from the 

URL which is, in fact, a subdomain in itself. Then, we have to remove the (ccTLD) if it exists. 

Finally, we count the remaining dots. If the number of dots is greater than one, then the URL is 

classified as "Suspicious" since it has one subdomain. However, if the dots are greater than two, 

it is classified as "Phishing" since it will have multiple subdomains. Otherwise, if the URL has 

no subdomains, we will assign "Legitimate" to the feature. We calculated the number of dots in a 

URL. If it is more than, we classify as phishing otherwise it is a legitimate website. 

http://portal.hud.ac.uk/
http://www.colostate.edu/
http://www.colostate.edu/
http://www.confirme-paypal.com/.In
http://www.hud.ac.uk/students/.A


 

8. Unusual Port: Most legitimate websites use ports 80 for unencrypted traffic and port 443 for 

encrypted traffic. We mark the sites that use other ports as phishing. 

 
4.4 DNS Based 

DNS based features use information of the domain such as when the domain was first 

registered and how long the registration is valid. 

 
1. Domain Update Date: This feature gets data of "Update Field" from WHOIS. This field 

demonstrates the latest time that domain owner updated the DNS record on the WHOIS 

database. The legitimate websites updated their information on the WHOIS database more often 

than the phishing website. If the updated date is less than half of a year, we mark this site as 

legitimate. 

 
2. HTTPS Token: Phishing URLs will often try to make it look like the URL uses HTTPS. 

They will include HTTPS as part of the URL, for example, http://https-colostate.edu.We mark 

this URL as phishing. 

 
3. Age of Domain: This feature can be extracted from WHOIS database. Most phishing websites 

live for a short period of time. By reviewing our dataset, we find that the minimum age of the 

legitimate domain is 6 months. Rule: If the age of domain is greater than 6 months, we will 

assume it as legitimate otherwise we will assume it as phishing. 

4. DNS Record: This feature can be extracted from WHOIS database. For phishing sites, either 

the claimed identity is not recognized by the WHOIS database or the record of the host-name is 

not founded. If the DNS record is empty or not found then the website is classified as phishing, 

otherwise, it will classify as legitimate. We implement a Python script which gets DNS 

information from www.WHOISXMLAPI.comand check if the DNS record is empty or not. 3.2.3 

 
4.5 HTML Based 

The HTML served by a website contains many valuable features used to determine if the 

site is phishing or not. Examples of these features include whether the website has a favicon and 

if the images and JavaScript have the same source URL as the serving website. 
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http://https-colostate.edu.we/
http://www.whoisxmlapi.comand/


 

Other HTML based features are whether the site implements iFrames, how many links 

point outside the serving domain, etc. 

 
1. Favicon: A favicon is a graphic image (icon) associated with a specific webpage. Many 

existing user agents such as graphical  browsers and newsreaders  show favicon as  a visual 

reminder of the website identity in the address bar. If the favicon is loaded from a domain other 

than that shown in the address bar, then the webpage is likely to be considered a phishing 

website. For this attribute, we checked the HTML code of each website and found where the 

Favicon is loading from. If it is loaded from a foreign domain, we assume that website is a 

phishing. 

 
2. Request URL: This feature examines whether the external objects contained within a 

webpage such as images, videos and sounds are loaded from another domain. In legitimate 

webpages, the webpage address and most of the objects embedded within the webpage are 

obtained the same domain. We implemented a Python script which looks at all of the addresses 

and marks them as domain-inside or domain-outside. If more than half of addresses are domain- 

outside, we will mark the site as phishing otherwise it is a legitimate one. 

 
3. URL of Anchor: This feature looks at the links in the website. If the links in the website point 

to a domain different from the domain of the website more than 50% of the time, then the site is 

marked as phishing. 

 
4. Links in Tags: This feature looks at the domain in the tags of the header such as 
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5. IMPLEMENTATION 



 

IMPLEMENTATION 
 

5.1 Sample Code 

 
Admin Page Code 

def domainAge(domain_name): 

creation_date = domain_name.creation_date 

expiration_date = domain_name.expiration_date 

if (isinstance(creation_date,str) or isinstance(expiration_date,str)): 

try: 

creation_date = datetime.strptime(creation_date,'%Y-%m-%d') 

expiration_date = datetime.strptime(expiration_date,"%Y-%m-%d") 

except: 

return 1 

if ((expiration_date is None) or (creation_date is None)): 

return 1 

elif ((type(expiration_date) is list) or (type(creation_date) is list)): 

return 1 

else: 

ageofdomain = abs((expiration_date - creation_date).days) 

if ((ageofdomain/30) < 6): 

age = 1 

else: 

age = 0 

return age 

 

# 14.End time of domain: The difference between termination time and current time 

(Domain_End) 

def domainEnd(domain_name): 
expiration_date = domain_name.expiration_date 

if isinstance(expiration_date,str): 

try: 

expiration_date = datetime.strptime(expiration_date,"%Y-%m-%d") 

except: 

return 1 

if (expiration_date is None): 

return 1 

elif (type(expiration_date) is list): 

return 1 

else: 
today = datetime.now() 

end = abs((expiration_date - today).days) 

if ((end/30) < 6): 

end = 0 

else: 
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# importing required packages for this section 

import requests 

 

# IFrame Redirection (iFrame) 

def iframe(response): 

if response == "": 

return 1 

else: 
if re.findall(r"[<iframe>|<frameBorder>]", response.text): 

return 0 

else: 

return 1 

 
 

# Checks the effect of mouse over on status bar (Mouse_Over) 

def mouseOver(response): 

if response == "": 

return 1 

else: 

if re.findall("<script>.+onmouseover.+</script>", response.text): 

return 1 

else: 

return 0 

 
 

# Checks the status of the right click attribute (Right_Click) 

def rightClick(response): 

if response == "": 

return 1 

else: 

if re.findall(r"event.button ?== ?2", response.text): 

return 0 

else: 

return 1 

 
 

# Checks the number of forwardings (Web_Forwards) 

def forwarding(response): 

if response == "": 

return 1 

else: 

if len(response.history) <= 2: 

return 0 

else: 

return 1 
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# Function to extract features 

def featureExtraction(url): 

features = [] 

getDomain(url) 

# Address bar based features (10) 

features.append(havingIP(url)) 

features.append(haveAtSign(url)) 

features.append(getLength(url)) 

features.append(getDepth(url)) 

features.append(redirection(url)) 

features.append(httpDomain(url)) 

features.append(tinyURL(url)) 

features.append(prefixSuffix(url)) 

 

# Domain based features (4) 

dns = 0 

try: 

domain_name = whois.whois(urlparse(url).netloc) 

except: 

dns = 1 

 

features.append(dns) 

#features.append(web_traffic(url)) 

features.append(1 if dns == 1 else domainAge(domain_name)) 

features.append(1 if dns == 1 else domainEnd(domain_name)) 

 

# HTML & Javascript based features (4) 

try: 

response = requests.get(url) 

except: 

response = "" 

features.append(iframe(response)) 

features.append(mouseOver(response)) 

features.append(rightClick(response)) 

features.append(forwarding(response)) 

#features.append(la) 
 

return features 

''' 

d='http://www.abxchvina.cn/' 

fe = featureExtraction(d) 

print(fe) 

 

feature =[] 

for i in range(0, len(data)): 

print(data[i]) 

feature.append(featureExtraction(data[i],l[i])) 

http://www.abxchvina.cn/%27


23  

#converting the list to dataframe 

feature_names = ['Have_IP', 'Have_At', 'URL_Length', 'URL_Depth','Redirection', 

'https_Domain', 'TinyURL', 'Prefix/Suffix', 'DNS_Record', 

'Domain_Age', 'Domain_End', 'iFrame', 'Mouse_Over','Right_Click', 

'Web_Forwards', 'Label'] 

 

urls = pd.DataFrame(feature, columns= feature_names) 

 
 

urls.to_csv('', index= False) 

 
from flask import Flask, render_template, request 

import dbn as d 

import feature_extraction as fe 

app = Flask( name ) 

 

@app.route('/', methods=["GET", "POST"]) 

def get_bot_response(): 

if request.method == "POST": 

data = request.form.get('msg') 

features = [] 

 

features.append(fe.featureExtraction(data)) 

 

finalOutput_DBN, reconstructedOutput_DBN = d.dbn.dbn_output(features) 

yhat = d.clf.predict(finalOutput_DBN) 

if (yhat == 1): 

return render_template("phishing.html") 

else: 

return render_template("legitimate.html") 

return render_template("index.html") 

 
 

if  name == ' main ': 

app.run() 

 

train_index = range(0, len(train_X)) 

test_index = range(len(train_X), len(train_X)+len(test_X)) 

 

print(train_index) 

print(test_index) 
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train_X = pd.DataFrame(data=train_X, index=train_index) 

train_Y = pd.Series(data=train_Y, index=train_index) 

 

test_X = pd.DataFrame(data=test_X, index=test_index) 

test_Y = pd.Series(data=test_Y, index=test_index) 

 

print(train_X.describe()) 

class RBM(object): 

def init (self, input_size, output_size, 

learning_rate, epochs, batchsize): 

# Define hyperparameters 

self._input_size = input_size 

self._output_size = output_size 

self.learning_rate = learning_rate 

self.epochs = epochs 

self.batchsize = batchsize 

 

# Initialize weights and biases using zero matrices 

self.w = np.zeros([input_size, output_size], dtype=np.float32) 

self.hb = np.zeros([output_size], dtype=np.float32) 

self.vb = np.zeros([input_size], dtype=np.float32) 

 

# forward pass, where h is the hidden layer and v is the visible layer 

def prob_h_given_v(self, visible, w, hb): 

return tf.nn.sigmoid(tf.matmul(visible, w) + hb) 

 

# backward pass 

def prob_v_given_h(self, hidden, w, vb): 

return tf.nn.sigmoid(tf.matmul(hidden, tf.transpose(w)) + vb) 

 

# sampling function 

def sample_prob(self, probs): 

return tf.nn.relu(tf.sign(probs - tf.random.uniform(tf.shape(probs)))) 

 

def train(self, X): 

tf.compat.v1.disable_eager_execution() 

_w = tf.compat.v1.placeholder(tf.float32, [self._input_size, self._output_size]) 

_hb = tf.compat.v1.placeholder(tf.float32, [self._output_size]) 

_vb = tf.compat.v1.placeholder(tf.float32, [self._input_size]) 

 

prv_w = np.zeros([self._input_size, self._output_size], dtype=np.float32) 

prv_hb = np.zeros([self._output_size], dtype=np.float32) 

prv_vb = np.zeros([self._input_size], dtype=np.float32) 
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cur_w = np.zeros([self._input_size, self._output_size], dtype=np.float32) 

cur_hb = np.zeros([self._output_size], dtype=np.float32) 

cur_vb = np.zeros([self._input_size], dtype=np.float32) 

v0 = tf.compat.v1.placeholder(tf.float32, [None, self._input_size]) 

# v0 = tf.keras.Input(shape=[None, self._input_size], dtype=tf.float32) 

h0 = self.sample_prob(self.prob_h_given_v(v0, _w, _hb)) 

v1 = self.sample_prob(self.prob_v_given_h(h0, _w, _vb)) 

h1 = self.prob_h_given_v(v1, _w, _hb) 

# To update the weights, we perform constrastive divergence. 

positive_grad = tf.matmul(tf.transpose(v0), h0) 

negative_grad = tf.matmul(tf.transpose(v1), h1) 

 

update_w = _w + self.learning_rate * (positive_grad - negative_grad) / 

tf.cast(tf.shape(v0)[0], float) 

update_vb = _vb + self.learning_rate * tf.reduce_mean(v0 - v1, 0) 

update_hb = _hb + self.learning_rate * tf.reduce_mean(h0 - h1, 0) 

# We also define the error as the MSE 

err = tf.reduce_mean(tf.square(v0 - v1)) 

error_list = [] 

'''Once we call sess.run, we can feed in batches of data to begin the training. 

During the training, forward and backward passes will be made, and the RBM 

will update weights based on how the generated data compares to the original input. 

We will print the reconstruction error from each epoch''' 

with tf.compat.v1.Session() as sess: 

sess.run(tf.compat.v1.global_variables_initializer()) 

for epoch in range(self.epochs): 

for start, end in zip(range(0, len(X), self.batchsize), range(self.batchsize, len(X), 

self.batchsize)): 

batch = X[start:end] 

cur_w = sess.run(update_w, feed_dict={v0: batch, _w: prv_w, _hb: prv_hb, _vb: 

prv_vb}) 

prv_vb}) 

prv_vb}) 

 

cur_hb = sess.run(update_hb, feed_dict={v0: batch, _w: prv_w, _hb: prv_hb, _vb: 

cur_vb = sess.run(update_vb, feed_dict={v0: batch, _w: prv_w, _hb: prv_hb, _vb: 

prv_w = cur_w 

prv_hb = cur_hb 

prv_vb = cur_vb 

error = sess.run(err, feed_dict={v0: X, _w: cur_w, _vb: cur_vb, _hb: cur_hb}) 

print('Epoch: %d' % epoch, 'reconstruction error: %f' % error) 

error_list.append(error) 

self.w = prv_w 

self.hb = prv_hb 
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self.vb = prv_vb 

return error_list 

 

# function to generate new images from the generative model that the RBM has learned 

def rbm_output(self, X): 

 
 

input_X = tf.constant(X) 

_w = tf.constant(self.w) 

_hb = tf.constant(self.hb) 

_vb = tf.constant(self.vb) 

out = tf.nn.sigmoid(tf.matmul(input_X, _w) + _hb) 

hiddenGen = self.sample_prob(self.prob_h_given_v(input_X, _w, _hb)) 

visibleGen = self.sample_prob(self.prob_v_given_h(hiddenGen, _w, _vb)) 

with tf.compat.v1.Session() as sess: 

sess.run(tf.compat.v1.global_variables_initializer()) 

return sess.run(out), sess.run(visibleGen), sess.run(hiddenGen) 

 

inputX = np.array(train_X) 

inputX = inputX.astype(np.float32) 

 

# Create list to hold our RBMs 

rbm_list = [] 

 

# Define the parameters of the RBMs we will train 

rbm_list.append(RBM(15, 12, 1.0, 50, 100)) 

rbm_list.append(RBM(12, 8, 1.0, 50, 100)) 

rbm_list.append(RBM(8, 5, 1.0, 50, 100)) 

 
 

outputList = [] 

error_list = [] 

 

# For each RBM in our list 

for i in range(0, len(rbm_list)): 

print('RBM', i + 1) 

# Train a new one 

rbm = rbm_list[i] 

err = rbm.train(inputX) 

error_list.append(err) 

outputX, reconstructedX, hiddenX = rbm.rbm_output(inputX) 

outputList.append(outputX) 

inputX = hiddenX 

''' 

i = 1 

for err in error_list: 
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plt.xlabel("Epoch") 

plt.ylabel("Reconstruction Error") 

plt.show() 

i += 1 

 

class DBN(object): 

def init (self, original_input_size, input_size, output_size, 

learning_rate, epochs, batchsize, rbmOne, rbmTwo, rbmThree): 

# Define hyperparameters 

self._original_input_size = original_input_size 

self._input_size = input_size 

self._output_size = output_size 

self.learning_rate = learning_rate 

with tf.compat.v1.Session() as sess: 

sess.run(tf.compat.v1.global_variables_initializer()) 

for epoch in range(self.epochs): 

for start, end in zip(range(0, len(X), self.batchsize), range(self.batchsize, len(X), 

self.batchsize)): 

batch = X[start:end] 

cur_w = sess.run(update_w, feed_dict={v0: batch, _w: prv_w, _hb: prv_hb, _vb: 

prv_vb}) 

prv_vb}) 

prv_vb}) 

cur_hb = sess.run(update_hb, feed_dict={v0: batch, _w: prv_w, _hb: prv_hb, _vb: 

cur_vb = sess.run(update_vb, feed_dict={v0: batch, _w: prv_w, _hb: prv_hb, _vb: 

prv_w = cur_w 

prv_hb = cur_hb 
prv_vb = cur_vb 

error = sess.run(err, feed_dict={v0: X, _w: cur_w, _vb: cur_vb, _hb: cur_hb}) 

print('Epoch: %d' % epoch, 'reconstruction error: %f' % error) 

error_list.append(error) 

self.w = prv_w 

self.hb = prv_hb 

self.vb = prv_vb 

return error_list 

 

# function to generate new images from the generative model that the RBM has learned 

def rbm_output(self, X): 



 

 

 

 

 

5.2 Screenshots 
 

 

Fig.5.2.1 Homepage 
 

Fig.5.2.2 Phishing Detection 



 

 

 

 

 
 

 
 

Fig.5.2.3 Trusted Site 
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6. ADVANTAGES 



 

ADVANTAGES 

 
Improved Approach: Domain Name Based Features With the Fresh-Phish framework, we 

learned several lessons and were able to get a better understanding of the features that need to be 

used for phishing detection. For instance, one lesson we learned is that the problem of phishing 

cannot be viewed in a statistical way and needs to consider the intent of the attackers for fooling 

the users. Therefore, the features should be finally chosen for phishing detection, should reflect 

this intuition. Another important lesson we learned was there is a strong correlation between the 

domain name and the nature of the websites. Based on these observations, we now describe our 

solution. Our work is the first solution to be entirely focused on the domain name of the phishing 

website. In our work, the domain name is the string before the top-level domain identifier, e.g., 

for the URL google.co.uk, the domain name is google. We only concern ourselves with 

examining the landing page of this website and with the information that can be extracted from 

this page without the help of third-party servers, search engines or DNS servers. Our approach is 

based on the intuition that the domain name of the phishing websites is a key indicator of a 

phishing attack. We design several features that are based on the domain name and train a 

machine learning classifier based on sample data. The trained classifier is used to test a 

suspicious website against these features. In the following, we describe the key challenges in our 

proposed approach and our solutions to these challenges. 
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7. APPLICATIONS 



 

APPLICATIONS 

 
Phishing campaigns usually work based on a three-part scheme. The first part is using email 

or some form of communication to lure users and redirect them to a phishing page. The fake 

page closely mimics a trustworthy site. Finally, the user enters their information, which is 

captured by the adversary. In our proposed approach, instead of defining features that group the 

phishing websites together, we relate a suspicious phishing website to its target and define 

features based on the similarity of a given suspicious website and its target.Reach more 

customers. 

Phishing attacks are constantly evolving and the cyber world is hit by new types of 

attacks often. Hence a particular detection approach or algorithm cannot be tagged as the best 

one giving exact results. Through the literature survey, it is evidently visible that Random Forest 

gives better results in most scenarios. But then the performance of each algorithm varies 

depending on the dataset used, train-test split ratio, feature selection techniques applied etc. 

Researchrs prefer to create machine learning models that perform phishing detection with best 

value for evaluation parameters and least training time. Therefore, the future works should focus 

on these aspects of phishing detection. 
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8. CONCLUSION 



 

CONCLUSION 

The goal of this thesis was to explore the possibility of using machine learning to detect 

phishing URLs without performing additional scraping of the URL itself. The first chapter 

overviewed the recent trends in phishing, listed the general types of internet-based phishing, and 

focused on describing the main techniques of creating a deceptive URL. The second chapter 

provided a brief high-level overview of the machine learning landscape as a whole. A description 

of the available data and the methods of its collections were presented in the third chapter. 

Chapter four outlined the basic principles upon which each of the selected machine learning 

algorithms works and highlighted their main strengths and weaknesses. The fifth chapter 

explains the methodology used for the conducted experiment. Chapter six informed on the 

process of the model training phase and the final choices of hyper parameters for the individual 

algorithms. Finally, the seventh chapter provided an evaluation of models’ performance, 

summarized the results of the experiment, and discussed the limitations and possible 

improvements to the approach. The results of this experiment show that we are able to detect 

phishing URLs with a precision of 96% (for the positive class) and classify URL as benign or 

phishing with an accuracy of 95% using Random Forest algorithm. All of the other used 

algorithms performed rather similarly except for Naive Bayes, which showed slightly worse 

results. The primary output of this thesis is the in-depth description of the possible approach to 

tackling the phishing detection problem without any web scraping. The secondary output is a 

standalone machine learning project that allows for future replications or modifications of the 

performed experiment. 
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ABSTRACT 
 

The goal of this thesis was to develop a laboratory prototype of a solar tracking system, which 

is able to enhance the performance of the photovoltaic modules in a solar energy system. The 

operating principle of the device is to keep the photovoltaic modules constantly aligned with 

the sunbeams, which maximises the exposure of solar panel to the Sun’s radiation. As a result, 

more output power can be produced by the solar panel. 

The work of the project included hardware design and implementation, together with software 

programming for the microcontroller unit of the solar tracker. The system utilised an 

ATmega328P microcontroller to control motion of two servo motors, which rotate solar panel 

in two axes. The amount of rotation was determined by the microcontroller, based on inputs 

retrieved from four photo sensors located next to solar panel. 

At the end of the project, a functional solar tracking system was designed and implemented. It 

was able to keep the solar panel aligned with the sun, or any light source repetitively. Design 

of the solar tracker from this project is also a reference and a starting point for the development 

of more advanced systems in the future. 

 
 

 

 



1  

LITERATURE REVIEW 

 

 
Hossein Mousazadeh et Al.,[ (2011), Journal of Solar Energy Engineering,Vol.133 ] studied 

and investigated maximization of collected energy from an on-board PV array, on a solar assist 

plug-in hybrid electric tractor (SAPHT). Using four light dependent resistive sensors a sun- 

tracking system on a mobile structure was constructed and evaluated. The experimental tests 

using the sun-tracking system showed that 30% more energy was collected in comparison to 

that of the horizontally fixed mode.. Four LDR sensors were used to sense the direct beams of 

sun. Each pair of LDRs was separated by an obstruction as a shading device. A microcontroller 

based electronic drive board was used as an interface between the hardware and the software. 

For driving of each motor, a power MOSFET was used to control the actuators. The 

experimental results indicated that the designed system was very robust and effective. 

 

 
K.S. Madhu et al., (2012) International Journal of Scientific & Engineering Research vol. 3, 

2229–5518, states that a single axis tracker tracks the sun east to west, and a two-axis tracker 

tracks the daily east to west movement of the sun and the seasonal declination movement of 

the sun. Concentrates solar power systems use lenses or mirrors and tracking systems to focus 

a large area of sunlight into a small beam. PV converts light into electric current using the 

photoelectric effect. Solar power is the conversion of sunlight into electricity. Test results 

indicate that the increase in power efficiency of tracking solar plate in normal days is 26 to 

38% compared to fixed plate. And during cloudy or rainy days it’s varies at any level. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 



2  

SCOPE OF WORK IN THE PROJECT 

 
 

The solar project was implemented using two servo motors. The choice was informed by the 

fact that the motor is fast, can sustain high torque, has precise rotation within limited angle and 

does not produce any noise. The Arduino IDE was used for the coding. Kolkata has coordinates 

of 22.5726°N, 88.3639°E and therefore the position of the sun will vary in a significant way 

during the year. In the tropics, the sun position varies considerably during certain seasons. 

There is the design of an input stage that facilitates conversion of light into a voltage by the 

light dependent resistors, LDRs. There is comparison of the two voltages, then the 

microcontroller uses the difference as the error. The servo motor uses this error to rotate 

through a corresponding angle for the adjustment of the position of the solar panel until such a 

time that the voltage outputs in the LDRs are equal. The difference between the voltages of the 

LDRs is received as analog readings. 

Function of the processor: The analog readings are converted to integer values by ADC input 

ports which is compared in order to get the difference value for motor movement. 

The difference is transmitted to the servo motor and it thus moves to ensure the two LDRs are 

an equal inclination. This means they will be receiving the same amount of light, and the Solar 

panel will receive the sunlight at 90°, (the plane of PV panel will make an angle 90° with the 

Sun, and the perpendicular drawn on the plane makes an angle 0° with the Sun, to ensure 

maximum illumination: Lambert’s cosine Law) The procedure is repeated throughout the day. 

Tracker systems work on two simple principles together. One being, the normal principle of 

incidence and reflection on which our tracker works and the other is the principle on which the 

solar (PV) panel works, which will produce electricity. Both these principles can be combined 

and as a result of which it can produce nearly double the output that the panel specifies 

normally. 
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INTRODUCTION 

 
 

With the unavoidable shortage of fossil fuel sources in the future, renewable types of energy 

have become a topic of interest for researchers, technicians, investors and decision makers all 

around the world. New types of energy that are getting attention include hydroelectricity, 

bioenergy, solar, wind and geothermal energy, tidal power and wave power. Because of their 

renewability, they are considered as favourable replacements for fossil fuel sources. Among 

those types of energy, solar photovoltaic (PV) energy is one of the most available resources. 

This technology has been adopted more widely for residential use nowadays, thanks to 

research and development activities to improve solar cells’ performance and lower the cost. 

According to International Energy Agency (IEA), worldwide PV capacity has grown at 49% 

per year on average since early 2000s. Solar PV energy is highly expected to become a major 

source of power in the future. 

However, despite the advantages, solar PV energy is still far from replacing traditional 

sources on the market. It is still a challenge to maximise power output of PV systems in areas 

that don’t receive a large amount of solar radiation. We still need more advanced 

technologies from manufacturers to improve the capability of PV materials, but improvement 

of system design and module construction is a feasible approach to make solar PV power 

more efficient, thus being a reliable choice for customers. Aiming for that purpose, this 

project had been carried out to support the development of such promising technology. 

One of the main methods of increasing efficiency is to maximise the duration of exposure to 

the Sun. Tracking systems help achieve this by keeping PV solar panels aligned at the 

appropriate angle with the sun rays at any time. The goal of this project is to build a prototype 

of light tracking system at smaller scale, but the design can be applied for any solar energy 

system in practice. It is also expected from this project a quantitative measurement of how 

well tracking system performs compared to system with fixed mounting method. 
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WORKING PRINCIPLE: 
 

   Resistance of LDR depends on intensity of the light and it varies according to 

it. The higher is the intensity of light, lower will be the LDR resistance and due 

to this the output voltage lowers and when the light intensity is low, higher will 

be the LDR resistance and thus higher output voltage is obtained. 

    A potential divider circuit is used to get the output voltage from the sensors 

(LDRs).The circuit is shown here. 

   The LDR senses the analog input in voltages between 0 to 5 volts and provides 

a digital number at the output which generally ranges from 0 to 1023. 

   Now this will give feedback to the microcontroller using the arduino 

software(IDE). 

   The servo motor position can be controlled by this mechanism which is 

discussed later in the hardware model. 

 

   The tracker finally adjusts its position sensing the maximum intensity of light 

falling perpendicular to it and stays there till it notices any further change. 

   The sensitivity of the LDR depends on point source of light. It hardly shows any 

effect on diffuse lighting condition. 
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BASIC CIRCUIT DIAGRAM 

 

 
An overview of the required circuit for the Dual-axes solar tracker is shown here. 

The 5V supply is fed from an USB 5V dc voltage source through Arduino Board. 

Servo X :Rotates solar panel along X direction 

Servo Y :Rotates solar panel along Y direction 
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FLOW CHART 
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MATHEMATICAL MODEL 

MATHEMATICAL EQUATIONS REQUIRED 

 

 
INVERSE SQUARE LAW 

The illumination upon a surface varies inversely as the square of the distance of the surface 

form the source. Thus, if the illumination at a surface 1 metre from the source is I units, then 

the illumination at 2 metres will be I/4, at 3 metres will be I/9 and so on. 

In fact inverse square law operates only when the light rays are from a point source and are 

incident normally upon the surface. 

 
Thus illumination in lamberts/m2 on a normal plane= Candle power/ (Distance in metres)2 
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Eθ = Ecosθ = 𝐈𝐜𝐨𝐬𝜃 
𝑫𝟐 

LAMBERT’S COSINE LAW 

The illumination received on a surface is proportional to the cosine of the angle between the 

direction of the incident light rays and normal to the surface at the point of incidence. 

This is mainly due to the reduction of the projected area as the angle of incidence increases. 
 

   

Thus, the equations are: 

 

where, 

 
Eθ= illumination on horizontal plane 

 
E= illumination due to light normally incident 

θ= the angle of incidence 

D= distance from the surface 
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Shaft 

Light Detector 

(Reference point) 

Programming 

Interface 

Light detector 

(X – direction) 

Light Detector 

(Y – direction) 
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coupler 

Solar panel 

Motor 2 
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HARDWARE MODEL 

BLOCK DIAGRAM OF THE SOLAR TRACKER: 
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EXPLANATION OF THE BLOCK DIAGRAM: 
 

 

 

As we see in the block diagram, there are three Light Dependent Resistors (LDRs) which are 

placed on a common plate with solar panel. Light from a source strikes on them by different 

amounts. Due to their inherent property of decreasing resistance with increasing incident light 

intensity, i.e. photoconductivity, the value of resistances of all the LDRs is not always same. 

 

 
Each LDR sends equivalent signal of their respective resistance value to the Microcontroller 

which is configured by required programming logic. The values are compared with each other 

by considering a particular LDR value as reference. 

 

 
One of the two dc servo motors is mechanically attached with the driving axle of the other one 

so that the former will move with rotation of the axle of latter one. The axle of the former servo 

motor is used to drive a solar panel. These two-servo motors are arranged in such a way that 

the solar panel can move along X-axis as well as Y-axis. 

 

 
The microcontroller sends appropriate signals to the servo motors based on the input signals 

received from the LDRs. One servo motor is used for tracking along x-axis and the other is for 

y-axis tracking. 

 

 
In this way the solar tracking system is designed. 
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ARDUINO UNO 

 

 

The Arduino Uno is a microcontroller board based on the ATmega328. Arduino is an open- 

source, prototyping platform and its simplicity makes it ideal for hobbyists to use as well as 

professionals. The Arduino Uno has 14 digital input/output pins (of which 6 can be used as 

PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a USB connection, a power jack, 

an ICSP header, and a reset button. It contains everything needed to support the 

microcontroller; simply connect it to a computer with a USB cable or power it with a AC-to- 

DC adapter or battery to get started. 

 

The Arduino Uno differs from all preceding boards in that it does not use the FTDI USB-to- 

serial driver chip. Instead, it features the Atmega8U2 microcontroller chip programmed as a 

USB-to-serial converter. 

 

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The 

Arduino Uno and version 1.0 will be the reference versions of Arduno, moving forward. The 

Uno is the latest in a series of USB Arduino boards, and the reference model for the Arduino 

platform. 
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THE ATMEGA328P-PU ATMEL 8 BIT 32K AVR MICROCONTROLLER 
 

The Atmel®picoPower®ATmega328/P is a low-power CMOS 8-bit microcontroller based on 

the AVR® enhanced RISC architecture. 

 

 
PIN DIAGRAM: 

 

 
 

 

 

Pin layout of ATmega328p is showed below: 
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AVR CPU CORE ARCHITECTURE 

 
The main function of the CPU core is to ensure correct program execution. The CPU must 

therefore be able to access memories, perform calculations, control peripherals, and handle 

interrupts. 

Flash, EEPROM, and SRAM are all integrated onto a single chip, removing the need for 

external memory in most applications. Some devices have a parallel external bus option to 

allow adding additional data memory or memory-mapped devices. Almost all devices (except 

the smallest Tiny AVR chips) have serial interfaces, which can be used to connect larger 

serial EEPROMs or flash chips. 

 
BLOCK DIAGRAM OF AVR ARCHITECTURE 
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CPU 

 
The CPU of the AVR microcontroller is same but so simple like the one in a computer. The 

main purpose of the CPU is to confirm correct program performance. Therefore, the CPU must 

be able to access perform calculations, memories, control peripherals & handle interrupts. The 

CPUs of Atmel’s 8-bit and 32-bit AVR are based on an innovative “Harvard architecture” thus 

every IC has two buses namely one instruction bus and data bus. The CPU reads executable 

instructions in instruction bus, wherein the data bus, is to read or write the corresponding data. 

The CPU core of the AVR consists of the ALU, General Purpose Registers, Program Counter, 

Instruction Register, Instruction Decoder, Status Register and Stack Pointer 

 
Flash Program Memory 

 
The program of the AVR microcontroller is stored in non-volatile programmable Flashprogram 

memory which is just similar to the flash storage in your SD Card or Mp3 Player. TheFlash 

program memory is separated into two units. The first unit is the Application Flash section. It 

is where the program of the AVR is stored. The second section is named as the BootFlash 

section and can be fixed to perform directly when the device is powered up. One significant 

fact to note is that the microcontrollers Flash program memory has a resolution of at least 

10,000 writes/erase cycles. 

 
SRAM 

 
The SRAM (Static Random Access Memory) of the AVR microcontroller is just like computer 

RAM. While the registers are used to execute calculations, the SRAM is used to supply data 

through the runtime. This volatile memory is prearranged in 8-bit registers. 

 
EEPROM 

 
The term EEPROM stands for Electrically Erasable Read-Only Memory is like a nonvolatile 

memory, but you can’t run a program from it, but it is used as long time storage. The EEPROM 

doesn’t get removed when the IC loses power. It’s a great place for storing data like device 

parameters and configuration of the system at runtime so that it can continue between resets of 

the application processor. One significant fact to note is that the EEPROM memory of the AVR 

has a limited lifetime of 100,000 writes / EEPROM page – reads are limitless. Keep this in 
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mind in your application and try to keep writing to a minimum, so that you only write the small 

amount of info required for your application every time you update the EEPROM. 

 
Digital I/O Modules 

 
The digital I/O modules let digital communication or logic communication with the AVR 

microcontroller and the exterior world. Communication signals are that of TTL/CMOS logic. 

 
Analog I/O Modules 

 
Analog I/O modules are used to input or output analog information from or to the exterior 

world. These modules comprise analog comparators and analog-to-digital converters (ADC). 

 
Interrupt Unit 

 
Interrupts have enabled the microcontroller to monitor particular events in the background 

while performing and application program & respond to the occurrence if required pausing the 

unique program. This is all synchronized by the interrupt Unit. 

 
Timer 

 
Most AVR microcontrollers have at least one Timer or Counter module which is used to 

achieve timing or counting operations in the microcontroller. These comprise time stamping, 

counting events, measuring intervals, etc. 
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LDR 

• It is a photo-resistor is a device whose resistivity is a function of the incident 

electromagnetic radiation. Hence, they are light sensitive devices. They are also 

called as photo conductors, photo conductive cells or simply photocells. 

• They are made up of semiconductor materials having high resistance. 

• LDR works on the principle of photo conductivity. 

Photo conductivity is an optical phenomenon in which the material’s conductivity is increased 

when light is absorbed by the material. 

The most common type of LDR has a resistance that falls with an increase in the light 

intensity falling upon the device (as shown in the image above). The resistance of an LDR 

may typically have the following resistances: 

Daylight = 5000Ω 

Dark = 20000000Ω 

Therefore, it is seen that there is a large variation between these figures. If 

this variation is plotted on a graph, something similar to the figure given below can be seen. 
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SERVO MOTOR 

 
 

A DC servo motor consists of a small DC motor, feedback potentiometer, gearbox, motor drive 

electronic circuit and electronic feedback control loop. It is more or less similar to the normal 

DC motor. 

The stator of the motor consists of a cylindrical frame and the magnet is attached to the inside 

of the frame. 

A brush is built with an armature coil that supplies the current to the commutator. At the back 

of the shaft, a detector is built into the rotor in order to detect the rotation speed. 

With this construction, it is simple to design a controller using simple circuitry because the 

torque is proportional to the amount of current flow through the armature. 
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ADC INPUT 
CHANNELS 

ADC CONCEPT IN ARDUINO UNO 
 

 
 

 

Arduino uno board has 6 ADC input ports. Among those any one or all of them can be used as 

inputs for analog voltage. The Arduino Uno ADC is of 10 bit resolution (so the integer values 

from (0-(2^10) 1023)). This means that it will map input voltages between 0 and 5 voltsinto 

integer values between 0 and 1023. So, for every (5/1024= 4.9mV) per unit. 

The UNO ADC channels have a default reference value of 5V. This means we can give a 

maximum input voltage of 5V for ADC conversion at any input channel. Since some sensors 

provide voltages from 0-2.5V, with a 5V reference we get lesser accuracy, so we have a 

instruction that enables us to change this reference value. So for changing the reference value 

we have (“analogReference();”). 

As default we get the maximum board ADC resolution which is 10bits, this resolution can be 

changed by using instruction (“analogReadResolution(bits);”). 
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SOFTWARE PROGRAM MODEL 

PROGRAMMING CODE: 
 

 

 

 

#include <Servo.h> 

Servo myservo; 

Servo ourservo; 

int posx = 90; // initial position is top 

 
int posy = 90; 

 
int sens1 = A0; // (x,0) LDR 

int sens2 = A1; // (0,0) LDR 

int sens3 = A2; // (0,y) LDR 

int tolerance = 2; 

void setup() 

 
{ 

 
myservo.attach(9); // pin9 

ourservo.attach(10); // pin10 

pinMode(sens1, INPUT); 

pinMode(sens2, INPUT); 

pinMode(sens3, INPUT); 

myservo.write(posx); 

delay(1000); // buffer delay 

ourservo.write(posy); 

delay(1000); 

} 
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void loop() 

 
{ 

 
//For First Axis 

 
int val1 = analogRead(sens1); // read sensor 1 

 
int val2 = analogRead(sens2); // read sensor 2 

 
if((abs(val1 - val2) <= tolerance) || (abs(val2 - val1) <= tolerance)) 

 
{ 

 
//do nothing 

 
} 

 
else { 

 
if(val1 > val2) 

 
{ 

 
posx = --posx; 

 
} 

 
if(val1 < val2) 

 
{ 

 
posx = ++posx; 

 
} 

 
} 

 
myservo.write(posx); // write the position to servo 

 
delay(50); 

 
int val3 = analogRead(sens3);//read sensor 3 

val2 = analogRead(sens2); // read sensor 2 

val3 = analogRead(sens3); // read sensor 3 
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//For Second Axis 

 
if((abs(val2 - val3) <= tolerance) || (abs(val3 - val2) <= tolerance)) 

 
{ 

 
//do nothing 

 
} 

 
else { 

 
if(val2 > val3) 

 
{ 

 
posy = ++posy; 

 
} 

 
if(val2 < val3) 

 
{ 

 
posy = --posy; 

 
} 

 
} 

 
if(posy > 150) { posy = 150; } 

if(posy < 30) { posy = 30; } 

ourservo.write(posy); 

delay(50); 

} 
 

 
 

 

 

 

 

 

 

 

 

 



22  

DESCRIPTION OF THE SOFTWARE PROGRAM 

 

STEPS: 

 
 

 First of all, both the servos are declared and object is created to control the servo 

motors. 

 The variables posx and posy are used to store the reference servo positions. 

 The ADC input pins for LDRs are selected for dual direction movement and one 

for reference. 

 A tolerance or a constant value is selected to establish the working of the motors. 

 The servos are attached on digital pins to the servo object. 

 The required analog pins are selected as input using pinMode(pin , mode) 

 The servos are sets to mid-point or original position with a 1000ms or 1sec delay 

to catch up with the user. 

 Three variables are chosen to read the analog values and map it into integers 

value between 0 and 1023. 

 If the difference between the two variables is less than the tolerance value then 

it will stays to its or original location else it shows movement towards the 

direction of maximum intensity of light by incrementing or decrementing the 

values of posx and posy. 

 The position is then written to servo and the loop repeats till it encounter any 

changes in the values of input greater than the minimum tolerance. 

 If the position becomes greater than 150˚then position will be set to 150˚only 

and if the position of the motor is less than 30˚then it would be kept at 30˚only 

as the lower and upper limit angles are chosen to be 30˚and 150˚respectively. 
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LDR PROGRAM AND GRAPH 
 

 

 

void setup() 

 
{ 

 
Serial.begin(9600); 

 
} 

 
void loop() 

 
{ 

 

int sensorValue = analogRead(A0); 

Serial.println(sensorValue); 

delay(10); 

} 
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CODE RELATING ANALOG TO DIGITAL CONVERSION 

 
In the program below, the very first thing that you do will in the setup function is to begin 

serial communications, at 9600 bits of data per second, between your board and your 

computer with the line: 

 

Serial.begin(9600); 

 

Next, in the main loop of your code, you need to establish a variable to store the resistance 

value (which will be between 0 and 1023, perfect for an int datatype) coming in from your 

potentiometer: 

 

int sensorValue = analogRead(A0); 

 

To change the values from 0-1023 to a range that corresponds to the voltage the pin is reading, 

you'll need to create another variable, a float, and do a little math. To scale the numbers 

between 0.0 and 5.0, divide 5.0 by 1023.0 and multiply that by sensorValue : 

 

float voltage= sensorValue * (5.0 / 1023.0); 

 

Finally, you need to print this information to your serial window as. You can do this with the 

command Serial.println() in your last line of code: 

 

Serial.println(voltage) 

 

Now, when you open your Serial Monitor in the Arduino IDE (by clicking on the icon on the 

right side of the top green bar or pressing Ctrl+Shift+M), you should see a steady stream of 

numbers ranging from 0.0 - 5.0. As you turn the pot, the values will change, corresponding 

to the voltage coming into pin A0. 

 

 

 

 

 

 
 

 

 

 
 

https://www.arduino.cc/en/Serial/Println
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ABOUT SOLAR PANEL AND CONNECTED LOAD 

 
 Solar panel is placed at the top and connected to a load directly. The load may a led or 

a voltmeter which could be connected to get the exact voltage which depends on the 

intensity of light falling on the panel and the position of the tracker.

 Concentrated solar photovoltaics’ and have optics that directly accept sunlight, so solar 

trackers must be angled correctly to collect energy. All concentrated solar systems have 

trackers because the systems do not produce energy unless directed correctly toward 

the sun.

 The solar panel is just a mere device to accept the light radiation which is purely 

controlled by LDR sensors and the load connected depends upon the rating of the panel 

used. 
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DUAL AXIS MOVEMENT OF SOLAR TRACKER 

 
 The dual axis solar tracker is device which senses the light and positions towards the 

maximum intensity of light. It is made in such a way to track the light coming from any 

direction.

 To simulate the general scenario of the Sun’s movement, the total coverage of the 

movement of the tracker is considered as 120˚ in both the directions.

 The initial position of both the servo motors are chosen at 90˚i.e, for east-west servo 

motor as well as for north-south servo motor.

 The position of the tracker ascends or descends only when the threshold value is above 

the tolerance limit.
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Relation between solar panel misalignment and direct power loss: 
 

 

 

 
Approximation of power output (red line) compared to maximum output (blue 

line) for a fix mounted solar module: 
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BENEFITS AND DEMERITS OF SOLAR ENERGY 

 
There are several benefits that solar energy has and which make it favourable for many uses. 

 
 

Benefits: 

Solar energy is a clean and renewable energy source. 

Once a solar panel is installed, the energy is produced at reduced costs. 

Whereas the reserves of oil of the world are estimated to be depleted in future, solar 

energy will last forever. 

It is pollution free. 

Solar cells are free of any noise. On the other hand, various machines used for 

pumping oil or for power generation are noisy. 

Once solar cells have been installed and running, minimal maintenance is required. 

Some solar panels have no moving parts, making them to last even longer with no 

maintenance. 

On average, it is possible to have a high return on investment because of the free 

energy solar panels produce. 

Solar energy can be used in very remote areas where extension of the electricity 

power grid is costly. 

 
Demerits: 

Solar panels can be costly to install resulting in a time lag of many years for savings 

on energy bills to match initial investments. 

Generation of electricity from solar is dependent on the country’s exposure to 

sunlight. That means some countries are slightly disadvantaged. 

Solar power stations do not match the power output of conventional power stations of 

similar size. Furthermore, they may be expensive to build. 

Solar power is used for charging large batteries so that solar powered devices can be 

used in the night. The batteries used can be large and heavy, taking up plenty of space 

and needing frequent replacement. 

FINALLY, 

As the merits are more than the demerits, the use of solar power is considered as a clean and 

viable source of energy. The various limitations can be reduced through various ways. 
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OBSERVATIONS AND RESULT 

 
 

WHAT WE HAVE OBSERVED.... 

In this Dual Axis Solar Tracker, when source light falls on the panel, the panel adjusts its 

position according to maximum intensity of light falling perpendicular to it. 

The objective of the project is completed. This was achieved through using light sensors that 

are able to detect the amount of sunlight that reaches the solar panel. The values obtained by 

the LDRs are compared and if there is any significant difference, there is actuation of the panel 

using a servo motor to the point where it is almost perpendicular to the rays of the sun. 

 
This was achieved using a system with three stages or subsystems. Each stage has its own role. 

The stages were; 

An input stage that was responsible for converting incident light to a voltage. 

A control stage that was responsible for controlling actuation and decision making. 

A driver stage with the servo motor. It was responsible for actual movement of the panel. 

 
 

The input stage is designed with a voltage divider circuit so that it gives desired range of 

illumination for bright illumination conditions or when there is dim lighting. The potentiometer 

was adjusted to cater for such changes. The LDRs were found to be most suitable for this 

project because their resistance varies with light. They are readily available and are cost 

effective. Temperature sensors for instance would be costly. 

 
The control stage has a microcontroller that receives voltages from the LDRs and determines 

the action to be performed. The microcontroller is programmed to ensure it sends a signal to 

the servo motor that moves in accordance with the generated error. 

 
The final stage was the driving circuitry that consisted mainly of the servo motor. The servo 

motor had enough torque to drive the panel. Servo motors are noise free and are affordable, 

making them the best choice for the project. 

 

 

 

 

 
 
 



30  

CONCLUSION 

 
 

In this 21st century, as we build up our technology, population & growth, the energy 

consumption per capita increases exponentially, as well as our energy resources (e.g. fossils 

fuels) decrease rapidly. So, for sustainable development, we have to think alternative methods 

(utilization of renewable energy sources) in order to fulfil our energy demand. 

In this project, Dual Axis Solar Tracker, we’ve developed a demo model of solar tracker to 

track the maximum intensity point of light source so that the voltage given at that point by the 

solar panel is maximum. After a lot of trial and errors we’ve successfully completed our project 

and we are proud to invest some effort for our society. Now, like every other experiment, this 

project has couple of imperfections. 

(i) Our panel senses the light in a sensing zone, beyond which it fails to respond. 

(ii)  If multiple sources of light (i.e. diffused light source) appear on panel, it calculates 

the vector sum of light sources & moves the panel in that point. 

This project was implemented with minimal resources. The circuitry was kept simple, 

understandable and user friendly. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 



31  

SPECIFICATIONS OF THE HARDWARE REQUIREMENT 
 

 FEATURES OF ARDUINO UNO   

1) Microcontroller: ATMEGA 328P 

 
The Atmel®picoPower®ATmega328/P is a low-power CMOS 8-bitmicrocontroller based on 

the AVR® enhanced RISC architecture. 

FEATURES: 

 
High Performance, Low Power Atmel®AVR® 8-Bit Microcontroller Family 

 
• Advanced RISC Architecture 

 
– 131 Powerful Instructions 

 
– Most Single Clock Cycle Execution 

 
– 32 x 8 General Purpose Working Registers 

 
– Fully Static Operation 

 
– Up to 20 MIPS Throughput at 20MHz 

 
– On-chip 2-cycle Multiplier 

 
• High Endurance Non-volatile Memory Segments 

 
– 32KBytes of In-System Self-Programmable Flash program 

Memory 

– 1KBytes EEPROM 

 
– 2KBytes Internal SRAM 

 
– Write/Erase Cycles: 10,000 Flash/100,000 EEPROM 

 
– Data Retention: 20 years at 85°C/100 years at 25°C(1) 

 
– Optional Boot Code Section with Independent Lock Bits 

 

• In-System Programming by On-chip Boot Program 

 
• True Read-While-Write Operation 
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– Programming Lock for Software Security 

 

2) Operating Voltage: 5v 

3) Input Voltage (recommended): 7-12V 

4) Input Voltage (limits): 6-20V 

5) Digital I/O Pins: 14 (of which 6 provide PWM output) 

6) Analog Input Pins: 6 

7) DC Current per I/O Pin: 40 mA 

8) DC Current for 3.3V Pin: 50 mA 

9) Flash Memory: 32 KB of which 0.5 KB used by bootloader 

10) SRAM: 2 KB (ATmega328) 

11) EEPROM: 1 KB (ATmega328) 

12) Clock Speed: 16 MHz 

 

 

 

 SOLAR PANEL 

1) Maximum Voltage: 4volts (under load) 

2) Maximum Voltage: 4.8volts (no load) 

3) Rated Current: 100mA 

4) Dimension: 6 cm (L) x 6 cm (W) x 0.25 cm (t) 

5) Maximum Wattage: 0.5W 
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 SERVO MOTOR 
 
 
 

MODULATION ANALOG 

Torque 4.8V :3.17 kg-cm 

6.0V :4.10 kg-cm 

Speed 4.8V :0.23 sec/60° 

6.0V :0.19 sec/60° 

Weight 37.2 g 

Dimensions 39.9mm x 20.1mm x 36.1 mm 

Motor Type 3 pole Ferrite 

Gear Type Plastic 

Rotation/Support Bushing 

Operating angle 45 Deg.one side pulse travelling 

400 µs 

Pulse cycle 30 ms 

Pulse width 500-300 µs 

Connector Type J 

   

 LIGHT DEPENDENT RESISTOR 

 
Photoresistor 5mm GL5516 LDR Photo Resistors Light-Dependent Resistor Model: GL5516 

 

 Size: 5mm x 2mm 

 Maximum Voltage: 150 Volt DC 

 Maximum Wattage: 90mW 

 Operating Temperature: (-30 to +70)°C 

 Spectral Peak: 540nm 

 Light Resistance (at 10 Lux): 5-10 kΩ 

 Dark Resistance: 0.5 MΩ 

 Response time: 20ms (Rise), 30ms (Down) 

 Resistance Illumination: 4 
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AVENUES FOR FURTHER WORK 

 
 

With the available time and resources, the objective of the project was met. The project is able 

to be implemented on a much larger scale. For future projects, one may consider the use of 

more efficient sensors, which should also be cost effective and consume little power. This 

would further enhance efficiency while reducing costs. If there is the possibility of further 

reducing the cost of this project, it would help a great deal. This is because whether or not such 

projects are embraced is dependent on how cheap they can be. Shading has adverse effects on 

the operation of solar panels. Shading of a single cell will have an effect on the entire panel 

because the cells are usually connected in series. With shading therefore, the tracking system 

will not be able to improve efficiency as is required. 
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ABSTRACT 

 
The main aim of this project is to provide an actual cost to the farmer for their hard work. 

Many of times we found that farmers are struggling in order to get value for their grwon crop and 

this leads to huge loss for them as well as to government by leaving farmer’s loan. However this 

is not an solution, for this we must have some system in order to manage the growth of farmer in 

order to overcome this kind of issues. The main objective is to provide a real value to the 

hardwork of farmers. As we know that many case study shows that the vegetables farmers have 

to sell at Rs.3 to Rs.4 per kilograms to retailers and whereas when it reaches to common man its 

price reaches to 40-50 per kg by vendors. This is due to huge domination of retailers over 

markets and doesn’t leads to increase in price for bulk purchase. It clearly shows that the real 

originator are getting much less amount than expected and this leads to huge loss to farmers.In 

order to deal with this situation we have come with a solution of centralized platform for retailers 

and farmers. 

The concept of centralized platform will provide solution to farmers issue and also a good 

price for their crops. Here, we planned to create a bidding platform where farmers can register as 

well as retailers can register. Farmers will list their crop in bulk prior to 2-3 days of sale and 

retailers will accept offer. Same if any other farmers list same vegetable he can able to keep bid 

of 50 paisa or 1 Rupee less than the earlier farmer. So this will create transparency over farmers 

if bidding starts for Rs.15 they can able to restrict it for Rs.12. This will help them to get good 

cost of vegetable due to centralized platform and also creates a good unity for farmers to tackle 

domination of retailers in market. Also, we will provide an admin dashboard from where an 

government authority can able to keep watch over the sales and will have control over the 

dropping prices of vegetable and as future scope we can implement a role for admin to control 

the cap for vegetable prices to provide maximum benefits to farmers. This system will also help 

to relief common man from rising prices of vegetables.We can achieve this through transparency 

and centralized platform. 
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1. INTRODUCTION 



INTRODUCTION 

 
In India, agriculture is the largest dependent sector. As we all know, farmers are 

struggling to meet their needs. There comes a thought to use software technologies to help 

farmers with our hands-on project. We are utilizing the latest tech simple to integrate 

agricultural efforts. Farmers are able to get knowledge of cultivation techniques. A simple user- 

friendly interface easily helps users to get into our website. Fortunate and very responsive 

which enables it to work effectively on any type of device. The website functions are in 

different languages like Hindi, English and some regional languages. The farmers who 

grow crops according to the season, after harvesting the crops they pack them and contact 

the vendor regarding the stock availability. The wholesale vendor asks for the price, the 

farmer tells the price at which he can trade at. The vendor who is striving for his profits 

negotiates with the farmer regarding the price the needy farmer sacrificing their profits 

generally accept the price told by the vendor. Due to financial conditions and the 

unavailability of vendors, the farmer will sell their products at low prices demanded by the 

market. Farmers grew their crop since there are various other problems such as soil 

infertility, weather changes, seed defects etc. So they expect some profits for their products. 

Due to wholesale vendors and their marketing strategies farmers are not getting their 

required profits. 

The wholesale vendors after buying the crop from farmers at their quoted price, sell it 

to retail vendors. Then the retailer vendors sell it to end customers. Here the intermediate 

vendors are getting enough profits for their selling. Farmers only lose their profits even 

though the most hard work is theirs. Technology is the driving force in every sector. We use 

this technology to drive the farmers into a profitable way. Here we are introducing the 

multivendor E-commerce business for farmers to do their business. It will help farmers by 

giving an opportunity to sell their products easier on our digital platform. Our main aim is 

to develop farmers by using the new technology and making their business more efficient 

and also it is used to speed up their marketing process. It will be helpful for farmers to 

generate profitable income. It will disconnect the connection with intermediate vendors that 

helps to save some money. 
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1.1 Objective 

 
 

 The main aim of this project is to provide an actual cost to the farmer for their hard work. 

 This leads to huge loss for them as well as to government by leaving farmer’s loan. 

However this is not an solution, for this we must have some system in order to manage 

the growth of farmer in order to overcome this kind of issues. 

 As we know that many case study shows that the vegetables farmers have to sell at Rs.3 

to Rs.4 per kilograms to retailers and whereas when it reaches to common man its price 

reaches to 40-50 per kg by vendors. 

  The concept of centralized platform will provide solution to farmers issue and also a 

good price for their crops. 

 Here, we planned to create a bidding platform where farmers can register as well as 

retailers can register. Farmers will list their crop in bulk prior to 2-3 days of sale and 

retailers will accept offer. 
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2. LITERATURE REVIEW 



LITERATURE REVIEW 

 
Significant research has been done on the agriculture market and various studies in 

journals about the agricultural sector. Making a distinct platform for farmers helps them to share 

some information about agriculture. Technology is existing everywhere from well equipped 

cities to a small village in the current generation. So there are no difficulties in using the 

technology to move into this e-commerce field. In the study, we got to know that the majority of 

the farmers are not getting enough profits for their crops. All the intermediate market strategies 

doing all these losses to the hard-working farmers. Despite all the hard work and patience to 

grow the crops, farmers play a crucial role in the agricultural life cycle but still they are facing a 

lot of issues to get profit due to their bad circumstances. In India two-third of the one billion 

population relies on agricultural entities. Now the country is not matching the requirements for 

agriculture. As it led to so many dropdowns in agriculture. 

The farming sector has to formulate with the rise in the market to do such increments there 

should be unique development that has to be done. That is the new techniques and technology 

should be used to build modern farming in a high yield manner. A lot of countries are doing their 

research on technologies to use them in farming, in the process, they are achieving good 

outcomes. With the spread technology, agricultural system connections between regions become 

easy and they can easily get the information they are seeking. The modern IT(Information 

Technology) infrastructure simplifies the integration in the network. We can use information 

technology in an enormous amount in the agricultural sector. From planting saplings to 

harvesting the present advances in information technology help us to adopt new automated ways 

in farming. All of this resulted in that information technology is very much beneficial in all the 

techniques carried out in the farm management system. After harvesting, there is the main 

struggle to begin selling the product, every farmer wants to sell their product for profits. To 

analyse the cost in different markets the IT Services are more helpful to farmers. Most of the 

public are aware of smartphones and their usage which will help to go with the technology. The 

website we are making is simple in design and easy to understand the interface of the website. 

Technology has advanced to a high level and farmers have the option of using mobile phones in 

rural regions effectively. 
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2.1 Problem Defination 

 
The concept of centralized platform will provide solution to farmers issue and also a good 

price for their crops. Here, we planned to create a bidding platform where farmers can register as 

well as retailers can register. Farmers will list their crop in bulk prior to 2-3 days of sale and 

retailers will accept offer. Same if any other farmers list same vegetable he can able to keep bid 

of 50 paisa or 1 Rupee less than the earlier farmer. So this will create transparency over farmers 

if bidding starts for Rs.15 they can able to restrict it for Rs.12. This will help them to get good 

cost of vegetable due to centralized platform and also creates a good unity for farmers to tackle 

domination of retailers in market. Also, we will provide an admin dashboard from where an 

government authority can able to keep watch over the sales and will have control over the 

dropping prices of vegetable and as future scope we can implement a role for admin to control 

the cap for vegetable prices to provide maximum benefits to farmers. This system will also help 

to relief common man from rising prices of vegetables.We can achieve this through transparency 

and centralized platform. 

 
2.2 Proposed System 

In existing models the concept of ecommerce for the farmers had implemented where 

farmers can directly sell their vegetables to consumer. However for big farms having huge 

vegetable grown selling vegetable to individual buyers will be quite difficult and this can leads to 

loss of vendors. So, our platform is different as we will sell bulk vegetables to retailers instead of 

directly to consumers. This can give a better price to farmers for their yield and easy to manage 

platform. Also, an good collaboration between farmers for selling same stuffs at good bid price. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

6 



2.3 Proposed Work 

 
KisanMandi - KisanMandi Online Agri market Private Limited (KisanMandi.com) is providing 

assistance to farmers with the help of Gram Sahayaks from grading, packing, logistic support to 

sell their agriculture produce directly to end customers, and farmers will get the better price of 

agriculture produce as compared to the current APMC mandi price. 

Now farmers (Kisan) can sell their produce directly to end consumer i.e. Retailers, Bulk buyers, 

Institution, Group Co-operative Societies, Citizen Associations or any other group buyers on 

KisanMandi.com & also farmer can save a lot of money via Group buying of Agri products or 

machinery directly from Manufacturing Companies and big distributors on a fair price. 

 
FarmersMandi - Enabling large scale mandi operations across the country with our digital 

products. Cutting edge tech solutions to empower farmer, retailer, delivery agents, market 

managers and collection agents. Collection of short stories and memories from our startup 

journey. For some of us, life at is all about the early morning deliveries and for others it is the 

late night code releases. 

 
2.4 Problem Scope 

The concept of centralized platform will provide solution to farmers issue and also a good 

price for their crops. Here, we planned to create a bidding platform where farmers can register as 

well as retailers can register. Farmers will list their crop in bulk prior to 2-3 days of sale and 

retailers will accept offer. Same if any other farmers list same vegetable he can able to keep bid 

of 50 paisa or 1 Rupee less than the earlier farmer. So this will create transparency over farmers 

if bidding starts for Rs.15 they can able to restrict it for Rs.12. 
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3. SYSTEM REQUIREMENT 

SPECIFICATION 



SYSTEM REQUIREMENT SPECIFICATION 
 

 

3.1.1 Wordpress 

 
WordPress is a free and open-source content management system written in PHP and paired 

with a MySQL or MariaDB database. Features include a plugin architecture and a template 

system, referred to within WordPress as Themes. The best part about WordPress is that it’s easy 

to use and flexible enough to make different types of websites. That’s the main reason why 

WordPress has grown so much in popularity. According to a recent survey, WordPress powers 

32.3% of all websites on the internet.Due to it’s robust features, many of the top brands use 

WordPress to power their websites including Time Magazine, Facebook, The New Yorker, Sony, 

Disney, Target, The New York Times, and more. 

 

3.1.2 WAMP Server 

 

AMPP is one of the widely used cross-platform web servers, which helps developers to 

create and test their programs on a local webserver. It was developed by the Apache Friends, and 

its native source code can be revised or modified by the audience. It consists of Apache HTTP 

Server, MariaDB, and interpreter for the different programming languages like PHP and Perl. It 

is available in 11 languages and supported by different platforms such as the IA-32 package of 

Windows & x64 package of macOS and Linux. 

 
3.1.3 MySQL 

 
 

A database is a structured collection of data. It may be anything from a simple shopping list 

to a picture gallery or the vast amounts of information in a corporate network. To add, access, 

and process data stored in a computer database, you need a database management system such as 

MySQL Server. Since computers are very good at handling large amounts of data, database 

management systems play a central role in computing, as standalone utilities, or as parts of other 

applications. 
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MINIMUM SOFTWARE REQUIREMENTS 

 
 

3.2.1 Minimum Software Requirements 

 Wamp Server 

 Visual Studio Code 

 Wordpress 5 or above 

 Database: MySQL 

 
3.2.2 Language Used 

 
 

 HTML, CSS, Javascript, Bootstrap 

 MySQL 
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4. System Design 



SYSTEM DESIGN 
 

4.1 Flowchart Diagram 
 
 

 

4.2 Modules 

 

Farmer : Farming is not a job, it is a way of living. Agriculture is completely involved in 

the Indian culture. Food is one of the major sources of living farmers who are producing 

these food are not fulfilling their needs.  Right now in the country,  the farmers are facing a 

lot of issues in agriculture. In the process of research, we came to know that there is a way 

to utilize digital technology to help the farmers. Technology is stepping in every field and 

helping every field in its own way so we were taught to bring this E-commerce business into 

farming.We are taught that this creative and unique idea will help farmers to reduce their 

efforts in selling and buying their products. The farmers sell their product to the specific 

dealer to sustain in these present situations. Here farmers don't know the exact price of the 

product they are selling. The entire system is not transparent. Farmers are not aware of 

prices in different markets and thus they don’t know where they can sell their products to 

obtain greater profits. This brings the motivation in us to develop a helpful system for 

farmers. 

 

12 



Admin Module : Admin can able to post the maximum and minimum cap of the vegetables for 

bidding by farmers in order provide good prices to farmers on weekly basis. 

 
Quick signup for users: Save your clients time by simplifying the functioning and interface of 

the website. 

 
Efficient product management: Farmers should be ready to easily add or remove any products 

they own, specify prices, and supply the required details. 

 
Comfortable order processing with notifications: Vendors got to see exactly what was 

ordered, how much, the delivery details, and be notified about different changes within the 

delivery process. Communication through the system we are proposed will be easy. 

 
Review or rating system: The buyers always want to make certain that they will trust the 

vendor.Products promotion. For farmers and suppliers to sell more, the buy and sell food 

marketplace should provide tools to market their products, like featured products or discount 

campaigns. 

 
Customer registration / login: Customers should also access the platform easily. 

 
 

Attractive interface: The attractive and user-friendly design can make all the difference. Create 

a platform for your clients that they need to use and continuously return to. 

 
Helpful search with filters: In your buy and sell marketplace development, product search plays 

a crucial role. Buyers should easily mapped out among different types of food to seek out 

specially what they’re trying to find. Easy checkout tactic of adding products to carts and 

proceeding to buy them has to be smooth. 

 
Delivery options: Users got to schedule the day & time for delivery. they'll be prepared to 

devour at the local farm or store or choose delivery to the doors. within the time of pandemic, 

people are more worried about safety, so confirm you provide them with the contactless delivery 

option. 
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5. IMPLEMENTATION 



IMPLEMENTATION 
 

5.1 Sample Code 

 
Admin Page Code 

 
 

<?php 

/** 

* Core Administration API 

* 

* @package WordPress 

* @subpackage Administration 

* @since 2.3.0 

*/ 

 
 

if ( ! defined( 'WP_ADMIN' ) ) { 

/* 

* This file is being included from a file other than wp-admin/admin.php, so 

* some setup was skipped. Make sure the admin message catalog is loaded since 

* load_default_textdomain() will not have done so in this context. 

*/ 

load_textdomain( 'default', WP_LANG_DIR . '/admin-' . get_locale() . '.mo' ); 

} 

 
 

/** WordPress Administration Hooks */ 

require_once ABSPATH . 'wp-admin/includes/admin-filters.php'; 

 
 

/** WordPress Bookmark Administration API */ 

require_once ABSPATH . 'wp-admin/includes/bookmark.php'; 
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/** WordPress Comment Administration API */ 

require_once ABSPATH . 'wp-admin/includes/comment.php'; 

 
 

/** WordPress Administration File API */ 

require_once ABSPATH . 'wp-admin/includes/file.php'; 

 
 

/** WordPress Image Administration API */ 

require_once ABSPATH . 'wp-admin/includes/image.php'; 

 
 

/** WordPress Media Administration API */ 

require_once ABSPATH . 'wp-admin/includes/media.php'; 

 
 

/** WordPress Import Administration API */ 

require_once ABSPATH . 'wp-admin/includes/import.php'; 

 
 

/** WordPress Misc Administration API */ 

require_once ABSPATH . 'wp-admin/includes/misc.php'; 

 
 

/** WordPress Misc Administration API */ 

require_once ABSPATH . 'wp-admin/includes/class-wp-privacy-policy-content.php'; 

 
 

/** WordPress Options Administration API */ 

require_once ABSPATH . 'wp-admin/includes/options.php'; 

 
 

/** WordPress Plugin Administration API */ 

require_once ABSPATH . 'wp-admin/includes/plugin.php'; 

 
 

/** WordPress Post Administration API */ 

require_once ABSPATH . 'wp-admin/includes/post.php'; 
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/** WordPress Administration Screen API */ 

require_once ABSPATH . 'wp-admin/includes/class-wp-screen.php'; 

require_once ABSPATH . 'wp-admin/includes/screen.php'; 

 
/** WordPress Taxonomy Administration API */ 

require_once ABSPATH . 'wp-admin/includes/taxonomy.php'; 

 
/** WordPress Template Administration API */ 

require_once ABSPATH . 'wp-admin/includes/template.php'; 

 
/** WordPress List Table Administration API and base class */ 

require_once ABSPATH . 'wp-admin/includes/class-wp-list-table.php'; 

require_once ABSPATH . 'wp-admin/includes/class-wp-list-table-compat.php'; 

require_once ABSPATH . 'wp-admin/includes/list-table.php'; 

 
/** WordPress Theme Administration API */ 

require_once ABSPATH . 'wp-admin/includes/theme.php'; 

 
/** WordPress Privacy Functions */ 

require_once ABSPATH . 'wp-admin/includes/privacy-tools.php'; 

 
 

/** WordPress Privacy List Table classes. */ 

// Previously in wp-admin/includes/user.php. Need to be loaded for backward compatibility. 

require_once ABSPATH . 'wp-admin/includes/class-wp-privacy-requests-table.php'; 

require_once ABSPATH . 'wp-admin/includes/class-wp-privacy-data-export-requests-list- 

table.php'; 

require_once ABSPATH . 'wp-admin/includes/class-wp-privacy-data-removal-requests-list- 

table.php'; 

 
/** WordPress User Administration API */ 

require_once ABSPATH . 'wp-admin/includes/user.php'; 
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/** WordPress Site Icon API */ 

require_once ABSPATH . 'wp-admin/includes/class-wp-site-icon.php'; 

 
 

/** WordPress Update Administration API */ 

require_once ABSPATH . 'wp-admin/includes/update.php'; 

 
 

/** WordPress Deprecated Administration API */ 

require_once ABSPATH . 'wp-admin/includes/deprecated.php'; 
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5.2 Screenshots 
 

 

Fig.5.2.1 Homepage 
 

 

 
Fig.5.2.2 Farmer’s Dashboard 



 

Fig.5.2.3 Products Page 
 

 

 

Fig.5.2.4 Product Listing Page 
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6. ADVANTAGES 



ADVANTAGES 

 
Farmers in India have had little freedom in choosing markets and buyers for their produce. 

This will help them to get good cost of vegetable due to centralized platform and also creates a 

good unity for farmers to tackle domination of retailers in market. Also, we will provide an 

admin dashboard from where an government authority can able to keep watch over the sales and 

will have control over the dropping prices of vegetable. This system will also help to relief 

common man from rising prices of vegetables. We can achieve this through transparency and 

centralized platform. The platform hopes to have an increase participation of farmers. Farmers 

can connect with more consumers and sell their products at a fair price, while retailers can buy 

fresh products knowing the origin and the production mode of what they eat. 

 

Social privileges: 

 It establishes an online presence. 

 More customer reach. 

 Product promotion is easier as it is a simple process. 

 Farmers easily avail their necessities at one point store. 

 Communication makes it easier for farmers. 

 There will be less efforts. 

 We are also providing new cultivation techniques(Blogging). 

 Profitable income generation. 
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7. APPLICATIONS 



APPLICATIONS 

 
Technology has opened many doors for farmers to keep in close touch with their 

clients. Buy and sell food marketplaces are really appealing to food producers, as they can 

connect to customers online without having to build their own websites. Such platforms allow 

them to: 

 Reach more customers 

 Establish an online presence; 

 Promote their shop 

 Deliver products conveniently 

 Track orders 

 
Lots of farmers and ranchers have implemented or are looking for a way to implement a new 

digital approach of transferring their produce to our kitchens. However, the transition of 

agriculture to an online world will not likely stop after its end, but will only widespread and 

grow. We have all seen how quickly our whole lives can change because of the 

pandemic, and our food buying habits are not an exception. Less or even no visits to 

food markets, lower demand for restaurants, increased e-commerce deliveries, and a 

rise in eating at home had an irretrievable effect on how, where and what kinds of 

food we buy. 
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8. CONCLUSION 



 
 

9.1 Work Done 

CONCLUSION 

 Farmers in India have had little freedom in choosing markets and buyers for their 

produce. 

 This will help them to get good cost of vegetable due to centralized platform and also 

creates a good unity for farmers to tackle domination of retailers in market. 

 Also, we will provide an admin dashboard from where an government authority can able 

to keep watch over the sales and will have control over the dropping prices of vegetable. 

 This system will also help to relief common man from rising prices of vegetables. We can 

achieve this through transparency and centralized platform. 

 The platform hopes to have an increase participation of farmers. Farmers can connect 

with more consumers and sell their products at a fair price, while retailers can buy fresh 

products knowing the origin and the production mode of what they eat. 

 
9.2 Future Enhancement 

 
 

 Admin can be implemented to control the prices of vegetable to prevent loss of farmers . 

 An platform can also be made for farmer to consumers as our platform is just for farmer 

to retailers. 

 Pre- order strategy can be made in order to book vegetables by retailers for pre-listing by 

farmers in order to get assured the cost of vegetables they are growing to grow. 

 Enhancement in bidding strategy for retailers and farmers for quicker solution. 

 Pick facility can be provided by farmers to retailers. 

 Transporters can be allocated as soon an retailer accepts farmer’s offer and dynamically 

transporter can be allocated to retailer’s orders. 
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