
IEEE SIGNAL PROCESSING LETTERS, VOL. 13, NO. 4, APRIL 2006 213

Security Analysis of Transformed-Key
Asymmetric Watermarking System

I-Te Chen and Yi-Shiung Yeh

Abstract—Asymmetric watermarking schemes have been widely
discussed recently. Transformed-key asymmetric watermarking
(TKAW) system is one of the schemes, which was proposed by Choi
et al. This letter discusses the weaknesses of TKAW. In TKAW,
the inner product of the received signal and public key almost
equals to zero. As a result, it cannot resist projection attack. To
prove this point, we will demonstrate how to find the most relevant
unwatermarked signal for a given watermark embedded signal

and prove that , where is a constant adjusted
to a value that makes the watermark imperceptible. Moreover, we
also find that the feature , a predicted watermark of a stego
image, can be copied from a stego image to another image, which
means that the TKAW system cannot resist copy attack either.

Index Terms—Asymmetric watermarking, copy attack, projec-
tion attack, transformed key.

I. INTRODUCTION

D IGITAL watermarking is widely used in, but not limited
to, authentication, copyright protection, and fingerprint.

Most watermarking schemes are symmetric, which means the
keys used to embed and detect watermark are identical. There-
fore, the symmetric watermarking schemes cannot be applied in
some applications; several asymmetric watermarking schemes
have been proposed [1]–[5]. In this letter, we discuss the weak-
nesses of a proposed asymmetric scheme—transformed-key
asymmetric watermarking (TKAW) system [1]—by demon-
strating the way of finding the unwatermarked signal for a
given watermark-embedded signal by means of projection
attack. Furthermore, we will also prove that ,
where is a constant adjusted to a value that makes the wa-
termark. Moreover, we will show that in TKAW, the vector of

, which contains enormous watermark components, can
be copied from a stego image to another image, which is called
a copy attack.

II. RELATED WORK

A. TKAW System

Choi et al. proposed the TKAW system in 2004 [1], which
provided asymmetry through a transform matrix. In the pro-
posed TKAW, let be an orthonormal
set, be an invertible matrix of size , and and
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denote the inverse and transpose of , respectively. The nor-
malized secret key and public key of the TKAW system
are

where

where

For a host signal , the watermark embedding process is given
by , where is a constant adjusted to a value that
makes the watermark imperceptible. Let denote a host
signal with additive noise and denote the inner product
of and . The public detection on received signal

, which is the watermark-embedded signal containing
additive noise . The inner product of the public key and
can be expressed as

Choi let , then , for all
. Let denote the expected value. By comparing

and threshold , the watermark can
be detected. Although the TKAW system is an efficient asym-
metric watermarking system, it is, after all, a linear transform
system, and Miller already found a way to attack a linear trans-
form system in [7, Sec. 2.1]. Furthermore, the TKAW system
also needs , which means it can be defeated by a
standard closest point or projection attack [6], [7]. As discussed
in [6, Sec. 5], a secure asymmetric watermarking must be able
to resist the projection attack.

B. Projection and Copy Attack

In closest point attack [7], also called projection attack in [2],
the pirate finds the unwatermarked signal, which is closest to
a given watermarked signal, either by means of analysis or an
efficient search. This unwatermarked signal can be as close as
identical to the original watermarked signal.

The watermark is an imperceptible signal; hence, the wa-
termark is one kind of perturbation to the original image. In
the symmetric watermarking system, the detection method is
unknown to a pirate; therefore, it is difficult to predict the
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Fig. 1. The relationship among x, y, and y.

direction between watermark-embedded image and original
image. However, in the asymmetric watermarking system, the
detection method is public; a pirate can try at will to trace
the direction between watermark-embedded image and original
image and therefore locate the original image. This searching
method that locates the perceptible unwatermarked image by
tracing the watermark-embedded image is called the closest
point attack.

Let , denote original image and watermark-embedded
image, respectively. The set within the dotted line denotes
image collection that cannot be watermark-detected. The
closest point attack is equivalent to the procedure of finding the
direction from to . The relationship among , , and is
illustrated in Fig. 1.

If the detection method is linear, the closest point attack is
also called projection attack [7]. In the recent linear asymmetric
watermarking techniques, , which is a linear operator, ap-
plies and compares watermark image with watermark by sim
value. Sim value , where is the wa-
termark. When applying closest point attack to linear asym-
metric watermarking, we find the closest point in the plane of

, where is the normal vector of this plane.
The solution of this closest point is to justify the project point

from the watermark image to this plane. Hence, in linear asym-
metric watermarking, the closest point attack is also called pro-
jection attack [2]. Tzeng remarks that if we cannot detect some
component of watermark using the detection method on the
original image in one linear asymmetric watermarking system,
that linear asymmetric watermarking system cannot resist pro-
jection attack [2].

Choi’s method is not only weak to projection attack but also
copy attack. Because the watermark-embedded signal is the
noise that has little influence upon the original image, when
we apply the denoise operator on the watermarked image, the
extraction will still contain enormous watermark components.
The copy attack is used to predict the watermark from the
watermark embedded signal and to add this predictive water-
mark to another image [8]. According to copy attack processes,
we can derive those predictive watermark signals and copy it
to another image. On the other hand, we can, improving the
method of copy attack, apply projection attack to calculate
the different value between and , to prove the existence of
the main watermark component and add this feature to
another image. Hence, we prove that the TKAW system can
resist neither the projection attack nor the copy attack.

Fig. 2. Relationship among x̂, rrr, and y.

III. PROJECTION ATTACK ON TKAW

Choi et al. [1] designed an asymmetric watermarking system
TKAW with , which forces

. Because the inner product of and is zero,
we can find a hyperplane , on which falls. We denote the
normal vector of the hyperplane as , shown as in Fig. 2.

In Fig. 2, is the received signal (which is the
watermark-embedded signal combined with an additive noise

), and denotes the host signal with an additive
noise . Therefore, we can derive the unwatermarked signal

from the following equation:

and we can derive ; therefore

without the watermark is the closest solution against water-
mark-embedded signal . Furthermore, is the projection of
on the hyperplane . By triangle inequality, we know that

which means that the difference between and is less than
the watermark energy . Hence, and are imperceptible in
common situations. This means the TKAW system cannot resist
projection attack.

Furthermore, the vector projects to ; as a result,
contains the main component of the watermark signal. Given
the other images with , we can copy to
other images with the following equation:

where is a constant adjusted to a value that makes
imperceptible. From

we know that is a detected watermark, which means the
TKAW system cannot resist copy attack either.
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IV. CONCLUSION

To reduce the weaknesses of the current symmetric water-
marking system, Choi et al. [1] proposed an asymmetric wa-
termarking system called the TKAW system. Unfortunately, the
TKAW system, which designed , is still under
the threat of the projection attack [2] and copy attack [8]. We
demonstrate in this letter the projection attack on the TKAW
system and show how to find the closest unwatermarked to
the watermark-embedded signal . In addition, we also show
that the difference between and is less than the watermark
energy . Furthermore, the vector , which contains the main
component of the watermark signal, can be copied to other im-
ages. Therefore, the TKAW system can resist neither projection
nor copy attack.
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