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A Study on Bitcoin in Akola City 

Dr. Devendra N. Vyas 
Principal ,Smt. Radhadevi Goenka College for Women, Akola, devvya@gmail.com  ,7588041801 

 

Abstract: 

We all are living in digital era where digital transformation is taking place in every quant. 

Hence, it is a need of hour to accept the changes of era and updates ourselves in the same way. Digital 

Currency is one of the most important aspects of study specially here Bitcoin. Hence Researcher has 

chosen Akola City because it is just a sample like in Akola city,people are preferring Bitcoin as an 

investment perspective which is also giving good result. In this paper, researcheris trying to understand 

the Digital Market sector in Akola City which definitely support to take decision of investment so that it 

can generate profit and strengthen financial needs in 21st century. 

Keywords:Digital Currency, Bitcoin, Investment 

Introduction: 

Digital Currency is growing now a day. It has intrinsic value like a physical currency and they 

allow for instantaneous transactions that can be seamlessly executed for making payments across borders 

when connected to supported devices and networks. For example, it is possible for an American to make 

payments in digital currency to a distant counterparty residing in other country, provided that they both 

are connected to the same network required for transacting in the digital currency. This research focuses 

on understanding the Digital market and how it is helpful and can be used to generate income which 

effect on an individual economic growth. Similar study can be conducted incorporating other variables 

rather than the ones used in this study i.e Bitcoin..  

Objective of Study 

� To Study Digital currency. 

� To analyze risks and benefits of Digital Currency. 

� To analyze how investors are benefited in Digital Currency. 

� To know the perspective of investor in Akola City. 

Hypotheses: 

�  There is a positive perception of customers about investment in Digital Currency. 

� The investment in Bitcoin is not reliable. 

Limitation of the Study: 

Data is collected from 100 customers from Akola District and all age groups are considered. The study is 

limited only for the financial year 2020-2021 

Research Methodology: 

While writing this   research paper, Primary and Secondary data has been used. For the analysis 

Descriptive Method is used. 

Discussion & Results: 

1. To see th It is clear from above table that out of total respondents, 40 % of the respondent are in age 

group of 20-30, 15% of 30-40, 20% of 40-50,and 25% of 50-60 for the bitcoin Project  

2. To see the Respondent is also a Share Market Trading: 

Sr. No. Option No. of Respondent (%) Respondent 

1 YES 50% 50 

2 NO 50% 50 

 TOTAL 100% 100 
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e Respondent is an Age: 

It is clear from above table that out of total respondents, 40 % of the respondent are in age group of 20-

30, 15% of 30-40, 20% of 40-50,and 25% of 50-60 for the bitcoin Project  

2. To see the Respondent is also a Share Market Trading: 

 

Sr. No. Option No. of Respondent (%) Respondent 

1 YES 50% 50 

2 NO 50% 50 

 TOTAL 100% 100 

 

It is clear from above table that out of total respondent, 50% respondents are involved in share market 

trading and the rest 50% are not. 

3. To see whether Respondents Invest for Long Term in Bitcoin: 

 

Sr. No. Option No. of Respondent 

( %) 

Respondent 

1 YES 45% 45 

2 NO 55% 55 

 TOTAL 100% 100 

 

It is clear from above table that out total respondent, 45% of respondent invested for long terms in 

Bitcoin and the rest of 55% do not. 

4. Investment Preference of Respondents: 

 

Sr. No. Option No. of Respondent (%) Respondent 

1 Fix deposit 40% 40 

2 Real Estate 35% 35 

3 Insurance 10% 10 

4 Bitcoin 5% 5 

5 Gold 10% 10 

 TOTAL 100% 100 

 

It is clear from the table out of total respondent,40% the respondents invested in fixed deposit,35% 

invested in real estate,10% in insurance,5% in Bitcon and the rest 10% are in gold. 

 

 

Sr. No Age No. of Respondent (%) Respondent 

1 20-30 40% 40 

2 30-40 15% 15 

3 40-50 20% 20 

4 50-60 25% 25 

 TOTAL 100% 100 
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5. Reasons of Investment Preference of Respondents: 

 

Sr. No Option No. of Respondent (%) Respondent 

1 Less risk 40% 40 

2 Good return 45% 45 

3 Liquidity 5% 5 

4 Assured return 10% 10 

5 Other reasons 0% 0 

 TOTAL 100% 100 

 

It is clear above table that out of total respondents,40% of the respondent prefer investment due to less 

risk,45% due to good return,5% due to liquidity,10% due to assured return, and none of the other 

reasons.  

6. Nature of Investment that the Respondents like: 

   

Sr. No. Option No. of Respondent (%) Respondent 

1 Steadily 30% 30 

2 At average rate  50% 50 

3 Fast  20% 20 

 TOTAL 100% 100 

 

It is clear from above table that out of total respondents, 30% of the respondent like their investment to 

grow steadily, 50% in an average rate and the rest of 20% in a fast rate. 

7. Percentage of Income that the Respondents Invest: 

Sr. No Option No. of Respondent (%) Respondent 

1 Up to 5% 40% 40 

2 5%-10% 35% 35 

3 More than 10% 25% 25 

 TOTAL 100% 100 

 

It is clear above table that out of 20 respondents ,40% respondents invested 5% of their total income, 

35% invested 5-10% of their income and the rest of 25% invested more than 10% of their income in 

Bitcoin. 

8. To see whether the Respondent is Regular Investor of Bitcoin: 

 

Sr. No. Option No. Of Respondent (%) Respondent 

1 YES 40% 40 

2 NO 60% 60 

 TOTAL 100% 100 

 

It is clear from above table that out of total respondents, only 40% of the respondents areregular 

investors of Bitcoin and the rest of 60% are not. 
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9. The Preference among Different Investments: 

Sr. No. Option No. of Respondent (%) Respondent 

1 Insurance 7% 7 

2 Bitcoin 8% 8 

3 Share Market 45% 45 

4 Commodity Market 0% 0 

5 Mutual Fund 40% 40 

 TOTAL 100% 100 

It is clear from above table that out of total respondent, 45% of the respondent prefer Share Market, 8% 

prefer Bitcoin, 0% prefer Commodity market, & 7% prefer in Insurance and the 40% prefer in Mutual 

Fund. 

10. People in Akola City are aware about Bitcoin Trading and their Benefits: 

 

Sr. No. Option No. of Respondent (%) Respondent 

1 YES 30% 30 

2 NO 70% 70 

 TOTAL 100% 100 

 

It is clear from above table that out of total respondents, only 30% of the respondents replied, peoples in 

Akola city are aware about Bitcoin trading and their benefits and the rest of 70% of the respondents said, 

peoples in Akola city are not aware about Bitcoin trading and their benefits. 

Findings 

1. Based on the research results discussed in the previous chapter indicate that the investment in bitcoin 

still promising. The price of bitcoin rapidly increases during the study. The rate of return of bitcoin 

investment is the highest compared to the other investment instruments: stock, exchange rate and gold. 

Meanwhile, the bitcoin investment also has the highest risk compared the others investment instruments. 

2. It can be concluded that bitcoin investment provides the highest return (18%) compared to other 

investment instrument returns. However, the very high return on bitcoin comes with high risk 

investment. The risk of investing in bitcoin is indicated by a standard deviation of 61%, while the 

standard deviation of other instruments: stock, exchange rate and gold less than 5%. 

3. Based on the results of the paired sample test, it shows that the average return on bitcoin shows a very 

significant difference compared to the others instrument. Meanwhile, the return on the others instrument: 

stock, exchange rate and gold show the same return. 

4. For the investors who love risk, then the investment in bitcoin could be an alternative for an 

investment. The investment on bitcoin promise higher return compare to the other investment 

instruments. For the investors who are risk aversion, an investment on bitcoin doesn’t fit since this 

investment has the highest risk. 

5. This research has practical implication for the investors who require high return. In the same time, the 

investors also have to understand the risk along the investment on bitcoin. 

6. The other implication for government of India as policy maker on crypto currency. The crypto 

currency quite develops rapidly in this crypto world era. The role and regulation on crypto currency are 

needed to secure investors and economic growth 

Conclusion 

1. This paper systematized the growing research on Bitcoin published. It has segmented the publications 

on the basis of various elements of economics and finance such as price, demand and supply, market 
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efficiency, volatility and returns, and investment prospects and regulatory aspects. It also highlights the 

impact of social media on these factors 

 

2. There are a few limitations to this paper. Our study only takes into account research from economics 

and finance perspective. Technological aspects such as blockchain and mining strategies are not 

considered. The focus is only on Bitcoin. There are other cryptocurrencies that are merging in the digital 

market. This study can be extended later to take them into account. The study might have missed out on a 

few important publications for the reason that it cannot be analyzed from Economics and Finance point 

of view. Another reason being that new studies keep emerging very frequently and some will become 

available later. 

3. Based on our research, we enumerate a few observations and recommendations on the basis of gaps 

observed in the existing research. We notice that most of the findings are methodology and data 

frequency-dependent. Variations in the results are also observed due to differences in time periods and 

lack of longer periods of data. Therefore, an exhaustive study can be undertaken to discuss the 

limitations of different methodologies and its’ implications on the results. There are very few country-

specific studies conducted. Further analysis can be directed to incorporate geographical boundaries and 

differences in Bitcoin behavior across them (if any). Regulation norms also vary across different 

countries and can be analyzed. Research focusing on regulatory and legality aspects fails to suggest 

suitable solutions to make Bitcoin a safer and widely acceptable cryptocurrency to avoid illegal 

activities. The application of Bitcoin (or cryptocurrency) for the upliftment of economies and financial 

inclusion needs more exploration. The market for Bitcoin is very dynamic. The prices see a swift change 

and hence the intrinsic value also changes. Thus, the research needs to be timely updated to analyze the 

changing trends. The study can be extended to include other areas such as technical aspects and also take 

in other emerging cryptocurrencies. 
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New Education Policy -An Overview of Higher Education 

Dr. Devendra Vyas 

Principal ,Smt. Radhadevi Goenka College for Women, Akola. 

devvya@gmail.com ,7588041801/9423129696 

 

Abstract: 

The New Education Policy comes with new vision, new dreams and developmental aspects. It 

will try to cover important fact which previous policies were unable to implement. Vocational 

Training is a main factor which will be implemented on school level, where the quality of 

professionalism can be inculcate. In this paper, Researcher is trying to cover the important points 

where some opportunities as well as challenges are also described. Finally, the question of 

implementation is arising, will Government be implemented it or only is it a documentation? 

Keywords: 

Higher Education, Challenges, Implementation. 

Introduction: 

 The adoption of New Education Policy will decide the future of citizens. The impact will be 

a long-lasting one; the choices and journeys and destinations of individual citizens and the nation will 

be mutually shaped by these policy decisions. So, what will change in our education system? As this 

policy comes with the intension of developmental aspects of nation. But it’s depended on the 

implementation of it. After 34 years long period, Government has proposed the New Education 

Policy. Previous policy of 1968 & 1986 of National Education had some lacuna.New Education 

Policy-2020 is a policy where the rules, regulations and policies of Schools and Colleges are given. 

So, it gives a guideline how to administer the structure of education system of Nation. The growth and 

development of nation is mostly depending on Education because it is powerful tool which has a 

transformational capacity. In this policy, Government has done so many changes. The main purpose 

of this policy is to make India as a globally great. Now Ministry of Human Resource Development is 

known as a Ministry of Education. 

Literature Review: 

The Kothari Commission 

• Education for innovation, national unity and literacy drawing on Nehru’s vision, and articulating 

most of his key themes, the Kothari Commission (1964–1966) was set up to formulate a coherent 

education policy for India.  

• According to the commission, education was intended to increase output, develop social and 

national unity, combine democracy, modernize the country and develop social, moral and spiritual 

values. 

• To achieve this, the main pillar of Indian education policy was to be free and compulsory education 

for all children up tothe age of 14.  

• Other features included the development of languages (Hindi, Sanskrit, regional languages and the 

three-language formula)equality of educational opportunities (regional, tribal and gender 

imbalances to be addressed) and the development andprioritization of scientific education and 

research.  

• The commission also emphasized the need to eradicate illiteracy and provide adult education. 

National Policy on Education 

• In 1986, a new education policy, ‘The National Policy on Education (NPE)’ was announced, 

which was intended to prepare India for the 21st century.  
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• The policy highlighted the need for change: ‘Education in India stands at the crossroads today. 

According to the new policy, the 1968 policy goals had largely been attained: more than 90 per cent 

of the country’s rural people were within a kilometer of schooling facilities and most states had 

adopted a common education structure.  

• The importance of science and mathematics had also been effective. However, change was required 

to raise financial and organizational provision for the education system to tackle problems of access 

and quality. 

Other Important Initiatives:  

• Operation Blackboard (1987–8) aimed to recover the human and physical resources available in 

primary schools. 

• Restructuring and Reorganization of Teacher Education (1987) created a resource for the 

continuous advancement of teachers’ knowledge and competence 

• Minimum Levels of Learning (1991) given emphasis on levels of achievement at various stages 

and revised textbooks. 

• National Programme for Nutritional Support to Primary Education (1995) provided a cooked 

meal every day for children inClasses 1–5 of all government, government-aided and local body 

schools. 

• District Primary Education Programme (DPEP) (1993) focused decentralized planning and 

management, improved teaching and learning materials, and school effectiveness. 

• Movement to Educate All (2000) pointed to achieve universal primary education by 2010 through 

microplanning andschool-mapping exercises, bridging gender and social gaps. 

• Fundamental Right (2001) included the provision of free and necessary education, declared to be a 

basic right for childrenaged between 6 and 14 years. 

Objectives of Study: 

o To study vision of NEP. 

o To describe the challenges of NEP. 

o To understand the changes of NEP. 

Highlights of New Education Policy: 
The National Education Policy imparts equal right to education. It integrates school education 

as an elementary part and makes it required for every child. There is provisions of multiple entry and 

exits for secondary students and encompasses to Undergraduate, Post Graduate and research levels. It 

permits the flexibility for a student to complete his education at any point of time the student thinks so 

and has mainly been outlined for students who had to discontinue their studies midway due to any 

reason. The main purpose of this policy is to provide a strong base of liberal arts along with 

Vocational Training at Undergraduate levels. A candidate who is in the fourth year of the 

Undergraduate course can seamlessly integrate itself at Masters and Doctoral levels which in the long 

run will help in bringing professional education into mainstream undergraduate education. Vocational 

Education will also be an important part of the Education Policy. 

The Higher Education sector has been united with liberal arts with Mathematics, Sciences, 

Technology and Engineering. The main aim of this is to advance updated critical thinking, higher-

order thinking, having more grip on the subjects and domain, to develop problem-solving skills along 

with teamwork and communication skills. The postgraduate and the doctorate levels have been given 

the options of one year, two-year and five-year degree. The post-graduation will have more research 

level concepts and will have for professional competence. The National Research Foundation has 

been created whose main aim would be to highlight of the Education System mainly at College and 

University levels. It will also take care of research capacity development and monitoring the same 

with a more formal mechanism. 

o In Higher Education there is a multiple entry and exist policy. 
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o M.Phil courses to be discontinue. 

o Bachelor Degree period is decided of 3 to 4 year. After 1 year student can get Certification, after 2-

year student can get Diploma, after 3-year student can get Degree and after 4 years period student can 

get Bachelor with Research Degree. 

o There is a arrangement of Academic Bank of Credit where credits are store in this Bank and it can 

be easily transferred. 

o E-learning is a main focus of this policy so as the dependency on book can be decreased. 

o National Assessment Agency will conduct Common Entrance Exam. 

o By the year 2030, Government is plan to established at leastone Higher institution. 

o By the year 2040, it is proposed to make all higher institution as a Multidisciplinary higher 

institution. 

o Indian Higher Education is classified in four vertical aspects viz. are National Higher Education 

Council, General Education Council, higher Education Council and National Accreditation Council. 

o Rules and regulations are same for private and public institutions in the same way for differently 

able people there will be some changes. 

Controversial Side of NEP: 

 This NEP comes with lots of new changes. For this purpose, huge financial support is 

required. It’s just depends on assumptions. As India is famous for its diversity and plurality but 

unfortunately this policy avoids it. Hence it will be disastrous.India is well-known for its socio-

economic structure which is also the strength of it. New Education policy promotes the path of 

Centralization which may be harmful for the growth and development of India. Higher education 

should be multidisciplinary and interdisciplinary. But the process of centralisation that this policy 

envisages will focus to a severe stranglehold on academic freedom and liberation. 

In Higher Education following problems will be take place: 

o This policy classified teachers into two categories. On one side some teachers will do research 

activities and remaining on teaching. How can be teaching field enhances without research? This is 

also big question. 

o This NEP also promotes to privatisation where foreign universities can also run their course. It 

creates unnecessary competition. 

o Most important thing, this NEP has given emphasis on much more to Indian Culture and 

knowledge, What’s about the knowledge of other globe. 

o Yoga is mentioned to be a part of Liberal Arts education. Along with Yoga, institutions and 

students should have the choice to pick other similar systems as well. 

o Doctoral students are to learn an Indian language. It will become obstacle as focus should be on 

study of topic and research 

o What are the fields of national importance? This is a major flaw in this policy statement. No 

government should be given the authority to adopt on what the topics of research should be. It is 

always ignorance that leads to conflicts. Efforts should be made to study and understand every 

phenomenon that manifests themselves around us. Academic liberty should not be negotiated at any 

level. 

o For undergraduate programmes, admission to public higher education college will be through an 

assessment. Then what about private ones? Will they conduct separate tests? The policy envisages a 

deeply divided society, divided by access to education at all levels, which cannot happen. 

o A major loophole in the NEP 2020’s report is its utter disregard for gender and related issues in the 

higher education segment. Neither is there any mention of the disabled community nor of the socially 

underprivileged classes. Is higher education expected to cater to the hegemonic classes alone? 

o For teachers, the probation period can be of five years, or more, or less, thus giving freedom to the 

colleges to decide on the process of confirming period, which can be detrimental to the academic 
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freedom of the teachers. This is problematic since regulatory authorities will have no role in matters 

related to this. How can we ensure a free and fair environment for the faculty members to perform 

well? 

Conclusions: 

 The most important element of this Education Policy is Digital literacy and Computational 

thinking. The importance would be given to make students digitally literate and also will be trained in 

programming and coding to enhance their IT skills. NEP has been praised to integrate ICT in 

education so that the process becomes less cumbersome, fast and crystal clear. ICT will enable the 

students to have a better education through proper monitoring. NEP has also planned to 

collaboratevirtual education into the education process so that the students can maximize their 

educational experience. The policy talks about the inclusion of disruptive technologies into the 

system. It will include Artificial Intelligence, Cognitive tools to ensure that online education is 

directed by student learning and student growth at an individual level. It plans for enormous IT 

infrastructure and technology platforms. It proposes to have more and more online courses and 

expects to have tie-ups with top-level Universities and Institutes to have more Massive Open Online 

Courses (MOOC’s). 

 But, the big challenge of this policy is implementation. In India, there are many states as 

well as their education system is also different. Then the questions arise of uniformity. But with the 

help of mutual understanding and proper communication policy may be solve this challenge and then 

only it can be implemented in India. 
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___________________________________________________________________ 

ABSTRACT 

The crucial issue of the character recognition is the identification of similar characters. In this paper, a character 

recognition technique is proposed for identification of similar characters by increasing commonly used feature of 

selected image with gradient features from potentially discriminative image regions. The crucial regions of identical 

characters sets are automatically detected here. Experimental results on Typed Devnagari Character Lanna Dhamma 

demonstrate the capability of the proposed method in discriminating visually similar characters. The method also 

outperforms existing character recognition methods by considerable margins. It has a great potential for character 

recognition of other alphabets. 

________________________________________________________________________________ 

Keywords: Devnagari, DCT, Hanh, Tchebichef, Image Acquisition, Segmentation 
 

 

Introduction 

Typed Devnagari Character recognition is the 
task of transforming a language represented in 
its spatial form of graphical marks into its 
symbolic representation. There are two kinds 
of Typed Devnagari Character input, on-line 
and off-line [18]. On-line Typed Devnagari 
Character input maintains the time series of 
writing points, order of strokes and additional 
information about pen tip (velocity, 
acceleration). For example, Typed Devnagari 
Character input methods on cell phones and 
tablets receive on-line h Typed Devnagari 
Character input when users touch the screen. 
Preprocessing of on-line recognition includes 
noise removal, stroke and character 
segmentation. Off-line Typed Devnagari 
Character input only preserves images of the 
completed onboard writing area. For example, 
banks recognize Typed Devnagari Character 
amounts on checks. Preprocessing of off-line 
recognition includes setting thresholds to 
extract writing points, removal of noise, 
segmentation of writing lines, and finally 
segmentation of characters and words. 
Character acknowledgment framework is 
significant part of the of example 
acknowledgment. Character acknowledgment 
is a stepwise cycle of preprocessing, highlight 
extraction, and characterization. Character 
acknowledgment precision depends of the 
adequacy of each progression. In character 
acknowledgment, precision diminished 

because of certain limitations like 
mathematical misalignment through character 
style varieties, clamor, and undesirable data in 
picture, size of the picture and in particular the 
fluctuating picture foundation. Expanding the 
exactness and improving the FRT model, need 
to choose of the legitimate element extraction 
system and appropriate classifiers. 
In proposed system we present the character 
acknowledgment calculation incorporates LBP, 
directional component, Combination of 
(DCT+Hann+Tchebichef), summation method. 
The system will talk about here have ability of 
picture commotion, brightening, impact of 
scaling and revolution invariant. 
The main significant advance in any character 
acknowledgment framework is pre-handling 
followed by division and highlight extraction. 
Pre-handling includes with the means that are 
needed to shape the info picture into a structure 
reasonable for division. In division step, the 
information picture is divided into singular 
characters and afterward, each character is 
resized into m x n pixels towards preparing the 
organization. There are six major stages in the 
Character Recognition those are 
 Image Acquisition 

 Pre-Processing 

 Image Segmentation 

 Feature Extraction 

 Image classification 

 Post processing 
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 Image Acquisition: Take a picture using 
digital camera of the document or scan the 
document and save it in a computer with 
proper image extension.  

 Pre-processing: In this process the image 
undergoes the following operations as 
shown in the block diagram, the input to 
the Pre-Processing stage is the stored image 
in the computer. 

 Image Segmentation:  Image 
segmentation is nothing but dividing the 
whole image into small sub-images based 
on the uniqueness 

 Feature extraction: Feature extraction is 
the main part of the Character identification 
process, this is the process where each 
character will be represented as a feature 
vector ,the unique feature of this step,the 
focus of this stage is to extract a set of 
features of the segmented image to improve 
character recognition rate 

 Image Classification: Once the features 
are extracted in feature vectors the will be 
given to image classifiers such as K-nearest 
Neighbourhood (K-NN),Bayes Clasifier 
,neural networks, Hidden Markov Model 
(HMM) and so on,these clasiffiers are the 
decision makers of the algorithms. 

 Post-Processing: In this stage based on the 
decision from classification stage the 
recognized fonts will be printed in editable 
form on digital screen. 

Experimental setup for Lanna dhamma 

Lanna Dhamma alphabet was used mainly for 
religious communication in the ancient Lanna 
Kingdom of Thailand. The old manuscripts 
using this alphabet are gradually decayed. It is 
desirable to preserve these valuable 
manuscripts in machine-encoded text files. 
Existing works used optical character 
recognition (OCR) methods based on wavelet 
transform for recognition of handwritten Lanna 
Dhamma characters. This method contains 
Tchebichef, Hahn, DCT transform we are use 
these three combinations for features extraction 
use by proposed technique. Charterer dived In 
to three sections mid bar, no bar and end bar 
result shown in below. 

 

 

End Bar Character Lanna Dhamma 

In End bar character data set the take the 
various character having end bar with the 
different font size and style. In such dataset 
total 18 characters appear. Total number of 
images in database is 630. Each class contains 
total 35 images with 7 different fonts style and 
5 different font Size. In proposed technique we 
apply the Lanna Dhamma characters 
recognition the combination of three technique 
on each image and extract 150 features per 
image i.e. total 94500 features and make the 
class of each number having predictor label 
with character name. Classify that data set 
using the classifier and result shown below. 
 

Data 

Validation 
Accuracy(%) Classifier 

10 Fold 74.90 
Ensemble 
Subspace KNN 

20% 78.60 
Ensemble 
Subspace KNN 

40% 68.30 
Ensemble 
Subspace KNN 

50% 65.40 
Ensemble 
Subspace KNN 

 
 

No Bar Character lanna dhamma 

In No bar character data set the take the 
various character having no bar with the 
different font size and style. In such dataset 
total 9 characters appear. Total number of 
images in database is 315. Each class contains 
total 35 images with 7 different fonts style and 
5 different font Size. In proposed technique we 
apply the Lanna Dhamma characters 
recognition the combination of three technique 
on each image and extract 150 features per 
image i.e. total 47250 features and make the 
class of each number having predictor label 

0
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with character name. Classify that data set 
using the classifier and result shown below. 
 
Data Validation 
(method) 

Accuracy(%) Classifier 

10 Fold 78.70 
Ensemble Subspace 
KNN 

20% 77.80 
Ensemble Subspace 
KNN 

40% 77.00 
Ensemble Subspace 
KNN 

50% 68.80 
Ensemble Subspace 
KNN 

 

 

Middle Bar Character lanna dhamma 

In middle bar character data set the take the 
various character having middle bar with the 
different font size and style. In such dataset 
total 2 characters appear. Total number of 
images in database is 70. Each class contains 
total 35 images with 7 different fonts style and 
5 different font Size. In proposed technique we 
apply the Lanna Dhamma characters 
recognition the combination of three technique 
on each image and extract 150 features per 
image i.e. total 10,050 features and make the 
class of each number having predictor label 
with character name. Classify that data set 
using the classifier and result shown below. 
 
 
 
 
 
 
 
 
 

 
Data Validation 
method 

Accuracy(%) Classifier 

10 Fold 97.10 KNN 

20% 100.00 
Ensemble 
Subspace KNN 

40% 96.40 
Ensemble 
Subspace KNN 

50% 94.30 
Ensemble 
Subspace KNN 

 

 
 

Number database Lanna Dhamma 

 
In numeric data set the take 0 to 9 number 
having varying the font size and style. Total 
number of images in database is 500. Each 
class contains total 50 images with 10 different 
fonts style and 5 different font Size. In 
proposed technique we apply the three 
techniques on each image and extract 150 
features per image i.e. total 75000 features and 
make the class of each number having 
predictor label. Classify that data set using the 
classifier. Comparative analysis shown in 
following table.   
  
Data Validation 
method 

Accuracy(%) Classifier 

10 Fold 87.40 
Ensemble 
Subspace KNN 

20% 85.00 
Ensemble 
Subspace KNN 

40% 81.00 
Ensemble 
Subspace KNN 

50% 73.20 
Ensemble 
Subspace KNN 
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Number 10 fold lanna dhamma 3 features 

 

 
 



Vidyabharati International Interdisciplinary Research Journal 12(2)                                ISSN 2319-4979 

 

June 2021                                                                      540                                                          www.viirj.org 

 
Number 20% -80% validation  lanna dhamma 3 features (number database) 

 

 
 

 

Number 40% -60% validation  lanna dhamma 3 features (number database) 
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Number 50% -50% validation  lanna dhamma 3 features (number database) 

 

Comparative analysis of various method 

As per the testing of various methods used for 
the character recognition, the following shows  
various methods are used to recognition of 
character. In this section, we display the 
comparative table of all method to find out the 
efficient method for character recognition. In 
this LBP, lanna dhama, summation method and 

LBP by cropping  the important segment in 
character. In such table we calculate the 
average of 10 fold cross validation, 80% 
training 20 % random testing, 60% training 40 
% random testing and50% training 50% 
random testing operations perform to calculate 
the highest effective method for character 
recognition.  

 

Character recognition using LPB using region crop method 
Character recognition using 
LPB using region crop 
method 
 

Data validation 
Technique 

Average Recognition Accuracy Average 
Accuracy (%) 

10-Fold (77.9+87.9+100+94.80)/4 90.15 

50% Holdout (76.8+70.7+100+87.6)/4 83.77 

Character recognition using 
Colom sum  features vectors   

10-Fold (82.50+91.70+100+93.80)/4 92 

50% Holdout (78.40+91.70+100+89.20)/4 89.82 

Lanna dhama 10-Fold (87.40+97.10+78.70+74.90)/4 84.52 
50% Holdout (73.20+94.30+68.80+65.40)/4 75.42 

LBP 10-Fold (88.60+80.30+95.70+74.90)/4 84.87 
50% Holdout (80.40+75.40+97.10+66.30)/4 79.8 
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Conclusion 

In this paper we listed the most popular 
techniques or algorithms that are already used 
in optical character recognition field under the 
branch of Image processing and pattern 
recognition. There are plenty of feature 
extraction methods using standard 
transformations, still there is lot more scope in 

extracting the good quality features from the 
binary image segments, and also its observed 
that noise filtering at the preprocessing section 
improves the quality of algorithm. Here the 
Typed Devnagari Character Recognition is best 
represented with the help of Lanna Dhamma 
character recognition technique. 
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Abstract 
To dehaze and denoise simultaneously, we present a new fast variant technique in this paper. In the proposed method, the 

transmission map is first estimated using an adaptive approach based on the well-known darkish channel before the 

proposed method is applied. In the end, this transmission map reduces the threshold artefact and improves estimation 

precision. Intensity maps can then be used to build a new version model to search for the final haze- and noise-free 

image. Also noted is that the proposed variant model has a strong point in the form of a minimizer. Based on the 

Chambolle–Pock set of rules, a numerical process is laid out that ensures that the set of regulations is consistent. The 

results of large-scale experiments on real-world scenes show that our method can successfully restore incredible and 

contrasted images that are haze and noise free. 

Keywords:  Dehaze, Denoise, Adapative, Chambolle–Pock algorithm 

 
I. Introduction 

Together with haziness, foggy and smokey degradation 
of the outdoor scene due to bad weather conditions. It's a 
headache for photographers because it alters the colours 
and reduces the contrast of everyday photos, it 
diminishes the visibility of the scenes and it's a risk to 
the reliability of many programmes like outside 
surveillance, item detection, it also decreases the clarity 
of the satellite tv for laptop pix and underwater snaps. 
This is why the removal of haze from images is an 
essential and widely sought-after area of image 
processing. There are a lot of these suspended particles 
around, and they cause light to be scattered before it 
reaches the camera, resulting in a pixelated picture. A 
thick layer of haze obscures the meditative light in the 
scene and blends it with the ambient light. This pondered 
light (i.e. scene colorings) from mixed light tends to be 
improved by haze removal techniques. The visual 
system's stability and power can also be boosted by 
using this effective haze removal of photograph. You 
can use polarisation independent issue analysis and the 
dark channel earlier to remove haze from a picture. It is 
common for the light from a situation to dissipate before 
it reaches the camera's lens, and the light gathered 
through any digital camera lens is usually mixed with the 
airlight. Because of this, there will be an increase in 
noise, a loss of contrast between light and dark, and a 
lack of colour constancy. When the weather is bad, such 
as when aerosols, haze, fog, rain, dirt, or fumes are 
present, this type of degradation can be particularly 
damaging. Fog, for example, may also produce an 
albedo effect, which results in ambiguity and noise, as a 
common climate phenomenon.  
Certain aspects of these phenomena are detrimental to 
comprehension and the extraction of information from 
images. Real-world packages urgently need effective 
haze removal (or dehazing) and denoising methods.  
There has been a lot of interest in image dehazing and 
denoise in imaging technology recently. One of the great 
advantages of these operations is that they are 
completely clean. These images are visually more 

appealing, as well as more suitable for many important 
applications, such as image segmentation, feature 
extraction and photo fusion, because of the absence of 
haze and noise. Dehazing photos can be difficult because 
the haze relies so heavily on unknown intensity facts. If 
all that's provided as input is a single photograph, the 
situation may be made even worse. This interdisciplinary 
effort includes not only machine vision but meteorology, 
optics, and a few aspects of PC images. Visual diversity 
in the ecosystem is limited by haze and fog, both of 
which have a significant impact on the evaluation of 
target scenes. 
A primary goal of image evaluation is to improve 
visibility, restore the hues, and all other photo 
parameters as if the picture had been taken or received in 
a more favourable environment. 
Computer and human vision systems can benefit from 
the improved and refined images provided by picture 
dehazing for a wide range of purposes, as the middle 
benefit. Most computer vision software packages, from 
low-level image evaluation schemes to high-level item 
recognition, typically rely on the input photo as the final 
and most reliable source of the scene's brightness. 
To put it another way, regardless of how high-level an 
algorithm's performance, it is strongly dependent on how 
well and reliably the input image is processed. As long 
as there is haze or fog in the target scene, these 
algorithms will be plagued by biased and corrupted input 
images. 
For a long time now, researchers have been working on 
ways to improve photo dehazing. The modern brand new 
can be loosely institutionalized into the most important 
companies. As a first step, we have schemes that don't 
take into account the physical modelling of a photograph 
and how it's formed. Such schemes only aim to enhance 
the visual appeal of a photograph in order to please the 
viewer. Dehazing schemes based on such enhancements 
have spread across the board. 
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II Block Diagram 

 

 
Fig 1 Block diagram of Proposed Haze removal model 

 

  

The main Objectives will be:  

 We present a windows adaptive method to estimate 
the transmission map;  

 We propose a new energy model for dehazing and 
denoising simultaneously;  

 We describe the existence and uniqueness of the 
minimizer of the proposed energy functional;  

 To the best of our knowledge, the framework of the 
weighted vectorial total variation introduced here is 
somewhat new and could be applied elsewhere;  

 This project is comprised of several components and 
thus has a number of key objectives 

 Take as input any user-specified RGB source image 
that is polluted with haze. 

 Accurately determine which areas are polluted with 
haze. 

 Dehaze the image using the dark channel prior.  
 Complete all computation in a reasonable amount of 

time (under 30 seconds for an 800x600 pixel image, if 
possible) 

            

III  Research Methodology/Planning of Work 

The dark channel prior method has become a well-
adopted The algorithm has been used in numerous 
research projects to improve hazy images. A video 
application, for example, uses the dark channel prior to 
identify fog in hazy weather based on the traffic scene. 
The dark channel has also been extended in the past to 
improve underwater film and video quality. 
Additionally, efforts have been made to improve the 
current method of dark channel prior. Contrast 
enhancement, for example, was used to improve the 
contrast of the dark channel prior method, resulting in 
less colour distortion. Still, little effort has been made to 
speed up the computation time of the dark channel prior 
method. In the dark channel prior algorithm, there is a 
soft matting function. To improve the time it takes to 
clear up hazy images, we design an optimization 
algorithm that balances between a system of three 
bilateral filters and the darkish channel before. Using 
experimental results, it can be concluded that the 
proposed method correctly identifies hazy and clear 
areas in an image. Our primary goal was to improve the 
performance of the dark channel in the previous method, 
rather than to improve the quality of the final image. 
When compared to the traditional darkish channel prior 
approach, the results are significantly quicker with 

speeds running at around 12 seconds for a 800x600 pixel 
image now. 
Last but not least, techniques previously claimed their 
methods worked on photos that were polluted with 
smoke and other haze, but those methods never tested 
experimental results the use of photos other than hazy 
images. We used images of fog/haze as well as images 
that had been contaminated by smoke and steam in our 
approach. Prior to writing MATLAB code, we used a 
dark channel to conduct our experiments. To apply the 
guided joint filter in the bilateral filtering algorithm, we 
used MATLAB code from For the time being, we'll be 
running the code in MATLAB because it's a good choice 
for computational photography. Dehazing method as a 
whole and algorithm for the three-step bilateral filtering 
process are required. In order to produce haze-free 
images, the following outlines the steps and their 
associated functions. In our experiments, we used 
images taken in the field before the project as our test 
images. Smoke, steam, or haze can be seen in images. 
However, the results would be the same for a hazy or 
steamy image as the one used in this section. 
Various computer vision-based applications now require 
haze removal algorithms. However, there are many 
aspects that have been overlooked in current approaches, 
such as the fact that no technique is accurate in every 
situation. 
The results of a survey have revealed the overlooked 
aspects of the methods presented, such as noise 
reduction techniques. 
Dehazing methods also face the problem of uneven and 
excessive illumination. Existing methods must therefore 
be revised in order that they function more effectively. 
An algorithm that incorporates a dark channel prior, 
CLAHE, and bilateral filter can yield better results. 

IV Design and Implementation of Adaptive Filters 

The adaptive filtering component of the algorithm 
begins after the dark channel priors of the image have 
been successfully computed. The dark channel priori-
based image is greatly enhanced by this component, 
which also aids in increasing the efficiency of the 
algorithm's subsequent components. The term 
"adaptable" refers to filters that are able to change their 
filtering parameters (coefficients) over time in order to 
adapt to changing image dynamics. Adaptive filters 
must be able to learn on their own. The adaptive filter 
coefficients are able to adjust themselves as the input 
image arrives at the filter in order to achieve an optimal 
outcome, such as identifying an unknown filter 
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component or cancelling out noise in the input image. 
Some filter properties must be taken into account when 
designing an adaptive filter in order to get the best 
results. The following are a few of the benchmark 
properties. As a result, the rate at which a filter achieves 
its final state is determined by the filter's Convergence 
Rate. An adaptive system's ability to quickly adapt to 
changes in the environment is typically sought after. 
However, the rate of convergence is not independent of 
all other performance characteristics. Convergence rate 
will be improved at the expense of other performance 
metrics; this means that other performance metrics may 
suffer as a result.  
Convergence can be sped up, but this reduces the 
system's stability, increasing the likelihood of 
divergence instead of convergence. Likewise, a decrease 
in convergence rate can cause the system to become 
more stable. This shows that the convergence rate can 
only be considered in relation to the other performance 
metrics, not by itself with no regards to the rest of the 
system. 

 Minimum Mean Square Error: 

As an indicator of system adaptability, the minimum 
mean square error (MSE) is used. Small minimum MSE 
indicates that the adaptive system accurately modelled, 
predicted and/or adjusted to the system's needs. In 
general, a large MSE indicates that the adaptive filter is 
unable to accurately model the given system or that the 
adaptive filter's initial state is insufficient to cause the 
adaptive filter to converge. Quantization noise, adaptive 
system order, measurement noise, and the error of the 
gradient due to the finite step size all play a role in 
determining the minimum MSE. 

 Computational Complexity 

Computational complexity is critical in real-time 
adaptive filtering systems. Hardware limitations can 
affect the performance of a real-time system when it is 
implemented. It will take a lot more computing power to 
run a complex algorithm than a simpler one. 

 Stability 

The adaptive system's most important performance 
metric is stability. There are very few adaptive systems 
that are completely asymptotically stable, due to the 

nature of the adaptive system itself. The initial 
conditions, the transfer function, and the step size of the 
input determine the stability of most implemented 
systems. 

 Robustness 

In order to have a stable system, you must have a system 
that is robust. The system's ability to withstand both 
input and quantization noise is a measure of its 
robustness.. 

 Filter Length 

Other performance metrics are directly related to the 
length of the adaptive system's filter. An adaptive 
filter's ability to accurately model a given system is 
determined by the filter's length. As a result, the filter 
length has an impact on the convergence rate, the 
stability of the system, and the minimum MSE when 
applied to certain step sizes. The maximum 
convergence rate will be reduced if the filter length of 
the system is increased. To put it another way, the 
number of computations will decrease if the filter 
length is reduced, thereby increasing the maximum 
convergence rate. You can add additional poles or 
zeroes to a filter in order to maintain stability when the 
filter length increases for a given system. To maintain 
stability, the maximum step size or convergence rate 
must be reduced. Because there aren't enough poles and 
zeros to model the system, the mean square error will 
eventually reach a nonzero constant. If the system is 
over specified, meaning it has too many poles and/or 
zeroes for the system model, it will have the potential to 
converge to zero, but increased calculations will affect 
the maximum convergence rate possible. 

VI   Conclusion 

Algorithms based on the Dark Channel for dehazing In 
this paper, a major advancement in the field of picture 
dehazing was examined. As a result, the entire process 
of photograph haze removal had to be slowed down and 
complicated by Dark Channel's use of complex post-
processing mechanisms. According to this paper's 
findings, improvements to the virtual image's statistics 
like Mean, Variance, and Entropy can be expected. 
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Abstract: The entirely distinct pattern recognition 

technologies have been proposed over recent years and thus 

the different research teams focus on the effects of 

popularity. Because of its use in many areas, such as pattern 

recognition and machine learning, handwritten character 

recognition has found great success. In online handwritten 

character recognition, the basic field is for use. The various 

character recognition techniques were suggested in the 

offline handwritten recognition process. Although the 

techniques for transforming textual content are established 

by some empirical studies and publications. This textual 

material has been translated from a paper file into a 

machine-readable form. The character recognition system 

could help produce a paperless document as a key in the 

coming days. The key aspect was the digitization of paper 

documents and the retrieval of existing paper records as 

well. In this job, we took out offline samples of some 

Rajasthani handwritten characters. The proposed average 

recognition rate for machine archives is 89.82 percent, using 

histogram oriented gradient features and support vector 

machine classifiers. 

Index Terms- Handwritten character recognition, Feature 

Extraction, Classifier. 

 

I. INTRODUCTION 

Over the past several years, every day the utilization of 

technology is increased exponentially. Every human 

being is egger to convey his feelings, thoughts to friends 

and family members. So it is necessary make the machine 

as intelligent as possible. Recognition and processing 

handwritten characters are motivated primarily by a desire 

to improve the human and machine communication. The 

method of reading, recognizing and interpreting 

handwritten characters is automated by many researchers. 

Character recognition has its own importance in the field 

of Pattern recognition. There are various scripts and 

languages used in the world. In this modern era, 

computers are used widely in communication, education, 

etc. The task of recognition specially, character 

recognition looks like very simple for human beings [1]. 

During the study method of handwritten characters 

recognition, it was found that the human brain is the best 

system to investigate and models of one that has been very 

successful in such a task. Humans learn these things from 

childhood. For humans, it is necessary to study the objects 

and save characteristics or features of that object. The 

same task is very complex for the machine. In addition to 

the image quality, image characteristics, segmentation, 

and recognition errors. The complexity of the image also 

affects the level of recognition of handwritten characters. 

[2,3]. The role of Devanagari character recognition is 

complicated by the existence of multi-loops, 

conjunctions, up and down modifiers and the number of 

separated and multi-stroke characters in a word, and also 

some authors use the header row. For example, OCR 

system will be used to store, search, and experts from 

paper-based documents [4]. The area of character 

recognition can be sort the postal document, verifying the 

cheque in banks, analyzing bank documents, recognition 

of signature, recognition of vehicle nameplate, crime 

detection using handwriting.  

An article which is based on the topic of character 

recognition in the handwritten type. We evaluate the 

performance of different functions based on the 

classification of SVM. It is shown that the performance of 

the proposed method can be far superior to that of 

commercial OCR systems, using as few as 18 training 

images. Therefore, the process can benefit from 

unnaturally developed training data avoiding the need to 

collect and compile expensive data. 

 

II. ANALYSIS OF RELATED WORK 

There are several languages in India, so it called a 

multilingual country. In India there are 1,652 languages 

and the 350 languages are the main languages [5,6]. In 

this most of the languages become to the Dravidian and 

Aryan families. The English and Hindi languages are 

officially used in the India’s Republic. In India, Hindi is 
the familiar language. Constitution of India recognized 22 

languages [7]. Hindi is main among them speak Hindi 

nearly 41% of people. 

I. K. Sethi et.al., published the earliest study report on the 

Devanagari handwritten characters [8], but not a lot of 

research work is done after. Presently there are some 

researchers functioning on Devanagari handwritten 

characters. This is a very popular script. The nature and 

phonetic writing system for the script maps the sound of 
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aksharas to specific forms. Devanagari script is most 

useful and it is used in to construct many Indian languages 

like Marathi, Hindi, Sanskrit, Sindhi, Nepali, Konkani, 

etc. A very wide use Devanagari script in the world so that 

more than three hundred million people worldwide use 

the Devanagari [9]. The script is very common and 

established the base of the Indian language. It plays a 

crucial role in the development of manuscripts and 

literature. 

Rajneesh Rani et. al., discussed source for feature 

extraction is the gradient representation. Support Vector 

Machines (SVM) classifier is obtained the experimental 

results. The experimental result demonstrates high 

performance of these features by means of cross 

validation accuracy of 94% [12].  

V.S. Tapkir et.al., projected an algorithm which was 

based on projection profile. Methods based on profiles 

can only be segments of line and character without 

overlap. The experimental result obtained accuracy with 

98% [13]. 

Ved Prakash Agnihotri, used neural network to present a 

system. Extraction of diagonal-based features is used for 

Devanagari script handwritten. The Devanagari offline 

recognition system's accuracy is 85.78 percent [14]. 

Pratibha Singh et. al., suggested stochastic gradient based 

learning mini-batch applied to multilayer perceptron. This 

technique reduces the variance in the estimate of the 

Gradient [15]. 

R Jayadevan and so on. Al. [16] proposed a recognition 

technique that combines two approaches. In addition to 

the technique of binary vector  

machine (BMV), the first solution which is based on a 

gradient structure and the cavity (GSC) functions. The 

second approach is based on the functionality of the 

temporal change of the dynamic (DTV) and vertical 

projection profile (VPP). 

 

III. PROPOSED SYSTEM 

The basic task starts with the preparation of the database 

in the proposed system. Database preparation is an 

important task in this research work, as there is no 

standard handwritten database of Rajasthani characters. 

The character set of Rajasthani is given in Fig.1. 

 

 
Fig.1: Basic set of characters 

 

a. Database Design  

The A4 paper data sheet is intended for the handwritten 

framework of character recognition and the characters 

were written by different age groups of different 

Rajasthani persons. The sample datasheet for data 

collection is shown in the Fig. 2 and data sheet with 

handwritten character   is shown in Fig. 3. 

 
Fig. 2: Blank data sheetfor data collection 
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Fig.3: Data sheet withsample data collected 

 

Using the Cannon Lide 110 with 300dpi, data collection 

from different personal data sheets is scanned and stored 

as a jpg file after data collection. The approach suggested 

was to design a database of 18 characters out of 38 

characters. The database includes 900 sample datasets in 

all. The following steps have been performed in order to 

preprocess the image before feature extraction:  

Phase 1: Read the File for the Datasheet (Scan file) 

Phase 2: Adjustment of the image intensity value 

Phase 3: Images have been converted and saved to the 

grey image scale 

Phase 4: Converting all grey images to binary images 

Phase 5: Take this Data File Compliment 

Phase 6: Crop each line and each character afterwards. 

Phase 7: Lastly, all images are resized to 40 x 40 pixels. 

In this way the individual characters is available in the 

form of image in database. Some sample characters in the 

database are as shown in the Fig. 4.  

 

 

 
 

Fig. 4: Sample of database 

 

 

IV. RESULTS AND DISCUSSION 
Features of Histogram-oriented gradients are extracted. 

The shape of the image with the intensity distribution 

gradient or towards the edges is represented by HOG 

features. A local type of an entity is a HOG function 

vector. The geometric and photometric transformations 

locally are relatively invariant to the HOG characteristics. 

That features encode information local shape of the area 

or the location of a point in an image. In all 81features are 

extracted for each character image. In this way the total 

database contains 900 X 81data values. 

These features are classified using the classifier SVM and 

results for training, testing and cross validation are shown 

in Table1, 2 and 3 respectively.   

 

Table 1:  

For Training 

Table 2:  

For Testing 

Table 3: 

For  

Cross Validation        
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Ka 100 Ka 100 Ka 100 

Wa 100 Wa 90.00 Wa 72.73 

Fa 100 Fa 78.57 Fa 88.89 

Ga 100 Ga 100 Ga 88.89 

Gha 100 Gha 90.00 Gha 63.64 

bha 100 bha 100 bha 100 

ba 100 ba 92.31 ba 100 

Sha 100 Sha 93.33 Sha 66.67 

Ee 100 Ee 70.59 Ee 57.14 

Tra 100 Tra 92.86 Tra 100 

Ha 100 Ha 100 Ha 62.50 

Eee 100 Eee 83.33 Eee 87.50 

Naa 100 Naa 100 Naa 71.43 
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dnya 100 dnya 75.00 dnya 71.43 

Na 100 Na 84.62 Na 100 

Sa 100 Sa 66.67 Sa 100 

Taa 100 Taa 71.43 Taa 75 

Ya 100 Ya 84.62 Ya 71.43 

 

 
Table 4: Average Accuracy 

Classifier Training 
Cross-

validation 
Testing 

Average 

Accuracy 

SVM 100 82.06 87.40 89.82 

 

The classifier used in this work is SVM.  On training, 

testing, and cross validation, these results are carried out. 

Here to be note that on training set the percentage of 

accuracy almost 100% for all characters, on testing set the 

average percentage of accuracy is 87.40% and the average 

percentage of accuracy is 82.06% for cross validation. On 

testing the recognition rate above 90% is  

recognition rate is 66.67% for ‘Sa’. The average 

recognition rate is obtained 89.82%. This accuracy can be 

improved by taking into account a bigger collection of 

data when training a classifier. This work can also be 

extended with offline handwriting character for character 

recognition other scripts in India. The graphical 

representation of the obtained result for each character on 

testing and cross validation is shown in the Fig. 5. 

 

 

 
 

Fig.5: Recognition accuracy with SVM classifier 

 

V. CONCLUSION 

Authors propose a handwritten Rajasthani character 

recognition algorithm. The average accuracy of 

recognition in preparation, testing and CV using SVM for 

all handwritten Rajasthani characters is 89.82%. By 

taking into account a larger collection of data when 

training a classifier, this accuracy can be improved. This 

work can also be extended to other character recognition 

scripts in India. 

ACKNOWLEDGMENT 

The authors would like to thank Amravati University, 

Amravati for their support in the completion of this 

research work. 

 

REFERENCES 
[1] Ajmire P. E., Dharaskar R V, Thakare V M, “Handwritten 

Devanagari (Marathi) Character Recognition Using SVM And 

MLP”, International Journal Of Pure And Applied Research In 
Engineering And Technology, IJPRET, Volume 4 (4): 1-10, 2015. 

[2] Amalia Rusu and Venu Govindaraju, “The Influence of Image 
Complexity on Handwriting Recognition”, University at Buffalo, 
the State University of New York Buffalo, NY, USA. 

[3] Ajmire P. E., Dharaskar R V, Thakare V M,  “Study of Complexity 
of Devanagari Script for Handwritten Character Recognition”, 
Proceedings of Tweleth IRF International Conference, Chennai, 

India, pp.109-111, 31st August 2014. 

[4] Simone Marinai, “Introduction to Document Analysis and 
Recognition”, Springer-Verlag Berlin Heidelberg 2008. 

[5]  Nandita Chaudhary, “Listening To Culture: Constructing Reality 
from Everyday Talk”, SAGE Publications India. 

[6]   E-Book “Discovering the Life Span”, by Pearson Education India. 
[7]   R. Mahesh K. Sinha, “A Journey from Indian Scripts Processing to 

Indian Language Processing”, IEEE Annals of the History of 
Computing, IEEE Computer Society, 2009. 

[8]  I.K. Sethi, B. Chatterjee, “Machine recognition of constrained hand 
printed Devanagari”, Pattern Recognition, the Journal of the Pattern 
Recognition Society, Vol. 9, Issue 2, pp 69-75, July 1977. 

[9] Latesh Malik and P. S. Deshpande, “Recognition of printed 
Devnagari characters with regular expression in finite state 

models”, Proceedings of the International Workshop on Machine 
Intelligence Research (MIR Day, GHRCE- Nagpur), 2009. 

[10]  Sandhya Arora, D. Bhattacharjee, M. Nasipuri, D. K. Basu and M. 

Kundra,      “Complementary Features Combined in a MLP-based 

System to Recognize Handwritten Devanagari Characters” 

Authorized licensed use limited to: Rutgers University. Downloaded on May 18,2021 at 22:25:28 UTC from IEEE Xplore.  Restrictions apply. 



 

Journal of Information Hiding and Multimedia Signal Processing 

Vol. 2,No.1 Jan 2011. 
[11]  J. Pradeep, E. Srinivasan and S. Himavathi “Diagonal Based 

Feature Extraction for Handwritten Alphabets Recognition 

System Using Neural Network”, International Journal of 
Computer Science & Information Technology, Vol. 3, No 1, Feb 

2011. 

[12]  Ashutosh Aggarwal, Rajneesh Rani, Renu Dhir “Handwritten 
Devanagari Character Recognition Using Gradient Features”, 
International Journal of Advanced Research in Computer Science 

and Software Engineering, Volume 2, Issue 5, May 2012. 
[13]  Mrs. V S Tapkir and Mrs.S D Shelke, “OCR for handwritten 

Marathi Script”, International Journal of Scientific & Engineering 
Research Vol. 3, Issue 8, August 2012. 

[14]  Ved Prakash Agnihotri, “Offline Handwritten Devanagari Script 

Recognition”, Information Technology and Computer Science, 
Vol. 8, pp. 37-42, 2012. 

[15]  Pratibha Singh, Ajay Verma and Narendra S Chaudhari, 

“Handwritten Devanagari Digit Recognition using Fusion of 
Global and Local Features”, International Journal of Computer 
Application, Vol.89, Number-1, 2014. 

[16]  R Jayadevan, S R Kolhe, P M Patil and U Pal “Database 
Development and Recognition of Handwritten Devanagari Legal 
Amount words”, International Conference on Document Analysis 
and Recognition, IEEE, 2011. 

Authorized licensed use limited to: Rutgers University. Downloaded on May 18,2021 at 22:25:28 UTC from IEEE Xplore.  Restrictions apply. 



 

  
Special Issue A16, March 2021 

ISSN:2320-7817(p) 2320-964X(0) 

 

 

Original Article  Open Access 
 

National Conference on Recent trends in Science and Technology-2021 (RTST-2021)                                |26 

 

An overview of information extraction methods, techniques 

and tools for the contents in chemical document 
 

 

Agarkar VV1  and Ajmire PE2 

 
1Assistant Professor, Department of Computer Science, Shri D. M. Burungale Science & Arts College, Shegaon MS, India, 
2Professor & Head, Department of Computer Science, G. S. Science Arts & Commerce College, Khamgaon MS, India,  

Email: vinodvagarkar@gmail.com, peajmire@rediffmail.com 

 

Manuscript details: ABSTRACT 

Available online on http://www.ijlsci.in  

ISSN: 2320-964X (Online) 

ISSN: 2320-7817 (Print) 

 

Cite this article as: 

Agarkar VV  and Ajmire PE (2021) An overview 

of information extraction methods, techniques 

and tools for the contents in chemical 

document, Int. J. of. Life Sciences, Special Issue, 

A16: 26-30. 

 

Article published in Special issue of National 

Conference on "Recent Trends in Science and 

Technology-2021 (RTST-2021)” organized by 

Department of Environmental Science, Shri. 

Dnyaneshwar Maskuji Burungale Science & 

Arts College, Shegaon, Bhuldhana, and 

Department of Botany Indraraj Commerce and 

Science College Shillod, DIst. Aurangabad, 

Maharashtra, India date, February 22, 2021. 

 

Open Access This article is 

licensed under a Creative 

Commons Attribution 4.0 

International License, which permits use, 

sharing, adaptation, distribution and 

reproduction in any medium or format, as long 

as you give appropriate credit to the original 

author(s) and the source, provide a link to the 

Creative Commons license, and indicate if 

changes were made. The images or other 

thirdparty material in this article are included 

in the article’s Creative Commons license, 
unless indicated otherwise in a credit line to 

the material. If material is not included in the 

article’s Creative Commons license and your 

intended use is not permitted by statutory 

regulation or exceeds the permitted use, you 

will need to obtain permission directly from 

the copyright holder. To view a copy of this 

license, visit http://creativecommons.org/ 

licenses/by/4.0/ 

 

 

The amount of electronic documents has speedily increased and the 

information over the internet is increasing day by day too. The web is 

continuously growing because the new information is added over it a day. 

These massive documents contain substantial information, but it has to be 

retrieved and managed in a constructive and useful way. Extracting the 

information from these documents is useful for many applications such as text 

categorization, summarization, clustering, topic tracking etc. Information 

Extraction (IE) is the field of extracting useful information using different 

methods and approaches. In this paper, the concept of information extraction 

(IE) is discussed, as well as presents overview of techniques used for 

information extraction from chemical documents. 
 

Keywords - Information Extraction, NLP, ChemEx, IR 

 

  

 
INTRODUCTION 

 

The World Wide Web is the largest, popular and most widely used information 

source. It is much popular among users because it can easily accessible and 

searchable. The information over the internet is increasing day by day. The 

web is continuously growing because the new information is added over it a 

day, due to the web, users not only allow to look needed information on the 

web, but also easily share the information and knowledge with others (Agarkar 

et al., 2020). The information available on the web is in the form of web pages. 

The contents of web pages may include texts, images, audios, videos, links, lists, 

charts, tables etc. Analyzing such data can help to extract meaningful 

information from web. In fast moving academic world, new conferences, 

journals and other publications are rapidly comes into existence and are 

expanding the already vast repository of scientific knowledge (Patil and 

Mahajan, 2012). E-Journals are an important source for the scientific research 

and development.  Researchers and other users are widely used to carry out 

day-to-day qualitative research, education and knowledge. 
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Scientific documents are the main source of current 

information for researchers. Usually, this textual data is 

available either in semi-structured or unstructured form. 

Today most of the scientific documents are available in 

Portable Document Format (PDF). Extracting the 

Knowledge from these documents is beneficial for several 

applications like text categorization, summarization, 

clustering, topic tracking etc. Information extraction (IE) 

is the task of automatically extracting structured 

information from unstructured and/or semi-structu-

red machine-readable documents and other electronically 

represented sources. In past decades, IE system develop-

ment has grown rapidly; gaining attention from a lot of 

researchers. Information extraction tools make it possible 

to pull information from text documents, databases, 

websites or multiple sources. Usually, however, IE is used 

in natural language processing (NLP) to extract structured 

from unstructured text. IE systems are developed to 

extract information from differing types of text such as 

unstructured, semi-structured and structured text. The 

differences between the three types of text documents are: 

 

Unstructured data 

According to Sint et al. (2009) unstructured data (or 

unstructured information) refers to information that 

either does not have a predefined data model or does not 

fit into relational tables. Unstructured information is 

typically text-heavy, but may contain data such as dates, 

numbers, and facts as well. This result in irregularities and 

ambiguities that make it difficult to understand using 

traditional computer programs as compared to data 

stored in fielded form in databases or annotated in 

documents. 

 

Semi-structured data 

The term semi-structured data is a form of structured data 

that does not conform to the formal structure of data 

models associated with relational databases or other 

forms of data tables, but nonetheless contains tags or 

other markers to separate semantic elements and enforce 

hierarchies of records and fields within the data (Sukanya 

and Biruntha, 2012). 

 

Structured text data:  

Structured data includes mainly text, these data are easily 

processed. These data are easily entered, stored and 

analyzed. Structured data are stored in the form of rows 

and columns which is easily managed with the language called “structured query language” (SQL). Relational 
model is a data model that supports structured data and 

manages it in the form of row and table and process the 

content of the table easily. XML also Support structured 

data. Most of the content of the web pages are in the XML 

forms (Praveen and Chandra, 2017). 

 

This paper discusses some important aspects of IE 

concepts, together with the methods, techniques and tools 

which are used to extract information from chemical 

documents. 

 

Information Extraction 

Information Extraction (IE) is a process that analyses 

natural language in order to extract specific data. The 

process takes texts (and sometimes speech) as input and 

produces fixed-format, unambiguous data as output. This 

data may be used directly for display to users, or may be 

stored in a database or spreadsheet for later analysis, or 

may be used for indexing purposes in Information 

Retrieval (IR) applications such as Internet search engines 

like Google search engine (Cunningham, 2006). Early 

work in information extraction from documents is based 

on two major machine learning techniques. The first is 

Hidden Markov models (HMM) and second is Support 

Vector Machine (SVM). 

 

Information extraction is an important research area, and 

many research efforts have been made so far. Among 

these research work, rule learning based method, 

classification -based method, and sequential labeling 

based method are the three state-of-the-art methods (Jie 

et al., 2007). 

 

1) Rule Learning based Extraction Methods 

Numerous information systems have been developed 

based on this method, which can be grouped into three 

categories: dictionary-based method, rule-based method, 

and wrapper induction. 

 

a) Dictionary based method  

Traditional information extraction systems first construct 

a pattern (template) dictionary, and then use the diction-

nary to extract needed information from the new untag-

ged text. These extraction systems are called as diction-

nary- based systems (also called pattern-based systems). 
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b) Rule based method 

The rule based method use several general rules instead of 

dictionary to extract information from text. The rule based 

systems have been mostly used in information extraction 

from semi-structured web page. Two main rule learning 

algorithms of these systems are: bottom-up method which 

learns rules from special cases to general ones, and top-

down method which learns rules from general cases to 

special ones. 

 

c) Wrapper induction 

Wrapper induction is another type of rule based method 

which is aimed at structured and semi-structured 

documents such as web pages. A wrapper is an extraction 

procedure, which consists of a set extraction rules and 

also program codes required to apply these rules. 

Wrapper induction is a technique for automatically 

learning the wrappers. Given a training data set, the 

induction algorithm learns a wrapper for extracting the 

target information (Jie et al., 2007). 

2) Classification based method 

In this method, information extraction is done using 

supervised machine learning approach. The basic idea is 

to cast information extraction problem as that of 

classification. Support Vector Machines (SVMs) is one of 

the most popular methods for classification (Jie et al., 

2007). 

 

3) Sequential labeling based method 

Information extraction can be cast as a task of sequential 

labeling. In sequential labeling, a document is viewed as a 

sequence of tokens, and a sequence of labels are assigned 

to each token to indicate the property of the token. For 

example, consider the nature language processing task of 

labeling words of a sentence with their corresponding 

Part-Of-Speech (POS). In this task, each word is labeled 

with a tag indicating its appropriate POS. Hidden Markov 

Model, Maximum Entropy Markov Model, and Conditional 

Random Field are widely used sequential labeling models 

(Jie et al., 2007). 

 

 

 

Table 1: Comparison of some chemical related IE methods for information extraction 

 

  

Approach used Dataset tested Extracted Information Reference 

Lexical and syntactic 

aspects 

American Chemical 

Society journals 

Facts about chemical reactions Zamora and Blower (1984) 

nearest neighbour 

KNN 

300 datasets Protein names form biological 

information 

Mani and I Zhang (2003) 

NLP Free-text documents in a 

patients (EMR) 

Electronic Health Record 

potential medical problems 

 

Meystre and Haug (2006) 

Searching with key 

Words and 

Dictionary based 

Systems 

Scientific Literature from 

web 

Protein Ono et al., (2001) 

Rule-based IE system Hospital records of 

diabetic Patients and 

Reports 

Useful information from Polish 

medical texts 

Mykowiecka et al., (2009) 

Hybrid approach that 

combines a 

Conditional Random 

Field (CRF) with a 

dictionary 

any natural language 

texts and documents of 

bioinformatics 

Identifying chemical names that 

are mentioned in natural 

language texts 

Rocktaschel et al., (2012) 
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Applications of IE 

There are several applications of IE, such as news 

extraction, literature extraction, text extraction, pharma-

ceutical, healthcare, bioinformatics, and so forth. The 

development happens in Natural Language Processing and 

its applications increase so as to involve the extraction 

methods in different areas. In the areas of chemical, 

biomedical and other related areas, a lot of IE methods 

have been developed (Elsadig et al., 2015). Some of well-

known applications are discussed here: 

 

IE Methods and Techniques for Chemical Documents 

Recently, the method of automatically extracting 

knowledge and information from text data has become 

one of the most relevant and active fields of study. In this 

regards, particularly the IE techniques used to extract 

information from chemical and biomedical literature. The 

common documents that contain chemical information are 

Journal Literature and Conference Papers, Reports, 

Dissertations, Books, Research papers, patents, drug 

description, scientific articles, online articles, and so forth. 

Many IE techniques including various tools and methods 

have been developed for chemical document domain. 

Following table Table-1 shows some of the IE methods 

that are proposed for information extraction from 

chemical and related domain. This table contains four 

columns namely; author, approach used, dataset tested, 

extracted information and references. 

 

Tools for information extraction in Chemical 

Documents 

Following are some of the important tools that are used 

for information extraction from chemical documents: 

 

1) TICA 

TICA (Postma et al, 1990) is a program for the analysis of 

short texts, such as abstracts. It is particularly used for the 

extraction of factual and methodological data from 

abstract-like texts on analytical chemical methods. The 

system consists of a parser/interpreter (which performs a 

parallel analysis based on requests) and a frame-based 

reasoning system (script-applier). This program is capable 

of analyzing short abstract-like texts containing 

declarative and imperative simple sentences and complex 

sentences with participle clauses. Inorganic substance 

names are translated to their formulas and the program 

can handle various kinds of quantifiers. 

2) Chem Data Extractor 

Matthew and Jacqueline (2016) presented a complete 

toolkit ChemDataExtractor for the automated extraction of 

chemical entities and their associated properties, measu-

rements, and relationships from scientific documents that 

can be used to populate structured chemical databases. 

This system provides an extensible, chemistry-aware 

natural language processing pipeline for tokenization, 

part-of-speech tagging, named entity recognition and 

phrase parsing. This toolkit uses of unsupervised word 

clustering based on a massive corpus of chemistry articles 

to improve the performance for chemical named entity 

recognition. Also for phrase parsing and information 

extraction, the multiple rule-based grammars are used in 

this toolkit. They also described document-level proces-

sing to resolve data interdependencies, and show that this 

is particularly necessary for the auto-generation of 

chemical databases since captions and tables commonly 

contain chemical identifiers and references that are 

defined elsewhere in the text. The performance of the 

toolkit to correctly extract various types of data was 

evaluated, a affording an F-score of 93.4%, 86.8% and 

91.5% for extracting chemical identifiers, spectroscopic 

attributes, and chemical property attributes, respectively. 

All tools have been released under the MIT license and are 

available to download. 

 

3) Chem Ex 

Tharatipyakul et al. (2012) have developed ChemEx, a 

chemical information extraction system. ChemEx 

processes both text and images in publications. Text 

annotator is able to extract compound, organism, and 

assay entities from text content while structure image 

recognition enables translation of chemical raster images 

to machine readable format. A user can view annotated 

text along with summarized information of compounds, 

organism that produces those compounds, and assay tests. 

ChemEx facilitates and speeds up chemical data curation 

by extracting compounds, organisms, and assays from a 

large collection of publications. This software and corpus 

can be downloaded from web. 

 

CONCLUSIONS 

 

This paper discusses some of the important extraction 

methods, techniques and tools that are proposed for 

medication and chemical documents. Various researchers 
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extracted information by analyzing natural text, and 

extracted information like chemical names, facts, potential 

medical problems, structured medication information, 

protein information etc from scientific documents or 

reports with good accuracy. Extraction approaches are 

based on traditional machine learning techniques, rule 

based algorithm, hybrid techniques and some newly 

applied techniques. The automation process of IE needs to 

be implemented in different domains. Numerous methods 

and techniques are being proposed in the IE field to 

automate these processes.  
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______________________________________________________________________________________ 

ABSTRACT 

Soil nutrients testing is helpful for identifying nutrients contents in the soil before applying fertilizer for quality and 

process control of agricultural produce and soil fertility. In this paper we have reviewed different system for detection of 

various macronutrients of the soil. Nitrogen (N), Phosphorus (P) and Potassium (K) are the key nutrients which are 

mainly responsible for plant growth. Soil electrical conductivity, pH level, soil temperature also effect the productivity of 

the crop. 

________________________________________________________________________________________________ 

Keywords: Soil, Nitrogen, Phosphorus, Potassium, Temperature, Electrical Conductivity. 

 

I. Introduction 

Agriculture is the backbone of Indian economy. 
In India, around 70% of the population earns its 
earnings from agriculture [2]. Soil fertility 
changes with every harvest and varying 
weather condition, this affects the nutrient 
contents of soil [5, 9]. Soil efficiency can be 
achieved by giving suitable amount of fertilizers 
to the soil. These fertilizers plays key role by 
giving essential soil nutrients to the crop land 
those are required for nourishing and growth of 
crop [3]. To increase crop production, 
excessive chemical fertilizers are added to the 
soil. This unnecessary addition of fertilizers 
causes an undesirable environmental impact, an 
unnecessary increase in the cost of production 
and decline in crop yield and crop response 
ratio [7, 8]. Hence soil nutrient detection is 
greatly necessary for proper plant growth and 
effective fertilization [4]. 
At present day soil analysis techniques are time 
intense and high price and carried out in 
laboratories. It is necessary to use a technique 
that has a fast response time and an away that 
allow real time, on-site soil nutrient analysis. A 
great need to modernize the conventional 
analysis of soil parameters in agricultural 
practices for the higher productivity and result. 
In situ monitoring of soil parameters is an 
emerging trend which may have the potential to 
transform agricultural practices to increase 
productivity [6]. Number of researcher has 
developed soil nutrients detection methods by 
using various methods, including Conductivity, 

optical, electrochemical but lots farmers suffer 
due to lack of knowledge and their own 
incapability to utilize these advanced methods. 
[1] Hence after taking review on all the 
conditions, we have decided to study a different 
system reported by researchers for the soil 
nutrients identification & analysis. 

II. Literature Survey 

Agni Biswas and Sarthak Prakash [1] presented 
the “Farming Technology for India Agriculture 
Based Sensorics and Indicative Systems”; in 
this paper authors intends to present methods to 
provide the farmer a tool that increase his 
information which will result in the output of 
his farm. For that author monitors Soil moisture 
levels, PH levels, Humidity and temperature of 
the soil and according to inputs from these 
variables pipe valve will be turn on & off. 
After studying this [1] we think that rapid 
technological advances and timely policy 
interventions have not only helped to stop food 
crisis in India but also ensured steady increase 
in food production. 
Chetan Dwarkani M et al [2] presented the 
“Smart Farming System Using Sensors for 
Agricultural Task Automation” in this paper 
author described advanced farming by linking a 
sensible sensing system and smart irrigation 
system through wireless communication 
technology. Their system include some 
physical parameters such as soil moisture 
content, nutrient content, and pH of the soil 
which plays a vital role in farming activities. 
Based on the detection of essential parameters 
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of the soil, the required quantity of green 
manure, compost, and water is splashed on the 
crops using a smart irrigation system. 
In this paper [2] author describe moisture 
sensor content based sufficient amount of water 
was sprinkled by the irrigator system. 
Akshay Sankpal and Krishna K. Warhade [3] 
presented the “review of optoelectronic 
detection methods for the analysis of soil 
nutrients” in this paper author reviewed sensing 
technology and other portable various methods 
which were useful in the determination of soil 
nutrients viz. NPK like electrochemical, 
mechanical, optical etc. mainly optical methods 
were studied for the determination of soil 
nutrients with the uses of optical LED’s and 
VIR-NIR methods. 
In this paper [3] author studied various methods 
which were used to determine soil nutrients and 
they found optical method is efficient and low 
power consumption. 
Tamal Adhikary et al [4] presented the “Test 
Implementation of a Sensor Device for 
Measuring Soil Macronutrients” in this paper 
author developed a sensing system using high 
precision, wide spectral range Photo Diode 
(PD), low spectral-width Light Emitting Diode 
(LED), microcontroller, analog-to-digital 
converter (ADC) for detecting soil 
macronutrients. They have integrated a GPRS 
modem with sensing unit for remote data 
collection to a server. The test samples were 
carried out from different farmlands and the 
outcome were compared with those obtained by 
a color chart judgment after laboratory analysis. 
After studying this paper [4] we found that the 
measurement using current sensing system is 
restricted by only three macronutrients of the 
soil and it requires soil solution, which needs to 
be prepared in a chemical laboratory. 
D. Rupa et al [5] presented the “ A Novel 
Approach for Soil Testing using Embedded 
System” in this paper author develop a testing 
system which can be used for soil analysis, 
which helps the farmers to grow and produce 
the proper crop. System detects the Nitrogen, 
Potassium, Phosphorous and PH of soil. Nitrate 
and phosphorous ISE were used to measure 
concentration of N and K nutrient of soil. 
After studying this paper [5] we found that 
proper soil test will help to the use of enough 
fertilizer according to the requirements of the 

crops, although taking benefit of the nutrients 
already present in the soil.  
Abdullah Na et al [6] presented the “An IOT 
Based System for Remote Monitoring of Soil 
Characteristics” in this paper the author used 
antimony electrode for pH measurement. For 
soil moisture content evaluation, the inverse 
relation between soil resistance and soil 
moisture has been used and related circuitry has 
been developed. The soil temperature sensor 
DS18B20 was used which worked on Dallas one 
wire protocol. The system was incorporated 
with Bluetooth for the transfer of data to a 
nearby cell phone. The whole system was 
developed on STM32Nucleo platform. 
In this paper [6] researcher has been considered 
soil pH, temperature, and moisture 
measurement. The system has developed on 
STM32 board with use of Bluetooth to 
communication with farmer’s         smart phone. 
Dr. Neeta A. Doshi et al [7] presented the “Soil 
N-P-K Monitoring and Control System using 
FPGA: A Review” in this paper the percentage 
of Nitrogen, Phosphorus and Potassium by 
using sensor and monitoring is analyzed and 
FPGA system was proposed. 
After studying this paper [7] we conclude NPK 
fertilizer does not reduce soil bulk density. This 
will be due to increased availability of N and K 
in the soil. 
Laxmi C. Gavade et al [8] published the “N, P, K 
Detection & Control for Agriculture 
Applications using PIC Controller: A Review” 
in this paper author reviewed different 
detection of N, P and K contents, humidity of 
the soil by using different sensors and also 
monitor the temperature and sunlight in the 
farmland. 
After reading this paper [8] we found that 
overall these techniques have verisimilar and 
all the process will take place using chemical 
laboratory to detect the presence of soil macro-
nutrients, though separately measurements of 
the nutrients still remains an open challenge 
due to some factors such as expensive 
spectrometers and other sensor techniques. 
Dharesh Vadalia et al [9] presented the “Real 
Time soil fertility analyzer and crop prediction” 
in this paper author determine the average 
percentage of basic soil nutrients Nitrogen, 
Phosphorous and Potassium with the help of 
pH meter and predict the suitable crops for the 
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particular soil type in real time. System was 
built on Arduino. 
After studying this paper [9] we found that by 
using pH meter and EC sensor pH & electrical 
conductivity is measured in real time. The pH 
meter reading gives the approximate ratio of 
various nutrient content present in soil and in 
what proportion. This estimate of soil nutrient 
will decide the suitable crop for the farmland. 
Deepa V. Ramane et al [10] presented the 
“Detection of NPK nutrients of soil using Fiber 
Optic Sensor”: In this paper author has 
developed a fiber optic based color sensor to 
determine N, P, and K values with in the soil 
sample. For that colorimetric measurement of 
aqueous solution of soil has been used. The 
color detector relies on the principle of 
absorption of color by solution. It helps in 
deciding the N, P, K amounts as high, medium, 
low, or none. The sensor probes beside correct 
signal acquisition circuits were constructed to 
detect the deficient element of the soil. It was 
helpful in dispensing only needed amount of 
fertilizers in the soil. 
After studying this [10] we found, optical fiber 
based color sensor was developed to detect the 
absence of the nutrients N, P or K in the soil. 
Optical NPK sensor is worked on the principle 
of iteration between incident light & soil 
surface properties. 

III. Various Available Sensor Techniques 

There are different types of sensors that may be 
used to detect various nutrients of soil. Soil 
micronutrients detections are usually performed 
by three steps: Soil sampling, sample 
pretreatment and chemical analysis. In real 
time, detection of NPK is carried out by three 
methods viz. Conductivity measurement, 
electrochemical measurement methods and 
Optical measurement method to analyze 
concentration of primary nutrients [10]. 

A] Conductivity Method 

In this method, two or three electrodes of same 
/ different material are used to dip in soil 
samples. Materials used may be steel, silver, 
platinum, antimony, graphite or copper [10]. 
An A.C. voltage is applied to electrodes in the 
sample. Reference electrode is attached to 
multimeter to get the current changes. The A.C. 
voltage leads to movements of ion that results 

variableness of current of soil sample. Use of 
A.C. voltage avoids neutralization of ions. 
Varied current offers varied conductivity. 
Variability between electrical conductivity and 
N, P, K Concentration is observed. [8]. 
According to concentration of NPK in soil, 
conductivity of electrode change. The change 
in conductivity is converted into electrical 
signal with the help of transducers for further 
interface with electronic control system. 

B] Electrochemical Method 

Electrochemical sensors constitute Ion 
Selective Electrode and Ion Selective Field 
Effective Transistor. It requires ion selective 
membranes, which are integrated with the 
reference electrode and enable the ion 
concentration response to be converted into 
electric potentials. Ion Selective Electrode (ISE) 
and Ion Selective Field Effective Transistor 
(ISFET) use different membranes, extraction 
solutions, and a multi-target system with coated 
wire field-effect transistor [10]. 

C] Optical Method 

Optical NPK sensors concern with incident light 
and soil surface properties, the characteristics of 
the reflected light vary due to the soil physical 
and chemical properties [10]. Laser Induced 
Florescence Spectroscopy is optical technique 
in which analyte in the molecule absorbs 
radiation at UV and visible a wavelength. NIR is 
a spectro photometric method that deals with the 
interaction of near infrared radiation with the 
sample under analysis [8].These optical ways 
are reliable but time-consuming, high cost per 
test and not easily replicable, this resulted in 
the limitation of the number of soil samples 
tested for characterizing the spatial 
changeability of soil nutrients in a field or fields 
[10]. 

IV. Conclusion 

An appropriate soil test will ensure a sufficient 
amount of fertilizer use to meet the 
requirements of the crop while considering the 
nutrients already present in the soil. We have 
studied various types of methods which are 
useful in the determination of soil nutrients 
found that chemical method required complex 
laboratory testing and this time consuming 
doesn’t gives results in real time period. 
Optical methods are studied for the 
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determination of soil nutrients which use 
optical LED’s and VIR-NIR methods. Optical 
methods are efficient and having low power 
consumption. Electrochemical method responds 
to a particular ion in the solution according to 
logarithmic relationship between the ionic 
activity and electric potentials. There is limited 
soil nutrients lab-on-a-chip system available 
commercially. Hence more effective tools need 
to be invented to enhance the production from 

the soil and make easy the farmers struggle for 
survival. 
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ABSTRACT:  
 

Increasing air temperatures are probable to continue in the future. The relation between soil moisture 

and near surface air temperature, relative humidity is important for climate change and climate extremes. In 

this paper we are going to study the effect of atmospheric conditions like Air Temperature, Relative Humidity 

on soil properties. For this Microcontroller Arduino Nano V3.0, DHT22 & corrosion less Capacitive Soil 

Moisture sensor V2.0 are used and the results are transmitted to cloud with the help of ESP8266 Wi-Fi 

module.  

 
KEYWORDS:  Arduino, ESP8266, air temperature, humidity, soil temperature, soil moisture, luminosity. 
 
Introduction:  

 

According to recent report of the Intergovernmental Panel on Climate Change, global temperatures 

are likely to rise between 1.1 to 6.4 °C during the 21st century and rainfall patterns will be changed. Soils 

are complexity associated to the atmospheric system. Due to this, change climate will have an effect on soil 

processes and properties [1]. The economy of India is principally base on agriculture and the atmospheric 

conditions are isotropic and thus farmers are don’t seem to be able to make full use of agricultural resources 

[2]. Modern agriculture needs implementation of technologies which can increase production efficiency, 

product quality, postharvest operations, and reduce their environmental impact [4]. Soil fertility changes with 

every harvest and varying weather condition, this affects the nutrient contents of soil [5]. In last few years 

atmospheric conditions are isotropic like unseasonal rain, globalization etc. though still today number of 

farmers doing conventional methods for farming but due to sudden changes in weather conditions, many 

farmers may reduce their crop productions hence we need to regulate this. So we proposed IoT based remote 
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monitoring system, for monitoring various factors of agricultural environment as well as soil parameters 

which affects from atmospheric changes such as air temperature, humidity, soil temperature, soil moisture 

and luminosity etc.  

NECESSITY:  

Soil atmospheric conditions varies seasonally and daily which may result from changes in radiant 

energy and energy changes taking place through the soil surface [3]. Due to sudden changes in weather 

conditions i.e. unseasonal rain and or cloudy environment, many farmers may reduce their crop productions 

& profitability. A wireless monitoring system has abilities to monitoring atmospheric conditions remotely. 

It can recognize the weather conditions at early stage so that farmer can take necessary action accordingly 

[6]. 

 

METHODOLOGY: 
 

System Configuration: Several sensors are used for monitoring the environmental factors and the effect on 

soil parameters. The outputs of various sensors are connected to the microcontroller. At user defined intervals 

the signals are measured, transferred to cloud with the help of ESP8266 WIFI module and the data can be 

accesses remotely by farmer.  

 

A. System Block Diagram: 
 It is proposed to implement an IoT based remote monitoring system consist of a microcontroller 

i.e. Arduino Uno, ESP8266 WIFI module and different sensors. In this system, readings are taken from 

Air temperature, Humidity, Soil Temperature, Soil Moisture and Luminosity sensors and store it on 

cloud server and graph is drawn as per the variations in sensor readings. The sensors and microcontroller 

are successfully interfaced to the cloud. The data is stored successfully on cloud server named 

ThingSpeak.com and can be accessed remotely by the farmer with the help of android app i.e. Thing 

Show freeware app available at google play store by putting read API key of their cloud channel. The 

coding is done through Arduino IDE, and for storing the sensor data in cloud server like Thingspeak.com 

used and interfacing of microcontroller with cloud server is done by using ESP8266 Wi-Fi module.  
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B. Hardware Description: 

 

i. Air Temperature & Humidity Sensor: Here DHT22 sensor is used. DHT22 sensor 

is a digital sensor which is used for sensing the air temperature and humidity. Since 

library of DHT22 is directly available, this sensor generates the calibrated values, so 

manual calibration is not required. It needs 3 to 5V power and 2.5mA max current 

use during conversion. It measures 0-100% humidity readings with 2-5% 

accuracy and temperature measurement ranges from -40 to 80°C with ±0.5°C accuracy. 

 
ii. Soil Temperature Sensor: Here DS18B20 sensor is employed for soil 

temperature measurement. This is often a pre-wired 

and waterproofed sensor used to measure in wet conditions. It can measure the 

temperature between -55 to 125°C (-67°F to +257°F). Its 1-wire digital 

temperature sensor and properly precise, i.e. ±0.5°C over considerable range. 

This sensor needs two libraries like Dallas Temperature Sensor Library & One-

Wire Library. It also requires a 4.7k resistor, which is required as a pull-up from the DATA to the 

VCC line when using the sensor. 

 

iii. Soil Moisture Sensor: Here we are using capacitive soil moisture sensor 

V2.0, is made of a corrosion-resistant material which provides it long 

service life. The capacitance of the electrodes changes with the amount of 

water once it inserted into the soil. This sensor supplied with 3.3V-

5.5V DC voltages and output we get in analog form.  

Arduino 

Air Temp Sensor 

Humidity Sensor  

Soil Temp Sensor 

Cloud 

 

ESP8266 

Soil Moisture Sensor 

Luminosity Sensor 

Rx 

Tx 
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iv. Luminosity Sensor: Here LDR is employed as luminosity measurement. 

LDR is Light Dependent Resistor. As intensity of light increases, the 

resistance of LDR decreases, and vice versa. In this system, I have designed 

a voltage divider network using LDR and a 10KΩ resistance. As the intensity 

changes, the voltage drop across the LDR also changes, and hence potentials 

proportional to the intensity of light. 

 

 

C. Software flowchart :  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS:  

 

 The IoT based remote monitoring system capable for monitoring atmospheric conditions which affect 

on soil properties.  For that we consider Air Temperature, Humidity, Soil Temperature, Soil Moisture, and 

Luminosity parameters and analyze them. From the sensor values, found that as the intensity of light and or 

Start 

Initialize serial port at baud rate 9600 

Initialize ESP8266 Wi-Fi Module  

Read the values of different soil sensors  

Initialize different soil sensors  

Initialize cloud Server 

Send sensor values to cloud & store it there. 

Read sensor values from cloud with 

ThingShow app. 

Stop 
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Air temperature are inversely proportional to the atmospheric humidity. As the atmospheric humidity 

increases soil temperature decreases which results decline in soil moisture evaporation and increases in water 

viscosity. Hence small amount of irrigation required. Which reduces irrigation time and electricity of the 

farmers. The output can be seen on serial monitor of the Arduino IDE as well as on Thingspeak.com Cloud 

server by login to it and on smartphones of farmer with the help of Thing Show App and read API key of 

their cloud channel. The graphs plotted in Thing speak server is shown in the below  

 Graphical representation of different sensors. 

 

 

CONCLUSION: 

 

 The Proposed System results in the designing, development and optimization of a real time solution 

for application to the agricultural i.e. atmospheric conditions monitor to reduce potentially negative 

environmental impacts on crop production. So the propose system may be helpful to the farmers for accurate 

and precise measurement of different atmospheric parameters at their farm & also helps in increasing the 

profitability of crop production.  
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Abstract:   

Agriculture is a wide economic sector and plays a vital role within the overall economic development of the nation. 

Technological advancements in the sector of agriculture can ascertain to enhance the ability and quality of assured farming 

activities. Bad quality crop production is often because of either unnecessary use of fertilizer or insufficient addition of 

fertilizer. The intend of our developed system is to detect the N(nitrogen), P(phosphorus) and K(potassium) contents of soil 

and based on the result, farmers will used the necessary fertilizers as per need. For this we proposed IoT enabled colorimetric 

techniques based soil fertility detection system. Based on a color sensor (TCS 3200) as a soil fertility detection sensor, 

microcontroller (Arduino Nano V3) and Esp8266 Wi-Fi module for transferring data to cloud. 

Keywords: Color Sensor, Soil Fertility, NPK nutrients, ESP8266, Internet of things, Arduino. 

 

I. Introduction: 

Agriculture is the only source for crop production. Soil is a valuable resource in agriculture. The physical 

and chemical conditions of soil play a most important role in the crop production cycle. In addition to this farmers 

can also add organic or inorganic nutrients to the soil in a precise proportion. Thus soil fertility detection plays a 

major role for better crop growth as well as yield [1]. Continuous cropping without enough measurement of soil 

nutrients may lead decrease in soil fertility and yield. Soil nutrient identification is greatly required for proper 

plant growth and effective fertilization [2], [3]. Farmer’s follows traditional techniques still today which 
commonly make used of approximations i.e. unbalance feeding of fertilizer without knowing the actual necessity 

of nutrient to a specific crop, results in low productivity [4]. In order to improve the farm meadow, the fertility 

of soil is an important factor in increasing the crop production. The soil fertility is, amount of nutrients content 

available in the soil. There are 17 nutrients available in the soil classified into two classes namely macronutrients 

and micronutrients. Nitrogen (N), Phosphorous (P), Potassium (K) are some of the main macronutrients, which 

usually required in large quantity in the soil and zinc, copper, iron, boron are some examples of micronutrients 

which required in comparatively small amounts. The quantity of macronutrients defines the soil fertility [5]. 

Depending upon the deficiency of a particular nutrient for a particular crop in a given region the amount of 

fertilizer is determined. Thus the quantity of fertilizer to be used depends upon the soil fertility, crop to be grown 

and type of soil [6].  

The general soil testing is take place in laboratories which are maximum available at district level also it 

take a considerable time to generates the results. Hence this process is time consuming and costly too [7]. 

Moreover the overall soil fertility changes with change in weather conditions. Thus a system required which will 

detect the soil nutrients in real time.  

This system is based on colorimetric technique. In this, color sensor is used as a soil nutrient sensor, an 

aqueous solution of soil under test has been added different reagents which will eventually change its color 

depending on the concentration of the present micro nutrients values. Light emitted from a color detecting sensor 

will fall on the solution and the reflected light is received by color detecting sensor will convert the (R, G, B) 

values to electrical signals. Further using the threshold values which were earlier saved in the database of the 

microcontroller helps to detect the levels of micronutrients present in the soil sample.   

II. Methodology 

As we discuss the above said issue to resolve we design, Colorimetric Technique Based Soil Fertility 

Detection System. In this system, the color sensor works by illuminating white light on soil aqueous solution 

sample and measure the intensity of reflected light with the help of 8x8 photo-diode chip available in TCS3200 
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sensor. The microcontroller helps to uphold the intensity of light which is falling on soil sample, also helps to 

store the resultant values to cloud with the help of ESP8266 Wi-Fi module. 

 

 

 

 

 

 

System Block Diagram 

 To detect the presence of nutrients in the soil by using colorimetric technique. First we make the aqueous 

solutions with the help of different chemicals regents. Then using color sensor we detects the nutrients present in 

the soil. 

 

 

A. SYSTEM REQUIREMENT 

Arduino Nano V3: 

 Arduino NANO V3 is the open source tiniest Embedded Development 

board launched by Arduino based on Atmega328 SMD Package 

Microcontroller. Also, is a Surface stand Breadboard Friendly board integrated 

with Mini USB Port. 

Specifications:- 

• Operating Voltage:  5 V 

• Digital I/O Pins: 14, Analog Input Pins: 08 

• DC Current per I/O Pin: 40 mA 

• Flash Memory: 32 KB  

Color Sensor TCS3200: 

 The TCS3200, Color Sensor programmable color light-to-frequency 

converters that comes with silicon photodiodes and a current-to-frequency converter 

on a single CMOS IC. The output is a square wave and frequency directly 

proportional to light intensity. [8]  
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Table 1. Pin values for activation of Photodiode filters. [8] 

 

 

 

 

 

 

 

 

ESP8266 Wi-Fi Module: 

The ESP8266 is a low-cost Wi-Fi module, have built-in TCP/IP networking software, 

and microcontroller capability. Each ESP8266 module comes pre-programmed with 

an AT command can be change its baud rate by calibrating it with the help of AT 

commands.  
 
B.Making Of Aqueous Solutions 

 

The aqueous solution is made  

with the help of soil testing 

kit with standard procedure. 

 

 

 

 

C. WORKING FLOW CHART: 
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D.CIRCUIT DESIGN 

 

 

 

 

 

 

 

 

III.Results & Discussion 

Table 2. Threshold color intensity values. [6] 

Nutri. Low Medium High 

N x < 15  15 < x ≤ 20  20 < x ≤ 25 

P 16 < x ≤ 20 20 < x ≤ 35  35 < x ≤ 50 

K 20 < x ≤ 25  25 < x ≤ 40  50 < x ≤ 60 

By taking all adaptive measures we have used 2cm fixed distance between sensor & solution and we 

get sample results as below. 
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 The above bar graph shows the different samples we have tested from different areas & found NPK 

values are changes from one area to another area. 

 Also the threshold color intensity values for N, P, K contents in the soil are described in Table 2. Which 

provides the scope of color intensity values in form of low, medium and high for N, P, K. 

IV.Conclusions 

 This research concludes that, we have successfully developed a real time IoT enabled soil fertility detection 

system. This research will definitely reduce the farmer’s time as well as money for soil fertility testing. Also help 
them to decide amount of fertilizers to be added in the soil according to the real time availability of the nutrients 

like N, P and K in the soil. 

V.Future Scope 

 By extending this research can be possible to predict suitable crops according the nutrients are available in 

the soil. Also an atmospheric parameters effect can be observed on soil fertility. Therefore, the farmers can take 

necessity action towards their crop yield.  
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Abstract.In this paper, a  series of Sm activated Ba 3Y(BO3)3 phosphors are synthesized 
byhigh-temperature solution combustion method. The concentration of Sm ions is changed 
from 1 to 5 mol% in the host lattice of BYB crystal. The crystal structure, phase of 
formation, particle size, elemental analysis, photoluminescence study of synthesized 
phosphors aredone using X-ray diffraction, FE-SEM, Fourier transform infrared 
spectroscopy (FTIR) and photo luminescent (PL) techniques. The excitation spectra 
consisted of strong bands in the NUV and blue region. The phosphors on excitation at 449 
nm exhibited a strong emission peak in the region 630-660 nm, which corresponds to the 
absorption spectra of PR phytochrome. The obtained photometric results show that these 
can be used for the design of light-emitting diodes for indoor plant applications, houseplants 
gardening and in horticultural fixtures.  

 
Keywords: Red phosphor; samarium; BYB crystal; Indoor plants; phytochrome. 
 
 

1.Introduction 
In the recent scenario,innovations of “horticulture” has been increasing tremendously due to its 
advantages over the conventional approaches used for the growth of plants under sunlight. 
Undoubtedly, “natural and artificial”light plays a pivotal role in the development of plants via different 
plant mechanisms [1–4]. In plants chlorophyll A, chlorophyll B absorbed the light in UV-blue region 
in the range 420-500 nm and phytochrome (PR),phytochrome (PFR ) absorbed the light in the “red and 
far-red” region from 640 to 750 nm.[5–7]. The red color plays a vital role in plant growth. Therefore 
much emphasis has been paid on the development of red phosphors for indoor plant lighting devices. 
Up to now, many Mn4+ and Eu3+ doped phosphors have been reported as red light-emitting phosphors 
for room and greenhouse plant requirement[8–11]. This is due to the reason the emission spectral line 
of these phosphors match well the absorption lines of Phytochrome PR. In a recent study by Rajendran 
and Vaidyanathan [12], authors reported for the first time Sm3+ activated NaSrY(MoO4)3 phosphors for 
the fabrication of LEDs for plant growth.  In the present report, Sm3+ activated Ba3Y(BO3)3 phosphor 
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for indoor plant applications synthesized via combustion route. It is found that under blue excitation at 
449 nm, the phosphors exhibit wide emission spectra from 630nm to 660 nm, which matches well with 
the absorption spectra of PR. Thus, this phosphor can be used for the development of Light emitting 
diodes for in-house plant applications, for sun-shed plant growth, and indoor gardening.    

Ba3Y(BO3)3 belongs to the M3Ln(BO3)3 family [13]. The BYB crystal exists in two structures 
i.e., low-temperature α-Ba3Y(BO3)3 with space group P63cm and high-temperature β-Ba3Y(BO3)3 with 
space group R3. The photoluminescence properties under doping are different for both phases. The 
structure of low-temperature phase α- Ba3Y(BO3)3 is consist of boron atoms with three fold 
coordinates, yttrium ions having sixfold coordinates, barium atoms having nine and six 
coordinates[14]. Maggayet al. synthesized the Ba3Y(BO3)3: Eu3+, Bi3+  phosphor via solid-state 
reaction and studied it as a phosphor for w-LEDs using N-UV LED chips [15]. Wu et al. described 
Ba3Y(BO3)3: Sm3+ as potential orange-red phosphors for white LEDs [16]. Yu et al. investigated 
luminescent and energy transfer in α-Ba3Y(BO3)3:Ce3+,Tb3+ [17]. In the present work, the synthesis of 
Ba3Y(BO3)3  phosphors by solution combustion method is a new approach. The luminescent properties 
of Sm3+ activated Ba3Y(BO3)3 prepared by solution combustion method is not described yet. All the 
results are studied in detail. 
 
2. Experimental 

 

2.1 Materials & synthesis 

Sm activatedBa3Y(BO3)3 phosphors were synthesized using modified solution combustion route. SCS 
involves highly exothermic redox chemical reaction. It is chain of flaming, smoldering and explosive 
reaction. The starting precursors Ba(NO3)2, Y(NO3)3, H3BO3, and Sm(NO3)3.6H2O of analytical grade 
were taken according to stoichiometric ratio Ba3Y1-xSmx(BO3)3 (x= 0.005, 0.01, 0.02, 0.03, 0.04, 0.05) 
0.01). As a source of Boron, Boric Acid is used. The compound is neutral. So neither extra oxidizer 
nor fuel is necessary for solution combustion synthesis.In 10 to 20ml double distilled water all 
precursors were dissolved. In this solution, fixed amount urea as a fuel was added calculated using 
propellant chemistry [18]. The solution was stirred on hot plate magnetic stirrer maintained at a 
temperature of 90 oC for 50 min. The viscous solution formed was transferred to Platinum crucible and 
kept into a 700 ºC preheatedmuffle furnace. Within few minutes, the water evaporated and combustion 
reaction took place with the liberation of gases. The resulting foamy powder was grounded gently into 
a fine powder and subjected to further heat treatment at 950oC for 5 hours in a muffle furnace in 
reducing environment. Reducing environment was developed using activated charcoal. After heating 
the obtained phosphors were grounded into fine powder and used for further characterizations. 

 
2.2 Characterizations 

XRD of synthesized phosphor were recorded by Rigaku Miniflex II X-ray diffractometer using the 
Cu-Kα radiations (λ= 1.54060 Å) and scanning in the 2θ range from 10-80o. The obtained patterns 
were compared with the available ICSD file. The Fourier transform infrared spectra (FTIR) were 
recorded in the 300-4000 cm-1 range using FTIR spectrophotometer Model RZX (Perkin Elmer). The 
surface morphology and elements studies were done by scanning electron microscopy [Model 
JSM6100 (JEOL)]. The emission and excitation spectra were recorded using F-7000 FL 
spectrophotometer with a scan speed 240 nm/min. The width of the slit for excitation-emission spectra 
was set 1nm. All the characterizations were done at room temperature.  

 
3. Results and Discussion 
X-ray diffractograms were recorded to determine the phase and crystal structure of the synthesized 
phosphors. Ba3Y(BO3)3 host lattice possesses hexagonal crystal structure with the space group P63 cm 
(No.185). All B3+ ions are coordinated with three O2- ions forming the BO3

3- triangles. Y sites with six 
co-ordination number and Ba sites with 9 co-ordination number are separated by parallel planes of 
BO3

3- anion group. The crystal structure is comprised of isolated BO3 triangles, YO6 octahedral and 



International Conference on Research Frontiers in Sciences (ICRFS 2021)
Journal of Physics: Conference Series 1913 (2021) 012016

IOP Publishing
doi:10.1088/1742-6596/1913/1/012016

3

BaO4 polyhedral. Figure 1 represents the XRD patterns of Ba3Y0.97(BO3)3:0.03Sm3+ phosphors. The 
XRD patterns are well-matched with the standard inorganic crystal structure (ICSD) file (reference no. 
99537) of the Ba3Y(BO3)3 structure.  

 
 

Figure 1.  XRD & ICSD file of Ba3Y0.97(BO3):0.03Sm3+ phosphor  
 

Figure 2 represents the FTIR spectra of the of Ba3Y0.97(BO3):0.03Sm3+sample in the region 300-4000 
cm-1. The strong bands above 1100 cm−1 are due to the B-O stretching mode of the triangular [BO3]− 
groups [19]. The bands in the range 700-800 cm−1 correspond to the B-O out of plane bending 
vibration, which confirms the presence of the [BO3]−groups. Due to the complete combustion of nitrate 
and organic matter peaks in 1500–2000 cm−1were absent. The presence of peak at 523 cm-1relates to 
the Y-O vibrational motion[20].  

 

Figure 2.  FTIR of Ba3Y0.97(BO3):0.03Sm3+ 
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The “SEM micrographs” of Ba3Y0.97(BO3):0.03Sm3+ phosphors at various magnifications are displayed 
in figure 3 (a-b).From the microstructures, it seems to be that the particles consist of non - uniform 
grains with agglomeration. The cause of the agglomeration is due to the high-temperature treatment 
[21]. The “Average particle size” is in the sub-micrometer range due to the “agglomeration of the 
particles”. Fig. 4 represents the EDX spectra of Ba3Y0.97(BO3):0.03Sm3+ phosphors. The spectra consist 
of Ba, Y, B, O, and Sm elements. No other elements than these are found, which represent that organic 
residues are completely removed. These results are “Consistent with the FTIR and XRD” results.  

 
Figure 3. (a-b) SEM micrographs of Ba3Y0.97(BO3):0.03Sm3+ phosphor at different magnifications 
 

 
Figure 4.  EDX spectra of Ba3Y0.97(BO3):0.03Sm3+ phosphor 

Figure 5 represents the PL excitation spectra (PLE) of Ba3Y0.03(BO3)3: 0.03Sm3+recorded in the region 
300-550 nm at 644 nm emission wavelength. PLE spectrum consists of three main peaks at 388 nm 
(6H5/2 to 6P7/2), 449 nm (6H5/2 to 4P7/2), and 487 nm (6H5/2 to 4I11/2) [22]. The intensity of the PLE peak at 
449 nm is highest. Figure 6 shows the PL of Ba3Y0.97(BO3)3:0.03Sm3+ under 449 nm excitation. At 449 
nm excitation, the PL spectra show three emission peaks centered at 590 nm, 644 nm, and 651 nm 
which are due to intra 4f shell transitions from excited level 4G5/2 to ground level 6H5/2, 6H7/2,6H9/2 of 
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Sm3+ ions, respectively [23]. The broadband in the region 630-660 nm well matches with the 
absorption spectra of PR. Thus, Ba3Y0.97(BO3)3: 0.03Sm3+ phosphor can be used to modulate plant 
growth. The peak at 590 nm corresponding to the 4G5/2 to 6H5/2 transitions is magnetic dipole transition 
and does not affect by crystal field. The peak at 644 and 651 nm were related to the 4G5/2 to 6H9/2 is 
electric dipole transitioning and dependent on the crystal field. Mostly, the“Intensity of electric dipole 
transition to the intensity of Magnetic dipole transition” is used to determine the symmetry of local 
surroundings of Sm3+ in the crystal [16,24,25]. It is found that that the “Ratio of the Intensity of the 
Electric to Magnetic Dipole Transition is less than one”, which represents that the Sm3+ ions have 
occupied the symmetry position in the host crystal lattice. The emission spectra of Ba3Y0.97(BO3)3: 
0.03Sm3+ is also recorded under excitation at 388 nm, as shown in figure 7. The peak shape of all the 
samples was the same except noticeable change in intensity of peaks at 590 nm and 644 nm. To study 
the phenomena of concentration quenching in Ba3Y1-x(BO3)3: xSm3+ (x= 0.01, 0.02, 0.03, 0.04, 0.05), 
the emission spectra are recorded at 449 nm excitation wavelength. PL spectra of Ba3Y1-x(BO3)3: 
xSm3+ phosphors are shown in figure 8. It can be seen from fig. 8 that P-L intensity increases with an 
increase in the Sm3+ ion concentration. The optimum Photo-Luminescence intensity is noticed for 
x=0.03, and beyond this concentration quenching followed. The probable reason of concentration 
quenching is increase in non-radiative transitions. The variation in the intensity with Sm concentration 
is shown in figure 9.  
 

 

Figure 5. PLE of Ba3Y0.97(BO3)3:0.03Sm3+ at room temperature 
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Figure 6. PL emission spectra of Ba3Y0.97(BO3)3:0.03Sm3+ at room temperature 

 

Figure 7. PL of Ba3Y0.97(BO3)3:0.03Sm3+ at room temperature 
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Figure 8.  PL of Ba3Y1-x(BO3)3: xSm3+ 

 

Figure 9. Variation in PL intensity with Sm ion concentration 

Figure 10 and 11 represent the CIE chromaticity coordinates& color gamut diagram of 
Ba3Y0.97(BO3)3:0.03Sm3+ phosphor. The “CIEcoordinates” of the phosphor Ba3Y0.97(BO3)3:0.03Sm3+ 

for fixed concentration of Sm3+ at 449 nm and 388 nm excitation were computed. The “CIE 
coordinates for spectra” observed under 449 nm and 388 nm excitation were determined to be (0.722, 
0.277) and (0.602, 0.396), respectively. The “CIE coordinates” under excitation at 449 nm fall in the 
deep-red region. These phosphor-compounds can be excited by NUV and blue light, so can be used to 
fabricate the LEDs.   
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Figure 10. CIE diagram of Ba3Y0.97(BO3)3:0.03Sm3+ excitation at 449 nm  

 

Figure 11. CIE diagram of Ba3Y0.97(BO3)3:0.03Sm3+  excitation at 388 nm  

4. Conclusions 

Ba3Y1-x(BO3)3: xSm3+ phosphors were synthesized by modified solution combustion route. XRD 
pattern confirmed the α-Ba3Y(BO3)3 structure of synthesized phosphors. The microstructures confirmed 
the formation of agglomerated particles with the average size in sub-micrometer range. It was 
observed that under excitation at 449 nm, PL spectrum consisted of highly intense peak at 644 nm, 
low-intensity peak at 589 nm, 651 nm and at 690 nm, while excitation at 388 nm, PL spectrum 
consisted of highly intense peak at 589 nm and low intensity line at 644 nm and 652 nm. Thus, by 



International Conference on Research Frontiers in Sciences (ICRFS 2021)
Journal of Physics: Conference Series 1913 (2021) 012016

IOP Publishing
doi:10.1088/1742-6596/1913/1/012016

9

changing the excitation wavelength, the color of emission changed from pure red to radish orange. It is 
color-tunable phosphor under photoluminescence excitation at two different wavelengths. In addition, 
the emission spectra of the prepared phosphors correspond to the absorption spectra of PR 
phytochrome. The maximum Photoluminescence intensity was found for 3 mol% of Sm3+ ions. The 
CIE – chromaticity coordinates also fall in the red region. Also, the emission spectra of the presented 
phosphors correspond to the absorption spectra of PR phytochrome. The emission of phosphors in the 
Red region under blue excitation makes them suitable candidates for ‘Red’ light-emitting diodes for 
“In-house plant applications”, “Indoor plant gardening”.  
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Abstract. In this work, we synthesized the Tb3+ and Eu3+ doped α-Ba3Y(BO3)3 phosphor using 
the solution combustion method. Using the powder XRD pattern and FTIR low-temperature phase 
of α-Ba 3Y1-X(BO3): xTb3+& Eu3+ was confirmed. Element composition with percentage was 
verified by FE-SEM-EDS. Stoke's shift values were calculated which confirms the high thermal 
stability of the phosphor& its use in high power WLED. Photoluminescence study at room 
temperature was done. Intrinsic absorption due to the 4f-4f transition of Eu3+ results intense red 
emission from α-Ba3Y1-X(BO3): xEu3+ makes it suitable for pc-WLED and confirms the Centro-
inversion symmetry site of Eu3+ in the host. Green emission at NUV excitation from Ba 3Y1-

X(BO3): xTb3+ results from cross-relaxation of Tb3+ in a host. The concentration quenching reason 
for both activators was investigated by calculating and comparing critical distance. The purity of 
luminescence color was confirmed by plotting CIE-chromaticity co-ordinates on CIE-Color 
gamut. The entire work confirms the importance of synthesized phosphor along with previously 
reported same host materials. The reported phosphor may be suitable for NUV converted WLED, 
wavelength conversion devices, and high power RGB –WLED. 

Keywords: Solution combustion, Borate Phosphors, Terbium, Europium, Photo-luminescence. 
 

1. Introduction:Inorganic phosphors based WLED are widely used because of properties like energy 
efficiency, lifetime, stability, Cost-effective, design and ecofriendlynature. Inorganic luminescent 
materials have considerable importance in fluorescent lamps, solid-state lighting, phosphorescent paints, 
in road marking paints, high power LED etc. Wavelength conversion and color mixing are the most 
commonly used technology to produce white light [1-6]. So, the development of efficient phosphors for 
the wide possible applications is the favorite research area of material science. Abundant energy levels 
and the large number of possible transitionsin the visible/UV light regionmakes the rare earths most 
common dopants in synthesis of borate phosphors[7]. Among Rare earth ion, Tb3+ is one of the most 
prospective green-emitting activators due to its 4f–4f transitions and Eu3+ is the promising red-emitting 
activator dopant [8].   

The borate compound with formula M3Ln (BO3)3 (M = Ba, Sr, and Ln = La–Lu, Y, Sc) were reported as 
promising phosphors for W-LED applications. The Ba3Y(BO3)3 crystal exists in two structures, i.e., low-
temperature phase α-Ba3Y(BO3)3 with space group P63cm and high-temperature phase β-Ba3Y(BO3)3 
with space group R3. The photoluminescence properties under doping are different for both phases. The 
structure of α-Ba3Y(BO3)3 is consist of 3-F-C boron atoms, 6-F-C yttrium atoms, 9& 6-F-C barium atoms 
[9]. Irish Valerie et.al synthesized the Ba3Y(BO3)3: Eu3+, Bi3+ phosphor via a solid-state reaction and 
studied it as a phosphor for w-LEDs using N-UV LED chips [10]. Xiulan Wu.et.al. described Ba3Y(BO3)3: 
Sm3+ as orange–red phosphor for WLEDs[11]. Jingjie Yu et.al. investigated luminescent and the 
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transferof energy in α-Ba3Y(BO3)3: Ce3+, Tb3+ [ 12].Luminescent Research groups from all over the world 
are working for efficient phosphors for WLED had studied and proved the importance of borate host 
Ba3Y(BO3)3.  But synthesis of Ba3Y(BO3)3 phosphor by solution combustion method is new approach.   
The luminescent properties of Eu3+-Tb3+ co-activated Ba3Y(BO3)3 prepared by solution combustion 
method is not described yet. Ba3Y(BO3)3 has been investigated for nonlinear optical applications and 
studied for w-LEDs applications by doping it with Eu3+ and Tb3+. Photoluminescence (PL) properties, 
color chromaticity, Energy transfer mechanism for Eu3+, Tb3+ is also investigated. 

2. Materials and methods: Powder samples of Ba3Y(BO3)3: xRE (0 ≤ x ≤ 0.8) (RE= Eu3+-Tb3+) were 
synthesized by a solution combustion method. The Exothermic reaction between nitrates and urea was 
used for the synthesis of the borate host luminescent materials.  In the SCS, nitrate solution of A.R. grade 
[99.9% purity] precursors [Ba (NO3)2, Y(NO3)3, H3BO3, Eu2O3, Tb2(SO4)3] in the stoichiometric amount 
was used as an oxidizer while NH2CONH2is a fuel for combustion [13,14]. The boric acid is a neutral 
compound act as a source of boron. The chemical was combined with 10 ml of de-ionized water in a 
beaker and vigorously stirred for 20 min at a temperature of 90oC. The prepared paste was then kept in 
crucible and put in to a 680oC preheated furnace. The paste solution boiled and ignited within a few 
minutes to create a self-propagating flame, as shown in the figure 1.The entire combustion of solution 
with yellow-orange flame as shown in figure 1-A was completed in 4 to 5 minutes, but the crucible was 
left for the next few minutes in the furnace to ensure the completion of the decomposition. After removing 
crucible from the furnace,it cooled to room temperature. The prepared powder samples or foamy powder 
as shown in figure 1-Bis grinded into fine powders using pestle-mortar. The powders were post annealed 
at 9500C for 5 hours in a muffle furnace in air and in reducing environment using charcoal.  

 

Figure 1. (A) Combustion in furnace (B) foamy powder after combustion 

3. Results and discussion 

3.1 XRD:On a R-M-II X-ray Diffracto-meter, powder X-ray spectra were taken and compared with 
available ICSD and JCPDS images. The synthesized phosphor powder XRD pattern was reported using 
the Cu-Kα wavelength (λ= 1.54060 Å) and scanning from 20o-80o. The powder XRD patterns of 
Ba3Y(BO3)3 and Ba3Y0.98(BO3):0.02RE [RE= Eu3+, Tb3+] phosphors are shown in figure2. It is noted that 
all the diffraction peaks of Ba3Y0.98(BO3):0.02RE powder phosphor matches with the standard JCPDS file 
no 51-1849 and ICSD file no 39744. As XRD patterns of different doped phosphors are same, we can 
draw the conclusion that prepared phosphors are single phase. The dopant Eu3+, Tb3+ ions don’t distort 



International Conference on Research Frontiers in Sciences (ICRFS 2021)
Journal of Physics: Conference Series 1913 (2021) 012021

IOP Publishing
doi:10.1088/1742-6596/1913/1/012021

3

 

 

crystal structure of phosphor. Ba3Y(BO3)3 powder phosphor possesses hexagonal C-S with the S-G P63 
cm (No.185). All B3+ are attached with three oxygen ions forming the BO3

3- triangles. Y and Ba sites are 
separated by parallel planes constructed by BO3

3- anion group. All Barium sites has the 9-co-ordination 
number. All Y3+ ions have the 6-co-ordination number. Crystal structure comprised of isolated BO3 
triangles; YO6 octahedral and BaO4 polyhedral. Ba3Y(BO3)3 possess layer structure of BO3 triangles. Cell 
axes values are a=b=9.419 Å; c= 17.590 Å;V=1352.67 Å [15]. 

 

Figure 2. XRDand ICSD pattern of phosphors  

3.2 FTIR: FTIR of sample was done on F.T. Infra-Red Spectrophotometer Model RZX (Perkin Elmer). 
The FT-IR spectra of Ba3Y(BO3)3 and Ba3Y0.98(BO3):0.02RE [RE= Eu3+, Tb3+] phosphors at NTP is given 
in Figure3- A-B . The B-O stretching mode of the triangular [BO3] groups should be assigned to the 
peaksnoted beyond 1050 cm-1, while the bands with a limit of approximately 750 cm-1are due to the B-O 
outside plane bending, confirming the presence of the [BO3]. The lack of 1350-2500 cm-1 peaks suggests 
the total removal of nitrate and organic matter. The absence of peak lines in 3200-3600 cm-1are due to 
unavailable O-H stretching mode.In the range of 650 cm-1 - 1600 cm-1, FTIR shows some large bands. 
The 459 cm-1, 544 cm-1, 724cm-1 bands represent the out ofplane bending mode of the BO3 group. The 
BO3groups insideplane movement are seen at 892cm-1, 939cm-1 by the bands. The unsymmetrical 
straightenoscillation of the BO3unit is allocated to bands peaking at 1196 cm-1, 1272 cm-1 and 1408 cm-1. 
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Figure 3.  FTIR of (A) Ba3Y0.98(BO3):0.02Eu3+ and(B) Ba3Y(BO3)3 
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3.3 FE-SEM-EDS:For Ba3Y1-X(BO3)3: xEu3+ calcined powder sample surface morphology and elemental 
composition analysis was performed. In Figure 4, the SEM micrographs of Ba3Y1-X(BO3)3: xEu3+ 
phosphors are shown. The phosphor microstructure consists of irregular grains with phenomena of 
agglomerate. The synthesised phosphors particles have an average polycrystalline size of around 0.2-1 
μm. SEM EDS graph confirms the presence of each element at proper concentration in as prepared 
phosphor material. FE-SEM photographs at different resolution are shown in inset of EDS graph given in 
figure 5. EDS elemental mappings show the presence of constituent elements Ba, Y, B, O, Eu, with a 
homogeneous distribution in the phosphor powders. 

 

Figure 4. SEM micrographs of Ba3Y1-X(BO3)3:xEu3+  phosphor 

 

Figure 5. Element Mapping of SEM micrographs of BYB: x Eu3+ phosphor 

 

3.4 Photo-Luminescence study 

3.4.1 PL and PLE study of Ba3Y1-X (BO3)3: xEu3+:-Photoluminescence excitation (PLE) and emission 
spectra (PL) of Ba3Y0.98(BO3)3:0.02Eu3+material is given in figure 6. The spectrum isnoted on F7000 FL 
Spectro-photometer under scan speed 240 nm/min, PLE-PL slit width 1nm. Broad absorption band 
ranging from 200nm to 400nm shows wide high intensity f-f shoulder peak at 350nm and low intensity 
CTB at 239nm. 350nm peak is due to the 7F0→5D4, transition of Eu3+ in crystal. Emission spectrum 
monitored at 350nm consist of a series of sharp lines of wavelength 595nm [5D1→7F1], 614nm [5D1→7F2], 
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652nm [5D1→7F3]. Stokes shift value at 350nm PLE and 614nm PL is 2340x103cm-1. To find optimal 
doping concentration of Eu3+ a series of Ba3Y1-X (BO3)3: x Eu3+ [x= 0.02, 0.03, 0.04, 0.05] phosphor 
powder was synthesized and their PL emission spectra for 252nm excitation were recorded. Highest PL 
intensity was noted for 4 moles% of Eu3+ in phosphor. 

 

Figure 6.  PL-PLE spectra of Ba3Y0.98 (BO3)3: 0.02 Eu3+ at room temperature 
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Figure 7. Concentration Quenching of Ba3Y1-X (BO3)3: X Eu3+ [ 0.02 ≤ X ≤ 0.05 ] 

3.4.2 PL and PLE study of Ba3Y1-X(BO3)3: x Tb3+: -Photoluminescence excitation (PLE) and emission 
spectra (PL) of Ba3Y0.98(BO3)3:0.02Tb3+ phosphor is shown in figure 8. The excitation spectrum consists 
of a broadband ranging from 200 to 390nm with maximum intensity at 354nm and low intensity peaks at 
224nm, 327nm. The excitation peak at 354nm is due to 7F6→5D3 transition of Tb3+, low intensity peak at 
224nm is due to 7F5→5D4 and 327nm corresponding to 7F4→5D4 transition of Tb3+. Photoluminescence 
emission spectrum is recorded in the range 450nm to 700nm at 354nm excitation wavelength. Emission 
spectrum monitored at 354nm excitation consist of series of peaks ie 486nm (5D4→7F6), 544nm 
(5D4→7F5), 552nm (5D4→7F4), 584nm (5D4→7F3) that is almost in green region of spectrum. 
Photoluminescence emission intensity is maximum for 544nm line. When photoluminescence excitation 
is recorded by monitoring emission line at 544nm we get excitation peak at 354nm. Stokes shift value at 
354nm PLE and 544nm PL is 2225x103cm-1. In order to decide concentration quenching series of Ba3Y1-

X (BO3)3: xTb3+ [x= 0.01,0.02, 0.03, 0.04, 0.05] powder phosphor prepared. PL for different concentrations 
of Tb3+ is recorded for the excitation of 354nm at room temperature and is shown in figure 9. 
Concentration quenching curve is shown inside the PL curve. Photoluminescence intensity for both 
important peaks 486nm and 544nm is maximum for 0.04 molar concentration of Tb3+.  

3.4.3 Concentration quenching:Beyond Critical concentration (4mole % for Eu3+ and Tb3+) non radiative 
energy transfer takes place in dopant ions of phosphor. Critical distance Rc [ = (3V/ 4π χc N )1/3] where 
‘V’ is the volume of the unit cell, ‘N’ is the number of occupied sites in the unit cell, and ‘χc’ is the critical 
concentration] for Eu3+ and Tb3+ is about 18 Å which is far greater than 5 Å indicates electric multipolar 
interaction as main reason of concentration quenching in phosphor material. Figure (10) shows quenching 
curve. 
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Figure 8. PLE-PL spectrum of Ba3Y0.98(BO3)3: 0.02 Tb3+ 

 

Figure 9. Photoluminescenceresults of Ba3Y1-x (BO3)3: x Tb3+ monitored at 354nm. 
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Figure 10. Concentration Quenching of Ba3Y1-X (BO3)3: x Tb3+ at 544nm & 486nm 

3.5 1931-CIE-chromaticity: The CIE-diagram provides the quantitative connections in the visible 
electromagnetic spectrum between pure physical colours and perceived physiological colours in human 
colour vision. Using LED-TUNING-NL Software[https:/www.ledtuning.nl/en/cie-convertor], 
chromaticity coordinates are computed. The coordinates of chromaticity are utilized in the 'GO-CIE' CIE 
plot utility programme designed by the IIT Roorkee ‘OrganicMaterial Laboratory’. 
[http:/professorship.iitr.ac.in/~krjt8fcy/gocie.html]. CIE Chromaticity co-ordinates for 
Ba3Y0.98(BO3)3:0.02 Eu3+at PL wavelength 614nm are X = 0.6774, Y = 0.3223. It comes in red region of 
CIE Chromaticity diagram and is indicated by black triangle in figure 12. For Ba3Y0.98 (BO3)3: 0.02 Tb3+ 
at 544nm PL line chromaticity co-ordinates are X= 0.2585, Y= 0.7305. It is in green region of spectrum 
and is indicated by black triangle in figure 12. CIE- coordinates of synthesized phosphors lie on Wide 
Gamut RGB. For UV excitation light we got green and red luminescence as shown in figure11.  

 

Figure 11 Luminescence photographs of Ba3Y0.98 (BO3)3: 0.02 Eu3+ and 0.02Tb3+ 
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Figure 12 CIE-Chromaticity diagram of Ba3Y0.98 (BO3)3: 0.02 Eu3+ and 0.02Tb3+ 

The color quality of light in terms of ‘color correlated temperature (CCT)’ is given by the McCamy 
empirical formula [16].  

‘CCT = –437n3 + 3601n2 – 6861n + 5514.31’ 

Where n is the ‘Inverse slope line’ having value, n = (X- Xe) / (Y-Ye). Here ‘(X, Y)’ are CIE-co-ordinates 
and ‘(Xe=0.332, Ye=0.186)’ co-ordinates for epicenter. Lamps with CCT value below 3200K are 
considered as Warmth sources and having value more than 4000K are considered Cool sources of light in 
appearance. For Ba3Y0.98(BO3)3:0.02Eu3+ phosphor CCT value is 4148 and for Ba3Y0.98(BO3)3:0.02Tb3+ 

CCT value is 6515. 

4. Conclusions: Using Solution combustion method synthesis of Ba3Y(BO3)3 polycrystalline phosphor is 
achieved. XRD pattern matches with the standard JCPDS file no 51-1849 and ICSD file no 39744. “Ba3Y1-

X (BO3)3: x Eu3+” is NUV excited “Red emitting phosphor”. Ba3Y1-X(BO3)3: xEu3+ phosphor shows 
prominent luminescence for 614nm ascribed to electric dipole transition of 5D1→7F2. It happens only 
when Eu3+ occupy symmetry site in host crystal. Intrinsic absorption due to 4f-4f transitions is strong 
compared to CTB absorption at 234nm. α-Ba3Y(BO3)3 host crystal partially allowed parity forbidden 4f-
4f transition in Eu3+ ion having centro symmetric site occupancy. Due to Broad excitation band (312nm 
to 384nm) the material is useful in NUV excitation-based lighting applications. 1931-CIE- chromaticity 
co-ordinates for 614nm maximum emission line are X = 0.6774, Y = 0.3223. 



International Conference on Research Frontiers in Sciences (ICRFS 2021)
Journal of Physics: Conference Series 1913 (2021) 012021

IOP Publishing
doi:10.1088/1742-6596/1913/1/012021

11

 

 

Ba3Y1-X(BO3)3: xTb3+ is NUV excited green emitting phosphor. Photoluminescence excitation spectrum 
is broadband from 220 to 390nm with maximum intensity at 356nm (7F6→5D3:Tb3+).  Luminescence is 
noted in almost green region with high intensity at 544nm (5D4→7F5). 1931-CIE- chromaticity co-
ordinates for 544nm high intensity emission line are X= 0.2585, Y= 0.7305.  For both dopants Eu3+, Tb3+ 
concentration quenching occurs at 4mole% resulting from electric multipolar interaction. Stokes’s shift 
of 2340x103cm-1, 2225x103cm-1 shows that Ba3Y0.98 (BO3):0.02Eu3+& Tb3+ phosphor produce less 
electron-phonon interaction and possess greater thermal stability. So, it may be the promising material for 
high power RGB-white light emitting diodes. Ba3Y (BO3)3: xEu3+ and xTb3+ are quantum cutting phosphor 
at low temperature phase. We also suggest this material for white light emitting diodes base on color 
mixing. 
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Abstract 

The polycrystalline powder sample of Ce3+ activated barium gadolinium borate phosphors 
Ba3Gd1-x(BO3)3 : X Ce3+(0.01 ≤ X ≤ 0.06 ) are prepared by solution combustion. Formation of 
phosphor in desired crystalline phase confirmed by powder XRD characterization & FTIR. A SEM image shows the irregular grains with average particle size 2.5μm. The excitation 
spectrum consists of a single broad absorption band from 200 to 400 nm with the 
prominent excitation peak at 343 nm [2F5/2 to 5D1 of Ce3+ ions]. Strongest emission peak of 
488nm [5D1→ 2F5/2] and weak of 501nm [5D1→ 2F7/2] wavelength which is of blue light is 
observed at 343nm UV light excitation. Ba3Gd1-x(BO3)3 : X Ce3+ phosphor emits blue light 
under UV excitation. Maximum PL emission takes place at 3 mole percentage of Ce3+. 
Concentration quenching for Ce3+ ions is studied. Hence Ba3Gd1-x(BO3)3 : X Ce3+ is new UV 
excited blue emitting phosphor useful for UV/Blue chip WLEDs. 

Keywords 

Borate phosphor, Photoluminescence, Red emission, W- LED. 

1. Introduction 

The syntheses of compounds M3Ln(BO3)3 M =Sr, Ba and Ln=La–Lu, Sc, Y have been 
reported in recent past years [1].  The spectroscopic properties of vacuum ultraviolet and 
x-ray excited Ce3+ ion-activated Ba3Gd(BO3)3 have been reported by Hong-bin Liang et.al. 
They studied luminescence properties of Ce3+-doped barium gadolinium borate 
Ba3Gd(BO3)3:Ce3+ under vuv, uv, and x-ray excitations. Ba3Gd(BO3)3:Ce3+  is a poor x-ray 
phosphor. The dopant Ce3+ is slightly larger than Gd3+ but it will not distort the crystal 
lattice of Ba3Gd(BO3)3 too seriously and is expected to replace Gd3+  ions [2]. Ba3Gd(BO3)3 
doped with Eu3+ ion was prepared by high temperature solid-state method and 
luminescence was studied by ZHOU Liya et.al. Ba3Gd(BO3)3:Eu3+ phosphor was effectively 
excited by the near ultraviolet (UV) light (396 nm) and blue light (466 nm). The main 
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emission peaks are at 611 and 616 nm , it was red emitting phosphor [3]. Cerium trivalent 
ion has only one 4f electron and only single discrete 4f energy level shielded by the 
completely filled 5S2, 5P6orbital. General emission of Ce3+ has doublet character with 
wavelength difference approximately 40nm. Broad emission band is due to inter-
configurationally 5d1-4f1 allowed transition of Ce3+. For blue luminescence Ce3+ ions is 
worthy to use in phosphors. For the important point of application, each proper mono-
color-blue LED phosphor must meet the following necessary conditions. (1) The phosphor 
must show higher thermal stability. (2) The phosphor must efficiently absorb the 340nm - 
400nm excitation energy. (3) The CIE coordinates of the phosphor are close to the NTSC 
standard values. BaMgAl10O17:Eu2+ (BAM) is one kind of reported commercial blue 
phosphor used in fluorescent lamps, because of its efficient blue emission [11]. 
Ca2B5O9Cl:Eu2+, is another suitable Blue‐Emitting Phosphor for n‐UV Excited Solid‐State 
Lighting [12]. Ca2Pb3(PO4)3Cl : Ce3+ is recently reported blue emitting lamp phosphor [13]. 
Sr1-xCaxLu2O4:Ce3+ is blue phosphor for high CRI white LEDs [14-15]. 

2. Experimental  

Phosphors were prepared by the solution combustion synthesis [4,5].  Stoichiometric 
amounts of high purity starting materials, Ba(NO3)2 (A.R.), H3BO3 (A.R.), CO(NH2)2 (A.R.), 
Gd(NO3)3.6H2O (A.R.), Ce(NO3)3.6H2O as given in table (1) are used for phosphor 
preparation. All chemicals from Merck of AR grade of (99.99%) purity. The starting 
materials with little amount of double distilled water were mixed thoroughly in agate 
mortar to obtain a homogeneous solution. Excess water was removed by heating the 
samples at temperature 100OC for about 30 min and the paste was then transferred 
directly to a pre-heated Muffle furnace, maintained at temperature 680oC, for combustion. 
Following the combustion, the resulting foamy samples was crushed to obtain fine particles 
and then annealed for 3 h at temperature 950oC. As prepared Borate phosphor material 
was characterized by powder XRD, SEM, PL and FT-IR techniques. Surface morphology and 
elemental analysis of the calcined powder sample was observed by scanning electron 
microscopy [SEM:Model JSM6100 (Jeol)].  
Table 1 Merck -AR grade chemicals used for synthesis 

Ba3Gd0.97(BO3)3 : 0.03 Ce3+ 

Precursors Ba(NO3)2  Gd(NO3)2 H3BO3 NH2CONH2 Ce(NO3)3.6H2O 

Molar ratio 3 0.96 3 7.45 0.04 

Weight in gm 7.8405 1.08388 1.853 4.4744 0.194028 
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3. Results and Discussion 

3.1. X-ray diffraction 

Powder X-ray diffraction measurementsof Ba3Gd0.970 0.03Ce3+ (BO3)3  phosphor were taken 
on a RigakuMiniflex II X-ray Diffracto-meter and compared with JCPDS No.(52-1327) as 
shown in figure 1-A.The maximum peaks matches with the standard pattern. The 
additional peaks are present in recorded pattern are due to impurities. Sharp peaks in XRD 
pattern are due to large crystallite size.  X-ray pattern of Ba3Gd(BO3)3 matches with the X-
ray pattern of low temperature phase of Ba3Y(BO3)3 [1,2].Space group of phosphor 
Ba3Gd(BO3)3 is R3(148) and cell parameters are a = 13.06, c=9.552. V= 1412.42 Ao3. A 
detailed structure description of Ba3Gd(BO3)3 was not found in literature. Bing Han et.al. in 
his work  mentioned that Ba3Gd(BO3)3 is isomorphic with H-Ba3Y(BO3)3 for the following 
three reasons: (i) The powder XRD patterns of Ba3Gd(BO3)3 and H-Ba3Y(BO3)3 are similar.  
(ii) The ionic radii of Gd3+ [RGd(III)] = 93.8 pm  are close to that of Y3+ [RY(III)]=90.0 pm in six 
fold coordination. (iii) It was found that the unit cell parameters [a=13.067(3)Å, 
c=9.552(3)Å, trigonal, R3] of Ba3Gd(BO3)3 are similar with that [a=13.028(2) Å,    c 

=9.4992(2) Å, trigonal, R3] of H-Ba3Y(BO3)3[2]. In ahigh temperature phase, a H-Ba3Y(BO3)3 
with a trigonal system having a space group of R(3), Z = 6, which consistsof YB6O18 unit 
with polyhedral of BaO6 and BaO8as shown in figure 1-B [16 ]. 

 

Figure 1-A:XRD-pattern of sample1-B:Structural unit of Ba3Y(BO3)3 with six fold 

coordination of Y3+ ions [17] 

3.2. SEM  

SEM study was carried out to examine the surface morphology of the prepared phosphor. 
The SEM images of Ba3Gd1−0.03(BO3)3:0.03Ce3+ phosphors are shown in Figure 2. It was 
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observed that the microstructure of the phosphor consist of irregular grains with 
agglomerate phenomena. The average size of synthesized phosphor particles is about 50 μm. The results show that phosphors have a good crystallinity and a relatively low sinter 
temperature. Average crystalline size by Scherrer formula is in 42.2 nm, which is nearly 
same as seen in surface morphology. SEM shows the image of polycrystalline particles and 
XRD measurements reflect the crystalline domain size.  It indicates that solution 
combustion synthesized phosphor has sharp surface morphology as well as crystalline 
grains. 

 

 

 

Figure 2: SEM Image of phosphor host. 

3.3. PL and PLE Study 

The PLE of Ba3Gd0.97(BO3)3 : 0.03Ce3+ phosphor is shown in figure (3).  It is recorded on F-
7000 FL spectrophotometer with scan speed 240 nm/min, excitation-emission slit width 
1nm. Ce3+ is all-round candidate for phosphor materials and it does not have any 4f-4f 
transition. It shows only 4f-5d type inter configurationally transition in borate host 
[8,9,10]. Photoluminescence excitation is broad band in region 240nm to 400nm with 
shoulder peak at 343nm due to transition from 2F5/2to5d1 level of activator ion in host 
lattice.  
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Figure 3 PLE of Ba3Gd0.97(BO3)3 : 0.03 Ce3+ Figure 4 PL of Ba3Gd0.97(BO3)3 : 0.03 Ce3+ 

 
The PL of Ba3Gd0.97(BO3)3 : 0.03 Ce3+ phosphor monitored at 343nm excitation is shown in 
figure (4).  PL recorded in range 450nm to 530nm shows two peaks at 488nm and 501nm. 
488nm peak is due to 5d1 to 2F5/2   and 501nm peak is due to5d1 to 2F7/2  transition of 
activator in crystal environment. Ce3+ ion shown the two characteristic lines.  Intensity of 
501nm is less than 488nm line. 488nm lies in blue region of spectrum. So it is NUV excited 
blue emitting phosphor. The photoluminescence study is carried out at room temperature.  
 

 

Figure 5 PL of host phosphor at different concentration of dopant Ce3+And embedded 
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3.4. CIE Chromaticity Diagramof Ba3Gd0.97(BO3)3 : 0.03 Ce3+  

Figure (6) shows the Commission International del Eclairage (CIE) chromaticity 
coordinates diagram of the Ba3Gd0.97(BO3)3 : 0.03 Ce3+ phosphor at 488nm. The 
chromaticity coordinates of the phosphor Ba3Gd0.97(BO3)3 : 0.03Ce3+for fixed concentration 
of Ce3+ at 488 nm was computed using LEDTUNING. NL Software 
[https://www.ledtuning.nl/en/cie-convertor][11-12-13]. CIE Chromaticity co-ordinates 
for Ba3Gd0.97(BO3)3 : 0.03Ce3+at PL wavelength 488nm are X = 0.05467, Y = 0.2541. It comes 
in blue region of CIE Chromaticity diagram and is indicated by black circle in figure(6). CCT 
value is 122321 kelvin and Delta uv is 0.1402. 

 

Figure 6  CIE chromaticity of Ba3Gd0.97(BO3)3 : 0.03 Ce3+ 

4. Conclusions 

The Ba3Gd1-x(BO3)3 : X Ce3+polycrystalline phosphor was synthesized by solution 
combustion method . XRD confirmed the phase & formation of compound and it matches 
withstandard JCPDS file number 52-1327. SEM shows the average size of synthesized phosphor particles was about 2.5 μm and good crystalline. Phosphor shows 
broadexcitation band from 200 to 400 nm with prominent peak at 343 nm.PLE for 
characteristic emissionwavelength 488 nm was found to be 343 nm. At 343 nm, UVlight 
excitation Ba3Gd1-x(BO3)3 : X Ce3+ phosphor emits blue light. 
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Abstract.In this paper, a  series of Sm activated Ba 3Y(BO3)3 phosphors are synthesized 
byhigh-temperature solution combustion method. The concentration of Sm ions is changed 
from 1 to 5 mol% in the host lattice of BYB crystal. The crystal structure, phase of 
formation, particle size, elemental analysis, photoluminescence study of synthesized 
phosphors aredone using X-ray diffraction, FE-SEM, Fourier transform infrared 
spectroscopy (FTIR) and photo luminescent (PL) techniques. The excitation spectra 
consisted of strong bands in the NUV and blue region. The phosphors on excitation at 449 
nm exhibited a strong emission peak in the region 630-660 nm, which corresponds to the 
absorption spectra of PR phytochrome. The obtained photometric results show that these 
can be used for the design of light-emitting diodes for indoor plant applications, houseplants 
gardening and in horticultural fixtures.  

 
Keywords: Red phosphor; samarium; BYB crystal; Indoor plants; phytochrome. 
 
 

1.Introduction 
In the recent scenario,innovations of “horticulture” has been increasing tremendously due to its 
advantages over the conventional approaches used for the growth of plants under sunlight. 
Undoubtedly, “natural and artificial”light plays a pivotal role in the development of plants via different 
plant mechanisms [1–4]. In plants chlorophyll A, chlorophyll B absorbed the light in UV-blue region 
in the range 420-500 nm and phytochrome (PR),phytochrome (PFR ) absorbed the light in the “red and 
far-red” region from 640 to 750 nm.[5–7]. The red color plays a vital role in plant growth. Therefore 
much emphasis has been paid on the development of red phosphors for indoor plant lighting devices. 
Up to now, many Mn4+ and Eu3+ doped phosphors have been reported as red light-emitting phosphors 
for room and greenhouse plant requirement[8–11]. This is due to the reason the emission spectral line 
of these phosphors match well the absorption lines of Phytochrome PR. In a recent study by Rajendran 
and Vaidyanathan [12], authors reported for the first time Sm3+ activated NaSrY(MoO4)3 phosphors for 
the fabrication of LEDs for plant growth.  In the present report, Sm3+ activated Ba3Y(BO3)3 phosphor 
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for indoor plant applications synthesized via combustion route. It is found that under blue excitation at 
449 nm, the phosphors exhibit wide emission spectra from 630nm to 660 nm, which matches well with 
the absorption spectra of PR. Thus, this phosphor can be used for the development of Light emitting 
diodes for in-house plant applications, for sun-shed plant growth, and indoor gardening.    

Ba3Y(BO3)3 belongs to the M3Ln(BO3)3 family [13]. The BYB crystal exists in two structures 
i.e., low-temperature α-Ba3Y(BO3)3 with space group P63cm and high-temperature β-Ba3Y(BO3)3 with 
space group R3. The photoluminescence properties under doping are different for both phases. The 
structure of low-temperature phase α- Ba3Y(BO3)3 is consist of boron atoms with three fold 
coordinates, yttrium ions having sixfold coordinates, barium atoms having nine and six 
coordinates[14]. Maggayet al. synthesized the Ba3Y(BO3)3: Eu3+, Bi3+  phosphor via solid-state 
reaction and studied it as a phosphor for w-LEDs using N-UV LED chips [15]. Wu et al. described 
Ba3Y(BO3)3: Sm3+ as potential orange-red phosphors for white LEDs [16]. Yu et al. investigated 
luminescent and energy transfer in α-Ba3Y(BO3)3:Ce3+,Tb3+ [17]. In the present work, the synthesis of 
Ba3Y(BO3)3  phosphors by solution combustion method is a new approach. The luminescent properties 
of Sm3+ activated Ba3Y(BO3)3 prepared by solution combustion method is not described yet. All the 
results are studied in detail. 
 
2. Experimental 

 

2.1 Materials & synthesis 

Sm activatedBa3Y(BO3)3 phosphors were synthesized using modified solution combustion route. SCS 
involves highly exothermic redox chemical reaction. It is chain of flaming, smoldering and explosive 
reaction. The starting precursors Ba(NO3)2, Y(NO3)3, H3BO3, and Sm(NO3)3.6H2O of analytical grade 
were taken according to stoichiometric ratio Ba3Y1-xSmx(BO3)3 (x= 0.005, 0.01, 0.02, 0.03, 0.04, 0.05) 
0.01). As a source of Boron, Boric Acid is used. The compound is neutral. So neither extra oxidizer 
nor fuel is necessary for solution combustion synthesis.In 10 to 20ml double distilled water all 
precursors were dissolved. In this solution, fixed amount urea as a fuel was added calculated using 
propellant chemistry [18]. The solution was stirred on hot plate magnetic stirrer maintained at a 
temperature of 90 oC for 50 min. The viscous solution formed was transferred to Platinum crucible and 
kept into a 700 ºC preheatedmuffle furnace. Within few minutes, the water evaporated and combustion 
reaction took place with the liberation of gases. The resulting foamy powder was grounded gently into 
a fine powder and subjected to further heat treatment at 950oC for 5 hours in a muffle furnace in 
reducing environment. Reducing environment was developed using activated charcoal. After heating 
the obtained phosphors were grounded into fine powder and used for further characterizations. 

 
2.2 Characterizations 

XRD of synthesized phosphor were recorded by Rigaku Miniflex II X-ray diffractometer using the 
Cu-Kα radiations (λ= 1.54060 Å) and scanning in the 2θ range from 10-80o. The obtained patterns 
were compared with the available ICSD file. The Fourier transform infrared spectra (FTIR) were 
recorded in the 300-4000 cm-1 range using FTIR spectrophotometer Model RZX (Perkin Elmer). The 
surface morphology and elements studies were done by scanning electron microscopy [Model 
JSM6100 (JEOL)]. The emission and excitation spectra were recorded using F-7000 FL 
spectrophotometer with a scan speed 240 nm/min. The width of the slit for excitation-emission spectra 
was set 1nm. All the characterizations were done at room temperature.  

 
3. Results and Discussion 
X-ray diffractograms were recorded to determine the phase and crystal structure of the synthesized 
phosphors. Ba3Y(BO3)3 host lattice possesses hexagonal crystal structure with the space group P63 cm 
(No.185). All B3+ ions are coordinated with three O2- ions forming the BO3

3- triangles. Y sites with six 
co-ordination number and Ba sites with 9 co-ordination number are separated by parallel planes of 
BO3

3- anion group. The crystal structure is comprised of isolated BO3 triangles, YO6 octahedral and 
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BaO4 polyhedral. Figure 1 represents the XRD patterns of Ba3Y0.97(BO3)3:0.03Sm3+ phosphors. The 
XRD patterns are well-matched with the standard inorganic crystal structure (ICSD) file (reference no. 
99537) of the Ba3Y(BO3)3 structure.  

 
 

Figure 1.  XRD & ICSD file of Ba3Y0.97(BO3):0.03Sm3+ phosphor  
 

Figure 2 represents the FTIR spectra of the of Ba3Y0.97(BO3):0.03Sm3+sample in the region 300-4000 
cm-1. The strong bands above 1100 cm−1 are due to the B-O stretching mode of the triangular [BO3]− 
groups [19]. The bands in the range 700-800 cm−1 correspond to the B-O out of plane bending 
vibration, which confirms the presence of the [BO3]−groups. Due to the complete combustion of nitrate 
and organic matter peaks in 1500–2000 cm−1were absent. The presence of peak at 523 cm-1relates to 
the Y-O vibrational motion[20].  

 

Figure 2.  FTIR of Ba3Y0.97(BO3):0.03Sm3+ 
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The “SEM micrographs” of Ba3Y0.97(BO3):0.03Sm3+ phosphors at various magnifications are displayed 
in figure 3 (a-b).From the microstructures, it seems to be that the particles consist of non - uniform 
grains with agglomeration. The cause of the agglomeration is due to the high-temperature treatment 
[21]. The “Average particle size” is in the sub-micrometer range due to the “agglomeration of the 
particles”. Fig. 4 represents the EDX spectra of Ba3Y0.97(BO3):0.03Sm3+ phosphors. The spectra consist 
of Ba, Y, B, O, and Sm elements. No other elements than these are found, which represent that organic 
residues are completely removed. These results are “Consistent with the FTIR and XRD” results.  

 
Figure 3. (a-b) SEM micrographs of Ba3Y0.97(BO3):0.03Sm3+ phosphor at different magnifications 
 

 
Figure 4.  EDX spectra of Ba3Y0.97(BO3):0.03Sm3+ phosphor 

Figure 5 represents the PL excitation spectra (PLE) of Ba3Y0.03(BO3)3: 0.03Sm3+recorded in the region 
300-550 nm at 644 nm emission wavelength. PLE spectrum consists of three main peaks at 388 nm 
(6H5/2 to 6P7/2), 449 nm (6H5/2 to 4P7/2), and 487 nm (6H5/2 to 4I11/2) [22]. The intensity of the PLE peak at 
449 nm is highest. Figure 6 shows the PL of Ba3Y0.97(BO3)3:0.03Sm3+ under 449 nm excitation. At 449 
nm excitation, the PL spectra show three emission peaks centered at 590 nm, 644 nm, and 651 nm 
which are due to intra 4f shell transitions from excited level 4G5/2 to ground level 6H5/2, 6H7/2,6H9/2 of 
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Sm3+ ions, respectively [23]. The broadband in the region 630-660 nm well matches with the 
absorption spectra of PR. Thus, Ba3Y0.97(BO3)3: 0.03Sm3+ phosphor can be used to modulate plant 
growth. The peak at 590 nm corresponding to the 4G5/2 to 6H5/2 transitions is magnetic dipole transition 
and does not affect by crystal field. The peak at 644 and 651 nm were related to the 4G5/2 to 6H9/2 is 
electric dipole transitioning and dependent on the crystal field. Mostly, the“Intensity of electric dipole 
transition to the intensity of Magnetic dipole transition” is used to determine the symmetry of local 
surroundings of Sm3+ in the crystal [16,24,25]. It is found that that the “Ratio of the Intensity of the 
Electric to Magnetic Dipole Transition is less than one”, which represents that the Sm3+ ions have 
occupied the symmetry position in the host crystal lattice. The emission spectra of Ba3Y0.97(BO3)3: 
0.03Sm3+ is also recorded under excitation at 388 nm, as shown in figure 7. The peak shape of all the 
samples was the same except noticeable change in intensity of peaks at 590 nm and 644 nm. To study 
the phenomena of concentration quenching in Ba3Y1-x(BO3)3: xSm3+ (x= 0.01, 0.02, 0.03, 0.04, 0.05), 
the emission spectra are recorded at 449 nm excitation wavelength. PL spectra of Ba3Y1-x(BO3)3: 
xSm3+ phosphors are shown in figure 8. It can be seen from fig. 8 that P-L intensity increases with an 
increase in the Sm3+ ion concentration. The optimum Photo-Luminescence intensity is noticed for 
x=0.03, and beyond this concentration quenching followed. The probable reason of concentration 
quenching is increase in non-radiative transitions. The variation in the intensity with Sm concentration 
is shown in figure 9.  
 

 

Figure 5. PLE of Ba3Y0.97(BO3)3:0.03Sm3+ at room temperature 
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Figure 6. PL emission spectra of Ba3Y0.97(BO3)3:0.03Sm3+ at room temperature 

 

Figure 7. PL of Ba3Y0.97(BO3)3:0.03Sm3+ at room temperature 
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Figure 8.  PL of Ba3Y1-x(BO3)3: xSm3+ 

 

Figure 9. Variation in PL intensity with Sm ion concentration 

Figure 10 and 11 represent the CIE chromaticity coordinates& color gamut diagram of 
Ba3Y0.97(BO3)3:0.03Sm3+ phosphor. The “CIEcoordinates” of the phosphor Ba3Y0.97(BO3)3:0.03Sm3+ 

for fixed concentration of Sm3+ at 449 nm and 388 nm excitation were computed. The “CIE 
coordinates for spectra” observed under 449 nm and 388 nm excitation were determined to be (0.722, 
0.277) and (0.602, 0.396), respectively. The “CIE coordinates” under excitation at 449 nm fall in the 
deep-red region. These phosphor-compounds can be excited by NUV and blue light, so can be used to 
fabricate the LEDs.   
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Figure 10. CIE diagram of Ba3Y0.97(BO3)3:0.03Sm3+ excitation at 449 nm  

 

Figure 11. CIE diagram of Ba3Y0.97(BO3)3:0.03Sm3+  excitation at 388 nm  

4. Conclusions 

Ba3Y1-x(BO3)3: xSm3+ phosphors were synthesized by modified solution combustion route. XRD 
pattern confirmed the α-Ba3Y(BO3)3 structure of synthesized phosphors. The microstructures confirmed 
the formation of agglomerated particles with the average size in sub-micrometer range. It was 
observed that under excitation at 449 nm, PL spectrum consisted of highly intense peak at 644 nm, 
low-intensity peak at 589 nm, 651 nm and at 690 nm, while excitation at 388 nm, PL spectrum 
consisted of highly intense peak at 589 nm and low intensity line at 644 nm and 652 nm. Thus, by 
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changing the excitation wavelength, the color of emission changed from pure red to radish orange. It is 
color-tunable phosphor under photoluminescence excitation at two different wavelengths. In addition, 
the emission spectra of the prepared phosphors correspond to the absorption spectra of PR 
phytochrome. The maximum Photoluminescence intensity was found for 3 mol% of Sm3+ ions. The 
CIE – chromaticity coordinates also fall in the red region. Also, the emission spectra of the presented 
phosphors correspond to the absorption spectra of PR phytochrome. The emission of phosphors in the 
Red region under blue excitation makes them suitable candidates for ‘Red’ light-emitting diodes for 
“In-house plant applications”, “Indoor plant gardening”.  
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Abstract. In this work, we synthesized the Tb3+ and Eu3+ doped α-Ba3Y(BO3)3 phosphor using 
the solution combustion method. Using the powder XRD pattern and FTIR low-temperature phase 
of α-Ba 3Y1-X(BO3): xTb3+& Eu3+ was confirmed. Element composition with percentage was 
verified by FE-SEM-EDS. Stoke's shift values were calculated which confirms the high thermal 
stability of the phosphor& its use in high power WLED. Photoluminescence study at room 
temperature was done. Intrinsic absorption due to the 4f-4f transition of Eu3+ results intense red 
emission from α-Ba3Y1-X(BO3): xEu3+ makes it suitable for pc-WLED and confirms the Centro-
inversion symmetry site of Eu3+ in the host. Green emission at NUV excitation from Ba 3Y1-

X(BO3): xTb3+ results from cross-relaxation of Tb3+ in a host. The concentration quenching reason 
for both activators was investigated by calculating and comparing critical distance. The purity of 
luminescence color was confirmed by plotting CIE-chromaticity co-ordinates on CIE-Color 
gamut. The entire work confirms the importance of synthesized phosphor along with previously 
reported same host materials. The reported phosphor may be suitable for NUV converted WLED, 
wavelength conversion devices, and high power RGB –WLED. 

Keywords: Solution combustion, Borate Phosphors, Terbium, Europium, Photo-luminescence. 
 

1. Introduction:Inorganic phosphors based WLED are widely used because of properties like energy 
efficiency, lifetime, stability, Cost-effective, design and ecofriendlynature. Inorganic luminescent 
materials have considerable importance in fluorescent lamps, solid-state lighting, phosphorescent paints, 
in road marking paints, high power LED etc. Wavelength conversion and color mixing are the most 
commonly used technology to produce white light [1-6]. So, the development of efficient phosphors for 
the wide possible applications is the favorite research area of material science. Abundant energy levels 
and the large number of possible transitionsin the visible/UV light regionmakes the rare earths most 
common dopants in synthesis of borate phosphors[7]. Among Rare earth ion, Tb3+ is one of the most 
prospective green-emitting activators due to its 4f–4f transitions and Eu3+ is the promising red-emitting 
activator dopant [8].   

The borate compound with formula M3Ln (BO3)3 (M = Ba, Sr, and Ln = La–Lu, Y, Sc) were reported as 
promising phosphors for W-LED applications. The Ba3Y(BO3)3 crystal exists in two structures, i.e., low-
temperature phase α-Ba3Y(BO3)3 with space group P63cm and high-temperature phase β-Ba3Y(BO3)3 
with space group R3. The photoluminescence properties under doping are different for both phases. The 
structure of α-Ba3Y(BO3)3 is consist of 3-F-C boron atoms, 6-F-C yttrium atoms, 9& 6-F-C barium atoms 
[9]. Irish Valerie et.al synthesized the Ba3Y(BO3)3: Eu3+, Bi3+ phosphor via a solid-state reaction and 
studied it as a phosphor for w-LEDs using N-UV LED chips [10]. Xiulan Wu.et.al. described Ba3Y(BO3)3: 
Sm3+ as orange–red phosphor for WLEDs[11]. Jingjie Yu et.al. investigated luminescent and the 
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transferof energy in α-Ba3Y(BO3)3: Ce3+, Tb3+ [ 12].Luminescent Research groups from all over the world 
are working for efficient phosphors for WLED had studied and proved the importance of borate host 
Ba3Y(BO3)3.  But synthesis of Ba3Y(BO3)3 phosphor by solution combustion method is new approach.   
The luminescent properties of Eu3+-Tb3+ co-activated Ba3Y(BO3)3 prepared by solution combustion 
method is not described yet. Ba3Y(BO3)3 has been investigated for nonlinear optical applications and 
studied for w-LEDs applications by doping it with Eu3+ and Tb3+. Photoluminescence (PL) properties, 
color chromaticity, Energy transfer mechanism for Eu3+, Tb3+ is also investigated. 

2. Materials and methods: Powder samples of Ba3Y(BO3)3: xRE (0 ≤ x ≤ 0.8) (RE= Eu3+-Tb3+) were 
synthesized by a solution combustion method. The Exothermic reaction between nitrates and urea was 
used for the synthesis of the borate host luminescent materials.  In the SCS, nitrate solution of A.R. grade 
[99.9% purity] precursors [Ba (NO3)2, Y(NO3)3, H3BO3, Eu2O3, Tb2(SO4)3] in the stoichiometric amount 
was used as an oxidizer while NH2CONH2is a fuel for combustion [13,14]. The boric acid is a neutral 
compound act as a source of boron. The chemical was combined with 10 ml of de-ionized water in a 
beaker and vigorously stirred for 20 min at a temperature of 90oC. The prepared paste was then kept in 
crucible and put in to a 680oC preheated furnace. The paste solution boiled and ignited within a few 
minutes to create a self-propagating flame, as shown in the figure 1.The entire combustion of solution 
with yellow-orange flame as shown in figure 1-A was completed in 4 to 5 minutes, but the crucible was 
left for the next few minutes in the furnace to ensure the completion of the decomposition. After removing 
crucible from the furnace,it cooled to room temperature. The prepared powder samples or foamy powder 
as shown in figure 1-Bis grinded into fine powders using pestle-mortar. The powders were post annealed 
at 9500C for 5 hours in a muffle furnace in air and in reducing environment using charcoal.  

 

Figure 1. (A) Combustion in furnace (B) foamy powder after combustion 

3. Results and discussion 

3.1 XRD:On a R-M-II X-ray Diffracto-meter, powder X-ray spectra were taken and compared with 
available ICSD and JCPDS images. The synthesized phosphor powder XRD pattern was reported using 
the Cu-Kα wavelength (λ= 1.54060 Å) and scanning from 20o-80o. The powder XRD patterns of 
Ba3Y(BO3)3 and Ba3Y0.98(BO3):0.02RE [RE= Eu3+, Tb3+] phosphors are shown in figure2. It is noted that 
all the diffraction peaks of Ba3Y0.98(BO3):0.02RE powder phosphor matches with the standard JCPDS file 
no 51-1849 and ICSD file no 39744. As XRD patterns of different doped phosphors are same, we can 
draw the conclusion that prepared phosphors are single phase. The dopant Eu3+, Tb3+ ions don’t distort 
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crystal structure of phosphor. Ba3Y(BO3)3 powder phosphor possesses hexagonal C-S with the S-G P63 
cm (No.185). All B3+ are attached with three oxygen ions forming the BO3

3- triangles. Y and Ba sites are 
separated by parallel planes constructed by BO3

3- anion group. All Barium sites has the 9-co-ordination 
number. All Y3+ ions have the 6-co-ordination number. Crystal structure comprised of isolated BO3 
triangles; YO6 octahedral and BaO4 polyhedral. Ba3Y(BO3)3 possess layer structure of BO3 triangles. Cell 
axes values are a=b=9.419 Å; c= 17.590 Å;V=1352.67 Å [15]. 

 

Figure 2. XRDand ICSD pattern of phosphors  

3.2 FTIR: FTIR of sample was done on F.T. Infra-Red Spectrophotometer Model RZX (Perkin Elmer). 
The FT-IR spectra of Ba3Y(BO3)3 and Ba3Y0.98(BO3):0.02RE [RE= Eu3+, Tb3+] phosphors at NTP is given 
in Figure3- A-B . The B-O stretching mode of the triangular [BO3] groups should be assigned to the 
peaksnoted beyond 1050 cm-1, while the bands with a limit of approximately 750 cm-1are due to the B-O 
outside plane bending, confirming the presence of the [BO3]. The lack of 1350-2500 cm-1 peaks suggests 
the total removal of nitrate and organic matter. The absence of peak lines in 3200-3600 cm-1are due to 
unavailable O-H stretching mode.In the range of 650 cm-1 - 1600 cm-1, FTIR shows some large bands. 
The 459 cm-1, 544 cm-1, 724cm-1 bands represent the out ofplane bending mode of the BO3 group. The 
BO3groups insideplane movement are seen at 892cm-1, 939cm-1 by the bands. The unsymmetrical 
straightenoscillation of the BO3unit is allocated to bands peaking at 1196 cm-1, 1272 cm-1 and 1408 cm-1. 
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Figure 3.  FTIR of (A) Ba3Y0.98(BO3):0.02Eu3+ and(B) Ba3Y(BO3)3 
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3.3 FE-SEM-EDS:For Ba3Y1-X(BO3)3: xEu3+ calcined powder sample surface morphology and elemental 
composition analysis was performed. In Figure 4, the SEM micrographs of Ba3Y1-X(BO3)3: xEu3+ 
phosphors are shown. The phosphor microstructure consists of irregular grains with phenomena of 
agglomerate. The synthesised phosphors particles have an average polycrystalline size of around 0.2-1 
μm. SEM EDS graph confirms the presence of each element at proper concentration in as prepared 
phosphor material. FE-SEM photographs at different resolution are shown in inset of EDS graph given in 
figure 5. EDS elemental mappings show the presence of constituent elements Ba, Y, B, O, Eu, with a 
homogeneous distribution in the phosphor powders. 

 

Figure 4. SEM micrographs of Ba3Y1-X(BO3)3:xEu3+  phosphor 

 

Figure 5. Element Mapping of SEM micrographs of BYB: x Eu3+ phosphor 

 

3.4 Photo-Luminescence study 

3.4.1 PL and PLE study of Ba3Y1-X (BO3)3: xEu3+:-Photoluminescence excitation (PLE) and emission 
spectra (PL) of Ba3Y0.98(BO3)3:0.02Eu3+material is given in figure 6. The spectrum isnoted on F7000 FL 
Spectro-photometer under scan speed 240 nm/min, PLE-PL slit width 1nm. Broad absorption band 
ranging from 200nm to 400nm shows wide high intensity f-f shoulder peak at 350nm and low intensity 
CTB at 239nm. 350nm peak is due to the 7F0→5D4, transition of Eu3+ in crystal. Emission spectrum 
monitored at 350nm consist of a series of sharp lines of wavelength 595nm [5D1→7F1], 614nm [5D1→7F2], 
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652nm [5D1→7F3]. Stokes shift value at 350nm PLE and 614nm PL is 2340x103cm-1. To find optimal 
doping concentration of Eu3+ a series of Ba3Y1-X (BO3)3: x Eu3+ [x= 0.02, 0.03, 0.04, 0.05] phosphor 
powder was synthesized and their PL emission spectra for 252nm excitation were recorded. Highest PL 
intensity was noted for 4 moles% of Eu3+ in phosphor. 

 

Figure 6.  PL-PLE spectra of Ba3Y0.98 (BO3)3: 0.02 Eu3+ at room temperature 
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Figure 7. Concentration Quenching of Ba3Y1-X (BO3)3: X Eu3+ [ 0.02 ≤ X ≤ 0.05 ] 

3.4.2 PL and PLE study of Ba3Y1-X(BO3)3: x Tb3+: -Photoluminescence excitation (PLE) and emission 
spectra (PL) of Ba3Y0.98(BO3)3:0.02Tb3+ phosphor is shown in figure 8. The excitation spectrum consists 
of a broadband ranging from 200 to 390nm with maximum intensity at 354nm and low intensity peaks at 
224nm, 327nm. The excitation peak at 354nm is due to 7F6→5D3 transition of Tb3+, low intensity peak at 
224nm is due to 7F5→5D4 and 327nm corresponding to 7F4→5D4 transition of Tb3+. Photoluminescence 
emission spectrum is recorded in the range 450nm to 700nm at 354nm excitation wavelength. Emission 
spectrum monitored at 354nm excitation consist of series of peaks ie 486nm (5D4→7F6), 544nm 
(5D4→7F5), 552nm (5D4→7F4), 584nm (5D4→7F3) that is almost in green region of spectrum. 
Photoluminescence emission intensity is maximum for 544nm line. When photoluminescence excitation 
is recorded by monitoring emission line at 544nm we get excitation peak at 354nm. Stokes shift value at 
354nm PLE and 544nm PL is 2225x103cm-1. In order to decide concentration quenching series of Ba3Y1-

X (BO3)3: xTb3+ [x= 0.01,0.02, 0.03, 0.04, 0.05] powder phosphor prepared. PL for different concentrations 
of Tb3+ is recorded for the excitation of 354nm at room temperature and is shown in figure 9. 
Concentration quenching curve is shown inside the PL curve. Photoluminescence intensity for both 
important peaks 486nm and 544nm is maximum for 0.04 molar concentration of Tb3+.  

3.4.3 Concentration quenching:Beyond Critical concentration (4mole % for Eu3+ and Tb3+) non radiative 
energy transfer takes place in dopant ions of phosphor. Critical distance Rc [ = (3V/ 4π χc N )1/3] where 
‘V’ is the volume of the unit cell, ‘N’ is the number of occupied sites in the unit cell, and ‘χc’ is the critical 
concentration] for Eu3+ and Tb3+ is about 18 Å which is far greater than 5 Å indicates electric multipolar 
interaction as main reason of concentration quenching in phosphor material. Figure (10) shows quenching 
curve. 
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Figure 8. PLE-PL spectrum of Ba3Y0.98(BO3)3: 0.02 Tb3+ 

 

Figure 9. Photoluminescenceresults of Ba3Y1-x (BO3)3: x Tb3+ monitored at 354nm. 
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Figure 10. Concentration Quenching of Ba3Y1-X (BO3)3: x Tb3+ at 544nm & 486nm 

3.5 1931-CIE-chromaticity: The CIE-diagram provides the quantitative connections in the visible 
electromagnetic spectrum between pure physical colours and perceived physiological colours in human 
colour vision. Using LED-TUNING-NL Software[https:/www.ledtuning.nl/en/cie-convertor], 
chromaticity coordinates are computed. The coordinates of chromaticity are utilized in the 'GO-CIE' CIE 
plot utility programme designed by the IIT Roorkee ‘OrganicMaterial Laboratory’. 
[http:/professorship.iitr.ac.in/~krjt8fcy/gocie.html]. CIE Chromaticity co-ordinates for 
Ba3Y0.98(BO3)3:0.02 Eu3+at PL wavelength 614nm are X = 0.6774, Y = 0.3223. It comes in red region of 
CIE Chromaticity diagram and is indicated by black triangle in figure 12. For Ba3Y0.98 (BO3)3: 0.02 Tb3+ 
at 544nm PL line chromaticity co-ordinates are X= 0.2585, Y= 0.7305. It is in green region of spectrum 
and is indicated by black triangle in figure 12. CIE- coordinates of synthesized phosphors lie on Wide 
Gamut RGB. For UV excitation light we got green and red luminescence as shown in figure11.  

 

Figure 11 Luminescence photographs of Ba3Y0.98 (BO3)3: 0.02 Eu3+ and 0.02Tb3+ 

 



International Conference on Research Frontiers in Sciences (ICRFS 2021)
Journal of Physics: Conference Series 1913 (2021) 012021

IOP Publishing
doi:10.1088/1742-6596/1913/1/012021

10

 

 

 

Figure 12 CIE-Chromaticity diagram of Ba3Y0.98 (BO3)3: 0.02 Eu3+ and 0.02Tb3+ 

The color quality of light in terms of ‘color correlated temperature (CCT)’ is given by the McCamy 
empirical formula [16].  

‘CCT = –437n3 + 3601n2 – 6861n + 5514.31’ 

Where n is the ‘Inverse slope line’ having value, n = (X- Xe) / (Y-Ye). Here ‘(X, Y)’ are CIE-co-ordinates 
and ‘(Xe=0.332, Ye=0.186)’ co-ordinates for epicenter. Lamps with CCT value below 3200K are 
considered as Warmth sources and having value more than 4000K are considered Cool sources of light in 
appearance. For Ba3Y0.98(BO3)3:0.02Eu3+ phosphor CCT value is 4148 and for Ba3Y0.98(BO3)3:0.02Tb3+ 

CCT value is 6515. 

4. Conclusions: Using Solution combustion method synthesis of Ba3Y(BO3)3 polycrystalline phosphor is 
achieved. XRD pattern matches with the standard JCPDS file no 51-1849 and ICSD file no 39744. “Ba3Y1-

X (BO3)3: x Eu3+” is NUV excited “Red emitting phosphor”. Ba3Y1-X(BO3)3: xEu3+ phosphor shows 
prominent luminescence for 614nm ascribed to electric dipole transition of 5D1→7F2. It happens only 
when Eu3+ occupy symmetry site in host crystal. Intrinsic absorption due to 4f-4f transitions is strong 
compared to CTB absorption at 234nm. α-Ba3Y(BO3)3 host crystal partially allowed parity forbidden 4f-
4f transition in Eu3+ ion having centro symmetric site occupancy. Due to Broad excitation band (312nm 
to 384nm) the material is useful in NUV excitation-based lighting applications. 1931-CIE- chromaticity 
co-ordinates for 614nm maximum emission line are X = 0.6774, Y = 0.3223. 
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Ba3Y1-X(BO3)3: xTb3+ is NUV excited green emitting phosphor. Photoluminescence excitation spectrum 
is broadband from 220 to 390nm with maximum intensity at 356nm (7F6→5D3:Tb3+).  Luminescence is 
noted in almost green region with high intensity at 544nm (5D4→7F5). 1931-CIE- chromaticity co-
ordinates for 544nm high intensity emission line are X= 0.2585, Y= 0.7305.  For both dopants Eu3+, Tb3+ 
concentration quenching occurs at 4mole% resulting from electric multipolar interaction. Stokes’s shift 
of 2340x103cm-1, 2225x103cm-1 shows that Ba3Y0.98 (BO3):0.02Eu3+& Tb3+ phosphor produce less 
electron-phonon interaction and possess greater thermal stability. So, it may be the promising material for 
high power RGB-white light emitting diodes. Ba3Y (BO3)3: xEu3+ and xTb3+ are quantum cutting phosphor 
at low temperature phase. We also suggest this material for white light emitting diodes base on color 
mixing. 
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Abstract 

The polycrystalline powder sample of Ce3+ activated barium gadolinium borate phosphors 
Ba3Gd1-x(BO3)3 : X Ce3+(0.01 ≤ X ≤ 0.06 ) are prepared by solution combustion. Formation of 
phosphor in desired crystalline phase confirmed by powder XRD characterization & FTIR. A SEM image shows the irregular grains with average particle size 2.5μm. The excitation 
spectrum consists of a single broad absorption band from 200 to 400 nm with the 
prominent excitation peak at 343 nm [2F5/2 to 5D1 of Ce3+ ions]. Strongest emission peak of 
488nm [5D1→ 2F5/2] and weak of 501nm [5D1→ 2F7/2] wavelength which is of blue light is 
observed at 343nm UV light excitation. Ba3Gd1-x(BO3)3 : X Ce3+ phosphor emits blue light 
under UV excitation. Maximum PL emission takes place at 3 mole percentage of Ce3+. 
Concentration quenching for Ce3+ ions is studied. Hence Ba3Gd1-x(BO3)3 : X Ce3+ is new UV 
excited blue emitting phosphor useful for UV/Blue chip WLEDs. 

Keywords 

Borate phosphor, Photoluminescence, Red emission, W- LED. 

1. Introduction 

The syntheses of compounds M3Ln(BO3)3 M =Sr, Ba and Ln=La–Lu, Sc, Y have been 
reported in recent past years [1].  The spectroscopic properties of vacuum ultraviolet and 
x-ray excited Ce3+ ion-activated Ba3Gd(BO3)3 have been reported by Hong-bin Liang et.al. 
They studied luminescence properties of Ce3+-doped barium gadolinium borate 
Ba3Gd(BO3)3:Ce3+ under vuv, uv, and x-ray excitations. Ba3Gd(BO3)3:Ce3+  is a poor x-ray 
phosphor. The dopant Ce3+ is slightly larger than Gd3+ but it will not distort the crystal 
lattice of Ba3Gd(BO3)3 too seriously and is expected to replace Gd3+  ions [2]. Ba3Gd(BO3)3 
doped with Eu3+ ion was prepared by high temperature solid-state method and 
luminescence was studied by ZHOU Liya et.al. Ba3Gd(BO3)3:Eu3+ phosphor was effectively 
excited by the near ultraviolet (UV) light (396 nm) and blue light (466 nm). The main 
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emission peaks are at 611 and 616 nm , it was red emitting phosphor [3]. Cerium trivalent 
ion has only one 4f electron and only single discrete 4f energy level shielded by the 
completely filled 5S2, 5P6orbital. General emission of Ce3+ has doublet character with 
wavelength difference approximately 40nm. Broad emission band is due to inter-
configurationally 5d1-4f1 allowed transition of Ce3+. For blue luminescence Ce3+ ions is 
worthy to use in phosphors. For the important point of application, each proper mono-
color-blue LED phosphor must meet the following necessary conditions. (1) The phosphor 
must show higher thermal stability. (2) The phosphor must efficiently absorb the 340nm - 
400nm excitation energy. (3) The CIE coordinates of the phosphor are close to the NTSC 
standard values. BaMgAl10O17:Eu2+ (BAM) is one kind of reported commercial blue 
phosphor used in fluorescent lamps, because of its efficient blue emission [11]. 
Ca2B5O9Cl:Eu2+, is another suitable Blue‐Emitting Phosphor for n‐UV Excited Solid‐State 
Lighting [12]. Ca2Pb3(PO4)3Cl : Ce3+ is recently reported blue emitting lamp phosphor [13]. 
Sr1-xCaxLu2O4:Ce3+ is blue phosphor for high CRI white LEDs [14-15]. 

2. Experimental  

Phosphors were prepared by the solution combustion synthesis [4,5].  Stoichiometric 
amounts of high purity starting materials, Ba(NO3)2 (A.R.), H3BO3 (A.R.), CO(NH2)2 (A.R.), 
Gd(NO3)3.6H2O (A.R.), Ce(NO3)3.6H2O as given in table (1) are used for phosphor 
preparation. All chemicals from Merck of AR grade of (99.99%) purity. The starting 
materials with little amount of double distilled water were mixed thoroughly in agate 
mortar to obtain a homogeneous solution. Excess water was removed by heating the 
samples at temperature 100OC for about 30 min and the paste was then transferred 
directly to a pre-heated Muffle furnace, maintained at temperature 680oC, for combustion. 
Following the combustion, the resulting foamy samples was crushed to obtain fine particles 
and then annealed for 3 h at temperature 950oC. As prepared Borate phosphor material 
was characterized by powder XRD, SEM, PL and FT-IR techniques. Surface morphology and 
elemental analysis of the calcined powder sample was observed by scanning electron 
microscopy [SEM:Model JSM6100 (Jeol)].  
Table 1 Merck -AR grade chemicals used for synthesis 

Ba3Gd0.97(BO3)3 : 0.03 Ce3+ 

Precursors Ba(NO3)2  Gd(NO3)2 H3BO3 NH2CONH2 Ce(NO3)3.6H2O 

Molar ratio 3 0.96 3 7.45 0.04 

Weight in gm 7.8405 1.08388 1.853 4.4744 0.194028 
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3. Results and Discussion 

3.1. X-ray diffraction 

Powder X-ray diffraction measurementsof Ba3Gd0.970 0.03Ce3+ (BO3)3  phosphor were taken 
on a RigakuMiniflex II X-ray Diffracto-meter and compared with JCPDS No.(52-1327) as 
shown in figure 1-A.The maximum peaks matches with the standard pattern. The 
additional peaks are present in recorded pattern are due to impurities. Sharp peaks in XRD 
pattern are due to large crystallite size.  X-ray pattern of Ba3Gd(BO3)3 matches with the X-
ray pattern of low temperature phase of Ba3Y(BO3)3 [1,2].Space group of phosphor 
Ba3Gd(BO3)3 is R3(148) and cell parameters are a = 13.06, c=9.552. V= 1412.42 Ao3. A 
detailed structure description of Ba3Gd(BO3)3 was not found in literature. Bing Han et.al. in 
his work  mentioned that Ba3Gd(BO3)3 is isomorphic with H-Ba3Y(BO3)3 for the following 
three reasons: (i) The powder XRD patterns of Ba3Gd(BO3)3 and H-Ba3Y(BO3)3 are similar.  
(ii) The ionic radii of Gd3+ [RGd(III)] = 93.8 pm  are close to that of Y3+ [RY(III)]=90.0 pm in six 
fold coordination. (iii) It was found that the unit cell parameters [a=13.067(3)Å, 
c=9.552(3)Å, trigonal, R3] of Ba3Gd(BO3)3 are similar with that [a=13.028(2) Å,    c 

=9.4992(2) Å, trigonal, R3] of H-Ba3Y(BO3)3[2]. In ahigh temperature phase, a H-Ba3Y(BO3)3 
with a trigonal system having a space group of R(3), Z = 6, which consistsof YB6O18 unit 
with polyhedral of BaO6 and BaO8as shown in figure 1-B [16 ]. 

 

Figure 1-A:XRD-pattern of sample1-B:Structural unit of Ba3Y(BO3)3 with six fold 

coordination of Y3+ ions [17] 

3.2. SEM  

SEM study was carried out to examine the surface morphology of the prepared phosphor. 
The SEM images of Ba3Gd1−0.03(BO3)3:0.03Ce3+ phosphors are shown in Figure 2. It was 
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observed that the microstructure of the phosphor consist of irregular grains with 
agglomerate phenomena. The average size of synthesized phosphor particles is about 50 μm. The results show that phosphors have a good crystallinity and a relatively low sinter 
temperature. Average crystalline size by Scherrer formula is in 42.2 nm, which is nearly 
same as seen in surface morphology. SEM shows the image of polycrystalline particles and 
XRD measurements reflect the crystalline domain size.  It indicates that solution 
combustion synthesized phosphor has sharp surface morphology as well as crystalline 
grains. 

 

 

 

Figure 2: SEM Image of phosphor host. 

3.3. PL and PLE Study 

The PLE of Ba3Gd0.97(BO3)3 : 0.03Ce3+ phosphor is shown in figure (3).  It is recorded on F-
7000 FL spectrophotometer with scan speed 240 nm/min, excitation-emission slit width 
1nm. Ce3+ is all-round candidate for phosphor materials and it does not have any 4f-4f 
transition. It shows only 4f-5d type inter configurationally transition in borate host 
[8,9,10]. Photoluminescence excitation is broad band in region 240nm to 400nm with 
shoulder peak at 343nm due to transition from 2F5/2to5d1 level of activator ion in host 
lattice.  
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Figure 3 PLE of Ba3Gd0.97(BO3)3 : 0.03 Ce3+ Figure 4 PL of Ba3Gd0.97(BO3)3 : 0.03 Ce3+ 

 
The PL of Ba3Gd0.97(BO3)3 : 0.03 Ce3+ phosphor monitored at 343nm excitation is shown in 
figure (4).  PL recorded in range 450nm to 530nm shows two peaks at 488nm and 501nm. 
488nm peak is due to 5d1 to 2F5/2   and 501nm peak is due to5d1 to 2F7/2  transition of 
activator in crystal environment. Ce3+ ion shown the two characteristic lines.  Intensity of 
501nm is less than 488nm line. 488nm lies in blue region of spectrum. So it is NUV excited 
blue emitting phosphor. The photoluminescence study is carried out at room temperature.  
 

 

Figure 5 PL of host phosphor at different concentration of dopant Ce3+And embedded 
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3.4. CIE Chromaticity Diagramof Ba3Gd0.97(BO3)3 : 0.03 Ce3+  

Figure (6) shows the Commission International del Eclairage (CIE) chromaticity 
coordinates diagram of the Ba3Gd0.97(BO3)3 : 0.03 Ce3+ phosphor at 488nm. The 
chromaticity coordinates of the phosphor Ba3Gd0.97(BO3)3 : 0.03Ce3+for fixed concentration 
of Ce3+ at 488 nm was computed using LEDTUNING. NL Software 
[https://www.ledtuning.nl/en/cie-convertor][11-12-13]. CIE Chromaticity co-ordinates 
for Ba3Gd0.97(BO3)3 : 0.03Ce3+at PL wavelength 488nm are X = 0.05467, Y = 0.2541. It comes 
in blue region of CIE Chromaticity diagram and is indicated by black circle in figure(6). CCT 
value is 122321 kelvin and Delta uv is 0.1402. 

 

Figure 6  CIE chromaticity of Ba3Gd0.97(BO3)3 : 0.03 Ce3+ 

4. Conclusions 

The Ba3Gd1-x(BO3)3 : X Ce3+polycrystalline phosphor was synthesized by solution 
combustion method . XRD confirmed the phase & formation of compound and it matches 
withstandard JCPDS file number 52-1327. SEM shows the average size of synthesized phosphor particles was about 2.5 μm and good crystalline. Phosphor shows 
broadexcitation band from 200 to 400 nm with prominent peak at 343 nm.PLE for 
characteristic emissionwavelength 488 nm was found to be 343 nm. At 343 nm, UVlight 
excitation Ba3Gd1-x(BO3)3 : X Ce3+ phosphor emits blue light. 
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 Formulation of India State Hunger Index and 

Assessment of Associated Factors 
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1, 2

Department of Statistics, G. S. science, Arts and Commerce College, Khamgaon, Maharashtra 

Abstract: There are many faces of hunger such as loss of energy, lack of interest, increased vulnerability to disease, shortfalls in 

nutritional status and premature death. Hunger is usually linked with lack of food. India State Hunger Index was formulated by 

assigning weights to the components of the index using principal component analysis. Association between hunger index and 

factors affecting it was assessed. Kerala has the minimum index score indicating less hunger, whereas, Jharkhand has the 

maximum index score depicting serious hunger situation. Literacy (men-women), households with improved drinking water 

facility and households with sanitation facility are highly associated with the India State Hunger Index. The factors like literacy 

(men-women), household with improved drinking water and sanitation facility and child’s adequate diet are required to be 

considered while framing the policies to mitigate the problem of hunger. 

Keywords: India State Hunger Index, literacy, water, sanitation. 

I. INTRODUCTION 

There are many faces of hunger such as loss of energy, lack of interest, increased vulnerability to disease, shortfalls in nutritional 

status and premature death. Hunger is usually linked with lack of food. The food and agriculture organization of United Nations 

(FAO) defines food deprivation and under nutrition, as the consumption of less than 1800 kcal � the minimum requirement that 

people need to live a fit and fruitful life. 

One of the forms of hunger called hidden hunger that goes beyond calories which defines as the lack of energy, proteins or essential 

vitamins and minerals. It is also called undernourishment and is a result of insufficient intake of food (either quality or quantity), 

poor utilization of nutrients etc. These are caused by a variety of factors including insecure domestic atmosphere, inadequate 

maternal health or childcare practices or inadequate access to health services, clean water and sanitation. For the sake of assessment 

of hunger, it is necessary to point out the range of causes and factors which directly or indirectly affect hunger. Out of several 

factors affecting hunger worldwide, factors like, literacy (men-women), households with improved drinking water facility, 

households with improved sanitation facility, and child adequate diet, poverty and GDP are taken into consideration for present 

study. 

India is dealing with one of the extreme situations of hunger and malnutrition which needs an urgent attention and effective action 

plans. Besides having a large population, India is having a great manpower and it can lead the nation towards advancements and 

growth. Since a healthy body can concentrate easily and can take initiatives for physical and mental activities, ultimately gives 

enormous results, it implies that healthy population has direct relationship with growth of its nation. So it is very necessary to 

showcase the hunger situation at sub national level. Present study explains the calculation of hunger index at state level viz; India 

State Hunger Index (ISHI) and factor affecting hunger. Such type of micro level index can serve as a powerful tool to measure the 

extent of hunger, formulate effective action plans and providing solutions to fight hunger. 

II. METHODS 

A. India State Hunger Index (ISHI) 

It is a tool to calculate hunger and malnutrition at the sub-national level in India. It is engineered in the same way as the Global 

Hunger Index (GHI). The ISHI was developed by the International Food Policy Research Institute (IFPRI) and launched for the first 

time in 2008, in conjunction with the Non-Governmental Organization Welthungerhilfe and the Department of Economics, 

University of California. With regards to the planning and execution of the developmental programmes, state governments play a 

pivotal role in Indian political system. Thus calculating Hunger Index at state level will definitely become a tool to build awareness 

of the disparities among state hunger indices [1]. 

(Source: https://en.wikipedia.org/wiki/India_State_Hunger_Index) 
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B. Components of India State Hunger Index (ISHI) 

The India state hunger index is comprised of four components; 1) Percentage of population undernourished (PUN), 2) Percentage of 

Stunted children under 5years of age (CST), 3) Percentage of Wasted children under 5years of age (CWA) and 4) Mortality rate of 

children under 5years of age (CM). 

 

C. Data 

The data pertaining to the components of India State Hunger Index viz; stunting, wasting and child mortality under five years of age 

of children was taken from reports of 4th round of National Family Health Survey (NFHS) 2015-16. Whereas, the data for 

prevalence of undernourishment was calculated using method suggested by Food and Agriculture Organization (FAO) based on the 

available data of 2011-12 (Table 1) [2]. 

Table 1. State Wise Values OF Components of ISHI         
Sr. 
No. 

States / UTs Percentage of 
Undernourished 

population 
(PUN) 

Percentage of 
Stunted children 

under 5 years of 
age   (CST) 

Percentage of 
Wasted children 

under 5 years of 
age (CWA) 

Percentage of 
Child Mortality 

under 5 years of 
age (CM) 

1 A & N Islands 17.90 23.3 18.9 1.30 

2 Andhra Pradesh 28.13 31.4 17.2 4.08 

3 Arunachal pradesh 17.90 29.4 17.3 3.28 

4 Assam 40.78 36.4 17.0 5.66 

5 Bihar 31.09 48.3 20.8 5.81 

6 Chhattisgarh 38.21 37.6 23.1 6.42 

7 Daman & Diu 17.90 23.4 24.1 3.40 

8 D & N Haveli 17.90 41.7 27.6 4.20 

9 Delhi NCT 17.90 32.3 17.1 4.20 

10 Goa 17.90 20.1 21.9 1.29 

11 Gujarat 44.22 38.5 26.4 4.35 

12 Haryana 28.09 34.0 21.2 4.11 

13 Himachal Pradesh 16.31 26.3 13.7 3.76 

14 Jammu &Kashmir 22.84 27.4 12.1 3.76 

15 Jharkhand 39.19 45.3 29.0 5.45 

16 Karnataka 43.69 36.2 26.1 3.22 

17 Kerala 17.90 19.7 15.7 0.71 

18 Lakshadweep 17.90 27.0 13.8 3.00 

19 Madhya Pradesh 38.15 42.0 25.8 6.49 

20 Maharashtra 36.97 34.4 25.6 2.91 

21 Manipur 17.90 28.9 6.8 2.59 

22 Meghalaya 17.90 43.8 15.3 3.97 

23 Mizoram 17.90 28.0 6.1 4.59 

24 Nagaland 17.90 28.6 11.2 3.73 

25 Odisha 34.96 34.1 20.4 4.86 

26 Punjab 28.41 25.7 15.6 3.32 

27 Puducherry 17.90 23.7 23.6 3.22 

28 Rajasthan 29.53 39.1 23.0 5.07 

29 Sikkim 17.90 29.6 14.2 3.22 

30 Tamil Nadu 48.74 27.1 19.7 2.69 

31 Telangana 17.90 28.1 18 3.36 

32 Tripura 17.90 24.3 16.8 3.26 

33 Uttarakhand 18.34 33.5 19.5 7.81 

34 Uttar Pradesh 34.45 46.3 17.9 4.67 

35 West Bengal 38.38 32.5 20.3 3.18 

36 India 36.38 38.4 21.0 5.00 

 (Source: NFHS, 2015-16) 
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The data for the factors affecting hunger (Table 2) viz; literacy men, literacy women, percentage of population having access to safe 

drinking water, percentage of population having sanitation facility, percentage of children of age 6 to 23 months receiving an 

adequate diet were taken from National Family Health Survey [3].  

 

Table 2: 

Data Related to Factors Affecting Hunger Index. 

Sr. 

No. 

State Literacy Drinking 

water 

Sanitation Child 

adequate 

diet 

GDP poverty 

Men Women 

1 A & N Islands-UT 88.5 84.1 94.3 74.3 14.2 -- -- 

2 Andhra Pradesh 79.4 62.9 72.7 53.6 7.6 604229 4.69 

3 Arunachal Pra. 84.5 65.6 72.7 61.3 14 18509 36.94 

4 Assam 82.8 71.8 83.8 47.7 8.9 227959 30.70 

5 Bihar 77.8 49.6 98.2 25.2 7.5 371602 25.63 

6 Chhattisgarh 85.7 66.3 91.1 32.7 10.9 225163 35.32 

7 Daman & Diu-UT 89.7 83.1 89.4 60.4 6.5 -- -- 

8 D & N Haveli-UT 82.6 62.5 77.5 35.4 0 -- -- 

9 Delhi NCT-UT 89.3 80.9 80 73.3 5.2 -- 8.44 

10 Goa 94.7 89 96.3 78.3 10.4 55054 2.06 

11 Gujarat 89.6 72.9 90.9 64.3 5.2 1029010 11.45 

12 Haryana 90.6 75.4 91.7 79.2 7.5 495504 7.23 

13 Himachal Pra. 96.2 88.2 94.9 70.7 10.9 114239 4.47 

14 Jammu & Kashm. 87 69 89.2 52.5 23.5 117168 9.08 

15 Jharkhand 79.7 59 77.8 24.4 7.2 206613 32.96 

16 Karnataka 85.1 71.7 89.3 57.8 8.2 1045168 15.99 

17 Kerala 98.7 97.9 94.3 98.1 28.4 561994 3.96 

18 Lakshadweep-UT 98.8 95.6 91.5 99.2 15.9 -- -- 

19 Madhya Pradesh 81.8 59.4 84.7 33.7 6.6 541068 24.83 

20 Maharashtra 92.8 80.3 91.5 51.9 6.5 1966225 11.12 

21 Manipur 96 85 41.6 49.9 18.8 19531 36.29 

22 Meghalaya 84 82.8 67.9 60.3 23.5 25117 10.01 

23 Mizoram 98.1 93.4 91.4 83.3 14.5 15139 24.04 

24 Nagaland 85.6 80.9 80.6 75.1 18.8 19524 28.88 

25 Odisha 84.3 67.4 88.8 29.4 8.5 328550 23.64 

26 Punjab 87.5 81.4 99.1 81.5 5.9 390087 4.90 

27 Puducherry-UT 92 85.1 95.8 66.5 30.8 26617 7.83 

28 Rajasthan 85.4 56.5 85.6 45 3.4 681482 9.04 

29 Sikkim 91.5 56.6 97.6 88.2 23.1 18034 3.83 

30 Tamil Nadu 89.1 79.4 90.6 52.2 30.7 1176500 6.61 

31 Telangana 83.4 65.5 77.9 50.5 10.1 577902 -- 

32 Tripura 89.5 80.4 87.3 61.3 5.9 35938 7.70 

33 Uttarakhand 90.7 76.5 92.9 64.5 8.5 177163 6.16 

34 Uttar Pradesh 82.4 61 96.4 35 5.3 1137808 24.35 

35 West Bengal 81.1 70.9 94.6 50.9 19.6 797300 14.69 

36 India 85.7 68.4 89.9 48.4 9.6 -- 16.18 

(Source: NFHS, 2015-16) 
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The data for poverty was not available for the year 2015-16. Therefore, it was calculated on the basis of previous year data available 

for 30 states (2004-05 and 2011-12) by using annual percentage change (Table 2).  

The method of Principal Components provides a convenient way of assigning proper weights to the components to form India state 

hunger Index. It provides optimal weights that capture the largest fractions of the variance of the original variable based on the data 

available [4]. Principal component analysis was performed using the SPSS software trail version 20 

India state hunger Index was framed by assigning the weights derived from PCA to the components of the index.  

ISHI = (PCA weight)*PUN+(PCA weight)*CWA+(PCA weight)*CST+(PCA weight)*CM 

The index reflects scoring by states on a 100-point scale where 0 is the best score (no hunger) and 100 the worst. A score greater 

than or equals 50 is defined as �extremely alarming�; 35 to 50 as �alarming�; 20 to 35 as �serious�; 10 to 20 as �moderate� and less 

than or equals 10 as �low�.  

The association between factors and index was analysed by calculating the Karl Pearson�s correlation coefficient. 

III. RESULTS 

The weights for the components of the ISHI were calculated using principal component analysis. The percentage of children who 

are stunted in India have higher weight of 0.29 and that of wasted is 0.22. The weights for child mortality under 5 years of age and 

the percentage of population undernourished 0.24 and 0.25, respectively.    

On the basis of weights the composite index was formed using the following formula 

ISHI = 0.25*PUN + 0.22*CWA + 0.29*CST + 0.24*CM 

 

Table 3 

 Calculation of ISHI and Ranking of States 

Rank States / UTs 0.25 * PUN 0.22 * CWA 0.29 * CST 0.24 * CM ISHI 

1 Kerala 4.48 3.45 5.71 0.17 13.81 

2 Manipur 4.48 1.50 8.38 0.62 14.97 

3 Mizoram 4.48 1.34 8.12 1.10 15.04 

4 Goa 4.48 4.82 5.83 0.31 15.43 

5 Himachal Pradesh 4.08 3.01 7.63 0.90 15.62 

6 A & N Islands 4.48 4.16 6.76 0.31 15.70 

7 Tripura 4.48 3.70 7.05 0.78 16.00 

8 Lakshadweep 4.48 3.04 7.83 0.72 16.06 

9 Nagaland 4.48 2.46 8.29 0.90 16.13 

10 Sikkim 4.48 3.12 8.58 0.77 16.96 

11 Jammu & Kashmir 5.71 2.66 7.95 0.90 17.22 

12 Puducherry 4.48 5.19 6.87 0.77 17.31 

13 Daman & Diu 4.48 5.30 6.79 0.82 17.38 

14 Telangana 4.48 3.96 8.15 0.81 17.39 

15 Arunachal Pradesh 4.48 3.81 8.53 0.79 17.59 

16 Delhi NCT 4.48 3.76 9.37 1.01 18.61 

17 Punjab 7.10 3.43 7.45 0.80 18.78 

18 Uttarakhand 4.59 4.29 9.72 1.87 20.47 

19 Andhra Pradesh 7.03 3.78 9.11 0.98 20.90 

20 Meghalaya 4.48 3.37 12.70 0.95 21.50 

21 Haryana 7.02 4.66 9.86 0.99 22.53 

22 D & N Haveli 4.48 6.07 12.09 1.01 23.65 

23 West Bengal 9.59 4.47 9.43 0.76 24.25 

24 Odisha 8.74 4.49 9.89 1.17 24.28 

25 Rajasthan 7.38 5.06 11.34 1.22 25.00 

26 Tamil Nadu 12.19 4.33 7.86 0.65 25.02 

27 Maharashtra 9.24 5.63 9.98 0.70 25.55 

28 Assam 10.19 3.74 10.56 1.36 25.85 

29 Chhattisgarh 9.55 5.08 10.90 1.54 27.08 

30 Uttar Pradesh 8.61 3.94 13.43 1.12 27.10 

31 Bihar 7.77 4.58 14.01 1.39 27.75 

32 Karnataka 10.92 5.74 10.50 0.77 27.94 

33 Madhya Pradesh 9.54 5.68 12.18 1.56 28.95 

34 Gujarat 11.05 5.81 11.17 1.04 29.07 

35 Jharkhand 9.80 6.38 13.14 1.31 30.62 

 India 9.10 4.62 11.14 1.20 26.05 
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The index coins the value of 13.81 for Kerala, which is least, followed by 16 other states in Moderate category (Table 3). Apart 

from this remaining 18 states falls in serious category. The largest value of index is 30.62 for Jharkhand. Gujarat, Madhya Pradesh, 

Karnataka and Bihar are the predecessor of Jharkhand with index values 29.07, 28.95, 27.94 and 27.75, respectively (Fig. 1)(Table 

4). The value of index for India is 26.05, which indicate that India comes in serious category.  

According to the index score and ranking of states, no state falls in low, alarming and extremely alarming category. 

Figure 1: Severity of Hunger in India 
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Table 4 

 Categorization of States/UTS. 

SN <10 

Low 

>=10 to 20 Moderate >=20 to 35 

Serious 

>=35 to 50 

Alarming 

>=50 

Extremely 

alarming 

1 None Kerala Uttarakhand None None 

2  Manipur Andhra Pradesh   

3  Mizoram Meghalaya   

4  Goa Haryana   

5  Himachal Pradesh D & N Haveli   

6  A & N Islands West Bengal   

7  Tripura Odisha   

8  Lakshadweep Rajasthan   

9  Nagaland Tamil Nadu   

10  Sikkim Maharashtra   

11  Jammu & Kashmir Assam   

12  Puducherry Chhattisgarh   

13  Daman & Diu Uttar Pradesh   

14  Telangana Bihar   

15  Arunachal Pradesh Karnataka   

16  Delhi NCT Madhya Pradesh   

17  Punjab Gujarat   

18   Jharkhand   

 

 

TABLE 5 

 CORRELATIONS BETWEEN INDEX AND FACTORS. 

 ISHI1 literacy-

men 

literacy-

women 

drinking 

water 

sanitation child 

adequate 

diet 

GDP poverty 

ISHI 1 -0.648** -0.656** 0.591 -0.726** -0.412* 0.264 0.253 

literacy-

men 

-0.648** 1 0.815** 0.128 0.750** 0.345* -0.085 -0.220 

literacy-

women 

-0.656** 0.815** 1 0.041 0.726** 0.387* -0.111 -0.284 

drinking 

water 

0.591 0.128 0.041 1 0.237 -0.009 0.081 -0.228 

Sanitation -0.726** 0.750** 0.726** 0.237 1 0.371* -0.137 -0.212 

child 

adequate 

diet 

-0.412* 0.345* 0.387* -0.009 0.371* 1 -0.121 -0.124 

GDP  0.264 -0.085 -0.111 0.081 -0.137 -0.121 1 0.038 

poverty  0.253 -0.220 -0.284 -0.228 -0.212 -0.124 0.038 1 

 ** Correlation is significant at the 0.01 level (2-tailed). 

 * Correlation is significant at the 0.05 level (2-tailed). 
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A. Correlations Between Index and Factors 

Karl Pearson�s correlation coefficient was calculated between index and factors and displayed in table 5. 

1) Literacy: Literacy (men & women) is significantly associated with India State Hunger Index. It indicates that small increments 

in the literacy rate can have positive effect on index. 

2) Household with improved drinking water: Drinking water is positively correlated with all four version of the index. It showed 

that improving drinking facility may cut down the consequences of hunger. 

3) Household with sanitation facility: The percentage of household with sanitation facility is highly correlated with index and 

other factors viz; literacy (men & women) and child�s adequate diet. It does not have any significant association with access to 

safe drinking water, GDP, and poverty. 

4) Child�s adequate diet: Child�s adequate diet is significantly correlated with the index, literacy and sanitation facility. Also it 

shows negative correlation with GDP and poverty. 

GDP and poverty does not show any significant correlation with the index and factors. 

B. Discussion 

The book "Towards Hunger Free India" [5] examines the possibilities for achieving freedom from hunger in India by 2007. 

Emphasis is also placed on prioritized community-based investments such as the provision of clean drinking water, nutritious food, 

health care and education.  

The main reason why child malnutrition is still rampant in South Asia and at a higher rate than the drought-stricken, sub-Saharan 

Africa disputes that women's nutrition, eating habits and childcare practices are inadequate, related to shortages in terms of women's 

education and social status [6].  

The role of female literacy in reducing the risk of child malnourishment was studied and concluded that when a mother learns, the 

real benefits flow to children in terms of reduced risk; the same benefits, however, do not go away when the father, but not the 

mother, learns. Educated mothers make more effective use of health-care institutions and hospitals [7]. 

Child and infant mortality; child malnutrition; schooling enrolment and completion; gender disparities in schooling; and hunger-

poverty: the 5 millennium development goals were focused and emphasized that the data and analysis will be essential for policy-

makers, scholars and researchers in the fields of development studies, health, economics and politics, and also for activists in 

organizations [8]. 

Intensive nutrition education for mothers improves child nutritional status significantly and sustainably even when no nutritional 

supplements are provided, and this effect is accountable to proper maternal child feeding and caring practices [9]. 

India�s rising GDP has had very less influence on food security and the nutrition situations of the country. Per capita availability and 

consumption of food grains has also reduced; the cereal consumption of the bottommost 30% of the population remains to be much 

less than that of the top two deciles of the population. The percentage of under-nourished stunted children was as high as 39% in 

2014; and more than half of India�s women and three-quarters of its children are anaemic, with little decline in these estimates in the 

past eight years, resulted in maternal mortality and underweight babies [10]. 

Global Hunger Index (GHI) with the predictors encompassing a variety of factors including basic, political, economic, and 

infrastructural needs was discussed and concluded that the GHI in India and Nigeria was significantly affected by gross domestic 

product per capita (GDPC) and water access, while only water was significant in determining Brazil�s GHI [11].  

Poor sanitation remains a chief public health concern linked to several important health issues; it is quite evident that poor sanitation 

is linked with childhood stunting. The author also found that more than half of the population defecates openly in India; therefore, 

prevalence of stunting remains higher [12].  

IV. CONCLUSIONS 

No state falls in low, alarming and extremely alarming category. Kerala has the minimum index score indicating less hunger, 

whereas, Jharkhand has the maximum index score depicting serious hunger situation. 17 states of India fall in moderate category 

and 18 states in serious category. India is categorized in serious category.  

Literacy (mem-women), households with improved drinking water facility and households with sanitation facility are highly 

associated with the India State Hunger Index. 

The states which are categorized in serious category of hunger index the factors like literacy (men-women), household with 

improved drinking water and sanitation facility and child�s adequate diet are required to be considered while framing the policies to 

mitigate the problem of hunger. 
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Abstract

There are many faces of hunger such as loss of energy, lack of interest, increased vulnerability to disease, shortfalls in

nutritional status and premature death. Global Hunger Index is a tool that measures hunger globally, by region, and by country.

Principal component analysis provides a convenient way of assigning proper weights to the components to form a composite

hunger index. The results indicated the highest weight (0.29) for the percentage of stunted children in India followed by

percentage of population undernourished (0.25), child mortality (0.24) and percentage of wasted children (0.22). This also

suggests the percent contribution of these components is 29%, 25%, 24% and 22%, respectively. Along with the healthy diet

improved, processed, complementary foods as well as dairy products and supplements of iron and calcium should be

incorporated in the mother’s diet.

Key words : Hunger index, undernourishment, stunting, wasting, child mortality, principal component analysis.

Introduction

World is facing, one of the many terrible problems which is

threatening the existence of human being, a cruel hunger.

There are many faces of hunger such as loss of energy,

lack of interest, increased vulnerability to disease,

shortfalls in nutritional status and premature death.

The development agenda has a factor of brawling

with under nutrition and hunger. Poverty reduction being

in which, food security and nutrition are been stalked,

plays a vital role. Connecting this hunger and malnutrition

are not withstand the process required for the targets and

even if the portion of hungry people bisects by 2015 under 

the millennium development goal, the adequacy of people 

suffering from hunger will be nearly 580 million according

to the recent predictions .

Adults who were malnourished as children are less

physically and intellectually productive, have lower

educational attainment and lifetime earnings and are

affected by higher levels of chronic illness and disability .

The collaborative efforts of the Government of India and

the World Bank in nutrition in 1980 reviewed the

effectiveness, efficiency and impact of public spending on

nutrition in India, as well as suggesting means for

improvement. The report analysed the three main causes

for malnutrition i.e. inadequate food intakes, disease and

pernicious caring practices. Steps and improvements

concerning malnutrition have been taken seriously by the

Government, through target food supplementation,

micro-nutrient programmes, and food subsidy

programmes. The report submitted that these policies and 

programmes have limited impact on nutrition among the

poor, due to ineffective targeting, implementation, and

coverage and a higher level of sustained political

commitment is required for India to succeed on the

subject of malnutrition. This will definitely require

structural actions at the national, state, and local levels in

sectors such as agriculture, industry, water, and

sanitation .  Studied the nutritional situation in India and

found that it depends on the measures of undernutrition

consulted. FAO estimates based on the national

availability of food and its distribution across households

suggests that about one quarter of Indian household have 

a habitual insufficient calorie intake. 

Global Hunger Index : It is a tool that measures hunger

globally, by region, and by country. The GHI is calculated

annually, and its results published in a report issued in

October each year.

The GHI was shaped in 2006 initially published by

the International Food Policy Research Institute (IFPRI).

Welthungerhilfe in 2007, the Irish NGO Concern

Worldwide also became a co-publisher. In 2018, the GHI

was a joint project of Welthungerhilfe and Concern

Worldwide, with IFPRI stepping aside from its

involvement in the report.

The 2018 Global Hunger Index (GHI) report, the 13th 

in the annual progression, presents a multidimensional

measure of national, regional, and global hunger by

assigning a numerical score based on several aspects of

hunger. It then ranks countries by GHI score and

compares current scores with past results. It also showed

that in many countries and in terms of the global average,

hunger and under nutrition have declined since 2000; in

some parts of the world, however, hunger and under

nutrition persist or have even worsened. Since 2010, 16
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countries have seen no change or an increase in their GHI 

levels (Table-1).

GHI is comprised of four components (5)

(1) Percentage of population undernourished (PUN).

(2) Percentage of Stunted children under 5years of

age.

(3) Percentage of Wasted children under 5years of

age.

(4) Mortality rate of children under 5years of age.

Percentage of population undernourished (PUN) :

According to Food and Agriculture Organization (FAO),

percentage of population undernourished is defined as

“the probability that a randomly selected individual from

the reference population is found to consume less than

his/her calorie requirement for an active and healthy life”.

It is written as : 

      PoU = 
x MDER

f x dx
<ò ( )  

Where; f(x) = probability density function of per

capita calorie consumption.

MDER = Minimum dietary energy requirement.

As per the  estimates, in ‘The State of Food Security

and Nutrition in the World’, report, 189.2 million people

are undernourished in India. By this measure 14% of the

population is undernourished in India. Also, 51.4% of

women in reproductive age between 15 to 49 years are

anemic.

The percentage of population undernourished can

be calculated using the methodology as suggested by

FAO, but the state-wise data required for calculation of

prevalence of under nourishment was available for the

year 2011-12. Hence, the percentage of population

undernourished was calculated form the available data of

2011-12 for 19 states of India published in research article 

authored by Dr.Vikas Rawal and for remaining states the

national average of 17.9 for the year 2011-12 was used

(6, 7).

Percentage of Stunted children (CST) : When a child

has a low height for his/her age he/she is called stunted

child, it is usually due to underfeeding, starvation and

recurrent infections. The World Health Organization

classifies children who are stunted as those, whose height 

is lower than average for their age and at least two

standard deviations below the WHO’s Child Growth

Standards Median. Children who are suffering from

developmental retardation as a consequence of deprived

diets or recurrent infections tend to be at higher probability 

for illness and death (UNICEF). Nutritional deficiencies for

longer period of time causes Stunting  that results in

deferred mental development, poor school performance

and abridged intellectual capacity. This consecutively

affects economic efficiency at national level. Women of

short physique are at higher risk for obstetric difficulties

because of a smaller pelvis. These women are at greater

risk of delivering an infant with low birth weight; this

becomes a great cause to the intergenerational cycle of

stunting. These infants with low birth weight or immature

intrauterine status probably become smaller as adults. A

stunted child may also have an inferior immune system,

brain utility and organ development. Performing below

average in these areas may also restrict their future

productivity and threaten the health of their future

children. 

But there are dealings by which we can take

preventive measures against stunting, particularly in the

first 1,000 days between pregnancy and a child’s second

birthday. For stunted children, some effects can be

reduced and even inverted.

Percentage of children aged < 5 years stunted for

age = (number of children aged 0–59 months whose

z-score falls below -2 standard deviations from the

median height-for-age of the WHO Child Growth

Standards/total number of children aged 0–59 months

who were measured) x 100.

Percent of Wasted children (CWA) : According to

UNICEF the term “wasting” refers to a situation where a

child has failed to attain adequate weight for height (W/H).

Weight-for height is normally used as an indicator of

recent nutritional status. Wasting may be the result of

malnourishment or severe disease. Wasting says

something about to the process by which weakening

disease causes muscle and fat tissue to “waste” away.

Wasting is sometimes mentioned as “acute malnutrition”

because it is had belief that events of wasting

have a short period of time. Wasting can be caused by a

very low energy consumption (e.g.  by starvation), losses

of substances that provides nourishment essential for the

maintenance of active life due to infection, or a mix of low

consumption

and high loss. Infections and conditions connected with w

asting cover tuberculosis, chronic diarrhoea, AIDS

and higher mesenteric artery syndrome.

There are 51 million wasted children in the world.

India alone houses 20 million - that’s half of the world’s

severely wasted children. Since 2005 in India, severe

wasting in children declined from six per cent to five per

cent, while wasting levels remained stagnant (19.8 per

cent in 2006, 17.3 per cent in 2018) (NFHS 3 2005-06,

CNNS 2016-18).

About 21 percent of children under age 5 are wasted



(International Institute for Population Sciences, National

Family Health Survey (NFHS)-4 2015-16). The national

average also hides the greater burden and prevalence

among certain geographic areas and population groups.

Children from tribal communities have an especially high

prevalence of wasting at 21.5 per cent. Severely wasted

children are more likely to die because their resistance to

infections is weakened by a lack of nutrients. Those who

survive may go on to suffer poor growth and development

and fail to thrive (UNICEF).

WFH as % of median reference value is calculated

this way :

Weight for height

= 
Weight of a given child

Median weight for a given child of that height
´ 100

Cut off points may vary, but <80% (close to

-2 Z-score) is often used.

The proportion of children under the age of 5 having

low weight for their height reflecting acute under

nutrition-2 standard deviation of the WHO child growth

standard median.

The recommended reporting system of height for

age (H/A) and weight for height (W/H) is in terms of Z-

scores — a statistical measure of the distance from the

median expressed as a proportion of the standard

deviation. The most common cutoff point is –2 Z-score,

i.e., two standard deviations below the median values of

the international reference. This is the cutoff risk level

used to differentiate malnourished children from those

adequately nourished. Children whose H/A and W/H

scores fall below this point are therefore considered,

stunted and wasted, respectively. 

Percent Child Mortality (CM) : Child mortality is defined

as the number of deaths of children under five years of age 

in a given year per one thousand children in this age

group. The age constraints, however, may vary among

different reports. Some researchers might consider only

children between the ages of one and four years, while

others might include infant mortality. Infant mortality rate

cannot fully account for the effects of weakening

nutritional status. Every researcher has an authority of

defining child mortality prior its employment in a report

before making comparisons with other indicators. 

Child mortality rate is calculated as :

Child mortality rate = 
no.  of deaths under 5 years

total no.  of live birth
´ 1000

All the 4 components were selected to monitor

severity the hunger situation of India. The percentage of

people who are food and energy deficient refers to entire

population. Wasting, stunting, and child mortality and
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Table-1 : Global Hunger Index (GHI) rankings for India.

Year GHI Values Ranking / Out of

Countries

2003 25.73 96/119

2007 25.03 94/119

2008 23.70 66/88

2009 23.9 65/84

2010 32.0 67/84

2011 23.7 67/81

2012 22.9 65/79

2013 21.3 63/78

2014 17.8 55/76

2015 29 80/104

2016 28.5 97/118

2017 31.4 100/119

2018 31.21 103/119

2019 30.3 102/117

Source : GHI annual reports, IFPRI).

Table-2 : State wise values of components of GHI.

S.No. States / UTs. PUN CST CWA CM

1. A & N Islands 17.90 23.3 18.9 1.30

2. Andhra Pradesh 28.13 31.4 17.2 4.08

3. Arunachal Pradesh 17.90 29.4 17.3 3.28

4. Assam 40.78 36.4 17.0 5.66

5. Bihar 31.09 48.3 20.8 5.81

6. Chhattisgarh 38.21 37.6 23.1 6.42

7. Daman & Diu 17.90 23.4 24.1 3.40

8. D & N Haveli 17.90 41.7 27.6 4.20

9. Delhi NCT 17.90 32.3 17.1 4.20

10. Goa 17.90 20.1 21.9 1.29

11. Gujarat 44.22 38.5 26.4 4.35

12. Haryana 28.09 34.0 21.2 4.11

13. Himachal Pradesh 16.31 26.3 13.7 3.76

14. Jammu &Kashmir 22.84 27.4 12.1 3.76

15. Jharkhand 39.19 45.3 29.0 5.45

16. Karnataka 43.69 36.2 26.1 3.22

17. Kerala 17.90 19.7 15.7 0.71

18. Lakshadweep 17.90 27.0 13.8 3.00

19. Madhya Pradesh 38.15 42.0 25.8 6.49

20. Maharashtra 36.97 34.4 25.6 2.91

21. Manipur 17.90 28.9 6.8 2.59

22. Meghalaya 17.90 43.8 15.3 3.97

23. Mizoram 17.90 28.0 6.1 4.59

24. Nagaland 17.90 28.6 11.2 3.73

25. Odisha 34.96 34.1 20.4 4.86

26. Punjab 28.41 25.7 15.6 3.32

27. Puducherry 17.90 23.7 23.6 3.22

28. Rajasthan 29.53 39.1 23.0 5.07

29. Sikkim 17.90 29.6 14.2 3.22

30. Tamil Nadu 48.74 27.1 19.7 2.69

31. Telangana 17.90 28.1 18 3.36

32. Tripura 17.90 24.3 16.8 3.26

33. Uttarakhand 18.34 33.5 19.5 7.81

34. Uttar Pradesh 34.45 46.3 17.9 4.67

35. West Bengal 38.38 32.5 20.3 3.18
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these components deals with children under 5 years. This

ensures that both the situation, conditions of the

population as a whole and that of children particularly

physiologically venerable section of a population is

captured.

However, instead of per thousand child mortality

values percent values are used during the present study

for child mortality. The statewise data pertaining to all the

above components is given in table-2. 

Materials and Methods

Estimation of weights using Principal Component

Analysis : The method of Principal Components provides

a convenient way of assigning proper weights to the

components to form a composite index. Principal

Component Analysis (PCA) has traditionally been used to

transform a large set of variables into a smaller set of

uncorrelated variables that account for most of the

variation in the original set of variables.

The method of principal component analysis is used

by various researchers for index development; some

studies have used the method for deriving a suitable

weighting pattern. For example,  have analyzed social

sector development in the major states of India with the

help of suitable composite indices constructed using the

method of principal components. Studies like (9) and (10)  

have also used the method of principal components for

constructing suitable 152 indices for analyzing intra-state

disparities in levels of socio-economic development.

Thus principal component analysis provides optimal

weights that capture the largest fractions of the variance

of the original variable based on the data available. The

weight of indicator can be obtained from the following

formula (11) : 

Weight of variable x = 
factor score of variable 

sum of all scores

x
 

Principal component analysis was performed using

the SPSS software trail version 20.

Results of Principal Component Analysis.

Correlations Stunted Wasted Mortality PUN

Stunted 1

Wasted 0.414* 1

Child Mortality 0.685** 0.229 1

PUN 0.505** 0.513** 0.321 1

Anti-image Matrices Stunted Wasted Mortality PUN

Stunted 0.625a

Wasted -0.206 0.713a

Child Mortality -0.639 0.072 0.601a

PUN -0.294 -0.385 0.010 0.726a

* & ** Correlation is significant at the 0.05 level & 0.01 level
respectively, (2-tailed) a-indicates sample adequacy.

The above table represents the correlation between

the components. The correlation between stunted &

wasted, stunted & child mortality, stunted &

undernourished population and wasted & undernourished 

population is significant with correlation coefficient 0.414,

0.685, 0.505 and 0.513, respectively. Whereas, the

correlation between wasted & child mortality and child

mortality and undernourished population is non-significant 

with correlation coefficient 0.229 and 0.321. It can be

inferred that percentage of population that is

undernourished has weak correlation with child mortality

implicating that poor nutrition in children leads to long

term deficiencies and diseases in the population and

could cause death in extreme situation. However,

sampling adequacy is calculated on the basis of

anti-image of correlation matrix. 

Kaiser-Meyer-Olkin Measure

     = (0.625+0.713+0.601+0.726)/4

         = 0.66.

This showed that the sample data used for the

present study is fairly adequate and further statistical tools 

can be applied on this data.

Factor Eignvalue %  variance Cumulated

percentage

Factor 2.35 58.71 58.71

Final statistics Communality Factor score Derived weight

Stunted 0.757 0.371 0.29

Wasted 0.466 0.291 0.22

Mortality 0.546 0.315 0.24

Undernourishment 0.579 0.324 0.25

Results and Discussion

PCA weights calculated based on data from 35 States of

India showed that, the percentage of children who are

stunted in India have higher weight of 0.29 and that

of wasted is 0.22. The weights for child mortality under 5

years of age and the percentage of population

undernourished 0.24 and 0.25 respectively. It can be

concluded that the percent contribution of stunted

children, undernourished population, child mortality and

wasted children are 29%, 25%, 24% and 22%,

respectively.

Stunting is a symptom for adverse environmental,

both maternal and child health factors, including improper

sanitation, restriction of intrauterine growth, micronutrient

deficiencies, and inappropriate infant and young child

eating habits. Current international recommendations for

achieving a 20% reduction in stunting and a 61%

reduction in severe wasting include delivery of a set of

nutrition-specific interventions at 90% coverage level.

There are number of factors that influence stunting

other than those mentioned in nutrition-specific



interventions. Antenatal care, decreased open defecation, 

low fertility, agriculture, clean water and sanitation,

women’s education and empowerment, and optimum

availability of quality food have been the key factors in

reducing stunting, while income growth and political

system played a facilitating role.

The formulation of the hunger index is based on four

components viz; Prevalence of undernourishment in the

total population, stunted children under five years of age,

wasted children under five of age, and mortality rate of

children under five years of age. It is very important to

closely monitor these components.

The problem of stunting, wasting and child mortality

in children under five years of age can be prevented by

ensuring that the healthy, appropriate and nutritious food

is available at an affordable price to every child for

consumption to achieve his or her full potential. Infants

should be closely monitored for the first 1000 days of birth

and essential services should be provided for pregnant

and lactating women to ensure the health of the baby and

the mother. Along with the healthy diet improved,

processed, complementary foods as well as dairy

products and supplements of iron and calcium should be

incorporated in the mother’s diet. Rapid and exclusive

breastfeeding to new born baby, trained and experienced

staff with antenatal, birth and postnatal care skills, access

to nutritious foods, Family knowledge of symptoms that

are harmful to a child’s health, access to clean water,

sanitation and vaccination can prevent most of the

diseases that could cause death.

Conclusions

Results of the principle component analysis indicated the

highest weight (0.29) for the percentage of stunted

children in India followed by percentage of population

undernourished (0.25), child mortality (0.24) and

percentage of wasted children (0.22). This also suggests

the percent contribution of these components is 29%,

25%, 24% and 22%, respectively. Considering the percent 

contributions of the components, the policies needs to be

framed. The percentage of stunted children contributes to

about 30% in Hunger Index for India and needs immediate 

attention followed by percentage of population

undernourished, child mortality and percentage of wasted

children.
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Ab stract

World is facing, one of the many terrible problems which is threatening the existence of human being, a cruel hunger. Hunger is

directly correlated with food production and supply. Calculation of weights, standardization of the component data and

formulation of four different versions of the hunger index for 35 states of India was carried out. Mean squared error criterion and

effect size analysis were adopted for ascertaining the efficiency of the indices. The percentage of children who are stunted in

India is the most important component of India state hunger index. On the basis of results of mean squared error, standard error 

and the effect size analysis of the index versions, the approach of formulating the India state hunger index by assigning weights

using principal component analysis to the non-standardized data of the components showed feasible results. According to ISHI, 

Kerala has the lowest value of 13.81 and Jharkhand has the largest value of the index (30.62). 16 states are categorized as

moderate, 18 states are placed in serious category and the value of index for India is 26.05 and categorized in serious category.

Key words : India state hunger index, PCA, stunting, wasting.

Introduction

World is facing, one of the many terrible problems which is

threatening the existence of human being, a cruel hunger.

There are many faces of hunger such as loss of energy,

lack of interest, increased vulnerability to disease,

shortfalls in nutritional status and premature death. The

development agenda has a factor of brawling with

under-nutrition and hunger. Poverty reduction, food

security and nutrition played a vital role to achieve the

targets of millennium development goals till 2015, the

people suffering from hunger will be nearly 580 million

according to the recent predictions. 

The same rate of child malnutrition in two countries

can have very different consequences in terms of

malnutrition-related deaths among children, depending on 

the overall rate of child mortality. Death data contains

more causes of death than malnutrition, and the real

contribution to malnutrition in children at death is not easy

to trace because the immediate cause of death is usually

an infectious disease. Malnourished adults such as

children are less productive physically and mentally,

receive less education and earn a living and are affected

by higher rates of chronic illness and disability. The

proportion of young children and older women who are

shorter and underweight indicates that the prevalence of

malnutrition is higher than recommended by the FAO . 

Global Hunger Index (GHI) : It is a tool that measures

wîrld hunger, regionally and nationally. GHI wàs

developed in 2006 and first published by the International

Food Policy Research Institute (IFDRI) (Source:

https://www.globalhungerindex.org/pdf/en/2020.pdf). GHI 

is used to calculate hunger indices for different countries

and ranks countries according to GHI scores.  On a global

scale, hunger and malnutrition have declined since 2000;

in some parts of the world, however, hunger and

molnutrition persist or even worsen in many countries.

Sinñe 2010, 16 ñîuntries have not seen any change or

increase in their GHI standards.

The present study aims to formulate State Hunger

Index using percentage of undernourished population

(PUN), percentage of stunted children (CST), percentage

of wasted children (CWA) and percent child mortality

(CM) as its components. The percentage of people who

are food and energy deficient (undernourished

population) includes population from all age groups

whereas, the other three components only consider the

children up to five years of age. However, instead of per

thousand child mortality values percent values are used

for child mortality. The index reflects scoring by states on

a 100-point scale where 0 is the best score (no hunger)

and 100 the worst. A score >=50 is defined as ‘extremely

alarming’; 35-50 as ‘alarming’; 20-35 as ‘serious’; 10-20

as ‘moderate’ and <10 as ‘low’. 

The state-wise data (2011-12) required for

calculation of percentage of undernourished population

was used from , following FAO methodology for 19 states

and for remaining states the national average of 17.9 for

Website : www.ssdatmeerut.in
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the year 2011-12 was considered . The data pertaining to

the remaining three components was taken from the 4th

round of National Family Health Survey 2015-16.

Materials and Methods

It includes computation of weights to the components

using principal component analysis, standardization of the 

components and formulation of the hunger index for

Indian states. 

All the components were standardized with the

threshold values (Table-1). These threshold values were

fixed somewhat greater than the existing maximum value

of the respective component, obtained in the previous

years till 2015. Greater threshold values were set to

overcome the chance of increase in the existing maximum 

values of the components in future. 

Below given formulae were used for standardization

of the data of the components.

Standardized PUN = 
PUN

Threshold value (55)
´ 100

Standardized CWA = 
CWA

Threshold value (45)
´ 100

Standardized CST = 
CST

Threshold value (65)
´ 100

Standardized CM = 
CM

Threshold value (20)
´ 100

Where, PUN, CWA, CST and CM are the existing

values of the respective components for the year 2015.

The data of all the four components was standardized and 

the results are presented in the table-3. 

The four hunger indices for Indian states (ISHI) were

formulated considering the combinations of principal

component analysis (PCA) weights and non-standardized 

components, PCA weights and standardized

components, weights assigned by IFPRI (1/3,1/6,1/6,1/3

for PUN, CST, CWA and CM, respectively.) and non-

standardized components, weights assigned by IFPRI

and standardized components. Below given formulae

were used for the formulation of four different versions of

India State Hunger Index as per above combinations.  

ISHI(1) = (PCA weight)*PUN+(PCA weight)*CWA+(PCA

        weight)*CST+(PCA weight)*CM

ISHI(2) = (PCA weight)*Std.(PUN)+(PCA weight)* Std.

     (CWA)+(PCA weight)* Std.(CST)+(PCA

     weight) * Std. (CM)

ISHI(3) = (IFPRI weight)* PUN+(IFPRI weight)* CST+

     (IFPRI weight)*CWA+(IFPRI weight)*CM

ISHI(4) = (IFPRI weight)*Std.(PUN)+(IFPRI weight)* Std.

    (CWA)+(IFPRI weight)* Std.(CST)+(IFPRI

    weight)* Std.(CM)

Mean squared error criterion and effect size analysis 

were adopted for ascertaining the efficiency of the indices.

Results and Discussion

Principal component analysis (PCA) : Weights for all

the components were calculated using principal

component analysis which resulted in 0.25, 0.29, 0.22,

and 0.24 for undernourishment, stunted, wasted and child

mortality, respectively, with 0.67 sampling adequacy.

Formulation of India State Hunger Index (ISHI) :

1. The India state hunger index (ISHI(1)) is formulated by

assigning weights calculated based on PCA to the

non-standardized data of the components. Numerically it

can be expressed as; 

Table-1 : Maximum and threshold value values of the components.

S.N. Component State Year Observed maximum 

value (%)

Threshold value set 

(%)

1. Stunted Bihar 1992-93 60.90 65

2. Wasted Madhya Pradesh 2005-06 39.50 45

3. child mortality Madhya Pradesh 1998-99 13.76 20

4. Undernourishment Tamil Nadu 2011-12 48.74 55

                                                                                       (NFHS Reports of respective years)

Table-2 : Factor scores and derived weights of components.

Factor statistics Eigenvalue Percent of variance Cumulated percentage

Factor 1 2.35 58.71 58.71

Final statistics Communality Factor score Derived weight

Stunted 0.757 0.371 0.29

Wasted 0.466 0.291 0.22

Mortality 0.546 0.315 0.24

Undernourished population 0.579 0.324 0.25

Only one factor was finally extracted by principal component analysis. (Criterion : eigen value >1).
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ISHI(1) = 0.25*PUN + 0.22*CWA + 0.29*CST +

        0.24*CM

ISHI(1) coins the value of 13.81 for Kerala (Table-4),

which is least amongst all, followed by 16 states in

moderate category. Apart from this, other 18 states are

placed in serious category with the largest value of the

index (30.62) for Jharkhand. The value of index for India

is 26.05 and categorized in serious category.

2. The India state hunger index (ISHI(2)) is

formulated by assigning weights calculated based on

PCA to the standardized data of the components.

Numerically it can be expressed as; 

ISHI(2) = 0.25*Std.(PUN) + 0.22* Std.(CWA) + 0.29*

       Std.(CST) + 0.24 * Std.(CM)

ISHI(2) represents that Kerala is leading with index

value 25.45, whereas, Jharkhand, Madhya Pradesh,

Gujrat, Chhattisgarh and Karnataka lies in the bottom

section with index values 58.74, 56.48, 55.40, 53.14,

52.82, respectively and are placed in the extremely

alarming category (Table-4). The upper section of the

index list belongs to the serious category and middle

section lies in the alarming category. The index value for

India is 49.94, which falls in alarming category.    

3. The India state hunger index (ISHI(3)) is

formulated by assigning weights as suggested by IFPRI

to the non-standardized data of the components.

Numerically it can be expressed as; 

 ISHI(3) = 1/3* PUN + 1/6*CST + 1/6*CWA + 1/3*CM

Comparatively lesser index values were obtained for 

Table-3 : Components of ISHI and its standardized values.

States / UTs  (PUN) Std (PUN)  CST) Std (CST)  CWA) Std (CWA)  (CM) Std  (CM)

A and N Islands 17.90 32.55 23.3 35.85 18.9 42.00 1.30 6.50

Andhra Pradesh 28.13 51.15 31.4 48.31 17.2 38.22 4.08 20.40

Arunachal Pradesh 17.90 32.55 29.4 45.23 17.3 38.44 3.28 16.40

Assam 40.78 74.15 36.4 56.00 17.0 37.78 5.66 28.30

Bihar 31.09 56.52 48.3 74.31 20.8 46.22 5.81 29.05

Chhattisgarh 38.21 69.48 37.6 57.85 23.1 51.33 6.42 32.10

Daman and Diu 17.90 32.55 23.4 36.00 24.1 53.56 3.40 17.00

D and N Haveli 17.90 32.55 41.7 64.15 27.6 61.33 4.20 21.00

Delhi NCT 17.90 32.55 32.3 49.69 17.1 38.00 4.20 21.00

Goa 17.90 32.55 20.1 30.92 21.9 48.67 1.29 6.45

Gujarat 44.22 80.40 38.5 59.23 26.4 58.67 4.35 21.75

Haryana 28.09 51.07 34.0 52.31 21.2 47.11 4.11 20.55

Himachal Pradesh 16.31 29.65 26.3 40.46 13.7 30.44 3.76 18.80

Jammu and Kashmir 22.84 41.53 27.4 42.15 12.1 26.89 3.76 18.80

Jharkhand 39.19 71.25 45.3 69.69 29.0 64.44 5.45 27.25

Karnataka 43.69 79.44 36.2 55.69 26.1 58.00 3.22 16.10

Kerala 17.90 32.55 19.7 30.31 15.7 34.89 0.71 3.55

Lakshadweep 17.90 32.55 27.0 41.54 13.8 30.67 3.00 15.00

Madhya Pradesh 38.15 69.37 42.0 64.62 25.8 57.33 6.49 32.45

Maharashtra 36.97 67.21 34.4 52.92 25.6 56.89 2.91 14.55

Manipur 17.90 32.55 28.9 44.46 6.8 15.11 2.59 12.95

Meghalaya 17.90 32.55 43.8 67.38 15.3 34.00 3.97 19.85

Mizoram 17.90 32.55 28.0 43.08 6.1 13.56 4.59 22.95

Nagaland 17.90 32.55 28.6 44.00 11.2 24.89 3.73 18.65

Odisha 34.96 63.56 34.1 52.46 20.4 45.33 4.86 24.30

Punjab 28.41 51.65 25.7 39.54 15.6 34.67 3.32 16.60

Puducherry 17.90 32.55 23.7 36.46 23.6 52.44 3.22 16.10

Rajasthan 29.53 53.69 39.1 60.15 23.0 51.11 5.07 25.35

Sikkim 17.90 32.55 29.6 45.54 14.2 31.56 3.22 16.10

Tamil Nadu 48.74 88.62 27.1 41.69 19.7 43.78 2.69 13.45

Telangana 17.90 32.55 28.1 43.23 18 40.00 3.36 16.80

Tripura 17.90 32.55 24.3 37.38 16.8 37.33 3.26 16.30

Uttarakhand 18.34 33.35 33.5 51.54 19.5 43.33 7.81 39.05

Uttar Pradesh 34.45 62.63 46.3 71.23 17.9 39.78 4.67 23.35

West Bengal 38.38 69.77 32.5 50.00 20.3 45.11 3.18 15.90

India 36.38 66.15 38.4 59.08 21.0 46.67 5.00 25.00



all the states in this version (Table-4). It follows the same

pattern as that of first two versions of the index. Kerala is

at the top in the list with index value 11.20 followed by

Manipur (11.88), Mizoram (12.28) and Goa (12.50) under

moderate category. Jharkhand (27.26) is at the bottom of

the list. The first 16 states of the list are in the moderate

category and the remaining states are in serious category.

4. The India state hunger index (ISHI(4)) is

formulated by assigning weights as suggested by IFPRI to 

the standardized data of the components and numerically

it is expressed as; 

 ISHI(4) = 1/3*Std.(PUN) + 1/6* Std.(CWA) + 1/6*

             Std.(CST) + 1/3* Std.(CM)

The index value for India is 48.01 belonging to

alarming category. Being the lowest value (21.26), Kerala

is on the top with serious category, followed by Manipur,

Andaman and Nicobar Islands, and Goa. The highest

value is 55.19 for Jharkhand which is in the extremely

alarming category of the list (Table-4).

Efficiency of the model : Mean squared error (MSE) and

standard error (SE) estimate were calculated for all the

four index versions using regression analysis (Table-5).

The minimum mean squared value was obtained for

ISHI(3) followed by ISHI(1), ISHI(2) and ISHI(4). On the

contrary the standard error estimate (SE) indicated lowest 

value for ISHI(1). The mean squared values for ISHI(1) and

ISHI(3) are in close proximity and to find the superior one

the effect size for ISHI(1) and ISHI(3) was calculated. The

effect size is calculated by squaring the Pearson’s

correlation coefficient r.
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Table-4 : India State Hunger Index (ISHI).

S.N. States / UTs ISHI(1) ISHI(2) ISHI(3) ISHI(4)

1. Kerala 13.81 25.45 11.20 21.26

2. Manipur 14.97 27.46 11.88 23.46

3. Mizoram 15.04 29.12 12.28 26.30

4. Goa 15.43 29.36 12.50 24.63

5. Himachal Pradesh 15.62 30.36 13.36 27.97

6. A and N Islands 15.70 29.33 12.53 24.35

7. Tripura 16.00 31.10 13.00 27.10

8. Lakshadweep 16.06 30.53 12.87 26.25

9. Nagaland 16.13 30.85 12.94 26.91

10. Sikkim 16.96 32.15 13.44 27.43

11. Jammu and Kashmir 17.22 33.03 15.45 31.62

12. Puducherry 17.31 34.11 14.02 29.40

13. Daman and Diu 17.38 34.44 14.12 29.80

14. Telangana 17.39 33.51 13.87 28.68

15. Arunachal Pradesh 17.59 33.65 13.94 28.62

16. Delhi NCT 18.61 35.95 14.70 30.83

17. Punjab 18.78 35.99 17.46 35.12

18. Uttarakhand 20.47 42.19 17.55 39.95

19. Andhra Pradesh 20.90 40.10 18.84 38.27

20. Meghalaya 21.50 39.92 16.24 32.73

21. Haryana 22.53 43.23 19.93 40.44

22. D and N Haveli 23.65 45.27 18.02 37.13

23. West Bengal 24.25 45.68 22.65 44.41

24. Odisha 24.28 46.91 22.36 45.59

25. Rajasthan 25.00 48.20 21.88 44.89

26. Tamil Nadu 25.02 47.11 24.94 48.27

27. Maharashtra 25.55 48.16 23.29 45.56

28. Assam 25.85 49.88 24.38 49.78

29. Chhattisgarh 27.08 53.14 24.99 52.06

30. Uttar Pradesh 27.10 50.65 23.74 47.16

31. Bihar 27.75 52.82 23.82 48.61

32. Karnataka 27.94 52.63 26.02 50.79

33. Madhya Pradesh 28.95 56.48 26.18 54.26

34. Gujarat 29.07 55.40 27.01 53.70

35. Jharkhand 30.62 58.74 27.26 55.19

India 26.05 49.94 23.69 48.01
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ISHI(1) is having greater effect size for all the

components as compared to ISHI(3), excluding

undernourished population. The combined effect size is

also greater for ISHI(1), hence, on the basis of mean

squared error and the effect size of the indices, it can be

concluded that the ISHI(1) is the most appropriate method

of calculating the state level hunger index in India.

 Principal component analysis revealed that the

percentage of children who are stunted in India is the

most important component of state hunger index. The

approach of formulating the India State Hunger Index with 

PCA weights and non-standardized components (ISHI(1)) 

showed feasible results. This method of calculation is

simple, the weights computed using PCA are based on

the actual data of the components of hunger index and

does not include the tedious procedure of standardization. 

This combination of components and weights gives

reasonable values of the index as compared to other

versions. 

Nearly similar ranks are obtained for all the states

from all the four versions of the index. However, as per the 

ranks obtained from ISHI(1) the states like Jharkhand,

Gujarat, Madhya Pradesh, Chhattisgarh, Karnataka,

Bihar and Uttar Pradesh, laying at the bottom section of

the rankings needs to be concentrated and requires

immediate attention to reduce the hunger problem.

The problem of child stunting, wasting and mortality

below five years can be prevented by ensuring that the

healthy, appropriate and nutritious food is available at an

affordable price to every child for consumption to achieve

his or her full potential. Pregnant women and infants

should be closely monitored up to 1000 days and

nutritious ample food should be provided for pregnant and 

lactating women to ensure the good health of the baby

and the mother. Awareness regarding rapid and exclusive 

breast feeding to new born baby, availability of trained

and experienced staff with antenatal, birth and postnatal

care skills at remote and rural areas. Awareness and

knowledge about the harmful symptoms affecting infant

and child health to remote and rural population. Similarly,

access to clean drinking water, sanitation and timely

vaccination can prevent most of the diseases that cause

death of the infants and children. All these efforts will

definitely help to reduce the hunger problem of the Indian

states.  
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Table-5 : Mean squared error (MSE) and standard error (SE) estimate.

ISHI(1) ISHI(2) ISHI(3) ISHI(4)

MSE 218.39 805.31 210.753 840.211

SE 0.00246 0.00275 0.00274 0.00254

Table-6 : Effect size of ISHI(1) and ISHI(3). 

Indices Effect size Combined effect size

Stunted Wasted Mortality Undernourished population

ISHI(1) 0.692 0.477 0.338 0.750 2.257

ISHI(3) 0.549 0.437 0.284 0.876 2.146
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SIX SIGMA IN BANKING PROCESS: PAST, 

PRESENT AND FUTURE. 
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Abstract: The purpose of this research paper is to explore Six Sigma in Service Sector Specially in Banking 

Process. Six Sigma is avery powerful toolas to reduce waste and enhance the service process.Though its 

benefits  are limited in service sector rather than manufacturing process. Six sigma deployed in Service 

sector based on valued and non valued added process. Six sigma can be used in service sector such as 

banking and health care. This research paper focuses on key performance indicator of six sigma in various 

stages to cover wide range of Service process specially in Vidharbha region.. 

Design/Methodology/Approach: The tactic  is to create the practical experience and research conducted by 

the author on six sigma in banking process. Further analysis shows the changeling in implementing Six 

Sigma in banking by using primary as well as secondary data. 

Finding: Here a ne w approach has been developed to reach the six  sigma level so that customer will be 

satisfied. DMAICM is the new approach of Six sigma methods the leading new phase and its affection and 

reality will be described by using primary as well as secondary data. 

Practical Implication: This research paper is  used for academic who are really interested in six sigma 

process. This paper provide a new concept past, present and future of Six sigma in Service sector. Further 

this paper express the new approach on systemic ways for implementing the process in service sector. 

Key words: Six Sigma, Implementation of Six sigma in Banking, DMAICM process, Banking Process and 

Continuous improvement. 

 

1. Birth of Six Sigma and Introduction:  

 Six Sigma is the business management strategy or process improvement approach pioneered in the 

1980 by Motorola to reduce manufacturing errors. Later in the mid-Nineties it was adopted by General 

electric and Allied Signal. Now finding its ways into non manufacturing profession like banking sector, 

health care, service sector, real estate etc. 

 The goal of six sigma is to eliminate or at the very least, minimize the number of errors in a process. 

The term sigma has not been used much in ordinary conversation. At most people are aware, the lower case 

http://www.ijcrt.org/
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Greek letter sigma ‘σ’ is used to signify standard deviation. SD is a statistical way to describe how much 

variation exists in a set of data, a group of items, or a process. 

 Six sigma is the philosophy, a measure, and a methodology that provides business with the perspective 

and the tools needed to achieve high level of performance for both product and service offering. The 

philosophy of six sigma involve two aspects one is statistical, other is business strategy, from the statistical 

point of view, the focus is on defect per million opportunities(DMPO), and the standard of performance is 

3.4 DPMO or 99.9996% error free work. 

           From the business point of view, six sigma is the disciplined method of using extremely rigorous data 

gathering and statistical analysis to pin point source of errors and ways of elimination them. The two key 

methodologies used in six sigma are DMAIC stands for Define, Measure, Analyze, Improve and Control 

and the second is DMADV stands for Define, Measure, Analyze, Design, verify. DMAIC is used when 

improving an existing product or process where as DMADV is employed when developing a new product or 

process. 

          Six sigma is a powerful quality process used in finance industry. Many financial institutions use six 

sigma methodology for improving the accuracy of allocation of cash to reduce bank charges, automatic 

payment, accuracy of reporting, reducing documentary credits defects, reducingcheque collection defects 

and reducing variation in collector performance. Many banks have attained the greater performance goals 

after implementing Six sigma. 

Jiju Antony 2004 [10] stated that Six Sigma process was pioneered by Bill Smith at Motorola in 1986. It is 

evident that Bill Smith did not really invent [10 ]. Six Sigma in the year 1980s; rather he applied 

methodologies that had been available since in 1920s developed by luminaries like Shewhart, Deming, 

Juran, Ishikawa, Taguchi, and Shainin. All tools used in Six Sigma programs are actually a subset of the 

Quality Engineering Discipline.  

1.2 Definition :-  Six Sigma 

(Sunil Desale, S V Deodhar  2013)[19]define that it is the  quality system as collective plans, activities, and 

events designed to ensure that the products, processes, and services satisfy customer needs. In short, Six 

Sigma is a customer-focused approach to business that provides an overall framework for quality 

management. 

1.3 Six Sigma has two major methodologies. 

 Paul Purnendu et al. June 2011[17] illustrated two methods that are DMAIC and DMADV. DMAIC is used 

to improve an existing business process and DMADV is used to create new product designs or process 

designs in such a way that it results in a more predictable, nature defect free performance [52]. 

i) DMAIC 

D- Define, M- Measure, A- Analyze, I- Improve, C- Control 

ii) DMADV 

 

DMAIC :-   DMAIC is based on original PDCA Plan Do Check Act cycle. However, DMIAC is used for 

application of both efforts - improvement of processes and design/redesign of processes.  
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"DMAIC projects  

2. Literature Review: Past Stage 

 Some literature on quality management and improvement philosophy are specially designed to improve 

quality of product in manufacturing unit. However the key principal of quality management could be 

implemented successfully in the service sector, banking sector, financial sector etc. such quality issues can 

be better dealt with quality improvement techniques.AverbaukhE[2] indicated that six sigma has the 

potential to produce better result in financial sector. In this research we desire to briefly compare the 

manufacturing and service application of six sigma. In service sector,  

measurement is often an overlooked area and therefore improvement quality is not ad equality addressed by 

many service oriented business.Brewer P &eighmeJ[3], that it is just as well suited to be applied in the 

service industry. The concept of service goes back to 1950,s there is still no proper definition of service.  

Service as being rendered and experienced. The most widely used definition is the one based on the 

characteristics of intangibility, heterogeneity, inseparability and perish ability. This fact is mirrored in 

numerous attempts to establish a unique definition (Gagger. F & Gentile, E 2008) [7]. Six sigma can either 

be implemented as a company wise strategy based on a management driven top- down approach( Kwale Y h 

&Anhari frank 2006 ) [12] or as an process oriented improvement methodology( Antony,J. and Banuelas,R 

2001)[1]. Although six sigma was mainly developed in manufacturing industries, the concept enters in the 

service sector  

                             Six sigma is the quality techniques developed and introduced by Bill smith at Motorola in 

1986, to identify and eliminate defects in a manufacturing process. As the company winning the Malcolm 

Baldrige  award two years later i.e. 1989. Many of the company have implemented the six sigma project. 

The list of organization that have embraced the practice include, General electric, Honey well,3M, Air 

Canada, caterpillar, Dell, EMC. Lockheed Martin, DHL, Samsung groups, Siemens’,  AG, and many others. 

The analytic technique of six sigma is based on statistical methods and techniques to identify the problems 

and sources of error, and ultimately to design a solution that will eliminate the errors. 

 

3. Review of Literature: Banking 

The methods, tools and techniques of Six Sigma strategy which have greater impact on quality 

improvements and performance in various Banking Industries are described, Lixia Wang 2011 [13]. The 

study examines the gainful effects of the knowledge management and also gives a critical analysis of the 

impact of Six Sigma on banking performance and customer service. The study describes that the quality 

assurance practice, like Six Sigma with knowledge management can be more effective strategy of banking 

sector in China. 

The diffusion of cross functional process improvement team is used in a multinational bank of Six Sigma 

program. The study was carried out in three major banks namely consumer, corporate, and private bank 

within US, David Strang and don-II Jung 2009 [5]. Cox partial like hood method has been used to analysis 
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the data which removes the common temporal variation and shows the relationship between business and 

unit characteristic and the rate of quality team formation.  

Here, it means that if you want to improve quality of processes and to achieve to best process which 

operates without an error. For process improvement it has been decided to use Six Sigma philosophy and 

DMAIC model. It can also help to improve the service processes. Here,  different types of method can be 

used such as SIPOC, CTQ, Tolerance Limit, control charts etc to improve the service in banking sector, 

Vojislav Stoiljkovic, PedjaMilosavljevic and SasaRandjelovic July 2010 [20]. 

GregorZellner, Susanne Leist, et al.2012 [8] focuses on the selection of critical processes for a Six Sigma 

project in teaching case. It presents an approach established during the prototypical implementation of Six 

Sigma at an automotive bank and individual steps of the selection process are closely determined. By 

Analytical Hierarchy Process a tree if formed and the relation between core competence and critical process 

has been determined. The success factors appear as sub goals in the AHP tree. 

The impact of service quality variables  is examined on each multidimensional model of customer  

behavioral intentions is analyzed through  multiple regression analysis, Dr. K. Ravichandran , Ms. 

K.Bhargavi, Mr. S. Arun Kumar Nov 2010 [6]. More over the result of the t-test conforms that partial 

regression coefficient are highly significant and Multiple R shows that there exist relationship between 

Attitudinal loyalty s and service quality variables like convenient operating hours of bank, modern looking 

equipments, delivering error free records and employees giving personal attention where the dominant 

variables that increase the attitudinal loyalty among customers of public retail banks. 

 

The process described the different ways to get the customers satisfaction. The discussion indicates that 

customer satisfaction vary according to the nature of service, Salman Khalid 

MuzaffarAbbasBabakMahmood  Shabbir Hussain Nov 2011 [18]. In this case, the highest customer 

satisfaction is demonstrated in the responsiveness area such as willingness to help customer, friendly 

attitude of staff, customer guidance, and customer support. The study perceives highest satisfaction in the 

responsive area and lowest in tangible area. So it is necessary that bank manager redesign their service 

quality and their strategies about customer satisfaction. 

One Bank Strategy for Growth through Six Sigma by Janet Jacobsen Sept 2008 [9] described the four 

phases of Six Sigma. First phase is improvement team, which eliminate the process and product variations. 

Second phase focusing on fixing process for new account opening, e-statement and on line banking 

processes quickly fallowed. Once the concept of continuous improvement was securely rooted in the bank’s 

culture and required data points were in place, the employ shifted to phase three and now continue to use 

Six Sigma successfully to keep the financial institution lean and strong 
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3. Present stage 

In current or present state, the todays aspect of six sigma includes for service sector such as Banking, Health  

Care, Hospitals, LIC and  Libraries. 

3.1 Six Sigma in banking 

This chapter includes the concept of DFFS which has been described. It also synthesizes the literature of 

CSF, CTQ and KPI. The banking sectors are so significant in rapidly changing scientific world. Man as a 

customer expects quick facilities from banks existed in the world. That is why to measure the performance 

of the banking process an improved version of DMAIC is developed that is DMAICM. It is prominently 

expected that the banking service should provide a good quality of service to meet the customer expectation. 

When the process is under control, its performance can be verified and maintained by feedback of the 

customers.  Customer satisfaction data has been collected by sample survey from various banks of three 

places which is applied to SQC. 

3.2 Maintain 

To meet customer satisfaction this improved method (DMAICM) plays an important role that reflects the 

financial benefits to banking sector. In this method all the six phases plays vital role collectively. So, it is 

necessary to maintain the standard of level of each and every phase so that it will be execute in increasing 

rate. So, to keep in control it is necessary to maintain all the phases under control by taking feedback of 

customer in every month, and the views of employees what so ever required to change are considered to 

make it possible to meet the customer requirement. Only feedback of customer will maintain the process. 

The bank would develop its internal process of working when customers actually take part in the banking 

process. Their suggestion, opinion and feedback appear helpful to upgrade the banking functions. They are 

also remarkable for fast transaction process. 

3.3 Six sigma in Library 

The Six Sigma is such a process that gives extra benefits to information Technology Infrastructure Library 

(ITIL) and it helps to give best practice in organizations for  service delivery by a quality process which 

ensures its successful implementation, Mohammad Aazadnia and  Mehdi Fasanghari 2016 [16]. In 

particular, its business orientation will ensure that service improvement activities are focused on dealing 

those services that impact the customer. As a result, the impact that ITIL has on the business overall will be 

greater. It came to know that , ITIL and Six Sigma appear to be mutually exclusive. It is stated that Six 

Sigma and ITIL are highly complementary and its combination can be usedmore effectively to improve 

business processes. The most important point  for combining the Six Sigma and ITIL to  get the best 

service in the Six Sigma and ITIL Process are  optimization, continuous improvement, measuring quality of 

service and process improvement, and maximizing the payback of Information Technology organizations 

with finding the best services.  

Six Sigma is widely used for manufacturing as well as service sector also. Though it is less applied in 

Indian libraries process so it would not be justifiable to say that this process in not applicable in libraries. 
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The past case studies produce good results. However, implementation of six sigma by experts is a big 

necessity (Pawan R Agrawal 2012) [21]. 

Six Sigma is an integrative management strategy with total quality control that uses statistic measure called 

'sigma' to evaluate all the quality levels quantitatively under the strong leadership of CEO, provides efficient 

quality control environment including problem-solving process and professional training, and promotes 

quality innovation and customer satisfaction. It evaluates process, determines priority of the quality 

improvement activities and efficiently controls the process according to the priority. Libraries in the process 

of applying Six Sigma must perceive the factor that satisfies users as an ideal quality and try to find key 

factors that affect quality from users' point of view. Moreover, libraries are made to collect objective and 

reliable data and employ methods of statistic analysis in order to gather data and information within the 

organization and use them for decision-making. As a characteristic of library service, however, there are 

generally distributed factors which are impossible to control or hard to quantify. Therefore, it is necessary to 

consider the respect that it is difficult to define problems of the current service and users' complaints. 

Accordingly, in drawing and implementing improvement plans, it is needed to separately prepare a process 

modeling for the field of library management, which is different from general manufacturing. In this study, 

Six Sigma theory is used in order to review various aspects of library management, conduct evaluation and 

find a service process necessary for improvement to raise customer satisfaction. In addition, it suggests what 

should be done in the future in association with strategies and visions for library management ( 

DChinnadurai 2014) [4]. 

Here in Library Sixsigmahelps to improve the execution process witch helps to make satisfaction. It is 

helpfulfor better management to execute the library service which make library user satisfaction. As per the 

need and requirement of library Six sigma methodology is beneficial but it require skill anfd knowledge to 

implement the Six Sigma Process ( Mahesh M Kadhe. etal  2014)[15]. 

3.4 Six Sigma in LIC  

In summary, our findings show that large companies face many obstacles Overcome to achieve 

modernization and stay competitive; it is possible adapting them without weakening their original strength. 

However, as our case study this makes it clear that there is no out-of-the-box way to meet the challenges of 

this endeavor. Inevitably poses. Each company must carefully analyze its prior situation One can think of 

what ideas and tools can be useful from which point of view Combine to achieve his goals and stay ahead of 

the competition.(Kai Sandner1 etal. 2020) [11]. 

4. Future of Six Sigma 

The world is growing so fast and there appears a lot of newest achievements and exercises in the world. The 

year 1987 became so important for having introduced Six Sigma by Motorola. Today Six Sigma proves to 

be application that is more successful. As a result quality is undoubtedly improved. Both Government and 

private sectors are effectively making a use of six Sigma in their routine work. It has minimized delivery 

times and strengthened the better relationships with its customers. The inclination of customers towards 

organizations has been positively enhanced. Customer satisfaction has been really increased. The outgrowth 

of six Sigma has become the chief assets of many people in the world. Six Sigma has been hugely used by 

all kinds of organizations like public health services, government organizations, banking sectors, non-

government organizations, education, Post office, Library Science etc. The applications of Six Sigma would 

be usedtill the human wants grow and   opportunities will be created. 
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4.1 Recommendation 

For implementation of Six Sigma principle in Vidharbha region especially in nationalized banking, industry 

the following point should be strictly considerable. 

1) Staff training should be organized with the customer once in a year and be updating time to time with 

new technology in banking industry. 

2) Providing good network system to avoid inconsistency in work process and performance. 

3) Service quality should be monitored by customer feedback, which represents satisfaction level. 

4) Banking service must be paperless and eco-friendly for that new technological concept  

must be adopted to reduce the processing time. 

5) Six Sigma is a flexible and changed driven phenomenon, which is not rigid to approach the  service 

quality in banking sector. 

6) Steps wise processing time should be allotted to loan process.  

7) Attractive Scheme must be launched to attract the customer so that banking business will be flourished. 

Conclusion: The work continuous improvement to prove context in Vidharbha region on  future will be. 

Here it is observed that critical thinking, commitment of top management, employees view to make 

improvement will improve the services and helps to give strength to organizations. In every sphere, Six 

sigma process and method is applicable but one of the most important limitations is of collection of  

data.This is the new approach DMAICM to Six Sigma Method considering service process and process 

capability which will be very effective to maintain the standard. 
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ABSTRACT 

The study was carried out to measure the species richness of ants in Katol town  area. All out 

search and photographic methods were used to observe ants. We found 10 species of ants belonging to 

10 genera under 4 subfamilies at different locations. The subfamily Myrmicinae was the most 

dominant in terms of species richness; with 4 species(40%), while subfamily Formicinae and 

Myrmicinae recorded with equal number of species(40%) . Least number found with subfamily 

Dolichoderinae(10%) and Pseudomyrmicinae (10%). 

Key words:-  Ant Diversity, Formicinae, Oecophylla,Species Richness,Katol. 

 

INTRODUCTION:   

Arthropods constitute the vast majority of global animal  biodiversity. Among arthropods, ants are 

considered as ecologically dominant in most terrestrial environments. While ants have been increasingly 

appreciated as an indicator group in some regions (Bestelmeyer and Wiens 2001, Andersen et al., 

2004),Insects constitute 85% of the world's animal biodiversity (Groombridge, 1992). Inclusion of 

ground-dwelling arthropods in environmental assessment surveys and biodiversity inventories has 

increased in the recent past (Oliver and Beattie, 1996). 

  Among the Arthropods, the ants are considered  one of the most diverse, abundant and 

ecologically significant organisms on the earth. Ants, prominent invertebrate group used in assessing 

ecological responses are one of nine proposed indicators (Underwood and Fisher, 2006). Ants are 

abundant insects and are considered important in ecosystem functioning. They have diverse ecological 

roles, including nutrient cycling, seed dispersal and population regulation of other insects (Holldobler and 

Wilson 1990; Folgarait, 1998).  
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  Ants are known to be an important part of ecosystems not only as they constitute a great role of 

the animal biomass but also because they act as ecosystem engineers. It performs major ecological 

functions. They are important seed dispersers, invertebrate predators, scavengers, and competitors, 

ground-dwelling ants exert a strong impact on the arthropods (Holldobler and Wilson, 1990). In addition, 

they play important part in the transfer of organic materials, movement of soil and gives better aeration 

(Agosti et al., 2000). The  most diverse and ubiquitous groups of the social insects (Bolton, 2011),  ants 

are eusocial (Gadakgar et al., 1993). Ant species helps in monitoring environmental impacts, eco-social 

projects and tools in ecological studies (Andersen, 1990).  

This study is the first preliminary report from the area with a focus to investigate the species 

richness of ants.  

MATERIALS AND METHODS:   

Study Area: The study area is a Katol town,   a Tahsil place situated in Nagpur district in the state of 

Maharashtra, India. The average elevation is 1669ft asl. It receives rainfall both from the South-West 

during June to September and North-East during November to December .The vegetation of  Katol tahsil 

area  is of the dry deciduous type.  

  The present study was carried out in an attempt to understand and measure the status of ant 

diversity in selected areas (1) Residential area; it includes two accommodation campus, schools and 

colleges.(2) Cultivated land (Cotton field, Orange farms, Jowar, Soya bean farms, etc). These sites are 

located nearby the city and have good tree cover. Over all city is situated at the base of hilly area of 

Satpuda ranges and covered with greenery. All the sits  selected for survey are surrounded with well 

plantation. The data were collected for a period of six months, from June  2020 to November  2020.This 
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Fig. Geographical location of the study area  (Source: Google maps and Maps of India)eveloped by  

Sampling :Sampling was performed using following methods: 

All-Out Search Method: The most commonly used method is all-out search method. The ants were just 

picked up by hand using brushes or forceps. Care was taken to collect all castes from a colony in the case 

of polymorphic species, because the phenomenon of polymorphism can lead to major confusions, during 

sorting and identification. 

Photographic Method: Photographs were taken using Canon digital camera. More time spent for good 

quality photographs. This method helps to conserve the biodiversity instead of pit fall, traps and other 

insect killing methods. Well captured photos selected for identification. 

Identification:Sampled ant species that were photographed and identified using stranded identification 

manuals given by Ali (1992), Bingham (1903), Bolton (1994), Rastogi (1997), Tiwari (1999), Varghese 

et. al, (2002 and 2003).  In the laboratory, the samples were separated and identified to genus level and 

species level. 
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RESULTS  AND DISCUSSION:  

  Total 10 species belonging to 10 genera, that spread over 4 subfamilies (Table No.1) were 

recorded. Of the 4 subfamilies, the Myrmicinae (40%) was the most dominant subfamily in terms of 

species richness with 4 Species, while subfamily Formicinae  and Myrmicinae recorded with equal 

number of species (40% each). Least number found with subfamily Dolichoderinae(10%) and 

Pseudomyrmicinae (10%). During the present investigation comparatively lower species diversity 

3(30%) was observed in residential area and high diversity of species 7(70%) was noticed under non 

residential area.  

 

Sr.No. Subfamily Genus Species 

1.  

Formicinae 

Camponotus compressus 

2.  Paratrechina longicornis 

3.  Oecophylla smaragdina 

4.  Lepisiota fraunfeldi 

5.  

Myrmicinea 

Monomorium indicum pharaonis 

6.  Crematogaster ransonneti 

7.  Solenopsis geminata 

8.  Pheidol indica 

9.  Dolichoderinea Tapinoma melanocephalum 

10.  Pseudomyrmicinea Tetraponera rufonigra 

TOTAL 04 10 10 

 

Table No.1. Subfamily wise distribution of Ant’s species in Katol area.  

   

(A)Paratrechina longicornis           (B) Oecophylla smaragdina 
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(C)Tetraponera rufonigra            (D) Nest of Oecophylla smaragdina 

   

(E)Lepisiota fraunfeldi 

Fig.A,B,C,D and  E:Photographs of some the ant species observed in the study area. 

   

  As most important components of ecosystems not only because they constitute a great part of the 

animal biomass but also because they act as ecosystem engineers. All the known species of ants are 

eusocial (Gadagkar et al., 1993). Environmental changes have an impact on Macroarthropod abundance 

(Pearson and Derr, 1986; Adis and Latif, 1996). Many ant species are highly sensitive to the 

microclimate fluctuations and to habitat structure, and thus respond strongly to environmental change 

(Anderson, 1990; Alonso et al., 2000). Therefore as locations get affected by human activity the 

distributions of ant also get varied. During this  study, non residential, forest, grasslands, urban gardens 

area etc. represented higher number and diversity of ant. Similarity measurement depicts that forest 

habitat maximum ant species diversity. It also depicts that highest number of ant species (70%)are 

present  forest  habitat and also indicate a favourable microclimatic condition. Low diversity, in human 

residential areas (30%) i.e. index value indicates non –favourable  condition for the ants species. Sunil 

Kumar et al. reported that the ant diversity is directly proportional to the diversity of vegetation.Then as 

the disturbance gets increased the pattern of ants also gets changed with its diversity (Ghait and Kale, 

2015). 
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  Lily Leahy et.al. (2020) ,studied diversity and distribution of the dominant ant genus 

Anonychomyrma (Hymenoptera: Formicidae) in the Australian Wet Tropics distribution modelling of the 

nine commonest species identified maximum temperature of the warmest month, rainfall seasonality, and 

rainfall of the wettest month as correlates of distributional patterns across subregions. This study 

supported the notion that Anonychomyrma radiated from a southern temperate origin into the tropical 

zone, with a preference for areas of montane rainforest that were stably cool and wet over the late 

quaternary. 

  We investigated that Oecophyla smaragdina found mainly on Mango trees as well as noticed on 

Almond trees having large leaves. It recorded with its nest build with the help of sticking leaves together. 

Secondly, a well-known ant  for building its nest where sandy and rocky soil present was   the Solenopsis 

geminata. As Katol is surrounded by hills and forest area, and rocky soil found,  S.geminata species is 

abundantly found in compared to other species. 

 

CONCLUSION: 

Ants are sensible towards suitable environmental conditions and are  attracted towards a particular 

location avoiding disturbed area. Furthermore, ants are the bio-indicators of nature, habitat and 

environment. More work is necessary to conclude more information from this area. 
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Abstract: Present research work was carried out to assess the fish diversity and status of Lanjud dam situated on Lendi River near 
Khamgaon. This fresh water body especially used for drinking, domestic purpose, agriculture and fisheries purposes. Fish 
samples were collected from Nov 2020 to Dec 2021. The Ichthyofaunal diversity spans through 13 families and 08 orders. Present 
study is important and helpful for present and future management, conservation and restoration of water bodies, revival of 
ichthyofaunal diversity and also improves livelihood of fisherman in the rural region. 
 

Index Terms - Ichthyofaunal diversity, Lanjud Dam, Fishery status.  

I. INTRODUCTION 

 
India has prosperous variety of fauna and flora due to the presence of rich fresh water habitat and it ranks as one of the 

world's huge diversity nations. Extremely diverse animals are found in water represent nearly all phyla and documentation of this 
wide variety of fauna not yet complete in some inaccessible and unexplored ecosystem. Studies on the ichthyofaunal diversity and 
their conservation in an aquatic ecosystem have always drawn the attention of various fishery researchers (Kar, et al., 2006). Fish 
diversity is also a good bioindicator of water quality (Madhusudan et al., 2011). Fish play an important role in the economies of 
many countries as they have been a stabilizing element in many people's diets.It has been notably found that out of the then 
recorded 27,800 numbers of total valid fish species of the world, 13,000 species are freshwater dwellers particularly inhabiting in 
lakes and rivers that cover only 1 percent of the earth’s surface, while there maiming species, 14,800 numbers live in marine  
habitats, which cover 70 percent of the total earth’s surface (Leveque et al., 2008). 

The lack of information on the Ichthyo-fauna is a big handicap for popularizing little known fish variety in a particular 
ecosystem. Thus, there is need to survey fish fauna associated with habitats, which will help in planning methods for their 
production and effective exploitation (Renjith kumar et al., 2011).The objectives of the present study are to provide latest data on 
Ichthyofaunal diversity, in order to increase better knowledge about the diversity of fish and status of Lanjud Reservoir and tools 
for water conservation in Buldana District. The study is also helpful for creation of wage jobs in rural areas with particular 
emphasis on fishing communities’ 
 

II. STUDY AREA 

Lanjud dam is a Medium Irrigation Project constructed on Lendi River,  10kms on Khamgaon-Nandura National 
Highway No. 6, North-West near Khamgaon, Dist. Buldana (M.S.). It was sanctioned during 1984 and has catchment area of 

about 66.96sq km. Gross storage capacity of the Dam is1.9892mcm. It coordinates 76o–36’-00”longitudinally and 20-00’-45” 
latitudinal. The dam has a total length of 1215m with height of about 12.55m. It was mainly constructed to supply water to MIDC 
Khamgaon, nearby agriculture and for drinking water to the surrounding villages. 
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Fig. 1. Geographical location of the research site- The Lanjud dam. (Source-Google maps) 

 

III. MATERIAL AND METHODS 

3.1 Collection of Fish samples: Fish samples were collected from Nov 2020 to Dec 2021 and   other valuable information were 
collected from the local fisherman, resident adjacent to the selected sites and Fishing was carried out with the help of local fishers 
using gill net, cast net, drag net, scoop net including hooks and lines (Bose et al., 2013). The samples were photographed, 
immediately.  
 
3.2 Preservation: Fishes were collected and directly placed in a wide mouth jar having 2 liter capacity with 8% formalin solution 
(Bagra, 2010). Separated jar was used for preserving individual species and brought to the laboratory for identification.  
 
3.3 Identification: The samples were identified based on keys for fishes of the Indian subcontinent (Day, 1996; Talwar and 
Jhingran, 1991) classification were carried out on lines of (Jayaram, 1999). In addition, various morphological characters, shape, 
colors etc were recorded. The IUCN red list of threatened species was followed to assign the conservation status. The species 
richness was simply estimated by variety of fish species in 3 different sampling stations.   
 
3.4 Data Collection: To acquire accurate data, questionnaires, group discussion, observation and interview methods were used. 
Fishing data were collected from fisherman society.  Harvesting was statistically analyzed and the annual fishing status of the 
reservoir was examined.The secondary data were obtained from office document. 
 

IV. RESULT AND DISCUSSION 

 During the study period it was observed that there were total 31 species. These species were placed in 08 orders and 13 
families of class Actinopterygii. Order Cypriniformes was dominant by 17 species, followed by Siluriformes and Perciformes with 
04 and 03 species of each. Synbranchiformes and Osteoglossiformes having 02 species of each, while Beloniformes, 
Cyprinodontiformes, Mugiliformes contribute 01 species each (table 1 and fig 2). The order Cypriniformes showing 55% of total 
species while Siluriformes and Perciformes having 13% and 10% contribution respectively in total species richness. 
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Table 4.1: species richness of Lanjud dam reservoir 

 

 
  

Sr.No. Class Order Family Species  Local Name 

1.  

Actinopterygii 
 

Cypriniformes 

Cyprinida 

 

Labeoninae rohita Rohu  
2.  Gibelion catla Catla 
3.  Cirrhinus mrigala Mrigala  
4.  Ctenopharyngodon idella Grass carp 
5.  Hypophthalmichthys nobilis Bighead 
6.  Hypothalmichthysmolitrix  
7.  Puntius  stigma  
8.  Puntius  ticto  
9.  Salmostoma  phulo  
10.  Rasbora daniconius Kajalimasa 
11.  Cyprinus carpio communis  
12.  Osteobrama cotio cotio  
13.  Garralamta  
14.  Catla Catla  
15.  Thynnichthys sandkhol  
16.  

Balitoridae 
Nemacheilus botia botia  

17.  Nemacheilusbeavani  
18.  

Siluriformes 

Siluridae Ompok bimaculatus Papada 
19.  Bagridae Mystus bleekeri  
20.  Schilbeidae Eutropiichthys goongwaree  
21.  Clariidae Clarias batrachus  
22.  

Synbranchiformes 

  

Mastacembelidae 

  

Mastacembelus armatus 

(Lacepede)  

Bam  
 

23.  Macrognathus pancalus 

(Hamilton)  

Bam  
 

24.  
Perciformes 

Channidae 
Channa marulius(Hamilton)  Marai / Dok 

25.  Channa orientalis  
26.  Cichlidae Oreochromis mossambica  
27.  Mugiliformes Mugilidae Rhinomugil Corsula  
28.  

Osteoglossiformes Notopteridae 
Notopterus notopterus Patola 

29.  Chitala chitala  
30.  Beloniformes Belonidae Xenento doncancila  
31.  Cyprinodontiformes Poecilidae Poecilia reticulate  
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Fig 2: Fish fauna from study area – Lanjud dam 
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Fig 3: Fish fauna from study area – Lanjud dam  
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Fig 4: Fish fauna from study area – Lanjud dam 

 

 

V. CONCLUSION 

During the period of investigation 31 fish species belonging to 08 families and 13 orders were recorded. Present study 
provides a comprehensive data on biodiversity, conservation status of ichthyofauna of this region for the first time. It will be 
helpful to fisherman society, research students and others too. 
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