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Abstract—This paper proposes an intensity range reduction
method for amplitude-only images (AOIs) which are inversely
transformed amplitude components of images and are used
in the digital fingerprinting-based image trading system. The
conventional method using two dimensional discrete Fourier
transformation (2D DFT) causes intensity range (IR) of AOIs
too large to store and/or transmit, and random sign assignment
(RSA) is needed in the conventional method to reduce the IR of
AOIs. The proposed method uses one dimensional discrete cosine
transformation (1D DCT) to generate AOIs with low IRs. In the
proposed method, RSA is not needed, and the computational
complexity is reduced by using 1D frequency transformation
instead of 2D frequency transformation. By using DCT signs
instead of DFT phases, a binary image can be used for storing
and transmitting DCT signs of a purchased image from a content
provider to a consumer; memory and bandwidth consumption
is significantly reduced in the proposed method. In addition, a
series of inverse DCT, quantization, inverse quantization, and
DCT is not needed to handle DCT signs in the proposed method.
That is, not only process reduction but also perfect handling of
DCT signs which leads to high quality of fingerprinted images is
achieved by the proposed method. Experimental results confirm
the effectiveness of the proposed method in terms of both quality
of fingerprinted images and fingerprinting performance.

I. INTRODUCTION

Digital images are often analyzed and processed in a
frequency domain. One popular frequency transformation for
digital images is two dimensional discrete Fourier transforma-
tion (2D DFT) which analyzes images in terms of phase and
amplitude components. There is much research on utilizing
phase and amplitude components of images. Phase components
were used for delay estimation [1], image registration [2],
[3], image matching [4]-[6], and image recognition [7]-[9].
In addition, phase-only image (POI) which is the inverse DFT
(IDFT) of phase components is used in [10] for reconstructing
signals. On contrary, amplitude components are used for ro-
tation angle estimation and scaling parameter estimation [11],
[12].

Among copyright- and privacy-protected image trading
systems [13]-[15], an image is divided into DFT phase
components and DFT amplitude components by a content
provider (CP) in the latest system [15]. The inversely discrete
Fourier transformed (IDFTed) amplitude components which is
called amplitude-only image (AOI) is used for protecting the
copyright of the image and the privacy of the consumer. For the
image copyright protection, a fingerprint sequence is embedded
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to the AOI by a trusted third party (TTP) before being passed
to the consumer. The consumer’s privacy is protected from
information leakage at the TTP thanks to the invisibility of the
AOIL. On contrary, the POI is directly sent from the CP to the
consumer. The consumer, finally, construct the fingerprinted
image from these two parts.

The AOI, however, is the summation of zero phase cosine
signals with various amplitudes and frequencies, so its intensity
range (IR) is quite wide comparing to that of the original
image. Applying clipping [16] directly to the AOI introduces
numerous clipping errors, and other ways such as applying
square root, logarithm, and scaling to AOIs require finding
and memorizing suitable parameters. Though block division
(BD) reduces computational resources as well as IRs of AOIs,
the invisibility of AOIs are destroyed [17]. Phase rotation
making phases of cosine waves incoherent is an effective IR
reducing scheme, but it introduces extra computation even if
only positive and negative signs are randomly applied to the
amplitude components [17], [18].

This paper proposes one-dimensional discrete cosine trans-
formation (1D DCT)-based AOIs. The proposed method re-
duces the computational complexity, whereas random sign
assignment (RSA) requires extra calculation. In addition, using
DCT signs instead of DFT phases reduces memory and band-
width consumption, quantization process, and quantization
errors. The quality of fingerprinted images which consumers
receive in the image trading system [15] and fingerprinting per-
formance are significantly enhanced by the proposed method.

The rest of this paper is organized as follows. Section II
presents the definition of a two-dimensional (2D) DFT-based
AOI and its properties, the image trading system [15], and the
RSA approach [17], [18]. Section III proposes 1D DCT-based
AOIs and describes benefits. The quantization scheme for AOIs
and POIs is also described in this section. Experimental results
and discussions are given in section IV. Finally, section V
concludes this paper.

II. PRELIMINARIES

This section gives the definition of 2D DFT-based AOI and
its properties to explain the problem which this paper focuses
on and overcomes.



. R

(b)

(d

&

Number of pixels
o 3 8B 8 & 2
ixels

1000 2000 3000 4000 5000 0 100 200 300 400 500
Intensity Intensity

® (€3]

Fig. 1. AOIs and POIs; (a) original image f(x,y) (IR width: 255), (b) 2D
DFT-based AOI A(x,y) in In scale (IR width: 4819.2), (c) 2D DFT-based POI
P(x,y), (d) column-wise 1D DCT-based AOI A.(x,y) (IR width: 648.6), (e)
column-wise 1D DCT-based sign components S.(x,v), (f) histogram of 2D
DFT-based AOI A(x,y), and (g) histogram of column-wise 1D DCT-based
AOI A.(x,y).

A. 2D DFT-Based Amplitude-Only Images

Let F(u,v) be the X x Y-sized 2D DFTed coefficients
of X x Y-sized image f(x,y), where x=0,1,....X -1, y=
0,1,....Y¥ ~1,u=01,....X—1,and v=0,1,...,Y — 1;

X—1v—1
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where j denotes \/—1. DFT coefficients F(u,v) can be ex-
pressed in the polar form as
F(u,v) = [F(u,v)|exp (jo (u,)), @)

where |F(u,v)| and exp (j¢(u,v)) denote the amplitude and
phase components of F(u,v), respectively.

The inverse DFT (IDFT) of amplitude components
|F (u,v)|, which is denoted as A(x,y), is formulated as

X-1v-1

Alx,y) = lez Z\F v |exp<]27r(X VYy)) 3)

u=0 v=|
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and A(x,y) is the AOI which is a real signal. Similarly, the
POI can be defined by applying IDFT to phase components

exp (j¢ (u,v)) as

X—-1Y-1

Pl =7 X L exp(o(uexp(j2x (3 + 7)) @

uOv Y

where P(x,y) denotes the POL

B. Properties of 2D DFT-Based Amplitude-Only Images

A generation and the use of 2D DFT-based AOIs take into
account three important properties.

1) Invisibility: Figs. 1 (a), (b), and (c) show image “Lena,”
its 2D DFT-based AOI, and its 2D DFT-based POI, respec-
tively. The 2D DFT-based AOI is unintelligible, but the 2D
DFT-based POI reveals the original image. Hence, the 2D DFT-
based AOIs are sent to TTPs for fingerprinting, and the 2D
DFT-based POIs are directly sent to consumers in the image
trading system [15].

2) Intensity Range: The IR of an AOI which this pa-
per focuses on is its interval of pixel intensities, i.e.,
[min (A(x,y)), max (A(x,y))]. The IR width is the length of
the interval which is given as max (A(x,y)) — min(A(x,y)).
Similarly, for an 8-bit quantized image, the IR is [0, 255] and
the IR width is 255.

The 2D DFT-based AOI is invisible, however, it has
very wide IR and large IR width. Those for “Lena” are
[49.6,4868.8] and 4819.2, respectively. That is, the IR width
of the 2D DFT-based AOI for “Lena” is about twenty times
wider than that of the original image. It makes the storage and
transmission of AOIs difficult. Huge amounts of memory, wide
bandwidth, and high computational costs are required.

3) Complexity: The complexity of 1D DFT is O(N?) or
O(Nlog, N) for the fast Fourier transformation (FFT), where
N is the number of samples of the 1D signal. Hence, for
X x Y sized images, 2D DFT’s complexity is O((XY)?) or
O((XYlog, (XY)) for the FFT.

C. Image Trading System

Fig. 2 shows the image trading system in [15] which
this paper assumes. In this framework, 2D DFT is used to
transform the image to the frequency domain. The POI is
obtained by applying 2D IDFT to the phase components. In
the same way, the AOI is obtained by applying 2D IDFT to
the amplitude components. To store and/or transmit the POI
and the AOI, quantization is introduced. The POI is then sent
to the consumer, and the AOI is then sent to the TTP for
fingerprinting. To reconstruct the image, the phase components
and amplitude components of the image are reproduced by
applying 2D DFT to the inversely quantized POI and the
inversely quantized fingerprinted AOI, respectively. Finally,
the image is reconstructed by applying 2D IDFT to the
combination of the reproduced amplitude components and
phase components.
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Fig. 2. The image trading system using 2D DFT-based AOIs [15] (Q: quantization and Q!: inverse quantization).
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D. Random Sign Assignment

Since the 2D DFT-based AOI has quite wide IR, to reduce
quantization errors, RSA [17], [18] was proposed to reduce
IRs of AOIs before quantization, as shown in Fig. 3.

However, there is room for improvement in terms of
complexity, quality of reconstructed images, and fingerprinting
performance.

The next section proposes a 1D DCT-based copyright- and
privacy- protected image trading system which is superior to
conventional systems [15], [17], [18].

III. PROPOSED METHOD

This section proposes 1D DCT-based AOIs whose IRs are
significantly smaller than those of 2D DFT-based AOls.

Let F.(x,v) be the X x Y-sized column-wise one dimen-
sional discrete cosine transformed (1D DCTed) coefficients
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: inverse quantization, and ABS: absolution).

of X x Y-sized image f(x,y), where x=0,1,.... X —
0,1,....,Y—1,and v=0,1,....Y — 1;

1l,y=

Fo(x,v) —:g;f(x,y)cos <§ <y+;> v). )

Real valued DCT coefficients F,(x,v) can also be expressed as
FC(X,V) = |FC(X7V)|SC(X?V)7 (6)

where |F.(x,v)| and S.(x,v) denote the amplitude and sign
components of F.(x,v), respectively.

The 1D IDCT of amplitude components |F(x,v)| can be
formulated as

Ao = L avmeos (2 (v43)v). @

v=0
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and A.(x,y) denotes the column-wise 1D DCT-based AOL

Distinctly from 2D DFT-based POI, sign components
Sc¢(x,v) can be stored as a binary image without IDCT and
quantization as shown in Fig. 4. It is noted that row-wise 1D
DCT can also be applied instead of column-wise 1D DCT.

A. Properties of ID DCT-Based Amplitude-Only Images

This section describes the properties of 1D DCT-based
AOIs and compares them with those of 2D DFT-based AOIs.

1) Invisibility: Similarly to 2D DFT-based AOIs, 1D DCT-
based AOIs are unintelligible as shown in Fig. 1 (d). Therefore,
1D DCT-based AOIs is as suitable to be sent to TTPs for
fingerprinting as 2D DFT-based AOIs.

2) Intensity Range: 1D DCT-based AOIs are invisible,
and their IR widths are significantly lower than those of 2D
DFT-based AOIs. The IR and the IR width of the column-
wise 1D DCT-based AOI for “Lena” are [—16.9,631.7] and
648.6, respectively. The IR width of the 1D DCT-based AOI
for “Lena” is only about three times wider than that of the
original image, whereas that of the 2D DFT-based AOI is about
twenty times wider than that of the original image. That is, the
proposed method reduces the IR of AOIs about one over seven
in comparison with the conventional method.

With the distribution of 2D DFT-based AOI shown as
Fig. 1 (f), scaling intensities of AOI by a large number causes
many low intensities disappear after quantization. Moreover,
by using logarithm transformation, high intensities are grouped
too roughly by the quantization. On contrary, the proposed
method is distinct from other approaches such as scaling and
logarithm transformation as shown in Fig. 1 (g).

3) Complexity: The complexity of the column-wise 1D
DCT for X x Y sized image is O((X?)Y) or O((Xlog,X)Y)
for fast DCT, whereas those of 2D DFT are O((XY)?) or
O((XY log, (XY)), respectively.
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The proposed image trading system using 1D DCT-based AOIs (Q: quantization and Q~': inverse quantization).

In addition, the proposed 1D DCT-based method is free
from the extra computational costs and processing resources
which RSA [17], [18] requires.

B. Quantization Scheme

AOIs are required to be quantized into desired bit depths in
order to be stored and/or transmitted. In this paper, a simple
linear quantization (LQ) is used by taking into account the
entire IRs of AOIs. The AOI A(x,y) is quantized as

0(x,y) = round (A<x’y>rr;in<A<x7y>>>’ o
o max(A(x,y)) —min(A(x,y)) )

2n—1 ’

where Q(x,y) is the quantized AOI which ranges in [0,2" — 1],
i.e., the number of quantization levels is equal to 2".

To obtain inversely quantized AOI A(x,y), the inverse quan-
tization with constant step size s and bias constant min(A(x,y))
are applied to Q(x,y) as

A(x,y) = sQ(x,y) +min(A(x,y)). (11)

In addition, this LQ is also used for quantizing POIs in this
paper as well.

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS

The effectiveness of the proposed method is confirmed in
this section by using five 8-bit quantized gray scale test images
which are “Lena,” “Elaine,” “Couple,” “Mandrill,” and “Boat”
as shown in Fig. 5.

A. Intensity Range Reduction

To confirm the IR reduction performance of the proposed
method, AOIs generated by column-wise 1D DCT are com-
pared with those by 2D DFT [15] and with those by 2D DFT
with random signs [17], [18] (seed o = 15).

Table I shows that the IR widths of AOIs are significantly
lower when 1D DCT is used instead of 2D DFT [15]. By
using 2D DFT with RSA [17], [18], IR widths of AOIs
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Fig. 5. Test images.
TABLE 1. IR WIDTHS OF AOIS.
IR width | Lena Elaine Couple  Mandrill Boat
2D DFT [15] 4819.2  4801.3 7037.0 6631.9 6438.2
2D DFT w/ RSA [17], [18] 320.4 3422 310.1 323.9 338.7
1D DCT (proposed) 648.6 700.3 904.4 783.1 784.1

are the lowest, however, extra calculations for random sign
generation and multiplying signs are needed. Whereas, the
proposed method does not need extra calculation, moreover,
it reduces processing resources by using 1D transformation
instead of 2D transformation; memory and computational cost.

B. Fingerprinted Image Quality

The proposed method is compared with 2D DFT [15]
and 2D DFT with RSA [17], [18] in terms of quality of
fingerprinted image. The image quality-guaranteeing finger-
printing technique [19] used in [15] is used in the experiment.
Fifty random fingerprint sequences are hidden to each linearly
quantized AOI, where AOIs are quantized to 8 bits per pixel
(bpp) by the LQ. The desired signal-to-watermark ratio (SWR)
of the fingerprinted AOI, R, is varied from 20 dB to 40 dB
with stepping by 5 dB. The lower R becomes, the stronger the
fingerprint signal becomes.

DFT-based POIs are linearly quantized to 8 bpp, whereas
binary images are used to handle DCT phase signs in the pro-
posed method. Each fingerprinted AOI is rounded to [0,255]
(to be sent to the consumer) and inversely quantized (by the
consumer), and is composed with the inversely quantized POI
(for DFT) or signs (for DCT) to obtain the fingerprinted image
which is assumed to be obtained by the consumer.

Fig. 6 shows peak signal-to-noise ratios (PSNRs) of finger-
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Fig. 7. Fingerprinted images of “Lena” when seed for generating fingerprint
sequence is 1, and guaranteed SWR R for fingerprinted AOIs is 25 dB; (a)
original image, (b) 2D DFT-based [15] fingerprinted image (PSNR: 31.10
dB), (c) 2D DFT with RSA (seed o = 1)-based [17], [18] fingerprinted
image (PSNR: 31.19 dB), and (d) proposed 1D DCT-based fingerprinted image
(PSNR: 34.41 dB).

printed images averaged by five images and fifty fingerprint
sequences. The results show that 2D DFT with RSA [17],
[18] allows higher quality of fingerprinted images in terms
of PSNR than those of the based system [15]. The reason
is that RSA reduces IRs of AOIs before quantization, and it
realizes that causes lower quantization errors. However, the
proposed method achieves the highest PSNRs of fingerprinted
images, even though the proposed method reduces IRs of AOIs
worse than 2D DFT with RSA as shown in section IV-A.
By using DCT instead of DFT in the proposed method,
signs are handled perfectly, whereas POIs are quantized in
other methods. Therefore, the fingerprinted image quality is
significantly higher by the proposed method. Figs. 7 and 8
show subsets of results.

C. Fingerprinting Performance

The proposed method is also compared with 2D DFT [15]
and 2D DFT with RSA [17], [18] in terms of fingerprinting
performance. A fingerprinted image is rounded to [0,255], and
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Fig. 8. Fingerprinted images of “Lena” when seed for generating fingerprint
sequence is 1, and guaranteed SWR R for fingerprinted AOIs is 30 dB; (a)
original image, (b) 2D DFT-based [15] fingerprinted image (PSNR: 31.10
dB), (c) 2D DFT with RSA (seed o = 1)-based [17], [18] fingerprinted
image (PSNR: 32.87 dB), and (d) proposed 1D DCT-based fingerprinted image
(PSNR: 39.07 dB).
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Fig. 9. Averaged correct fingerprint extracting rates.

then, the embedded fingerprint is extracted from the rounded
fingerprinted image. It is noted that the fingerprint extraction is
desired to be performed by a TTP in the image trading system.

Fig. 9 shows averaged correct fingerprint extracting rates.
The results show that the proposed method achieves higher
correct fingerprint extracting rates than 2D DFT method re-
gardless of RSA.

V. CONCLUSIONS

This paper has proposed an intensity range reduction
method for amplitude-only images which are inversely trans-
formed amplitude components of images and are used in
the digital fingerprinting-based image trading system. The
proposed method applies 1D DCT to 2D signals (images)
instead of 2D DFT to reduce IRs of AOIs. The proposed
method is superior to conventional methods [15], [17], [18]
in terms of computational complexity and process reduction,
memory and bandwidth consumption, quality of fingerprinted
images, and fingerprinting performance.
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