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ABSTRACT

The successive and segmented watermarking techniques are in
the division of multiple watermarking techniques. The proposed
method, comparison of multiple watermarking techniques by
using discrete wavelet transforms. In successive watermarking
technique, the watermarks are embedded one after the other.
In segmented watermarking technique, one watermark is
embedded into odd-numbered rows and another watermark is
embedded into even-numbered rows. The extraction process
multiple watermarks are extracted from the watermarked
images. The proposed scheme shows good performance on
original colour images in terms of imperceptibility. The
segmented watermarking has better visual quality on
watermarked image when compared with successive
watermarking.
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1. INTRODUCTION

Digital watermarking technology has evolved very quickly
these years. Digital watermarking is an important specific area
for the advancement of image processing technology. A variety
of invisible watermarking schemes have been reported in recent
years which can be broadly classified in two categories: spatial-
domain and frequency-domain technique [1]. Spatial domain
watermarking slightly modifies the pixels of one or two
randomly selected subsets of an image. The watermarking
scheme based on the frequency domains can be classified into
the Discrete Fourier Transform, Discrete Cosine Transform and
Discrete Wavelet Transform methods.

Most watermarking algorithms supports one watermark
embedding, but there are great restrictions when one
watermarking algorithms are tried into practical applications in
few rare situation, like when multiple users share the copyright,
it is need to support multiple users to embed their
watermarks synchronously. This highlights the need for
multiple watermarking. The three main categories of multiple
watermarking techniques are composite, successive and
segmented watermarking. In composite watermarking, all
watermarks are combined into a single watermark which is
subsequently embedded in one single embedding step. The
segmented watermarking, the host data is partitioned into
disjoint segments a priory and each watermark is embedded into
its specific share [2]. The successive watermarking,
watermarks are embedded one after the other. This approach is
also denoted Re-watermarking in literature [3].

In this paper a digital image multiple successive and segmented
watermarking scheme based on wavelet transform is proposed.
In the proposed method, the PSNR and image quality are
degraded with every one new watermark embedded into image.
This paper is organized as follows; a literature survey is
discussed in  section 2. The multiple watermarking techniques
are explained in section 3. The proposed algorithms for
watermark embedding and extraction process are explained in
section 4. Conclusion of the present work is given in section 5.

2. ABRIEF LITERATURE SURVEY

The Multi Resolution Analysis (MRA) represents and analyzes
signals (images) at different frequencies with different
resolutions [4]. Digital watermarking using biorthogonal
wavelet transform are presented in [5]. Their method is robust
against several attacks. Sheppard et al. [6] distinguish three
main categories of multiple watermarking techniques: The
categories are composite, successive and segmented
watermarking.

The classical robust watermarking techniques for multiple re-
watermarking are discussed [7]. Their method focused on a
comparison of the usefulness of blind and non-blind algorithms.
Glen E. Wheeler et al. [8] proposed weighted segmented
watermarking of still images in which segments are formed by
dividing the image into square blocks, each of which contains
one contributor’s watermark. If a watermark is present in one or
more segments of the work, the owner of that watermark is
reported to be an owner of the work as a whole by an arbiter.
Nantha Priya et al. [9] proposed the segmented image is
modelled as mixture generalized Gaussian distribution and
this model is the basis of mathematical analysis of various
aspects of the watermarking processes such as probability
of error, embedding strength adjustment. A new approach to
image watermarking in wavelet domain is presented in [10].
Their method to hide the watermark data in blocks of the block
segmented image.

3. MULTIPLE WATERMARKING

Fig.1 shows 512 x 512 size original colour image is used as
Barbara image and 32 x 32 size gray scale logo is used as
watermark images, such as watermarkl and watermark2.
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Fig 1. (a) Barbara image (b) Watermark1 (b) Watermark2

The proposed method uses multiple successive and segmented
watermarking techniques for embedding and extraction. The
successive watermarking method is to embed the watermarks
one after other, from the watermarked images the watermarks
are extracted from one after other. Fig. 2 shows the block
diagram of multiple successive watermarking by using two
watermarks.
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Fig. 2. Multiple Successive Watermarking
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Fig. 3. Multiple Segmented Watermarking

In segmented watermarking method, the original image is
partitioned into disjoint segments a priory and each watermark
is embedded into its specific share. The proposed method one
watermark is embedded into odd-numbered rows and other
watermark is embedded into even-numbered rows. The name is
also called interleaved watermarking. Fig. 3 shows the block
diagram of multiple segmented watermarking by using two
watermarks. Fig. 4 shows the multiple segmented watermarking
of odd-numbered rows and even-numbered rows images.
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Fig 4. (a) Odd-numbered rows image (b) Even-numbered
rows image

4. PROPOSED SCHEME

The proposed method is embedding of multiple watermarks by
decomposing the original image using discrete wavelet
transform. The watermarks used for embedding is a binary logo
image, which is very small compared with the size of the
original image. Table 1 shows the steps for watermark
embedding are briefly listed for successive and segmented
watermarking as follows,

Table 1. The steps for embedding process of successive and
segmented watermarking

Method 1
Successive watermarking technique

1. The original image is decomposed by two levels by using
discrete wavelet transform.

2. The watermarkl is embedded into the colour original image
in LL, sub band, by the following equation

Ly, (i, ) =10, j) +axWI{, j) (@)
Where,

by = Watermarked Imagel
W1 = Watermark1
I = Original Image and
o = Scaling factor which determine the
Strength of watermark.
3. The inverse wavelet transform is performed to get the
watermarked imagel

4. Similarly, the watermark2 is embedded into the
watermarked images1, to get the watermarked image2.

Method 2
Segmented watermarking technique

1. The original image is segments into odd-numbered rows
and even-numbered rows images.

2. The odd-numbered rows and even-numbered rows images
are decomposed by two levels by using discrete wavelet
transform.

3. The watermarkl is embedded into odd-numbered rows
image of LL, sub band and the watermark2 is embedded
into even-numbered rows image of LL, sub band, by the
following equation
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Ly, (i ) = Toge (0, J) +axWI(, J) @

Ly, (1 0) = loen( )+ xW2(i, j)  (3)
where,

W1=0dd watermarked Image

F = Even watermarked Image
W1 = Watermark1
W2 = Watermark?2

| ,ag = Odd-numbered rows image

I even = Even-numbered rows image

o = Scaling factor which determine the
Strength of Watermark.
4. The inverse wavelet transform is performed to get the odd
watermarked image and the even watermarked image.
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PSNR Values for

O Watermark 1 B Watermark 2

70 68.9184 68.0184
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63.6349

Successive Watermarking Segmented Watermarking

The performance of watermarking technique can be evaluated
by peak signal to noise Ratio (PSNR). The PSNR is used to
measure the quality of watermarked image, which is given by

2552
PSNR(dB) =10log,, —— 4
(dB) 010 MSE 4

Table 2 shows the imperceptibility evaluation of watermarked
images on Barbara images and lists the PSNR value for image
quality of successive and segmented watermarking. Fig. 5.
Shows the comparison of PSNR value for successive and
segmented Watermarking. The proposed method segmented
watermarking is to achieve better visual quality on watermarked
images when compared with successive watermarking.

Table 2. PSNR Values for Watermarked Images of
Successive and Segmented Watermarking

Multiple .
Watermarking Watermarked images
: PSNR (dB)
Techniques
Watermarked Watermarked
Imagel Image2
Successive

Watermarking

PSNR = 68.9184 PSNR = 63.6349

Even Watermarked
Image

Odd watermarked
Image

Segmented
Watermarking

PSNR = 68.9184

PSNR = 67.2108

Fig. 5. Comparison of PSNR for Successive and Segmented
Watermarking

The watermark extraction processes are the inverse process of
watermark embedding. Table 3 shows the steps for watermark
extraction are briefly listed for successive and segmented
watermarking as follows,

Table 3. The steps for extraction process of successive and
segmented watermarking

Method 1
Successive watermarking technique

1. The watermarked image2, watermarked imagel and
original image is decomposed by two levels by using
discrete wavelet transform

2. The watermark?2 can be extracted from the watermarked
image2 and watermarked imagel in LL, sub band. Then
it’s divided by the watermark strength factor a is given
as follows,

WG, ) = 1 G ) 16
(i, ) = lwa (i, ) =1 J% ©)

3. The watermarkl is extracted from the watermarked
imagel and original image by repeating the above steps.

Method 2
Segmented watermarking technique

1. The odd watermarked image, odd-numbered rows
image, even-numbered rows image and the even
watermarked image is decomposed by two levels by
using discrete wavelet transform.

2. The watermarkl can be extracted from the odd
watermarked image and odd-numbered rows image in
LL, sub band. Then it’s divided by the watermark
strength factor o is given as follows,

Wl-1- :IW1 -’- _Iodd -’-
(i, 1) = hia (i, 1) = Lo (i J% )

3. The watermark2 can be extracted from the even
watermarked image and even-numbered rows image in
LL, sub band. Then it’s divided by the watermark
strength factor o is given as follows,

w2 -’ j) = IW2 -’ j _Ieven -' j
(i, ) = o @0, J) (i J% )
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Normalized Correlation (NC) is used to measure the quality of
watermarks after extraction. The NC between the extracted
watermark W’(i, j) and the embedded watermark W(i, j) is
defined as,

> > WG, )< G, §)
NC = ®
> Y WG, )Y

i=L j=

Table. 4. NC values for extracted watermarks images of
successive and segmented watermarking

Multiple Watermarking

. Extracted watermarks
Techniques

Watermarkl | Watermark2

Successive Watermarking

NC=1 NC=1
watermarkl | Watermark2
Segmented Watermarking
NC=1 NC=1

The Table 4 shows the extracted watermarks on Barbara images
and lists the values of Normalized Correlation.

5. CONCLUSION

In this paper, a successive and the segmented watermarking
techniques are proposed. The embedding and extraction process
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using multi-resolution analysis of wavelet transform for colour
images. In the embedding process, the multiple watermarks are
embedded into the original image and the extracting process;
the original watermarks are extracted from the watermarked
images. The segmented watermarking vividly shows achieve
better visual quality on watermarked image when compared
with successive watermarking. As a future initiative, to
compare a composite watermarking and to achieve a high
robustness for geometric, non geometric and common image
processing attacks.
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