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Abstract

In the recent years, Digital Watermarking is used for
copyright protection and authentication. In this paper, a
new Dual Watermarking Scheme based on DWT-SVD is pre-
sented to improve the robustness and protection. Both Dis-
crete Wavelet Transform (DWT) and Singular Value Decom-
position (SVD) have been used as a mathematical tool to
embed watermark in the image. In the proposed technique,
two watermarks are embedded in the host image. First wa-
termark is called primary watermark, which is a gray scale
digital image. Second watermark is called secondary wa-
termark which is a gray scale meaningful logo instead of
randomly generated Gaussian noise type watermark. The
secondary watermark is embedded into primary watermark
and the resultant watermarked image is used as watermark
for the host image. A reliable watermark extraction scheme
is developed for the extraction of the primary as well as sec-
ondary watermark from the distorted image. Experimental
evaluation demonstrates that the proposed scheme is able
to withstand a variety of attacks. The secondary watermark
is easy to detect in all the cases but sometimes primary one
is severely distorted.

1. Introduction

In the recent years, the advance of editing software and
the popularity of the Internet, illegal operations, such as du-
plication, modification, forgery and others in digital media,
have become easy, fast and difficult to prevent. Therefore,
the protection of the intellectual property rights of digital
media has become an urgent matter. The one of the solu-
tion for this is Digital Watermarking. It can be used for
tracking the images that were illegally distributed. Water-
marking, when complemented with encryption, can serve
for many purposes, such as copyright protection, broad-
cast monitoring and data authentication. There are many
watermarking algorithms proposed in literature. Some of
them operate either in the spatial domain or in the frequency

domain[1, 2, 3, 4]. In the recent years, a new transform is in-
troduced for watermarking namely Singular Value Decom-
position (SVD)[5, 6]. In SVD domain, a common approach
is to modify the singular values by the singular values of a
visual watermark. SVD is one of the most useful tools of
linear algebra with several applications in image and signal
processing.

To improve the robustness and protection, the concept
of dual watermarking[7, 8, 9] is introduced by Swanson et
al.[7]. In all these scheme authors embed one visible and
one invisible watermark. When the visible watermarked
image is in question, the invisible watermark can provide
rightful ownership. In this paper, we have presented a novel
dual watermarking scheme to improve rightful ownership,
protection and robustness. In the proposed scheme, both the
watermarks are invisible. For embedding, both the images
are transformed into wavelet domain. Further SVD trans-
form is performed on both the images and sum up the sin-
gular values to find the new singular values. Both the water-
marks are embedded in the same manner. An efficient wa-
termarking extration scheme is introduced for finding both
primary and secondary watermarks.

The rest of the paper is organized as follows. The SVD
transform is explained in Section 2. In Section 3, proposed
embedding and extraction algorithms are introduced. The
experimental results are presented in section 4. Finally, the
concluding remarks are given in Section 5.

2. Singular Value Decomposition

Let A be a general real(complex) matrix of order m ×
n. The singular value decomposition (SVD) of A is the
factorization

A = U ∗ S ∗ V T (1)

where U and V are orthogonal(unitary) and S =
diag(σ1, σ2, ..., σr), where σi, i = 1(1)r are the singular
values of the matrix A with r = min(m,n) and satisfying

σ1 ≥ σ2 ≥ ... ≥ σr (2)
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The first r columns of V the right singular vectors and
the first r columns of U the left singular vectors.

Use of SVD in digital image processing has some advan-
tages. First, the size of the matrices from SVD transforma-
tion is not fixed. It can be a square or a rectangle. Secondly,
singular values in a digital image are less affected if gen-
eral image processing is performed. Finally, singular values
contain intrinsic algebraic image properties.

3. Proposed Algorithm

In this section, we have discussed some motivating fac-
tors in design of our approach to dual watermarking. We
have used DWT and SVD for developing the algorithm.
This scheme inherits advantages of both DWT and SVD,
i.e, robustness and watermark capacity. Let F be the host
image and W1 and W2 are the primary and secondary wa-
termarks. The host image and primary watermark are gray
scale images of size M × N and M1 × N1 respectively.
Secondary watermark is a gray scale meaningful logo of
size M1/2 × N1/2. We embed secondary watermark into
the primary watermark. The resultant watermarked primary
watermark is used as a watermark for the host image. Block
diagram is shown in the figure 1.

3.1. Watermark Embedding

3.1.1 Embedding Secondary Watermark:

The embedding technique for secondary watermark is given
as follows.

1. Perform 1-level wavelet transform on the primary wa-
termark. Let us denote each sub-band with W1θ where
θ ∈ { LL, LH, HL, HH } represents the orientation.

2. Perform SVD transform on secondary watermark,
W2 = UW2 SW2 V T

W2, as given in section 3.

3. Perform SVD transform on approximation and all the
detail parts, W1θ = UW1θ

SW1θ
V T

W1θ
where θ ∈ {

LL, LH, HL, HH }.

4. Modify the singular values of approximation and all
the detail parts with the singular values of the sec-
ondary watermark as σ∗

θ = σθ + αθ σW2.

5. Obtain modified approximation and all the detail parts
as W1∗θ = UW1θ

S∗
W1θ

V T
W1θ

where θ ∈ { LL, LH,
HL, HH }.

6. Perform 1-level inverse discrete wavelet transform to
get the watermarked primary watermark.

3.1.2 Embedding Primary Watermark:

The resultant watermarked primary watermark image (ob-
tained from previous sub-section) is the watermark for the
host image and it is used for the following embedding algo-
rithm. Let us denote watermarked primary watermark im-
age by W̃1.

1. Perform l-level wavelet transform on the host image.
Let us denote each sub-band with f l

θ where θ ∈ { LL,
LH, HL, HH } represents the orientation and l gives
the level of orientation.

2. The details and approximation sub-images of the host
image is segmented into non overlapping rectangles
of size M1 × N1 using ZIG-ZAG sequence. De-
note these segmented rectangles by f l,m

θ where m =
1, 2, ......, 2M+N−2l.

3. Perform SVD transform on new primary watermark,
W̃1 = U

W̃1
S

W̃1
V T

W̃1
.

4. Perform SVD transform on all non overlapping rec-
tangles, f l,m

θ = Uf l,m
θ

Sf l,m
θ

V T
f l,m

θ

, where θ ∈ { LL,

LH, HL, HH }.
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Figure 1. Proposed Embedding Algorithm.

5. Modify the singular values of all non overlapping rec-
tangles with the singular values of the new primary wa-
termark as (σf l,m

θ
)∗ = σf l,m

θ
+ βθ σ

W̃1
.

6. Obtain all modified non overlapping rectangles:
(f l,m

θ )∗ = Uf l,m
θ

(Sf l,m
θ

)∗ V T
f l,m

θ

, where θ ∈ { LL,

LH, HL, HH }.
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7. After embedding, reconstruct approximation and all
the detail parts using De-ZIG-ZAG sequence.

8. Perform l-level inverse discrete wavelet transform to
get watermarked image.

3.2. Watermark Extraction

The objective of the watermark extraction is to obtain
the estimate of the watermark. For watermark extraction
from watermarked image, both watermark and host images
are needed. But in practical applications (in some cases),
it is not possible to access the original image. We consider
those applications where original host image is available.
The extraction process is formulated as follows:

3.2.1 Extracting Primary Watermark:

The extraction technique for primary watermark is given as
follows.

1. Perform l-level wavelet transform on the host as well
as watermarked image. Let us denote each sub-band
with f l

θ and f̃ l
θ for host and watermarked image re-

spectively where θ ∈ { LL, LH, HL, HH } represents
the orientation and l gives the level of the orientation.

2. The detail and approximation sub-images of the host
as well as watermarked image is segmented into non-
overlapping rectangles of size M1 × N1 using ZIG-
ZAG sequence. We denote these segmented rectangles
by f l,m

θ and f̃ l,m
θ for host and watermarked images

respectively, where m = 1, 2, ......, 2M+N−2l.

3. Perform SVD transform on all non overlapping rectan-
gles of both the images, f l,m

θ = Uf l,m
θ

Sf l,m
θ

V T
f l,m

θ

and f̃ l,m
θ = Uf̃ l,m

θ
Sf̃ l,m

θ
V T

f̃ l,m
θ

where θ ∈ { LL, LH,

HL, HH }.

4. Extract singular values of primary watermark from all

non overlapping rectangles as σm

W̃1
=

σ
f̃

l,m
θ

−σ
f

l,m
θ

βθ

5. Obtain all estimate of primary watermark as
W̃1

m
= U

W̃1
Sm

W̃1
V T

W̃1
.

6. Select the primary watermark estimate as detected wa-
termark which has the greatest correlation coefficient
and it is denoted by W̃1det.

3.2.2 Extracting Secondary Watermark:

In this section, we extract secondary watermark from the
image which we have got from the previous sub section
(W̃1det).

1. Perform 1-level wavelet transform on the primary wa-
termark and W̃1det. Let us denote each sub-band by

W1θ and detected watermark as W̃1
θ

det, where θ ∈ {
LL, LH, HL, HH } represents the orientation.

2. Perform SVD transform on approximation and all the
detail parts of both images, W1θ = UW1θ SW1θ V T

W1θ

and W̃1
θ

det = U
W̃1

θ

det

S
W̃1

θ

det

V T

W̃1
θ

det

where θ ∈ { LL,

LH, HL, HH }.

3. Extract singular values of secondary watermark from
Approximation and all detail parts,

σθ

W̃2
=

σ
W̃1

θ

det

−σ
W1θ

αθ
.

4. Obtain all estimate of secondary watermark

W̃2
θ

= UW2 Sθ

W̃2
V T

W2.

5. After detecting all estimate of secondary watermark,

sum up all these estimates and it is given by W̃2
∗

=∑θ
i=1 W̃2

θ
.

6. Normalize W̃2
∗

between [0, 1] and scale it between [0,

255] as, W̃2det =
(

W̃2
∗−min(min(W̃2

∗
))

max(max(W̃2
∗
))

)
∗ 255.

4. Results and discussion

We demonstrate our proposed algorithm using MAT-
LAB. We have taken 8-bit gray scale Baboon image as orig-
inal (host) image of size 512 × 512 and for primary and
secondary watermark, we have used 8-bit gray scale lena
image and IIT logo of sizes 128 × 128 and 64 × 64 respec-
tively. For embedding the watermarked primary watermark
into the host image, we have used 2-level of decomposition
using Daubechies filter bank. We have embedded water-
marked primary watermark 16 times in the host image. In
the extraction, we are only selecting an image whose cor-
relation coefficient is the greatest among all. This image is
being used as the extracted primary watermark and this is
used for extracting secondary watermark. In figures 2 and 3
all original, watermarked images and extracted watermarks
are shown.

To investigate the robustness of the algorithm, the wa-
termarked image is attacked by Average and Mean Filter-
ing, JPEG and JPEG2000 compression, Gaussian noise ad-
dition, Resize, Rotation and Cropping. After these attacks
on the watermarked image, we compare the extracted water-
marks with the original one. The watermarked image qual-
ity is measured using PSNR (Peak Signal to Noise Ratio).
Watermarked Baboon and Lena images are having PSNR
values 43.2093 and 41.9187 respectively.
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Figure 2. Original Images a) Secondary Wa-
termark b) Primary Watermark c) Host Image.

Figure 3. Watermarked and Extracted Water-
mark Images a) Watermarked Primary Water-
mark b) Watermarked Host Image c) Extracted
Primary Watermark d) Extracted Secondary
Watermark.

   

Figure 4. Average filtering attack (11× 11 win-
dow) a) Attacked Host Image b) Extracted Pri-
mary Watermark c) Extracted Secondary Wa-
termark.

Extracted watermark after applying 11 × 11 averaging
and median filtering are shown in figures 4 and 5 respec-
tively. It can be observed that after applying these filters,
images are very much degraded and huge data is lost but ex-
tracted primary watermark is still recognizable. The quality
of extracted secondary watermark is not so good but still it
is recognizable.

Results for additive Gaussian noise is shown in figure
6 and it is very clear from the figure that this algorithm is

   

Figure 5. Median filtering attack (11 × 11 win-
dow) a) Attacked Host Image b) Extracted Pri-
mary Watermark c) Extracted Secondary Wa-
termark.

   

Figure 6. Additive Gaussian Noise attack
(Adding 70% noise) a) Attacked Host Image
b) Extracted Primary Watermark c) Extracted
Secondary Watermark.

   

Figure 7. JPEG Compression (50:1) a) At-
tacked Host Image b) Extracted Primary Wa-
termark c) Extracted Secondary Watermark.

standwith this attack also. In figure 6, watermarks extracted
form 70% additive Gaussian noise are shown.

The another most common manipulation in digital image
is image compression. To check the robustness against im-
age compression, the watermarked image is tested by JPEG
compression attacks. Results for JPEG (50:1) and JPEG
2000 (75:1) are shown in figures 7 and 8 respectively.

In figures 9, 10 and 11, results on resizing, rotation and
cropping are given. First we reduce the size of watermark
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Figure 8. JPEG2000 Compression (75:1) a) At-
tacked Host Image b) Extracted Primary Wa-
termark c) Extracted Secondary Watermark.

   

Figure 9. Resizing attack (512 −→ 128 −→
512) a) Attacked Host Image b) Extracted Pri-
mary Watermark c) Extracted Secondary Wa-
termark.

   

Figure 10. Rotation attack (30◦ rotation) a) At-
tacked Host Image b) Extracted Primary Wa-
termark c) Extracted Secondary Watermark.

image to 128 × 128 and again expand to 512 × 512. For
rotation, watermarked image is rotated by 30◦ and extract
both the watermarks as shown in figure 10. For cropping,
50% area remaining attacked and extracted watermark im-
ages are shown in figure 11.

To verify the presence of watermark, different measures
can be used to show the similarity between the original and
the extracted singular values. In our proposed algorithm,

   

Figure 11. Cropping attack (50% area remain-
ing) a) Attacked Host Image b) Extracted Pri-
mary Watermark c) Extracted Secondary Wa-
termark.

correlation coefficient is given by:

ρ(w, w̄) =

r∑
i=1

w(i) w̄(i)√
r∑

i=1

w̄2(i)

√
r∑

i=1

w2(i)

(3)

where w is the singular values of the original watermark,
w̄ is the extracted singular values and r = min(m,n)
(m, n is the size of w). The value of ρ lies between [-1,
1]. If the value of ρ is equal to 1 then the extracted singu-
lar values are just equal to original one. If the value of ρ
is -1 then the difference is negative for the largest singular
values. In this case, the lighter parts of the image become
darker and darker parts become lighter i.e constructed wa-
termark looks like negative thin film. The values of ρ for
all extracted primary and secondary watermarks are given
in table 1.

Table 1. Correlation coefficient of Extracted
Primary and Secondary watermark

Attacks ρ
Primary Secondary

Average Filtering -0.5394 0.3170

Median Filtering -0.5432 0.3314

Additive Gaussian Noise 0.4728 0.3527

JPEG Compression 0.9887 0.7393

JPEG2000 Compression 0.9729 0.6217

Resize 0.7776 0.2863

Rotation 0.5627 0.2822

Cropping -0.5366 0.3249

Regarding geometrical attacks, including rotation, trans-
lation and scaling, our claim is that our algorithm is robust
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against these attacks, since the following properties hold:

• Rotation: given an image I and its rotated Ir, both
have the same singular values.

• Translation: given an image I and its translated It,
both have the same singular values;

• Scaling: given an image I and its scale Is, if I has
the singular values σi, then Is has the singular values
σi ∗

√
LRLC where LR and LC are the scaling factor

of rows and columns respectively. If rows (columns)
are mutually scaled, Is has the singular values σi ∗√

LR(σi ∗
√

LC).

5. Conclusions

A dual watermarking scheme is presented in which the
watermarks are either a gray scale image or visually mean-
ingful gray scale logo instead of a noise type Gaussian se-
quence. For the extraction of watermark, a reliable water-
mark extraction scheme is constructed for both primary and
secondary watermark. Robustness of this method is carried
out by variety of attacks. The algorithm uses DWT variety
of time-frequency decomposition for images, and modifies
its singular value matrix with a watermark matrix before re-
constituting the signal. The left and right singular vectors
must be available at the receiver. The dual watermarking
algorithm presented in this paper is useful for extraction of
ownership of digital images and extraction of manipulations
in the images.
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