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Abstract—Nowadays, robust and secure watermarking algorithm 

and its optimization have been need of the hour. A watermarking 
algorithm is presented to achieve the copy right protection of the 
owner based on visual cryptography, histogram shape property and 
entropy. In this, both host image and watermark are preprocessed. 
Host image is preprocessed by using Butterworth filter, and 
watermark is with visual cryptography. Applying visual cryptography 
on water mark generates two shares. One share is used for embedding 
the watermark, and the other one is used for solving any dispute with 
the aid of trusted authority. Usage of histogram shape makes the 
process more robust against geometric and signal processing attacks. 
The combination of visual cryptography, Butterworth filter, 
histogram, and entropy can make the algorithm more robust, 
imperceptible, and copy right protection of the owner.  

 
Keywords—Butterworth filter, digital watermarking, histogram, 

visual cryptography. 

I. INTRODUCTION 

N today’s era, technology is growing in a greater pace but it 
can cut both ways in terms of fast transmission and 

manipulation. Resultantly, Security concern over copyright 
protection of digital media objects has become a challenging 
issue. Watermarking comes out as a raising solution to tackle 
this problem. Digital watermarking is a technique in which 
pattern of bits are embedded into digital media object. 
Watermarking can be applied to various multimedia objects 
like audio, video and image [2]. In this paper, emphasis is 
done on digital image watermarking. The method of 
watermarking is appreciated based on its characteristics for 
achieving copyright of owner are robustness, imperceptibility, 
capacity, security, unambiguity, and blindness [1], [6]. 

Robustness basically refers the capability of extracting 
correct watermark after yielding the attacks [1], [2]. 
Imperceptibility connotes that watermark should be self-
effacing [1]. Unambiguity specifies that extracted watermark 
should be precisely verifying the copyright of owner [6]. 
Blindness implies that original media objects are not required 
in extraction process of watermark [6]. Security cites to the 
shield against illegal watermark extraction [6].  

For achieving conditions stated above, various 
watermarking algorithms have been reported in literature. 
Many of these are robust but they do not cope well with other 
conditions. To preserve the security of secret image, Naor and 
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Shamir in 1994 proposed a scheme named visual secret 
sharing scheme VSS or visual cryptography (VC) [12], [14]. 
The main aid of visual cryptography is that it does not modify 
the secret image and decryption is performed by human visual 
system [14]. Visual cryptography scheme divides secret image 
into various random looking shares. Consider (2, 2) VC 
scheme which divides secret image into two shares. This VC 
scheme allows freely distributing one of the shares, and 
second share can be used as key which required reconstructing 
the secret image. It is feasible to hide one share from others in 
order to protect secret image. So, it means that the hidden 
share can be used as a key for decryption of the original 
image. With this viewpoint, VC has been considered to attain 
the protection of watermark in combined scheme, whereas key 
share is required to reconstruct embedded watermark. In this 
way, this scheme can be used to resolve any dispute of image 
ownership and accomplish copy right of owner [12]. 

In this paper, (2, 2) visual cryptography is combined with 
the histogram shape based watermarking. The adoption of 
visual cryptography with watermarking helps in achieving 
characteristics of copyright of an owner.  

To achieve robustness to signal processing and geometric 
attacks, Butterworth filtering and histogram shape property 
has been taken into account. In order to increase security and 
robustness, both watermark and host data are preprocessed 
before embedding process. Then watermark is embedded by 
maintaining histogram shape property. The histogram shape 
property for embedding watermark will be discussed in 
coming section. 

The organization of this paper is as follows. Section II 
provides a short review on digital watermarking based on 
histogram shape and visual cryptography methods. Section III 
illustrates proposed embedding method and section IV states 
proposed decoding method. Finally, section V concludes this 
paper.  

II. RELATED WORK 

In this section, the concepts of visual cryptography and 
watermarking techniques are reviewed. Firstly, watermarking 
scheme based on histogram is illustrated. Afterwards, visual 
cryptography is discussed.  

A. Watermarking Scheme Based on Histogram 

In literature, many watermarking methods which utilized 
concept of histogram and low pass filtering are reported. Most 
watermarking techniques presented which use the statistical 
concept of image histogram. 

Digital Watermarking Based on Visual Cryptography 
and Histogram 

R. Rama Kishore, Sunesh 
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In last few years, various watermarking techniques have 
been associated with VC [6], [12]-[14], [19], [21]-[28]. One of 
the first attempts to use VC in watermarking has been 
presented in [19]. In this, embedding took place into two 
phases. At the first step, watermark is divided into two random 
noise looking shares. In second phase, one share of watermark 
which is called as cipher is embedded into host data, and the 
result is called stego image. If One of these two shares is 
modified, then watermark cannot be revealed.  

Han Yan-yan et al. [15] reported (2, 2) visual cryptography 
scheme in addition to traditional cryptography. Jithi et al. [16] 
developed a progressive visual cryptography for meaningful 
shares. The formation of meaningful shares has accomplished 
by combining watermarking with visual cryptography. At 
decryption, secret image is published gradually by 
superimposing more and more shares progressively. Ming et 
al. [17] reported Joint Visual cryptography and watermarking 
method in history. Firstly, noise is injected into host image. 
Afterwards, pair conjugates error diffusion is performed for 
generation of shares. Noise aids in diverting hacker’s attention 
from the shares. W.P. Fang et al. [18] presented a progressive 
viewing scheme for sharing of sensitive images where each 
pixel is expanded into 2*2 block B(x, y). 

In [12], [13], [20], depending upon type of VC employed 
with watermarking, classification of digital watermarking 
based on VC is carried out into three different types. First one 
is watermarking using (2, 2) VC. Second one is watermarking 
using (2, n) VC, and the last one is watermarking using (k, n) 
VC. 

(2, 2) VC is employed for achieving copyright protection of 
images in [6], [22], [24]. In [6], scheme employs 
characteristics of DWT while in [22] DWT and SVD is 
adopted. 

Robust scheme has been proposed based on Fractional 
Fourier transform, SVD, and VC that helps in enhancing 
robustness and security by Sanjay et al. [14]. In [23], [25], 
[26], multiple watermarks are inserted. Scheme presented in 
[27] is blind, invisible, and robust. In this, image is 
preprocessed by using DT-DWT and shares are generated 
using pixel expansion. For security of medical digital content, 
Medical image watermarking scheme has been proposed in 
[21] that adopts DT-CWT with (2, 2) Visual Cryptography.  

Rawan et al. [28] reported a HSV image watermarking 
scheme based on VC. In this method, first features are 
extracted from histogram of H, S, and V planes of HSV 
image. Afterwards embedding is done by using VC. 

III. PROPOSED EMBEDDING METHOD 

In this paper, a method is proposed to maintain security and 
robustness. (2, 2) VC and histogram shape property is 
exploited in watermark embedding and decoding. At 
embedding, watermark and cover image both are preprocessed 
first. On watermark, VC is applied to ensure copyright of 
owner and cover image is processed by enforcing Butterworth 
low pass filter on it. Use of the Butterworth filter enhances 
robustness to signal processing attacks. Then, filtered image is 
utilized for embedding the watermark share. 

Watermark embedding mainly contains two parts; the first 
one is called preprocess, and the other one is watermark share 
embedding. Watermark embedding is shown by block diagram 
of watermark embedding process in Fig. 4. 

A. Preprocess 

In preprocess host image and watermark both are processed. 
Watermark is processed by applying VC, and host image is 
processed by using Butterworth filter.  
1) VC: Apply (2, 2) VC on watermark. As a resultant, it 

generates two shares called W1 and W2. Share W1 will 
be inserted into cover image I, and share W2 is submitted 
to trusted authority for achieving copyright of owner. 
Encoding of watermark by means of shares makes scheme 
secure and robust.  

2) Butterworth Filter: Employ Butterworth filter on the 
cover image I for extracting low frequency component 
ILow. Robustness to common signal processing attacks 
may be attained by embedding watermark into low 
frequency component.  

B. Watermark Share Embedding  

Watermark share is embedded into low frequency 
component of cover image by utilizing histogram shape 
property. Watermark share embedding process is further 
subdivided into four steps as explained below: 
1) Histogram Construction: Generate histogram of extracted 

low frequency component Ilow of Cover Image. 
 

Hlow(j)=hlow(j) and j = 0,1……,255         (3) 
 
where hlow( j) denotes number of pixels of intensity value j. 
2) Embedding Range Selection: In this, location is selected 

for inserting watermark. Here, output of previous steps 
becomes input i.e. use extracted histogram hlowof Ilow. 

First, combine two gray level as a bin BI expressed as: 
 

BI(j) =hlow(2*j)+hlow(2*j+1)            (4) 
 

and then combine two neighboring bins as group written 
below [1]-[4]: 
 

G(j) = BI(2*j) + BI(2*j +1)             (5) 
 

Number of pixels in jthgroup is Ngj.  
Range for embedding is depends on Ngj and threshold Ta.  

 
IF(Ngj>= Ta) Then 
select Ngj for embedding. 
ELSE 
Drop jth group for embedding. 
END                                                                                       (6) 
 

Apply this procedure for all groups in G. and find all 
eligible groups for embedding [1]-[4]. These eligible groups 
are denoted by E. and length of watermark is notated as L. 
whereas in this length of watermark should be less than E. so 
choose N groups with most pixels for embedding. Selection of 



International Journal of Information, Control and Computer Sciences

ISSN: 2517-9942

Vol:10, No:7, 2016

1267

 

gr
tak
3)

IF
 

 

wa
re
sh

Th
us
ex
re
wa
wa
or
de
 
In
O
St
St

roups among t
king entropy i
) Embedding

selection, e
watermark 
share W1 i
embedded 
component
produces o
represented

The embeddi
 

F(W1(i)=1 ) th

IV

At decoding,
atermark sha
vealed only by

hows proposed
Extraction pr

his process fo
sing this pro
xtracted. For o
quired which
atermark W 
atermark sha
riginal waterm
ecoding is stat

nput: Waterma
utput: Waterm
tep 1. Read wa
tep 2. Employ

frequenc

the eligible gr
in to considera
g of Watermar
each selected 

bit. Processe
s used for em

into selecte
s of image by 
output called 
d as [2], [4] 

W1={w
ing criteria for

hen BI1/BI2>=

V. PROPOSED 

 first waterma
are is extract
y stacking ext

d extraction pr
rocess takes w
llows same st

ocedure only 
original waterm
h is preserved

is attained 
are W1 and 
mark is reveale

ed below: 

arked Image W
mark W 
atermarked im

y Butterworth 
cy component

roups can be f
ation.  
rk: Ensuing th
group will b

ed watermark
mbedding. Wat

ed groups o
maintaining h
wIlow. Waterm

w(i) | i=0,1,…..
r the watermar

=Ta      

Fig. 4

DECODING M

arked range is
ted. The orig
tracted share a
rocess. 
watermarked 
teps as in emb

one waterm
rmark W, wate
d by trusted 
by applying
W2 are stac

ed. Detailed pr

WI. 

mage file WI. 
low pass fi

t of watermark

further optimiz

he embedding
e used for ca

k called wate
termark share 
of low freq
histogram shap
mark share W

.L)                  
rk bits are as [4

     

4 Block Diagram

ETHOD 

s obtained, an
ginal waterma
and key share. 

image as an 
bedding proce
mark share W
ermark share 
authority. Or

g VC. When
cked together
rocess of wate

ilter to extrac
ked image WIl

 

zed by 

g range 
arrying 
ermark 
W1 is 

quency 
pe and 
W1 is 

 
     (7) 
4]: 

  (8) 

IF(W
 
4)

 
WI 

T
repr
of e
con
num
orde
wat

m of Proposed E

nd then 
ark is 
Fig. 5 

input. 
ess. By 
W1 is 
W2 is 
riginal 

n both 
r then 
ermark 

ct low 
low.. 

Step

WH
 
whe

D
two
and 
Step

Step

W1
W1
 

T
Step

W1(i)=0 ) then

Generation 
frequency c
watermarked
produces wat

= WIlow+Ihigh.  

This completes
resented by bl
embedding w
trolled by def

mber of pixels 
er to tackle 
termarked and 

Embedding Pro

p 3. Generate 
componen

Hlow(j)=Whlow(j

ere j denotes n
Divide the hist
o adjacent bins
d BI2` respectiv
p 4. Select N

watermark
p 5. By compu

group, on
 

(i) = 1, if BI1`
(i) = 0, otherw

The process is 
p 6. Extracted

i=0,1,2…

n BI2/BI1>=T

of Waterma
component of
d low freque
termarked ima

                                 

s process of e
lock diagram.
atermark into
fining bin siz
in a group m

this problem,
d non-waterma

ocess [4] 

histogram 
nt of watermar

j) and j = 0,1…

number of pixe
togram bins a
s (bin1 and bin
vely.  

N groups with
rked groups. 
uting the ratio

ne inserted bit 

`/ BI2` ≥ 1  
wise.  

repeated until
d watermark s

…. L All L bi

Ta                               

arked Image:
f cover ima

ency compone
age WI. 

                                  

embedding w
 This diagram

o cover image
e and embedd

may be modifie
, safe band a
arked groups.  

of detected 
rked image 

 
……,255 

els of intensity
as groups, each
n2) and their p

h most num

o between BI1
is extracted in

l all bits are ex
share is depic
its are extracte

                             

: Combine 
age I high
ent WIlow. Fin

                                 

atermark and 
m explains pro
e I. Robustne
ding range. B
ed by attacker
are used betw

 

low frequ

y value j. 
h group consi
population is 

mber of pixel

` and BI2` of 
n reference to, 

xtracted. 
cted as W1= 
ed.  

   (9) 

high 
with 
nally 

(10) 
 

also 
ocess 
ss is 

But if 
rs. In 
ween 

 

uency 

ist of 
BI1` 

s as 

each 
 

`(i)| 



International Journal of Information, Control and Computer Sciences

ISSN: 2517-9942

Vol:10, No:7, 2016

1268

 

St

wa
of
sh
be
1. 

2. 

3. 

4. 
5. 

6. 

7. 

[1]

[2]

tep 7. Step 7: 
together
original 

 

Fig. 5 Bloc

This paper 
atermarking s
f owner. This m
hape, and (2, 
enefits from th

Work rela
reviewed a
imperceptib
owner. 
Combining
improves th
them indivi
For ensurin
method, wa
VC and Bu
Watermark
Use of But
the scheme
processing 
of cover 
embedded i
(2, 2) VC 
and W2 w
provide cop
Histogram 
embedding 
histogram 
location. M
that will res

] Tianrui Zong
Wanlei Zhou
Method for Im
system for Vid

] Tianrui Zong,
Shape Based
Communicatio
883, 2014.  

Extracted wa
r with water
watermark. 

ck Diagram of P

V. CON

proposes 
scheme for ac
method comb
2) VC schem

his proposed m
ated to VC, 
and suggested
bility, robustn

g VC, histogra
he watermarki
idually. 
ng security a
atermark and 

utterworth wor
k cannot be ret
tterworth low 
e imperceptib
attacks as it e
image such 
into low frequ
generates two

which enhanc
pyright protect

shape prope
watermark 

shape proper
Mathematically

sist against ge

REFE

g, Young Xiang
u and Gleb Beli
mage Watermark
deo Technology, 
, Yong Xiang, a

d Robust Image
on and Informatio

atermark shar
rmark share 

Proposed Extrac

NCLUSION 

a method 
chieving the c
ines Butterwo

mes together. I
method would 

histogram a
d a new me
ness and copy

am, entropy an
ing scheme co

and robustnes
host image i

rth filter. 
trieved from ot
pass filter and
ble and resis
extracts low fr

that waterm
uency compon
o shares of wa
e robustness,
tion of owner.
erty is taken
share into ho
rty is indepe
y, it is invarian
eometric attack

ERENCES 
g, Iynkaran Natg
iakov, “Robust 
king”, IEEE Tran
Vol.25, No.5, pp.

and Iynkaran Nat
e Watermarking
on System Securi

re W1 is com
W2 to recon

ction Process [4

on robust 
copyright prot
orth filter, hist
In this, some
be as follows:

and Butterwo
ethod aiming 
yright protect

nd Butterworth
ompared to ap

ss in the pro
is pre-process

ther similar im
d entropy will
stant against 
requency comp
mark will on
nent. 
atermark calle
, security and
. 

n into accoun
ost image. A
ndent to the 
nt to the scalin
k. 

gunanathan, Son
Histogram Shap
nsactions on circ
.717-729, 2015. 
tgunanathan, "Hi

g Method", IEE
ity Symposium, p

 

mbined 
nstruct 

 

] 

image 
tection 
togram 
of the 

: 
orth is 

more 
ion of 

h filter 
plying 

oposed 
sed by 

mage. 
l make 
signal 

ponent 
nly be 

ed W1 
d also 

nt for 
As, the 

pixel 
ng and 

ng Guo, 
e-Based 
cuit and 

stogram 
EE ICC 
pp. 878-

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Kiran, Kawal G
based on Histo
Journal for scie
03, pp.2581-258
Kiran and Kaw
Histogram Shift
Advanced Rese
Vol 5, Issue 5, p
Xuansen He, Ta
image waterma
Springer, pp. 29
Der-Chyuan Lo
Protection Sche
Technique", Com
131, 2007. 
Shijun Xiang, H
Image Hashing
In Proceedings o
128. ACM, 2007
Xuefeng hu and
algorithm robus
779, 2015. 
Shumai Wang, 
on histogram,’’ 
Hamidreza Sad
“Multiplicative 
normal inverse
Multimedia vol.
J. Veerappan 
Multilayer Imag
arXiv preprint ar
James Ching-Nu
Cryptography b
2013. 
Stelvio Cimato
Cryptography b
Multimedia Secu
Sanjay Rawat, 
Algorithm bas
cryptography," S
Han Yan-yan, X
scheme with me
computational In
Jithi PV, Anit
watermarking fo
on Automation,
sensing, 2013, p
Oscar C. Au. 
Watermarking,"
Expo, 2004, pp. 
J. C. Lin, W. P.
images," Pattern
636, 2006. 
Pei-Min-Chen 
scheme based on
Sunesh, R. Ra
cryptography”, i
Technology, Ne
Meryem Benyo
Aboutajdine, "M
based on Visual 
Abusitta, Adel H
Copyright Prot
Research), pp. 9
Mathivadhani, C
using wavelets,
International Co
Research, 2010.
Tzung-Her che
protection mech
protocol," The J
2006. 
Huo Luo, Zhe-M
in Visual Crypto

Garg and Girdhar
ogram Shape and
entific Research &
84, 2015. 

wal Garg. “Waterm
ting and Butterwo
earch in Comput
pp. 1481-1487, 20
ao Zhu, and Gaob
arking algorithm
91-306, 2013. 
ou, Hao-Kuan Ts
eme for Digital 
mputer Standards

Hyoung Joong Ki
g Scheme Robus
of the 9th worksh
7 

d Daoshun Wang 
st to geometric d

Wenbao Hou, “A
in Proc. IWISA 2
dreazami, M. O

Watermark De
e Gaussian di
18, no.2, Feb201
and G. Pitcha

ge Watermarking 
rXiv:1210.5941,2
ung Yang, and Ch
ased watermarkin

o, James C.N. Y
ased watermarkin
urity IX, pp. 91-1

Balasubramania
sed on fraction
Signal Processing
Xián China, "A w
eaningful shares,
ntelligence and se
tha T Nair, "Pr
or meaningful sha
, Computing, Co
pp. 394-401. 

Ming Sun Fu
 in IEEE Interna
975-978. 
Fang and, "Progr

n recognition and 

Young-Chang-H
n visual cryptogra

ama Kishore,” D
in Vth Internationa

ew Delhi, pp. 279-
oussef, Samira M
Medical Image w

Cryptography," i
Hammad, "A Vis
tection," Journal
96-104, April 2012
C. Meena, "Digita
, SLSB and Vi
onference on Com
 

en and Du-shia
hanism using a wa
Journal of Patter

Ming Lu and Jeng
ography," Digital 

r Gopal, “Robust
d Butterworth F
& Development (

mark Embedding
orth Filtering”, In
er Science and 

015 
bo Yang, "A geom

m based on hist

so and Jiang-Lun
Images Using 

s & Interfaces Els

im and Jiwu Hua
st Against Geom
hop on Multimed

et al, “A histogra
istortions,” in Pr

A robust waterma
2009, pp. 453-456
Omair Ahmad 
ecoder in Count
istribution,” IEE
6. 

ammal, “Geomet
Scheme for Prov

2012 
hih-Cheng Wu St
ng: Definition an

Yang and Chih 
ng," In Transactio
109, 2014. 
an Raman, "A 
nal Fourier tr

g 92, no. 6, pp. 14
watermarking-base
" in IEEE Intern
ecurity, 2011, pp. 
rogressive Visua
ares," in Internati
mmunication, Co

u, "Joint Visua
ational Conferenc

ressive Viewing a
Image analysis, v

Hou, "An asym
aphy," in ICSP, 2

Digital watermark
al Symposium on
-285,2016. 

Mabtoul, Moham
watermarking for
in IEEE ICMCS, 
sual Cryptography
 of Information
2. 
al watermarking a
sual cryptograph

mputational Intell

au Tsai, "Owne
atermarking schem
rn Recognition so

g-Shyang Pan, "M
watermarking, pp

t Image Waterma
iltering”, Interna
(IJSRD), Vol. 3,

g and Extraction 
nternational Journ
Software Engine

metrical attack res
togram modifica

ng Liu, "A Copy
Visual Cryptog

sevier, Vol 29, pp

ang, “Histogram-B
metric Deformat
ia & security, pp

am based waterma
roc. ICECEE, pp.

arking algorithm 
6,2009. 
and M.N.S Sw
tourlet domain 
EE Transaction

tric Attack Res
viding High Secu

telvio Climato, "V
nd Meaning," Spr

-Cheng Wu, "
ons of data hidin

blind Waterma
ransform and 
480-1491, 2012. 
ed Visual Crypto

national Conferen
 870-873. 

al Cryptography 
ional Multi-Confe
ontrol and compr

al Cryptography
ce on Multimedi

and sharing of sen
vol. 16, no. 4, pp

mmetric waterma
000. 
king based on 
n fusion of Scienc

med EI Marraki,
r copyright Prote
2014, pp. 93-98.
y Based Digital I
n Security (Scie

and information h
hy method," in 
ligence and comp

er-Customer cop
me and a waterma
ociety, pp. 1530-

Multiple Waterma
p. 60-70, 2008. 

arking 
ational 

Issue 

using 
nal of 

eering, 

sistant 
ation", 

yright 
graphy 
p. 125-

Based 
tions”, 
. 121-

arking 
. 773-

based 

wamy, 
using 

s on 

sistant 
urity”, 

Visual 
ringer, 

"Vsual 
ng and 

arking 
visual 

ograhy 
nce on 

with 
erence 
ressed 

y and 
ia and 

nsitive 
p. 632-

arking 

visual 
ce and 

Driss 
ection 

Image 
entific 

hiding 
IEEE 

puting 

yright 
arking 
-1541, 

arking 



International Journal of Information, Control and Computer Sciences

ISSN: 2517-9942

Vol:10, No:7, 2016

1269

 

 

[26] Yanyan Han, Wencai He and Yixiao Shang, "DWT- domain Dual 
watermarking algorithm of color image based on visual cryptography," 
in IEEE 9th international Conference on Intelligent Information Hiding 
and Multimedia Signal Processing, 2013, pp. 373-378. 

[27] Meryem Benyoussef, Samira Mabtoul, "Blind Invisible Watermarking 
Technique in DT-CWT domain using visual cryptography," Image 
Analysis and Processing, pp. 813-822, 2013. 

[28] Rawan I. Zaghloul, Enas F. Al-Rawashdeh, “HSV image watermarking 
scheme based on visual cryptography”, World Academy of Science, 
Engineering and Technology International Journal of Computer, 
Electrical, Automation, Control and Information Engineering Vol:2, 
No:8, pp.2658-2661, 2008 
 
 

R. Rama Kishore is currently working as an Associate Professor at 
University School of Information Technology and Communication 
Technology, G.G.S. Indraprastha University, Delhi. He received his PhD 
degree from G.G.S. Indra Prastaha University, Delhi and M. Tech from I.I.T. 
Delhi. His area of interests includes Computer Graphics, Multimedia 
technologies, Image processing etc.  
 
Sunesh received B.E. degree in Computer Science and Engineering from 
Maharishi Dayanand University and the M.Tech degree from Chaudhary Devi 
Lal University, Haryana. She is currently an Assistant Professor with 
Maharaja Surajmal Institute of Technology, New Delhi, India and also 
working towards Ph.D. degree with University School of Information and 
Communication Technology, Guru Gobind Singh Indraprastha University, 
New Delhi, India. 


