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ABSTRACT 2. THE WATERMARKING METHOD

In this paper, a compa'rison between an objective quality Several watermarking methods have been proposed in the
measuiie dangl dthe percelved m;ar;anno;;}ancr:a v_alules of Witerature; a first classification of these methods can be done
termarked videos Is presented. psychopnysical experi- ccording to the particular domain in which the embedding
ment has been performed to measure the detection threshol rocess is performed. The watermark insertion can be done
and mean annoyance values of several watermarked video n the spatial domain '[1] or in aad hoctransform domain

using two different marks. The' re;ults of t.his experiment ¢, 1 as the DCT (Discrete Cosine Transform) domain [2],
were then compared with an objective quality measure, Ob'the Fourier domain [3], and the Wavelet domain [6]. In this

tf'iimd through a t_racing watermarking system. An es_tima- paper, the marking procedure used is based on embedding
tion of the detection threshold of the watermarked videos . . _dimensional watermark in the DCT domain.

was found. In this comparison, a high bit rate multimedia commu-
nication system has been considered: the video frame size is
720x486, in YCrCB format, 4:2:2 digital component video.

L . ) ) The watermark image has a size ofa8 pixels. Two wa-
Data h|d|ng: and d|g|'tal We}tgrmarklng are techniques usedtermarks have been tested: Randomimage and th&.ogo

for embedding data into digital video or image. In recent image shown in Figure 1.

years several embedding systems have been proposed to The embedding procedure can be summarized as fol-
copyright protection, authenticity verification, and data com- lows. First, the watermark image(n), n = (n1,ns), is

1. INTRODUCTION

pression. . ] o . normalized, and binarized:
Embedding watermarks into still images or video may, ~ )
however, introduce undesired distortions or artifacts degrad- w (n) = sign (w (n) = E{w (n)}), (1)

ing the quality of the image. It is important to measure the
visibility and annoyance of the artifacts introduced by the

watermarking process. The only way to determine the vis- L .
I . . . One pseudo-noise image is created for each frame of the
ibility and annoyance is to measure them directly with hu- " e

video to avoid visual latency.

man j . However, the experiments ar Xpensiv . . .
an subjects. However, the experiments are too expensive For a generic frame of a video sequetfzén), the final

and time consuming to be a practical method for measur- . . o
o : - . watermarkw; is obtained by multiplying the watermark by
ing image quality. The development of an objective quality -

measure is, therefore, necessary. i(n): w; (n) = w (n) p; (n) 2

In this paper, we compared t_he mean annoyance ValueSThe logarithm of the luminance is taken and then the DCT
obtained through a psychophysical experiment, and an ob- S . "
N . ; X coefficients are computed. Taking the logarithim of the lu-
jective quality measure, obtained through a tracing water- . L2 e .

) X : . minance has the effect of flattening its distribution allowing

marking system. The goal of this research is to predict the
visibility of artifacts in a watermarked video using a simple
measure. If successful, this technique could reduce the cost
of an embedding system evaluation by eliminating the need
of a psychophysical experiment.

Second, a pseudo random algorithm is used to generate the
pseudo-noise image(n), with values in the range [-1,1].

This research is supported in part by CIRIAF, in part by a National ' ] ]
Foundation Grant No. CCR-0105404, and by CAPES-Brazil. Fig. 1. Random(left), andLogo (right) images used as wa-

termarks.



lower scaling values to be used in a linear manner. The mark
is then added to the mid-frequencies DCT coefficients. In
our experimental trials, the mark is embedded starting from
the (215, 390) DCT coefficient. Several starting points have
been tested: the results show that the range of frequencies
where the watermark is inserted is strongly dependent on
the application. For the purpose of delivering a high qual-
ity video through an ideal channel, the mid-frequencies are
a good choice. Inserting the mark in the low-frequencies
would cause visible artifacts in the image, while inserting it Fig. 2. Zoomed version of the 10th frame of Cheerleaders:
in the high frequencies would make it easier to remove it. original (left) and embedded with watermdr&goanda =
An improved version of this algorithm can be obtained by 0.6 (right).
using a zig-zag scheme.

The final mark is multiplied by a scaling factarand is 3. THE PSYCHOPHYSICAL EXPERIMENT
added to the DCT coefficients:

Y; (n) = DCT (log (fi(n))) + a - w; (n) A3) We used twenty test subjects drawn from a pool of stu-

) ) dents in the introductory psychology class at UCSB. A Sony
This scaling factorv can be used to vary the strength of py\/\-1343 monitor is used to display the test video se-

the watermark. In various applications and video formats g ences. The experiment is run with one subject at a time.
different values fora are desirable. By increasing we e gybjects are positioned at a distance of four screen heights
also decrease the quality of the video. (80 cm) from the video monitor.

The Equation (3) is always |nvert_|b_le, €., an Inverse After each video is displayed, the subject is asked to en-
function can be computed and the original mark extracted., . .
ter if he/she saw any defect. If the answer is no, no further

However, a degradation of the mark will be present due . . .
to the DCT transformation and to the pseudo-noise imagequesnons are asked and the next video is shown. If the an-
swer is yes he/she is asked to enter a value between 0 and

p; (n). . . ;
The retrieval method can be summarized in this way. 100, representing how annoying t_h_e defect is, compared to
the worst defect present in the training sequences.

First, the logarithm of the luminance of the received frame

#! (n) is taken and its DCT is calculated: The test video sequences were ge_znerated by embedding
, . the two watermarks into five original video sequences of as-
Gi(h) = DCT (log (f; (n))) (4)  sumed high quality: Bus, Cheerleader, Flower-garden, Foot-

Second, for each frame the DCT coefficients where the markball and Hockey. The video clips are all 5 seconds long and
was inserted are extracted and then multiplied by the corre-contain scenes that are typical of normal television.
sponding pseudo-noise image. We assume that the receiver To find artifact detection and annoyance values, the con-
knows the initial position in the DCT domain where the trast of the error patterns must range from nearly impercep-
mark is inserted. The result is averaged for a chosen numbetible to highly annoying. This is obtained by varying the
of framesN;. The extracted binary watermark is obtained scaling factor used in the watermark embedding algorithm.

by taking the sign of this final result: The set of scaling factors used is 0.1, 0.2, 0.3, 0.4, 0.5, and
N, 0.6. Figure 2 displays a detail of 10th frame of the video
- . 1 Cheerleaders with and without watermark. The left picture
»(h) = — ) G (h)p; 5 ! e ; . :
wy (h) = sign Ny ; i (B)pi (n) ®) of Figure 2 corresponds to the original video, while the right

o ) picture corresponds to the same video embedded with the
An objective measure of the degradation of the recoveredyyatermarkogo anda = 0.6.

watermark caused by the embedding procedure is obtained

) The total number of test sequences used in this exper-
by calculating the mean square error of the extracted water-

iment is 65, which includes 60 test sequences (5 originals

mark: . ~ ) times 6 strength factors times 2 watermark images) plus the
E.=>_ (i (n) -, (n)) (6) 5 original sequences. The sequences are shown in a random
n order during the main experiment. The total squared error

wherew (n) is the original andd, (n) is the extracted wa-  (TSE) is used as our objective error measure:
termark watermark. Our goal is to uée as an objective

quality measure of the watermarked video. Because the TSE = £n3;(yi(n) — fi(n))?, )
degradations of the recovered watermark are due to the em-

bedding procesdy. carries information about the visibility ~ wherey; is the i-th frame of the watermarked video afjd
of the artifacts in the watermarked video. is the i-th frame of the original video.



CheerLogo

! when only the embedded image is changed. Table 1 also in-
cludes the curve fit parameters found for each sequence and
image tested. The parametgisensitivity) corresponds to
the inverse of the log-threshold and therefore has the same
behavior.

The parametek, which represents the steepness of the
probability of detection curve, varies between different videos
and may be due to variation in content of the videos. The
same artifact at the same strength will vary both in visibil-
ity and annoyance depending on where and when it appears,
and also on the texture and luminance characteristics of the
background of the video.

Standard methods [7] are used to analyze the data pro-
oL - . - - - - : J vided by the test subjects and to compute the mean annoy-

Log,(TSE) ance values. The mean annoyance values for each test se-
quence is fitted with the standard logistic function [7]:
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Fig. 3. Probability of detection curve for embedding the
watermark_ogointo the video cheerleaders. (Ymaz — Ymin) 9)

Y = Ymin T (2—7)
1+ exp (f%)

4. EXPERIMENTAL RESULTS
wherey is the predicted annoyance amds the logarith-
To measure the detection threshold for the artifacts, the probmjc error energy. The parameteys.., andy..:,, establish
ability of detection for each artifact as a function of the error tne |imits of the annoyance value range. The parameter
energy is estimated. The threshold is defined as the error enyangiates the curve in thedirection and the parametgr
ergy such that the artifact is seen by 50% of the subjects. Forcontrols the steepness of the curve.
this type ofyesor no experiments, i.e., experiments where  Figyres 4 depicts the mean annoyance curves versus the
you show the subjects a single test sequence and ask if thgggarithmic error energy for the artifacts caused by embed-
stimulus (impairment) is there, the threshold is generally de- ging the watermark imageogo into the video Cheerlead-
fined to be the 50% yes. ers. Again, the curve corresponding to the artifacts caused
The probability of detecting each artifact is estimated by 1y embedding the imagRandonis very similar. The steep-
counting the number of people who detected the artifact andness of the annoyance cungedoes not vary significantly
dividing by the number of observations. The logarithm of for different watermarks, but it does vary between test se-
the error energy (TSE) is used for each artifact as the inde-quences. The same is true for the paraneter
pendent variable. The probability as a function of the loga-
rithmic error energy is then fitted using the Weibull function
[7], which has an S-shape similar to the experimental data
and is defined as

5. WATERMARK DATA ANALYSIS

The degradation of the recovered watermark can be used
Pla)=1— 9(Sa)*, @) as a measure of the quality of the watermarked video. Ex-
perimental results show that, if other noise sources are not
where P (z) is the probability of detectiony is the loga- present, the degradation of the watermark is due only to the

rithmic error energy} /S is the 50% detection threshold in  DCT and to the pseudo-random noise imagén).
logarithmic error energy, anidis a constant that determines The smaller the difference between the extracted and the

the steepness of the function. original watermark, the more visible are the artifacts intro-

Figure 3 depicts the probability of detection curves for Tapje 1. Threshold error energy and detection threshold
the artifacts caused by embedding the watermark ihage  cyrve fit parameters for the artifacts.

into the video Cheerleaders. The curve corresponding to the

artifacts caused by embedding the im&gndomis very Detection Curve Fit
L . . . . . Threshold Parameters
similar, implying that the choice of a different image as a
t Kd th ianificant effect on the visibil Test Sequence| TSE | logio (TSE) S k
watermark does not have a significant effect on the visibil- Bus-Logo 15488 719 02407 57 71
ity of the artifacts. _ Bus-Random | 16218|  4.21 0.2378| 31.17
Table 1 summarizes the 50% detection threshold found|  cheer-Logo | 27542 4.44 0.2259 | 37.66
in terms of error energy (TSE) and logarithmic error energy | cheer-Random| 28184 4.45 0.2256 | 42.38
(logio (TSE)). Overall, the threshold values do not change | Flower-Random| 39811 4.60 0.2179 | 87.50
considerably over the sequences and remain almost constant Foot-Logo 26303 4.42 0.2270 | 25.68
Foot-Random | 26303 4.42 0.2273| 27.38
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shape, but the values of the errors are rather different be-
s 2l cause the data-hiding capacity of each video is different.
The point where the two curves meet gives an approxima-
tion of the detection threshold of the watermarked video.

This approximation can be used in the design of a water-
8 marking system regardless of the application and the type
of image.

6. CONCLUSIONS

1 A comparison between an objective quality measure and the
mean annoyance values of watermarked videos is presented.
A psychophysical experiment was performed to measure the

watermarked videos. The results of this experiment were

Fig. 4. Mean annoyance curve for embedding the water- then compared with the objective measures obtained by cal-
markLogointo video cheerleaders. culating the mean square error of the extracted watermark.
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Fig. 5. Normalized mean annoyance and extracted water-
mark mean square error curves, for the video Cheerleaders.

[4]
duced by the watermarking process. An objective measure
E. for the video quality of the watermarked video is ob-
tained using Equation (6). The bigger the number of frames
N used in the extraction of the watermark (Equation (5)), [5]
the smallerE.. If Ny > 15, the value ofE. is so small
that it becomes difficult to find any relation between the ob-
jective and the subjective measures. In this work, we used
Ny = 3 frames. A small number of frames gives a fast tool
for estimating the quality of the watermarked video, without  [6]
requiring a psychophysical experiment.

Figure 5 depicts the combined graph of the mean annoy-
ance curve, obtained from the psychophysical experiment,
and the objective quality measuii,, for the video Cheer-
leaders. Both curves were normalized between 0 and 1 to
fit in the same graphic. As expectdd, decreases with the
strength of the embedded watermarkwhile the mean an-
noyance increases with it.

For each of the videos tested, the curve has a similar

- An approximation of the detection threshold of the water-
09 ] mark was obtained.
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