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Abstract. This investigation presents a robust digital watermarking
scheme for copyright protection, called D-SVD. The proposed scheme
integrates discrete cosine transform (DCT) with singular value decom-
position (SVD). In contrast to traditional methods based on DCT water-
marking schemes, in which watermark messages are embedded directly
on DCT frequency coefficients, the proposed approach emphasizes that
watermark message bit is embedded on the blocks of the DCT coef-
ficient’s singular value within an original color image. Experimental re-
sults demonstrate that the quality of watermarked image is robust under
compression, noises, filtering and various attacks. In addition, it is ob-
served that the proposed D-SVD algorithm can obtain larger NC and
PSNR values than some existing well-known methods, and can success-
fully resist attacks such as cropping, blurring, reshaping, adding noise
and JPEG compression.
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1 Introduction

Digital watermarking algorithms are generally developed to verify authorship or
to protect copyright [1], [4]-[18]. Numerous watermarking schemes that embed
the watermark into transformed frequency coefficients have been presented re-
cently, due to the robustness consideration such as DCT [1], [3], [13], [16] and
wavelet [2], [18]. This methodology is unlike conventional approaches based on
the transformed coefficient. This study proposes a new method that embeds
the watermark into the singular value of the DCT coefficient blocks within an
original color image, and does not require the original image when performing
extraction of watermark procedure. The proposed scheme first calculates the fre-
quency coefficient of luminance within the original color image using DCT, and
decomposes the coefficient to computes its singular value after. The watermarks
are then embedded on the singular value. Experimental results indicate that the
presented technique produces a high-quality watermarked image and a robust
embedding watermark.
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Fig. 1. The proposed watermark embedding process

2 Embedding Process

According to illustrated in Fig. 1, the proposed process embeds an n × n water-
mark image W into an N × N size original image H , with secret keys (key) for
security. The steps of watermark embedding process are provided as follows:

Step 1: Transform the RGB color space of the original image H to the YUV
color space. The Y (luminance) component has selected from YUV to
apply the DCT frequency transformation, since the luminance has the
same range as the gray image between 0 and 255. The original image
luminance component Y is split into non-overlapping 8×8 or 4×4 pixel
blocks Bk, where k=1, 2, 3,. . . , M , and M represents the numbers of
blocks. Each block B′

k is then individually transformed to a frequency
coefficient using the two-dimension DCT.

Step 2: Compute the singular value of each frequency coefficient block B′
k by

singular value decomposition.
Step 3: Compute Ns = ‖s‖ + 1 and D = �Ns/d� , where s = (λk

1 , λk
2 , . . . , λk

N )
denotes a vector formed to the singular values of each block B′

k, and dk

represents the quantization level for correlating Ns with B′
k.

Step 4: Shuffle the watermark image for embedding, to prevent tampering with
the watermark form. The proposed approach employs Torus automor-
phism, which is an image permutation mapping function to break up a
watermark image randomly. The number of Torus permutation transfor-
mations on the watermark image must be maintained as a secret key for
the extracting process.

Step 5: Embed each bit bi (0 or 1) of watermark image by the adjustment integer
number D. If bi=0, then D is odd, while if bi=1, then D is even.
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Step 6: Compute N ′
s = dk×D+dk/2 and the modified singular value (δk

1 , δk
2 , . . . ,

δk
N ) , where (δk

1 , δk
2 , . . . , δk

N) = (λk
1 , λk

2 , . . . , λk
N ) × (N ′

s/Ns).
Step 7: Compute the watermarked block B′′

k with the modified singular value
(λk

1 , λk
2 , . . . , λk

N ).
Step 8: Inversely transform each B′′

k to luminance image domain using IDCT.
Step 9: Reconfigure the watermarked image from all blocks to obtain the RGB

color space.

3 Extracting Process

Fig. 2 displays the extracting process utilized in the proposed scheme. The steps
of extracting the watermark from the watermarked image are given as follows:

Step 1: Transform the watermarked image Yw to the YUV color space, and then
place the luminance component Y into non-overlapping 8 × 8 or 4 × 4
pixel blocks B̃k.

Step 2: Transform each block B̃k to the frequency coefficient by two-dimension
DCT, and then compute the singular value of each frequency coefficient
block B̃′

k using the singular value decomposition.
Step 3: Compute Ñs = ‖s̃‖ + 1 ; D̃ = �Ñs/dk� , where s̃ = (δk

1 , δk
2 , . . . , δk

N)
represents a vector formed to the singular values of each block B̃′

k.
Step 4: If D̃ is odd, then the embedded watermark bit is 0. Otherwise, if D̃ is

even, then the embedded bit is 1.
Step 5: Reshape the randomly watermark W ′, by performing the Torus permu-

tation transformation once to reconfigure the recovery watermark using
the appropriate secret key value.

Fig. 2. The proposed watermark extracting process
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Fig. 3. Comparison of the proposed D-SVD algorithm and Wang’s and Liu’s methods
with extracted watermark NC value and the PSNR of watermarked through attacked
by JPEG with different compression qualities (using Lena as testing image)

Fig. 4. Comparison of the proposed D-SVD algorithm and Wang’s method with ex-
tracted watermark NC value and the PSNR of watermarked through attack by blurring
(using Lena as testing image)
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Fig. 5. The outcome of watermarks after attack by blurring with three times using the
proposed D-SVD and Wang’s method [3]

Fig. 6. Comparison of the proposed D-SVD algorithm and Wang’s method [3] with
extracted watermark NC value and the PSNR of watermarked through attack by adding
noise (using Lena as testing image and using Salt & Pepper as noise)

Fig. 7. The outcome of watermarks after attack by adding noise with six times using
the proposed D-SVD and Wang’s method [3]
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4 Simulation Result

An experiment was performed using an original image of size 512 × 512 with true
color, and a watermark image of size 64 × 64 with binary image. The experiment
was performed on a personal computer with an Intel Pentium 4, 3-GHz and 512
M RAM. To verify the performance of the proposed D-SVD algorithm, some
experiments were conducted to compare the proposed D-SVD algorithm and
Wang’s and Liu’s methods [3], [15]. Fig. 3-7 show some experiment results. Fig.
3 presents the comparison of the proposed D-SVD algorithm and Wang’s and
Liu’s methods with extracted watermark NC (Normalized Correlation) value
and the PSNR (Peak Signal to Noise Ratio) of watermarked through attacked
by JPEG with different compression qualities (using Lena as testing image).
The human eye can generally judge the quality of a processed image, but not
very objectively. Some objective measures are available to verify the quality
of a compressed image. For instance mean square error (MSE), signal/noise
relation (SNR) and Peak Signal-to-Noise Ratio (PSNR) are generally used, and
are formulated as follows.

MSE =
1

M × N

M−1∑

x=0

N−1∑

y=0

[Î(x, y) − I(x, y)]2 (1)

SNR = 10 log10

1
M×N

∑M−1
x=0

∑N−1
y=0 [Î(x, y)2]

MSE
(2)

PSNR = 10 log10
2552

MSE
(3)

Fig. 8. The outcome of watermarks after attack by cropping with different percent-
ages (25%, 50%, and 75%) using the proposed D-SVD approach (cropping 25%,
PSNR=11.246dB, NC=0.8999; cropping 50%, PSNR=7.5894dB, NC=0.7969; cropping
75%, PSNR=5.692dB, NC=0.6919)

Additionally, Normalized Correlation (NC) is used to evaluate the similar-
ity degree between original watermark and extracting watermark. Fig. 4 lists
the comparison of the proposed D-SVD algorithm and Wang’s method with ex-
tracted watermark NC value and the PSNR of watermarked through attack by
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blurring (using Lena as testing image). Fig. 5 illustrates the outcome of water-
marks after attack by blurring with three times using the proposed D-SVD and
Wang’s method [3]. Fig. 6 displays the result after an attack by adding noise.
Fig. 8 depicts the outcome of watermarks after attack by different percentages
cropping (25%, 50%, and 75%) using the proposed D-SVD approach (notably,
cropping 25%, PSNR=11.246dB, NC=0.8999; cropping 50%, PSNR=7.5894dB,
NC=0.7969; cropping 75%, PSNR=5.692dB, NC=0.6919). It is found that the
outcome of watermarks after attack by high percentage cropping using D-SVD
approach is still clear. However, it is difficult to find watermark after attack by
high percentage cropping using Wang’s method.

Fig. 9. The outcome of watermarks after attack by reshaping using the proposed D-
SVD approach and Wang’s method [3] (a)using F16 as reshaping testing image (b)
using D-SVD algorithm (c) using Wangs method

Fig. 9 shows the result of watermarks after attack by reshaping using the pro-
posed D-SVD approach (PSNR=20.4762, NC=0.6895) and Wang’s method [3]
(PSNR=20.3242, NC=0.66040), and F16 airplane was used as reshaping testing
image. From Fig. 3-9, it is observed that the proposed D-SVD algorithm can
obtain larger NC and PSNR values than Wang’s and Liu’s methods, and can
successfully resist attacks such as cropping, blurring, reshaping, adding noise
and JPEG compression. Hence, the proposed image watermarking technique is
robust and imperceptible.

5 Conclusion

This investigation presents a new scheme for embedding digital watermark into
a color image. The embedding and extracting processes are based on D-SVD.
Experimental results reveal that the proposed method can successfully resist at-
tacks such as cropping, blurring, reshaping, adding noise and JPEG compression.
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Therefore, the proposed image watermarking technique is robust and impercepti-
ble. Additionally, the proposed approach can retrieve the embedded information
without accessing the original image. Experimental results demonstrate that the
proposed schemes outperform Wang’s and Liu’s schemes.

Acknowledgments. The author would like to thank the National Science
Council of Republic of China for financially supporting this research under con-
tract no. NSC 94-2213-E-020-002.
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