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SUMMARY This paper introduces amplitude-only images to image
trading systems in which not only the copyright of images but also the pri-
vacy of consumers are protected. In the latest framework for image trading
systems, an image is divided into an unrecognizable piece and a recogniz-
able but distorted piece to simultaneously protect the privacy of a consumer
and the copyright of the image. The proposed scheme uses amplitude-only
images which are completely unrecognizable as the former piece, whereas
the conventional schemes leave recognizable parts to the piece which de-
grades privacy protection performance. Moreover, the proposed scheme
improves the robustness against copyright violation regardless of the used
digital fingerprinting technique, because an amplitude-only image is larger
than the piece in the conventional scheme. In addition, phase-only image
is used as the second piece in the proposed scheme, the consumer can con-
firm what he/she bought. Experimental results show the effectiveness of
the proposed scheme.
key words: amplitude-only images, phase-only images, copyright protec-
tion, privacy protection, digital fingerprinting, data hiding

1. Introduction

With the development of digital equipment, billions of mul-
timedia can be found in the Internet with copyright or with-
out copyright, and more and more multimedia contents will
be put on the Internet for sale. With popularity of personal
computers, the existing adversary will be more powerful and
this also brings any individual convenience to be an adver-
sary. In addition, any transactions between providers and
consumers are stored in the Internet, the information leak-
age becomes more serious. So, the simultaneous protection
of the copyright of multimedia and the privacy of consumers
becomes a critical problem.

In traditional ways, digital fingerprinting or transaction
tracking [1] which hides consumers’ information to the con-
tent by a data hiding technique is one of the effective way
to protect the content from illegal copy and distribution in
trading systems [2]. This model is useful only if the content
providers (CPs) are perfectly trustworthy. From a practical
viewpoint, since any individual can be a CP to distribute
multimedia over the Internet, CPs are not always trustful;
it has the potential to be cracked. So, the conventional fin-
gerprinting is not well enough to protect the privacy of con-
sumer.

In order to overcome this situation, trusted third parties
(TTPs) or arbitrators [3] are introduced to trading systems.
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A consumer asks a TTP to send an ID to him/her, and the
consumer is identified by this ID instead of his/her personal
information in trading with CPs. So, CPs are now free from
consumers’ privacy. A CP sends the content which the con-
sumer purchases to the TTP, and the TTP embeds consumer
ID to the content before transmitting the content to the con-
sumer. Now, the TTP plays the most important role in the
trading system and cannot afford to accidental leakage of
consumers’ privacy, because the TTP knows and stores all
the transactions among consumers and CPs and consumer
information themselves.

To reduce the above potential leaking risk at TTPs, a
new framework has been proposed for TTP-based content
trading systems [4]–[8]; a content is divided into two pieces
by a CP. One piece is directly sent to a consumer by the CP,
and the other is watermarked by the TTP before the con-
sumer receives it. The consumer obtains the watermarked
content by combining two received pieces. By doing so, the
TTP knows only a part of the content. In the literature [4]–
[8], an image is equally divided into two pieces in the spatial
domain, and another literature [9] uses saliency map [10] to
effectively divide images in the spatial domain.

These conventional schemes [4]–[9] still face unsolv-
able problems: while dividing images into two pieces in the
spatial domain, 1) the piece to be watermarked is smaller
than the original image, this leads to relatively weakness of
digital fingerprinting or distorted of watermarked images,
and 2) an adversary has a possibility to estimate the original
image from the piece which is leaked from a TTP. So, in
order to protect consumer’s privacy, it is quite necessary to
keep the piece sent to TTP unrecognizable.

This paper proposes a use of amplitude-only images for
the trading systems with TTPs [11]. An amplitude-only im-
age is inversely transformed amplitude spectra of an image.
It is well known that amplitude-only images are unrecog-
nizable in comparisons with phase-only images which are
inversely transformed phase spectra of original images [12],
[13]. In the proposed system, the image to be transmitted to
a consumer is divided into the amplitude- and phase-only
images. The former will be watermarked by a TTP and the
latter is directly sent to the consumer. Since the most of dig-
ital fingerprinting techniques modify the amplitude compo-
nents of images, almost any arbitrary technique can be used
in the proposed system and the robustness of watermarks
only depends on the used fingerprinting technique. Since the
proposed system uses amplitude-only images whose size is
the same as the original image instead of spatially divided
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images, it is found that the proposed scheme is more robust
than the conventional schemes.

The rest of the paper is arranged as follows. In Sect. 2,
the framework of image trading systems and the conven-
tional schemes for the system with TTPs in which an image
is divided into two pieces [4]–[9] will be reviewed. The
new scheme is proposed in Sect. 3. Experimental results
are showed in Sect. 4, and conclusions and future work are
given in Sect. 5.

2. Preliminaries

This section reviews the framework for image trading sys-
tems and the conventional schemes based on the framework
with TTPs in which images are divided into two pieces [4]–
[9].

2.1 Frameworks

Figure 1 shows the framework for image trading systems;
(a) the classical digital fingerprinting-based system [2], (b)
the system with TTPs [3], and (c) the system with TTPs in
which an image is divided into two pieces [4]–[9]. In the
classical system [2], the image sold from a CP to a con-
sumer conveys the consumer’s digital fingerprinting, so the
copyright of the image is protected. The consumer’s privacy,
however, is not guaranteed to be protected from malicious or
vulnerable CPs.

The second framework introduces TTPs to the frame-
work itself in which a TTP stands between a CP and a con-
sumer [3]. The TTP issues a consumer ID to the consumer

Fig. 1 Image trading systems.

and all transactions between the CP and the TTP are based
on the ID instead of the consumer’s information themselves.
That is, the consumer’s private information is protected from
CPs. The TTP also embeds the consumer ID to the image
which is from the CP to the consumer to protect the copy-
right of the image. This framework protects consumer’s pri-
vacy from malicious or vulnerable CPs but not from acci-
dental leakage of consumer information at TTPs.

To overcome this situation, a CP divides an image into
two pieces in the latest framework [4]–[8]. One piece which
is relatively less important part is directly sent to a con-
sumer, whereas the other important piece is sent to a TTP.
The TTP hides the consumer ID to the received piece, and
it sends the watermarked piece to the consumer. The con-
sumer composes the watermarked image from two received
pieces. The TTP now knows a part of the image from which
the whole image cannot be estimated, so the privacy of the
consumer is now expected to be protected.

2.2 Conventional Schemes

This section reviews the two conventional schemes [4]–[9]
for the last framework mentioned above, from the viewpoint
of image decomposition.

2.2.1 Conventional Scheme 1

Figure 2 is the block diagram of the conventional scheme
1 [6], where an image is divided into two pieces by a combi-
nation of frequency decomposition (‘FQ’ in Fig. 2), block-
based checker board pattern decomposition (BC), block-
based noise-like bitplane decomposition (ND), and block
shuffling (RS). Figure 3 shows (a) original image ‘I,’ (b)
piece ‘I1,’ and (c) piece ‘I2’ in this conventional scheme.
Piece ‘I2’ in which blocks are shuffled to be invisible is wa-
termarked by a TTP. Here, it is found that important infor-
mation of original image ‘I’ are left in piece ‘I2’ and ‘I’ can
be estimated from ‘I2.’

In addition, the TTP in this conventional scheme [6]
uses two proprietary watermarking mechanisms, namely,
coefficients comparison embedding and patchwork water-
marking, because ‘I2’ contains two different characteristic
blocks; high frequency component blocks and noise-like

Fig. 2 Conventional scheme 1 [4]–[8]. Original image ‘I’ is divided into
two pieces ‘I1’ and ‘I2’ through frequency decomposition (FQ), block-
based checker board pattern decomposition (BC), block-based noise-like
bitplane decomposition (ND), and block shuffling (RS).
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Fig. 3 Images in the conventional scheme 1 [4]–[8]. Piece ‘I1’ is directly
sent to a consumer, whereas ‘I2’ is watermarked by a trusted third party.

Fig. 4 Conventional scheme 2 [9]. An original image is divided into two
pieces based on the saliency map of the image.

blocks, and two watermarking mechanisms are suitable to
each of them.

2.2.2 Conventional Scheme 2

Figure 4 shows the block diagram of conventional scheme
2 [9]. First, the saliency [10] of original image ‘I’ is cal-
culated to extract the important content of ‘I.’ Image ‘I’
is, then, decomposed into two pieces based on the saliency
map. Figure 5(a) is original image ‘I,’ and Fig. 5(b) shows
the saliency map of ‘I’ obtained by a saliency detection tech-
nique [10]. The map is then binarized (Fig. 5(c)) and divided
into blocks (Fig. 5(d)), and two pieces shown in Figs. 5(f)
and (e) are generated from the original image based on this
block divided map. It is found that from the image shown in
Fig. 5(g) which the TTP receives, the original image can be
estimated.

Even the reshaped ‘I2’ is a small and long image, it
is a normal image. So, any arbitrary fingerprinting mecha-
nism such as spread spectrum watermarking [14]-based im-
plementation [15] can be used in this conventional scheme.

The above mentioned two conventional schemes [4]–

Fig. 5 Images in the conventional scheme 2 [9].

[9] do divide original image ‘I’ into two pieces ‘I1’ and ‘I2,’
but ‘I2’ which is watermarked by a TTP can be still visi-
ble in both schemes as shown as Figs. 3(c) and 5(f). That
is, the privacy information of consumers are not perfectly
protected.

The next section proposes a completely new image de-
composition scheme for image trading systems. Images
passed to TTPs are completely invisible, whereas images
sent to consumers are visible but drastically degraded.

3. Proposed Scheme

This section proposes a new trading system by using
amplitude-only images. Figure 6 shows the block diagram
of the proposed scheme. In the proposed scheme, an orig-
inal image is divided into an amplitude-only image which
is watermarked by a TTP and a phase-only image which is
directly sent to a consumer. The image decomposition and
digital fingerprinting in the proposed scheme are described
in the subsequent sections and the feature of the proposed
scheme is then summarized.
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Fig. 6 Block diagram of the proposed scheme.

3.1 Image Decomposition

In the proposed scheme, N1 × N2-sized original image
f = { f (n1, n2)} where n1 = 0, 1, . . . ,N1 − 1 and n2 =

0, 1, . . . ,N2 − 1 is firstly transformed to two-dimensional
(2D) discrete Fourier spectra F = {F (k1, k2)} where k1 =

0, 1, . . . ,N1 − 1 and k2 = 0, 1, . . . ,N2 − 1 by applying 2D
discrete Fourier transformation (DFT) to f. That is, image
signal f and spectra F are given as,

f (n1, n2) =
1

N1N2

N1−1∑
k1=0

N2−1∑
k2=0

F (k1, k2) W−k1n1
N1

W−k2n2
N2
,

(1)

F (k1, k2) =
N1−1∑
n1=0

N2−1∑
n2=0

f (n1, n2) Wk1n1
N1

Wk2n2
N2
, (2)

where, WN1 = exp

(
− j

2π
N1

)
, WN2 = exp

(
− j

2π
N2

)
, and j =

√−1.
Spectra F can be divided to amplitude and phase spec-

tra as

Fa = {Fa (k1, k2)} = {|F (k1, k2)|} , (3)

Fp =
{
Fp (k1, k2)

}
=

{
F (k1, k2)
|F (k1, k2)|

}
, (4)

where Fa and Fp are amplitude and phase spectra, respec-
tively. Applying the inverse DFT to Fa and Fp, N1 × N2-
sized amplitude-only image fa and N1×N2-sized phase-only
image fp are generated, respectively.

A TPP receives fa and it generates watermarked
amplitude-only image f̂a. A consumer receives watermarked
amplitude-only image f̂a from the TPP and phase-only im-
age fp from a CP. By applying 2D-DFT to f̂a and fp, water-
marked amplitude spectra F̂a and phase spectra Fp are ob-
tained, respectively. Watermarked spectra F̂ is obtained by
combining F̂a and Fp, and watermarked image f̂ is finally
obtained by applying the inverse DFT to F̂.

3.2 Digital Fingerprinting

In the proposed scheme, amplitude-only image fa is used

for digital fingerprinting. As most fingerprinting techniques
modify the amplitude components of images, almost any ar-
bitrary fingerprinting techniques are applicable to the pro-
posed scheme.

It is noted that the size of amplitude-only image fa is
the same as original image f as mentioned in the previous
section whereas the size of the image sent to TTP to be wa-
termarked is smaller than the original image in the conven-
tional schemes [4]–[9]. This brings more payload capac-
ity, more robustness, or better image quality in the proposed
scheme while using most fingerprinting techniques.

3.3 Features

This section summarizes the features of the proposed
scheme, namely, an amplitude-only image is unrecognizable
and it has the same image size as the original image.

The proposed scheme divides an original image in the
frequency domain, whereas the conventional schemes [4]–
[9] do in the spatial domain. It has two advantages. The first
one is that the amplitude-only image is unrecognizable [12],
[13] and it gives no valuable information about the original
image to a TTP, i.e., the TTP will has no knowledge about
what kind of image the consumer is purchasing. The second
advantage is that phase-only image is recognizable [12],
[13] and the consumer can confirm whether the piece is for
the image which he/she purchased. The phase-only image is
degraded and has no commercial value by itself, so the copy-
right of the image is protected. It is concluded that the usage
of amplitude- and phase-only images makes copyright- and
privacy-protected image trading systems practical.

The proposed scheme embeds fingerprints to amplitude-
only images. Most digital fingerprinting techniques modify
the amplitude of images, so almost any arbitrary fingerprint-
ing techniques can be used in the proposed image trading
system. In addition, an amplitude-only image has the same
size as the original image, whereas the image to be passed
to a TTP is smaller than the original image in the conven-
tional schemes [4]–[9]. The proposed scheme, thus, has an
advantage that watermarked images are less degraded, more
robust, or have larger capacity in comparison with the con-
ventional schemes [4]–[9].
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4. Experimental Results

This section confirms that piece ‘I1’ which is directly sent
to a consumer and piece ‘I2’ which is sent to a TTP to be
watermarked have the following properties in the proposed
scheme:

1) Image ‘I’ can be recognized from ‘I1.’
2) Piece ‘I1’ has no commercial value.
3) No one can estimate the original image ‘I’ from ‘I2.’
4) TTP can robustly embed a watermark into piece ‘I2.’

1), 2), and 3) are discussed in Sect. 4.1, and 4) is discussed
in Sect. 4.2.

4.1 Unrecognizability and Recognizability of Pieces

Figures 7(b) and (c) show amplitude-only image fa (piece
‘I2’) and phase-only image fp (piece ‘I1’) of original image
f (image ‘I’) shown in Fig. 7(a), respectively.

1) As shown in Fig. 7(c), the edge of the original image
is left, so original image ‘I’ can be recognized. In this way,
the consumer can confirm the image he/she bought.

2) Piece ‘I1’ only reveals the edges of the original im-
age as shown in Fig. 7(c), it obviously has no commercial
value.

3) Since piece ‘I2’ shown in Fig. 3(c) is obtained by in-
terleaving blocks, there is a chance that piece ‘I2’ can be
reconstructed similar to ‘I1’ which is shown in Fig. 3(b).
As image ‘I’ can be estimated from ‘I1,’ it is quite possi-
ble to estimate ‘I’ from deinterleaved ‘I2.’ Even the whole
original image can’t be estimated, several blocks may leak
sensitive information about ‘I.’ For example, conventional
schemes [4]–[9] are applied to the image shown as Fig. 5(a),

Fig. 7 Amplitude-only and phase-only images.

the flight number on the tail of the airplane might be left. In
contrast, piece ‘I2’ shown in Fig. 7(b) is completely unrec-
ognizable [12], [13] in the proposed scheme, i.e., no valu-
able information can be obtained.

It is, thus, concluded that the proposed scheme protects
consumer’s privacy against accidental information leakage
from the TTP, whereas the conventional schemes [4]–[9]
cannot completely protect the privacy as shown as Figs. 3(c)
and 5(f).

4.2 Fingerprinting Performance

The robustness of the digital fingerprinting in the proposed
scheme is compared with the conventional scheme 2 [9] by
using the data hiding technique described in the next section.

4.2.1 Fingerprinting Technique

Almost any arbitrary data hiding technique can be used
in the proposed and conventional schemes [9], an image
quality guaranteeing block discrete cosine transformation
(DCT)-based data hiding technique [16] is used as an ex-
ample of the digital fingerprinting technique here.

Figure 8 shows the block diagram of the embedding
technique. N1×N2-sized amplitude-only image fa is divided
into Bx × By-sized blocks, and 2D DCT is applied in each
block. The embedding technique modifies T of DCT coef-
ficients in each Bx × By-sized block to embed watermark to
fa, where 0 < T ≤ BxBy and T coefficients are selected from
low frequency coefficients. After modification of T DCT co-
efficients, applying inverse 2D DCT and block composition
give watermarked amplitude-only image f̂a.

It is assumed that the digital fingerprint for consumer i
is wi with length L;

wi =
{
wi,l

}
, (5)

where l = 0, 1, . . . , L− 1. It is also assumed that
∣∣∣wi,l − w̄i

∣∣∣ is
finite, where w̄i is the average of wi. Let σw be the standard
deviation of wi. For binary sequence wi = {wi,l ∈ {0, 1}},
w̄i = 0.5 and σw = 0.5. Fingerprint wi is adjusted to w′i ={
w′i,l

}
as

w′i,l = a
(
wi,l − w̄i

)
(6)

before data hiding, where a is the scaling constant given by

a =
MσQ

2Nσσw
. (7)

T of DCT coefficients in each Bx × By-sized block are mod-
ified to watermark as

Fig. 8 Block diagram of watermark technique [16].
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ĉt = Q round

(
ct

Q

)
+ w′i,l, (8)

where ct is the t-th chosen coefficient and t = 0, 1, . . . , T −1.
Function round(·) returns the nearest integer of the input.
Hidden fingerprint ŵi,l is easily extracted by

ŵ′i,l = ĉt − Q round

(
ĉt

Q

)
, (9)

ŵi,l =

(
ŵ′i,l
a
+ w̄i

)
. (10)

Mσ is used for energy adjustment and 0 < Mσ < 1. Q
is the quantization step for data hiding and it is given by

Q = 10−0.05R

√√√√√√√√√√√√√√√
N1−1∑
n1=0

N2−1∑
n2=0

f 2
a (n1, n2)

N1N2

BxBy

T
D

, (11)

where fa(x, y) is the pixel value at position (x, y) of image
fa. R is the desired signal-to-watermark ratio (SWR) which
this fingerprinting technique guarantees the SWR of a wa-
termarked image becomes R [dB]. The SWR is defined as,

SWR=10 log10

N1−1∑
n1=0

N2−1∑
n2=0

f 2
a (n1, n2)

N1−1∑
n1=0

N2−1∑
n2=0

{
fa(n1, n2) − f̂a(n1, n2)

}2

[dB]. (12)

Here, D is given as

D =
12N2

σ

N2
σ + 3M2

σ

, (13)

where T
Q2

D
is the distortion in each block by watermarking.

D is set to make sure that watermarking can be extracted
without original image, then distortion in each Bx×By-sized
block can be derived as T Q2/D. Details can be found in the
paper [16]. Positive number Nσ is chosen to satisfy∣∣∣wi,l − w̄i

∣∣∣ ≤ Nσσw. (14)

R, Bx, By, Nσ, Mσ, and w̄i are common in the trading
system. For binary sequence wi, consumer i is identified by
decoding ŵi = {ŵi,l}. For other sequences such as Gaussian
sequence, consumer i is identified by a correlation-based de-
tector in which cross correlations between ŵi and all possi-
ble sequences are calculated, as well as mechanism [14],
[15] used in the conventional scheme [9].

4.2.2 Performance

In order to confirm the effectiveness of proposed scheme,
the above mentioned data hiding technique [16] is used in

Table 1 Piece size and watermark length in conventional scheme 2 [9]
(Bx = By = 8 and T = 1).

Image
Reshaped I2 Embeddable watermark

[pixels] L [bits]
Airplane 64 × 1920 1920
Baboon 64 × 1880 1880

Lena 64 × 1892 1892
Peppers 64 × 1768 1768
Sailboat 64 × 1970 1970

Table 2 Averaged correct extracting rate of hidden fingerprints against
several attacks provided by StirMark [17], [18] and JPEG 2000 compres-
sion [19]†.

(a) Desired signal-to-watermark ratio R is 25 dB.
Attack Conventional scheme 2 [9] Proposed scheme
CONV 74.80% 83.15%
JPEG 94.34% 95.86%

MEDIAN 85.11% 94.31%
ROTSCALE 51.01% 66.40%

FMLR 80.87% 88.75%
JPEG 2000 89.78% 94.11%

(b) Desired signal-to-watermark ratio R is 30 dB.
Attack Conventional scheme 2 [9] Proposed scheme
CONV 69.62% 80.44%
JPEG 86.53% 91.03%

MEDIAN 74.88% 83.57%
ROTSCALE 50.32% 58.24%

FMLR 66.35% 74.59%
JPEG 2000 82.36% 85.41%

the conventional scheme 2 [9] and the proposed scheme un-
der the condition that one coefficient from a 8×8-sized DCT
block is used for watermarking (Bx = By = 8 and T = 1).
That is, the same embedding technique is used in two dif-
ferent image decomposition schemes. It is noted that the
literature [9] says the conventional 2 is better than the con-
ventional 1 [4]–[8], so the conventional scheme 1 is not eval-
uated here.

Five 512 × 512-sized 8-bits grayscale images are used
for evaluation, namely, ‘Airplane,’ ‘Baboon,’ ‘Lena,’ ‘Pep-
pers,’ and ‘Sailboat.’ Saliency varies from image to image,
so the embedding capacity for salience regions also fluctu-
ates as shown in Table 1. Based on Table 1 and making wi a
L-bits binary sequence consisting of equiprobable zeros and
ones, σw, Mσ and Nσ are set to 0.5, 0.5, and 1, respectively.

Table 2 shows the averaged correct extracting rate of
embedded fingerprint against several attacks provided by
StirMark [17], [18] and compression by JPEG 2000 [19].
The same L-bits watermark is hidden to the piece per im-
age in both schemes and the desired SWR for two schemes
are the same. From Table 2, it was found that the proposed
scheme is superior to the conventional scheme 2 [9] in terms
of the averaged correct extracting rate of hidden fingerprint.

†CONV: average of attacks with 3×3 Gaussian filter and those
with 3 × 3 sharpening filter. JPEG: average of compression with
parameter 10, 20 ,30, 40, 50, 60, 70, 80 and 90. MEDIAN: average
of attacks with 2 × 2, 3 × 3, and 4 × 4 median filters. ROTSCALE:
average of rotation with 0.25, 0.5, 0.75, and 1.00 degrees with
cropping and scaling. FMLR: Frequency mode Laplacian removal.
JPEG2000: average of compression ratio 0.5, 0.1, and 0.05.
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Table 3 Quantization steps Q for the same desired SWR (R = 25 [dB]).

Image Conventional scheme 2 [9] Proposed scheme
Airplane 90 160
Baboon 132 144

Lena 85 149
Peppers 84 146
Sailboat 83 150

Table 4 SWR improvement in the proposed scheme when quantization
steps of conventional scheme 2 [9] shown in Table 3 are used.

Image Quantization step Q SWR [dB]
Airplane 90 42
Baboon 132 37

Lena 85 38
Peppers 84 37
Sailboat 83 36

Because the image sent to TTP is relatively larger in the
proposed scheme than that in the conventional scheme 2 [9],
the actual embedding strength which is given by quantiza-
tion step Q in the proposed scheme is relatively larger for
the same SWR as shown in Table 3. This explains why
the proposed scheme is more robust than the conventional
scheme 2 [9] as shown in Table 2. As mentioned above,
the literature [9] says the conventional scheme 2 [9] is more
robust than the conventional scheme 1 [4]–[8]. So, it is con-
cluded that the proposed scheme is the best among three
schemes in terms of copyright protection.

It is noted the proposed scheme can improve the quality
of watermarked images instead of robustness improvement.
With quantization steps Q shown in Table 3 which are for
conventional scheme 2 [9], the averaged SWR in the pro-
posed scheme becomes 38 dB as shown in Table 4 whereas
R = 25 [dB] in conventional scheme 2.

5. Conclusions

This paper has proposed a use of amplitude-only images
for privacy- and copyright-protected image trading systems.
Amplitude-only images which are passed to the trusted third
parties (TTPs) are unrecognizable in the proposed scheme,
whereas the images in which valuable content are left are
passed to the TPP in the conventional scheme [4]–[9]. So
consumer’s privacy is protected from accidental leakage of
them from the TTPs in the proposed system. Phase-only im-
ages are recognizable, and a consumer can confirm the con-
tent which he/she bought. Since most of data hiding tech-
niques modify the amplitude component of images, almost
any arbitrary techniques can be used in the proposed scheme
where robustness depends on the fingerprinting technique it-
self. With a block DCT-based data hiding technique [16], it
was found that the proposed scheme is superior to the con-
ventional schemes [4]–[9] in terms of the robustness against
attacks to watermarked images provided by StirMark [17],
[18] and compression by JPEG 2000, because the size of the
image to be watermarked is larger than that in the conven-
tional schemes.
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