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Abstract. A non-blind color image watermarking scheme
using principle component analysis, discrete wavelet trans-
form and singular value decomposition is proposed. The
color components are uncorrelated using principle compo-
nent analysis. The watermark is embedded into the singular
values of discrete wavelet transformed sub-band associated
with principle component containing most of the color in-
formation. The scheme was tested against various attacks
(including histogram equalization, rotation, Gaussian noise,
scaling, cropping, Y-shearing, X-shearing, median filtering,
affine transformation, translation, salt & pepper, sharpen-
ing), to check robustness. The results of proposed scheme are
compared with state-of-the-art existing color watermarking
schemes using normalized correlation coefficient and peak
signal to noise ratio. The simulation results show that pro-
posed scheme is robust and imperceptible.
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1. Introduction

Digital data (such as images, audio and video) is widely
available online. Multiple copies of original data can be
made easily and it is difficult to distinguish between original
and copied data. This creates the problem of owner identifi-
cation, authentication and copyright protection. Watermark-
ing is a possible solution [1]-[9].

In digital watermarking some information (images, au-
dio, video) can be embedded into the data in such a way that
it is not perceptible to human eye. This hidden data can later
be extracted to prove the ownership [1], [3]. The quality of
watermarking scheme is primarily based on two conflicting
requirements, robustness (measured using normalized corre-
lation coefficient (NC)) and imperceptibility (measured us-
ing peak signal to noise ratio (PSNR)) [1], [10].

Based on the domain, watermarking can be classified
into spatial and frequency [4], [5], [9], [11], [12]. In spatial
domain (generaly less complex, less robust and less secure
[41, [5], [9], [13]), the pixel values of cover image are di-
rectly modified for watermark embedding [5]. In frequency
domain (relatively robust, secure and imperceptible [4], [5],
[9]), the cover image is transformed to other domain (using
discrete cosine transform (DCT), discrete wavelet transform
(DWT), discrete fourier transform (DFT) [5], [9], [12]) for
watermark embedding [9].

Most of the image watermarking schemes are applica-
ble [3] for gray level images and some schemes are related
to color images. Out of color image watermarking schemes,
[5], [6], [13] uses DWT and singular value decomposition
(SVD) whereas [15] uses DWT and [16] uses SVD for wa-
termark embedding.

In RGB images, R, G and B channels are highly cor-
related [6], [12], [13], and for quality watermarking (to im-
prove imperceptibility) it is desirable that these channels are
uncorrelated. [6] uses YUV color space and [13] uses YIQ
color space to uncorrelate R, G and B channels.

Since [16] do not uncorrelate the R, G and B channels
for watermark embedding, therefore the quality of water-
marked image is not satisfactory. Moreover, [16] works in
the spatial domain only, therefore it is not secure as com-
pared to its frequency domain counterparts [4], [5], [9].

In the proposed non-blind color image watermarking
scheme, the drawbacks of [16] are overcome. We use prin-
ciple component analysis (PCA) to uncorrelate R, G and B
channels. Since most of the information of color image is
contained in first principle component [17], therefore first
principle component is used for watermark embedding. Sec-
ond level DWT of first principle component is performed and
watermark is embedded by modifying the singular values of
each band. Reverse process is applied for watermark ex-
traction. The results of proposed scheme are compared with
state-of-the-art existing color watermarking schemes using
NC and PSNR. The simulation results show that proposed
scheme is robust (against attacks like histogram equaliza-
tion, rotation, Gaussian noise, scaling, cropping, Y-shearing,
X-shearing, median filtering, affine transformation, transla-
tion, salt & pepper, sharpening) and imperceptible.
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2. Color Image Watermarking
Scheme
2.1 Watermark Embedding

Let the original color image I, is decomposed into its
three components (R, G and B), where

r r12 riN
1 o N

R = ,
rmi rymo r'MN
811 812 ... &IN
821 82 ... 82N

G = . . . 9
8mM1 8m2 .- 8MN
bin by ... by
b2] b22 ce b2N

B = ,
bvi bu2 ... bun

M and N define the size of the original image.

Let a covariance matrix C be computed as

C=—(AAT)=0A0"!
L (44T) = 0A0
where
rT...nmnmy...MN ... rmy1 --- rynN
A=1|g11...81N821---8&N---8M1 ---8MN | »
bi1...binba1...boy ... by ... byn
q11 912 913 M1 O 0
O=|qigngs |, A=| 0An 0
q31 32 433 0 0 A3z

and A1; > Ay > As3. The principle components [18] of ma-
trix C are written as

P,
P=|P, | =0"A

Py

prii ... prin pra2i ... praN ... pryi - .. Prun
= | P81 --- PIN P821 --- PE2N --- P&M1 - - - PEMN

pbii ... pbiy pbay ... pbon ... pbui ... pbun

Remark 1: Since R, G and B components are highly corre-
lated [6], [12], [13], the PCA [17] is used here to uncorrelate
these R, G and B components. The first component of PCA
(P,) contains most of the image information [17].

Let matrix
prit priz2 PYIN
pra1 pra PN
Prn = . . .
pPrmt - Prm2 PrMN

be decomposed into its sub-bands using DWT (Haar) as fol-
lowing:

(LL, LH, HL, HH ) =
(LL, LH, HL, HH,)

DWT(P,,),
DWT(LL,).

Remark 2: In [15], various DWT families (like Haar,
Daubechies, BiorSplines, ReverseBior, Symlets, and
Coiflets) were explored for watermarking and performance
of Haar was found better.

Remark 3: Since P, is composed of components from P,
and contains most of the color image information, therefore
it is chosen for watermark embedding.

Remark 4: The use of DWT here is to improve the security
level and robustness [5], [11]. The improvement in the se-
curity level and robustness is due to irregular distribution of
watermark over the image during the inverse transform.

Let us decompose second level sub-bands using SVD
[19] as follows:

L, = U1S]V1T7
LH, = U8V,
HL, = US3Vy,
HH, = U4S4V4T

where S, S2, S3 and S4 are diagonal matrices and contain
singular values in descending order. Uy, Ua, Us, Uy, V1, Vs,
V3 and V; are orthogonal matrices containing singular vec-
tors.

Remark 5: Small perturbation in image does not cause large
variation in singular values [3]-[6], [12].

Remark 6: Singular values own intrinsic properties of im-
age (i.e. luminance information is contained in singular val-
ues, whereas geometric information is maintained by corre-
sponding singular vectors) [1], [3]-[6] [11], [20].

The watermark is introduced as follows:

Si+aW = UWISWIV\/Z]; (D
w

52+0€(3) = UnSnV),
w

Sita(z) = UnSuWii,

Sq4+oW = UW4SW4V\/{4

where S,,1, Sy2, Sy3 and S,,4 are diagonal matrices and con-
tain singular values in descending order, W is the watermark
and o defines the strength factor.

Remark 7: If the size of singular values matrix and water-
mark matrix mismatch in (1), the watermark may be interpo-
lated or decimated accordingly and reverse process applies
for watermark extraction.
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Let the modified sub-bands be as follows:

LL,
LH,,
HL,
HH,,

UiSa Vi,
UxS2Vy
UsSy3V4
U4SW4V4T.

The modified principle components are obtained as

gu g1 ... &iv
N 821 82 ... &ov
G: . . . )
8m1 8m2 ... 8MN
1:?11 1:712 --.l}w
R b1 by ... bon
B=| . . )
but bur - byn

Py
Pw = Pg =
Py
PIrWi11 ... PFWIN PIW21 ... PITWaN
p811 ---P8IN D821 ---P&2N
pbir ...pbiy pby ...pbay
where

prwir prwiz ... prwin
prwa1 prwap ... prwan

Prwmi Prwmn ... prwyn

Prwmi ... Prwyn
--P8M1 .- PSMN
.. prl ce prN

IDWT(LL,, LH,, HL,, HH,).

The matrix A,, is obtained as

Aw:QPw
Wil ... TWINTW2] ... TWON ...
=181 ---8IN 821 ---82N
by ...biy by ..boy

rwpmi ... Y'Wyn
--8M1 ---8MN
.. by ..byn

The watermarked image 1, is composed from (R, G, B)

where

rwii rwiz ...
rwaip rwypp ...

R,

Wyl rwy ...

2.2 Watermark Extraction

r'win
r'won

I'wpmN

The received watermarked image /,, may be subject to
perturbation (and attacks) on the watermarked image I,,,.

Let f,, be decomposed into its components R, G, B),

where

IA”WH fwlg
sz] szz

fWMl f'WMQ

f”WlN
fWZN

fWMN

Let covariance matrix

C be computed as

| BN

C=—(AAT) = OAO!
(AAT) = 0RO
where
R fW]l ...f’wlN fw21 ...fWQN...fWMl --~’A’WMN
A=|8&u - & §u &N -8 .- 8mun
b1 by by by .. by .. byn
. 411 412 413 R Ai 00
O=1Gu1dnds |, A=| 0Ain 0
g31 432 433 0 0 Ass

and A > Ao > Ass.

The principle components of matrix C are written as

Pw,
b= P, | =0"A
B,
ﬁrw]l ..ﬁrwlNﬁrw21...ﬁrWZN...ﬁerl...
=|pPgn -..PgIN P21 -..PgN ---PE&MI
pbi1 ...pbiy pbai ...pbay ...pba1 ..
Let the matrix
ﬁrwn ﬁrwlg ﬁrwlN
. prwar prwya ... prwoy
Praw = . . .
ﬁI’WMl ﬁerz N ﬁerN

ﬁrWMN

--PgMN
-Pbun

be decomposed into its sub-bands using DWT as follows

(LL, LH,

HLyHH,) =DWT (B),

(LL, LH, HL, HH,) = DWT(LLy).

Let us decompose second level sub-bands as follows

LL, = UlﬁlVlT,
LAH2 = (725A2‘A/2T,
fiLz = 03§3‘73T,
HHy = 048407
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Fig. 1. (a) Lena, (b) Baboon, (c) Aeroplane, (d) Autumn, (e)
Peppers (f) Watermark(logo).

Watermarks extracted are
_UnS1VE -8

WLL Ta
Up2$oVE =Sy UwsSiVE —S;
WingHL = o o )
UyaSsVE, — 8
Wyy = %.

Remark 8: There are three watermarks W;; extracted from
LL band, Wyy from HH band and W; gy p; extracted from
LH and HL band. The watermark W with highest NC is
the extracted watermark (out of Wy, Wyy, and Wy gsnr).

3. Experimental Result

Various experiments were performed to explore the
consequences of embedding and extraction of watermark
into the color images. For this purpose, color images of size
(512 x 512) and gray watermark (logo) (128 x 128) were
chosen as shown in Fig. 1. Haar wavelet is used for compar-
ison.

Perceptual imperceptibility (quality of watermarked
image [6], [20]) is measured by PSNR [3], [12], and robust-
ness (similarity of original watermark with extracted water-
mark [3], [5]) is measured via NC.

Fig. 2. (a) Histogram Equalization, (b) Rotation, (c) Gaussian
Noise, (d) Scaling, (e) Cropping, (f) Y-shearing, (g) X-
shearing, (h) Median Filtering, (i) Affine Transforma-
tion, (j) Translation, (k) Salt & Pepper, (1) Sharpening.

Attacks 19 Level | 27 Level | 3™ Level

Histogram Equalization | 0.8217 0.8381 0.5802
Rotation 0.8045 0.8534 0.8892
Gaussian Noise 0.7894 0.8287 0.8211
Scaling 0.7345 0.8393 0.8776
Cropping 0.5625 0.4918 0.6099
Y-Shearing 0.8196 0.8431 0.8607
X-Shearing 0.8309 0.8358 0.7545
Median Filtering 0.7067 0.8307 0.8846
Affine Transformation 0.8218 0.8412 0.7487
Translation 0.8487 0.8968 0.7620
Salt & Pepper 0.7803 0.8227 0.8122
Sharpening 0.8279 0.8578 0.9296

Tab. 1. NCs for different levels (oo = 0.3).

2

PSNR(dB) =10log;o ( TS T G )

where G is the maximum possible intensity value,
NC— T T WD) xWkD)
VI Sh W2k 1)\ X W2k D)

Various attacks (histogram equalization, rotation, Gaussian
noise, scaling, cropping, Y-shearing, X-shearing, median fil-
tering, affine transformation, translation, salt & pepper, and
sharpening) were applied on watermarked image to evaluate
the performance of purposed scheme. The extracted water-
marks are shown in Fig.2.

The results in terms of NC for different level of DWT
decomposition are shown in Tab. 1 (using Lena image).
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Images 15" Level 27 Level 3™ Level Attacks Lena |Baboon |Aeroplane | Autumn|Peppers
Lena 55.6232 66.8290 70.9174 Histogram 0.8381|0.8353 | 0.8152 | 0.8166 | 0.8072
Baboon 42.6506 66.8290 68.1598 Equalization
Aeroplane 54.3406 63.1777 78.3717 Rotation 0.8534|0.8532 | 0.8330 | 0.8607 | 0.8407
Autumn 50.3772 71.1457 69.7282 Gaussian Noise |0.8287 | 0.8274 | 0.8130 | 0.8111 | 0.7903
Peppers 51.1524 62.1909 67.8758 Scaling 0.839310.8392 | 0.8174 | 0.8452 | 0.8305
. Cropping 0.4918 | 0.4903 | 0.2966 | 0.2749 | 0.4091
Tab. 2. PSNR for different levels (o = 0.3). Y-Shearing | 0.8431 | 0.8408 | 0.7906 | 0.8316 | 0.7883
Images o o o o o o o X-Shearing 0.8358 | 0.8333 | 0.8154 | 0.8335 | 0.7845
(0.03)](0.05) | (0.1) | (0.3) | (0.5) | (0.7) | (0.9) Median Filtering | 0.8307 | 0.8306 | 0.8045 | 0.8256 | 0.8181
Lena |93.109]91.773|81.313]66.829(62.999]59.499(56.114|  |Affine Transform| 0.8412 | 0.8387 | 0.8164 | 0.7932 | 0.8059
Baboon |99.306|86.369|77.949(66.829|53.014]49.799[48 809 Translation |0.8968 | 0.8953 | 0.9001 | 0.8429 | 0.8202
Aeroplane|99.106(98.057 |84.535 |63.178(62.019]59.374[56.110 Salt & Pepper | 0.8227 0.8211 | 0.7954 | 0.8209 | 0.8152
Autumn |89.164|81.798(74.773|71.146]58.610|55.169(51.975 Sharpening  |0.8578 | 0.8573 | 0.9054 | 0.8881 | 0.9052
Peppers [92.616(84.583(75.046(62.191|57.625|54.649|53.060 Tab. 5. NCs for different images (0t = 0.3).
Tab. 3. PSNR for different a.
Attacks [0 o o o o o o Attacks Proposed | DWT-SVD| DWT | SVD
(0.03){(0.05)[ (0.1) [ (0.3)| (0.5)| (0.7) [(0.9) scheme | based [13] | [15] [16]
Histogram 0.26810.37510.600{0.838|0.833| 0.815 |0.822 Histogram 0.8381 0.6111 0.1453 | 0.2235
Equalization Equalization
Rotation 0.96810.961 |0.937[0.853]0.814| 0.799 |0.780 Rotation 0.8534 0.2404 | 0.2372 | 0.3080
Gaussian Noise | 0.417 [ 0.616 {0.792(0.829]|0.836| 0.840 [0.833 Gaussian Noise 0.8287 0.6050 | 0.2053 0
Scaling 0.761 | 0.849 [0.891{0.839|0.791| 0.782 {0.770 Scaling 0.8393 0.2415 0.2369 | 0.3080
Cropping 0.27310.273 {0.273{0.492|0.585| 0.616 {0.624 Cropping 0.4918 0.2397 0.2493 | 0.2051
Y-Shearing 0.760 | 0.890 |0.875[0.843]0.827| 0.811 |0.794 Y-Shearing 0.8431 0.2396 0.1999 | 0.2164
X-Shearing | 0.505]0.665 [0.811]0.836|0.837| 0.824 {0.809 X-Shearing 0.8358 0.5836 0.2148 | 0.2588
Median Filtering| 0.612 | 0.417 |0.846(0.831(0.776| 0.746 |0.742 Median Filtering 0.8307 0.5249 0.8191 | 0.2923
Affine 0.517|0.640 {0.743(0.841|0.848| 0.836 |0.821 Affine Transformation | 0.8412 0.5162 0.2439 | 0.2263
Transformation Translation 0.8968 0.2320 | 0.2103 | 0.1917
Translation 0.701(0.751 {0.895{0.897|0.862|0.8379(0.819 Salt & Pepper 0.8227 0.6028 0.4179 0
Salt & Pepper |0.400 | 0.340 |0.773]0.823]0.843(0.8392|0.826 Sharpening 0.8578 0.6587 0.8457 | 0.3052
Sharpening | 0.263|0.271]0.519(0.858|0.848(0.8268|0.824 .
Tab. 6. NC for different Schemes
Tab. 4. NC for different o.
The results in terms of PSNR for different level of Image | Proposed | DWT-SVD | DWT SVD
DWT decomposition are shown in Tab. 2 (using different scheme | based [13] [15] L16]
Lena 66.8290 5.1733 42.8330 | 34.2224

images).

Note that, with increase in level, the imperceptibility
improves. Therefore, we use second level DWT for follow-
ing simulations.

The performance of the proposed scheme in terms of
PSNR is shown in Tab. 3 (using different images), and in
terms of NC is shown in Tab. 4 (using Lena image), for dif-
ferent strength factors (i.e. o).

It is clear from the values that larger strength factor pro-
vides better robustness while a smaller strength factor gives
good imperceptibility results. Different images are also used
to measure the quality of proposed scheme and the result is
shown in Tab. 5.

Tab. 6 and Tab. 7 show the comparison of the proposed
scheme with different schemes in terms of NC and PSNR
respectively (for Lena image). It is obvious from the result
that our scheme performs well.

Tab. 7. PSNR for different schemes.

4. Conclusion

A PCA-DWT-SVD based non-blind watermarking
scheme is proposed. In this scheme all DWT sub-bands are
chosen for watermark embedding, therefore it is very diffi-
cult to remove the watermark. The proposed scheme is tested
using different strength factors and using different images
and it is found that this scheme performs well against many
attacks (including histogram equalization, rotation, Gaussian
noise, scaling, cropping, Y-shearing, X-shearing, median fil-
tering, affine transformation, translation, salt & pepper, and
sharpening). Since imperceptibility and robustness are the
measure for quality of watermark the results show that this
scheme satisfies both quality measures.
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