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1 

Role of Glutathione in 
Chalcone Derivative Induced 
Apoptosis of Brugia malayi 
and its Possible Therapeutic 
Implication, Acta Parasit., 
2021, 66, 406–415. 

PS Bhoj, S 
Bahekar, V 
Khatri, N 
Singh, NS 
Togre, K 
Goswami, HS 
Chandak, D 
Dash 

Chemistry Acta Parasitologica 2020-21 1230-
2821 

https://doi.org/10.1007/s
11686-020-00291-2  

2 

 Synthesis of N-Mannich bases 
from 3, 4-dihydropyrimidin- 
2(1H)-ones by using 
nanostructured Cobalt Chloride 
Doped 
Polyaniline Composite as 
Catalyst (PANI-Co) 

Deepak M. 
Nagrik1, 
Umesh S. 
Shelke2 

Chemistry 

Journal of Physics: 
Conference Series, 
Volume 1644, 
International Web 
Conference on 
Advanced Material 
Science and 
Nanotechnology 
(NANOMAT -2020) 
20-21 June 2020, 
Nandgaon 
Khandeshwar India 

2020-21 

Online 
ISSN: 
1742-
6596 
 
Print  
ISSN: 
1742-
6588 

https://doi.org/10.1088/1
742-
6596/1644/1/012018 

3 

An Efficient Synthesis of alpha 
Aminophosphonates through 
Kabachnik-Fields Reaction 
Protocol by using Cobalt 
Chloride 
Doped Polyaniline as the Nano 
Catalyst 

Deepak M. 
Nagrika, 
Kamalakar K. 
Wavhalb 

Chemistry Journal of Physics 2020-21 

Online 
ISSN: 
1742-
6596 
 
Print  
ISSN: 
1742-
6588 

http://doi.org/10.1088/17
42-6596/1644/1/012038 

4 “Network Markets & Strategies 
in Respect of Innovation” 

Dr. V. R. 
Gawhale COMMERCE 

Universal Research 
Analysis Vol – I 
Issue – XX 
Mar-Aug 2020 

2020-21 
ISSN – 
2229-
4406 

https://drive.google.com/
file/d/1yybu6cbbEri9t6b
rteRYZCFySNGWeCk2
/view?usp=sharing 

5 

Bhartiya  Arthavevashta 
Mandicha Umbartyavar 
Janyachi Karne 
 ( Nov-2020 ) 

Dr. K. S. 
Gulhane COMMERCE B.Aadhar 2020-21 2278-

9308 

https://drive.google.com/
file/d/1yybu6cbbEri9t6b
rteRYZCFySNGWeCk2
/view?usp=sharing 

6 

Bhartiya Arthavevaste mathe 
Rupayache Avamulyan 
Honyache karne ( Janevary-
2021 ) 

Dr. K. S. 
Gulhane COMMERCE B.Aadhar 2020-21 2278-

9308 

https://drive.google.com/
file/d/1yybu6cbbEri9t6b
rteRYZCFySNGWeCk2
/view?usp=sharing 



7 
Bhartiya Arthavevastaka 
Mulyankan  yevan 
Sambhavanaye ( May -2021) 

Dr. K. S. 
Gulhane COMMERCE B.Aadhar 2020-21 2278-

9308 

https://drive.google.com/
file/d/1yybu6cbbEri9t6b
rteRYZCFySNGWeCk2
/view?usp=sharing 

8 
ufou d`”kh lq/kkj.kk dk;nk o 
d`”khO;olk;koj gks.kkjkifj.kke 
Pg. No. 152-154 March 2021 

Dr. J. D. 
Porey COMMERCE B.Aadhar 2020-21 2278-

9308 

https://docs.google.com/
document/d/1X0M3KpY
8TDpYklSDzffaau2IIVj
_EhDz/edit?usp=sharing
&ouid=1040075301562
15178948&rtpof=true&s
d=true 

9 

Hkkjrh;vFkZO;oLFksrhy 
cnykpk ns’kkrhy 
O;olk;koj >kysyk ifj.kke (Page 
No.74 to 76) January 2021 

Dr. J. D. 
Porey COMMERCE B.Aadhar 2020-21 2278-

9308 

https://docs.google.com/
document/d/18deVvax_
30U957Gkf5yIPazp0Ng
Zy_Ha/edit?usp=sharing
&ouid=1040075301562
15178948&rtpof=true&s
d=true 

10 

“Economics: Trade and 
Connectivity in The Post 
Covid-19 World” Page No. 
538-542 June - 2020 

Dr. M. S. 
Gaikwad COMMERCE 

UPA 
Interdisciplinary E-
journal 

2020-21 ISSN: 
455-4375 

https://drive.google.com/
file/d/1CZaKXQFy6lR3
ak4HHfkUjn1meVtoh7a
D/view?usp=sharing 

11 

“The Use of ICT In Education: 
A Comparison Of Traditional 
Pedagogy And Emerging 
Pedagogy Enabled By ICT’s” 
Feb., 2021 Page No. 63-66 

Dr. M. S. 
Gaikwad COMMERCE B. Aadhar Research 

Journal 2020-21 
ISSN-
2278-
9308 

https://drive.google.com/
file/d/1iIW8i8BMBQMz
3b_vnfbHS75TkTeS1jN
r/view?usp=sharing 

12 
“Indian Corona Virus Vaccine 
Distribution Challenges” 
March, 2021 Page No. 54 

Dr. M. S. 
Gaikwad COMMERCE 

Vidyawarta 
International 
Research Journal 

2020-21 
ISSN-
2319-
9318 

https://drive.google.com/
file/d/12of0fJ9dc_2-
fwoRsmFguUvH-
ZTHdQeB/view?usp=sh
aring 

13 
“Teaching of Commerce with 
ICT: A Novel Approach” 
March, 2021 Page No. 249-253 

Dr. M. S. 
Gaikwad COMMERCE 

Research Journey 
International E-
Research Journal 

2020-21 
ISSN 
2348-
7143 

https://drive.google.com/
file/d/152oq2bfy-
IoYFFdqk3icDjind7gZ4
YYI/view?usp=sharing 

14 

Analytical study of statistical 
features extraction of 
characters for verification of 
Captcha in Devanagari Script. 

Prof. P. S. 
Bodkhe 

Computer 
Science 

International Journal 
of creative research 
thoughts (IJCRT) an 
international open 
access peer reviewed 
refrerred journal 

2020-21 
ISSN: 
2320-
2882 

https://ijcrt.org/papers/IJ
CRT2002203.pdf  

15 
Challenges In Text 
Recognitions Of Indian 
Languages. pg. no.176-179 

A.A. Tayade1 
and R.J. 
Ramteke2 

Computer 
Science 

Vidyabharati 
International 
Interdisciplinary 
Research Journal  

2020-21 
ISSN 
2319-
4979. 

http://www.viirj.org/vol
9issue2/31.pdf 

16 

Character Recognition System- 
A Framework of 
Implementation”, pg. no.327 -
330  

A.A. Tayade1 
and R.J. 
Ramteke2 

Computer 
Science 

Vidyabharati 
International 
Interdisciplinary 
Research Journal 

2020-21 
ISSN 
2319-
4979 

http://www.viirj.org/vol
11issue2/53.pdf 



17 

An overview of information 
extraction methods, techniques 
and tools for the contents in 
chemical document 

Dr. P. E. 
Ajmire 

Computer 
Science 

International Journal 
of Life Sciences. 
[National Conference 
onRecent trends in 
Science and 
Technology- 
2021(RTST- 2021)] 

2020-21 

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

file:///E:/Downloads/ad
min,+6.+NS-1622.pdf 

18 
USAGE OF STATISTICS 
LEARNING IN IOT 
SECURITY 

Dr. P. E. 
Ajmire 

Computer 
Science 

International 
Research Journal of 
Modernization 
in Engineering 
Technology and 
Science. 

2020-21 
e- ISSN: 
2582-
5208 

https://www.researchgat
e.net/profile/Pragati-
Thawani/publication/362
490850_USAGE_OF_S
TATISTICS_LEARNIN
G_IN_IOT_SECURITY
/links/62ecd73b88b83e7
320ad491b/USAGE-OF-
STATISTICS-
LEARNING-IN-IOT-
SECURITY.pdf 

19 
Handwritten Recognition of 
Rajasthani 
Characters by Classifier SVM 

Dr. P. E. 
Ajmire 

Computer 
Science 

2021 International 
Conference on 
Innovative 
Trends in Information 
Technology (ICITIIT) 

2020-21 

IEEE 
XPL 
ORE. 
IEEE. 
ORG/ 

https://doi.org/10.1109/I
CITIIT51526.2021.9399
590 

20 
Impact of COVID-19 on the 
Information Technology(IT) 
pg. no.10 -12 

A.A. Tayade Computer 
Science 

B.Aadhar 
Multidisciplinary 
International 
Research Journal 

2020-21 
ISSN 
2278-
9308 

https://scholar.google.co
.in/citations?view_op=vi
ew_citation&hl=en&use
r=BsvBk44AAAAJ&cit
ation_for_view=BsvBk4
4AAAAJ:UeHWp8X0C
EIC 

21 
Microfinance in Small and 
Medium Enterprises in India(7-
12) 

Dr. R. R. 
Gawhale Economics 

Indo Western 
Researchers Journal 
(Feb-july20) 

2020-21 
ISSN-
2349-
1027 

https://drive.google.com/
file/d/1vo640uP4iOCCv
oPmJePvLdT_FdYzlaW
M/view?usp=sharing 

22 
Rastriyakriut Bankanchya 
Vilinikarnacha Chikitsak 
Abhayas(34-41) 

Dr. R. R. 
Gawhale Economics 

Universal Research 
Analysis Journal 
(Mar-aug20) 

2020-21 
ISSN-
2229-
4406 

https://drive.google.com/
file/d/1OLd4XVC_vAao
q8ZVma-
h307sYRXjS1Vw/view?
usp=sharing 

23 
Sansodhnatil Sarvekshan 
Sansodhan Padhaticha 
Abhyas(117-125) 

Dr. R. R. 
Gawhale Economics 

Universal Research 
Analysis Journal 
(Mar-aug20) 

2020-21 
ISSN-
2229-
4406 

https://drive.google.com/
file/d/1OLd4XVC_vAao
q8ZVma-
h307sYRXjS1Vw/view?
usp=sharing 

24 Nabardchi Uddhitta ani Gramin 
Vikas- Yek Abhyas(29-36) 

Dr. R. R. 
Gawhale Economics 

Universal Research 
Analysis Journal 
(Sept20-feb21) 

2020-21 
ISSN-
2229-
4406 

https://drive.google.com/
file/d/1OLd4XVC_vAao
q8ZVma-
h307sYRXjS1Vw/view?
usp=sharing 



25 
Manavvidya Shakhetil 
Sanshodhan Padhhatitil Mahiti 
Sanklaniy Samsya 

Dr. R. R. 
Gawhale Economics 

Universal Research 
Analysis Journal 
(Sept20-feb21) 

2020-21 
ISSN-
2229-
4406 

https://drive.google.com/
file/d/1OLd4XVC_vAao
q8ZVma-
h307sYRXjS1Vw/view?
usp=sharing 

26 Talebandicha Bhartiya 
Arthavyastevaril Parinam 

Dr. S. T. 
Warade Economics B. Aadhar 2020-21 

ISSN: 
2278-
9308 

https://drive.google.com/
file/d/1Ag5lEHEjrH8yA
Ys6ypJeFSSH_uFAGnN
o/view?usp=sharing 

27 
Covid-19 che Parinam, 
Nirmanadhin Prashna ani 
Bhavishyakalin sandhi 

Dr. S. T. 
Warade Economics 

Vidhya Bharti 
International Inter-
disciplinary research 
journal 

2020-21 
ISSN-
2319-
1979 

https://drive.google.com/
file/d/1Ag5lEHEjrH8yA
Ys6ypJeFSSH_uFAGnN
o/view?usp=sharing 

28 Covid-19 che Arishta ani 
Guntavnuk Sandhi 

Dr. S. T. 
Warade Economics Vidhya Varta Journal 2020-21 

ISSN 
2319-
9318 

https://drive.google.com/
file/d/1Ag5lEHEjrH8yA
Ys6ypJeFSSH_uFAGnN
o/view?usp=sharing 

29 

A Study of Trend of Annual 
Expenditure on Agriculture 
Allied 
Sector and Rural Development 
in Maharashtra pp.75-79 

Dr. H. A. 
Bhosale Economics 

Vidyabharati 
International 
Interdisciplinary 
Research Journal 
(Special Issue-Oct 
2020)  

2020-21 
ISSN 
2319-
4979 

https://drive.google.com/
file/d/14Lx5RackQchX
Kfc9d1R2SoBX1vAsH
R-9/view 

30 
The Hungry Tide: Struggle to 
Survive and Adapt to the Fury 
of Nature 

Dr. D. T. 
Adhau English Scholars impact 

quarterly 2020-21 
ISSN-
2394-
7640  

https://drive.google.com/
file/d/1bBuCWtNQ9An
qMTjZu4EzbbLIEEStF
C8N/view?usp=drive_li
nk 

31 
मराठी-इंঁजी भाषांतराची गेली 
दोनशे वषे: एक आढावा 

Dr. P. P. 
Thakur English भाषा आिण जीवन 2020-21 2231-

4059 

https://drive.google.com/
file/d/1xRAkdV-
LRHfLdwVj1a1EW28G
ohW3C-
mQ/view?usp=sharing 

32 “दिलत स भ१ और िहंदी 
उप ास” Page No. 67 

Dr. S. N. 
Khadse Hindi Scholors Impact  2020-21 2394-

7632 

https://drive.google.com/
file/d/1lXEdvRTT3yDU
Cq5XUF4y5x-
NBm8nQltL/view?usp=s
haring 

33 Navin shikshandhoranavar bhar Dr. N. B. 
Boche 

Home 
Economics 

B. Aadhar 
International Peer 
Revied Index 
Research Journal 

2020-21 
ISSN: 
2278-
9308 

https://drive.google.com/
file/d/1LKtYVQZDIWF
j5gwhJhs5mcTk8DezLiI
Y/view?usp=sharing 

34 LilaCharitrache Vangmayin 
Mulaymapan 

Dr. H. D. 
Akotkar Marathi Printing Area 2020-21 

ISSN 
2394 – 
5303 

https://drive.google.com/
file/d/12pX88MuGRMp
vtrBLfauVXyLd-
X8ngDe0/view?usp=sha
ring 

35 Mahanubhav Pantachya 
Apriyatechi Karanmimansa 

Dr. H. D. 
Akotkar Marathi Vidya warta 2020-21 

ISSN 
2319-
9318 

https://drive.google.com/
file/d/1_G1k0pqOYVi3
LDG6iAlQv-



M9MYS0qq2-
/view?usp=sharing 

36 Mahanubhaviy Gadya 
wangmayachi vaishishtye 

Dr. H. D. 
Akotkar Marathi Vidya warta 2020-21 

ISSN 
2319-
9318 

https://drive.google.com/
file/d/1LN6praiK-
1FoWUJIwmz_iE5_Tf9
2FiRE/view?usp=sharin
g 

37 

SANT KAVYATIL 
SAMATAMULAK 
DREUSTHI PAG E NO 138 - 
142 

Prof. V. U. 
More Marathi TIFAN 2020-21 2231-

573X 

https://drive.google.com/file/
d/1fIASjH3ksalUiPBI-
EpK7Hku6mQU9iKa/view?usp
=sharing 

38 
Gandhi samkalin sahitykachha 
sahitykrutit Gandhivadachee 
Darsen 

Prof. V. U. 
More Marathi Aadhar 2020-21 2278-

9308 

https://drive.google.com/fi
le/d/1uZY6dPCwftwAcmEs
VMpylF9ZTue3KW4r/view?
usp=sharing 

39 

Wavelength downconversion 
study of Ba3Y1- 
X (BO3)3: x Tb3+& Eu3+ 
[0.005 ≤ X ≤ 0.05] phosphor 
for solid state lighting 
applications 

S P 
Hargunani1, R 
M Chavan1, R 
P Sonekar1 
and N S 
Dhoble2 

Physics 
Journal of. Physics.: 
Conf. Ser. 1913 
012021 

2020-21 

Online 
ISSN: 
1742-
6596 
Print    
ISSN: 
1742-
6588 

https://iopscience.iop.or
g/article/10.1088/1742-
6596/1913/1/012021/pdf 

40 

Combustion synthesis of 
Ba3Y1-xSm3+x(BO3)3 as 
redlight emitting phosphors for 
indoor plant cultivation 
applications 

SP Hargunani, 
RP Sonekar, 
H Kaur, JG 
Mahakhode, 
SB Dhoble 

Physics 
Journal of Physics: 
Conference Series, 
1913 , (2021) 012016 

2020-21 

Online 
ISSN:174
2- 
6596 
Print 
ISSN:174
2-6588 

DOI:10.37896/YMER20
.11/8 

41 

Photoluminesce nce study of 
Sr3Y1- 
X(BO3)3:xTb3+green emitting 
phosphor 

Hargunani, S 
P 
Palaspagar, R 
S 
Sonekar, R P 
Omanwar, S 
K 

Physics 
Applied Innovative 
Research Vol. 2, June 
2020, pp. 143- 147 

2020-21 

ISSN: 
2581-
8198 
(Online) 

https://nopr.niscair.res.in
/bitstream/123456789/55
176/1/AIR%202%282%
29%20143-147.pdf 

42 

Photoluminesce nce and 
Energy Transfer Study 
of Sr3Y0.96(BO3) 3:0.02Ce3+ 
0.02Mn2+ 
Phosphor for WLED 
Application 

Sanjay P. 
Hargunani,Raj
kumar P. 
Sonekar,Sanja
y J. 
Dhoble,Shree
niwas K. 
Omanwar 

Physics Macromol. Symp. 
2020, 393, 2000011 2020-21 

ISSN - 
1022136 
0, 
1521390 
0 

https://doi.org/10.1002/
masy.202000011 

43 

Combustion synthesis of 
Ba3Y1-xSm3+x(BO3)3 asred-
light emitting phosphors for 
indoor plant cultivation 
applications 

SP Hargunani, 
RP Sonekar, 
H Kaur, JG 
Mahakhode, 
SB Dhoble 

Physics 

Journal of Physics: 
Conference Series 
1913 
(2021) 012016 

2020-21 

Online 
ISSN:174
2- 
6596 
Print 

https://iopscience.iop.or
g/article/10.1088/1742-
6596/1913/1/012016/pdf 



ISSN:174
2-6588 

44 

Wavelength down-conversion 
study of Ba3Y1-X (BO3)3: x 
Tb3+& Eu3+ [0.005 ≤ X ≤ 
0.05] phosphor for solid state 
lighting applications 

S P 
Hargunani1, R 
M Chavan1, R 
P Sonekar1 
and N S 
Dhoble2 

Physics 
Journal of Physics: 
Conference Series 
1913 (2021) 012021 

2020-21 

Online 
ISSN:174
2- 
6596 
Print 
ISSN:174
2-6588 

https://iopscience.iop.or
g/article/10.1088/1742-
6596/1913/1/012021/pdf 

45 
Photoluminescence study of 
Sr3Y1-X(BO3)3:xTb3+green 
emitting phosphor 

Hargunani, S 
P Palaspagar, 
R S Sonekar, 
R P Omanwar, 
S K 

Physics 
Applied Innovative 
Research Vol. 2, June 
2020, pp. 143- 147 

2020-21 
ISSN: 25 
81-8198 
(Online) 

https://nopr.niscair.res.in
/bitstream/123456789/55
176/1/AIR%202%282%
29%20143-147.pdf 

46 

Photoluminescence and Energy 
Transfer Study of 
Sr3Y0.96(BO3) 3:0.02Ce3+ 
0.02Mn2+ Phosphor for 
WLED Application 

Sanjay P. 
Hargunani,Raj
kumar P. 
Sonekar,Sanja
y J. 
Dhoble,Shree
niwas K. 
Omanwar 

Physics Macromol. Symp. 
2020, 393, 2000011 2020-21 

ISSn - 
1022136 
0, 
1521390 
0 

https://doi.org/10.1002/
masy.202000011 

47 

Wavelength downconversion 
study of Ba3Y1- X (BO3)3: x 
Tb3+& Eu3+ [0.005 ≤ X ≤ 
0.05] phosphor for solid state 
lighting applications 

S P 
Hargunani1, R 
M Chavan1, R 
P Sonekar1 
and N S 
Dhoble2 

Physics 
Journal of Physics: 
Conference Series 
1913 (2021) 012021  

2020-21 

Online 
ISSN: 
1742- 
6596 
Print 
ISSN: 
1742- 
6588 

https://iopscience.iop.or
g/article/10.1088/1742-
6596/1913/1/012021/pdf 

48 
Sarch sobat "Muktipath" te 
talebandi sobat 'Madyapath' ek 
Samiksha Pg 47-51 

Dr. P. A. 
Taori 

Political 
Science Navjyot 2020-21 

ISSN 
2277-
8063 

https://drive.google.com/
file/d/1WX5pZ3oVFYm
tJ8AiW4O3m9fcBV9aq
UWG/view?usp=sharing 

49 
Mahatma Gandhi, Hindu 
Swarajya ani Aatmanirbhar 
Bharat pg. 434 -460 

Dr. P. A. 
Taori 

Political 
Science 

Vidyabharati 
International 
Interdisplinary 
Journal VIIRJ 

2020-21 
ISSN 
2319 - 
4979 

https://drive.google.com/
file/d/18QeDu4jETRCxt
RuYQL3vBTzYnW--
v8d9/view?usp=sharing 

50 
Status of Human Rights in 
India and Need of Human 
Rights Education pg. 203 - 206 

Dr. P. A. 
Taori 

Political 
Science B-Aadhar 2020-21 

ISSN 
2278-
9308 

https://drive.google.com/
file/d/1Xh99SkxQ1dAc4
_d9AnP_qQKK6WPTQ
Px4/view?usp=sharing 

51 

Kalyankari Rajyachya 
sthanpnet rajyanitichya 
margdarshak tavtanchi 
bhumika pg. 151-159 

Dr. P. A. 
Taori 

Political 
Science B-Aadhar 2020-21 

ISSN 
2278-
9308 

https://drive.google.com/
file/d/11w91aUWD5oo
w_v6b-
qKHbnPbyrYXCS38/vie
w?usp=sharing 

52 
Mahila sashaktikaran: 
savaidhanik parinam aivam 
vastvikta  pg. 161-165 

Dr. P. A. 
Taori 

Political 
Science B-Aadhar 2020-21 

ISSN 
2278-
9308 

https://drive.google.com/
file/d/18PgsAyK94TEU
ukbjMIVGIGOMnf3lteu
K/view?usp=sharing 



53 
Sanyukt Rashtratil Bhartachi 
bhumika v sthaan ani samkalin 
jagtik aavhane pg. 43-46  

Dr. P. A. 
Taori 

Political 
Science B-Aadhar 2020-21 

ISSN 
2278-
9308 

https://drive.google.com/
file/d/1MzlTWAaxFQx1
ibAMcUW_KHHkPioA
NLra/view?usp=drive_li
nk 

54 

Indivisual Wealth of 
Mindfullness to cumulate into a 
Human Capital Rch Self-
Reliant India (102-108) 

Prof. Sangeeta 
G. Waychal Sanskrit Ajanta 2020-21 2277- 

5730 

https://drive.google.com/
file/d/1hMXza5ep4cnY
UnsZm0HIdUNwgdDZi
A0Y/view?usp=sharing 

55 
कला आ ण कलेवर ल  ◌ाचीन 
सं कृत  ◌ंथ 
(102-107) 

Prof. Sangeeta 
G. Waychal Sanskrit Ajanta 2020-21 2277- 

5730 

https://drive.google.com/
file/d/1ZQYyl6y-
qs8tgLmr_KDrefnoKdG
mJipu/view?usp=sharing 

56 
Role of technology based 
higher education in nation’s 
success PP 01-07 

P. V. Ubale ,  
Divyesh 
Ubale 

Statistics 
IOSR journal of 
research and methods 
in education 

2020-21 2320–
7388 

DOI:10.9790/1959-
0904020107 

57 
Formulation of India State 
Hunger index and assessment 
of Associated Factors 

P. V. Ubale  Statistics 

International Journal 
for Research in 
Applied Science and 
Engineering 
Technology 

2020-21 2321-
9653 

https://www.ijraset.com/
fileserve.php?FID=3660
1  

58 

A STUDY OF FORECAST OF 
RECOVERED CASES OF 
COVID-19 VIRUS IN INDIA 
BY ARIMA METHOD pp-
252-259 

Dr. M. O. 
Wankhade Statistics 

Vidyabharati 
International 
Interdisciplinary 
Research Journal 

2020-21 
ISSN 
2319-
4979 

https://www.viirj.org/vol
12issue1/40.pdf 

59 

Application of ARIMA model 
for forecasts analysis of yield 
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Abstract: The Mannich reaction is the type proton assisted of carbon-carbon bond formation 

reaction that involves the addition of resonance-stabilized carbon nucleophiles to iminium salts 

and imines. The product of the Mannich reaction is β-amino carbonyl compounds of biological 

interest synthesized from the aldehyde, amine, and carbonyl compounds. This reaction is very 

limited to the only highly reactive aldehydes such as formaldehyde and acetaldehyde, a 

secondary amine. The direct Mannich-type reaction expanded with the development of the 

scope of Mannich reaction, and very much efficient method for highly stereo selective type 

Mannich reactions were extensively well studied and reported in the literature. This study aimed 

at investigating the synthesis of N-Mannich Bases from the 3, 4-Dihydropyrimidin-2(1H)-ones 

by using nanostructure Cobalt Chloride Doped Polyaniline composite as Catalyst (PANI-Co). 

The Synthesis of N-Mannich Bases from 3, 4-Dihydropyrimidin-2(1H)-ones by using 

nanostructure Cobalt Chloride Doped Polyaniline composite as Catalyst (PANI-Co) was carried 

out. The effective method for the synthesis of the Mannich bases of synthetically important 

compounds has been coined. We synthesized the different Mannich Bases from 3, 4-

Dihydropyrimidin-2(1H)-ones which give up to 94 % yield. 

 

1. Introduction 
The end product of the Mannich reaction is beta amino compound [1-2]. The Mannich reaction is a 

type of nucleophilic addition reaction in the condensation of a compound with active hydrogen(s) with 

primary or secondary amine and formaldehyde [3]. The general schematic representation of Mannich 

reaction is given in fig. 1. The Mannich bases has found to be the great synthetic important and it acts 

as a biologically active compound and it is a potential agents for the synthesis of various medically 

valuable compounds which composes the amino alkyl chain in it. The amino alkyl chain containinf 

mannich bases are clinically important for example, biperiden cocaine, ethacrynic acid, atropine, 

ranitidine, trihexyphenidyl, fluoxe- tine procyclidine, etc. [4–6]. The Mannich bases are reactive 

compound and can be converted in to the other compound easily for example active amino alcohols 

physiologically [7].  

The Mannich bases also possesses the number of potent activities such as anti-HIV [8], antimalarial 

[9], antifungal [10, 11], anticonvulsant [12],  antiviral [13], antifilarial [14], anticancer [15, 16], 

anthelmintic[17], antibacterial [18,19], antipsychotic [20], antitubercular [21, 22], analgesic [23], anti-

inflammatory [24, 25], along with the biological activity the Mannich bases are found to their 

extensive use in the detergent synthesis and commonly used as a additive in it. Such as the polymers 

surface active reagents[ 26]. The Maninich bases and the derivatives of these bases are extensively 

used as the intermediates for the synthesis of the biologically active compounds [27,28]. Also the 

extensive use of this reaction is to preapare or synthesized the compound containing Nitrogens [29]. 
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The Mannich bases have the great importance in antibacterial activity [30], and also found to have the 

extensive use in the field of the agrochemicals as growth regulators in the plants.  

In this present research work we have synthesized the N-Mannich Bases from 3, 4-Dihydropyrimidin-

2(1H)-ones by using nanostructure Cobalt Chloride Doped Polyaniline composite as Catalyst (PANI-

Co). The 3, 4-Dihydropyrimidin-2(1H)-ones were synthesized by the well known reaction called as the 

Bijinelli reaction by using nanostructure Cobalt Chloride Doped Polyaniline composite as Catalyst 

(PANI-Co). The  Bijinelli  reaction is a multicomponent reactions (MCR) are defined as the reaction in 

which three or more different reactant molecules that react to form a product, where most, if not all of 

the atoms are incorporated in the final product. This reaction tool allows compounds to be synthesized 

in a few steps and usually in one-pot operation. The multicomponent reactions (MCRs) define the new 

horizons towards the development of organic synthesis. Obviously, due to this reason MCRs are 

underlined as important routes and protocols in organic synthesis and medicinal chemistry [31]. 

The general schematic representation of synthesis of 3, 4-Dihydropyrimidin-2(1H)-ones by using 

nanostructure Cobalt Chloride Doped Polyaniline composite as Catalyst (PANI-Co), is given in Fig.2. 

The synthesis of the N-Mannich Bases from 3, 4-Dihydropyrimidin-2(1H)-ones by using nanostructure 

Cobalt Chloride Doped Polyaniline composite as Catalyst (PANI-Co), was found to be the convenient 

method for the synthesis of the number of the Mannich bases which was characterized and found to  

have the extensive use in the synthetic chemistry. The general schematic representation of the 

synthesis of N-Mannich Bases from 3, 4-Dihydropyrimidin-2(1H)-ones by using nanostructure Cobalt 

Chloride Doped Polyaniline composite as Catalyst (PANI-Co) is given in the fig.3.  
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Fig. 1- The general schematic representation of Mannich reaction  
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fig.2- The general schematic representation of synthesis of 3, 4-Dihydropyrimidin-2(1H)-ones by using

nanostructure Cobalt Chloride Doped Polyaniline composite as Catalyst (PANI-Co). 
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Fig. 3- The general schematic representation of the synthesis of N-Mannich Bases from 3, 4-Dihydropyrimidin-2(1H)-ones by 

             using nanostructure Cobalt Chloride Doped Polyaniline composite as Catalyst (PANI-Co) 

 
There are seven Mannich bases have been synthesized from the 3, 4-Dihydropyrimidin-2(1H)-ones by 

using nanostructure Cobalt Chloride Doped Polyaniline composite as Catalyst (PANI-Co) and they 

were found to have the excellent result with the good yield of the Mannich product.  

Sr. Product Tim Isolate Melting Point Mannich Base 
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Table. a. Reaction conditions: aldehyde = 20 mmol, urea/thiourea=25 mmol, β -keto-ester =15 

mmol, catalyst = 25 wt. % with respect to aldehyde, solvent free, temp. = 35
0
C. All compounds are 

well characterized by spectroscopic techniques. 

 

 The 3, 4-Dihydropyrimidin-2(1H)-ones by Cobalt Chloride Doped Polyaniline nanostructure (PANI-

Co) catalyst [35- 39], green organic chemistry [40, 41]. Previously, we have reported Cobalt Chloride 

Doped Polyaniline (PANI-Co) composite as t a heterogeneous Catalys basic and synthesis of beta -

amino carbonyl compounds [41]. From the  above 3, 4-Dihydropyrimidin-2(1H)-ones we have 

synthesize the  Mannich base and got the good result. 

1.1 The Representative Data of Few Compounds 

5- Ethoxycarbonyl-4-(2-methoxyphenly)-6-methly-3,4-dihydropyrimidin-2(IH)-one (Table;a 

Entry 1) 
Yellowish solid, obtained in 68 % yield, Mp: 257 

o
C. IR (KBr) vmax: 3240, 3174, 2960, 1693, 

1643, 1514, 1462 cm
-1

. 1H    NMR    (DMSO-d6):6 = 9.14  (s,1H,NH), 7.31(s,1H,NH),7.24 ( 

m,1H,CH ), 7.05(d,1H, J= 6.2 Hz,CH), 6.99  (d,1H,J=8.2 Hz,CH), 6.88(m,1H,  CH), 5.49  (d,1H, 

3=2.9 Hz, CH), 3.92 (q, 2H, J=7.1 HzOCH2), 3.94 (s,3H,OCH3), 2.28(s,3H,CH3), 1.03 (t, 3H, J = 

7.1Hz, CH3). Mass (ES/MS): M/Z 290 (M-H). 

5-Ethoxycarbonyl-4-phenyl-6-methyl-3,4-dihydropyri- midin-2-(1H)-one (Table;a, Entry 02) 
Yellowish solid, obtained in 93 % yield, Mp: 205

o
C, IR (KBr)  vmax  :  3242,  3117,  2980,  

1721,  1637,  1522, 1462, 1288, 1092, 770 cm
-1

. 
1
H NMR (DMSO-d6): 6=9.18 (s, 1H, NH), 7.74 

(s, 1H, NH), 7.22 (m, 5H arom), 5.14(d, 1H, J=3.6 Hz, H-4), 3.40  (q, 2H, J=6.9  Hz, OCH2), 2.24 

(s, 3H, CH3), 1.09 (t, 3H, J=6.9 Hz, CH3). Mass (ES/MS): m/z 259 (M-H). 

2.  Experimental Details 

2.1 Material 

All chemicals supplied by the Merck (Extra pure) Chemical Companies and used were without 

further purification. IR spectra were recorded on a Perkin-Elmer 1640 FT-IR instrument. The 
1
H- and 

13
C-NMR spectra were recorded on a Bruker DPX-300 NMR machine. Unless otherwise specified, 
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CDCl3 was used as solvent. Mass spectra were recorded with a Bruker Daltonic Data Analysis 2.0 

spectrometer. 

2.2 Preparation PANI-Co composite as a catalyst 
The nanostructure Cobalt Chloride Doped Polyaniline (PANI-Co) composite as Catalyst was 

prepared by the chemical doping method. The polyaniline was synthesized by the chemical oxidization 

method at low temperature (0 to 5
0c

). Ammonium Persulphate and Hydrochloric acid used as a 

oxidizing agent as received without further purification. 15 ml Aniline was first dissolve in 2 M 100 

ml Hydrochloric Acid (HCl) (Merk). Then this solution is kept in the ice bath below 5 
0c 

temperature. 

Ammonium Persulphate solution (Usually 10%) was added to the above solution with constant 

stirring. This polymerization process were completed within the three to four hours and the finally the 

green color polyaniline was formed. It is washed with the hot dilute HCl and dried it in the oven for 24 

Hours.  

An appropriate amount of the Cobalt Chloride 0.1 M was dissolve in polyaniline (PANI) 

solution. Doping of cobalt was done by the chemical doping method. For uniform distribution of 

cobalt to form the Cobalt Chloride Doped Polyaniline (PANI-Co) composite stirring was continued for 

2 hours. PANI-Co composite was formed and confirmed by the instrumental technique and used as the 

effective catalyst. 

2.3 General procedure of synthetic 3,4-dihydropyrimidin-2(1H)-one 
  A mixture of aromatic aldehyde (1 mmol), 1.3-dicarbonyl compounds (1 mmol), urea 

or thiourea (1.5 mmol) was prepared. After that we added nanostructured Cobalt Chloride Doped 

Polyaniline (PANI-Co) composite (3 mol %) as catalyst. The mixture was dissolved in 2mL of 

absolute ethanol. The mixture was refluxed for suitable time and the progress of the reaction was 

monitored by TLC. After completion of the reaction the catalyst was recovered by filtration, the filtrate 

was evaporated and the solid was then washed with cold water. Recreyalize the product with ethanol 

we got the pure 3,4-dihydropyrimidin-2(1H)-one. 

2.4 General procedure of synthesis of the Mannich Base 

The solution of the DHPMs(0.2 Mole) (I), Formaldehyde (0.4 Mole) (II) will be added under stirring. 

The reaction Mixture will be stir at room temperature for some time to complete the reaction of 

formaldehyde and to yield the methylol derivative of DHPM. To this solution the solution of 

Secondary amine (0.2 Mole) (III) will be added dropwise and reflux for half an hour. The workout the 

recation by pouring the reaction mixture in the ice cold water. Then recrystalized the  product by 

Chloroform to give the Mannich Base. 

3. Results and Discussion 
The Synthesis of N-Mannich Bases from 3, 4-Dihydropyrimidin-2(1H)-ones by using 

nanostructure Cobalt Chloride Doped Polyaniline composite as Catalyst (PANI-Co). was carried out 

according to the reaction as shown  in the Fig.3 and found to be the most   effective method for the 

synthesis of the Mannich bases of synthetically important compounds.  

4. Conclusion  
In this above reported work we investigated the methodology for the synthesis of Synthesis of 

N-Mannich Bases from 3, 4-Dihydropyrimidin-2(1H)-ones by using nanostructure Cobalt Chloride 

Doped Polyaniline composite as Catalyst (PANI-Co). We synthesize the nine different Mannich Bases 

from 3, 4-Dihydropyrimidin-2(1H)-ones which give 94 % yield by using the  these 3, 4-

Dihydropyrimidin-2(1H)-ones by using nanostructure Cobalt Chloride Doped Polyaniline composite 

as Catalyst (PANI-Co). 
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Abstract: Cobalt Chloride Doped Polyaniline (PANI-Co) was found to be a convenient catalyst 

���� ���� 	
����	�	� ��� -Aminophosphonates through Kabachnik-Fields Reaction Protocol through 

one-pot three-component reaction of using carbonyl compound (a), amine (b) and 

dialkylphosphite(c) at 80°C under solvent-free conditions. This new method provides advantages 

such as excellent yields (up to 93%), as well as the short duration of the reaction. PANI-Co 

composite was found to be efficient and easily recyclable catalytic heterogeneous system. 
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1. Introduction 

The Multicomponent reactions (MCR) are defined as the reaction in which three or more different 

reactant molecules react to form a product, where most, if not all of the atoms are incorporated in the final 

product. This reaction tool allows compounds to be synthesized in a few steps and usually in one-pot 

operation. The Multicomponent Reactions (MCRs) define the new horizons towards the development of 

organic synthesis. Obviously, due to this reason MCRs are underlined as important routes and protocols 

in organic synthesis and medicinal chemistry1. 

In medicinal chemistry, bioisosteres are substituents or groups with similar physical or chemical 

properties which produce broadly similar biological behaviour. In drug design, the purpose of exchanging 

one bioisostere for another is to enhance the desired biological or physical properties of a compound 

without making significant changes in chemical structure. The main use of this term and techniques is 

related to pharmaceutical sciences.2Bioisosterism is used to reduce toxicity or modify the activity of the 

lead compound (LC), and may alter the metabolism of the lead.3 
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 The coining of the term bioisosterism goes back to the pioneer work of Friedman and Thornber during 

the early 50s. Friedman4, recognizing the usefulness of the concept isosterism to design bioactive 

molecules, defined bioisosters as compounds which fit the definitions of isosteres and which exercise 

their biological activity of bioreceptor, whether through agonist or antagonist actions. Among the most 

recent numerous examples used in the strategy of bioisosterism for designing new pharmaco-

therapeutically attractive substances, 5-7 there is a significant predominance on non-classic bioisosterism, 

distributed in distinct therapeutic categories. 

-Aminophosphonic acids may be considered as phosphorus analogues of -amino acids 

(�bioisosterism�) and have received considerable attention owing to their pronounced biological 

���������	�� �� ������ ������� ��� -aminophosphonic acids and their phosphonate esters and a few short 

peptides of natural and synthetic origin bearing similar structural features exhibit enzyme inhibitory,8 

antibiotic, antibacterial,9 antiviral,antifungal, herbicidal activities, antitumorand antihypertensive ones.10 

�	�����������������������
����-aminophosphonates is markedly influenced by the absolute configuration 

�������-carbon atom directly linked to the phosphorous center,11 th��	
����	�	����-aminophosphonates 

and their derivatives with desired property constitutes an important task in organic synthesis.12 

������	�	
��������������	�����-��������	�����������	�����-aminophosphonates have been reported13 

and the straightforward one is the addition of the compounds, containing P-H bond to the C=N- bond of 

imines (Pudovik reaction,14 Scheme 5.1).  
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Scheme 5.1: Pudovik reaction 

In fact, dialkylphosphites are able to undergo many addition reactions, including addition to the C=O 

�������������- hydroxyphosphonates (Abramov reaction,15 Scheme 5.2). 
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Scheme 5.2: Abramov reaction 

���������������	������� �����������
��������	
����	�	����-aminophosphonates is the Kabachnik-Fields 

reaction,16  which is a one-pot, three-component procedure using carbonyl compound(a), amine (b) and 

dialkylphosphite(c) (Scheme 5.3). 
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Scheme 5.3: Kabachnik-Fields reaction 
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This process was discovered at a time, when multicomponent processes were rather �exotic birds�; from a 

modern point of view this protocol is obviously very attractive for combinatorial chemistry and has been 

rarely used for parallel synthesis. 

This approach is especially satisfactory for reactions with aldehydes (R1=H); in contrast, only few 

examples of the Kabachnik-Fields reaction of rather simple ketones (mainly, acetone, acetophenone and 

cyclohexanone)17 have been documented. Thus, the synthetic potential of the Kabachnik-Fields reaction 

had not been developed in full scale in 20th century. 

Keeping the green approach in the mind with the awareness of environmental issues and the synthetic 

importance of this reactions and our interest to develop the new synthetic route for the synthesi	����-

aminophosphonates, we report a heterogeneous Cobalt Chloride Doped Polyaniline as Catalyst (PANI-

Co) as an alternative, cheap, and efficient catalyst for the Kabachnik-Fields reaction. PANI-Co composite 

was found to be efficient. The said protocol p������� ��� ��������� ���������� ���� ���� 	
����	�	� ��� -

aminophosphonates under solvent free conditions. The heterogeneous Cobalt Chloride Doped Polyaniline 

(PANI-Co) as Catalyst has been proved recyclable and environmental friendly. 

2. Experimental: 

2.1 General:  

All commercially available chemicals and reagents were purchased from Aldrich and used without further 

purification. The UV-Visible spectra were recorded on Schimadzu make UV 1800 spectrophotometer at 

Department of Chemistry, JijamataMahavidyalaya, Buldana.  

The IR spectra of the synthesized compounds were recorded on Nicolet Instruments Corporation, USA 

make MAGNA 550 spectrometer. The PMR spectra were recorded on Varian, USA make Mercury plus-

300 MHz NMR spectrometer. The GC-MS analysis of synthesized compounds was performed on Hewlett 

Packard make GCD-1800A EI source analyzer at Sophisticated Analytical Instrument Facility (SAIF), IIT 

Bombay, Powai, Mumbai. 

2.2 Preparation of PANI-Co composite as a catalyst:  

The Cobalt Chloride Doped Polyaniline (PANI-Co) composite as Catalyst was prepared by the chemical 

doping method. The polyaniline was synthesized by the chemical oxidization method at low temperature 

(0 to 3
0
C). Ammonium Persulphate and Hydrochloric Acid used as an oxidizing agent as received without 

further purification. 10 ml Aniline was first dissolve in 2M 100 ml Hydrochloric Acid (HCl) (Merk). 

Then this solution is kept in the ice bath below 5 
0
Ctemperature. Ammonium Persulphate solution 

(Usually 10%) was added to the above solution with constant stirring. This polymerization process were 

completed within the three to four hours and finally the green colored polyaniline was formed. It was 

washed with the hot dilute HCl and dried it in the oven for 24 Hours.  

An appropriate amount of the Cobalt Chloride 0.1 M was dissolve in polyaniline (PANI) solution. 

Doping of cobalt was done by the chemical doping method. For uniform distribution of cobalt to form the 

Cobalt Chloride Doped Polyaniline (PANI-Co) composite stirring was continued for 2 hours. PANI-Co 

composite was formed and confirmed by the instrumental technique and used as the effective catalyst. 

2.3 ���������	
�	��-aminophosphonates:  

A mixture of aldehyde (10 mmol), amine (10 mmol), diethyl phosphite (10mmol), and 20 Wt. % of 

Cobalt Chloride Doped Polyaniline (PANI-Co) composite as a catalyst under solvent-free conditions were 

stirred at room temperature. After completion of the reaction as indicated by TLC, the reaction mixture 

was quenched with water (10 mL) and extracted with ethyl acetate. Evaporation of the solvent followed 

by purification on silica gel afforded pure a-amino phosphonate. 
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3. Results and Discussion: 

!���������-Amino Phosphonates were prepared:  

a) Diethyl-phenyl (phenylamino)-methylphosphonate 

       MF- C17H22O3NP   MW- 319      Yield- 87% 

b) Diethyl (4-methoxyphenyl)(phenylamino) methylphosphonate 

       MF- C17H24O4NP        MW- 336       Yield- 80% 

c) Diethyl (2-methoxyphenyl)(phenylamino) methylphosphonate 

       MF- C17H24O4NP        MW- 336       Yield- 78% 

d) Diethyl (2-chlorophenyl)(phenylamino) methylphosphonate 

       MF- C17H21O3ClP      MW- 339      Yield- 76% 

e) Diethyl (4-chlorophenyl)(phenylamino)methylphosphonate 

       MF- C17H21O3ClP      MW- 339       Yield- 83% 

f) Diethyl (3-nitrophenyl)(phenylamino) methylphosphonate 

       MF- C17H21O5N2P       MW-364      Yield- 93% 

g) Diethyl (4-nitrophenyl)(phenylamino) methylphosphonate 

       MF- C17H21O5N2P       MW- 364      Yield- 91% 

h) Diethyl (4-hydroxyphenyl)(phenylamino) methylphosphonate 

       MF- C17H22O4N          MW- 304      Yield- 80% 

i) Diethyl (3-methylphenyl)(phenylamino) methylphosphonate 

       MF- C18H24O3NP       MW-333     Yield- 76% 

j) Diethyl (4-methylphenyl)(phenylamino) methylphosphonate 

       MF- C18H24O3NP       MW-333       Yield- 78% 

k) Diethyl (4-bromophenylamino)(phenyl) methylphosphonate 

       MF- C17H21O3NBrP   MW-398       Yield- 85% 

 

Representative Data of Diethyl-phenyl (phenylamino)-methylphosphonate: 

Reaction:  
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Properties of Diethyl-phenyl (phenylamino)-methylphosphonate : 

1.� From analytical data, the molecular formula was found to be C17H22O3NP.  

The molecular weight is 319. 

2.� UV-VIS :Wavelength range : 190nm to 1100nm 

"��#������	�����$%&��������$$&����� 

3.� IR : Freq. Range- 4000-6000 cm
-1

. 

Literature Value Absorption observed Assignment 

(cm
-1

) (cm
-1

)  

845-725 738 P-O stretch (medium band ) 

900-690 854 =C-H out of plane bending 

1350-1000 1190 C-N stretch (3
0
 amine) 

1300-1240 1253 P-O stretch (very strong band ) one 

band 

1440-1400 1437 P-C stretch 
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1465 1482 -CH2 Bend 

1600-1475 1535 Aromatic C=C ring stretch 

2000-1667 1892 Weak overtone combination bands 

(mono substituted aromatic ring) 

3000 (3000-2840) 2932 sp
3
 CH  stretch 

3050-3010 3043 =C-H stretch sp
2
 C-H 

 

4.� PMR- Internal reference-TMS 

Solvent- CDCl3  

The chemical shift can be corelated as follows 

����
��������
	�
�
��� Multiplicity Inference 

1.30 t -CH3, 6H 

4.25 s -CH,1H  

4.47 s NH, 1H 

4.51 dd -CH2, 4H 

6.92-7.58 m Ar-H, 10H 

Mass range -10 - 2000 amu 

Mass resolution - 6000 

Molecular Ion peak: 319 

 Base Peak: 237 

Representative Data of Diethyl (3-nitrophenyl)(phenylamino) methylphosphonate: 

Reaction:  
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Properties of Diethyl-phenyl (phenylamino)-methylphosphonate : 

1.� From analytical data, the molecular formula was found to be C17H21O5N2P.  

The molecular weight is 364. 

2.� UV-VIS :Wavelength range : 190nm to 1100nm 

"��#������	�����289.17 nm and 234.57 nm 

�

3.� IR : Freq. Range- 4000-6000 cm
-1

.  

Literature Value Absorption observed Assignment 

(cm
-1

) (cm
-1

)  

690 and 780 684 and 772 Meta disubstituted ring (out of plane) 

900-690 693 =CH out of plane bending 

845-725 826 P=O stretch (medium band) 

1350-1000 1209 C-N stretch (amine) 

1300-1240 1274 P=O stretch (very strong one band) 

1375 1337 -CH3 Bend 

1440-1400 1427 P-C stretch 

1465 1451 -CH2 Bend 

1550-1490 1512 C-NO2 Asym stretch (strong) 
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1600-1475 1554 Aromatic C=C ring stretch 

3000 (3000-2840) 2852 SP
3
 CH stretch 

 

4.� PMR- Internal reference-TMS 

Solvent- CDCl3  

The chemical shift can be corelated as follows  

����
��������
	�
�
��� Multiplicity Inference 

1.43 t -CH3, 6H 

4.40 s -CH,1H  

4.57 s -NH, 1H 

4.72 dd  -CH2, 4H 

6.74-7.42 m Ar-H, 10H 

5.� Mass range -10 - 2000 amu 

Mass resolution - 6000 

Molecular Ion peak: 364 

 Base Peak: 282 

4. Conclusion: 

'�������������������� �� ��������������������
���������	
����	�	���� ����-aminophosphonates has been 

developed.  The said protocol provides reaction route for new catalytic reagent viz. Cobalt Chloride 

Doped Polyaniline (PANI-Co) composite with greater efficiency, simpler operational procedure, and 

simple reaction condition. Also, it provides a �������
�������������������������-aminophosphonates up to 

93 %. 
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ECONOMICS: TRADE AND CONNECTIVITY IN THE POST-

COVID-19 WORLD 

Dr. Mahesh Gaikwad,  

Associate Professor, Department of Commerce,  

G. S. Science, Arts & Commerce College,  

Khamgaon, District – Buldana.  

---------------------------------------------------------------------------------------------------------------- 

Abstract : On 11 March 2020, the WHO determined that COVID-19 was a pandemic. To try 

to contain the spread of the virus, governments adopted a range of measures such as limiting 

public gatherings, stopping travel, closing schools and lockdowns.  Even as some countries 

begin to relax their lockdowns, it is too early and too much is unknown to realistically assess 

the economic impact. The consequences of this crisis have been and will be felt across every 

aspect of human life. Although many uncertainties remain, whether sanitary, economic, 

social or political, we must make our best efforts to figure out what a post-crisis life might 

look like and prepare for it. 

Keywords: COVID-19, WHO, lockdown, pandemic. 

---------------------------------------------------------------------------------------------------------------- 

A challenge for global and domestic institutions alike :An underlying risk is one of 

narrative, that COVID-19 may be interpreted as a crisis of globalization rather than that of 

domestic institutions. While there is no doubt that the ability of the virus to spread so quickly 

was amplified by hyper-globalization, it is not the WHO that provides hospital beds, doctors 

and nurses, nor is it the World Trade Organization (WTO) that buys medicines, ventilators 

and personal protective equipment. Those duties lie with our domestic institutions. We live in 

a world of sovereign states that determine their own policies. International organizations can 

provide early-warning mechanisms, technical assistance when needed and, through mutual 

agreement, disciplines on state behaviour – such as the WTO dispute settlement mechanism. 

Trade risks from path dependence : The WTO expects the volume of merchandise trade to 

fall between 13% and 33% in 2020, and even worse for trade in commercial services. At the 

time of writing, the IMF‘s forecast of a 3% contraction of the world economy in 2020 looks 



Special Issue-3, 2020  UPA National Peer-Reviewed e-journal    ISSN : 2455-4375 

Online National Conference: Special Issue-3/2020                                       

Published in Collaboration with                                                         

Shivramji Moghe Arts, Commerce & Science College, Kelapur (Pandharkawada) 

539 

 

 

optimistic. The depth of the drop is as unprecedented as its genesis. Never before have had 

governments to step in and effectively put a stop on almost all economic activity. The risk on 

the trade side is path dependence. Once governments set down a certain path, it will be very 

hard to turn course. Of necessity, the movement of people has been restricted. As the virus 

spread, limited measures that helped prevent infections gradually became ubiquitous. More 

questionable has been the use of export restrictions. In 2020, as of 27 March, 60 governments 

had placed some form of export curb on medical supplies. with accusations that some of these 

actions are tantamount to piracy and hijacking. There are risks that more countries adopt this 

approach, not only to medical supplies but also food. In this context, government crisis-

response policies need to be separated into those taken to stem the spread of the virus, and 

those taken to bridge the gap between supply and demand of key products to fight the 

disease. While the problem of path dependence applies to both of these, gauging ―when‖ the 

first set might be lifted is harder.  

As Anthony Fauci, Director of the US National Institute of Allergy and Infectious 

Diseases, has said most articulately: ―The virus makes the timeline.‖ Unlike normal 

protectionism on imports, actions being taken now on the export side need to be monitored 

closely and removed as quickly as possible. G20 trade ministers agreed that ―the emergency 

measures designed to tackle COVID-19, if deemed necessary, must be targeted, 

proportionate, transparent and temporary, and that they do not create unnecessary barriers to 

trade or disruption to global supply chains, and are consistent with WTO rules.‖ The point 

that these measures should be temporary is absolutely critical. Others have gone further; for 

example, the Joint Ministerial Statement on Supply Chain Connectivity from a group Asia-

Pacific economies in which signatories commit not to impose export controls, tariffs or non-

tariff measures and to continue removing trade barriers to essential supplies.  Moreover, this 

initiative goes beyond trade policy to ensure connectivity by opening the supportive 

infrastructure that allows trade to flow.  

The value of this approach is that the more countries join, the greater its value. This 

initiative has been gaining momentum with more members joining. If even more economies 

were to join, it would provide a major confidence boost to businesses seeking to invest in 

productive capacity in the very sectors that the world so badly needs. ASEAN leaders 

endorsed this approach when they met on 14 April 2020, instructing their ministers and 

officials to explore ―an arrangement to preserve supply chain connectivity‖.  These initiatives 
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are at an early stage, but their success is critical to ensuring the supply of COVID-related 

products. While there is no doubt that government support and intervention are required, 

national security should not be equated with self-sufficiency – they are far from the same 

thing. The same applies to restrictions on food trade which, if they were to proliferate, may 

cause as many victims as the virus in developing countries; a possibility that was recognized 

by a coalition of WTO members including Brazil, China, the EU and the US. 

Win-win alternatives to protectionism : Notwithstanding the fact that export controls could 

be necessary to secure domestic supply, they risk backfiring in the form of retaliation from 

trading partners, who, in turn, are suppliers of other necessary products and services. 

Moreover, such measures disincentive private investment in productive capacity. This might 

be made up with public investment, which would be a poor use of public funds at a time 

when finances are limited and need to be used to help people directly, rather than subsidizing 

otherwise efficient industries. Public stockpiles and other safety measures can be used 

without distorting international markets. The initial restrictions on international trade that 

were put in place were not export restrictions but travel bans. Under the circumstances, this 

was understandable, but as domestic lockdowns are ended, international travel must restart. 

This is an issue the international community should begin to address. The idea of an 

immunity passport needs to be taken seriously, at least for international transportation 

workers (pilots, air crews, sea crews). A digital age equivalent of the WHO Yellow Card, 

which uses block chain technology to ensure the robustness and accuracy of the data, should 

also be explored. This could be a public private initiative that includes the WHO and the 

International Civil Aviation Organization, using the APEC Business Travel Card as a pilot. 

Such an initiative would provide a medical and scientific (rather than a political) basis for 

facilitating travel. 

Paving the road ahead : Stimulus packages totaling trillions of dollars are being spent to 

support businesses and people across the world, but without clear rules, they could distort the 

playing field and lead to trade friction. WTO disciplines on state aid are presently too shallow 

to provide guidance on how to minimize distortions. They should be reviewed to address 

exceptional circumstances. Should governments seek to pursue policies not necessarily of 

outright protectionism, but of precautionism, distortions may be compounded. The world 

currently has insufficient understanding for managing the international ramifications of such 

policies in an unprecedented crisis, but we should disabuse ourselves of the notion that none 
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is needed. Prior to the COVID-19 crisis it had proved difficult to move discussions forward 

on reform of the WTO Agreement on Subsidies and Countervailing Measures. Now, with 

massive state aid across many economies, one can hope that common sense will prevail, 

governments will come to the table and have an honest conversation on this difficult subject – 

without the finger-pointing that has made this so difficult in the past.  

While best practices in supply-chain management have long warned against over-

emphasis on speed and efficiency, for many reasons these admonitions were all too often 

ignored or swiftly forgotten. To avoid such a repetition, the business community, 

governments, workers and consumers need to consider the alignment of risks in supply chains 

in the aftermath of the crisis. Options to address fragility range from accepting more 

inventories to diversification and to reshoring; but all these carry a cost. It should also be 

clear to everyone that the lack of clarity on WTO rules on export restrictions does no one any 

favours. As we move from a world of growing protectionism to precautionism, this will also 

be an area ripe for discussion.  

Conclusion : Prior to the pandemic, globalization was in crisis. Today, with borders shut, 

planes grounded and ships in harbour, it may seem as though the integration that has lifted 

hundreds of millions out of poverty is coming to a sharp end. However, as a counterpoint, 

more than any other episode in the history of humanity, this is a shared experience. The 

enemy is a virus that can only be defeated by concerted multilateral action. No matter how 

successful one country is at ―flattening the curve‖, unless we flatten the curve globally, there 

is always the risk the virus will re-infect our populations. This is the absolute and clearest 

argument in favour of multilateral cooperation. Out of every major crisis, new institutions 

have been born. The League of Nations came out of the destruction of the First World War; 

out of the Second World War the UN and the Bretton Woods institutions; from the Asian 

financial crisis the ASEAN+3; and after the global financial crisis the G20 was elevated to 

the summit level. There are clearly gaps in the international institutional architecture for 

dealing with emerging risks. A new international organization in charge of precaution is 

needed, one that takes charge of risk assessment, monitoring and notification. Such an 

institution could also include governance of strategic buffers, removing the need for overly 

precautious policy on the part of nations. At the risk of sounding cynical, we should not allow 

this crisis to go to waste. To come out of these events and learn nothing would be a disservice 

to our and future generations. 
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THE USE OF ICT IN EDUCATION: A COMPARISON OF TRADITIONAL PEDAGOGY 

AND EMERGING PEDAGOGY ENABLED BY ICT’S 

Dr. Mahesh Gaikwad 
G. S. Science, Arts & Commerce College, Khamgaon -444303 District - Buldana. 

 

Abstract  

Improving excellence in education is a critical issue; mainly at this time of everything is 

becoming globalized. The traditional pedagogy approach to teaching and learning, as ancient as 

formal teaching itself, involves the directed flow of information from teacher as sage to student as 

container. This method is characteristically based on pre-packaged learning materials, fixed deadlines, 

assessment tasks and criteria are defined by teachers. But research has shown that the  appropriate use  

of ICTs can catalyze the paradigmatic shift in  both  content and pedagogy that  is the  heart  of 

education  reform  in  the  21st  century  and  promote  problem  based  learning.  This paper gives an 

overview of the traditional ways of teaching and some of its limitations; also discussed the emerging 

ways of teaching enabled by the use of Information Communication Technology (ICTs), furthermore 

organizes a variety of approaches found in ICTs uses in Education.    

Keywords: ICT’s, traditional pedagogy, pedagogy enabled by ICT’s, learned-centred. 

Introduction  

 Education  is  an  engine  for  the  development  and improvement  of  any  society.  It  does  

not  just  impart knowledge  and  skills,  but  it  is  also  responsible  for building human  capital  

which breeds,  drives and  sets technological  innovation  and  economic  growth (Innovative Methods 

of Teaching, Dr. Damodharan V. S. ACCA, AICWA and Mr. Rangarajan.V AICWA). The strategy 

behind our teaching methodology and the focus of our teaching is called pedagogy.  Pedagogy is also 

about learning; one cannot teach without being a learner. To be able to comprehend what is involved 

in the process of being a learner is part of pedagogy.   Today, in the 21st century understanding is 

more important than ever. That is why it is vital for educators to  use  methods  or  techniques  in  

teaching  that  will enable  learners  to  use  their  knowledge  efficiently  to solve  problem  in  their  

daily  lives.  In this paper we compared two techniques that are used in education for teaching and 

learning; we discussed their effectiveness approach, innovation, we also identified the limitation and 

significance of each pedagogy for quality teaching and success in the process of teaching and learning 

in 21st century 

Traditional Pedagogy   

Before starting to explain what traditional pedagogy is, it will be important to define the term 

pedagogy itself. Pedagogy  is  the  technique  we  use  to  teach,  the approaches behind  our teaching 

and  the centre of  our teaching.  When we talk about teaching and learning outcomes, there are 

techniques that must be applied in order to reach those outcomes. The  pedagogy used in teaching  and  

learning  will  determine  the  type  of students  that  will  be  produced  in  the  institutions. Pedagogy  

is  also  about  learning;  which  means  one cannot  teach  without  being  a  learner.  To be able to 

understand what is involved in the process of being a learner is part of pedagogy.   When we talk 

about traditional pedagogy approach to teaching and learning, as ancient as formal, it involves the 

directed flow of information from teacher as sage to student as receiver.  The  traditional  pedagogy  

can  be also defined as a  pre-technology education context in which  the  teacher  is  the  sender  or  

the  source,  the educational material is the information or message, and the student is the receiver of 

the information. Typically it is based on pre-packaged learning materials, fixed deadlines, assessment 

tasks and criteria determined by teachers. In terms of the delivery medium, the educator can  deliver  

the  message  via  the  “chalk-and-  talk, marker-and-white  board”  method  and  overhead projector 
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(OHP) transparencies (Innovative Methods of Teaching, Dr.  Damodharan V. S.  ACCA and Mr.  

Rangarajan.V  AICWA).  The  method  has  its foundations  embedded  in  the  behavioral  learning 

perspective  (Skinner,  1938)  and  it  is  a  fashionable practice,  which  has  been  used  for  decades  

as  an educational approach in all institutions of teaching and learning. In this type of teaching 

methods the teacher as the monopoly of prescribing the activities, students are there only to listen and 

follow what is asked for them to do in the classroom. The learners depend on the teacher who directs 

what, when, how a subject is learned and tests what has been learned. In this method the learner’s 

skill, knowledge and practice is of little value. Therefore teaching methods are educational and people 

learn  what  society  expects  from  them.  So  the curriculum is homogeneous. It has been found by 

many teachers  and  students  in  most  institutions  that  the conventional lecture approach (traditional 

pedagogy) in classroom is  of limited  effectiveness in  both teaching and learning. 

Limitations  of  Traditional Pedagogy   

There are  many  limitations  of  using  the  traditional pedagogy in  teaching and  learning. 

This  technique of teaching is a one way flow of information in which the teacher  often  continuously  

talk  for  an  hour  or  more expecting that  when he asks  a question, the   students will  able  to  

reproduce  the  same  thing  that  he  was talking  about.  Below  are  some  of  the  limitations 

indentifying for traditional pedagogy:   

� Teaching  and  learning  are  concentrated  on theoretical method rather than practical aspects 

� There is not enough  interaction with students in classroom  

� There  is  less  activities  in  the  classroom, teacher decide what to do, when and how  

� No  creativity,  learners  reproduced  what  the teacher told them over and over again  

� Less integration for students, the teacher is the only individual who talks and gives command  

� More  emphasis  has  been  given  on  theory without any practice and real life time situation  

In  21st century, ICTs  has offered  different  techniques that  are  available  to  everybody  to  

use.   

Therefore traditional  pedagogy  has  less  impact  in  teaching  and learning.  In  the  

following  paragraph  explained  the implication of ICT in education and diverse approaches that  

ICTs  uses  to  make  the  teaching  and  learning environment to be a  learner centered environment 

and encourage problem based learning.  

The Significance of ICTs in Education   

Many researchers argue that the use of new pedagogy enabled  by  ICTs  in  teaching  and  

learning  is indispensable for providing opportunities for students to learn; to operate in today’s e-

society. As Yelland (2001) argued, the traditional educational environments do not appear to be 

suitable for preparing learners to function or be productive in the  workplaces of today’s society. She 

also claimed that organizations that do not fit in the use  of  new  technologies  provided  by  ICT’s  

cannot significantly claim to prepare their  students for life in the  21st  century.  This  argument  was  

supported  by Grimus (2000), who pointed out that “by teaching ICT skills students are prepared to 

face future development based on proper understanding” (p.362).   In their argument, they also claim 

that ICTs can be used to present information to students and help them complete learning tasks. A 

very important aspect of learning enhanced by  using ICTs will facilitate a more smoothed and 

compound view of abstract concepts. In this it is significant to understand different approaches that 

ICTs use in education to fulfill the teaching and learning outcomes. 

Different Approaches of the use of ICTs in Education  

  It is true that teaching 21
st
 century learners requires strong pedagogy.  Traditional  Pedagogy  

approaches have resulted in a divergence between what is taught to the  students  and  what  the  

industry  needs.  As  such, many institutions  are moving  towards  problem  based learning as a 

solution to producing graduates who are creative;  think  critically  and  analytically,  to  solve 

problems.  The  pedagogy  enabled  by  ICT  provides problem  based  learning  and  enable  students  
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to  be independent, have a critical thinking. It is obvious that by the use of ICT’s, instructors will 

develop strategies that will promote deep learning and change the learning environment into the 

learner-centered environment. The impact  of  ICTs  on  learning  can  be  approached  in various 

ways to meet the need of learners. Differently from traditional pedagogy, that has one particular way 

of teaching (direct flow of information from teacher to the students) ICT’s offer diversities  of  models  

in teaching and learning.   Diverse  types  of  ICTs  uses  can  be  visualized  as: computer  assisted  

learning,  web-learning,  computer-classes,  online  training,  distance  education, visualization  

software,  eLearning,  virtual  learning, digital training, etc.  

Active Teaching and Learning  

              Approaches The  use  of  ICTs  offers  a  platform  for  student  to question,  investigation  

and  construction  of  new information  in  the  process  of  teaching  and  learning. This is one aspect 

which is different from the traditional pedagogy in which learners learn as they practice and, 

whenever  appropriate,  work  on  real-life  problem  in depth. The teaching and  learning process 

become less abstract but more relevant to the learner’s life.  

Collaborative Teaching and Learning Approach   

The  use  of  ICTs  creates  collaboration,  interaction among students and teachers regardless 

of  where they are.  This  limitation  of  traditional pedagogy  has  been overcome by  the use  of ICTs.  

Beside from modeling real-world  interactions,  ICT-supported  learning provides  learners  with  the  

opportunity  to  work  with people of different cultures, different background. This has  helping  by  

improving  learner’s  teaming  and communicative skills as well as their global awareness. 

Creative  Teaching  and  Learning Approach  

The use of ICTs promotes the manipulation of existing information and creation of real-world  

products rather than  the regulation of received information,  which  is different from reproductive 

learning used in traditional pedagogy way of teaching.  

Integrative Teaching and Learning Approach  

ICTs  improve  learning  by  integrative  approach  to teaching  /  learning.  This  eliminates  

the  artificial separation  between  the  different  disciplines  and between  theory  and  practice  that  

characterizes  the traditional pedagogy approach. 

 Evaluation Teaching and Learning Approach  

Unlike  traditional  pedagogy,  ICTs  recognizes  many different learning pathway and 

different articulations of knowledge as  said  above that  ICT does  not focus  in only  one  type  of  

teaching  or  learning  approach  like traditional  pedagogy. The  pedagogy enabled  by  ICTs allows 

learners  to explore  and discover  rather  purely pay attention and keep in mind. 

Conclusions   

The researchers believe hat the core objective of teaching is passing on the information or 

knowledge to the brains of the students. To  achieve this  there are many strategies behind the  

teaching called  pedagogy that  can  be  use during  this process.  This  paper  gives  a  comparison  of  

traditional pedagogy and the emerging pedagogy enabled by the use of ICTs  in  education.  The  

paper  also  highlighted  some limitations of the  use of traditional pedagogy in  teaching / learning 

and  the significance of using emerging pedagogy enabled by ICT in education. As teaching and 

learning shifts from  the  teacher-centered  model  to  a  learner-centered model,  the  teacher  

becomes less  the  one and  only  voice authority but more the  facilitator, mentor and coach; from 

stage  on  stage  to  guide  on  the  side.  As  such,  many institutions  in  the  21st  century  are  

moving  towards  new techniques  of  teaching  enhanced  by  ICTs  to  promote problem based 

learning as  a solution to settings where the teacher is the only individual who talks and gives 

command and less integration for students. 

model,  the  teacher  becomes less  the  one and  only  voice authority but more the  facilitator, mentor 

and coach; from stage  on  stage  to  guide  on  the  side.  As  such,  many institutions  in  the  21st  
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century  are  moving  towards  new techniques  of  teaching  enhanced  by  ICTs  to  promote problem 

based learning as  a solution to settings where the teacher is the only individual who talks and gives 

command and less integration for students. 
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Presidential Address 

 
Shri. Diliprajji Goenka 

President, 

 Bharatiya Seva Sadan 

It gives me a great pleasure to note that the Department of Commerce of our 

college is hosting an International Virtual Interdisciplinary Conference on 

�Global Socio-Economic Trends in Current Scenario � Opportunities& 

Challenges�. 

The discussions, deliberations and outcomes of the conference would surely 

be fruitful for the progress of Global Economy. Similarly the academicians 

and research scholars would be benefited. This event will be a milstone in 

the development of Commerce and of our college. 

I wish the conference a grand success. 
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Principal�s Desk 
 

 
 

Dr. Devendra Vyas 

Principal, 

Smt. Radhadevi Goenka College for Women, 

Akola 

 

I offer my deepest Salutation to Founder President ParamShradhey Late. 
Smt. Radhadevij Goenka. 

It gives me immense pleasure to host International Virtual Interdisciplinary 

Conference on �Global Socio-Economic Trends in Current Scenario � 

Opportunities& Challenges�. At the outset, I welcome all the Chairman, Key 

Note Speakers, Academicians, Delegates, Research Scholars and 

Participants in this conference. 

College has invited research papers on the themes- Agriculture, Industry, 

Service Sector, MSME, Entrepreneurship& Skill Development, and 

Atmanirbhar Bharat & Make in India, Financial and Banking Sector, 

Employment and Human Resource, Education Sector with context to NEP. 
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Dr. Ambadasji Pande Convener of the Conference and all the Teaching and 

Administrative staff of the college have taken efforts in organizing the 

conference. 

On this occasion, I extend my sincere feeling of gratitude to Hon�ble Shri. 

Diliprajji Goenka President of Bharatiya Seva Sadan, Akola,Hon�ble Senior 

Vice-President Shri GopikisanjiBajoriya,Hon�bleVice President Shri. 

Ravikumaji Goenka, Hon�ble Secretary Shri Alokkumarji Goenka and all 

Executive Members of Bharatiya Seva Sadan for granting permission and 

guidance. 

I am delighted to express my special thanks to Dr. AniljiRaut, Secretary, 

Indian Accounting Association, Akola Branch, for his enthusiastic 

collaboration in this conference.  

I would  like to express my deepest  gratitude  for the generous support of 

Dr.Anilji Raut, Secretary Indian Accounting Association, Akola Chapter for 

organizing this conference. 

I am thankful to Chief Editor of �Vidyavarta� Online International Peer 

Reviewed & Refereed Research Journal, Aurangabad for his timely support 

for publication of research papers. 
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From Convener�s Desk 

 

Dr. Ambadas Pande 

Head, Dept. of Commerce & Convener  

The Department of Commerce of our college enjoys great pleasure, pride, 

privilege and great honour in organizing International Virtual 

Interdisciplinary Conference on �Global Socio-Economic Trends in Current 

Scenario - Opportunities &Challenges�. We believe that this event would 

prove to be a landmark in our journey towards academic excellence. 

Now a days, social, educational, political and economical sectors are facing 

various challenges. But challenges always bring opportunities which we 

have to recognize. Hence, we have selected some important topics for 

research perspective which will definitely help to give insight to policy 

makers, academicians, professionals and entrepreneurs. 

As a Convener of this Conference, it�s great privilege and honour for me to 

put before you the theme of this conference. 

For this, we have called papers on various domains like Marketing, Human 

Resource Management, International Trade, Entrepreneurship, Social 
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Sciences, Media & Communication, Tourism and Hotel Management, 

Information Technology, Women Entrepreneurship and Finance & 

Economics.  

 
Accordingly, we received more than 75 research papers and articles. 

We have published all these papers and articles in Online International Peer 

Reviewed & Refereed Research Journal will surely be helpful to authors and 

researchers in their research work.  

I from my bottom of heart thank to Hon�ble Executive Committee Members 

of Bharatiya Seva Sadan as well as Respected Principal and Chief Organizer 

of thisInternational Conference Dr. DevendrajiVyas& Members of Advisory 

Board for their guidance, inspiration and motivation. 

I am also thankful to all delegates for their enthusiastic respone by 

submitting insightful research papers. 

I would like to extend my deepest feeling towards Organizing Secretary, Dr. 

Rupa Gupta and Organizing Committee Members Prof. HarshadaWadhone, 

Dr. VinodChavhan and Dr. Anup Sharma for their seamless efforts to make 

this conference grand success. 

I offer my thank to all Technical Committee Members, Shri Parimal 

Mujumdar, Swapnil Jain, Dnyaneshwar Aware, Amar Agrawal, Yogesh 

Surve for their technical support. 

Lastly, I extend my warm gratitude to all those who have directly and 

indirectly helped us for making this conference fruitful. Hope this 

conference will really add new value in the journey of research. 
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INDIAN CORONA VIRUS VACCINES DISTRIBUTION CHALLENGES 
 

Dr. Mahesh Gaikwad 

Associate Professor, Department of Commerce, 
G. S. Science, Arts & Commerce College, Khamgaon, District � Buldana 

Abstract 

 Indian drug companies are major manufacturers of vaccines distributed 
worldwide, particularly those for low-income countries, supplying more than 60% of 
vaccines supplied to the developing world. Because of this, they are likely to gain early 
access to any COVID-19 vaccine that works, says Sahil Deo, co-founder of India�s CPC 
Analytics in Pune, which is studying vaccine distribution in the country. 
Several Indian vaccine makers already have agreements to manufacture corona virus 
immunizations that are being developed by international drug companies, or are working 
on their own vaccines. The government has said that these manufacturers can export 
some of their supplies as long as a proportion remains in the country. 
This means that the biggest hurdle will be getting vaccines to people across India. �It is a 
huge challenge,� says Randeep Guleria, director of the All India Institute of Medical 
Sciences in New Delhi and a member of the government�s vaccine task force. �India is a 
huge country, we have a very large population and we have remote areas, like the 
Northeast and Ladakh [in the Himalayas].� 
Guleria says that innovative approaches will be needed to distribute vaccines in rural and 

remote regions. He says national election campaigns could offer lessons. In 2019, 11 
million poll workers journeyed across India to set up polling stations, so that people 

didn�t need to travel more than 2 kilometers to vote. The network reached 900 million 
voters, including those in the most remote areas, in just over 6 weeks. A similar network 

of health officials to give vaccines could cover much of the country, says Guleria. 
Keywords:Vaccines, challenge, pandemic, pharmaceutical companies 

Introduction 
 As scientists edge closer to creating a vaccine against the SARS-CoV-2 corona 

virus, Indian pharmaceutical companies are front and centre in the race to supply the 
world with an effective product. But researchers worry that, even with India�s experience 

as a vaccine manufacturer, its companies will struggle to produce enough doses 
sufficiently fast to bring its own huge outbreak under control. On top of that, it will be an 

immense logistical challenge to distribute the doses to people in rural and remote regions. 
Indian drug companies are major manufacturers of vaccines distributed worldwide, 
particularly those for low-income countries, supplying more than 60% of vaccines 
supplied to the developing world. Because of this, they are likely to gain early access to 
any COVID-19 vaccine that works, says Sahil Deo, co-founder of India�s CPC Analytics 
in Pune, which is studying vaccine distribution in the country. 
Several Indian vaccine makers already have agreements to manufacture corona virus 
immunizations that are being developed by international drug companies, or are working 
on their own vaccines. The government has said that these manufacturers can export 
some of their supplies as long as a proportion remains in the country. 
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Without India, there won�t be enough vaccines to save the world, said Peter Piot, director 
of the London School of Hygiene and Tropical Medicine, during an online vaccine 

symposium organized by the Indian government in July. 
Local need 

A vaccine will be essential to combat India�s huge coronavirus outbreak. On 30 August, 
the country reported almost 79,000 new cases � the highest single-day increase recorded 

in any country. By next year, the outbreak is predicted to be the world�s largest. 
To reduce the number of people dying from COVID-19, researchers say, those most at 

risk of exposure or severe infection will need to be immunized first. This includes first 
responders, people with other illnesses and older adults, who make up roughly 30% of the 

population � around 400 million people, says Gagandeep Kang, a vaccinologist at the 
Christian Medical College in Vellore, India. But that is a huge number of vaccine doses 
that need to be made and distributed, researchers say. 
The government has assembled a task force to determine how best to distribute the 
vaccines. It is headed by Vinod Paul, a member of the National Institution for 
Transforming India, a government think tank, and has representatives from state and 
central government agencies. The government is also working with vaccine makers to 
speed up clinical trials and regulatory approvals. 

World�s supplier 

The world�s largest vaccine maker, the Serum Institute of India in Pune, has an 

agreement to manufacture one billion doses of a coronavirus vaccine being developed by 
scientists at the University of Oxford, UK, and UK pharmaceutical company AstraZeneca 

if it is approved for use. The vaccine is currently undergoing phase III clinical trials in 
Brazil, the United Kingdom and the United States to test its effectiveness.  If the vaccine 

works, the Serum Institute and the Indian government have committed to reserve half the 
company�s stock of it for India, and to supply half to low-income nations through GAVI, 

a founder of immunizations for low-income nations, says Adar Poonawalla, Serum�s 
chief executive. 

So far, the company has invested 11 billion rupees (US$200 million) to manufacture the 
vaccine, and has produced about 2 million doses for use in regulatory clearances and 

testing, even before the trials has ended, Poonawalla says. Two factories that were 
producing other vaccines have been redirected to this effect, and the company can make 
60 million to 70 million doses a month at full capacity, says Poonawalla. 
�The decision [to stockpile the Oxford vaccine] has been solely taken to have a jump-
start on manufacturing, to have enough doses available if the clinical trials prove 
successful,� says Poonawalla. If the vaccine doesn�t work, Serum will shift its attention 
to other candidates, he says. The company is also developing and testing four other 
COVID-19 vaccines � including two developed through in-house initiatives and two 
being developed in collaboration with biotechnology companies Novovax in 
Gaithersburg, Maryland, and Codagenix in Farmingdale, New York. 
Drug firm Biologicals E, headquartered in Hyderabad, India, has also entered into a 
partnership to manufacture a vaccine candidate. This one is being developed by Janssen 
Pharmaceutica, based in Beerse, Belgium, and is currently going through phase early-

stage safety trials. Biologicals E might also manufacture a candidate being developed by 
Baylor College of Medicine in Houston, Texas, it says. And Indian Immunologicals, also 

in Hyderabad, is working with Australia�s Griffith University in Brisbane to test and 
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manufacture the university�s vaccine. Two other Indian companies � Hyderabad-based 
Bharat Biotech and Zydus Cadila in Ahmedabad � are working on vaccines that are in 

phase I and II trials. 
How the pandemic might play out in 2021 and beyond 

Scientists have applauded the Indian government for allowing the country�s 
pharmaceutical companies to export some of their vaccine stocks to other nations. The 

decision to share supplies contrasts with the stance of nations such as the United States 
and the United Kingdom, which have each pre-ordered hundreds of millions of doses of 

coronavirus vaccines under development, enough to supply their respective populations 
many times over. 

But even with manufacturer's commitment to supply a portion of their vaccines locally, 
scientists say that making the required 400 million doses for people who are most at risk 
of contracting severe COVID-19 will still take time. And by that point, the brunt of the 
epidemic, which is currently in major cities, will probably have shifted to rural areas, 
where health services are weaker, says Deo. 

Distribution challenges 

This means that the biggest hurdle will be getting vaccines to people across India. �It is a 
huge challenge,� says Randeep Guleria, director of the All India Institute of Medical 

Sciences in New Delhi and a member of the government�s vaccine task force. �India is a 
huge country, we have a very large population and we have remote areas, like the 

Northeast and Ladakh [in the Himalayas].� 
The immunization programme will probably take years, says Kang. One of the country�s 

largest vaccination campaigns so far � delivery of the measles�rubella vaccine to 405 
million children, starting in 2017 � has taken 3 years. 

Guleria says that innovative approaches will be needed to distribute vaccines in rural and 
remote regions. He says national election campaigns could offer lessons. In 2019, 11 

million poll workers journeyed across India to set up polling stations, so that people 
didn�t need to travel more than 2 kilometers to vote. The network reached 900 million 

voters, including those in the most remote areas, in just over 6 weeks. A similar network 
of health officials to give vaccines could cover much of the country, says Guleria. 

But it�s not as simple as getting the vaccine to people, says Kang. �The vaccine has to be 
kept cold, people have to be trained.� It will also be expensive to buy syringes and 
needles, to train people to vaccinate, and to purchase the vaccine. 
The Serum Institute has priced the Oxford vaccine at 225 rupees (US$3) a dose. That 
means the cost of vaccinating 400 million people will be at least $1.2 billion. Typically, 
the government buys vaccines for less than the price of bottled water � 60 rupees. �We 
have never paid $3 for a vaccine,� Kang says. 
It�s unlikely that the Indian government will bear the entire cost of immunizing its 
people, Deo notes. It will probably pay for vaccinations for the poorest citizens, and ask 
everyone else to buy their own vaccines, he says. 

Conclusion 

Scientists have applauded the Indian government for allowing the country�s 
pharmaceutical companies to export some of their vaccine stocks to other nations. 

Guleria says that innovative approaches will be needed to distribute vaccines in rural and 
remote regions. He says national election campaigns could offer lessons. In 2019, 11 

million poll workers journeyed across India to set up polling stations, so that people 
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Abstract :  

 
Internet registration usually requires one sort of the Completely Automated Public Turing test to inform Computer and Human Apart 

(CAPTCHA) to avoid illegal registration through computer programs called bots. The CAPTCHA script is formed of distorted or 

noised characters. This paper presents an analytical study of extraction of varied statistical features for recognition of every 

character in CAPTCHA image. OCR (Optical Character Recognition) is generic process in area of pattern recognition and is aimed 

to recognize each character in CAPTCHA image. OCR system involves basic four stages: preprocessing, segmentation, feature 

extraction, classification which is followed by actual recognition. The technique of feature extraction plays an important role in 

character recognition.  The CAPTCHA character recognition depends on the extracted features. The various statistical feature 

extraction techniques have been applied over character image. Here, the various types of statistical feature extraction methods are 

discussed for the application of character recognition for CAPTCHA verification. 

 

Keywords: CAPTCHA, OCR, Bots, Feature extraction, Pattern recognition. 
 
1.Introduction  

In the recent time Internet has become a part of life for web users and CPATCHA has become an integral part of 

the communication and financial transactions on Internet.  CAPTCHA (Completely Automated Public Turing test 

to tell Computer and Human Apart) are the challenges given by online service providers to its users to distinguish 

human and automated computer programs called bots. It is a defensive mechanism to prevent automated 

registration, spamming and web bots. CAPTCHA tests can protect web services and resources such as e-mail 

services, online voting, surveys, chat systems, grievance redressal system, and password authentication. 

CAPTCHA which acts as a gatekeeper which monitors the entry and check whether it is a process by human being 

or computer controlled automated system. The researchers are studying the techniques, how to keep these 

spammers away. The character images are used as CAPTCHA script. These images consist of random 

combination of characters. A randomly generated text image is taken as CAPTCHA image so that a human user 

can read it easily while a computer cannot. A number of internet sites like Gmail, FaceBook, Hotmail, Twitter, 

Yahoo and so on offer free registration to the users to guard against auto-registration, these websites has 

incorporated CAPTCHA so that all the registrations are done by humans and not by automated computer programs 

or bots. 

OCR is employed for pattern recognition and is targeted to recognize each character in CAPTCHA image. In 

offline OCR system, raster image of character is taken as an input and then it is taken as an input and then it is 

processed. Recognition of character starts after generation of character.  While in online system, (x , y) coordinates 

and pressure of electronic tablet is continuously measured on digital pad [1]. The general process for character 

recognition   involves four main steps given in figure 1 [2].  
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 Image Acquisition   Preprocessing    segmentation      Feature Extraction  
 
Classification   Post Processing    Character Recognition     
                        

Fig. 1 : General Character Recognition Process by OCR 
 

Each character in CAPTCHA image has unique features that determine its shape, size and orientation. Thus, the 

technique of feature extraction plays a vital role in character recognition. The CAPTCHA characters recognition 

depends on the extracted features. There are various statistical features extraction methods which are studied and 

analyzed in this paper.  

 
2.Devanagari Script  

India is a multilingual country. There are more than 1.2 billion populations with 22 official languages and 10 

different scripts. Devanagari, an alphabetic script, is used by a number of Indian Languages. Initially it was 

developed to write Sanskrit but was later used to write many other languages such as Marathi, Hindi, Konkani and 

Nepali and Rajasthani [3, 4]. Hindi is the third most spoken language in the world. Other Indian languages like 

Gujarati, Bengali and Punjabi use scripts similar to Devanagari. Devanagari has 34 consonants and 13 vowels. In 

addition to consonants and vowels, there are compound characters which are formed by combing two or more of 

basic characters in most of Indian scripts including Devanagari. 

 
3. Feature Extraction Techniques 

Feature extraction can be defined as a process of extracting the most representative information from the raw data. 

Feature extraction is the process of extracting different features from the matrices of digitized characters image. 

The characters are recognized on the basis of these features. Features of a character can be classified into two 

categories: Global or statistical features and Structural or topological features [5]. 

 
3.1 Structural Features 

Structural features are based on topological and geometric properties of the character. Examples of structural 

features are: number of horizontal lines, number of vertical lines, number of cross points, number of end points, 

horizontal curves at the top and bottom etc. These features are then used to identify the shape or structure of the 

character.  

 

3.2 Statistical Features 

Statistical methods are used to identify statistical features of a character. The statistical features are derived from 

the statistical distribution of pixels. These are obtained from the collection of points representing the matrix of 

character. These features can be easily detected as compared to structural features. Statistical features are less 

affected by noise or distortions as compared to structural features. These features can be easily obtained as 

compared to topological or structural features [5].  

Representation of a document image ( e.g. CAPTCHA image ) by statistical distribution of points takes care of 

style variations to some extent . Although this type of representation does not allow the reconstruction of the 

original image, it is used to reduce the dimension of the feature set which results in less computing time and low 

complexity. The major statistical features are used for character representation [6]. 

 
3.3 Statistical Feature Extraction Methods 

The purpose of the statistical methods is to determine to which category the given pattern belongs There are 

number of methods used for statistical feature extraction; such as zoning, projection, histograms, crossing and 

distances, moments, profiling etc [7].  
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3.3.1 Zoning  

Zoning is one of the most popular feature extraction methods. The character image is divided into predefined 

number of zones and a feature is computed from each of these zones. The frame containing the character is divided 

into several overlapping or non-overlapping zones and the densities of object pixels in each zone are calculated. 

The density is calculated as a number of object pixels in each zone divided by total number of pixels [8].  

In this  method of  zoning ,  four types of  statistical features  are  extracted  , namely , intersection and  open  

endpoints,  centroid,  horizontal peak  extent  and vertical  peak  extent,  for Devanagari ancient character 

recognition. A pixel that has more than one pixels in its neighborhood is known as intersection point. A pixel that 

has only one pixel in its neighborhood is known as open endpoint. The centroid is the point that can be considered 

as the centre of a two-dimensional image. A character is usually divided into zones of predefined size. These 

predefined sizes are typically of the order 1*1, 2*2, 4*4 , 8*8 is given in figure 2 [9].  

 

  
          Fig. 2 : A character image : a) one zone b) 4 zones  c) 16 zones  and d) 64 zones. 
 
3.3.2  

Histogram Projections  

These features are derived from histograms of horizontal and vertical projections of black pixels in some particular 

areas of the character. They are extracted from the normalized image of the character so as to obtain normalized 

histograms of black pixels both on the X-axis as well as on the Y-axis. In order to locate the larger strokes of the 

character, relative maxima of the histograms could have been extracted. However, extracting maxima from 

histograms is quite difficult when the number of maxima is not known a priori. One way to tackle this problem is 

to derive the cumulative histogram of the original one, assuming that each important gap on the Y-axis of the 

cumulative histogram corresponds to a relative maximum on the Y-axis of the original histogram. Yet, when there 

is a gap on the Y-axis of the cumulative histogram, the corresponding abscissas are closer than in the case of a 

slow variation on the Y-axis. Therefore, dividing the Y-axis in enough equal parts and storing as features the 

corresponding abscissas allows to get information about the location of some structural properties of the character 

like its larger strokes [10].  

The feature extraction principle is illustrated on a basic example in Figure 3 and 4. In the present case, dividing the 

Y-axis in 11 parts – 10 abscissas are thus retained as features from each cumulative histogram – has been found 

experimentally to provide the most precise description of the characters [10]. 

      
 
3.3.3 Crossing and Distances  

It refers to the number of crossings of a contour by a line segment in a specified direction. Distance of line 

segment from a given boundary can be used as one of the features. A horizontal threshold can be established 

above, below and through the centre of the script. The feature value is the count, the number of times the script 

crosses the threshold [11] 

http://www.ijcrt.org/


www.ijcrt.org                                                              © 2020 IJCRT | Volume 8, Issue 2 February 2020 | ISSN: 2320-2882 

IJCRT2002203 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 1738 
 

 
                        Fig. 5 :  Example showing Crossing and Distance 
 

3.3.4 Moments  

The moment invariant is an appropriate measure for tracing the noise free image pattern. The features that are 

invariant to scaling, translation and rotation transformation of a character are useful in order to recognize many 

variations of the same character. Invariance means that visual properties stay consistent under specific 

transformations. Rotation invariant should be used to distinguish between such characters as ‘u’ and ‘n’. Size 
invariant should be used to distinguish between such characters as ‘0’ and ‘o’ [12]. A set of seven 2-D 72 moment 

invariant features are insensitive to translation, scale change, mirroring, and rotation. These can be derived from 

seven equations. It computes the moment invariants of an image and obtained seven-element row vector. Using 

these features a high degree of invariance is achieved. Hu's Seven Moment Invariants are invariant under 

translation, changes in scale, and also rotation. So it describes an image irrespective of its location, size, and 

rotation. The 2-D moment of order (s + t) of a digital image f(x ,y) of size m × n is define as follows. 

                   m-1 n-1 
         mst  =    ∑   ∑   xs  yt  

f(x ,y)    where s =0,1,2…and t=0,1,2…are integers.  
                      x=0  y=0      

The corresponding central moment of order (s + t) is define as follows.  
              m-1 n-1 

        Hst  =     ∑   ∑ ( x - x‾ )s ( y - y‾ )t   f(x ,y)   where s =0,1,2…and t=0,1,2,…. 
                    x=0  y=0      
   Where x‾ =   m10 / m00    y‾ = m01 / m00  
The moments that are computed with their centroid being about the origin are called central moments, denoted by 
µ st . 
The normalized central moment of order (s + t) is define as follow. 

ηst = µγ
 where   γ = (s + t) / 2 + 1                 

                 00 
The set of seven moment invariants are derived from these equations, as follows: 
Φ1 =  η20 + η02 

Φ2 =  (η20 - η02 )2 + 4 η2
11 

Φ3 =  (η30 - 3η12)2 + (3η21 - η03)2 

Φ4 = (η30 + η12)2 + (η21 + η03)2 

Φ5 = (η30 - 3η12) (η30 + η12)[ (η30 + η12)2 -3(η21 + η03)2] + (3η21 - η03) (η21 + η03) 

          [3(η30 + η12)2-(η21 + η03)2] 

Φ6 = (η20 - η02 ) [(η30 + η12)2-(η21 + η03)2] + 4η11 (η30 + η12)(η21 + η03) 

Φ7  =  (3η21 - η03) (η30 + η12) [(η30 + η12)2 - 3(η21 + η03)2] + (3η21 - η03) (η21 + η03)] 

          (η30 + η12)2 - (η21 + η03)2] 

The seven features of moment invariant are extracted from an image. The value of moments are usually small, so 

to reducing their dynamic range, log10 transformation is used and sign of original value is also preserve to detect 

if an image has been mirrored. Figure 6 shows the seven features were extracted from the handwritten characters. 

Three same characters with different scale, orientation, and transformation, give almost same moment features. 

Figure 7 shows the features extracted from the printed characters. Examples of same character with different sizes 

computed almost same moment features. From the experiment it was cleared that Hu’s moments features were 
invariant with scale in printed characters and invariant in rotation for handwritten characters [12].  
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                  Fig.6 :   Moment Invariant features for handwritten characters  
 

 
                Fig. 7 :  Moment invariant features for printed characters 
 
3.3.5 Zernike Moments 
Moment functions are defined on images as the weighted sums of the image intensity function. Moment functions 

of order (p + q) are generally defined as 

 

                      Φpq  = ∫x ∫y Ψpq (x, y) f (x, y) dx dy,                                                        (1) 
 
Where    Ψpq (x, y)  is called the moment weighting kernel. 

When applying moment functions to digital images it is often desirable to write them out using the following 

discrete notation: 

 

Φpq=∑    𝑥 ∑    𝑦 Ψpq(x,y)f(x,y) (2) 

Some properties of the weighting kernel are passed onto the moments themselves, such as invariance features, and 

orthogonal. Depending on the function chosen for the weighting kernel, the calculated moments can capture 

different aspects of the input image [13]. 

Zernike moments are a class of orthogonal moments and have been shown effective in terms of image 

representation. The orthogonal property of Zernike polynomials enables the contribution of each moment to be 

unique and independent of information in an image. A Zernike moment does the mapping of an image onto a set 

of complex Zernike polynomials. Zernike Moments are defined over the unit disk instead of the real plane and 

exhibit the orthogonal property. Zernike polynomials are mainly used in optometric, where they arise as the 

expansion of a wave front function in optical systems with circular pupils [14]. Zernike introduced a set of 

complex polynomials which form a complete orthogonal set over the interior of the unit circle, 

i.e., 𝑥2 + 𝑦2 = 1. Let the set of these polynomials be denoted   

by.  { Vnm (x , y)} The form of these polynomials is: 

Vnm (x, y) = Vnm  (ρ
 
θ )  =  Vnm ( ρ ) exp( jmθ)                                                                 (3) 

 

Rnm ( ρ ) Radial Polynomial defined as 

Rnm (ρ )  =∑ ( −1 )𝑠𝑛−| 𝑚|/2𝑠=0  .
(𝑛−𝑠)!𝑠!  (    𝑛+|𝑚|2  −𝑠) ! (    𝑛+|𝑚|2  −𝑠) ! 𝜌 n - 2a                                                                    (4) 

 Note that 

Rn,-m ( ρ ) = Rnm ( ρ ).  
These polynomials are orthogonal and satisfy 

∫∫ 𝑥2 + 𝑦2 ≤ 1    [𝑣𝑛𝑚 (x, y)]    𝑉𝑝𝑞 (x, y)  dx dy = 
𝜋𝑛+1 δnp δmq .                 

 

   With 

δab =   { 1          𝑎 = 𝑏   0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                                                                         (5)  

Zernike moments are the projection of the image function onto these orthogonal basis functions. The Zernike 

moment of order n with repetition m for a continuous image function f(x,y) that vanishes outside the unit circle is 

Anm = 
𝑛+1𝜋 ∫∫ 𝑥2 + 𝑦2 ≤ 1   f (x,y) V* nm  (ρ, θ) dxdy                                                                  (6) 

http://www.ijcrt.org/


www.ijcrt.org                                                              © 2020 IJCRT | Volume 8, Issue 2 February 2020 | ISSN: 2320-2882 

IJCRT2002203 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 1740 
 

For a digital image, the integrals are replaced by summations to get. 

Anm=
𝑛+1𝜋  ∑   𝑥 ∑   𝑦  𝑓(x, y)  V*nm(ρ, θ), x2+y2

<=1                                                                                                        (7) 

 

To compute the Zernike moments of a given image, the center of the image is taken as the origin and pixel 
coordinates are mapped to the range of unit circle, i.e. x2 + y2 <= 1. Those pixels falling outside the unit circle are 
not used in the computation. Therefore |A nm| can be used as a rotation invariant feature of the image function. 
Since A n,-m = A nm , and therefore  

 | A n,-m = A nm | , we can use only  | A nm | for features[15]. 
 
Moment based features are extracted from the each zone of the scaled character bitmapped image. The image is 
partitioned into zone and features are extracted from each zone. In this paper Zernike moments based feature 
extraction is proposed for off-line Devnagari Handwritten Basic and Compound Character. The image can be 
portioned in various ways and it is given in figure 8 [16]. 

Feature set i   : Figure 8 (i) is considered as a whole character image.  
Feature set ii  : Figure 8 (ii) shows the image divided into four equal zones. 
Feature set iii : Figure 8 (iii) shows the image divided into three vertical equal zones. 

Feature set iv : Figure 8 (iv) shows the image divided into three horizontal equal zones. 

 

 
              (i)                       (ii)                          (iii)                            (iv)      
     

Fig. 8. Partition of Devanagari Character into feature set 
 
 3.3.6 Profiling: Distance Profile Feature 

The profile based features are partly inspired by (Shridhar and Badreldin, 1984), in this technique, profile 

computes the distance (pixels) from bounding box of character image to outer image of character. The distance is 

traced horizontal and vertical. Author used four profiles of the character which are left, right, bottom and top. Left 

profiles are computed by traversing horizontally in forward direction and right profiles are computed by traversing 

backward direction. Similarly, top and bottom profiles are computed.  Features derived from profiles of the 

character [17]. The four profiles are shown in figure 9. 

 
                                   Fig.9. Shows the distance profile features 
5. Earlier Work 

Feature extraction methods can satisfy this requirement based on specific recognition problem and the input data 

for recognition.  Different feature extraction methods are used according to the suitable domain. A survey of 

various feature extraction techniques is given in [12, 18]. In [19] , Raghuraj  et al, presented  a scheme to  develop  

complete  OCR  for five  different  fonts  and sizes  of  Devanagari  characters. Authors used three statistical 

features: mean distance, histogram of projection based on the spatial position of pixels and the histogram of 

projection based on pixel value. They used artificial neural network (ANN) approach for classification. Holambe 

et al [20] presented a review of feature extraction and selection methods for recognition of numerals and characters 

of the Devanagari script. They used Zernike moment for feature extraction and - KNN classifier based on 

Euclidean distance. They computed the accuracy recognition rate for vowels, consonants without modifiers as 

98%. Yadav et al [21] , proposed an OCR system for printed Hindi recognition, using ANN. They used projection 

profiles for segmentation and histograms of projection based on mean distance, histogram of projection based on 
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pixel value, vertical zero crossing for feature extraction and back-propagation neural network with two hidden 

layers for classification. They achieved a recognition rate of about 90.0%. Sethi and Chatterjee [22] proposed a 

decision tree based approach for recognition of constrained hand printed Devnagari characters using primitive 

features. In [23], R. Jayadevan et al. encompassed the comparative study of different feature extraction methods 

proposed by various researchers. They also have discussed some statistical feature extraction methods for 

recognition of printed Devanagari characters which are summarized in the following table 2 :  

Table 2 : Accuracy of Devanagari Printed characters Recognition 
 

Sr .No. Method  proposed by Type of Feature Classifier Data set (size) 
Accuracy 

in % 

1  Jayanthi et al. [ 25 ] 
Statistical Binary Tree 4863 

characters 
95.08 

2  Choudhuri et al. [ 26 ] 
Statistical Tree classifier & template 

matching 
10000 
characters 

95.42 

3  U.Pal et al. [ 24 ] 
Statistical Tree classifier and 

template matching 
Unspecified 

83.67 

4  Divakar et al. [ 27 ] 
Mean distance, Pixel 
value and vertical 
zero crossing 

Neural Network 1000 
characters 98.5 

5  Holambe et al [ 20 ] 
Zernike moment KNN classifier based on 

Euclidean distance 
Unspecified 

98 

6  Divakar et al  [ 27 ] 

Histogram of 
projection based on 
mean distance and  
pixel value , vertical 
zero crossing 

Back-propagation neural 
network with two hidden 
layers 

650 : word 
level 

90 

 

6. Conclusion:  

The analytical study of the methods mentioned in Table 2 concludes the statistical methods used for feature 

extraction such as:  zoning, histogram projections, profiles, crossing and distances, moment invariants, standard 

deviation, density and mean and feature classification techniques such as SVM, Template matching, Binary tree 

and Neural Network (KNN) are used for recognition of character. The devanagari CAPTCHA script characters are 

generally presented with different dimension and size, slanted or rotated to left or right direction, distorted by 

addition of noises. The statistical feature extraction methods such as Moment invariant and Zernike moments are 

mostly used to extract the features of characters which are slanted or rotated and dimensioned with varied size. 

These features can be easily detected as compared to structural features. Statistical features are less affected by 

noise or distortions as compared to structural features. They are also used to reduce the dimension of the future set. 

These features can be easily obtained as compared to topological or structural features. 

From the above table the accuracy of Devanagari printed characters is 98.5% for Neural Network. The accuracy 

depends on the features extracted from the image database. In this study, it is found that the use of statistical 

methods for feature extraction and  Neural Network classifier gives better result. 

The study shows that the accuracy of recognition of character depends on selection of features and proper 

classifier. The different statistical feature extraction techniques discussed in this paper are very effective and 

useful for new researchers. Still the work is going on to improve the accuracy of the above techniques.   
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ABSTRACT 
Lots of research work has been carried out on optical character recognition of different languages. Different ancient 
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science, medicine and civilization. This research paper explore the knowledge about the OCR in different Indian 
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Introduction 
Important research has been performed in 
recent years in the area of text recognition in 
Indian languages. There have been several 
attempts to establish OCRs for 
acknowledgment in Indian languages such as 
Bangla, Hindi, Tamil, and Kannada. Since 
there are several languages and various scripts 
in India, there are many difficulties in 
designing state-of-the-art text recognition 
platforms through all of these applications. 
Researchers report results on their own 
datasets, which in most cases are not publicly 
available. Text recognition of Indian languages 
is an emerging domain that has only recently 
gained much-needed traction. There is 
therefore a marked lack of standard datasets. 
Indian language consists of several scripts, 
including only two Devnagari scripts, and 
Bangla has some significant dataset associated 
with them. This lack of data sets is a serious 
concern as it results in sub-par performance in 
most modern machine learning techniques such 
as Neural Networks, Long-Term Memory and 
Support Vector Machines, because most of 
these modern techniques are highly data-
driven. 
The wide reach of this domain further 
compounds the problem. There exist several 
modalities for each of the languages including 
scanned papers, born-digital photographs, 
natural scene images, and text in videos. Often, 
most datasets in this domain are not freely 
accessible, and those that do, are fragmented 
and are individual attempts. Another critical 
problem is that there is no overarching 

community-driven effort to monitor and 
benchmark the various datasets in this domain. 
This research is carried out to present the 
character recognition and challenges. 

Optical Character Recognition 
OCR programme processes a visual image by 
finding and marking characters such as letters, 
numbers and symbols. Some OCR software 
simply exports text, while other programmes 
may translate characters to editable text 
directly in the image. Advanced OCR 
programme can export the size and type of the 
text as well as the style of the text contained on 
the page. 
The OCR technology can be used to transform 
a physical copy of a paper to an electronic 
edition. For example, if you search a multipage 
document for a digital image, such as a TIFF 
file, you can load a document into an OCR 
programme that recognises the text and 
transforms the document to an editable text 
file. Some OCR programmers allow you to 
scan a document and convert it to a word 
processing document in one stage. 
Although OCR technology was originally 
developed to recognise typed text, it can also 
be used to recognise and validate handwritten 
text. For example, postal services such as 
USPS use OCR software to automatically 
process letters and address-based parcels. The 
algorithm checks the scanned information 
against the current address database to validate 
the mailing address. The Google Translate 
software provides the OCR technology that 
interacts with the camera on your smart phone. 
It helps you to grab text from records, 
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magazines, posters, and other items and 
translate it into a foreign language in real time. 

Types of Character Recognition 

 Optical Character Recognition (OCR) – 
targets typewritten text, one glyph or 
character at a time. 

 Optical Word Recognition – targets 
typewritten text, one word at a time.  

 Intelligent character recognition (ICR) – 
also targets handwritten print script or 
cursive text one glyph or character at a 
time, usually involving machine learning. 

 Intelligent Word Recognition (IWR) – 
also targets handwritten print script or 
cursive text, one word at a time. This is 
especially useful for languages where 
glyphs are not separated in cursive script. 

OCR is usually an offline method that analyses 
a static text. There are cloud-based providers 
that have an OCR API web infrastructure. 
Handwriting action analysis can be used as 
input for handwriting recognition. Instead of 
simply using the outlines of glyphs and words, 
this method is capable of recording gestures, 
such as the order in which the fragments are 
drawn, the path, and the pattern of placing 
down and raising the pen. This additional 
knowledge can make the end-to-end method 
more reliable. The technology is also known as 
"on-line character recognition" "dynamic 
character recognition" "real-time character 
recognition" and "intelligent character 
recognition" 
The name OCR (Optical Character 
Recognition) has been used in numerous 
literature contexts, ranging from discrete 

character recognition to document reading 
systems. A device that deals with an 
unregulated document is more properly 
referred to as a document recognition system. 
The character classification process after 
isolation of the character boxes is also referred 
to as IOCR (Isolated Optical Character 
Recognition). Both the roles of isolation and 
recognition of the character boxes face 
problems in real life circumstances. 
In the case of hand-written characters, the 
difference in the scale and form of the 
characters, the orientation, the fusions and 
the fragmentations are more noticeable. 
Since 1940, many methods have been 
attempted for restricted/unrestricted 
print/hand-printed/written acknowledgment 
of text with little results. 
The approach used for the OCR can be 
narrowly separated into three categories: 

a. Statistical Approach 
b. Syntactic Approach 
c. Hybrid Approach 

Available Databases of Indian Scripts 

The available work done on Indian scripts has 
been mostly on small datasets collected in 
laboratory experiments. However, two large 
databases for handwritten numerals of the most 
popular Indian scripts Devnagari and Bangla, 
was developed by Bhattacharya et al. in 2009 
for the first time. After this, ISI Kolkata 
developed large databases for major Indian 
scripts which are available to researchers on 
demand. The various Indian scripts database 
research centres are tabulated in Table given 
below:  

Table 1. List of Indian scripts database along with their canters  
Language Script Name of research Institute 

Devnagari ISI Kolkata 
Bengali ISI and Jadavpur University, Kolkata 

Assamese IIT Guwahati 
Gujarati M.S. University of Baroda, Vadodara 
Kannada IISc Bangalore and University of Mysore 

Malayalam CDAC, Thiruvananthapuram and Kannur University 
Oriya Utkal University, Bhubaneshwar 

Gurmukhi Thapar Institute of Engineering and Technology, Patiala 
Tamil IIT Madras 
Telugu IIIT and University of Hyderabad 
Urdu CDAC, Pune 
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Some of these datasets are very large collected 
from diverse sources while the datasets for 
Kannada, Tamil, Telugu are small. 

Creation of Database 
Database is created by using Google input 
tools. Google IME provides tools that make 
writing in regional language ease. 
Transliteration, Input Methods, Keyboard, and 
Handwriting are the IME. 
Database is mainly classified in two types 
according to their appearance as Numerical 
database and Alphabetical Database. Alphabets 
are the combination of both consonant and 
vowels. There are total 12 vowels and 36 
consonant present in Marathi language.  
Database is created for all these vowels and 
consonants. Also database created for 
numerical values that is from 
0,1,2,………………9. Each letter of Marathi 
language is write in Google input tool then 
copy that letter into Paint. In paint edit letters 
according to requirements and study it. Letters 
are edited accordance with various font and 
different sizes. 

For this dissertation total 8 types of Font are 
used namely Aparjita, Arial, Kokila, Mangal, 
NIrmala, Nirmala semi light, Sanskrit and 
Utsaah. Edit letters in each font and resolution 
done accordingly. This step also followed for 
creating Numerical database. 

Challenges in Evaluation 
Many current OCR approaches use two main 
measurement standards to test text recognition 
activities. Character error rate is a character 
metric that is based on the Levenshtein 
distance, which is the minimal number of 
single-character editing operations (inserts, 
deletions, and substitutions) needed to modify 
the given term to another. Term error rate is a 
word metric that is often based on the 
Levenshtein distance with the same character 
metric as the word metric. That is, a minimum 
number of single-word operations required to 
change one text to another. 
In the case of the Indian language, CER and 
WER are unable to accurately represent and 
evaluate all aspects of the text recognition 
method in the Indic script. 

 
 

 
 

Fig. 1: A visual illustration some Indian scripts. 
 
 

Algorithms for Document Understanding 
Segmentation 

The problem of document segmentation is that 
of dividing a document image into a hierarchy 

of meaningful regions like paragraphs, text 
lines, words, image regions, etc. These regions 
are associated with a homogeneity property 
and the segmentation algorithms. In order to 
improve the performance of an algorithm over 
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time using multiple examples or by processing 
an image multiple times, the algorithm is given 
appropriate feedback in the form of 
homogeneity measure of the segmented 
regions. Feedback mechanisms for learning the 
parameters could be employed at various 
levels. 

Feature Extraction and Classification 
In recent years, there has been a renewed 
attempt to reformat the classification 
approaches to the recognition of difficult 
character sets. It has been found that a multiple 
classification character recognition schemes 
have the potential of outperforming individual 
stand-alone classifiers because of its ability to 
handle extreme variance in the training and 
testing samples. The classification process can 
be carried out in three stages. In the first stag 
the characters are grouped into three sets 
depending on their zonal position (upper zone 
set, middle zone set and lower zone). In the 
second stage the characters in middle zone set 
are further distributed into smaller sub-sets by 
a binary decision tree using a set of robust and 

font independent features at each node of the 
tree. In the third stage the nearest neighbor 
classifier is used and the special features 
distinguishing the characters in each subset are 
used. One significant point in this scheme is 
that in contrast to the conventional single-stage 
classifiers where each character image is tested 
against all prototypes, a character image is 
tested against only certain subsets of classes at 
each stage. This eliminates unnecessary 
computations. 

Conclusion 
As discussed in this research, character 
recognition is computationally difficulty 
process, as the hand written characters will be 
scanned and recognition on the basis of their 
patterns. The pattern recognition is carried out 
with the help of a specified algorithm selected 
for the identification of symbols depending 
upon the pattern language. This research, 
provides the different issues Optical Character 
Recognition with its types, creation of database 
depending of number of languages selected for 
recognition and challenges of evaluation. 
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Introduction 
In this research system, the character 
acknowledgment calculation incorporates LBP, 
directional component, Randon, Lenna 
dhamma are presented. 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 step, the information picture is divided 
into singular characters and afterward, each 
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ABSTRACT 
Character acknowledgment framework is significant part of the of example acknowledgment. Character 

is a stepwise cycle of preprocessing, highlight extraction and characterization. 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 choice of the legitimate element 
extraction system and appropriate classifiers. In this research, we focus on the element extraction calculations and 
utilized number of classifier to assess the framework. For improving the acknowledgment precision, lessening the 
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: feature extraction, preprocessing, classification 

In this research system, the character 
acknowledgment calculation incorporates LBP, 
directional component, Randon, Lenna 
dhamma are presented. 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 

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. The choice of 
proper component extraction technique is 
likely the absolute most significant factor in 
accomplishing high acknowledgment 
execution. A few strategies for highlight 
extraction for character acknowledgment have 
been accounted for in the writing. The overall 
Square graph for character highlights 
recognition fundamentally comprise of some 
essential squares like information picture, pre
preparing, include extraction, grouping, post
handling lastly get yield picture. The overall 
strategy of character acknowledgment is as 
demonstrated beneath: 

 
Block diagram of the proposed character recognition system

INPUT IMAGE

PRE-PROCESSING

FEATURE EXTRACTION

CLASSIFICATION

POST-PROCESSING

OUTPUT IMAGE

327-330                             ISSN 2319-4979 

____________________________________________________ 
                                                           www.viirj.org 

A FRAMEWORK OF IMPLEMENTATION 

G.S. Science, Arts and Commerce College Khamgaon, MS, India 
School of Computer Science, K.B.C. North Maharashtra University, Jalgaon, MS, India 

 
________________________________________________________________________________ 

Character acknowledgment framework is significant part of the of example acknowledgment. Character 
is a stepwise cycle of preprocessing, highlight extraction and characterization. In character 

acknowledgment, precision diminished because of certain limitations like mathematical misalignment through 
a in picture, size of the picture and in particular the fluctuating 

picture foundation. Expanding the exactness and improving the FRT model, need to choice of the legitimate element 
on the element extraction calculations and 

utilized number of classifier to assess the framework. For improving the acknowledgment precision, lessening the 
component vector length, decreasing the execution time, we proposed not many calculations or philosophy for 

________________________________________________________________________________ 

character is resized into m x n pixels towards 
preparing the organization. The choice of 
proper component extraction technique is 

e most significant factor in 
accomplishing high acknowledgment 
execution. A few strategies for highlight 
extraction for character acknowledgment have 
been accounted for in the writing. The overall 
Square graph for character highlights 

ally comprise of some 
essential squares like information picture, pre-
preparing, include extraction, grouping, post-
handling lastly get yield picture. The overall 
strategy of character acknowledgment is as 

Block diagram of the proposed character recognition system 



Vidyabharati International Interdisciplinary Research Journal 11(2)                               ISSN 2319-4979 

_______________________________________________________________________________________ 
Dec. 2020                                                                   328                                                             www.viirj.org 

Local Binary Patterns 
The element vector would now be able to be 
prepared utilizing the Help vector machine, 
outrageous learning machines, or some other 
AI calculation to group pictures. Such 
classifiers can be utilized for character 
acknowledgment or texture examination. 
The nearby twofold example administrator is a 
picture administrator, which changes a picture 
into an exhibit or picture of number marks 
portraying limited scope appearance of the 
picture. It has demonstrated to be profoundly 
discriminative and its central issues of revenue, 
specifically its invariance to monotonic dark 
level changes and computational capability, 
make it reasonable for requesting picture 
investigation errands. The fundamental nearby 
parallel example administrator, was dependent 
with the understanding that surface has locally 
two reciprocal angles, an example and its 
solidarity. LBP highlight extraction comprises 
of two chief advances: the LBP change, and the 
pooling of LBP into histogram portrayal of a 
picture. As clarified in [3] dark scale invariance 
is accomplished due to the distinction of the 
power of the adjoining pixel to that of the focal 
pixel. It additionally embodies the nearby math 
at every pixel by encoding binarized contrasts 
with pixels of its neighborhood area: 
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Where cg  is the focal pixel being encoded, pg  
are P evenly and consistently examined focuses 
on the fringe of the roundabout space of sweep 
R around cg , and st is a binarization work 
boundary by t. The examining of pg  is 
performed with bilinear insertion. t, which in 
the standard definition is viewed as nothing, is 
a boundary that decides when neighborhood 
contrasts are viewed as large enough for 
thought. 
In our LBP, the first form of the nearby double 
example administrator works in a 3 ˣ 3 pixel 
square of a picture. The pixels in this square 
are edge by its middle pixel esteem, duplicated 
by forces of two and afterward added to get a 
mark for the middle pixel. As the local 
comprises of 8 pixels, a sum of 28 = 256 
distinct marks can be acquired relying upon the 

general dark estimations of the middle and the 
pixels around there. 
The LBP highlight vector, in its least difficult 
structure, is made in the accompanying way:  

 Divide the analyzed window into cells.  
 For every pixel in a cell, contrast the pixel 

with every one of its 8 neighbors (to its left 
side top, left-center, left-base, right-top, 
and so on) Follow the pixels along a circle, 
for example clockwise or counter-
clockwise.  

 Where the middle pixel's worth is more 
noteworthy than the neighbor's worth, state 
"0". Something else, state "1". This gives a 
8-digit double number (which is generally 
changed over to decimal for comfort). 

 Compute the histogram, over the phone, of 
the recurrence of each "number" happening 
(i.e., every blend of which pixels are more 
modest and which are more prominent than 
the middle).This histogram can be viewed 
as a 256-dimensional element vector.  

 Optionally standardize the histogram.  
 Concatenate (standardized) histograms, all 

things considered. This gives a component 
vector for the whole window. 

Radon Transformation 

As of late, the Radon transform have gotten a 
lot of consideration. This transform can change 
two dimensional pictures with lines into a 
space of conceivable line boundaries, where 
each line in the picture will give a pinnacle 
situated at the relating line boundaries. These 
have lead to many line discovery applications 
inside picture handling, PC vision, and seismic. 
The Radon Change is a basic instrument which 
is utilized in different applications, for 
example, radar imaging, geophysical imaging, 
nondestructive testing and clinical imaging. 

Discrete Cosine Transform (DCT) 
DCT is the most broadly utilized transform in 
the picture preparing applications for include 
extraction. DCT addresses an amount of 
sinusoids of fluctuating sizes and frequencies. 
The methodology includes taking the change of 
a picture in general and isolating the applicable 
coefficients. The image is partitioned into a 
16x16 sliding window where each 8x8 square 
is exposed to discrete cosine transform (DCT) 
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to ascertain the recurrence segments. The DCT 
of a picture essentially comprises of three 
recurrence segments specifically low, center, 
high each containing some detail and data in a 
picture. The higher recurrence parts offer lesser 
to the picture subsequently their qualities can 
be diminished to zero by quantization. 
The DCT equations can be represented 
mathematically as, 
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where x,y is a matrix of row or column, N is 
the size of the matrix.  
The input image for the DCT algorithm is a 
color image. Using the standard formula, it is 
transformed to a grayscale image. 

I = 0.299R + 0.587G +0.114B. 
Experimental Analysis of Character 

Recognition Technique 
Two experimental setup has been presented 
here as shown below 

Experimental setup 1: LBP (local Binary 
Pattern) 

The LBP for feature extraction. it is 
theoretically very simple yet efficient approach 
for gray scale and rotation invariant texture 
classification and nonparametric discrimination 
of sample and prototype distributions. To 
performing the result take 59 features for 
classification and various (KNN, SVM AND 
ITS VERIANTS) classifier use to classify the 
data. We shows the results in four category i.e. 
numeric dataset, midbar characters, end bar 
characters and no bar characters. First upon we 
display data set wise results then shows the 
comparative analysis of various dataset results 
analysis.          

Experimental setup 2:  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 
into three sections mid bar, no bar and end bar. 

Experimental setup 3 
In this, set up used the feature vector extracting 
from sum of image columns and sum of image 
row. The row wise sum calculates and treat as 
the feature vector using this feature vector table 
labile this table for predictions. The calculation 
result displays the various variang result and 
perform the good approach. This set up also 
divided in to three character category i.e. mid 
bar,no bar and   end bar  character. Numeric 
data also calculated with different font size and 
style. For classification various classifier are 
used. SVM, KNN etc. following table shows 
the results of experimental setup 3. In this 
approach we use the only sum of character 
image the regionprop() function use for finding 
the region from image.  Find the region of 
character and resize it 20 X 20 pixel image and 
perform the column wise addition this addition 
treated as the feature vector and achieves the 
following recognition accuracy which is 
greater than above methods with less feature 
vector i.e. 20.  

Experimental setup 4: Feature extraction 
from specific region of text 

In LBP based method, the LBP features from 
whole image is used, but in such a case take the 
features from the unwanted area. If character is 
small then the then unnecessary region also 
computed. To solve the such types of problem, 
there is a need to find specific region from 
whole character image.  

Conclusion 
In this research, the various methods are used 
to recognition of character. Some of the 
methods are more attractive as depending the 
database used for extraction. Here, the data 
validation technique, average recognition 
accuracy as been calculated based on the 
techniques such as LBP, Lanna dhama. Here, 
the LBP method is used in two-way approach. 
In first approach, we directly implement the 
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LBP on image and in another approach 
important information cropped and apply LBP 

on it, then accuracy increases respectively. 
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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). 

http://www.ijlsci.in/


 
Agarkar and Ajmire, 2021 

 

28 | RTST-2021 Int. J. of Life Sciences, Special issue, A16; March 2021 

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 

The Internet of things (IoT) is another smart correspondence on the planet which gives numerous applications 

like industry, interchanges, horticulture, business and so forth. All investigates and numerous associations 

focus on the advancement of IoT to introduce numerous administrations and build up client's life. This 

innovation faces numerous difficulties regarding design, standard, security and protection. Digital assaults and 

glitches challenge the wide utilizations of Internet of Things (IoT). These IoT gadgets are for the most part 

planned as inserted frameworks, common auto feasible typically have a restricted limit and a low handling 

power. It is hard to apply the customary strategies intended for (PCs) or super PCs, like traffic analyzers and 

hostile to infection programming on account of the restricted calculation force and assets. This paper basically 

focusses on measurable learning techniques to portray the gadget conduct and banner deviations as 

inconsistencies, on the grounds that the framework insights like CPU use, circle utilization, cycles, and so on can 

be acquired by IoT APIs (application program interface), the proposed structure is asset, stage and gadget free. 

Thinking about IoT applications, client will prepare different AI models to assess their plausibility and 

reasonableness. The ordinary framework exhibitions can be demonstrated precisely for the objective auto 

maintainable IoT gadgets, which work all around arranged cycles. In light of time arrangement investigation 

strategies, for example, nearby exception factor (LOF), combined aggregate (CUSUM) and the proposed 

versatile web based thresholding (AOT), the irregular practices can be successfully distinguished. Contrasting 

their exhibitions on identifying inconsistencies just as the calculation sources required, the generally AI models 

are more reasonable for IoT security, and an information driven abnormality recognition technique is liked.  

Keywords : Internet of Things (IoT), Intrusion discovery, Machine learning, Anomaly location. 

I.     INTRODUCTION 

IoT is network of connected devices each with a unique identifier that automatically collect and exchange data 

over a network. Connected devices use built in sensor to collect data and in some case act on it. The goal behind 

IoT is to have devices that self-report in real time, improving efficiency and bringing important information to 

the surface more quickly. In medicine, for example connected device can help medical professional to monitor 

patients inside and outside of a hospital.  

IoT Architecture  

IoT architecture essentially comprises several elements i.e. cloud service, sensor and devices, network layers 

and end users. It’s important to start including sensor in early stage of IoT architecture to get information that 

one need to process. A thing in IoT is an object equipped with sensor that gather data which will be transferred 

over network and actuator that allow things to act, for instance actuator help close circuit television camera 

(CCTV) to rotate in any direction to its pivot. In next stage internet gateway work with Wi-Fi or cellular 

network and perform further processing. This stage is important to process the information collected from 

previous stage and compress it to the optimal size, this stage helps to make data digitized. 

 

Fig. 1. IoT Architecture 
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In third stage data is processed in depth in data center. This stage requires high end application along with 

skilled professional. Data might be gathered from other sources for execution. The last stage is end user with 

display unit to manage or monitor sensory data. Restricted calculation capacity and little limit of Internet of 

Things (IoT) gadgets bring about poor underlying security and crime scene investigation abilities [1]. 

Expanding availability between different gadgets through the Internet, IoT influence heterogeneous edge hubs 

(an assorted arrangement of processing assets), which makes the weakness assaults. The attention is on the 

auto-manageable, i.e., self-coordinated [2], IoT gadgets with restricted calculation and correspondence assets. 

When contrasted with conventional PC frameworks, it is hard to much of the time update and fix these 

frameworks and any such activity requires a long time of early arrangement [3], [4].Therefore, traditional 

signature-based intrusion detection systems are difficult to implement on these embedded devices. Statistical 

learning-based anomaly detection has been widely applied and studied in the computer security domain [5], 

[6], [7]. Assuming normal behavior of a device follows a pattern, thus, models can be trained to learn and 

predict if the observed behavior is normal or abnormal. For example, Al-Garadi et al. [8] made a complete 

overview on learning-based techniques created for IoT security. In genuine applications, some IoT gadgets are 

intended to work self-enhancements or self-sufficient framework transformations when unseen for certain 

time length [9]. On the off chance that they are known previously, these cycles can be considered during the 

model preparing. Something else, framework directors can refresh the model when these framework practices 

are perceived as irregularities. For this Anomaly identification strategy is appropriate for IoT security since it 

doesn't force any hefty prerequisites, for example, establishment of extraordinary gadgets in the organization 

[10].currently framework measurements can be gathered by the application program interfaces (API) related 

with the IoT gadgets, so the framework insights based abnormality location has wide applications. In the event 

of all the more impressive gadgets like Beagle Bone Black (BBB), Raspberry Pi's or other such installed gadgets 

which have a working framework ready, one can even run the model locally. Since various types of 

inconsistency location models can be prepared by the applications and equipment designs, learning based 

security strategies have a superior summed up property in contrast with conventional mark based interruption 

discovery frameworks [8]. Different structures have been proposed for IoT frameworks [11]. Khan et al. 

depicted an overall design and separated IoT into five layers: discernment, organization, middleware, 

application and business [12]. Aside from known assault vectors, IoT gadgets in the insight layer are 

additionally powerless against different actual assaults since they generally work in outside conditions [13], 

[14]. An assailant may take or mess with the information that sensors gather. On the organization layer, the 

framework is powerless against man-in-the-center assaults, refusal of administration (DoS) assaults [15], and 

so forth The application layer is by and large defenseless against the very assaults that plague customary PC 

frameworks, i.e., assaults going from organized question language (SQL) infusions to verification 

disappointments relying upon the application. The equivalent is valid on account of organization layer gadgets 

which utilize the TCP/IP (transmission control convention/Internet convention) convention stack for 

correspondence, which is as of now a wide assault surface. Here center is around the IoT security issues on 

haze administrations, which depend on little and low-power PCs, like Raspberry Pis, to be bunched together as 

free and versatile small scale mists and conveyed in indoor or open air conditions [16]. a factual learning-based 

peculiarity recognition procedure to be utilized to screen the activity of IoT gadgets and identify conceivable 

digital assaults or vindictive exercises.  

 

Fig. 2: General system operation workflow for IoT security 

The technique uses simple system statistics like CPU usage, memory consumption, network throughput, etc.to 

model the normal behavior. Collecting these data can be relatively trivial compared to running security 

software locally. Furthermore, because system statistics can be easily collected by APIs designed for different 
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IoT platforms, the proposed approach can be viewed as a platform/device independent solution. The 

contributions are as follows: 

1) Use of different machine learning models to predict the behavior of IoT devices and then observe the 

deviations from the expected behavior using time series analysis methods. A general workflow is shown in 

Fig. 2. 

2) Method can be used for general failure detection since failures have not been modeled by the prediction 

model, so the anomalous behaviors can be detected. 

3) Propose of a time series analysis-based anomaly detection method. The proposed method achieves better 

performances than the traditional methods. 

4) Comparing the performances and required computation resources, discussion on the suitability’s of 
different learning models with IoT security, and simpler models with acceptable performances are adapt to 

IoT applications. 

II.   KEY CHALLENGES HINDERING IoT ADOPTION 

IoT has made the rapid transition from abstract idea to reality. Despite trend of IoT there are still few key IoT 

challenges to be addressed. There are some common challenges faced by enterprises that cause quality issue 

and leading to project failure 

• Compatibility & Interoperability – Sensor and networking are the integral component of IoT. But not every 

machine is equipped with advance sensor and networking capabilities to effectively communicate and share 

data. Also, sensor of different power consumption capabilities and security standard inbuilt in legacy 

machine may not be capable to provide the same results. 

• Connectivity – As internet is still not everywhere at good performance. The quality of signal collected by 

sensor and to transmit over the network largely depend upon the local area network (LAN), metropolitan 

area network (MAN) or wide area network (WAN). The network must be well connected through different 

technology to facilitate quick and quality communicate. Also, the number of connected devices is growing at 

a much higher rate than the network coverage, which create monitoring problem. 

• Integration of things – Integration of IoT product with IoT platform is another challenge. For the successful 

implementation of IoT application there is a need to integrate various IoT connected products with right IoT 

platform. Lack of proper integration could lead to abnormalities in function and efficiency to deliver value to 

the customer. 

• Security – This is most significant barrier which limiting adoption of IoT. Increasing the number of 

connected devices increasing the opportunity to exploit security vulnerability. Poorly designed devices which can expose user data to theft by leaving data stream inadequate protected and in some cases people’s 
health and safety can be put at risk. 

 

 

Fig. 3. Barrier in adoption of IoT 

Study shows that data security concern tops the list of challenges that are slowing down IoT adoption for 70 

percentage of the companies. In this paper the concern is about security aspect as fig. 3. Shows that more than 

40 percentage of companies experienced security as the barrier [3]. 
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Security Threats 

IoT security threat are not merely theoretical. Attacker already have found the way to compromise many 

devices and networks. IoT may be introducing a lot of benefits to our modern life but it also has one major 

drawback i.e. security threat. IoT security risk could even more significant on user side where they often not 

aware of potential threats. IoT security threat can be used to steal critical data from people as well as 

organization. Attacker can exploit security vulnerability in IoT infrastructure to execute sophisticated cyber-

attack. IoT security threat must be more concerning for user as they are unaware of their existence. Following 

are some most used security threats. 

• Denial of Service – A Denial of Service (DoS) attack deliberately tries to cause a capacity overload in the target study by sending multiple request. Attacker who implement DoS attacker don’t have intention to steal 
data however it can be used to slow down or disable service. Even for seconds of halt of security service can 

be huge threat. 

• Home Invasion – Perhaps one of the scariest things nowadays. IoT devices are used in large number at home 

and offices which has given rise to home automation. The security of these IoT devices is a huge matter of 

concern as it can expose device internet protocol (IP) address point to residential address. Even if people 

are using IoT device in home security system then there is a possibility that they might compromised. 

• Untrustworthy Communication – There are number of IoT devices which send messages to the network 

without any encryption. This is one of the biggest IoT security challenge which exist out there. Many 

encryption technologies are being used, one the emerging is lightweight encryption. It is very suitable for 

IoT device as these devices are resource constrained in respect of battery power, complexity handling 

power. But it is very complex and not easy to implement lightweight encryption also it causes low 

performance of IoT network. 

• Man in the middle attack – In this attack, attacker breach into the communication channel between two 

systems in attempt to intercept the message from them. Attacker gain control over their communication and 

send illegitimate message to participate system. Such attack used to hack IoT devices in home or 

organization. 

• Physical Attack – Most of the time sensor are deployed at remote location connected with network and 

administration has no control on their physical aspect. Physical attack targets the hardware of IoT system 

and include breaches at sensor layer. Attacker can alter node to gain control over node/device in an IoT 

environment and use that to extract the information. Also, attacker can physically damage IoT devices to 

disrupt the availability of service. 

• Botnet – A botnet is a network that combine various system together to remotely take control over a victim 

system and distributed malware. Attacker then control botnet using command and control server to steal 

confidential data. One of the most known botnet is Mirai botnet which has showed that how dangerous IoT 

security threat can be. Mirai botnet has infected an estimated 2.5 million devices including router, smart 

camera and printers. 

IoT Security Solution 

As discussed, many security threats for IoT which can limiting the adoption of infrastructure. As far there are 

many solutions which can effective as security aspect. one can achieve secure IoT infrastructure by securing the 

network virtually, but it is difficult to ensure security physically since many device or sensor deployed in 

remote location. Lightweight encryption is emerging trend nowadays in which data is encrypted before send in 

the network. Despite encryption algorithm are lightweight but yet it is very complex to implement as IoT 

devices are resource constrained in their battery power consumption, complexity handling power. There is 

another alternate which is emerging nowadays i.e. Machine Learning (ML). Since machine learning is knowing 

for automation and prediction it can be great tool to counter the security challenges or attacks. Machine 

learning algorithms can be used to predict or identify the attacks so that it can be prevented.  

III. MACHINE LEARNING IN IOT 

Machine learning is the science of getting computer to learn and act like human do and improve their learning 

over time in autonomous fashion. Machine learning algorithm use statistics to find pattern in huge amount of 

data and learn from it, then decide or prediction about something. 
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Fig. 4. Machine Learning Fields  

AI can be grouped into three kind as in Fig. 4. In regulated learning the information base on which we train our 

model is named. There is clear and particular planning of information and yield (1), where x variable is 

information, and y variable is yield. In view of the information model the model can get prepared. f(x) →y (1)  In 

solo realizing there are no named information and calculation recognizes the example inside data set and gain 

from them. The solo calculation bunches the information into different group dependent on their thickness or 

attributes. Support learning is arising and most famous sort of AI calculation, the point of this calculation is to 

arrive at the objective in powerful climate. It arrives at the objective dependent on remuneration and 

punishment gave to it by framework.AI has seen a huge ascent in prominence across an exceptionally wide 

scope of utilization in late year. Utilizing of AI in security of IoT is arising pattern and it is turning out to be new 

substitute which is giving us acceptable outcomes. We will see here what calculation and strategies can be 

utilized or being utilized to get IoT foundation particularly for home IoT climate. 

IV. ALGORITHM AND SYSTEM DESIGN 

The purpose of system statistics prediction is to model the system processes which can produce the given time 

series. The modeling error can be calculated as the difference between the predicted and observed value. Once 

the model is sufficiently trained, a high error would signify a deviation from expected behavior. Thus, the error 

sequence at each time step can be thresholded using a time series analysis method and any point above that can 

be treated as an anomaly.The prediction of the next step Xpred can be obtained basedon the previous value Xpast: 

Xpred = f(Xpast) + ϵ; (1) 

where, f(‧) represents a trained model, ϵ is random noise. The prediction error E in the time series modeling is 

then calculated as the difference between the prediction and observation.  

 

A. Statistical Learning Models 

A predictive model gives a value of the time series variables at the next time sample according to the previous 

time steps. There are many ways to model a time series behavior based on the values of visual and hidden 

variables. The focus is on to adopt statistical learning methods to model the IoT system. From simplicity to 

complication, linear regression, neural networks       

(NN), recurrent neural networks (RNN) models are introduced. 

1) Linear Regression: The linear regression models assume linear relations between the target sample and the 

previous samples. The Markov property is a prerequisite, i.e., the current sample is only dependent on 

previous i samples.  
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The objective of learning is to obtain accurate estimates of the regression coefficient parameters wi assure that 

the error between the predicted value and true value is minimum. One can use the mean absolute error (MAE) 

as a metric to measure 

 

2)  Neural Networks: As machine learning models, Neural 

Networks (NN) are good at modeling non-linear relationships. A general NN architecture is shown in Figure 

5. The NN essentially operates in the same way as Equation (3) but models a non-linear function. The non-

linearity is induced by using activation functions on the layers. From practical viewpoint, the rectified linear 

unit (ReLu) activation function, was used which can be written as r(x) = max(0; x). In the output layer, use of 

a sigmoid activation function as f(x) = ex /(1 + ex).one can try NN with different hyper parameters and 

evaluate their performances in the time series modeling. 

 

        Fig. 5: A fully connected NN model with one single hidden layer [17]. 

3) Recurrent Neural Network (RNN): An RNN is similar to a NN but it has connections across successive time 

steps. Thus, it is better at modeling relationships in time series data. RNNs are essentially fully connected 

neural  networks unrolled over a specific number of time steps. Vanilla RNNs are difficult to train since they 

suffer from problems like vanishing gradient [18]. Hence several improvements to the vanilla RNN cell 

have been proposed. From experiments purpose user can use RNN with a gated recurrent unit (GRU) cell, 

shown  in Figure 6, which can be summarized as. 

 

where, xt is the t time input, ht, zt, and rt are the output vector, update gate vector, and reset gate vector, 

respectively, U and b are parameter matrices and vector [19]. A single RNN layer is built by stacking GRU cells 

such that the ht of one cell is the input of its adjacent cell. A full RNN is constructed by stacking these layers on 

top of each other. In terms of the computational complexity, one can compare the computation costs of linear 

regression, NN and RNN models. Calling n the number of observations and p the number of weights, the overall 

complexity of linear regression should be O(n2p + p3). For a NN layer with li-1 input nodes, li output nodes, t 

training examples, and m epochs, 
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Fig. 6: A GRU cell used in RNN [29]. 

 

B. Statistical Anomaly Detection 

Based on prediction models, one can obtain the differences between observations and predictions. In order to 

identify the anomalous events, the prediction errors are analyzed by statistical methods. Thresholding based 

anomaly detection is an important component of the system for deciding if a point is an anomaly or just noise. If 

the error probability distribution is known, thresholding can easily be done by checking if the number of 

outliers exceeds the percentage of the distribution. For instance, if the data are assumed to follow a normal 

distribution, sample points which are greater than µ + 3σ or smaller than µ - 3σ (µ is the mean value and σ is 

the standard deviation), are very likely to be anomalies (The probability is greater than 99.7%). The three 

different thresholding methods, and their performances will be later compared in further sections. 

1) Local Outlier Factor (LOF): The LOF measures the local deviation of a given data point A with respect to its 

neighbors Nk(A) based on the reachability distance [20]. The local reachability densities are then compared 

with those of the neighbors as   where lrd(‧)    

is the local reachability density. If LOF value is larger than 1, 

the sample point will be recognized as an anomaly. 

 

2) Cumulative Statistics Thresholding: Cumulative sum control chart (CUSUM) is another time series change 

point detection method [21], which calculates a cumulative sum, defined as a process xn with assigned 

likelihood weights wn. when the CUSUM value exceeds a certain threshold value, a change point is detected. 

3) Adaptive Online Thresholding (AOT): As mentioned above, a classic threshold for normal distribution data is 

3σ. However, the real applications do not always follow the normal distribution. Since 99:8% values are less 

than 5σ away from the mean, any value outside the range of |µ+ 5σ|or |µ - 5σ|is statistically likely to be an 

anomaly. Thus, an AOT method is proposed to obtain a data-driven threshold based on online statistics. To 

compute µ and σ online, one can use Welford’s algorithm: 

 

In order to allow the historical data to make different significances, the user can use the update thresholds 

using different forgetting factors according to the online µ and σ. The initial threshold is 5σ according to 

Chebyshev inequality. If a change point (anomaly) is detected, a small forgetting coefficient is adopted in the 

local statistics calculation to balance the influence from the anomaly. Otherwise, a large forgetting coefficient is 

used to characterize more temporal properties. 

http://www.irjmets.com/


 

 

 

                                                                                                     e-ISSN: 2582-5208 
International Research Journal of Modernization in Engineering Technology and Science 

  Volume:03/Issue:04/April-2021               Impact Factor- 5.354                                   www.irjmets.com  

www.irjmets.com                          @International Research Journal of Modernization in Engineering, Technology and Science 

 [636]   

The algorithm is written in detail in Algorithm 1. 

 

Comparing LOF, CUSUM and AOT, the computational 

complexity of the statistical anomaly detection step is much smaller than the statistical learning step as 

observed. Specifically, if the number of observations is n, the complexity of LOF is O(n2), while CUSUM and AOT 

are both O(n). Thus, the computation costs of the learning model training should be given more attentions 

when considering the computation overhead. 

V. EXPERIMENT 

A. System Setup 

B. In order to simulate a real IoT system operation, one can run a program, which samples random data with a 

fixed interval and carries a variety of signal processing, storage, compression and transmission operations. 

The system consists of 12 BBB wireless boards connected to a router in a LAN topology. Besides, the 

network contains one aggregation server which collects and stores the statistics sent by BBB nodes. 

B. Attack Design 

      Recently, a comprehensive IoT attack survey has been made by [22]. There are various attacks leading to 

different system statistics performances. To evaluate proposed method, there are a set of cyber-attacks, 

such as 

• Unauthorized access: Since the target IoT devices are auto-sustainable, the log-in actions are well planned 

by the system administrator. So, the accidental log-in usually lacks authentication. Then sensitive data 

manipulation is the main goal of such attacks [23]. 

• Port scan: The attackers use a port scan tool to send a message to each port to test if the port has some 

weak- nesses, which can be compromised [24]. The behavior of this attack can be reflected using the 

network properties. 

• Virus: Virus services attack system weaknesses in IoT devices. Those programs may send out sensitive data 

or run processes [25]. The system performances of virus services are related to the virus action types. 

• Flood: As a kind of DoS attacks, an attacker sends many packages to make the device unreachable [26]. If the 

flood attack happens to the network communication, a large number of received packages can be observed. 

Table 1: System usage statistics used for experiments 
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C. Data Collection 

One can use “collected”, a statistics collection daemon for Linux/Unix systems, to collect various system 

statistics from the 12 BBB nodes [27]. All these statistics are collected through collected by configuring its plug-

ins. Each of these individual statistics may contain multiple attributes.  These are recorded and time stamped 

accordingly by collected. The statistics are then sent to the aggregation server every 5 seconds. This is a 

reasonable sampling rate as it does not excessively load the system. user configure collected to gather data on 

the statistics listed in Table I. The aggregation server has tools to store time series data efficiently and to create 

visualizations for analytics. For storing the data, user can use Influx DB, a time series database [28], which 

makes it possible to query and group data for various devices efficiently. The HTTP API also to be used to query 

for batches of data in order to create a database for training the machine learning models. 

D. Data Preprocessing 

The collected data have different amplitude ranges, normalize the time series data between 0 and 1. Scaling can 

be very sensitive to outliers since the maximum and minimum of any time series are used for deciding the 

scaling factor. In presence of outliers, for instance abnormally high readings, the other data points may get 

scaled to a very narrow range.   In order to prevent this, clip these series to lie between certain values and then 

scale them between 0 and 1, as shown in Figure 7. Some time series in Table I are redundant, i.e., they are flat 

or constant, so not modeled in experiments. 

 

Fig.7: Normalized system statistics after preprocessing 

E. Model Training 

use of linear regression, NN and RNN models to predict system behaviors. All the models are implemented 

using Keras [29], a deep learning framework with Tensor Flow [30] on the back end. MAE is used as a metric to 

judge how well the model has fit the data. Use of early stopping to decide if the model has converged, which 

keeps a track of the performance on the validation set. Once the error stops decreasing, the model training 

stops. Use of 5-fold cross validation in the training procedure, which means random 80% of the data for 

training and the rest 20% for validation. 

VI. RESULT AND EVALUATION 

A. Model Suitability 

Train and test linear regression, NN, and RNN models with various window sizes, respectively. The MAE in 

modeling the time series for all models is summarized in Table II. The results show that models perform best 

when the window Sizes are around 20-time samples .Figure 8 depicts how the error changes as the window size 

varies.  From the figure and table, it is clear that NNs perform the best. The RNNs with GRU units usually 

perform better at time series prediction. However, in our experiments, they show poor performances. This may 

be because the time series is too simple to learn for the RNNs or the data may not be enough to converge. 

Another observation is that the error rate generally stops improving when window size is larger than 50-time 

samples. Thus, it can be concluded that models can learn the device time series patterns based on the previous 

50-time sample data. 
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Table 2: MAE with different models and time window sizes. 

 

While it is certainly desirable to have a model with very low error rate, performance can be traded off for lower 

complexity and computation requirements. The plots from Figure 8 clearly show that NNs perform better. But 

the linear regression model also performs quite well. Additionally, the linear regression model is also much 

simpler than NN, so there is no problem to run linear regression model on IoT devices. 

 

Fig. 8: Prediction error vs. window size of different models 

B.  Anomaly Detection Method Comparison 

 

Given a reasonably accurate detector, as the duration of the anomaly increases, the F1 measure of the anomaly 

should increase since the overlap between the true anomaly and prediction increases. In such a case, the model 

with the better F1 measure for a given time window is better for anomaly detection. Figure 9 shows the F1 and 

recall scores of the model for various anomaly durations. The method using AOT performs better than CUSUM 

and LOF. Recall score measures the true positives. Note that the recall score is highest for LOF method. 

However, the F1 score is very poor for the same method. This shows that the LOF method has a lot of false 

positives. A probable reason for such poor performance of LOF is likely to be the violation of the normally 

distributed data. But the real distribution is skewed and has a heavy tail. In contrast, the AOT method decides 

the decision boundary based on the percentiles computed on the real distributions. Hence, it performs the best 

among other techniques. The actual F1 and recall scores for all three techniques are shown in Table III. Note 

that, the recall of AOT equals 0.5 when the anomaly duration is 10 seconds, which means the anomaly detection 

has started working once we have more than 2 samples available (the interval is 5 seconds). 
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Fig. 9: F1 and recall scores from AOT, CUSUM, LOF using 

a linear model with 20-time steps. 

Table 3: F1 & recall scores from different anomaly detection algorithms with anomaly different durations. 

 

C. Anomaly Detection Case Study   

1) Unauthorized access: The first synthetic attack simulates user login and making changes. The prediction 

results are generated using a linear regression model with window size of 10-time samples. Figure 10 shows an 

example of unauthorized access anomaly detection in system operations. Figure 10(a) shows the prediction 

error with true anomaly marked. The Figure 10(b) shows the anomaly detection results using LOF, while Figure 

10(c) and Figure 10(d) are those from CUSUM and AOT. It is clear that the proposed AOT method has the best 

performance, because it has the minimum false alarms and detects the most anomalies, which is exactly the 

reason why AOT has the highest F1 score. In addition, with further investigation, we find that this anomaly was 

caused due to the disk IO being extremely high as a result of excess usage. 
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Fig. 10: Unauthorized access attack detection comparison among different thresholding methods. (a) 

Prediction error. 

Detection results from (b) LOF, (c) CUSUM and (d) AOT. 

2) Port scan: A port scan attack is simulated using the Nmap tool [31]. Since the simulated attack is continuous, 

the system behavior generates relatively large MAE, which is also constant to certain value according to the 

attack strength. 

 

Fig. 11: Port scan attack detection example 

3) Virus: The simulated virus affects multiple system statistics. So, Figure12 shows the prediction error 

behavior is quite complicated.  However, since our proposed method models normal behaviors, all the 

abnormal performances can be detected. 

 

Fig. 12: Virus detection example. 

4) Flood: Implement the network flood attacks with a fixed interval. The periodic anomalies are detected by the 

proposed method in Figure 13. 
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Fig. 13: Flood attack detection example. 

VII. CONCLUSION 

Cyber-attacks on auto sustainable IoT devices leave behavior traces in system statistics. This paper proposes a 

general anomaly detection-based framework for detecting cyber-attacks and malicious behavior in IoT devices 

with limited computation and communication resources. The main advantage of this technique is the capability 

to be implemented on any device from a small sensor to a laptop scale computation node. The approach is 

especially suitable for auto-sustainable IoT since these devices usually run specific types of applications unlike 

general desktop computers. It is shown that statistical techniques and machine learning models can be used 

effectively to detect attacks on IoT devices. I t  i s  a l s o  found that it is possible to learn the behavior models 

of IoT devices using relatively simple machine learning models. 
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Abstract :  

 
Internet registration usually requires one sort of the Completely Automated Public Turing test to inform Computer and Human Apart 

(CAPTCHA) to avoid illegal registration through computer programs called bots. The CAPTCHA script is formed of distorted or 

noised characters. This paper presents an analytical study of extraction of varied statistical features for recognition of every 

character in CAPTCHA image. OCR (Optical Character Recognition) is generic process in area of pattern recognition and is aimed 

to recognize each character in CAPTCHA image. OCR system involves basic four stages: preprocessing, segmentation, feature 

extraction, classification which is followed by actual recognition. The technique of feature extraction plays an important role in 

character recognition.  The CAPTCHA character recognition depends on the extracted features. The various statistical feature 

extraction techniques have been applied over character image. Here, the various types of statistical feature extraction methods are 

discussed for the application of character recognition for CAPTCHA verification. 

 

Keywords: CAPTCHA, OCR, Bots, Feature extraction, Pattern recognition. 
 
1.Introduction  

In the recent time Internet has become a part of life for web users and CPATCHA has become an integral part of 

the communication and financial transactions on Internet.  CAPTCHA (Completely Automated Public Turing test 

to tell Computer and Human Apart) are the challenges given by online service providers to its users to distinguish 

human and automated computer programs called bots. It is a defensive mechanism to prevent automated 

registration, spamming and web bots. CAPTCHA tests can protect web services and resources such as e-mail 

services, online voting, surveys, chat systems, grievance redressal system, and password authentication. 

CAPTCHA which acts as a gatekeeper which monitors the entry and check whether it is a process by human being 

or computer controlled automated system. The researchers are studying the techniques, how to keep these 

spammers away. The character images are used as CAPTCHA script. These images consist of random 

combination of characters. A randomly generated text image is taken as CAPTCHA image so that a human user 

can read it easily while a computer cannot. A number of internet sites like Gmail, FaceBook, Hotmail, Twitter, 

Yahoo and so on offer free registration to the users to guard against auto-registration, these websites has 

incorporated CAPTCHA so that all the registrations are done by humans and not by automated computer programs 

or bots. 

OCR is employed for pattern recognition and is targeted to recognize each character in CAPTCHA image. In 

offline OCR system, raster image of character is taken as an input and then it is taken as an input and then it is 

processed. Recognition of character starts after generation of character.  While in online system, (x , y) coordinates 

and pressure of electronic tablet is continuously measured on digital pad [1]. The general process for character 

recognition   involves four main steps given in figure 1 [2].  

http://www.ijcrt.org/
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 Image Acquisition   Preprocessing    segmentation      Feature Extraction  
 
Classification   Post Processing    Character Recognition     
                        

Fig. 1 : General Character Recognition Process by OCR 
 

Each character in CAPTCHA image has unique features that determine its shape, size and orientation. Thus, the 

technique of feature extraction plays a vital role in character recognition. The CAPTCHA characters recognition 

depends on the extracted features. There are various statistical features extraction methods which are studied and 

analyzed in this paper.  

 
2.Devanagari Script  

India is a multilingual country. There are more than 1.2 billion populations with 22 official languages and 10 

different scripts. Devanagari, an alphabetic script, is used by a number of Indian Languages. Initially it was 

developed to write Sanskrit but was later used to write many other languages such as Marathi, Hindi, Konkani and 

Nepali and Rajasthani [3, 4]. Hindi is the third most spoken language in the world. Other Indian languages like 

Gujarati, Bengali and Punjabi use scripts similar to Devanagari. Devanagari has 34 consonants and 13 vowels. In 

addition to consonants and vowels, there are compound characters which are formed by combing two or more of 

basic characters in most of Indian scripts including Devanagari. 

 
3. Feature Extraction Techniques 

Feature extraction can be defined as a process of extracting the most representative information from the raw data. 

Feature extraction is the process of extracting different features from the matrices of digitized characters image. 

The characters are recognized on the basis of these features. Features of a character can be classified into two 

categories: Global or statistical features and Structural or topological features [5]. 

 
3.1 Structural Features 

Structural features are based on topological and geometric properties of the character. Examples of structural 

features are: number of horizontal lines, number of vertical lines, number of cross points, number of end points, 

horizontal curves at the top and bottom etc. These features are then used to identify the shape or structure of the 

character.  

 

3.2 Statistical Features 

Statistical methods are used to identify statistical features of a character. The statistical features are derived from 

the statistical distribution of pixels. These are obtained from the collection of points representing the matrix of 

character. These features can be easily detected as compared to structural features. Statistical features are less 

affected by noise or distortions as compared to structural features. These features can be easily obtained as 

compared to topological or structural features [5].  

Representation of a document image ( e.g. CAPTCHA image ) by statistical distribution of points takes care of 

style variations to some extent . Although this type of representation does not allow the reconstruction of the 

original image, it is used to reduce the dimension of the feature set which results in less computing time and low 

complexity. The major statistical features are used for character representation [6]. 

 
3.3 Statistical Feature Extraction Methods 

The purpose of the statistical methods is to determine to which category the given pattern belongs There are 

number of methods used for statistical feature extraction; such as zoning, projection, histograms, crossing and 

distances, moments, profiling etc [7].  
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3.3.1 Zoning  

Zoning is one of the most popular feature extraction methods. The character image is divided into predefined 

number of zones and a feature is computed from each of these zones. The frame containing the character is divided 

into several overlapping or non-overlapping zones and the densities of object pixels in each zone are calculated. 

The density is calculated as a number of object pixels in each zone divided by total number of pixels [8].  

In this  method of  zoning ,  four types of  statistical features  are  extracted  , namely , intersection and  open  

endpoints,  centroid,  horizontal peak  extent  and vertical  peak  extent,  for Devanagari ancient character 

recognition. A pixel that has more than one pixels in its neighborhood is known as intersection point. A pixel that 

has only one pixel in its neighborhood is known as open endpoint. The centroid is the point that can be considered 

as the centre of a two-dimensional image. A character is usually divided into zones of predefined size. These 

predefined sizes are typically of the order 1*1, 2*2, 4*4 , 8*8 is given in figure 2 [9].  

 

  
          Fig. 2 : A character image : a) one zone b) 4 zones  c) 16 zones  and d) 64 zones. 
 
3.3.2  

Histogram Projections  

These features are derived from histograms of horizontal and vertical projections of black pixels in some particular 

areas of the character. They are extracted from the normalized image of the character so as to obtain normalized 

histograms of black pixels both on the X-axis as well as on the Y-axis. In order to locate the larger strokes of the 

character, relative maxima of the histograms could have been extracted. However, extracting maxima from 

histograms is quite difficult when the number of maxima is not known a priori. One way to tackle this problem is 

to derive the cumulative histogram of the original one, assuming that each important gap on the Y-axis of the 

cumulative histogram corresponds to a relative maximum on the Y-axis of the original histogram. Yet, when there 

is a gap on the Y-axis of the cumulative histogram, the corresponding abscissas are closer than in the case of a 

slow variation on the Y-axis. Therefore, dividing the Y-axis in enough equal parts and storing as features the 

corresponding abscissas allows to get information about the location of some structural properties of the character 

like its larger strokes [10].  

The feature extraction principle is illustrated on a basic example in Figure 3 and 4. In the present case, dividing the 

Y-axis in 11 parts – 10 abscissas are thus retained as features from each cumulative histogram – has been found 

experimentally to provide the most precise description of the characters [10]. 

      
 
3.3.3 Crossing and Distances  

It refers to the number of crossings of a contour by a line segment in a specified direction. Distance of line 

segment from a given boundary can be used as one of the features. A horizontal threshold can be established 

above, below and through the centre of the script. The feature value is the count, the number of times the script 

crosses the threshold [11] 
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                        Fig. 5 :  Example showing Crossing and Distance 
 

3.3.4 Moments  

The moment invariant is an appropriate measure for tracing the noise free image pattern. The features that are 

invariant to scaling, translation and rotation transformation of a character are useful in order to recognize many 

variations of the same character. Invariance means that visual properties stay consistent under specific 

transformations. Rotation invariant should be used to distinguish between such characters as ‘u’ and ‘n’. Size 
invariant should be used to distinguish between such characters as ‘0’ and ‘o’ [12]. A set of seven 2-D 72 moment 

invariant features are insensitive to translation, scale change, mirroring, and rotation. These can be derived from 

seven equations. It computes the moment invariants of an image and obtained seven-element row vector. Using 

these features a high degree of invariance is achieved. Hu's Seven Moment Invariants are invariant under 

translation, changes in scale, and also rotation. So it describes an image irrespective of its location, size, and 

rotation. The 2-D moment of order (s + t) of a digital image f(x ,y) of size m × n is define as follows. 

                   m-1 n-1 
         mst  =    ∑   ∑   xs  yt  

f(x ,y)    where s =0,1,2…and t=0,1,2…are integers.  
                      x=0  y=0      

The corresponding central moment of order (s + t) is define as follows.  
              m-1 n-1 

        Hst  =     ∑   ∑ ( x - x‾ )s ( y - y‾ )t   f(x ,y)   where s =0,1,2…and t=0,1,2,…. 
                    x=0  y=0      
   Where x‾ =   m10 / m00    y‾ = m01 / m00  
The moments that are computed with their centroid being about the origin are called central moments, denoted by 
µ st . 
The normalized central moment of order (s + t) is define as follow. 

ηst = µγ
 where   γ = (s + t) / 2 + 1                 

                 00 
The set of seven moment invariants are derived from these equations, as follows: 
Φ1 =  η20 + η02 

Φ2 =  (η20 - η02 )2 + 4 η2
11 

Φ3 =  (η30 - 3η12)2 + (3η21 - η03)2 

Φ4 = (η30 + η12)2 + (η21 + η03)2 

Φ5 = (η30 - 3η12) (η30 + η12)[ (η30 + η12)2 -3(η21 + η03)2] + (3η21 - η03) (η21 + η03) 

          [3(η30 + η12)2-(η21 + η03)2] 

Φ6 = (η20 - η02 ) [(η30 + η12)2-(η21 + η03)2] + 4η11 (η30 + η12)(η21 + η03) 

Φ7  =  (3η21 - η03) (η30 + η12) [(η30 + η12)2 - 3(η21 + η03)2] + (3η21 - η03) (η21 + η03)] 

          (η30 + η12)2 - (η21 + η03)2] 

The seven features of moment invariant are extracted from an image. The value of moments are usually small, so 

to reducing their dynamic range, log10 transformation is used and sign of original value is also preserve to detect 

if an image has been mirrored. Figure 6 shows the seven features were extracted from the handwritten characters. 

Three same characters with different scale, orientation, and transformation, give almost same moment features. 

Figure 7 shows the features extracted from the printed characters. Examples of same character with different sizes 

computed almost same moment features. From the experiment it was cleared that Hu’s moments features were 
invariant with scale in printed characters and invariant in rotation for handwritten characters [12].  
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                  Fig.6 :   Moment Invariant features for handwritten characters  
 

 
                Fig. 7 :  Moment invariant features for printed characters 
 
3.3.5 Zernike Moments 
Moment functions are defined on images as the weighted sums of the image intensity function. Moment functions 

of order (p + q) are generally defined as 

 

                      Φpq  = ∫x ∫y Ψpq (x, y) f (x, y) dx dy,                                                        (1) 
 
Where    Ψpq (x, y)  is called the moment weighting kernel. 

When applying moment functions to digital images it is often desirable to write them out using the following 

discrete notation: 

 

Φpq=∑    𝑥 ∑    𝑦 Ψpq(x,y)f(x,y) (2) 

Some properties of the weighting kernel are passed onto the moments themselves, such as invariance features, and 

orthogonal. Depending on the function chosen for the weighting kernel, the calculated moments can capture 

different aspects of the input image [13]. 

Zernike moments are a class of orthogonal moments and have been shown effective in terms of image 

representation. The orthogonal property of Zernike polynomials enables the contribution of each moment to be 

unique and independent of information in an image. A Zernike moment does the mapping of an image onto a set 

of complex Zernike polynomials. Zernike Moments are defined over the unit disk instead of the real plane and 

exhibit the orthogonal property. Zernike polynomials are mainly used in optometric, where they arise as the 

expansion of a wave front function in optical systems with circular pupils [14]. Zernike introduced a set of 

complex polynomials which form a complete orthogonal set over the interior of the unit circle, 

i.e., 𝑥2 + 𝑦2 = 1. Let the set of these polynomials be denoted   

by.  { Vnm (x , y)} The form of these polynomials is: 

Vnm (x, y) = Vnm  (ρ
 
θ )  =  Vnm ( ρ ) exp( jmθ)                                                                 (3) 

 

Rnm ( ρ ) Radial Polynomial defined as 

Rnm (ρ )  =∑ ( −1 )𝑠𝑛−| 𝑚|/2𝑠=0  .
(𝑛−𝑠)!𝑠!  (    𝑛+|𝑚|2  −𝑠) ! (    𝑛+|𝑚|2  −𝑠) ! 𝜌 n - 2a                                                                    (4) 

 Note that 

Rn,-m ( ρ ) = Rnm ( ρ ).  
These polynomials are orthogonal and satisfy 

∫∫ 𝑥2 + 𝑦2 ≤ 1    [𝑣𝑛𝑚 (x, y)]    𝑉𝑝𝑞 (x, y)  dx dy = 
𝜋𝑛+1 δnp δmq .                 

 

   With 

δab =   { 1          𝑎 = 𝑏   0     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                                                                         (5)  

Zernike moments are the projection of the image function onto these orthogonal basis functions. The Zernike 

moment of order n with repetition m for a continuous image function f(x,y) that vanishes outside the unit circle is 

Anm = 
𝑛+1𝜋 ∫∫ 𝑥2 + 𝑦2 ≤ 1   f (x,y) V* nm  (ρ, θ) dxdy                                                                  (6) 
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For a digital image, the integrals are replaced by summations to get. 

Anm=
𝑛+1𝜋  ∑   𝑥 ∑   𝑦  𝑓(x, y)  V*nm(ρ, θ), x2+y2

<=1                                                                                                        (7) 

 

To compute the Zernike moments of a given image, the center of the image is taken as the origin and pixel 
coordinates are mapped to the range of unit circle, i.e. x2 + y2 <= 1. Those pixels falling outside the unit circle are 
not used in the computation. Therefore |A nm| can be used as a rotation invariant feature of the image function. 
Since A n,-m = A nm , and therefore  

 | A n,-m = A nm | , we can use only  | A nm | for features[15]. 
 
Moment based features are extracted from the each zone of the scaled character bitmapped image. The image is 
partitioned into zone and features are extracted from each zone. In this paper Zernike moments based feature 
extraction is proposed for off-line Devnagari Handwritten Basic and Compound Character. The image can be 
portioned in various ways and it is given in figure 8 [16]. 

Feature set i   : Figure 8 (i) is considered as a whole character image.  
Feature set ii  : Figure 8 (ii) shows the image divided into four equal zones. 
Feature set iii : Figure 8 (iii) shows the image divided into three vertical equal zones. 

Feature set iv : Figure 8 (iv) shows the image divided into three horizontal equal zones. 

 

 
              (i)                       (ii)                          (iii)                            (iv)      
     

Fig. 8. Partition of Devanagari Character into feature set 
 
 3.3.6 Profiling: Distance Profile Feature 

The profile based features are partly inspired by (Shridhar and Badreldin, 1984), in this technique, profile 

computes the distance (pixels) from bounding box of character image to outer image of character. The distance is 

traced horizontal and vertical. Author used four profiles of the character which are left, right, bottom and top. Left 

profiles are computed by traversing horizontally in forward direction and right profiles are computed by traversing 

backward direction. Similarly, top and bottom profiles are computed.  Features derived from profiles of the 

character [17]. The four profiles are shown in figure 9. 

 
                                   Fig.9. Shows the distance profile features 
5. Earlier Work 

Feature extraction methods can satisfy this requirement based on specific recognition problem and the input data 

for recognition.  Different feature extraction methods are used according to the suitable domain. A survey of 

various feature extraction techniques is given in [12, 18]. In [19] , Raghuraj  et al, presented  a scheme to  develop  

complete  OCR  for five  different  fonts  and sizes  of  Devanagari  characters. Authors used three statistical 

features: mean distance, histogram of projection based on the spatial position of pixels and the histogram of 

projection based on pixel value. They used artificial neural network (ANN) approach for classification. Holambe 

et al [20] presented a review of feature extraction and selection methods for recognition of numerals and characters 

of the Devanagari script. They used Zernike moment for feature extraction and - KNN classifier based on 

Euclidean distance. They computed the accuracy recognition rate for vowels, consonants without modifiers as 

98%. Yadav et al [21] , proposed an OCR system for printed Hindi recognition, using ANN. They used projection 

profiles for segmentation and histograms of projection based on mean distance, histogram of projection based on 
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pixel value, vertical zero crossing for feature extraction and back-propagation neural network with two hidden 

layers for classification. They achieved a recognition rate of about 90.0%. Sethi and Chatterjee [22] proposed a 

decision tree based approach for recognition of constrained hand printed Devnagari characters using primitive 

features. In [23], R. Jayadevan et al. encompassed the comparative study of different feature extraction methods 

proposed by various researchers. They also have discussed some statistical feature extraction methods for 

recognition of printed Devanagari characters which are summarized in the following table 2 :  

Table 2 : Accuracy of Devanagari Printed characters Recognition 
 

Sr .No. Method  proposed by Type of Feature Classifier Data set (size) 
Accuracy 

in % 

1  Jayanthi et al. [ 25 ] 
Statistical Binary Tree 4863 

characters 
95.08 

2  Choudhuri et al. [ 26 ] 
Statistical Tree classifier & template 

matching 
10000 
characters 

95.42 

3  U.Pal et al. [ 24 ] 
Statistical Tree classifier and 

template matching 
Unspecified 

83.67 

4  Divakar et al. [ 27 ] 
Mean distance, Pixel 
value and vertical 
zero crossing 

Neural Network 1000 
characters 98.5 

5  Holambe et al [ 20 ] 
Zernike moment KNN classifier based on 

Euclidean distance 
Unspecified 

98 

6  Divakar et al  [ 27 ] 

Histogram of 
projection based on 
mean distance and  
pixel value , vertical 
zero crossing 

Back-propagation neural 
network with two hidden 
layers 

650 : word 
level 

90 

 

6. Conclusion:  

The analytical study of the methods mentioned in Table 2 concludes the statistical methods used for feature 

extraction such as:  zoning, histogram projections, profiles, crossing and distances, moment invariants, standard 

deviation, density and mean and feature classification techniques such as SVM, Template matching, Binary tree 

and Neural Network (KNN) are used for recognition of character. The devanagari CAPTCHA script characters are 

generally presented with different dimension and size, slanted or rotated to left or right direction, distorted by 

addition of noises. The statistical feature extraction methods such as Moment invariant and Zernike moments are 

mostly used to extract the features of characters which are slanted or rotated and dimensioned with varied size. 

These features can be easily detected as compared to structural features. Statistical features are less affected by 

noise or distortions as compared to structural features. They are also used to reduce the dimension of the future set. 

These features can be easily obtained as compared to topological or structural features. 

From the above table the accuracy of Devanagari printed characters is 98.5% for Neural Network. The accuracy 

depends on the features extracted from the image database. In this study, it is found that the use of statistical 

methods for feature extraction and  Neural Network classifier gives better result. 

The study shows that the accuracy of recognition of character depends on selection of features and proper 

classifier. The different statistical feature extraction techniques discussed in this paper are very effective and 

useful for new researchers. Still the work is going on to improve the accuracy of the above techniques.   
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Omwansa have analyzed the performance of 
prospective lending entity. Mukoma Kalui & 

neglected by the formal financial institutes as a 
seeming to be little organized, it is therefore 

as capacity building programs. As the SMEs are 
finance, MFIs are involved in other activities such 

access may change the scenario. Along with the 
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SMEs are given credit, they are often granted 
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________________________________________________________________________________ 

ABSTRACT 
This study relates to trend analysis of annual expenditure on agriculture, allied sector and rural development in the 
state of Maharashtra. The secondary data is extracted from the economic surveys of Maharashtra from 2012-13 to 
2018-19. The Holt-Winters method assuming multiplicative model is adopted for the analysis of annual expenditure on 
agriculture and rural development in Maharashtra. The data relating to the annual expenditure on agriculture and 
rural development is analyzed in MINITAB19 statistical software and an appropriate trend model is fitted to the given 
time series data. Mean absolute percent error, Mean absolute deviation and mean squared errors are also estimated 
for testing the fit of the model to the  data under study. Also the forecasts for next five years are obtained. We observed 
an increasing trend in annual expenditure on the above sector in the State of Maharashtra. 
________________________________________________________________________________  
Keywords: Trend, Forecasts, Expenditure on Agriculture, Rural development, Maharashtra. 
 

Introduction 
The main objective of agricultural labourers is 
to boost productivity and gain. so as to realize 
this objective, they're creating use of scientific, 
fashionable and innovative ways within the 
production processes. Agricultural 
development is AN integral a part of overall 
economic development. In India, agriculture 
was the most supply of value and occupation at 
the time of Independence. Agriculture and 
allied activities contributed nearly fifty percent 
to India’s value. According to Amarnath 
Tripathi and A.R. Prasad [1] around seventy 
two percent of total operating population was 
engaged in Republic of India. when sixty one 
year of Independence, the share of agriculture 
in total value declined from fifty percent in 
1950 to eighteen percent in 2007-08. Changes 
in Land Use Pattern in Republic of India from 
1950-51 to 2001-02. The Government of 
Maharashtra has created an outsized variety of 
Major, Medium and Minor Irrigation comes to 
make sure the regular provide of water to the 
agricultural sector. The operation and 
maintenance of the irrigation infrastructure 
remained the responsibility of the government 
so as to enhance the management of the 
prevailing irrigation schemes, as well as the 
availability of irrigation water in a very timely 
and even handed manner, the govt developed a 
policy and issued numerous tips to involve 
water users within the O&M of existing 

irrigation (sub-) systems [2]. Ashok Dhawale 
[3] thrown light on suicides of a poor 
smallholder or agricultural labourer in the 
various states of India. He specially focused on 
the farmer’s suicides in Vidarbha and 
Marathwada regions of Maharashtra and 
observed that most of the agriculture business 
depends on rainfall. According to him a policy 
for agriculture development be planned and 
implemented strictly to strengthen an 
agriculture sector of the state.   A. M. Ingle [4] 
focused on Employment Guarantee scheme as 
modal for rural development in India which 
created a lesson for developing Countries , 
This Shift of stress from community assets has 
vital implications for the cost-effectiveness of 
EGS in reducing poorness conjointly. 
Employment Guarantee is that the solely 
powerful and potent instrument for generation 
of employment opportunities and creating the 
utilization accessible to the agricultural sector, 
that successively, is the surest means that of 
Rural Development. There has been use of 
contemporary and innovative strategies and 
technology within the agriculture sector and 
farming practices. The utilization of those 
strategies and technology area unit rendering a 
big contribution in enhancing production and 
profitableness. The agricultural manufacture is 
sold through artefact markets, that area unit 
undergoing transformation in recent years. In 
rural communities, the people area unit 
experiencing impoverishment to a significant 
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extent. The agriculture sector contributes 
effectively in assuaging the conditions of 
impoverishment, providing employment 
opportunities to the people and tributary 
towards up-gradation of their living conditions.  

Methodology 
The secondary data relating to annual 
expenditure on agriculture and allied sector and 
rural development (in Cr. Rs.) in Maharashtra 
is taken from economic surveys of Maharashtra 
for the period 2012-13 to 2018-19. The Holt-
Winters (1960) method uses the concept of 
triple smoothing of the data with estimating 
parameters as α (smoothing level), γ (trend) 
and δ (seasonal component). The forecasts for 
the next 10 years i.e. from 2021 to 2030 with 
respect to annual expenditure on Agriculture 
and rural development are obtained and the 
forecasts so obtained are further tested for 
normality. The confidence intervals for Mean 
as well as Median expenditure along with box 
plot are estimated. The data is analyzed in 
MINITAB 19 software. The formulations of 

Holt-Winters method under multiplicative 
assumptions are as equation 1 to equation 4. L� =  α ∗ ������ + (1 − α) ∗ [L��� + T���] 
..........(1) T� =  γ ∗ [L� − L���] + (1 − γ) ∗ T��� ..........(2) S� = δ ∗ ���� + (1 − δ) ∗ S��� ..........(3) Y�� = (L��� + T���) ∗ S��� ..........(4) 
The expression for determination of forecast 
for k periods ahead from a point at time t  in 
Multiplicative model is given in equation 5; Y�� = (L� + k ∗ T�) ∗ S����� ..........(5) 
The equations 6,7 and 8 represents an accuracy 
measures for testing the fitness of the model.  
Mean Absolute Percent Error (MAPE) is; MAPE = �� ∑ ���������� ����� ∗ 100..........(6) 

Mean Absolute Deviation (MAD) is; MAD = �� ∑ �Y� − Y������� ..........(7) 
Mean Squared Deviation (MSD) is; MSD = �� ∑ �Y� − Y�������� ..........(8)

 
Table-1: Sector wise annual scheme expenditure in Crore Rs Maharashtra 

Sr. No. Year Agriculture & 
Allied Activities 

Rural 
Development 

Sr. No. Year Agriculture & 
Allied Activities 

Rural 
Development 

1 2006-07 3363 2589 8 2013-14 3657 1423 
2 2007-08 3468 1060 9 2014-15 7092 1833 
3 2008-09 6403 1980 10 2015-16 11768 1406 
4 2009-10 6460 2493 11 2016-17 9558 2366 
5 2010-11 5636 2243 12 2017-18 23002 2691 
6 2011-12 6574 2757 13 2018-19 19472 4985 
7 2012-13 6940 2968 14 2019-20 9569 3680 

Source: Finance Department Govt. of Maharashtra, Economic Surveys of Maharashtra 
 

Results and Discussion 
a. Winters’ Method for Annual Expenditure on Agriculture and Allied Sector. 

 Multiplicative Model: The results of the model are presented in table-2 below. 
 

Table-2: Estimate of Parameters, Accuracy measures and Forecasts 
 
Smoothing Constants 

 
Sr. No. 

Forecasts (Cr. Rs.) with confidence limits 
Year Forecast Lower Upper 

α (level) 0.2 1.  2021 20902.6 14454.1 27351.1 
γ (trend) 0.2 2.  2022 20565.1 14015.6 27114.6 
δ (seasonal) 0.2 3.  2023 13730.4 7068.2 20392.6 

 
 

Accuracy Measures 

4.  2024 25174.9 18389.0 31960.7 
5.  2025 24500.3 17580.3 31420.3 
6.  2026 16200.3 9136.3 23264.2 
7.  2027 29447.2 22230.0 36664.4 

MAPE 30 8.  2028 28435.5 21056.4 35814.7 
MAD 2632 9.  2029 18670.1 11120.9 26219.3 
MSD 13114243 10.  2030 33719.5 25992.6 41446.4 
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Setting α, γ and δ at the desired level 0.2, 0.2, 
and 0.2 respectively year wise forecasts along 
with 95% confidence limits are shown in the 
above table-2. Also the forecasts of annual 
expenditure on agriculture and allied sector in 
Maharashtra are presented in fi
 

b. Summary Report for Forecasts of annual Expenditure  on Agriculture and allied: 

 
From figure-2 we conclude that the forecasts 
generated are normally distributed at 5% level 
of significance since the p-value of Anderson
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α, γ and δ at the desired level 0.2, 0.2, 
and 0.2 respectively year wise forecasts along 
with 95% confidence limits are shown in the 

2. Also the forecasts of annual 
expenditure on agriculture and allied sector in 
Maharashtra are presented in figure-1. The 

general tendency of the forecasts is in upward 
direction. The annual expenditure on 
agriculture and allied sector will lie between 
13730.4 (Crore Rs) and 33719.5 (Crore Rs) in 
the period of forecast prediction.
 

Summary Report for Forecasts of annual Expenditure  on Agriculture and allied: 

2 we conclude that the forecasts 
generated are normally distributed at 5% level 

value of Anderson-

Darling statistic is greater than 0.05. The 95% 
confidence interval for mean and median are 
shown in the same figure.
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general tendency of the forecasts is in upward 
direction. The annual expenditure on 
agriculture and allied sector will lie between 
13730.4 (Crore Rs) and 33719.5 (Crore Rs) in 
the period of forecast prediction. 

 
Summary Report for Forecasts of annual Expenditure  on Agriculture and allied:  

 

Darling statistic is greater than 0.05. The 95% 
confidence interval for mean and median are 
shown in the same figure.
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c. Winters’ Method Annual Expenditure on Rural Development

Table-3: Estimate of Parameters, Accuracy measures and Forecasts of Expenditure on Rural 

 
Smoothing Constants 
α (level) 0.2
γ (trend) 0.2
δ (seasonal) 0.2

Accuracy Measures

MAPE 33
MAD 708
MSD 835461

 
Setting α, γ and δ at the desired level 0.2, 0.2, 
and 0.2 respectively year wise forecasts along 
with 95% confidence limits are shown in the 
table-3. Also the forecasts of annual 
expenditure on rural development in 
Maharashtra are presented in figure
 

 
d. Summary Report for forecasts of Annual Expenditure on Rural Development:
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Winters’ Method Annual Expenditure on Rural Development
Multiplicative Method 

Parameters, Accuracy measures and Forecasts of Expenditure on Rural 
Development 

 
Sr. No. 

Forecasts (Cr. Rs.) with 95% confidence limits
Year Forecast Lower 

0.2 1.  2021 3401.58 1665.94 
0.2 2.  2022 4444.98 2682.15 
0.2 3.  2023 3429.39 1636.24 

 
 

Measures 

4.  2024 3931.78 2105.34 
5.  2025 5103.59 3241.05 
6.  2026 3913.60 2012.31 
7.  2027 4461.98 2519.44 

33 8.  2028 5762.20 3776.07 
708 9.  2029 4397.82 2365.92 

835461 10.  2030 4992.18 2912.46 

α, γ and δ at the desired level 0.2, 0.2, 
and 0.2 respectively year wise forecasts along 
with 95% confidence limits are shown in the 

3. Also the forecasts of annual 
expenditure on rural development in 
Maharashtra are presented in figure-3. The 

general tendency of the forecasts is in upward 
direction. The annual expenditure on rural 
development in Maharashtra will lie between 
3401.58 (Crore Rs) and 5762.2 (Crore Rs) in 
the period of forecast prediction.
 

Report for forecasts of Annual Expenditure on Rural Development:
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Winters’ Method Annual Expenditure on Rural Development 

Parameters, Accuracy measures and Forecasts of Expenditure on Rural 

Forecasts (Cr. Rs.) with 95% confidence limits 
Upper 

 5137.22 
 6207.81 
 5222.54 
 5758.22 
 6966.13 
 5814.90 
 6404.53 
 7748.33 
 6429.72 
 7071.90 

l tendency of the forecasts is in upward 
direction. The annual expenditure on rural 
development in Maharashtra will lie between 
3401.58 (Crore Rs) and 5762.2 (Crore Rs) in 
the period of forecast prediction. 

 

Report for forecasts of Annual Expenditure on Rural Development: 
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As the p-value of Anderson-Darling statistic is 
greater than 0.05 (From figure-4) the forecasts 
of annual expenditure on rural development 
has normal distribution.  The 95% confidence 
interval for mean and median are shown in the 
same figure-4.  

Conclusion 
The trend of forecasts of annual expenditure on 
agriculture and allied sector (Fig-3) is showing 
an increasing tendency in general. It will be 
lowest i.e. Rs. 13730.4 Cr. for the year 2026 
with 95% confidence coefficient 7068.2 to 
20392.6. Similarly it is highest in the year 
2030. The expected expenditure for the year 
2030 is observed to Rs. 33719.5 Cr. with 95% 

confidence interval as 25992.6 to 41446.4. The 
trend of forecasts of annual expenditure on 
rural development (Fig-3) in Maharashtra is 
showing an increasing tendency in general. It 
will be lowest i.e. Rs. 3401.58 with 
95%confidence coefficient Rs. 1665.94 to 
5137.22 Cr for the year 2021 and highest Rs. 
5762.20 Cr. with 95% confidence interval of 
Rs. 3776.07 cr. to Rs. 7748.33 Cr for the year 
2028. We conclude that the forecasts prediction 
with Holt-Winters' will help the government to 
formulate the policies relating to agriculture 
development and rural development in the state 
of Maharashtra. 
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INDIAN SENSIBILITY IN NISSIM EZEKIEL’S 
POETRY 

 
DR.  D. T. ADHAU 

G. S. Science, Arts and Commerce College, Khamgaon 
 
Abstract: 

This paper aims to show the poet’s deep attachment and feelings about 
Indian life as well as its religious and social background in the select poetry. 
Indian sensibility, humanism and love disseminated throughout the works of 
Nissim Ezekiel and many of his poems have autobiographical elements. Nissim 
Ezekiel, an Indian Jewish poet, is considered one of   the most famous Indo-
Anglian writers. As a versatile writer he succeeded in establishing a name and 
fame for himself in the history of Indian writing in English. The personalized 
religion of love and harmony, fraternity is preferred. 
Key words: Indianness, identity, non-violence, immersion, sensibility 
Introduction: 

Nissim Ezekiel, an Indian Jewish poet, is considered one of   the most 
famous Indo-Anglian writers. Indo Anglian basically is a term used to represent 
the work of Indians in English language. Dr. Raghukul Tilak, best- known literary 
critic defines: 

 “the term, Indo- Anglian is used to    denote original literary creation in 
the English language by Indians. today there are a large number of 
educated Indians who use the English language as a medium for the 
creative exploration and expression of their experiences of life”. 
Born in 1924, Nissim Ezekiel was educated in metropolitan city and 

developed country, Bombay and England respectively. He first admitted in 
English medium school and then B.A.at Wilson college in Bombay, now 
Mumbai.  Nissim Ezekiel was very much influenced by the teaching profession of 
his parents. As an inspired writer he succeeded in establishing a name and fame 
for himself in the history of Indian writing in English. Many poetic volumes are to 
his credit. ‘A Time to Change’, Sixty Poems’, ‘The Unfinished Man’, ‘This Exact 
Name’, ‘Hymns in Darkness’ are the major volumes of poetry. He has occupied 
an important place among other writers because of his creative and sensible 
writings in English. Mumbai became an influenceable place that shapes the poet’s 
literary personality. K. N. Daruwalla says,” Nissim Ezekiel was a poet to express 
modern Indian sensibility in a modern idiom”. His poetry is enriched with a 
variety of themes. Indian culture, modern city life, human relationship, love, 
family life and superstitions are the principal themes appeared in his poetry. Apart 
from poetic genius, Nissim Ezekiel is a playwright, literary critic, actor, as well as 

http://www.scholarsimpact.com/
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editor too.  ‘A time to change’ is the first volume of poetry that published in 1952. 
He was honoured with the Sahitya Akademi Award in 1983 for ‘Latter -Day 
Psalms’, best poetic collection published in 1982. ‘The Three Plays’, ‘Do Not 
Call It Suicide’ are the notable dramatic works published in 1969 and 1993 
respectively. 

India is the second largest country and the most populated democracy in 
the world that advocates peace and non-violence. These are the doctrines 
assimilated as the universal principles beneficial for the development of human 
beings.  It desires to have harmonious atmosphere, cooperation and healthy 
human relations among people. But it is very sad that there is no prospect of peace 
in the world as expressed in the poem. ‘Very Indian Poem in Indian English’ The 
world has become materialistic running after physical pleasures. Greed for money 
seems to be never fulfilled. Mahatma Gandhi, world famous leader belongs to 
India. Truth, peace and nonviolence are his best democratic principles adopted to 
maintain communal harmony in the world. Even then, foreign culture and ideas 
are adopted, and harmful drinks have been intoxicated with huge amount of 
money. This attitude is strongly disdained: 

“Not that I am ever tasting the wine  
I’m the total teetotaller, completely total. 
But I say 
Wine is for the drunkards only”  

In this poem, the poet criticises the western culture, and imitation of foreign ideas. 
Whereas, he recommends powerfully to have country- made foods and drinks like 
lassi. This drink is excellent, healthy and fully digestive. India’s ideals are better 
than that of western countries. So, the youths who are called the pillars of nation 
are cordially advised to have native drinks and to be proud of our high ideals, and 
way of life. The poet writes:  
 

“You want one glass lassi? 
Very good for digestion 
With little salt lovely rink,  
Better than wine” 
Thus, it is very clear that the poet is fully aware of the universal 

importance of Indian high doctrines, culture, food as well as heritage. His literary 
genius is displayed with his love for country-made things and advocacy in 
clutching tightly to nobility of doctrines preached by Mahatma Gandhi. 

Poetry of Nissim Ezekiel is enriched with variety of themes. Versatile 
genius is the most significant feature of his poetry. He is a multifaceted literary 
writer focusing on themes like Indian sensibility, love, marital relationship, 
family, human relationship and search for identity which are the major themes of 
his plays. He looks at literature in regard to human beings. The modern city life 
appears at the core of his creative writing. He is a postmodern poet in real sense 
of his poetic intellect.  

The urban life is a dominant force in his poetic and dramatic world. His 
poetry reflects the present of the modern time and life. Rajeev Taranath and 

http://www.scholarsimpact.com/
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Meena Beliappa points out that “the urban theme forms an important strain in 
Ezekiel’s poetry”. Bombay, the metropolitan city he was born in is referred in 
almost all the poetic volumes. He is a poet of the city, Bombay. The poet is aware 
of both pleasures as well evils of the city. It is crowded, dirty, ugly and its 
dwellers are always found to be busy in earning and spending money since 
morning to evening. It looks that their prime intend is pleasure which is never 
obtained in the hectic city called hell. This is the prime theme of a number of his 
verses. “A Morning Walk”, taken from the collection ‘The Unfinished Man’ 
published in1960, is the finest example of the city where immersion of the 
modern man in materialistic gain and harsh noise is pointed out as: 

“Barbaric city, sick with slums, 
Deprived of seasons, blessed with rains. 

Its hawkers, beggars, iron-lunged 
Processions led by frantic drums 

A million purgatorial lanes, 
And child-like masses, many- tongued, 
Whose wages are in words and crumbs” 

Thus, this involvement of modern city man and harsh noise continuously 
haunts the poet’s mind. Such place has a very hostile effect on the poet’ insight. 
The city has been a symbolic place of any modernized city 

Ezekiel is an Indian Jewish poet. His forefathers had migrated to India. As 
a result, his religion is socially considered to be low in India. Being born and 
brought up in India, Indian background and culture is spread throughout his 
poetry. His commitment to India and to Bombay which is his favourite place is 
significant and its influence is clearly visible and categorical in his famous poem 
‘Background Casually’ As an adult personality, he has noticed and experienced 
much more of Indian life. The city, Bombay he was born in becomes his favourite 
place which influenced entire life of the poet. ‘Background Casually’ describes 
the poet’s struggle about his existence and discrimination based on religion and 
creed.  

This poem appears in poetic volume entitled ‘Hymns in Darkness’ which 
published in 1976, is one of the several autobiographical poems. His identity is 
questioned in his own native place. His schoolmates of different religions 
objected over his identity. The poet belongs to Jew community which, in India 
was considered to be low and alien. He was often accused of murdering of Jesus 
Christ. The poet remembers his schoolmates scolding him, “They told me I had 
killed the Christ” 

Being a member of Jewish community, he was often taunted by his 
schoolmates. He was afraid to move and talk freely with them. They hit on his 
ears for no reason. Though he was poor, he won prizes for his thorough 
knowledge on religious scriptures like Bible. In school his experiences so far were 
all bitter. The conduct of his fellow students made him annoyed, unhappy and feel 
alienated as expressed in the poem. 

      “I grew in terror of the strong 
But undernourished Hindu lads, 
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Their preposition always wrong” 
This clearly shows that how he was made terrible and discriminated on the basis 
of religion, creed and race. The worst thing was that his poverty prohibited him 
from having a social status in England. He spent a lonely sad life there. His social 
life made him helpless and miserable.   
After coming back from England, the poet accepts by heart Indian culture and 
reality that seems to be a major feature of his poetry. So, he clearly fulfils his 
commitment to and attachment with Indian life in his best poem.  

“I have become a part of it… 
I have made my commitments now. 

This is one:  to stay where I am” 
It indicates that how much the poet loved the city and his final decision to 

settle in India. India stands for peace and non-violence which are acknowledged 
universally. Now, his stay is indisputably accepted and becomes a part and parcel 
of India. He decides to stay there permanently though it is a backward place for 
other Jews living outside India. Being Jews, his ancestors also became victims of 
religion and race-based discrimination. But his attitude to religion is essentially 
secular and humanistic. According to him, religion is regardless and believes in 
the personalised religion of love, support and charity.  Thus, acceptance of Indian 
reality is an important feature of his poetry.   

The poet’s experiences are varied and bad. It is found appalling that he 
never thought people could act unscientifically.  Though he loves the city he 
fights against the Indian way of life and evil practices performed in the country. 
Ezekiel wrote a poem entitled ‘Night of the Scorpion’ in which he has focused 
light on the Indian traditions, customs, religious practices performed and 
exploitation of superstitious peasants. It is prominently described in his works. 
This poem appears in ‘The Exact Name’, an anthology, published in 1965  

The poet describes the generous nature of Indian women as well as Indian 
superstitions practiced by people. The village is a religiously united place. 
Peasants of different religions and faiths live together with harmony and 
cooperation. They help each other forgetting their differences based on trifle 
things. Religion is regardless so far as their relation is concerned. On hearing the 
news of scorpion’s sting, the villagers, workers and relatives gathered in groups 
around the poet’s mother who is stung by the scorpion. They thought differently 
about the acute pain and relief from poison of insect. They thought that movement 
of the scorpion would increase his mother’s pains. They whispered that his 
mother is suffering a lot in this life because of her sins of past life as is displayed 
in the poem, 

“May the sin of your previous birth 
Be burned away tonight, they said. 

May your suffering decrease 
The misfortunes of your next birth, they said 

May the sum of all evil 
Balanced in this unreal world”. 
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It is an evident that the deeds of villagers were unscientific, fully based on 
religious practices. The deeds they do were completely forms of superstition. 
They repeated the name of God several times for reducing pains of his mother. 
Their intention behind it is so faultless that their deeds, hymns and repetition of 
god’ names could not soothe his mother from pains. The peasants also believed 
that the evil desires of her body would be taken away. The bite would take away 
ambition from her mind. They continued to show their love, help and sympathy 
for her. His mother thanked God for the scorpion stinging her and sparing her 
children. The poet says: 

“My mother only said 
Thank God the scorpion picked on me 

And spared my children” 
It seems that the poem brings to light greatness, love and sacrifices of an 

Indian woman who herself is always ready to suffer and prays for her children to 
be safe and happy. The poem has a religious and superstitious background of 
India and a significant message of motherly love.   
Nasim Ezekiel has paid his heed on marital life and human relationship as a sharp 
observer of marital life. The poet is of the opinion that husbands and wives should 
try to create harmony for a successful married life.  
Conclusion:  

Nissim Ezekiel is a great poet whose contribution to Indian writing in 
English is outstanding and unique. Indian sensibility runs throughout his all 
anthologies. His poetry is enriched with a variety of themes. Indian culture, 
modern city life, human relationship, love, family life and superstitions are the 
principal themes appeared in his poetry. As a versatile writer Nissim Ezekiel 
succeeded in establishing a name and fame for himself in the world of modern 
Indian English poetry. 
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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 BO33- triangles. Y and Ba sites are 
separated by parallel planes constructed by BO33- 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. 

 



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

4

 

 

 

 

 

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. 
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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.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 BO33- triangles. Y sites with six 
co-ordination number and Ba sites with 9 co-ordination number are separated by parallel planes of 
BO33- 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 



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

7

 

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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Terbium doped strontium yttrium borate phosphor is prepared by solution combustion method. Structural 
characterization of Sr3Y(BO3)3:Tb3+ (SYB:Tb) has been carried out with X-ray powder diffraction (XRD) analysis. Particle 
size of 0.5�2 µm and perfect element composition were seen in SEM-EDS. Using FTIR at room temperature the presence of 
[BO3]

- group; complete combustion of nitrates, organic material, absence of O-H bond were firmed up. Photoluminescence 
properties of the phosphor have been investigated by measuring the excitation and emission spectra. Several luminescence 
bands of Tb3+ ions are observed under 233 nm excitation wavelengths in 350�700 nm spectral region. The emission spectra 
were composed of three bands, in which the dominated emission of green luminescence SYB:Tb attributed to the transition 
5D4→7F5 is centered at 543 nm. The dependence of the emission intensity on the Tb3+ concentration for the Sr3Y1-

X(BO3)3:xTb3+ (0.01 ≤ x ≤ 0.05) was studied and observed that the optimum concentration of Tb3+ in phosphor was 3 mol% 
for the highest emission intensity at 543 nm. The CIE coordinates (X=0.251363409, Y=0.736605581) fall at the border of 
green region in the CIE 1931 chromaticity.  

Keywords: Photoluminescence, Green emission, Borate phosphors, Solution combustion method 

Introduction  

The increasing variety of borate materials were 
widely investigated due to their wide applications in 
nonlinear optics (NLO), plasma display panel (PDP) 
display and white light-emitting-diodes (LEDs)1-4. In 
the recent decades, phosphors have undergone a fast 
growth because of their unique luminescence 
properties (such as long lifetime, high efficiency, 
adjustable spectrum, et cetera) and indispensable roles 
in a wide range of application, especially in the field 
of white light-emitting diodes (w-LEDs)5-7 and field 
emission displays (FEDs)8-10. Recently, White light-
emitting diodes (LEDs) have been widely applied as 
backlight units in modern LCD technologies to 
achieve larger color gamut, higher brightness, and 
lower power consumption. In fact, the local structure 
and crystal environment have a great influence on the 
optical properties of activator ions, so finding an 
excellent host material is very needful. Single-phase 
borates had been researched widely because their 
crystal structures facilitate rare earth ions doped and 
represent not only the preferable thermal and 
chemical stability but also the various structures have 
examined their efficiency as luminescent materials11. 

Although the coordination modes of single-phase 
borates are different in these synthetic compounds, 
the host lattice of single-phase borates is considered 
suitable and easy to contain a variety of rare earth 
ions because of their similar ionic radii. Researchers 
from all over world are working in the direction of 
developing new phosphor materials in different 
wavelength range i.e., blue (435�500 nm), green 
(520�565 nm), yellow (565�590), and red (625�740 
nm). Green phosphor used in NUV-WLED, blue-
WLED convert radiation in the ranges 320�410 or 
450�480 nm to light centered in the green region 
(520�565 nm)12. Synthesis of strontium rare-earth 
borates described by the formula Sr3Ln(BO3)3 (Ln = 
Y,Pr�Lu)was reported by Khamaganova et al.

13 
Sr3Y(BO3)3 crystal is a promising laser host material. 
Chemically and thermally stable borate phosphors 
(Sr,Ba)3(Y,La)(BO3)3 are efficiently excited by UV 
light with tunable emission wavelength ranging across 
the visible spectrum from blue to red14.  

Borate compounds of the family A3RE(BO3)3 (A = 
Ba, Sr; RE =Y, La) have been studied primarily for 
solid-state laser host materials with other activator 
ions including Er3+, Yb3+,Er3+/Yb3+ pairs, Nd3+, Pr3+ 
and Tm3+. They have also been studied under 
vacuum-ultraviolet excitation for fluorescent lamps 

������ 
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and plasma displays using Tb3+ as an activator ion 
with Ce3+ substituted Sr3Y(BO3)3 reported as a 
scintillation material15. Trivalent terbium Tb3+ ion is 
used as a green emitting center in a variety of 
commercial phosphors. The electronic configuration 
of Tb3+ ion is 4f8. In case of Tb3+ ion, the absorption is 
usually due to allowed f-d transition. From excited 
state of 4f7-

5d1 configuration, the electron loses energy 
to lattice and comes to 5Dj. 

5D3 → 7Fj emission is in 
UV and blue region while 5D4 → 7Fj emission is 
predominantly green. At lower concentrations, blue 
emission is observed, but at higher concentration, 
there is an energy transfer between Tb3+ ions, e.g. the 
cross relaxation- Tb3+ (5D3) + Tb3+ (7Fj) → Tb3+ (5D4) 
+ Tb3+ (7F0), due to which the blue emission gets 
quenched increasing the green emission at the same 
time. In the present work we synthesized the 
Sr3Y(BO3)3 as polycrystalline borate phosphor host 
for Tb3+ ion and studied its photoluminescence 
characteristics. 
 
Experimental Details  

Given Inorganic borate phosphors were prepared 
by the modified solution combustion synthesis 
technique16. In this technique urea is used as fuel and 
nitrates are oxidizer. Stoichiometric amounts of high 
purity starting materials, SrNO3 (A.R.), 
Tb2(SO4)3.8H2O (high purity 99.9%), H3BO3 (A.R.), 
CO(NH2)2 (A.R.), Y(NO3)3 (A.R.) are used for 
phosphor preparation. 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 80 ºC for about 2 h on 
magnetic stirrer- heater and the solution was then 
transferred directly to a pre-heated Muffle furnace, 
maintained at temperature 850 ºC, for combustion. As 
shown in Fig.1. Following the combustion, the 
resulting foamy samples was crushed to obtain fine 
particles and then annealed for 3 h at temperature 

1050 ºC. The phase identification was performed by 
X-ray powder diffraction analysis using a Rigaku 
Miniflex II X-ray Diffractometer with Cu Ka 
radiation (k = 1.54060 Å). The excitation and 
emission spectra were recorded by use of a Hitachi F-
7000 Fluorescence Spectrophotometer. Scanning 
electron microscopy (FEI Quanta200F) was used for 
the observation of particle morphology. All 
measurements were carried out at the same 
conditions. 
 

Results and Discussion 

The prepared materials were characterized by 
powder XRD, SEM, PL and FT-IR techniques. 
Powder X-ray diffraction measurements were taken 
on a Rigaku Miniflex II X-ray Diffractometer and 
compared with ICSD files. Surface morphology and 
elemental analysis of the calcined powder sample was 
observed by scanning electron microscopy [SEM: 
Model JSM6100 (Jeol)]. PL and PLE measurements 
at room temperature were performed on a Hitachi F-
7000 spectroflurometer with spectral resolution of 2.5 
nm. FTIR of sample was done on F.T. Infra-Red 
Spectrophotometer Model RZX (Perkin Elmer).  
 

XRD 

SYB:Tb with different Tb3+ contents have a similar 
XRD pattern. Fig. 2 shows the XRD pattern of 
SYB:Tb (3 mol%) using the Cu-Kα wavelength (k = 
1.54060 Å) in the range of 2h from 5 o to 80o. The 
peaks of the XRD pattern well match with those of 
SYB crystal. Because of the Y3+ (1.02 Å) contraction, 
rare earth ions have similar radius, coordination 
environment and physical�chemical properties. When 
Y3+ in SYB lattice is replaced by Tb3+, the crystal 
structure does not change dramatically, which is 
similar to that of SYB. 
 
FTIR 

The FT-IR spectra of Sr3Y1-0.03(BO3)3:0.03Tb3+ 
recorded at room temperature is shown in Fig. 3. The 
strong bands observed above 1100 cm-1 should be 
assigned to the B-O stretching mode of the triangular 
[BO3]

- groups, while the bands with maxima at about 
700-800 cm-1 should be attributed to the B-O out of 
plane bending, which confirms the existence of the 
[BO3]

- groups10. The absence of peaks in 1500- 2000 
cm-1 indicates the complete combustion of nitrate and 
organic matter. The peak at 3300-3500 cm-1 
corresponds the stretching mode of O-H are also 
absent.  

 

 
 

Fig. 1 � Solution combustion in furnace and foamy sample after
combustion 
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SEM and Eds 

The morphology of sample was studied using 
Scanning electron microscopy. The SEM images of 
Sr3Y1-0.03(BO3)3:0.03Tb3+ phosphors are shown in  
Fig. 4. It was observed that the microstructure of the 
phosphor consisted of irregular grains with 
agglomerate phenomena. The average size of 
synthesized phosphor particles is about 0.5�2 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 different than as seen in surface 
morphology. It is because SEM shows the image of 
polycrystalline particles and XRD measurements 
reflects the crystalline domain size. EDS or element 
composition map of material is given in Fig. 5. EDS 

cannot detect the lightest element boron B of the 
prepared phosphor because of instrument and 
operating conditions like the detector window is 
equipped with Be. The percentage composition of all 
elements matches with the EDS mapping of 
phosphor. 

 

 
 

Fig. 2 � XRD pattern of Sr3Y1-0.03(BO3)3:0.03Tb3+ 
  

 

Fig. 4 � SEM images of Sr3Y1-0.03(BO3)3:0.03Tb3+ 
 

 
 

Fig. 5 � Element composition map of Sr3Y1-0.03(BO3)3:0.03Tb3+ 

phosphor 
 

 

 
 

Fig. 3 � FTIR spectra of Sr3Y1-0.03(BO3)3:0.03Tb3+ recorded at
room temperature 
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PL and PLE  

The PL and PLE of Sr3Y1-0.03(BO3)3:0.03Tb3+ 
phosphor is shown in Fig. 6. It is recorded on F-7000 
FL spectrophotometer with scan speed 240 nm/min, 
excitation-emission slit width 1nm. The excitation 
spectrum of Sr3Y1-0.03(BO3)3:0.03Tb3+ consists of a 
single broadband absorption ranging from 200 to 
350 nm with the single peak at 233 nm which may 
be due to the electronic transitions from the ground 
state 7F6 to the excited state 5D4 of Tb3+ ions. At 233 
nm excitation, SYB:Tb exhibit a broad emission 
band in the range 350−700 nm, which originates 
from the excited 5D4 to 7Fi ( i=6, 4, 3, 2,1, and 0 ). 
489 nm peak is due to 5D4 to 7F6 ; Strongest peak 543 
nm is due to 5D4 to 7F5; 587 nm peak is due to 5D4 to 
7F4 and 625 nm is due to 5D4 to 7F3 electronic 

transitions of Tb3+ ions. Intensity at 489 nm is about 
half the intensity at 543 nm. Intensity of emission 
lines at 587 nm and 625 nm is very low. 5D4 to 7F5 
green emission line is the strongest because this 
transition has the largest probability for both 
electric-dipole and magnetic-dipole induced 
transitions17.  

We studied the PL properties for 5D4 to 7F5 
transition with different doping concentrations of Tb3+ 
activator ion. The emission spectra of SYB:Tb excited 
by 233 nm at room temperature and electronic 
transitions is similar to the emissions is shown in  
Fig. 7 (a & b). The shape of PL band is same and 
intensity of emission increases from 1 mole% up to 3 
mole % of Tb3+ and then decreases. The luminescence 
of Tb3+ depends upon the site occupied and crystal 
structure of host lattice. The variation of intensity for 
5D4 to 7F5 transition with Tb3+ concentration is shown 
in Fig. 8. Intensity of 543 nm line increases upto 3 
mol % and then decreases18. 
 
CIE chromacity  

The CIE Co-ordinates of dominant emission 
wavelength resulting in green light with chromaticity 
coordinates of (x = 0.251363409, y = 0.736605581) is 
shown in Fig. 9. For 543 nm the coordinates obtained 
fall at the border of Green region in the CIE 1931 
chromaticity diagram and shown as black triangle 
shaped spot.  

 

 
 

Fig. 7 � (a) PL properties for 5D4 to 7F5 transition of SYB with different doping concentrations of Tb3+ & (b) Energy levels of Tb3+ in 
SYB:Tb 

 

 
 

Fig. 6 � PL and PLE of Sr3Y1-0.03(BO3)3:0.03Tb3+ 
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Conclusions 

In summary, SYB:Tb phosphors with the average 
size of about 0.5�2 µm were successfully deposited 
by a solution�combustion method, using rare-earth 
nitrates, urea and boric acid as starting materials. The 
crystal structure, morphology, chemical composition 
and photoluminescence properties of the Phosphor 
were investigated by X-ray diffraction (XRD) and 
scanning electron microscopy (SEM/EDS). Phosphors 
show three emission transitions of 5D4→7FJ (J = 3, 4, 
5) and among them, the transition 5D4→7F5 displays 
the green (543 nm) color. The relationship between 
the luminescent intensity and the concentration of 

activated ions Tb3+ shows that there is concentration 
quenching of Tb3+ in host SYB and optimum 
concentration of Tb3+ in phosphor is 3 mol%. So the 
phosphor SYB:Tb may be predicted as a promising 
green phosphor candidate for applications in LED-
based solid-state lighting or other display devices. 
The CIE of SYB:Tb was (x = 0.2513, y = 0.7366) 
with high color of green emission.  
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Fig. 8 � Concentration variation of Tb3+ ions in SYB phosphor 
 

 
 

Fig. 9 � CIE diagram of Sr3Y1-0.03(BO3)3:0.03Tb3+ phosphor 
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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 BO33- triangles. Y sites with six 
co-ordination number and Ba sites with 9 co-ordination number are separated by parallel planes of 
BO33- 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+ 



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

4

 

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 BO33- triangles. Y and Ba sites are 
separated by parallel planes constructed by BO33- 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. 
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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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Terbium doped strontium yttrium borate phosphor is prepared by solution combustion method. Structural 
characterization of Sr3Y(BO3)3:Tb3+ (SYB:Tb) has been carried out with X-ray powder diffraction (XRD) analysis. Particle 
size of 0.5�2 µm and perfect element composition were seen in SEM-EDS. Using FTIR at room temperature the presence of 
[BO3]

- group; complete combustion of nitrates, organic material, absence of O-H bond were firmed up. Photoluminescence 
properties of the phosphor have been investigated by measuring the excitation and emission spectra. Several luminescence 
bands of Tb3+ ions are observed under 233 nm excitation wavelengths in 350�700 nm spectral region. The emission spectra 
were composed of three bands, in which the dominated emission of green luminescence SYB:Tb attributed to the transition 
5D4→7F5 is centered at 543 nm. The dependence of the emission intensity on the Tb3+ concentration for the Sr3Y1-

X(BO3)3:xTb3+ (0.01 ≤ x ≤ 0.05) was studied and observed that the optimum concentration of Tb3+ in phosphor was 3 mol% 
for the highest emission intensity at 543 nm. The CIE coordinates (X=0.251363409, Y=0.736605581) fall at the border of 
green region in the CIE 1931 chromaticity.  

Keywords: Photoluminescence, Green emission, Borate phosphors, Solution combustion method 

Introduction  

The increasing variety of borate materials were 
widely investigated due to their wide applications in 
nonlinear optics (NLO), plasma display panel (PDP) 
display and white light-emitting-diodes (LEDs)1-4. In 
the recent decades, phosphors have undergone a fast 
growth because of their unique luminescence 
properties (such as long lifetime, high efficiency, 
adjustable spectrum, et cetera) and indispensable roles 
in a wide range of application, especially in the field 
of white light-emitting diodes (w-LEDs)5-7 and field 
emission displays (FEDs)8-10. Recently, White light-
emitting diodes (LEDs) have been widely applied as 
backlight units in modern LCD technologies to 
achieve larger color gamut, higher brightness, and 
lower power consumption. In fact, the local structure 
and crystal environment have a great influence on the 
optical properties of activator ions, so finding an 
excellent host material is very needful. Single-phase 
borates had been researched widely because their 
crystal structures facilitate rare earth ions doped and 
represent not only the preferable thermal and 
chemical stability but also the various structures have 
examined their efficiency as luminescent materials11. 

Although the coordination modes of single-phase 
borates are different in these synthetic compounds, 
the host lattice of single-phase borates is considered 
suitable and easy to contain a variety of rare earth 
ions because of their similar ionic radii. Researchers 
from all over world are working in the direction of 
developing new phosphor materials in different 
wavelength range i.e., blue (435�500 nm), green 
(520�565 nm), yellow (565�590), and red (625�740 
nm). Green phosphor used in NUV-WLED, blue-
WLED convert radiation in the ranges 320�410 or 
450�480 nm to light centered in the green region 
(520�565 nm)12. Synthesis of strontium rare-earth 
borates described by the formula Sr3Ln(BO3)3 (Ln = 
Y,Pr�Lu)was reported by Khamaganova et al.

13 
Sr3Y(BO3)3 crystal is a promising laser host material. 
Chemically and thermally stable borate phosphors 
(Sr,Ba)3(Y,La)(BO3)3 are efficiently excited by UV 
light with tunable emission wavelength ranging across 
the visible spectrum from blue to red14.  

Borate compounds of the family A3RE(BO3)3 (A = 
Ba, Sr; RE =Y, La) have been studied primarily for 
solid-state laser host materials with other activator 
ions including Er3+, Yb3+,Er3+/Yb3+ pairs, Nd3+, Pr3+ 
and Tm3+. They have also been studied under 
vacuum-ultraviolet excitation for fluorescent lamps 
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and plasma displays using Tb3+ as an activator ion 
with Ce3+ substituted Sr3Y(BO3)3 reported as a 
scintillation material15. Trivalent terbium Tb3+ ion is 
used as a green emitting center in a variety of 
commercial phosphors. The electronic configuration 
of Tb3+ ion is 4f8. In case of Tb3+ ion, the absorption is 
usually due to allowed f-d transition. From excited 
state of 4f7-

5d1 configuration, the electron loses energy 
to lattice and comes to 5Dj. 

5D3 → 7Fj emission is in 
UV and blue region while 5D4 → 7Fj emission is 
predominantly green. At lower concentrations, blue 
emission is observed, but at higher concentration, 
there is an energy transfer between Tb3+ ions, e.g. the 
cross relaxation- Tb3+ (5D3) + Tb3+ (7Fj) → Tb3+ (5D4) 
+ Tb3+ (7F0), due to which the blue emission gets 
quenched increasing the green emission at the same 
time. In the present work we synthesized the 
Sr3Y(BO3)3 as polycrystalline borate phosphor host 
for Tb3+ ion and studied its photoluminescence 
characteristics. 
 
Experimental Details  

Given Inorganic borate phosphors were prepared 
by the modified solution combustion synthesis 
technique16. In this technique urea is used as fuel and 
nitrates are oxidizer. Stoichiometric amounts of high 
purity starting materials, SrNO3 (A.R.), 
Tb2(SO4)3.8H2O (high purity 99.9%), H3BO3 (A.R.), 
CO(NH2)2 (A.R.), Y(NO3)3 (A.R.) are used for 
phosphor preparation. 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 80 ºC for about 2 h on 
magnetic stirrer- heater and the solution was then 
transferred directly to a pre-heated Muffle furnace, 
maintained at temperature 850 ºC, for combustion. As 
shown in Fig.1. Following the combustion, the 
resulting foamy samples was crushed to obtain fine 
particles and then annealed for 3 h at temperature 

1050 ºC. The phase identification was performed by 
X-ray powder diffraction analysis using a Rigaku 
Miniflex II X-ray Diffractometer with Cu Ka 
radiation (k = 1.54060 Å). The excitation and 
emission spectra were recorded by use of a Hitachi F-
7000 Fluorescence Spectrophotometer. Scanning 
electron microscopy (FEI Quanta200F) was used for 
the observation of particle morphology. All 
measurements were carried out at the same 
conditions. 
 

Results and Discussion 

The prepared materials were characterized by 
powder XRD, SEM, PL and FT-IR techniques. 
Powder X-ray diffraction measurements were taken 
on a Rigaku Miniflex II X-ray Diffractometer and 
compared with ICSD files. Surface morphology and 
elemental analysis of the calcined powder sample was 
observed by scanning electron microscopy [SEM: 
Model JSM6100 (Jeol)]. PL and PLE measurements 
at room temperature were performed on a Hitachi F-
7000 spectroflurometer with spectral resolution of 2.5 
nm. FTIR of sample was done on F.T. Infra-Red 
Spectrophotometer Model RZX (Perkin Elmer).  
 

XRD 

SYB:Tb with different Tb3+ contents have a similar 
XRD pattern. Fig. 2 shows the XRD pattern of 
SYB:Tb (3 mol%) using the Cu-Kα wavelength (k = 
1.54060 Å) in the range of 2h from 5 o to 80o. The 
peaks of the XRD pattern well match with those of 
SYB crystal. Because of the Y3+ (1.02 Å) contraction, 
rare earth ions have similar radius, coordination 
environment and physical�chemical properties. When 
Y3+ in SYB lattice is replaced by Tb3+, the crystal 
structure does not change dramatically, which is 
similar to that of SYB. 
 
FTIR 

The FT-IR spectra of Sr3Y1-0.03(BO3)3:0.03Tb3+ 
recorded at room temperature is shown in Fig. 3. The 
strong bands observed above 1100 cm-1 should be 
assigned to the B-O stretching mode of the triangular 
[BO3]

- groups, while the bands with maxima at about 
700-800 cm-1 should be attributed to the B-O out of 
plane bending, which confirms the existence of the 
[BO3]

- groups10. The absence of peaks in 1500- 2000 
cm-1 indicates the complete combustion of nitrate and 
organic matter. The peak at 3300-3500 cm-1 
corresponds the stretching mode of O-H are also 
absent.  

 

 
 

Fig. 1 � Solution combustion in furnace and foamy sample after
combustion 
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SEM and Eds 

The morphology of sample was studied using 
Scanning electron microscopy. The SEM images of 
Sr3Y1-0.03(BO3)3:0.03Tb3+ phosphors are shown in  
Fig. 4. It was observed that the microstructure of the 
phosphor consisted of irregular grains with 
agglomerate phenomena. The average size of 
synthesized phosphor particles is about 0.5�2 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 different than as seen in surface 
morphology. It is because SEM shows the image of 
polycrystalline particles and XRD measurements 
reflects the crystalline domain size. EDS or element 
composition map of material is given in Fig. 5. EDS 

cannot detect the lightest element boron B of the 
prepared phosphor because of instrument and 
operating conditions like the detector window is 
equipped with Be. The percentage composition of all 
elements matches with the EDS mapping of 
phosphor. 

 

 
 

Fig. 2 � XRD pattern of Sr3Y1-0.03(BO3)3:0.03Tb3+ 
  

 

Fig. 4 � SEM images of Sr3Y1-0.03(BO3)3:0.03Tb3+ 
 

 
 

Fig. 5 � Element composition map of Sr3Y1-0.03(BO3)3:0.03Tb3+ 

phosphor 
 

 

 
 

Fig. 3 � FTIR spectra of Sr3Y1-0.03(BO3)3:0.03Tb3+ recorded at
room temperature 
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PL and PLE  

The PL and PLE of Sr3Y1-0.03(BO3)3:0.03Tb3+ 
phosphor is shown in Fig. 6. It is recorded on F-7000 
FL spectrophotometer with scan speed 240 nm/min, 
excitation-emission slit width 1nm. The excitation 
spectrum of Sr3Y1-0.03(BO3)3:0.03Tb3+ consists of a 
single broadband absorption ranging from 200 to 
350 nm with the single peak at 233 nm which may 
be due to the electronic transitions from the ground 
state 7F6 to the excited state 5D4 of Tb3+ ions. At 233 
nm excitation, SYB:Tb exhibit a broad emission 
band in the range 350−700 nm, which originates 
from the excited 5D4 to 7Fi ( i=6, 4, 3, 2,1, and 0 ). 
489 nm peak is due to 5D4 to 7F6 ; Strongest peak 543 
nm is due to 5D4 to 7F5; 587 nm peak is due to 5D4 to 
7F4 and 625 nm is due to 5D4 to 7F3 electronic 

transitions of Tb3+ ions. Intensity at 489 nm is about 
half the intensity at 543 nm. Intensity of emission 
lines at 587 nm and 625 nm is very low. 5D4 to 7F5 
green emission line is the strongest because this 
transition has the largest probability for both 
electric-dipole and magnetic-dipole induced 
transitions17.  

We studied the PL properties for 5D4 to 7F5 
transition with different doping concentrations of Tb3+ 
activator ion. The emission spectra of SYB:Tb excited 
by 233 nm at room temperature and electronic 
transitions is similar to the emissions is shown in  
Fig. 7 (a & b). The shape of PL band is same and 
intensity of emission increases from 1 mole% up to 3 
mole % of Tb3+ and then decreases. The luminescence 
of Tb3+ depends upon the site occupied and crystal 
structure of host lattice. The variation of intensity for 
5D4 to 7F5 transition with Tb3+ concentration is shown 
in Fig. 8. Intensity of 543 nm line increases upto 3 
mol % and then decreases18. 
 
CIE chromacity  

The CIE Co-ordinates of dominant emission 
wavelength resulting in green light with chromaticity 
coordinates of (x = 0.251363409, y = 0.736605581) is 
shown in Fig. 9. For 543 nm the coordinates obtained 
fall at the border of Green region in the CIE 1931 
chromaticity diagram and shown as black triangle 
shaped spot.  

 

 
 

Fig. 7 � (a) PL properties for 5D4 to 7F5 transition of SYB with different doping concentrations of Tb3+ & (b) Energy levels of Tb3+ in 
SYB:Tb 

 

 
 

Fig. 6 � PL and PLE of Sr3Y1-0.03(BO3)3:0.03Tb3+ 
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Conclusions 

In summary, SYB:Tb phosphors with the average 
size of about 0.5�2 µm were successfully deposited 
by a solution�combustion method, using rare-earth 
nitrates, urea and boric acid as starting materials. The 
crystal structure, morphology, chemical composition 
and photoluminescence properties of the Phosphor 
were investigated by X-ray diffraction (XRD) and 
scanning electron microscopy (SEM/EDS). Phosphors 
show three emission transitions of 5D4→7FJ (J = 3, 4, 
5) and among them, the transition 5D4→7F5 displays 
the green (543 nm) color. The relationship between 
the luminescent intensity and the concentration of 

activated ions Tb3+ shows that there is concentration 
quenching of Tb3+ in host SYB and optimum 
concentration of Tb3+ in phosphor is 3 mol%. So the 
phosphor SYB:Tb may be predicted as a promising 
green phosphor candidate for applications in LED-
based solid-state lighting or other display devices. 
The CIE of SYB:Tb was (x = 0.2513, y = 0.7366) 
with high color of green emission.  
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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 BO33- triangles. Y and Ba sites are 
separated by parallel planes constructed by BO33- 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. 
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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: In India higher education is the growing sector having potential to become as a developed nation in 

the future. The quality of higher education plays a key role in the entire educational system. Since the nation’s 
success is mainly determined by the quality of higher education it is important to develop the number of 

strategies in teaching learning process. In this regard, it is essential that new and innovative teaching methods 

are to be developed. This article mainly focuses on the current scenario of higher education and innovative 

techniques to be used so as to strengthen the content knowledge for the student. Various teaching systems are 

focused with a view to increase the overall quality of education systems. Study is done on the Enrollment of 

students in different courses and their percentages and Gross Enrollment Ratio in higher education in various 

states in India. Innovative Teaching Methods and use of Artificial Intelligence in Education sector is also 

discussed. 

Keywords: Educational research methods,POT, e resources, Google classroom, Innovative teaching learning 

method, LMS, GER, ITS, Artificial Intelligence. 
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I. Introduction 
 India has emerged as a global leader and a strong nation at the turn ofthe 21st century as far as Vision 
and Goal is considered. The quality of higher education can be enhanced by social change, transformation and 
innovative teaching practices[1]. A term „student engagement‟ is defined which involves activities and practices, 
such as contact with faculty, collaboration, integrating education and experience, or high expectations.These 
activities lead to the creation of engagement leading to the learning[2]. Student engagement also involves the 
time and energy devoted by students to educationally purposeful activities. This leads to participation of 
students in activities that leads to the student as well as the institution‟s success[3]. 
 In this era of information and communication technology,students have to be prepared by 
educationalists in order to compete situations occurring in the 21st century. To make the students competent to 
face the challenges in the 21st century Youth development and teacher preparation programme must be 
aligned.It has been shown by the Brain Research that certain methods and approaches truly enhance the teaching 
learning process. It is found that both students and teachers are getting benefitted onthe application of innovative 
learning and attention management techniques in classes. Nowadays student should be engaged and excited 
through shaking up of our teaching methods in innovative ways. The most necessary and imperative reforms 
required in higher education is to remodel it by introducing a new and innovative ideas in the quality of higher 
education. Innovative teaching methodology will lead to a learning society in which the creative and intellectual 
abilities of students will allow them to meet the goals of transformation and development.  
 The capacity of students can be developed by introducing new ideas and evidence in the teaching 
learning procedure. Information and Communication Technology (ICT) led to the transformation of knowledge 
in different dimensions. With the advancement in computer technology, drastic changes are observed in the 
collection, compilation and organization of information[4].Information and Communication Technology (ICT) 
led to the improvement in the quality of life and it is widely used on a large scale by professionals for carrying 
out their daily activities. Alot of investment is done on training workers on ICT applications. Training 
programmesare found to reduce computer anxiety and improve workers ICT utilization and productivity. This 
study was carried out in Ogun State Nigeria,assessment included the levels of participation of teachers in ICT 
training programmes, computer anxiety and ICT utilization. The relationships among these variables were also 
investigated[5]. 
 Another approach known as service learning was used by institutions as a collaborative learning for 
practices related to service. The group projects were allocated to students as part of collaborative learning. 
These group projects were expected to develop a sense of community among students[6].Peer Observation of 
Teaching (POT) is the method followed in the institution for evaluating the quality of teaching. It also leads to 
the development of teachers based on the feedback and contributes in good teaching and learning process. There 
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are mainly three considerations: the management of the process, the links between POT and staff development 
and the impact due to application of peer observation in learning and teaching[7].Most of the students using 
cellphones are teenagers and therefore some educational apps can be developed which lead to the enhancement 
of the learning process [8]. ICT has created large Impact on Educational Reforms and Employment.The Internet 
based Smartphones are taking quality learning to students across Geography in India. Education is imparted to 
them through flexible format [9]. 
 A review on the use of social media in improving the quality of higher education was studied. It was 
found that the students who were given online education performed better than classroom students. Also it was 
found that instructors do not encourage students to make use of social media for educational purposes. Various 
experiences on using social media platforms as a learning tool are discussed [10]. Other techniques include the 
introduction of educational software games so as to increase the interest of the student in the subject. 
Educational effectiveness using educational software games was studied with the help of the Intelligent Tutoring 
System(ITS). This operates as a virtual reality educational game. The virtual reality game known as VR-
ENGAGE was developed. This game aims at increasing student engagement in the subject. This is due to the 
use of motivating the virtual reality environment. This effect of introducing a virtual reality game on students 
learning in comparison to educational softwareis studied [11]. 

An essential condition for forming the bond between theory and practice in higher education is the 
interaction and knowledge sharing between thehigher education institution and industry. A model was 
developed for common knowledge exchange and knowledge development. This involves the simultaneous use 
of both practical and theoretical knowledge to increase educational standards. Also more efforts need to be 
concentrated in the problem areas which increase curiosity both among teachers and students. The interests of 
students and teachers varied during the whole process based on the time taken by other organization to answer 
the questions and some teachers believed that it is difficult to transform theory into practical knowledge [12]. 

Teachers should give more stress on the inclusion of ICT in educational practices. For this, teachers 
should be made aware on the use of technologies and their long term benefits both for teachers and students. It is 
found that teacher‟s knowledge has a strong impact on teacher‟s decision.Though changing the pedagogical 
beliefs of teachers to adopt this innovative and influential way of good teaching and gaining knowledge, they 
also need the confidence to bring it into practice. We should provide opportunities for teachers to both 
experiment and to succeed.It is also observed that the most effective way to support change in teachers by 
bringing change in their methodology is by providingopportunities for them to see the positive impact of these 
changes on their students [13]. Awareness in the use of technology needs to be implemented from school level 
so as to get benefits in the future.The main factors include the professional development in the area and use of 
technology and research on efforts to increase its use on a large scale. There are four useful points which needs 
to be considered for teachertechnology training: first, it we consider learninga new teaching model, it found that 
it is easier to learn a new teaching model than to learnabout technology for personal or pedagogical use. Second, 
there should be access to the new technology both athome and at school. Third, there should not be fear of the 
unknown and if it is there it mustbe solved soon. Fourth, with the use of new technology teachers may bring 
changes in the ways and techniques in which they teachthe students [14].A study was conductedconsisting of 
faculty members of the US colleges of education. It was found that significant relation exists between 
technology literacy andpedagogical practice integration. A trainer can be assigned to a small group of faculty 
forums. This helps in maximizing Faculty technology training for the integration of pedagogy [15]. 
 Use of ICT was significant in increasing student examination score. The score was found to raise by 
0.07 to 0.75 standard deviations. Effects of Computer Based Instruction, Computer Assisted Instruction, 
Computer Enriched Instruction, Computer Managed Instruction and Computer based Education on learning 
process are studied [16]. 

In the past lot of efforts havebeen taken on development of teachers but they are unsuccessful. This is 
due toadoption of top-down approach. This approachdoes not take into account teachers‟existing knowledge, 
beliefs and attitudes into consideration. Therefore, a thorough researchof use of ICT in education by teachers 
can provide inputs for improving them. Strategies such as learning in network, peer coaching and collaborative 
action research must be encouraged for overall development [17].It is observed that though teachers show great 
interest inlearning about ICT, theydo not encourage use of ICT tools on large scale.Their use of ICT is 
concentratedmainly forpersonal purposes. Most of the teachers have been found to make use of computers for 
very basic tasks such as word processing (preparation of timetable for lectures, lesson plans,assignments, quiz, 
preparation of marksheets etc.) or getting the information from the internet. Also most of the teachers get help 
from technicians and librarian therefore it has become necessary that these persons develop their own ICT skill 
set and knowledge so as to increase overall performance [18]. 

Quality teaching has become an important issue in higher education as continuous changes are 
observed such as increased international competition, increasing social and geographical diversity of the student 
body, increasing demands of value for money, the introduction of information technologies, etc.It is therefore 
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challenge to choose reliable parameters so as to assess the quality and productivity of teaching. On the basis of 
above literature, it is observed that more focus should be on development of new techniques in teaching and 
learning so as to increase the percentage of enrolment of students in higher education and to create interest in 
them so as to increase overall quality. 
 

II. Results And Discussion 
2.1 Gross Enrollment Ratio 

 As per the survey made, by the year 2030 India will be amongst the youngest nation of the world. For 
the enhancement of quality teaching to support the youngest community of this nation it is necessary to take 
steps to carry out a vision 2030 document which introduce technology in the teaching learning process. Gross 
Enrollment Ratio is studied on the basis of AISHE Report 2015-16 across some popular states in India. 

 

 
Fig. 1 Gross Enrollment ratio in higher education (18-23 years) in various states of India[19] 

 
 Figure 1 shows the Gross Enrollment ratio of some popular states in India. It is observed that the 
highest GER for males and females occur in the state Chandigarh. The lowest GER occurs in the state Gujarat. 
Males as well as females are interested to go for higher education. This GER indicates that most of the young 
students are pursuing their admission in higher education. 



Role of Technology based Higher Education in Nation’s Success 

DOI: 10.9790/1959-0904020107                                    www.iosrjournals.org                                            4 | Page 

 
Fig. 2 Trend of Gross Enrollment Ratio of India in various years[19] 

 
From figure 2 it is clear that Gross Enrollment Ratio in higher education in the age group of 18-23 

years has been increased subsequently in India in the last five years. It is therefore necessary to introduce 
innovative techniques of learning in the classroom, particularly Digital Techniques. Visualization is associated 
particularly withthe smart teaching strategy for reading and attainment. Teaching through visualization skill 
helps the student understand recording and think critical about the subject they study. Computers, tablets, digital 
cameras, video conference technology and GPS devices enhance student learning experience. 

Alarge impact on education is observed with the use of Google apps like Google Docs, Google 
spreadsheets and Google calendars. Google classroom is one of the important feature of Google, a technology in 
the classroom app which provides a single dashboard to unify instructors. With the help of Google classroom, 
paperless communication between teachers and students can be facilitated. It gives good opportunity for 
students and teachers to share information with one another instantaneously instead of having to submit work. 
Students can initiate their work with the help of just one click and can view their assignment by opening Google 
Docs. Teachers have a real time view in student progress and thus can offer valuable feedback to the students. 
Google classrooms offer one step platforms for facilitating digital production, workflow and communication 
between students and teachers. Google classroom could be a free application designed to assist students and 
teachers communicate, collaborate, organize and manage assignments go paperless and much more. 

Many classrooms are using Learning Management systems which help in an alteration of the higher 
education process. Various learning management systems are classmate, Blackboard, Moodle, Edmodo and 
Google classroom. The skill and experiences provided by implementing an LMS in the classroom prepares our 
young minds for their future education and their entry into a world that is increasingly organized and advancing 
via technology. The LMS system permits for teachers and students to place all of their work in one central 
system. Students can share their work with each other allowing them to collaborate on their assignment from 
both college and home. It has been found that regardless of physical location of students, teachers can easily 
review and distribute assignment to students. Once most are working with efficiency with the LMS system the 
method of collaborating and interfacing the complete classroom is realizable. 
 

2.2 Student Enrollment at various levels of Courses in Institutions 

The total number of students enrolled in different institutions across various levels (Ph.D., M.Phil, Post 
Graduate, Under Graduate, PG Diploma, Diploma, Certificate and Integrated) is shown in below Table 1: 
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Table 1: Degree wise distribution of student enrollment at various levels of Courses in Institutions[19] 
Name of Degree Number of Students Enrolled Percentage of Students Enrolled(%) 
Under Graduate 2,74,20,450 79.3 
Post Graduate 3,92,0000 11.3 
Integrated Ph.D. 5753 0.42 
Ph.D. 1,26,451 0.66 
Diploma 2,55,0000 7.4 
PG Diploma 230000 0.7 
Certificate 140000 0.4 

 
Table 1 shows student enrollment at various levels of courses in Institutions in India. It can be seen that 

a large number of students are enrolled in UG courses which constitutes 79.3% of the total number of students. 
Next higher percentage of students enrolled in Post graduate courses. But we can see that the total number of 
students opting for PG courses is decreasing. So more emphasis needs to be given to increase the quality of PG 
education and to increase their value. So some steps need to be taken in this regard. One solution in this regard 
is to introduce new techniques of learning and introducing new technologies which makes learning interesting. 
Also more focus should be on research so large amount of funds must be released and institutes must be 
encouraged to undertake sponsored research projects in their field of interest. This leads to the development of 
institutions and students can gain practical knowledge by working on the project.Alsoa good number of research 
papers can be published which increases value of the institution and overall progress of the student. Research 
lab should be established with the help of industries at the institute so that student can do research on live 
industrial problem. This increases student thinking process. Some innovative solutions can come out using this 
process which will be beneficial for industry and also it will be great learning for students. Above techniques 
can increase students interest in higher education and the percentage of enrollment of students will be increased. 
               Another important factor is the creation of jobs for PG students after completion of their 
courses.Institutes should focus on job creation and should include courses in PG which match Industry 
Standards. Students should be encouraged to carry out internships in Industries so as to expose them to 
industrial tools and machines.  
             One of the approaches to improve teacher‟s knowledge and skills is the lesson study. In lesson study 
teachers from small groups and discuss the problems faced and the techniques to solve those problems. This 
leads to their overall improvement of knowledge and faster solutions of problems faced in teaching a topic. In 
groups teachers discuss one goal and implement it in classrooms and experiments with different methods and 
techniques which can lead them to that goal. After discussing these methods, teachers develop a „study plan‟. 
Once the study plan is developed, the plan which is prepared in the group is presented by one teacher to students 
and the role of other teachers is to observe the plan carefully note the students understanding of the concepts and 
to take the notes. After the teaching the group assembles again to discuss the observations. This collaborative 
approach not only increases students learning capability but also leads to overall development of teachers. 
                Teachers need to get the confidence to use ICT tools for upgrading their knowledge. For this to 
achieve more teachers should be exposed to the use of ICT tools. Even if some teachers gain confidence on 
using of ICT tools for their personal and students development, other teachers can get motivation from them to 
use ICT tools and this can lead to overall development of institution. Though the process is slow but it will have 
long lasting benefits in the future.  
 
2.3 Innovative Ideas In Teaching Learning Process 

 In the universe progressively complicated issues need inventive solutions. One author quoted the text 
“The best teachers are those who show you where to look but don‟t tell you what to see.” To reach academic 
pursuits of higher education it is important to introduce the following innovative ideas in teaching learning 
process. 
 Creative teaching which brings aspects of creativity into teaching. 
 Audio and video tools which incorporate audio visual materials to supplement the textbook during the 

teaching learning process which will help student imagination thrive and glow. 
 Real life illustrations:The teaching material will be easy to understand and learn if it is expressed in the real 

life way. 
 Brain storming:Helps the student to make passive thoughts. 
 Classes outside the classroom: Some lessons are become interesting when they are particularly discussed in 

outside premises of classroom. It includes organizing the field trip. 
 Roll Play: Useful in teaching learning methods to develop interpersonal skills of students. 
 Storyboard teaching:If a lesson is taught in the form of story it will never be forgotten. 
 Stimulating classroom environment: Creative and stimulating environment of the classroom will help the 

student to learn innovative ideas. 
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 Puzzles and games: Learning through puzzles and game is an exciting and interesting task to the students. 
 

2.4 Use Of Artificial Intelligence In Improving Higher Education 

 Within a short period of time Technology based education has gained a lot of importance and became 
the essential factorfor the new generation. InToday‟s world the richest countries and human societies are found 
to be those who have access to the greatest knowledge, awareness and information.The sole purpose of 
introducing technology in higher education is to broaden one‟s intellectual horizons. The Student nowadays 
goes to institution to become equipped with skills and he makes use of those skills to land him/her a well-paying 
job. But this was not the case in the earlier generation wherehis/her predecessors were giving a lot of 
importanceto intellectual gratification. Today, it has become easy to learn the courses by directly logging into 
your online course from the comfort of your living room regardless of the location. This eases the teaching 
learning process. It is also found that students nowadays prefer learning through audio visual modes for better 
understanding of the concepts. Besides advancements in technology, the transformation in educational structures 
and various modes of knowledge dissemination has a lot to owe to the policy changes which have made higher 
education more influential. Nowadays every studentexpects quality education. This leads tohigh expectation of 
student towards the university to provide them with all the skills so as to gain the employment in good industries 
that will enhance their prospects of getting a higher return on investment. Artificial Intelligence plays an 
important role in this regard. Artificial Intelligence is growing at a faster rate. The main factor for market 
growth is the adoption of ITS (intelligent tutoring systems) in the learning process. ITS is basically a computer 
system that helps to provide instant and customized feedback to learners. This can be done without the 
requirementof intervention from a human teacher. 
 The use of supercomputers in universities which provides feedback at any moment of time is replacing 
administrative staff. Machine learning is an emerging field which makes use of Artificial Intelligence. Many 
tasks which are currently done by teachers will be replaced by AI software in the near future. This AI software 
is based on complex algorithms developed by programmers. But there are some limitations on the use of AI. It is 
witnessed that the development of new car which relied on AI led to the death of driver in May 2016 when the 
car was set on autopilot mode which went under the tractor trailer which was not detected by the 
software.Nowadays research is themain source of funds and prestige in international rankings for institutions, 
therefore the use of MOOC act as an alternative solution to cut costs due to employment of academic teaching 
staff for many university administrators [20]. The development of AI can supplement the human thinking 
process thus overall developing the quality of education.It is found that Google is making effective use of AIfor 
various apps and maps, and also the latest launched cars use AI which give indications from engine section to 
breaks and alsonavigation. Self-driving car technology is being developed by companies such as Tesla, 
Volvoand Mercedes which depends on AI. 
AI is defined as the ability of computersystems to behave in ways as that of a human. AI systemsare designed so 
that they can interact with the world. Interaction is with the help ofcapabilities, such as speechrecognition, and 
intelligent behaviours. Intelligent behaviourinvolves assessmentof a situation and takingsensible actions towards 
a goal. With the development of AI systemsstudents‟ skills,such as collaboration and persistence, aswell as 
students‟ characteristics, such asconfidence and motivation can be assessed effectively. Forexample, iPhone‟s 
Siriis developed using the complex set of algorithms and is an excellent example of AI solutions that became 
part of aday to day life[21]. 
 Large numbers of students are now turning to higher education therefore it will be essential to make 
use of AI solutions in the future. The academic positions in institutes may be replaced by intelligent machines 
based on AI in the near future. But this will increase the cost of the system. 
 

III. Conclusion 
 The system of higher education leads to the growth of a nation. It is observed that various strategies are 
used in the different institution for the student‟s engagement. In this era of the young community, it is very 
necessary to introduce technological educational reforms in higher education and thereby introduce new ideas in 
teaching and learning method. Any innovative teaching and learning technique is not a quick fix or universal 
remedy. ICT is very important in increasing the quality and development of the nation. Effective utilization of 
computers and apps will increase the overall productivity. It cannot replace a conventional teaching 
methodology in education, however, rather supports it. Innovative methods should be utilized by Teachers so 
that students can increase theirself-esteem. This give rise to free flowing student learning process. However, 
giving these devices to students usually require techno-savvy teachers. Intelligent Tutoring System is another 
technique which can be used on a large scale for increasing the quality of technical education. It does not require 
intervention by the human teacher. Though Artificial Intelligence can help the institutions to grow, but there 
should be balance so that it should not lead to unemployment due to the reduction of teaching staff in Institution. 
More Research Projects should be taken by Institutions and students should be involved in those projects so that 
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students can get practical knowledge of the concepts they are applying during their theory lectures. This will 
increase the student‟s enrollment percentage in higher education and also lead to increase in Gross Enrollment 
Ratio. 
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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. 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 

The aim of this paper is to study and analyze recovered cases of Covid19 in India. The data related to recovered cases 
of covid19 disease is obtained from government website https://www.covid19india.org from 29th March to 12th August 
2020. The data is analyzed in Minitab19 statistical software using ARIMA (Autoregressive integrated Moving Average) 
method.  The forecasts of recovered case along with 95% confidence limits for next three months i.e. from 12th August 
2020 are generated under ARIMA model. The trend of forecasts so obtained is further analyzed. Also Randomness of 
error terms in the model is tested by Lunge Box chi-square statistic. The significance of Autocorrelation and Partial 
Autocorrelation is tested with the help of Autocorrelation Function (ACF) and Partial Autocorrelation Function 
(PACF). We observed that the trend of forecasts of recovered cases of covid19 in India is linear in nature. The 
recovery rate per 100 patients will range from 83.51to 85.20 during 12th August to 10 November 2020. 
________________________________________________________________________________ 
Keywords: ARIMA, Covid-19, Recovered Case, ACF, PACF, Modified Box-Pierce, India. 
 

1. Introduction 
The World Health Organization (WHO) 
proclaimed corona virus pandemic in the 
month of March 2020. Government of India 
declared nationwide lockdown from 25th 
March 2020 to prevent the spread of the corona 
virus infection in the country.  The number 
positive case of covid19 patients  were very 
few till second week of April 2020. But later 
on the number of patients covid-19 increased at 
a significant rate. Many researchers of the 
world are working on prediction of future cases 
of patients, recovery rate, death rate etc. due to 
covid19 pandemic disease.  M.H.D.M. Ribeiro 
et. al. (2020) developed the various model viz. 
ARIMA, CUBIST, RF, RIDGE, SVR, GP and 
stacking-resembling learning approaches, 
forecasts of covid-19 cases for a short period in 
10 Brazilian states. A concept of Gaussian 
process was put forward by L. Li et.al. (2020)    
to analyze the transmission and simulation of 
covid-19 cases Hubei Province and F. J. D. 
Perez et.al. (2020) assumed Gompertz Growth 
curve model for prediction covid-19 patients in 
South Korea and Hubei-China, Italy and Spain. 
SIR (Susceptible Infected and Recovered) 
concept for prediction of covid-19 cases in 
open source codes from Milan Batista was 
developed by J. Luo (2020). He adopted a 
technique of Data Driven Prediction model 
using SIR. Lead-lag Relation concept of two 

time series was suggested by J. Stubinger  et.al. 
(2020) for forecasting of covid19 infected 
cases in 10 most prominent countries. A 
rigorous study of various models for 
transmission of corona virus disease was made 
by S. Khajanchi et.al. (2020) using cumulative 
number of covid-19 confirmed cases in India. 
They developed a compartmental mathematical 
model for dynamics of transmission of the 
disease by applying six compartmental 
concepts viz. Uninfected, asymptomatic, 
symptomatic infected, unreported infected, 
quarantined and recovered (R) patients termed 
as SAIUQR, model in Indian continental and 
advanced first order nonlinear differential 
equation for forecasting of covid-19 cases in 
the different states of India perticularly 
Jharkhand, Gujarat, Andhra Pradesh, and 
Chandigarh. A Genetic Algorithm based model 
for generating future forecasts of confirmed 
cases and deceased cases of covid-19 the states 
of Maharashtra, Gujarat and Delhi and India as 
a whole was formulated and adopted by R. 
Salgotra et.al. (2020). S. He, et.al. (2020)  
composed a SEIR stochastic model for 
forecasting of covid-19 cases by grouping the 
population into sub-populations as susceptible 
(S), Exposed (E), Infected (I) and Recovered 
(R). A. Bhattacharjee et. al. (2020)  
propounded the method of prediction of covid-
19 cases by combination of recovery and case 

252-259 



Vidyabharati International Interdisciplinary Research Journal 12(1)                                ISSN 2319-4979 

 
March 2021                                                                    253                                                          www.viirj.org 

load rate on analyzing cumulative confirmed 
cases, recovered cases and number of deaths. A 
Logistic Model for prediction of confirmed 
case of covid19 in India was suggested by A. 
Das (2020) by applying the concept of 
minimization of root mean square error and 
also smoothing the data by moving averages. A 
light was thrown on the epidemiological 
pattern with respect to prevalence of incidence 
of covid-19 disease by S. Roy et.al. (2020). 
They presented ARIMA model and analyzed 
spatial distribution of covid-19 cases in India 
on GIS environment platform.  

2. Methodology 
The data relating to daily recovered cases of 
Covid-19 is taken from government of India 
website covid19.org from 24th March to 12th 
August 2020 (Table-1). The missing values are 
estimated by taking an arithmetic mean of 
preceding and succeeding observations. The 
time series data is analyzed in MINITAB19 
(2019) statistical Package by applying an 
Autoregressive Integrated Moving Average 
(ARIMA) Method of time series. Also the 
trend and forecasts related to recovered cases 
of covid19 for next 90 days i.e. from 13th 
August 2020 to 10th November 2020 is 
analyzed. An appropriate trend model is fitted 
for the forecasts of recovered cases of covid19 
disease. Random nature of error terms in the 
are tested with Modified Box-Pierce (Lunge 
Box Chi-Square) statistic and significance of 
autocorrelation and partial autocorrelation is 
explained by Autocorrelation Function (ACF) 
and Partial Autocorrelation Function (PACF) 
respectively. 
The mathematical form of ARIMA (p, d, q) 
model is as (1);  

Z� = ∅� +∈�+ ∑ φ����� Z��� + ∑ ∅� ∈�������   .......(1) 

Where Z� and are the observed value of 
response variable. ∈� denotes error term at time period t.  ∈� ~ i. i. d. N(0, σ�)            ..............(2) 
In ARIMA (p, d, q) model the constants p, d, 
and q are always integers greater than or equal 
to zero. A constant p is the order of 
autoregressive, d the order of integrated 
differencing and q the order of the moving 
average respectively.  
φ� (i=1, 2, , , p) and  ∅� (j=0,1, 2, , , q) are the 
parameters of ARIMA model to be estimated.  
The ARIMA(p, d, q) model with lags is shown 
in (3); 

φ(L)(1 − L)�Z� = ∅(L) ∈�           ..............(3) 

ACF and PACF are defined as (5) and (6).  
Coefficient of Autocorrelation at the kth lag is; 

ρ� = ����             ..............(4) 

Where �� = Covariance(Z� ,  Z���)  ..........(5)  
Covariance term at the lag zero is given as (6); r� = Variance(Z�) 

2.1 Modified Box-Pierce (Ljung-Box)            
Chi-Square Statistic 

Ljung-Box Chi-Square Statistic Q is to test 
randomness of error terms is; Q = n(n + 2) ∑ �����������          ..............(7) 

Where r�� is the sample autocorrelation at the 
kth lag, and m is the number of lags to be tested 
for independence of residual terms in the 
model.

 

Table-1: Daily Recovered Cases of Covd-19 in India from 24th march to 12th August 2020 
SN Date Rcvd SN Date Rcvd SN Date Rcvd SN Date Rcvd 

1. 24-Mar 2 39. 01-May 962 77. 08-Jun 5171 115. 16-Jul 22867 
2. 25-Mar 0 40. 02-May 831 78. 09-Jun 5723 116. 17-Jul 17486 
3. 26-Mar 0 41. 03-May 911 79. 10-Jun 6275 117. 18-Jul 23532 
4. 27-Mar 0 42. 04-May 1082 80. 11-Jun 6044 118. 19-Jul 23918 
5. 28-Mar 0 43. 05-May 1295 81. 12-Jun 7263 119. 20-Jul 24303 
6. 29-Mar 91 44. 06-May 1385 82. 13-Jun 8091 120. 21-Jul 27589 
7. 30-Mar 42 45. 07-May 1475 83. 14-Jun 7358 121. 22-Jul 32875 
8. 31-Mar 19 46. 08-May 1111 84. 15-Jun 7292 122. 23-Jul 33326 
9. 01-Apr 21 47. 09-May 1414 85. 16-Jun 7226 123. 24-Jul 32514 

10. 02-Apr 22 48. 10-May 1669 86. 17-Jun 6890 124. 25-Jul 32013 
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2.2 ARIMA(1, 1, 1) Model: For 
Recovered cases of covid-19 

Assuming the parameters of the model with 
p =1, d=1 and q=1 an ARIMA model for 

analysis of recovered cases is represented 
as ARIMA(1, 1, 1). The results are 
presented as Table-2 below; 

 

Table-2: Estimates parameters at Each Iteration 

Iteration SSE Parameters 
0 1174719593 0.100 0.100 0.100 0.100 408.979 

1 965667991 -0.050 0.017 0.250 0.183 493.008 

2 939709299 0.020 -0.108 0.349 0.033 522.031 

3 914549181 0.091 -0.223 0.456 -0.117 544.810 

4 884695208 0.120 -0.330 0.549 -0.267 584.084 

5 861442504 0.088 -0.370 0.662 -0.390 619.740 

6 860046680 0.151 -0.301 0.740 -0.388 555.073 

7 859806313 0.201 -0.301 0.789 -0.421 530.736 

8 859776918 0.221 -0.299 0.809 -0.432 520.256 

9 859774603 0.225 -0.300 0.812 -0.435 518.908 

10 859774428 0.226 -0.300 0.813 -0.436 518.410 

11 859774415 0.226 -0.300 0.814 -0.436 518.300 

12 859774414 0.226 -0.300 0.814 -0.437 518.264 
 

11. 03-Apr 39 49. 11-May 1787 87. 18-Jun 10741 125. 26-Jul 31512 
12. 04-Apr 56 50. 12-May 1905 88. 19-Jun 9029 126. 27-Jul 34354 
13. 05-Apr 43 51. 13-May 1963 89. 20-Jun 9052 127. 28-Jul 35683 
14. 06-Apr 65 52. 14-May 1594 90. 21-Jun 9075 128. 29-Jul 32886 
15. 07-Apr 81 53. 15-May 2234 91. 22-Jun 10879 129. 30-Jul 34720 
16. 08-Apr 96 54. 16-May 4012 92. 23-Jun 10462 130. 31-Jul 36554 
17. 09-Apr 70 55. 17-May 3247 93. 24-Jun 13089 131. 01-Aug 51368 
18. 10-Apr 151 56. 18-May 2482 94. 25-Jun 13983 132. 02-Aug 40355 
19. 11-Apr 186 57. 19-May 3032 95. 26-Jun 14106 133. 03-Aug 43070 
20. 12-Apr 114 58. 20-May 3113 96. 27-Jun 14229 134. 04-Aug 51220 
21. 13-Apr 141 59. 21-May 3131 97. 28-Jun 11631 135. 05-Aug 50681 
22. 14-Apr 167 60. 22-May 3280 98. 29-Jun 13497 136. 06-Aug 50141 
23. 15-Apr 144 61. 23-May 3283 99. 30-Jun 12565 137. 07-Aug 50387 
24. 16-Apr 258 62. 24-May 3285 100. 01-Jul 12064 138. 08-Aug 52135 
25. 17-Apr 273 63. 25-May 3012 101. 02-Jul 13241 139. 09-Aug 54474 
26. 18-Apr 426 64. 26-May 3585 102. 03-Jul 14417 140. 10-Aug 47362 
27. 19-Apr 422 65. 27-May 3434 103. 04-Jul 14746 141. 11-Aug 52561 
28. 20-Apr 419 66. 28-May 3171 104. 05-Jul 15829 142. 12-Aug 57759 
29. 21-Apr 703 67. 29-May 3737 105. 06-Jul 2250  

Source: 
https://www.covid19india.org 
 
Rcvd: Recovered cases 
 

30. 22-Apr 394 68. 30-May 4303 106. 07-Jul 16836 
31. 23-Apr 642 69. 31-May 4928 107. 08-Jul 18122 
32. 24-Apr 542 70. 01-Jun 3882 108. 09-Jul 19408 
33. 25-Apr 442 71. 02-Jun 4531 109. 10-Jul 20289 
34. 26-Apr 585 72. 03-Jun 4461 110. 11-Jul 19981 
35. 27-Apr 580 73. 04-Jun 4390 111. 12-Jul 18198 
36. 28-Apr 636 74. 05-Jun 4770 112. 13-Jul 19587 
37. 29-Apr 690 75. 06-Jun 5433 113. 14-Jul 20976 
38. 30-Apr 826 76. 07-Jun 5191 114. 15-Jul 20646 
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Table-3: Final Estimates of Parameters 
Type Coef SE Coef T-Value P-Value 

AR   1 0.226 0.403 0.56 0.576 

AR   2 -0.300 0.181 -1.66 0.100 

MA   1 0.814 0.401 2.03 0.045 

MA   2 -0.437 0.219 -1.99 0.049 

Constant 518 165 3.13 0.002 

3. Results and Discussion 
As the p-values of AR1 and AR2 parameters of 
the model (Table-3) are greater than 0.05 
except for MA1, MA2 and constant term thus 
it indicates that the parameters AR1and AR2 
are insignificant while MA1, MA2 and 
constant term are significant at 5% level of 
significance in the model.  
ARIMA model for Recovered cases of covid-
19 is obtained as under Z�(recovered ) = 518 + 0.226 ∗ X��� − 0.3 ∗X��� + 0.814 ∗∈���− 0.437 ∗∈���  ...........(9) 

 
 
 

Table-4:Modified Box-Pierce (Ljung-Box) 
Chi-Square Statistic 

Lag 12 24 36 48 
Chi-Square 24.27 44.01 52.88 54.62 
DF 7 19 31 43 
P-Value 0.001 0.001 0.008 0.110 

As the p-values of Ljung-Box Chi-Square 
Statistic (Table-4) for the 12th , 24th and 36th 
lags are less than 0.05 indicate that an error 
terms are not random in the model at these lags 
at 5% level. It means that error terms are 
having certain pattern for the recovered case of 
covid-19 in India at 12th, 24th and 36th lags. As 
the p-value of Ljung-Box Chi-Square Statistic 
at 48th lag is greater than 0.05 indicates that the 
error terms are random at 48th lag at 5% level 
of significance. 

Forecasts of Recovered Cases Under 
ARIMA(1, 1, 1) Model: 

The prediction of daily recovered cases for 
next 90 days from 13th  August to 10th 

November 2020 along with 95% confidence 
limits are presented in table-5 below. the plot 
of time series data along with forecasts and 
confidence limits is shown in figure-1. From 
figure-1 it is observed that predicted recovered 
cases of covid-19 has an increasing tendency.   

Table-5: Forecasts from period 12th August to 10th November 2020 
Daily Recovered 

 95% Limits Daily Recovered 95%  Limits Daily Recovered 95% Limits 

Day Forecast Lower Upper Day Forecast Lower Upper Day Forecast Lower Upper 
13-Aug 55034 49503.7 60566 12-Sep 69385 51187.0 87582 12-Oct 83858 58566.6 109149 
14-Aug 54421 48439.2 60405 13-Sep 69867 51389.1 88345 13-Oct 84340 58846.6 109834 
15-Aug 55619 49210.6 62029 14-Sep 70350 51595.3 89104 14-Oct 84823 59128.1 110517 
16-Aug 56593 49393.3 63793 15-Sep 70832 51805.6 89858 15-Oct 85305 59411.2 111199 
17-Aug 56972 48968.0 64975 16-Sep 71315 52019.7 90609 16-Oct 85788 59695.9 111879 
18-Aug 57283 48644.8 65921 17-Sep 71797 52237.5 91356 17-Oct 86270 59982.0 112558 
19-Aug 57758 48570.4 66946 18-Sep 72279 52458.8 92100 18-Oct 86752 60269.5 113235 
20-Aug 58290 48568.9 68011 19-Sep 72762 52683.5 92840 19-Oct 87235 60558.5 113911 
21-Aug 58786 48544.5 69028 20-Sep 73244 52911.5 93577 20-Oct 87717 60848.9 114585 
22-Aug 59257 48520.9 69992 21-Sep 73727 53142.6 94311 21-Oct 88200 61140.7 115259 
23-Aug 59732 48528.5 70936 22-Sep 74209 53376.7 95041 22-Oct 88682 61433.8 115930 
24-Aug 60217 48564.3 71869 23-Sep 74692 53613.8 95769 23-Oct 89165 61728.2 116601 
25-Aug 60702 48616.1 72787 24-Sep 75174 53853.7 96494 24-Oct 89647 62023.9 117270 
26-Aug 61184 48680.0 73688 25-Sep 75656 54096.4 97216 25-Oct 90129 62320.8 117938 
27-Aug 61666 48757.0 74574 26-Sep 76139 54341.6 97936 26-Oct 90612 62618.9 118605 
28-Aug 62148 48847.0 75449 27-Sep 76621 54589.5 98653 27-Oct 91094 62918.3 119270 
29-Aug 62631 48948.6 76313 28-Sep 77104 54839.7 99368 28-Oct 91577 63218.8 119934 
30-Aug 63113 49060.4 77166 29-Sep 77586 55092.4 100080 29-Oct 92059 63520.6 120598 
31-Aug 63596 49181.5 78010 30-Sep 78069 55347.4 100790 30-Oct 92542 63823.4 121260 
01-Sep 64078 49311.5 78844 01-Oct 78551 55604.7 101497 31-Oct 93024 64127.4 121921 
02-Sep 64560 49449.8 79671 02-Oct 79033 55864.2 102203 01-Nov 93506 64432.4 122580 
03-Sep 65043 49595.7 80490 03-Oct 79516 56125.7 102906 02-Nov 93989 64738.5 123239 
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04-Sep 65525 49748.8 81302 
05-Sep 66008 49908.7 82107 
06-Sep 66490 50074.9 82905 
07-Sep 66973 50247.0 83698 
08-Sep 67455 50424.8 84485 
09-Sep 67937 50608.0 85267 
10-Sep 68420 50796.2 86043 
11-Sep 68902 50989.3 86815 
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 04-Oct 79998 56389.4 103607 03-Nov 94471
 05-Oct 80481 56655.0 104306 04-Nov 94954
 06-Oct 80963 56922.7 105004 05-Nov 95436
 07-Oct 81446 57192.2 105699 06-Nov 95919
 08-Oct 81928 57463.5 106392 07-Nov 96401
 09-Oct 82410 57736.7 107084 08-Nov 96883
 10-Oct 82893 58011.6 107774 09-Nov 97365
 11-Oct 83375 58288.3 108462 10-Nov 97848

                 ISSN 2319-4979 

                                                 www.viirj.org 

94471 65045.7 123897 
94954 65353.9 124553 
95436 65663.2 125209 
95919 65973.4 125864 
96401 66284.7 126517 
96883 66596.9 127170 
97365 66910.0 127822 
97848 67224.1 128472 
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There is significant autocorrelation at lag 
numbers 5, 9, 11 and 19 at 5% level of 
significance. (Figure-2).  Partial autocorrelation 
is significant at lag numbers 5, 9 11 and 21 at 
5% level of significance. (Figure
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numbers 5, 9, 11 and 19 at 5% level of 

2).  Partial autocorrelation 
is significant at lag numbers 5, 9 11 and 21 at 

-3).   

Trend Analysis for Forecast of 
Cases: 

The trend model which explains the data best is 
the linear trend model (Figure
linear trend model is fitted for the predicted 
confirmed cases of covid-

Fitted Trend Equation: Linear ModelZ� = 54393.5 +  483.020
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Trend Analysis for Forecast of Recovered 

The trend model which explains the data best is 
the linear trend model (Figure-5). Thus the 
linear trend model is fitted for the predicted 

-19 in India.  

Fitted Trend Equation: Linear Model 020 ∗ t       .............(10) 
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Table-6: Rate of Recovery  
Rate of recovery per 100 confirmed cases 

13-Aug 83.51 31-Aug 85.27 18-Sep 85.26 06-Oct 85.23 24-Oct 85.22 

14-Aug 84.84 01-Sep 85.30 19-Sep 85.26 07-Oct 85.23 25-Oct 85.21 

15-Aug 84.07 02-Sep 85.27 20-Sep 85.25 08-Oct 85.23 26-Oct 85.21 

16-Aug 86.36 03-Sep 85.29 21-Sep 85.25 09-Oct 85.23 27-Oct 85.21 

17-Aug 84.98 04-Sep 85.27 22-Sep 85.25 10-Oct 85.23 28-Oct 85.21 

18-Aug 85.68 05-Sep 85.28 23-Sep 85.25 11-Oct 85.23 29-Oct 85.21 

19-Aug 84.91 06-Sep 85.27 24-Sep 85.25 12-Oct 85.23 30-Oct 85.21 

20-Aug 85.57 07-Sep 85.28 25-Sep 85.25 13-Oct 85.23 31-Oct 85.21 

21-Aug 85.12 08-Sep 85.27 26-Sep 85.25 14-Oct 85.23 01-Nov 85.21 

22-Aug 85.47 09-Sep 85.27 27-Sep 85.24 15-Oct 85.22 02-Nov 85.21 

23-Aug 85.17 10-Sep 85.27 28-Sep 85.24 16-Oct 85.22 03-Nov 85.21 

24-Aug 85.40 11-Sep 85.27 29-Sep 85.24 17-Oct 85.22 04-Nov 85.21 

25-Aug 85.22 12-Sep 85.26 30-Sep 85.24 18-Oct 85.22 05-Nov 85.21 

26-Aug 85.36 13-Sep 85.27 01-Oct 85.24 19-Oct 85.22 06-Nov 85.21 

27-Aug 85.24 14-Sep 85.26 02-Oct 85.24 20-Oct 85.22 07-Nov 85.20 

28-Aug 85.33 15-Sep 85.26 03-Oct 85.24 21-Oct 85.22 08-Nov 85.20 

29-Aug 85.26 16-Sep 85.26 04-Oct 85.24 22-Oct 85.22 09-Nov 85.20 

30-Aug 85.31 17-Sep 85.26 05-Oct 85.24 23-Oct 85.22 10-Nov 85.20 

 
4.  Conclusions 

An ARIMA method of time series for 
predicting the forecasts of covid19 confirmed 
cases has an increasing trend. For the period 
i.e. from 13th August to 10th November 2020 
the daily number of recovered cases of covid-
19 in India will be having an increasing 
tendency. It is predicted that the recovered 
cases on 10th of November will 97848 with 

confidence coefficient (67224 to 128472). 
Prediction of recovered cases with 95% 
confidence limits are shown in Table-5.  It is 
observed that the rate of recovery of covid-19 
patients in India will be around 85% to 86% of 
confirmed cases for the period of 90 days from 
13th August to 10th November 2020 in India.  
Prediction of recovered case and recovery rate 
of covid19 cases will certainly helps the 
government to form the policies for the nation.
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Abstract 
The main objective of this study is to generate and analyze forecasts of area under Peanut and yield of 
peanut (in quintal/hectare) in India. The data related to area under the crop and yield per hectare is 
extracted from Government of India, Directorate of Economics and Statistics from the year 19701-71 to 
2017-18. An Autoregressive Integrated Moving Average (ARIMA) model is used for analysis of the data 
in MINITAB19 statistical software. Randomness of error terms in the model are tested by using Ljung-
Box Chi-Square Statistic and Autocorrelation function and Partial Autocorrelation functions. Forecasts 
related to yield and area of Peanut along with 95% confidence intervals for the period of next 15 years 
i.e. from 2018-19 to 2032-33 are generated by fitting an ARIMA model. We observed that even though 
there is downward trend for area under Peanut, yield quintal per hectare showed upward trend. 
 
Keywords: ARIMA, ljung-box chi-square statistic, ACF, PACF, forecast, peanut, India 
 
Introduction 
India is most prominent importer of edible and vegetable oil, in which Palm oil and 
hydrogenated palm oil has the major share. India import about 160 lakh tons of edible oil, in 
which Palm oil contribute about 85-95 lakh tones. Indian continental is rich in flora and fauna, 
fertile and productive land in belt of Ganga, Bramhaputra, Godawari, Kaveri, Krushna, 
Narmada etc valley. In India mainly nine edible oilseed crops are grown. India need nearly Rs. 
80000 crore forex for import of edible oil per year. Soybean, mustard and Rapeseed, Peanut 
and Sunflower contribute more in term of area under the crop and yield. After 1980’s soybean 
became a major vegetable oilseed followed by mustard and peanut. India was the prominent 
producer of Peanut till 1990's now it is second largest producer of peanut after China. Peanut is 
cultivated in more than 100 countries and China is the most prominent producer of peanut 
while India is next to China in terms of production as well as average yield. India contributes 
about 21% of world production of peanut but average yield per hectare is significantly low as 
compared to United States and China. United States has recorded highest yield 4.1 tons per 
hectare, China 3.6 tons per hectare and India has recorded only 1.8 tons per hectare. 
 
Review of literature 
Agashe DR et al. [1] revealed on linear regression model for the analysis of trends in area, 
production and productivity of peanut in various districts of Chhattisgarh, India and noticed an 
increasing trends with respect to area under crop and production of peanut due to modern 
facilities and technologies of irrigation and high yield varieties of the crop. The analysis of 
trend in area under crops, production and productivity of non-food grains in India was made 
by Mukesh Kumar & Shallu Sehgal [2] adopting the compound growth rate model for peanut, 
sunflower, soya bean, rapeseed & mustard, coffee, cotton jute for the period of 1980-81 to 
2012-13. They remarked that there is increasing trends in area and production of peanut in 
India. V. Balakrishnama Naidu, A. Siva Sankar, C. Leelavathi [3] presented rigorous study of 
trends in area and production of Peanut, Sesame, Sunflower oilseeds in the state of Andhra 
Pradesh, India and also in Chittoor district of the same state for the period 1996-97 to 2011-12. 
They assumed the compound growth rate model for the analysis of trend and observed that the 
area, production and yield of Peanut and sesame are decreasing during the study period i.e. 
from 1996-97 to 2011-12 in the state of Andhra Pradesh. 
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The work on the trend with respect to area, production and productivity of peanut was moved by G Shruthi et al. [5] on extracting 
the time series data from directorate of economics and statistics, India of the period 2000-01 to 2013-14. Their results are also 
based on compound growth rate model and showed that the area and production of peanut in India has a decreasing trend while 
the productivity was increasing trend over the years. Also Santosh Kumar et al. [6] focused on the problem of instability analysis 
with respect to area under crop, production and productivity of Soybean in India by applying compound growth rate model on the 
time series data for the period 1996-97 to 2015-16. They noted that growth rate of area, production and productivity of Soybean 
was increasing during the study period. They have examined instability with respect to area, production and productivity of 
Soybean on the basis of coefficient of variation and instability index based on coefficient of variation and R2. A comparative study 
of trends of area, production and productivity of peanut among district level (Anantpur), State level (Andhra Pradesh) and national 
level (India) was conceived by Dr. B. Madhusudhana [7] by conducting a survey. He perceived that growth rate of area has 
declining trend in Anantpur district, Andhra Pradesh and at national level. Chandra Mohan Misra [8] examined the trends in area 
under cultivation, production and productivity of Peanut in India by applying the technique of orthogonal polynomial on the time 
series data and made some recommendations for resolving the challenges and issues related to peanut cultivation in India. A 
impact of cultivation technology, machinery, chemical control, sowing period, varieties of peanut, crop rotation, seed treatment, 
fertilizer management, irrigation management and inter cultural operations was explained by Ramapadmaja, T. Umamahaswara 
Rao [9]. 
 
Methodology 

The time series data for the analysis is extracted from Directorate of Economics and Statistics, Ministry of Agriculture and farmer 
welfare, Government of India, from 19701-71 to 2017-18. The same data is analyzed for forecast and trend with respect area 
under peanut and yield of peanut quintal/hectare by assuming the Autoregressive Integrated Moving Average (ARIMA) in 
MINITAB19 software. The forecasts for next 15 years from 2017-18, with respect to area and yield of peanut are generated along 
with 95% confidence limits. The tests for independence of error terms are made using Ljung-Box Chi-Square Statistic and 
Autocorrelation function (ACF) and Partial Autocorrelation function (PACF).  
 
An ARIMA (p, d, q) model is mathematically described as (1); Yt = θ0 + εt + ∑ φipi=1 Yt−i + ∑ θjϵt−jqj=1  … (1) 

 
Where Yt and εt are the observed value and random error at time the period t respectively. 
Also εt assumed to be Normal distribution N (0, σ2). 
φi (i=1, 2, p) and θj (j=0,1, 2, q) are termed as the parameters of the model.  
 
Where p is the order of autoregressive, d is the order of integrated and q the order of the moving average. The parameters p, d and 
q are assumed to be integers greater than or equal to zero. 
A mathematical formulation of ARIMA (p, d, q) model using lag polynomials is as shown in (2). φ(L)(1 − L)dyt = θ(L)ϵt … (2) 
 
This is rewritten as (3). [1 − ∑ φiLipi=1 ](1 − L)dyt = [1 + ∑ θjLjqj=1 ]ϵt … (3)  

 
Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF) [4] functions are expressed (4) to (6); 
Autocorrelation Coefficient at kth lag is. ρk = γkγ0 … (4) γk = Cov (yt,  yt+k) … (5)  
 
Covariance at lag zero is; γ0 = Cov(yt,  yt) = Var(yt) … (6)  
 
Ljung-Box-Pierce statistic Q is. Q = n(n + 2) ∑ ρi2n−iki=1  … (7) 

 
Where ρi is the autocorrelation at ith lag and k is the number of lags to be tested. 
Statistic Q follows chi-square distribution with k-p-q degrees of freedom. 

 
Table 1: Area under peanut (million hectare) and yield (quintal/hectare) in India 

 

Year Area Yield Year Area Yield Year Area Yield 

1970-71 7.33 8.34 1986-87 6.98 8.41 2002-03 5.94 6.94 
1971-72 7.51 8.23 1987-88 6.84 8.55 2003-04 5.99 13.57 
1972-73 6.99 5.85 1988-89 8.53 11.32 2004-05 6.64 10.2 
1973-74 7.02 8.45 1989-90 8.71 9.3 2005-06 6.74 11.87 
1974-75 7.06 7.24 1990-91 8.31 9.04 2006-07 5.62 8.66 
1975-76 7.22 9.35 1991-92 8.67 8.18 2007-08 6.29 14.59 
1976-77 7.04 7.47 1992-93 8.17 10.49 2008-09 6.16 11.63 
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1977-78 7.03 8.66 1993-94 8.32 9.41 2009-10 5.48 9.91 
1978-79 7.43 8.35 1994-95 7.85 10.27 2010-11 5.86 14.11 
1979-80 7.17 8.05 1995-96 7.52 10.07 2011-12 5.26 13.23 
1980-81 6.8 7.36 1996-97 7.6 11.38 2012-13 4.72 9.95 
1981-82 7.43 9.72 1997-98 7.09 10.4 2013-14 5.51 17.64 
1982-83 7.22 7.32 1998-99 7.4 12.14 2014-15 4.77 15.52 
1983-84 7.54 9.4 1999-00 6.87 7.64 2015-16 4.6 14.65 
1984-85 7.17 8.98 2000-01 6.56 9.77 2016-17 5.34 13.98 
1985-86 7.12 7.19 2001-02 6.24 11.27 2017-18 4.91 18.68 

Source: Directorate of Economics and Statistics, Government of India 
Area in Million Hectare: Yield in Quintal per Hectare 

 

Result and discussion 

Setting the parameters values as p=1, d=1 and q=1 in ARIMA (p, d, q) model for area under peanut the results obtained using 
MINITAB19 software are presented in Table No 2.  
 
ARIMA model (Area): ARIMA (1, 1, 1) Area under Peanut (in Million Hectare)  Yt = −0.0513 − 0.004Yt−1 − 0.357 ∈t−1 … (8) 

 
Table 2: Estimates parameters at Each Iteration in ARIMA (1, 1, 1) 

 

Iteration SSE Parameters 

0 11.8544 0.100 0.100 0.044 
1 10.1825 -0.050 0.249 -0.077 
2 10.0907 0.059 0.399 -0.054 
3 10.0797 -0.024 0.336 -0.053 
4 10.0790 0.008 0.368 -0.051 
5 10.0788 -0.009 0.351 -0.052 
6 10.0787 -0.001 0.359 -0.051 
7 10.0787 -0.005 0.355 -0.051 
8 10.0787 -0.003 0.357 -0.051 
9 10.0787 -0.004 0.356 -0.051 
10 10.0787 -0.004 0.357 -0.051 
11 10.0787 -0.004 0.356 -0.051 
12 10.0787 -0.004 0.357 -0.051 
13 10.0787 -0.004 0.357 -0.051 
14 10.0787 -0.004 0.357 -0.051 

 
Table 3: Final Estimates of Parameters for area under peanut 

 

Type Coefficient SE Coef T-Value p -Value 

AR 1 -0.004 0.425 -0.01 0.993 
MA 1 0.357 0.396 0.90 0.373 

Constant -0.0513 0.0450 -1.14 0.261 

 
Table 4: Ljung-Box Chi-Square Statistic at different lags 

 

Ljung-Box Chi-Square Statistic 

Lag 12 24 36 

Chi-Square 7.35 16.20 19.94 
DF 9 21 33 

P-Value 0.600 0.758 0.964 

 

It was is observed that the model converges in 14 iterations as there is no significant change in estimates of parameters after 14th 

iteration (Table No. 2). As the p-value for order of Auto regression AR1 is found to be 0.993 which indicates that order of auto 
regression is not significant at 5% level. Similarly an order of moving average MA1 is insignificant at 5% level of significance 
(Table No 3). 
 
For testing randomness of error terms in the model we set up null hypothesis as 

H01: An error terms are random in nature in the ARIMA model 

As the p-value of Ljung-Box Chi-Square Statistic for all lags is greater than 0.05 is an indication that error terms are random in 
nature (Table No. 4). Also all no correlation for ACF and PACF are significant (Figure 3 and Figure 4). 
Forecast of Area under Peanut (Million Hectare) with 95% confidence Limits is shown in the following Table No. 5, Figure 1 and 
Figure 2. The forecasts estimates of area under peanut for the period of next 15 years i.e. from 2019 to 2033 exhibits that 
decreasing trend in the area of peanut in India. It will range from 4.90697 to 4.1915 million hectare with lower value 1.75386 and 
higher value of 6.62914 respectively. 
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Table 5: Forecast of area under peanut (Million Hectare) with 95% confidence limits 
 

Year Forecast Lower Upper Year Forecast Lower Upper Year Forecast Lower Upper 

2019 4.906 3.969 5.845 2024 4.651 3.012 6.290 2029 4.396 2.275 6.516 
2020 4.855 3.742 5.969 2025 4.600 2.854 6.346 2030 4.345 2.140 6.548 
2021 4.804 3.538 6.070 2026 4.549 2.702 6.395 2031 4.294 2.009 6.578 
2022 4.753 3.352 6.154 2027 4.498 2. 555 6.440 2032 4.242 1.880 6.604 

 

 
 

Fig 1: Time series plot of area under Peanut 

 

 
 

Fig 1: Time Series Plot of Forecast of Area under Peanut 
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Fig 3: Graph of Autocorrelation function 
 

 
 

Fig 4: Graph of Partial Autocorrelation function 

 
For generating the forecasts of yield of peanut with p=1, d=1 and q=1 in ARIMA (p, d, q) model it was observed that all the 
parameters were significant at 5%. Also p-value of Ljung-Box Chi-Square for 12 lags was less than 0.05. It was an indication that 
error terms are not independent. Thus we have changed the values of parameters p, d and q to fit a suitable ARIMA model for this 
data. 
 
The parameters were set as p = 2, d =1 and q = 2, thus ARIMA model for yield forecasts is now expressed as;  
ARIMA Model (Yield): ARIMA (2, 1, 2) Yield of Peanut (quintal/Hectare) obtained is as; Yt = 0.315 − 0.45Yt−1 − 0281Yt−2 + 0.772 ∈t−1− 0.21 ∈t−2 
 … (9) 

 

http://www.mathsjournal.com/


 

~56~ 

International Journal of Statistics and Applied Mathematics http://www.mathsjournal.com 
 

Table 6: Estimates parameters at each iteration for yield of peanut 
 

ARIMA model for yield of peanut (Quintal/ Hectare) 

Iteration SSE Parameters 

0 345.428 0.100 0.100 0.100 0.100 0.256 
1 252.409 -0.050 0.025 0.250 0.175 0.195 
2 243.357 0.065 -0.056 0.400 0.069 0.187 
3 233.482 0.175 -0.133 0.550 -0.043 0.180 
4 218.241 0.257 -0.207 0.700 -0.156 0.177 
5 177.406 0.183 -0.271 0.850 -0.262 0.198 
6 158.940 0.033 -0.253 0.828 -0.238 0.220 
7 144.102 -0.117 -0.248 0.820 -0.232 0.246 
8 135.309 -0.267 -0.250 0.810 -0.227 0.274 
9 132.225 -0.409 -0.257 0.800 -0.224 0.303 

10 132.185 -0.457 -0.281 0.763 -0.200 0.316 
11 132.185 -0.435 -0.275 0.786 -0.222 0.312 
12 132.181 -0.455 -0.283 0.766 -0.204 0.316 
13 132.180 -0.446 -0.280 0.775 -0.213 0.315 
14 132.180 -0.452 -0.282 0.770 -0.208 0.316 
15 132.180 -0.448 -0.280 0.774 -0.212 0.315 
16 132.180 -0.451 -0.282 0.771 -0.209 0.316 
17 132.180 -0.449 -0.281 0.773 -0.211 0.315 
18 132.180 -0.451 -0.281 0.771 -0.209 0.316 
19 132.180 -0.449 -0.281 0.772 -0.211 0.315 
20 132.180 -0.450 -0.281 0.772 -0.210 0.315 
21 132.180 -0.450 -0.281 0.772 -0.210 0.315 

 
Table 7: Final Estimates of Parameters for Yield of peanut 

 

Type Coef SE Coef T-Value P-Value 

AR 1 -0.450 0.581 -0.77 0.443 
AR 2 -0.281 0.299 -0.94 0.353 
MA 1 0.772 0.575 1.34 0.187 
MA 2 -0.210 0.455 -0.46 0.647 

Constant 0.315 0.114 2.77 0.008 

 
Table 8: Ljung-Box Chi-Square Statistic 

 

Lag 12 24 36 

Chi-Square 9.32 15.64 24.38 
DF 7 19 31 

P-Value 0.230 0.681 0.795 

 

From the Table No. 6 there is no significant change in the estimates of the parameters after 21st iteration. Thus the model 
converges in 21 iterations. The p-values for order of Auto regression AR1, AR2 and moving average MA1, MA2 are greater than 
0.05 which indicates that order of auto regression and moving average are not significant at 5% level of significance (Table-7).  
 
H02: An error terms are random in nature  

The p-value of Ljung-Box Chi-Square Statistic for all lags is greater than 0.05 which indicates that error terms are independent 
(Table No.8). Also all no correlation for ACF and PACF are significant (Figure 7 and Figure 8).Forecast of yield Peanut (quintal/ 
Hectare) with 95% confidence Limits is shown in the following Table No. 9, and Figure 5 and Figure 6 shows trend of forecasts 
of productivity of peanut. The forecasts estimates of area under peanut for the period of next 15 years i.e. from 2019 to 2033 
exhibits an increasing trend in the productivity (yield/Hectare) in India. It will range from 14.8914 to 18.6886 with lower 11.3524 
and highest 23.5144 quintal/ hectare respectively. 
 

Table 9: Forecast of yield of peanut (Quintal per Hectare) with 95% confidence Limits 
 

Year Forecast Lower Upper Year Forecast Lower Upper Year Forecast Lower Upper 

2019 14.891 11.430 18.352 2024 17.114 13.079 21.150 2029 17.956 13.460 22.453 
2020 16.112 12.567 19.657 2025 17.217 13.070 21.363 2030 18.142 13.562 22.723 
2021 16.943 13.288 20.598 2026 17.399 13.166 21.632 2031 18.324 13.659 22.988 
2022 16.542 12.652 20.432 2027 17.604 13.283 21.924 2032 18.505 13.760 23.251 
2023 16.804 12.857 20.751 2028 17.776 13.365 22.187 2033 18.688 13.862 23.514 
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Fig 5: Time Series Plot of Yield 
 

 
 

Fig 6: Time Series Plot of forecast Yield 

 

 
 

Fig 7: ACF for yield of peanut 
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Fig 8: PACF for yield of peanut 

 
Conclusion 

We have adopted ARIMA model for analyzing the forecasts trend of area under peanut and productivity in quintal per hectare. 
ARIMA (1, 1, 1) model was proper model for estimating the forecasts of area under the crop peanut. All error terms were 
observed to independent in the said model. An ARIMA (1, 1, 1) model showed that there is downward trend with respect to area 
under peanut. While adopting ARIMA (1, 1, 1) model for analysis of forecasts with respect to yield (quintal/Hectare) of ground, 
showed insignificance of the model also error terms were observed to dependent. To find a suitable ARIMA model the values of 
p, d and q are changed and taken as p = 2, d = 1 and q = 2 resulting ARIMA (2, 1, 2) model. It was found that ARIMA (2, 1, 2) 
model showed insignificant results and also error term was observed to random in nature. Hence we may conclude that ARIMA 
(2, 1, 2) would be the proper model for analysis of forecasts of yield of peanut. Finally we conclude that ARIMA (1, 1, 1) model 
showed decreasing trend with respect to area under peanut from 2019 to 2033. While an ARIMA (2, 1, 2) model exhibits 
increasing trend with respect to productivity of peanut for the period 2019 to 2033. Area under peanut is decreasing while the 
yield of peanut in quintal per hectare is increasing. An increase in yield of peanut may be attributed to number of factors such as, 
quality of seed, irrigation facilities, fertilizers etc. 
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________________________________________________________________________________ 

ABSTRACT 
This study relates to trend analysis of annual expenditure on agriculture, allied sector and rural development in the 
state of Maharashtra. The secondary data is extracted from the economic surveys of Maharashtra from 2012-13 to 
2018-19. The Holt-Winters method assuming multiplicative model is adopted for the analysis of annual expenditure on 
agriculture and rural development in Maharashtra. The data relating to the annual expenditure on agriculture and 
rural development is analyzed in MINITAB19 statistical software and an appropriate trend model is fitted to the given 
time series data. Mean absolute percent error, Mean absolute deviation and mean squared errors are also estimated 
for testing the fit of the model to the  data under study. Also the forecasts for next five years are obtained. We observed 
an increasing trend in annual expenditure on the above sector in the State of Maharashtra. 
________________________________________________________________________________  
Keywords: Trend, Forecasts, Expenditure on Agriculture, Rural development, Maharashtra. 
 

Introduction 
The main objective of agricultural labourers is 
to boost productivity and gain. so as to realize 
this objective, they're creating use of scientific, 
fashionable and innovative ways within the 
production processes. Agricultural 
development is AN integral a part of overall 
economic development. In India, agriculture 
was the most supply of value and occupation at 
the time of Independence. Agriculture and 
allied activities contributed nearly fifty percent 
to India’s value. According to Amarnath 
Tripathi and A.R. Prasad [1] around seventy 
two percent of total operating population was 
engaged in Republic of India. when sixty one 
year of Independence, the share of agriculture 
in total value declined from fifty percent in 
1950 to eighteen percent in 2007-08. Changes 
in Land Use Pattern in Republic of India from 
1950-51 to 2001-02. The Government of 
Maharashtra has created an outsized variety of 
Major, Medium and Minor Irrigation comes to 
make sure the regular provide of water to the 
agricultural sector. The operation and 
maintenance of the irrigation infrastructure 
remained the responsibility of the government 
so as to enhance the management of the 
prevailing irrigation schemes, as well as the 
availability of irrigation water in a very timely 
and even handed manner, the govt developed a 
policy and issued numerous tips to involve 
water users within the O&M of existing 

irrigation (sub-) systems [2]. Ashok Dhawale 
[3] thrown light on suicides of a poor 
smallholder or agricultural labourer in the 
various states of India. He specially focused on 
the farmer’s suicides in Vidarbha and 
Marathwada regions of Maharashtra and 
observed that most of the agriculture business 
depends on rainfall. According to him a policy 
for agriculture development be planned and 
implemented strictly to strengthen an 
agriculture sector of the state.   A. M. Ingle [4] 
focused on Employment Guarantee scheme as 
modal for rural development in India which 
created a lesson for developing Countries , 
This Shift of stress from community assets has 
vital implications for the cost-effectiveness of 
EGS in reducing poorness conjointly. 
Employment Guarantee is that the solely 
powerful and potent instrument for generation 
of employment opportunities and creating the 
utilization accessible to the agricultural sector, 
that successively, is the surest means that of 
Rural Development. There has been use of 
contemporary and innovative strategies and 
technology within the agriculture sector and 
farming practices. The utilization of those 
strategies and technology area unit rendering a 
big contribution in enhancing production and 
profitableness. The agricultural manufacture is 
sold through artefact markets, that area unit 
undergoing transformation in recent years. In 
rural communities, the people area unit 
experiencing impoverishment to a significant 
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extent. The agriculture sector contributes 
effectively in assuaging the conditions of 
impoverishment, providing employment 
opportunities to the people and tributary 
towards up-gradation of their living conditions.  

Methodology 
The secondary data relating to annual 
expenditure on agriculture and allied sector and 
rural development (in Cr. Rs.) in Maharashtra 
is taken from economic surveys of Maharashtra 
for the period 2012-13 to 2018-19. The Holt-
Winters (1960) method uses the concept of 
triple smoothing of the data with estimating 
parameters as α (smoothing level), γ (trend) 
and δ (seasonal component). The forecasts for 
the next 10 years i.e. from 2021 to 2030 with 
respect to annual expenditure on Agriculture 
and rural development are obtained and the 
forecasts so obtained are further tested for 
normality. The confidence intervals for Mean 
as well as Median expenditure along with box 
plot are estimated. The data is analyzed in 
MINITAB 19 software. The formulations of 

Holt-Winters method under multiplicative 
assumptions are as equation 1 to equation 4. L� =  α ∗ ������ + (1 − α) ∗ [L��� + T���] 
..........(1) T� =  γ ∗ [L� − L���] + (1 − γ) ∗ T��� ..........(2) S� = δ ∗ ���� + (1 − δ) ∗ S��� ..........(3) Y�� = (L��� + T���) ∗ S��� ..........(4) 
The expression for determination of forecast 
for k periods ahead from a point at time t  in 
Multiplicative model is given in equation 5; Y�� = (L� + k ∗ T�) ∗ S����� ..........(5) 
The equations 6,7 and 8 represents an accuracy 
measures for testing the fitness of the model.  
Mean Absolute Percent Error (MAPE) is; MAPE = �� ∑ ���������� ����� ∗ 100..........(6) 

Mean Absolute Deviation (MAD) is; MAD = �� ∑ �Y� − Y������� ..........(7) 
Mean Squared Deviation (MSD) is; MSD = �� ∑ �Y� − Y�������� ..........(8)

 
Table-1: Sector wise annual scheme expenditure in Crore Rs Maharashtra 

Sr. No. Year Agriculture & 
Allied Activities 

Rural 
Development 

Sr. No. Year Agriculture & 
Allied Activities 

Rural 
Development 

1 2006-07 3363 2589 8 2013-14 3657 1423 
2 2007-08 3468 1060 9 2014-15 7092 1833 
3 2008-09 6403 1980 10 2015-16 11768 1406 
4 2009-10 6460 2493 11 2016-17 9558 2366 
5 2010-11 5636 2243 12 2017-18 23002 2691 
6 2011-12 6574 2757 13 2018-19 19472 4985 
7 2012-13 6940 2968 14 2019-20 9569 3680 

Source: Finance Department Govt. of Maharashtra, Economic Surveys of Maharashtra 
 

Results and Discussion 
a. Winters’ Method for Annual Expenditure on Agriculture and Allied Sector. 

 Multiplicative Model: The results of the model are presented in table-2 below. 
 

Table-2: Estimate of Parameters, Accuracy measures and Forecasts 
 
Smoothing Constants 

 
Sr. No. 

Forecasts (Cr. Rs.) with confidence limits 
Year Forecast Lower Upper 

α (level) 0.2 1.  2021 20902.6 14454.1 27351.1 
γ (trend) 0.2 2.  2022 20565.1 14015.6 27114.6 
δ (seasonal) 0.2 3.  2023 13730.4 7068.2 20392.6 

 
 

Accuracy Measures 

4.  2024 25174.9 18389.0 31960.7 
5.  2025 24500.3 17580.3 31420.3 
6.  2026 16200.3 9136.3 23264.2 
7.  2027 29447.2 22230.0 36664.4 

MAPE 30 8.  2028 28435.5 21056.4 35814.7 
MAD 2632 9.  2029 18670.1 11120.9 26219.3 
MSD 13114243 10.  2030 33719.5 25992.6 41446.4 
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Setting α, γ and δ at the desired level 0.2, 0.2, 
and 0.2 respectively year wise forecasts along 
with 95% confidence limits are shown in the 
above table-2. Also the forecasts of annual 
expenditure on agriculture and allied sector in 
Maharashtra are presented in fi
 

b. Summary Report for Forecasts of annual Expenditure  on Agriculture and allied: 

 
From figure-2 we conclude that the forecasts 
generated are normally distributed at 5% level 
of significance since the p-value of Anderson
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α, γ and δ at the desired level 0.2, 0.2, 
and 0.2 respectively year wise forecasts along 
with 95% confidence limits are shown in the 

2. Also the forecasts of annual 
expenditure on agriculture and allied sector in 
Maharashtra are presented in figure-1. The 

general tendency of the forecasts is in upward 
direction. The annual expenditure on 
agriculture and allied sector will lie between 
13730.4 (Crore Rs) and 33719.5 (Crore Rs) in 
the period of forecast prediction.
 

Summary Report for Forecasts of annual Expenditure  on Agriculture and allied: 

2 we conclude that the forecasts 
generated are normally distributed at 5% level 

value of Anderson-

Darling statistic is greater than 0.05. The 95% 
confidence interval for mean and median are 
shown in the same figure.
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general tendency of the forecasts is in upward 
direction. The annual expenditure on 
agriculture and allied sector will lie between 
13730.4 (Crore Rs) and 33719.5 (Crore Rs) in 
the period of forecast prediction. 

 
Summary Report for Forecasts of annual Expenditure  on Agriculture and allied:  

 

Darling statistic is greater than 0.05. The 95% 
confidence interval for mean and median are 
shown in the same figure.
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c. Winters’ Method Annual Expenditure on Rural Development

Table-3: Estimate of Parameters, Accuracy measures and Forecasts of Expenditure on Rural 

 
Smoothing Constants 
α (level) 0.2
γ (trend) 0.2
δ (seasonal) 0.2

Accuracy Measures

MAPE 33
MAD 708
MSD 835461

 
Setting α, γ and δ at the desired level 0.2, 0.2, 
and 0.2 respectively year wise forecasts along 
with 95% confidence limits are shown in the 
table-3. Also the forecasts of annual 
expenditure on rural development in 
Maharashtra are presented in figure
 

 
d. Summary Report for forecasts of Annual Expenditure on Rural Development:
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Winters’ Method Annual Expenditure on Rural Development
Multiplicative Method 

Parameters, Accuracy measures and Forecasts of Expenditure on Rural 
Development 

 
Sr. No. 

Forecasts (Cr. Rs.) with 95% confidence limits
Year Forecast Lower 

0.2 1.  2021 3401.58 1665.94 
0.2 2.  2022 4444.98 2682.15 
0.2 3.  2023 3429.39 1636.24 

 
 

Measures 

4.  2024 3931.78 2105.34 
5.  2025 5103.59 3241.05 
6.  2026 3913.60 2012.31 
7.  2027 4461.98 2519.44 

33 8.  2028 5762.20 3776.07 
708 9.  2029 4397.82 2365.92 

835461 10.  2030 4992.18 2912.46 

α, γ and δ at the desired level 0.2, 0.2, 
and 0.2 respectively year wise forecasts along 
with 95% confidence limits are shown in the 

3. Also the forecasts of annual 
expenditure on rural development in 
Maharashtra are presented in figure-3. The 

general tendency of the forecasts is in upward 
direction. The annual expenditure on rural 
development in Maharashtra will lie between 
3401.58 (Crore Rs) and 5762.2 (Crore Rs) in 
the period of forecast prediction.
 

Report for forecasts of Annual Expenditure on Rural Development:
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Winters’ Method Annual Expenditure on Rural Development 

Parameters, Accuracy measures and Forecasts of Expenditure on Rural 

Forecasts (Cr. Rs.) with 95% confidence limits 
Upper 

 5137.22 
 6207.81 
 5222.54 
 5758.22 
 6966.13 
 5814.90 
 6404.53 
 7748.33 
 6429.72 
 7071.90 

l tendency of the forecasts is in upward 
direction. The annual expenditure on rural 
development in Maharashtra will lie between 
3401.58 (Crore Rs) and 5762.2 (Crore Rs) in 
the period of forecast prediction. 

 

Report for forecasts of Annual Expenditure on Rural Development: 
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As the p-value of Anderson-Darling statistic is 
greater than 0.05 (From figure-4) the forecasts 
of annual expenditure on rural development 
has normal distribution.  The 95% confidence 
interval for mean and median are shown in the 
same figure-4.  

Conclusion 
The trend of forecasts of annual expenditure on 
agriculture and allied sector (Fig-3) is showing 
an increasing tendency in general. It will be 
lowest i.e. Rs. 13730.4 Cr. for the year 2026 
with 95% confidence coefficient 7068.2 to 
20392.6. Similarly it is highest in the year 
2030. The expected expenditure for the year 
2030 is observed to Rs. 33719.5 Cr. with 95% 

confidence interval as 25992.6 to 41446.4. The 
trend of forecasts of annual expenditure on 
rural development (Fig-3) in Maharashtra is 
showing an increasing tendency in general. It 
will be lowest i.e. Rs. 3401.58 with 
95%confidence coefficient Rs. 1665.94 to 
5137.22 Cr for the year 2021 and highest Rs. 
5762.20 Cr. with 95% confidence interval of 
Rs. 3776.07 cr. to Rs. 7748.33 Cr for the year 
2028. We conclude that the forecasts prediction 
with Holt-Winters' will help the government to 
formulate the policies relating to agriculture 
development and rural development in the state 
of Maharashtra. 
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Applications of Six Sigma for Measuring Effectiveness and Efficiency 

of Banking Processes 

Dr. V S Athawar, G S College Khamgaon 

Abstract: Six sigma is a powerful system, basically it is measuring of quality that longs for 

perfection (3,4 defects on 1.000.000 transactions).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 eliminating 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 and Verify. DMAIC is used 

when improving an existing product or process where as DMADV is employed when 

developing a new product or process. 

 

 

Key wards: Six sigma, DMAIC,DMADV,SQC. 

 

Introduction: 

Six Sigma process was pioneered by Bill Smith at Motorola in 1986. It is evident that Bill 

Smith did not really invent. Six sigma applied methodologies that had been available since 

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.  Six sigma is a powerful system, basically it is measuring of quality that longs for 

perfection (3,4 defects on 1.000.000 transactions). The word "sigma" is a Greek letter which 

represents standard deviation, the term that describes how distant is the data from average or 

middle. 

"Six" parts is involved when one measures the things the company does right. Three sigma 

level of quality is the level at which most of companies work  it is equal to 66.807 defects on 

million opportunities, while Six sigma equals 3.4 defects on million opportunities or 99.99996 

error free work-statistically possible almost perfection. Six sigma quality requires right people 

on right positions with the right knowledge.  

 

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 

eliminating 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 and Verify. DMAIC is used when improving an existing 

product or process where as DMADV is employed when developing a new product or 

process. 
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Six sigma is a powerful quality process used in finance industry. Many financial institutions 

use six sigma methodologies for improving the accuracy of allocation of cash to reduce bank 

charges, automatic payment, accuracy of reporting, reducing documentary credits defects, 

reducing cheque collection defects and reducing variation in collector performance. Many 

banks have attained the greater performance goals after implementing Six sigma. 

Now a day's every human being wants change in service quality of almost in every service 

sector. In this research we have considered bank to make improvement in service quality to 

meet the customer satisfaction and to get the financial benefits to the service industries. The 

method which is applied to improve the existing process in banking is Six sigma initiative, 

which consist of DMAIC methodology (Define, Measure, Analyzed, Improve and Control). 

Revised model of Six sigma is developed that is DMAICM, (M-Maintain) and it is applicable 

to customer satisfaction data and get the inference about existing service quality level and try 

to maintain the consistency of service quality. Different types of case study have been 

demonstrated to explore the benefits of six sigma initiatives by considering primary and 

secondary data. Primary data has been collected by questionnaire method and secondary data 

is collected from internet by annual report and balance sheet of various banks.  

 

Review:  

(MuwafaqAlkubaisi 2013) [8] Applies the control chart X- bar and do conclusion that 3 –

sigma does not provide the good quality so it necessary to make improvement in the process. 

The comparison made in 3-Sigma and six sigma control chart and concludes that there should 

be improvement in the process as sample points falls outside the limits. 

 

The effect of six sigma control chart using number of fraction defectives and average number 

of defects per unit and found that when the process is centered with reduce variation some 

points fall outside the control limits this indicate that variation is in the process and it should 

be removed (R Radhakrishnan and Balamurugan 2011) [11]. 

He described that the construction of Range-control chart for six sigma initiatives with 

example. It indicates that process is centered with reduce variation. But many sample points 

falls outside the limit in six sigma as compared to 3-sigma limit.(Radhakrishanan R and 

Balamurugan 2011)[10]. 

 

The quality control techniques and lean six sigma are demonstrated, to measure the customer 

satisfaction level are. Algorithm controlled machine (ACM) consist of interacting trade 

selection algorithms. To measure and improve the performance of ACM, TQM and Lean six 

sigma is implemented. By using control chart technique the effectiveness of this trading 

machine is measured. X-Bar and R-chart show the process is out of control. Finally using lean 
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sigma in banking industries is beneficial as statistical process control SPC in trading machine. 

After implementing Lean six sigma the improvement were made (JawaherA Bin Jumah, 

MSN, MSIE Benjamin But tram 2012) [5]. 

To increase the service quality of banking process, six sigma had been implemented to 

achieve best in class process. Here the bank has chosen crediting process as it is most 

important for banking sector. Firstly potential capability ratio is calculated by the formula 

Tolerance
C ST

R

σ6
=  , where ST means Short Term  

Which indicates tolerance to fit into process. 

Process capability 
SR

p

Tolerance
C

σ6
=  

and short term specified tolerance limit is given by 

ST

ST

Tolerance
C

σ
=  

And ),( PKUpPKDnPK CCMinimumC =  is calculated 

A relative concept 
PMC is considered . It takes into consideration the variation between the 

mean value and the nominal value as well as the standard process deviation. 

ST

PM
T

Tolerance
C

6
= , where  STT  is the function of standard deviation 

By using the technique we can measure the process. 

PMC Measure the whether the process meets specification and is on target. It compares the 

specification speared to the spread of these data as the process increase the 
PMC index 

increase. And its Bench mark value is 1.33. It is calculated when we provide the target value. 

Midpoint of the specification limit is the target value (Vojislav Stoiljkovic, 

PedjaMilosavljevic and Sasarandjelovic 2010) [11]. 

A remarkable companies  certified for at  least is considered this shows that employees are 

having the experience and skilled workers. A research survey is carried out with certain 

questionnaire in Asia Country with the view in the concept that all the respondent are aware 

about TQM. Here response rate is 44.4 %. Firm is divide into three groups such as small firm, 
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medium size with 200 employees and large firm with more than 200 employees. Here both 

the type of firm is considered mainly service and manufactured product. Further gain it is 

divided into different category. Comparison result is observed in between respondent and non 

respondent sample. All chi-squared value of size, type of industry and owner ship is similar 

that the chi-square tabulated value and all the p-value were greater than 0.5. Thus respondent 

and non respondent are considered as similar.(Din Thai Hoang 2010) [3].   

The service quality scale developed to measure the perception of quality service. This quality 

of service plays the important role in involvement of industries such as retail banks including 

gaps and utilities. However this quality of service created drastic change in financial service 

industry in India. Sample data has been collected from private and public sector bank such as 

HDFC, ICICI, SBI, SYN bank. Questionnaire is carried out through all these banks which 

represent the data collection, by using liker scale. Further analysis was carried out for 363 

samples. Objective of this analysis is to reduce that set of data into two dimensional maps, it 

was proposed to find out the amount of variance explained by these two dimensions. The total 

inertia explained by this two dimension is found out and the Chi-square value  found to be 

significant at 0.01 level . The observation done that there should be remarkable improvement 

in the service quality of banking sector to meet the customer requirement in all the selected 

banks. So top management is the important roll to make change in the quality service and 

internal thinking of the employee to do think positively (Clement Sudhahar, D Israel, M 

Selvan 2006) [2]. 

The quality service of banking sector related to internet banking facilities considered. Further 

relationship between customer satisfaction in handling private data and web quality is 

considered. All these data should be treated on line data handling.  The aim of testing this 

concept in on line banking customer satisfaction the hypothesis is given as there will be 

positive relationship between web site quality and customer satisfaction. By using 

questionnaire method data was collected through various banks by different methods. 

Considering the proposed hypothesis it observer that Chi-square test is satisfied at 0.01 % 

level of significant . So the hypothesis was accepted at 0.01 % level. Hence it shows the 

positive influence of web site and customer satisfaction. So top management level can 

improve the quality of service to meet the customer requirement.(Zhengwei Ma 2012) [16]. 

Regression Analysis is concerned with the study of dependence of one variable, the dependent 

variable, on one or more other variables, the explanatory variables with a view of estimating 

and predicting the mean or average value of the former in terms of the known of fixed values 

of the latter. If we study the dependence of a variable on only single explanatory variable, 

such a study is known as two variable regression analysis however we can study the 
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dependence of one variable on more than one explanatory variable. In two variable 

regressions there is only one explanatory variable where as in multiple regression there is 

more than one explanatory variable.  (Basic Econometrics by Damodar N Gujarathi) [1]. Six 

sigma in the financial service industry the impact of six sigma can be measured by regression 

equation of the form 

ijmijji DRRERR εββα ++−+=− 2))((  

In which risk premium  and percentage change to company share price that can be attributed 

Six Sigma. (Jason J Lin, Jane C Sung, kirk Y Lin 2009) [4]. 

Various factors of TQM are considered such as role of leadership, TQM implementation on 

customer stratification, self involvement, process approach, decision making. By using 

correlation and regression analysis the study finding also infer that in defining the use of 

process approach ,necessary to achieve expected result. So this implies that proper 

implementation of methodology results in proper organizational performance (Karani, Sharon 

R 2012) [6].  

The total quality management plays an important role in development of contemporary 

management. In today’s global market quality is a main strategic factor in achieving business 

success and became the organization for comparative advantage in the field of liberalization, 

globalization and knowledgeable customers. The paper reflects the comparative study 

between the two factors that is total quality management and organizational characteristic 

such as industry ownership and innovation degree in the South East  Asian Country. 

Most of the banking sector believes that bank is for finance sector not for business or service 

industry. Therefore they compete with finance power relative to service quality. This paper 

verify the application of Total Quality Management (TQM) in Jordhan Banking sector for 

quality purpose.  It reflects that the implementation of TQM can be great benefits to the 

banking sector in Jordhan. Application of TQM to increase in performance of service quality 

has been conducted. Questionnaire of 100 sample is distributed to bank employee and 400 for 

customer out of which 219 of customer and 100 of employee. Several hypotheses are placed 

related to the management, employee and customer satisfaction. The hypothesis is tested by 

one way analysis of variance with confidence level 95% and produces the result that Jordhan 

banks adopt TQM and performing well. This result shows that the application of TQM in the 

Jordhan Banking sector is growing in financial aspect and provide good quality of 

service.(Salman D Ahobaki, Rami Fouad, Adnan Al Bashir 2010) [12]. 
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For developing country, economy is the core aspect and banking is the main financial 

industry in bank of Pakistan. Service is the kind of performance of the employees which is to 

be offered to another. To find out the relationship between this three factor ANOVA has 

been calculated and observed that the model as a whole, is a significant fit to data , hence 

there is impact of service quality , customer satisfaction and loyalty in banking sector of 

Pakisthan (SamrazHafeez 2012) [13].  

Six sigma is a planned approach to business enhancement with the target of reducing error 

and inconsistencies. The study two types of different banks are consider one who is engaged 

in six sigma and other who has not implemented six sigma methodology. Comparison of this 

types of bank is done by financial ratios. In the first case Bank of America with Wells Fargo 

is consider. Some financial ratios such as current, Debt/Equality, Profit margin, Price earning, 

and finally Tobin’s Q ratio is calculated. Current ratio measure the degree of liquidity     or 

short term solvency. Debt ratio measure the financial leverage. Profit margin of each firm to 

determine the degree of profitability has been demonstrated. To asses each of the competing 

firm in terms of market value, two ratios is calculated that is price to earnings and Tobin’s Q 

ratio. In second case country wide and Fannie Mae bank is considered and third case City 

Bank and Deutsche bank is considered for comparison and the same ratio is calculated. Based 

on all this financial ratios the bank who has implemented six sigma is performing well than 

those who has not implemented. (Jason J. Lin, Jane c. Sung, Kirk Y.Lin 2009) [11]. 

Young HoonKwak and Frank T. Anbari ( 2006, 26,Technovatio) [15] examine the evaluation 

, benefits and challenges of six sigma practice and identify the key factors influencing 

successfully six sigma project implementation. It described that Six sigma project include 

management involvement and organizational commitment, project management and control 

skill, culture change and continuous training. Understanding the key feature obstacles and 

short coming of six sigma provides opportunities to practitioners for better implement of six 

sigma project. It noticed that effectively six sigma principle and practice are more likely to 

succeed by refining the organizational culture continuously.  

 

The methods, tools and techniques of Six Sigma strategy which have greater impact on 

quality improvements and performance in various Banking Industries are described. 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 

describe that the quality assurance practice , like six sigma with knowledge management can 

be more effective strategy of banking sector in china (Lixia Wang 2011) [7]. 
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Research Methodology:  

In this research study the research methodology we used DMAIC (Define, Measure, Analyze, 

Improve, and Control) method to improve the existing process and to meet the customer 

satisfaction. Some statistical methods and techniques such as process mapping, cause and 

effect diagram, control charts, measure of dispersion, SD, tolerance limit, Chi-square Test, 

Analysis of Variance (ANOVA),Testing of Hypothesis , Various Financial Ratios of Banking, 

sample survey, questionnaire method. 

Objectives: 

• To develop the revised version of DMAIC process to increase the effectiveness and 

efficiency of banking operations. 

• To establish the revised model for measuring the customers satisfaction. 

• To develop the model for reducing housing loan processing time. 

• To compare the efficiency of previous model and improved model. 

• To obtain the improved specified Tolerance Index. 

• To demonstrate the results through numerical illustration by considering secondary 

and primary data. 

 

 

Hypothesis: 

Ho: There is no significant difference between the customer satisfaction data. 

H1: Housing loan process time should be not reducing. 

H2: Banking loan process should be paperless and eco-friendly. 

H3: Customers are satisfied by banking service process. 

H4: Both the banks SBI and HDFC are performing in the same flow. 

H5: Bank of Maharashtra and ICICI are performing in the same way. 

H6: ICICI and bank of Baroda are performing in the same way. 

H7: There is no significant difference between various factors of management in this  region. 

H8: There is no significant difference between ICICI and Bank of Maharashtra. 

H9: There is no significant difference between the two banks HDFC and SBI. 

 

Data collection: 

Primary data has been collected by questionnaire method from 8 Nationalize Banks as well as 

two private bank from three places  , Amravati, Akola and Khamgaon such as   SBI, Bank of 

Borada, Bank of Maharashtra, Punjab National Bank, Bank of Baroda, Central bank of India, 

PNB, ICICI, HDFC, AXIS, UCO  . To find out the p-value, data has been collected by 
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questionnaire method. From each bank the questionnaire is filled by a employer and 4 

employees officer level  from three places that is Amravati, Akola and Khamgaon. From each 

places 10 bank has been selected. Out of which 7 banks from Amravati, 8 bank from Akola 

and 10 banks from Khamgaon is collected. In all 35 questionnaires from Amravati, 40 from 

Akola and 50 from Khamgaon has been collected for the views related to six sigma 

improvements. In all 125 filled questionnaire have been collected from three places, which 

cover three district that is Amravati, Akola and Buldhana. Customer satisfaction data has been 

collected by distributing the questionnaire at public places and various banks from Amravati, 

Akola and Khamgaon. 10 customer satisfaction questionnaires is distributed to each bank 

from Amravati and Akola. 20 questionnaire has been distributed to various banks in 

Khamgaon. In all 280 questionnaires is distributed out of which 250 been collected 

personally. Secondary data  which is required for analysis is balance sheet and  Annual Report 

2015 of various banks HDFC, ICICI, Bank of Maharashtra, SBI and Bank of Baroda has been 

collected through website. It creates lot of trouble to collect the required data. 

 

Data Source: 

Secondary data have been collected from web site of HDFC, ICICI, Bank of Maharashtra, 

Bank of Baroda and SBI  of the year 2015. Primary data has been collected through 

questionnaire method. Questionnaire has been collected from banks employees and bank 

customer of various banks from Amravati, Akola and Khamgaon. With the advice of 

Chartered Accountant Mr. Bajaj financial ratio is considered for the performance.  

 

Analysis:   

The data has been analyzed by using statistical technique and method such as ANOVA, 

Financial Ratios, Chi-square test, F- test, Regression Analysis, Control Chart Technique that 

3-sigma and six sigma control limit are demonstrated and results are obtained. Two types of 

cases has been demonstrated on various ratios such as current ratio, Debt ratios, Price per 

earnings ratios, Net profit margin, Quick ratio, Tobin’s Q ratios to know the banking 

performance, so that one who is engaged in Six sigma represents customer satisfaction. 

Implementation of this method reduces the process time, waiting time, and improves service 

quality so that the customer will be fully satisfied. By using Mini tab 17 software analysis of 

data has been done.  

 

Discussion 

Six Sigma is a very effective method to improve the existing process which is demonstrated 

by case study using analysis of variance. This method is applied to parameter which are 

responsible to improve the service quality and data which is collected from various banks of 
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Amravati, Akola and Khamgaon which is identified by p-values. Further Chi-square test has 

been applied to various parameter of customer satisfaction level which results to improve the 

existing process. Economically relationship has been done and identified by considering 

various Banking Profit Financial Ratios . Regression analysis has been done to compare the 

banking efficiency, which indicate that one who engaged in six sigma do perform well. 

Further comparison of 3-sigma and Six sigma control chart has been established by X-bar,  R- 

Chart and Sigma chart and their process capability of customer satisfaction is measured. 

Which result 3-sigma is accepted but six sigma is rejected. It indicates that improvement in 

the process in necessary to meet the customer satisfaction. All the analysis has been done by 

using Minitab 17, which is easy to operate and understand. From here we can justify that six 

sigma should be implemented to every service sector to represent customer satisfaction and 

financial benefits to the organization.  

 

Significance of the Study: 

The Six sigma process is used recently for qualitative enhancement in banking sector to 

increase the efficiency and effectiveness of all the banking operations.. The results and 

findings of the present research work is illustrated. 

1) Revised model of Six sigma has been developed for consistent efficiency of the  

     service quality. 

2) 3-sigma and six sigma control chart for X-bar and Range has been developed and  

     measured the process capability, which indicates customer are not satisfied with 

the existing process though 3-sigma control chart is in control. It suggests       

     improving the process. 

3) Customer satisfaction level is measured by Chi-Square test which result all the said       

     hypothesis are rejected. So it is essential to make improvements in quality service. 

4) By regression analysis performance of two banks is measured by considering  

     financial ratios. It proves that sample points are far away from the line of  

     regression. It does not meet the specification limit of the bank who is engaged in  

     six sigma. 

5) Expected benefits of six sigma is measured by analysis of variance by considering  

     p-values of different factors. 

6) A role model of existing housing loan is developed and modified by using SIPOC  

    process map. It reduces the processing time by 25 days, which is beneficial to  

    service organization. 

7) By using cause and effect diagram critical to quality control is identified. Improved  

     modified phase is illustrated, which will be more useful in banking sector to  

     increase the efficiency and effectiveness of all the banking operations. 
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Abstract:   

Present study reported that 36 species were from foot hills region of Southern Satpuda Morshi, Dist.Amravati. 

two sub –order, Adephaga and polyphaga and Eight Families.form Order-Coleoptera Sub-order Adephaga 

includes family Carabidae which represent 10 species. Sub-order Polyphaga includes seven (7) families namely 

Scarabaeidae, Coccinellidae, Lampyridae, Chrysomelidae, Meloidae, Elateridae and Cerambycidae. Sub-order 

Polyphaga represents 26 species out of which family Scarabaeidae contains 16 species, Coccinellidae includes 3 

species, Lampyridae contains 2 species, Chrysomelidae 2 species, Meloidae, Elateridae and Cerambycidae 

represents only one species each. Most diverse family is the Scarabaeidae containing 16 species list diverse 

families are Meloidae, Elateridae and Cerambycidae including only one species each. Out of two sub-order 

studied, the dominant sub-order is Polyphaga (26 species) as compared to the sub –order Adephaga (10 species). 

Study was conducted in the month of July to October-2015 Collection was done at morning and night timing. 

Study will provide useful information about diversity of beetles in the said area as well as provides baseline data 

for upcoming researchers and gives wide scope for further study in entomology and biodiversity.  

 

Keyword: Beetles, Southern Satpuda, Coleoptera, Biodiversity, Morshi  
 
 

Introduction 

 

Biological diversity is the variability among the living organisms from all sources including aquatic and 

terrestrial ecosystems (Harper and Hawksworth, 1994). This includes variety within species, between species, 

and of ecosystems. Roughly 30 million species are found in the world, only 1.4 million species have been briefly 

described out of which, about 750,000 species are insects, which shows the percentage of insects in the world. 

They are either harmful or beneficial, and play an important role in the ecology of majority of ecosystem. 

Southern Satpuda foot hills locate 21,394363” N 77968182” E Morshi southern region of Satpuda range are very 

rich in biodiversity.Coleoptera (Linnaeus, 1758) is an extremely diverse order of class insecta. They are 

cosmopolitan and are modified for every possible habitat on our planet, except marine and Polar Regions (Pawara, 

et al., 2014). The beetle shows diversity; they show a great deal of ecological significance. Order coleoptera are 

very large and dominant order of animal kingdom. Several of them are specialized feeder of animal and plant 
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waste (Banerjee, 2014), About 40% (4, 00,000) of all described insect species are beetles (Hammond, 1992) and 

approximately 15,088 species were recorded India (Kazmi, 2004) while some are not. Many of species are 

harmful by eating on some plant parts like flowers, fruits and seeds, which eventually damage our economy. 

Some beetles are useful, by controlling the populations of serious pests of agricultural plants, examples ladybird 

feed on aphid colonies, thrips, scale insects and mealy bugs that damage crops (Pawara, et al, 2014). In different 

part of Maharashtra collection of beetles was as done by (Dabhade et al. 2012) studied 25 beetles species 

belonging to the 8 super families and 11 families from Mangrulpir Tahsil, Dist. Washim, Maharashtra. Researcher 

(Thakare and Zade 2012) noticed 10 species belonging to 6 different families viz. Gyrinidae, Tenebrionidae, 

Carabidae, Scarabaeidae, Meloidae and Buprestidae of beetles from various habitats at Melghat Tiger Reserve, 

Maharashtra were collected (Thakare et al.2012). Minor record of diversity of beetles from southern satpuda 

range is available, so a preliminary study was conducted and an effort was made to find out the diversity and 

check list of beetles of plateau southern Satpuda range, Morshi, Dist- Amravati (Maharashtra). 

 

Material and Methods: 

I. Study area: 

Study area in the vicinity of pala village located near to the foot hills Southern Satpuda near the Tq. Morshi. 

The entire lower plateau southern Satpuda Range was thoroughly surveyed so as to select the suitable 

sampling sites. Sampling and Collection was done during early rainy season in the month of July to October 

2015. Survey was carried out by Collection, visual sighting and photo documentation. In some cases when 

identifications became difficult by photography or by visual sighting then collection was done by manually 

by pitfall trap & hand-picking, light trap method. Collection was done morning and night time. Ground beetle 

are collected with the help of pith fall trap.  

 

II. Collection and Identification of Beetles. 

Pitfall trap were used for the collecting ground beetles. Small Plastic tuffs filled with combination of 70% 

Ethyl alcohol and Glycerin was hidden up to the rim in the ground so that passing insects may fall. Light trap was 

used to collection of nocturnal beetles by using sources of white light Hand Picking method was used for some 

Beetle are elusive or have concealed habits other can be hand picked off their feeding or resting place. Many 

Beetle can be picked off flower and foliage. Dung beetle family Sacarabaeidae were collected from the dung with 

the help of forceps. The collected beetles were processed and stored in the Zoology for identification. 

Identification of unidentified species was done by using the standard keys, published articles and reference books. 

(Bousquet-1991). 
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              Fig: a) India                                      b) Maharashtra showing study area 

Figure.1: Map Shows Research work area Morshi. 

 

Results and Discussions:  

 Present study reported that the 36 species were from Southern Satpuda foot hills region two sub –order, 

Adephaga and polyphaga and Eight Families. Sub-order Adephaga includes family Carabidae which represent 

10 species. Sub-order Polyphaga includes seven (7) families namely Scarabaeidae, Coccinellidae, Lampyridae, 

Chrysomelidae, Meloidae, Elateridae and Cerambycidae. Sub-order Polyphaga represents 26 species out of which 

family Scarabaeidae contains 16 species, Coccinellidae includes 3 species, Lampyridae contains 2 species, 

Chrysomelidae 2 species, Meloidae, Elateridae and Cerambycidae represents only one species each. Most diverse 

family is the Scarabaeidae containing 16 species; list diverse families are Meloidae, Elateridae and Cerambycidae 

including only one species each. Out of two sub-order studied, the dominant sub-order is Polyphaga (26 species) 

as compared to the sub –order Adephaga (10 species). List of all species reported are listed in the following table 

with the different families. Family Coccinellidea, Cerambycidae, Chrysomelidaen are the serious pest on the 

agriculture, crop its damage the small crop and plant in agriculture ecosystem (Ghate H.V 2012., Jadhav. 

S.S(2012.). Beetles in Family Carbide commonly called as the ground beetles are important for the biological 

control agent for Argo-ecosystem. 

Table 1: list of Families with species from two sub-orders Adephaga and Polyphaga. 

S.N. Sub-order Family Species 

1.   

 

 

 

 

Adephaga 

 

 

 

 

1. Carabidae 

1. Pterostichus melanarius 

2.  2. Broscous cephalotes(Linnaeus) 

3.  3. Scarites vicinus(Fabricius) 

4.  4. Scarites subterraneus(Fabricius) 

5.  5. Anthia sexguttata(Fabricius) 

6.  6. Thermophilum homoplatum(Fabricius) 

http://www.ijrar.org/
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7.  7. Eudema angulatus(Fabricius) 

8.  8. Bembidion quadrimaculatus(Latreille) 

9.  9. Scaritinaes subterraneus(Fabricius) 

10.  10. Chlaenius sericeus(Fabricius) 

11.  Polyphaga  

 

 

 

 

 

 

2. Scarabaeidae 

1. Clinteria kluge(hope) 

12.  2. Catharsius molossus (linnaeus) 

13.  3. Oniticellus (onticellus) cinctus 

14.  4. Onthophagus pactolus(fabricius) 

15.  5. Onthophagus gazella(fabricius) 

16.  6. Onthophagus spinifex(Fabricius) 

17.  7. Onthophagus aff.anthracinus(Harold) 

18.  8. Onthophagus striatulus(Fabricius) 

19.  9. Gymnopleurus gemmatus (harold) 

20.  10. Gymnopleurus miliaris(fabricius) 

21.  11. Heliocopris bucephalus(fabricius) 

22.  12. Garreta nitens(olivier) 

23.  13. Catharsius sgax(quenstedt) 

24.  14. Heliocopris bucephalus(Fabricius) 

25.  15. Callistethus marginatus(Fabricius) 

26.  16. Heteronycha sarator(fabricius). 

27.   

3. Coccinellidae 

1. Coccinella septempunctata(linnaeus) 

28.  2. Cheilomenes sexmaculata(Fabricius) 

29.  3. Adalia punctata.(Fabricious) 

30.  4. Lampyridae 1. Pteroptyx tener(Olivier) 

31.  2. Pyractomena punctiventri 

32.  5. Chrysomelidae 1. Cassida rubiginosa (Muller) 

33.  2. Cassida flaveola (Thunberg) 

34.  6. Meloidae 1. Mylabris phalerata (Pallas) 

35.  7. Elateridae 1. Melanotus pertinax(Say-1839) 

36.  2. Cerambycidae 1. Apriona marcusiana 
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Figure 2: Pia Chart Showing the Beetles Families. 

 

 

Conclusion: 

 

 Family Scarabaeidae are most dominant due to the noticeable and site due to their large size, bright color, 

often with elaborate ornamental, it called as dung beetle for their dung consumptions and relocation activity, for 

helping the series of ecological function such as nutrient dispersal, nutrient cycling and bioturbation. Elateridae 

also called as the click beetle, they are generalist feeding on a large variety of crop resulting in damage seed, 

roots stems, Elateridae are less reported less as compared to other family of Beetles. Lampyridae Meloidae. Above 

result its collection of four month. This diversity may be due to high diversity of flora in the present study area 

with favorable environmental conditions. Satpuda range are the major hot spot of biodiversity of many vertebrates 

and Invertebrate. Above collection and Check list provides useful information about Bio-diversity of beetles in 

the said area as well as provides baseline data for upcoming researchers and gives wide scope for further study 

in entomology and biodiversity. 
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