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An Algorithm for Scaling Parameter Optimization of
Watermarking using Random Dot Images
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ABSTRACT
For a digital image watermarking some autostercograms are used such as random dot images. In there, the

extraction efficiency is good and the distortion rate is low. In this paper, we shall select an optimized scaling

parameter which derives low distortion rate and high extraction efficiency, when we use a random dot images as

like as autostereograms into some images except for extremely biased gray level images.

Keyword : Watermarking

I. INTRODUCTION

Digital watermarking is very useful to set up a
controlled multimedia data  distribution  and
provides efficient means for copyright protection.
For some digital watermarking, Pitas and
Kaskalis[1,2] suggested that a picture can be split
in two subsets of equal size. The brightness of
the pixels of the one is altered by adding a
positive integer k. This factor kis calculated using
the variances of two subsets. The difference of
the means between two subsets can be calculated.
Carroni[2,3] suggested a method which embeds a
bit stream in the luminance value of an image.
Zhao and Koch[2,4] propose a method to embed
a bit stream into the DCT which is like JPEG
algorithm method. And another method suggested
by Cox et. al[2,5,6] is one of the most popular
method which is to embed a sequence of real
numbers in an NxNimage by computing the DCT
and adding the sequence to the # highest,

excluding the DC component. To extract the

sequence, the DCT transform of original image is
subtracted from the DCT transform of the labeled
one and sequence is extracted from highest
coefficients.  In  these cases, watermarking
efficiency is good with randomly distributed
embeddablewatermarking image. Since the
randomly  distributed  image  derives  good
efficiency, we can get some idea choosing
optimal parameter. The ranom dot image is a
dotted image in which every pixel is randomly
distributed all over. For example, in fig 1., we
show an image that is transformed by random
number generator from an logo image.

We know that the autostereogram is a random
dot image because we can find a random number
generator in [7]. In this paper, we propose some
watermarking that use autostereograms for
embedding watermark. The basic concept of
autostereograms that fusing of the two eyes’
images to produce the effect of depth (be called
stereopsis). Stereopsis occurs naturally when

viewing solid objects with both eyes [7]. This is
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Fig. 1. Randomly distributed image transformed by
random number generator from a logo image.

the direct sensing of the distance of an object by
comparing the images received by the two eyes.
This can be done only when the eyes of a
creature look in the same direction, and have
overlapping fields. In this way, the placing of the
two eyes gives up the opportunity of a wide field
of view obtained with eyes on the sides of the
head[8]. Predators find it best to have eyes in
front, prey to have them on the sides. It is
possible with two-dimensional pictures only when
each eye receives a separate image, corresponding
to the view of the actual 3D object depicted as
in Fig.2. In Fig.3, we show an autostereogram
of hemisphere with gray level. In this research,
we argue that a watermark has to be embedded
with partially optimization of scaling parameter in
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Fig. 2. Principals of Autostreogram

Fig. 3. Autostreogram of hemisphere

order to adjust the quantity of watermark data. In
other words, for minimizing the distortion of
original images and maximizing extracted
watermark, the scaling parameter can be partially

adjusted.

II. SCALING PARAMETER

By Cox’s method [5,6], when watermark X
inserts into image V, a scaling parameter &
determines the extent to which X alters V as
shown in Eq.1.

vV, =¥ tax, Eq.1

where, V= {vl »VaseesVy } is coefficient set

which is a transformed original image by DCT or
FFT.

X = Xosiss X,

is watermark sequence.

F = {VI’VZ""’vn} is adjusted sequence.
In Eq.l, a scaling parameter & may not be

applicable for perturbing all of the values Vi,

because different spectral components may exhibit
more or less tolerance to modification.

In this research, we propose an optimized
scaling parameter @ adjusting the quantity of
watermark data.

For implementing this method, first, original
image is transformed by using DCT, and then
generate  the  watermark by  compounding
autostereograms make the watermarked image

using inverse transformation.

1. OPTIMIZATION OF THE
PARAMETER

Watermark in order to optimize the scaling
parameter in case We consider the maximizing of
using autostereograms. In this case, the distortion
of original image can be minimized and the

detected watermark can be maximized.
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In Eq.1, the scaling parameter & determines
the quality of watermark images. We want to
minimize the distortion of theoriginal image and
to maximize detection rate of watermarked
images. We assume a general image set such that
for every image in this set the gray level is near
a Gauss distribution as in Fig.4 in that we show

biased image.

Let us define similarity Sim (X ,Y) of

two images X and Y as follows as Cox’s
method:

a) A sample of general image with gray level in that
dashed line is Gauss distribution

b) A sample of not general image

Fig. 4. A sample of general image or not general

image with their gray level.

Sim(X,Y) =cov(X,Y)/(0,0y)Eq.2

where O yand Oy are standard deviation of X

and Y respectively, COV(X’Y) is covariance of
Xand Y. We mean the maximizing that the
similarity is near one between the extracted
autostereogram I’ and the original autostereogram
I. When any autostreogram is compounded we

can encode and decode watermark as follows. Let

WY be a watermarked image and OX be an
original image.
Then
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WY =IDCT(DCT(OX)+aDCT(I))
=IDCT(DCT(OX))+adDCT(DCT(1))
=0X+ad +&(0X)+&(1)
Eq.3
where €(OX)+&(I) is eror term.

=L ipctpcTwy-perox)
a

We set

— L (OX+ad —OX+ 80X +e(I))+£0X)
a

=1+;1( (HEOX) + (1)) +6(0X)

Eq.4
which is  the  detected  watermark.  Let
Sim (1,1') be the extraction efficiency and let
17| Sim (OX ,WY ) |be the degree of distortion.
We assume that OX and [ are mutually

independent, error term is constant and 0X s

an element of general image set, then standard
deviation of OX is bounded. Applying Eq.3,

g,

Where K is the smallest value of Oox >

WX ,0X
Sim (0X ,wy ) = VX, 0X)
O wx O ox
_ 0(2).\'
\/O'(Z).\' ta 20'12 \/g'(z).\'
< ———1 Eq.5

1+a’k?

Applying Eq.4, since 5(1) is very small,
cov( I,TI")

o o e

Sim (1,1') =

~ 1 Eq.6
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where oy » —158r£l.
Thus the extraction efficiency is almost

constant. As & increases, the degree of

distortion

1/| Sim (OX ,WY )|

>4l1+a’K?

is increase. When we assume that original image
is a general image and watermark image is an
autostereogram with gray level as in Fig. 5. Since

Oox is smallthen K is about 85 with 5%

erTors.

Fig. 5. Gray level of an autostereogram

We can detect a image distortion by two eyes
when the absolute value of similarity is less than

0.6. In this case, the distortion limit is 1.7 and

we show that the optimal & =0.016 with error

5% from V1+a’K? <1.7°

1. EXPERIMENTAL RESULTS AND
ROBUSTNESS

The distortion limit is about 1.7, in this
situation, the maximum scaling parameter & is

about 0.016. If & is less than 0.016, distortion
is not occurred, if not, distortion is occurred. In
fig. 6, we can see that the extraction efficiency
should not be changed extremely, and the degree
of distortion should be changed heavily as scaling
parameter 0.016.  The experimental results are

shown in fig. 7, accordingto scaling parameter
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0.01 and 0.1. Because human eyes are not
accurate, we can find some distortion when

scaling parameter has big difference.

100
80 /
60

parameter alpha ~0.01

Extraction efficiency Degree of distortion

Fig. 6. The change of extraction efficiency and degree

of distortion

50 100 150 200 250

100 150 = 50 100 150

Fig. 7. The images according to scaling parameter 0.01
and 0.1 in which upper left is original image and
upper right is watermarked image lower left is
original  autostereogram and right is  detected

autostereogram.
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50 100 150 200

50 100 150 200 250

Fig. 8. Upper two images is showing robustness as

adding noise in which left image is noised and right
detected
images is showing robustness as damaging in which

image is autostreogram and lower two

left is damaged and right is detected image.

The robustness is showing when some noise is
added in watermarked image and as cropping in
Fig. 8 in which autostereogram is used. We show
the  similarity is good  between  original
autostereogram and detected one whennoise and
cropping is occurred. We know that, in Table 1.,
robustness is good when the cropping and the
is added and

depend scale parameter.

noise robustness nearly do not

IV. CONCLUSIONS

The digital image watermarking method using

autostreograms is good for searching scaling
parameter which is a optimum value. In this
paper, we find that a watermark using
autostreograms as random dot image can be

embedded with properly selected scaling parameter
in order to adjust the quantity of watermark data.
If an embeddable image is not a general image,
we cannot obtain a adjusted parameter. Therefore
we assume a general image set such that for

every image in this set the gray level is near a

Gauss distribution. We show the similarity is
good  between original autostercograms  and
detected image when noise and cropping is
occurred.  Consequently, the optimized scaling
parameter can be  extracted for  general
embeddable image using autostreograms  to
watermark.
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Table 1. Similarity as Robustness and Distortion
Change in RENNA
Degree of | Similarity after | Similarity after
[24 Distortion Cropping Noising
0.01 1.042 0.59 0.54
0.02 1.67 0.78 0.75
0.03 231 0.93 0.87
0.04 3.73 0.91 0.84
0.05 7.86 0.56 0.57
0.06 13.87 0.87 0.82
0.07 2432 0.82 0.76
0.08 48.92 0.64 0.63
0.09 68.45 0.89 0.86
0.10 88.43 0.94 0.87
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