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ABSTRACT

Almost all the existing popular watermarking schemes model
the watermarking channel noises as additive noise with zero-
mean. However, our experiments show that this is not
reasonable in the case of channel noise introduced by image
filtering. This paper presents a new quantization-based
watermarking scheme with enhanced robustness via adaptive
receiving and Turbo coding in addition to other measures.
The present algorithm can successfully resist almost all the
StirMark testing functions including both common signal
processing and geometric distortions in StirMark 4.0 except
for random distortion.

1. INTRODUCTION

Watermarking is often modeled as a communication system
with side information [1]. In many existing watermarking
schemes, including the quantization-based schemes [2, 3] and
additive spread spectrum schemes [1], the watermarking
channel noise is always implicitly modeled as additive noise
with zero-mean (and variance c%). But in some cases such as
image filtering, the noise in watermarking channel is additive
noise with non-zero mean due to fading (decreasing or
increasing), so thus obtained watermarking is essentially not
robust enough, especially to some attacks such as median
filtering or those resulting in a fading channel, for example,
the printing-and-scanning and the attack of multiplication by
a constant followed by addition of Gaussian noise [4]. It is
noted that the watermark robustness against median filtering
and the related test results in StirMark have not been reported
in detail in the literature. According to our work, robustness
to median filtering is a tough problem to handle in
watermarking [5] because median filtering damages the
watermark severely and the PSNR of median filtered image
versus the non-filtered image is rather low. For example, the
PSNRs of 3x3, 5x5, 7x7 median filtered images are as low as
31.1dB, 26.4dB and 24.0dB respectively, for Baboon image.
In this paper, we develop a new adaptive receiving scheme to
improve the quantization-based watermark robustness
including robustness against median filtering. Note that the
adaptive receiving with additive spread spectrum
watermarking was first introduced to handle the fading of the
watermark extracted from a corrupted marked image
(resulting from the adaptive embedding, the heavier
watermark fading in flat image region than in textured region
and etc.) in [6]. Fading of host media feature has not been
addressed in [6]. In this paper, however, we use adaptive
receiving to combat the fading of host media feature, thus

enhancing the watermark robustness against median filtering
for the first time. We can see that the proposed watermarking
technique can resist almost all test functions in StirMark 4.0
except for random distortion.

2. WATERMARK EMBEDDING

To survive attacks, we encode the message m {m; i=1, ..., L,
m;e {0,1}} with concatenated coding of DSSS coding and
Turbo code. To cope with bursts of errors possibly occurred
with watermarked image, 2D interleaving [7] is exploited.
We embed the informative watermark (the encoded message)
into LL, subband (32x32 in our work for 512x512 images) in
DWT domain to make it robust while keeping the watermark
invisible [5]. To achieve adaptive receiving, we embed a
training sequence randomly together with the informative
watermark.

The watermark embedding is implemented as follows. The
60-bit message m is first encoded using Turbo code with rate
1/2 [8] to obtain the message m, {m.; =1, ..., L, m
€{0,1}}of length L. =124. Then each bit m,; of m, is DSSS
encoded using an N,-bit bi-polar PN-sequence p={p;; j=1, ...,
N,, N,=7 in our work}, where “1” is encoded spreadly as
{+1xp; j=1, ..., N, }, “0” as {-Ixp; j=1, ..., N, }, thus
obtaining a binary string W.

The training sequence T {T,; n=1, ..., Ny}, T, €{-1,1}
should be distributed all over the image randomly based on a
key. In our work, T is composed of Ny =156 bits “1” (Nr
=32x32-L.x N,). This training sequence also helps to achieve
synchronization in the watermark extraction. If the
correlation coefficient between the original training sequence
T and the extracted training sequence T*{T,; n=1...Ny}
obtained from a test image satisfies the following condition

N
Prae = 52 (1)) 2thresh,
T
we regard T* matched to T and consider synchronization is
achieved.

In implementation, we put Ny -bit sequence 7 into a 32x32
2-D array randomly based on a key and the binary string W is
filled into the remaining portion of the above-mentioned
array. By applying 2-D interleaving technique [7] to this
array, we obtain another 2-D array. Scanning this interleaved
2-D array, say, row-by-row, we convert it into a 1-D array
X={x } (0<i<1024). We perform a 4-level DWT on the

original image f{(x, y) by using the Daubechies 9/7 bi-
orthogonal wavelet filters. The DWT coefficients in the LL,
subband are scanned in the same fashion to form a 1-D array
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C. We adopt quantization-based embedding in Equation (1)
[3], to embed the binary data X into C to obtain C', where
C(i) and ¢'(j) denote the i™ element in C and C', respectively.

The quantizer ¢(.) is a uniform, scalar quantization function

of Step size S, and q(x)= kS+05S’ k:[ﬁJ (keZ)’ WhereL_J
S

means ﬂOOV Operation. Equation (1) indicates that the

proposed embedding method tries to output a c’(;) value

which is closest to C(i) and whose corresponding embedding
bit value equals to y .The embedding strength S can be

chosen so as to make a good compromise between the
contending requirements of imperceptibility and robustness.
Note that the difference between C(i) and () is between —

0.5S8 and +0.5S. If x,=1, ') mod S =0.258. lfx,_ =+1, C'()

mod S =0.75S. Here mod denotes remainder after division. In
some cases such as JPEG compression, the results of
corruption are assumed to be equivalent to an additive noise
with zero mean. So we can extract the hidden binary data X~
according to Equation (2). Here, C"(i) is the extracted

coefficient. Equation (2) indicates that if 7 ( = ¢"(i)mod §)

is in the interval (0, 0.5S), then the decision is made in favor
of *y'=—17, that is, (0, 0.5S) represents the hidden data bit

“~1”. The interval representing “+1” is (0.5S, S). Performing
inverse DWT on the modified image, we obtain the
watermarked image f'(x, y)-

3. WATERMARK EXTRACTION

The watermark extraction is the inverse process of the
watermark embedding. First, perform the 4-level DWT on the
test image. The coefficients of the LL, subband are scanned
according to the same way as used in data embedding and
mapped into a 1-D array, denoted by ¢*={¢*(;)}. The hidden

data bit X, is transmitted via a DWT coefficient ¢'(j) in the

LL, subband. The equivalent channel noise n{n(i)}can be
presented as: p(j) = C*(i)— C'(7) - The above extraction method

Table 1. The average difference before and after filtering applied
to Baboon watermarked image

e 3x3 5x5 5x5 5x5  Sharpen-
Filtering Median Median Gauss Mean ning
The average difference of
the gray level value 3.23 1.76 -029  -0.54 0.7
The average difference of ¢ ¢ 2812 456 86 12.0

LL, coefficients

using Equation (2) does not take into account the practically
important case of the additive noise with non-zero mean due
to the channel fading. Fig. 1 shows the histogram of n when
the watermarked Baboon image is 3x3 median filtered. Some
average noises in spatial and frequency domains before and
after filtering applied to Baboon watermarked image are
shown in Table 1. It is observed that the result of filtering
applied to watermarked images can be viewed as introducing
additive noise with non-zero mean to the watermarking
channel (it is similar when filtering applied to non-
watermarked image). Thus the extracted watermark using the
above mentioned method is not robust enough because the
above method increases the energy of the channel noise due
to the assumption of the channel noise to be additive noise
with zero mean. For example, as a result of the above method,
the watermark with S less than 260 for Baboon image
(PSNR=33.9 dB versus original image when $=260) cannot
resist 3x3 median filtering.

According to our experiment, the interval (0.5S, S) does
not contain most of r corresponding to “1” of the embedded
binary data X, and the interval (0, 0.5S5) does not contain most
of r corresponding to “—1” of X because of the fading of the
DWT coefficients in the LL, subband of the filtered image.
So the above extraction method (non-adaptive receiving), that
is, the interval (0, 0.5S5) representing “—1” and (0.5S, S)
representing “1” fixedly, apparently is not the best for
extracting the hidden bits when the test image is filtered.
According to the Equation (1), the channel can be assumed to
be binary symmetric channel. Because the training sequence
T is embedded randomly together with informative
watermark W, the distribution of r associated with T is
similar to the distribution of » associated with W. In the
embedding, the training sequence 7 is composed of only “1”,
i. e. Nybits are all “1”. In the extraction, we calculate the r
values associated with the N7 bits of training sequence T first,
then determine the two intervals representing “1” and “—1”
adaptively, respectively, according to the distribution of the
associated with 7 (adaptive receiving).

We search for an interval that contains the most » values
associated with the training sequence bits among all the
intervals with a fixed width 0.5S. The interval can be in the
form of (a;, S) U (0, b;), where 0<b<a,<S, b;+S-a,=0.5S, as
shown in Fig. 2, or in the form of (¢, d,), where 0<c,<d,<S,
¢1—d;=0.5S. In Fig. 2, the r values corresponding to T are
sorted according to their values from small to large. That is,
the horizontal axis denotes the sorting order number of r
associated with training sequence 7, and the vertical axis
denotes the value of r in the unit of embedding strength
related parameter S. Interval corresponding to “1” is then
determined. The remaining interval within (0, S) is the
interval representing “—1".

Next we extract the hidden data X* according to which of
these intervals the r values fall into. If 7 is in the interval
representing “1”, the recovered hidden data bit value is 1; if »
fall into the interval representing “—1”, the recovered bit
value is —1. Next we perform 2-D de-interleaving, which is

2344



=)

a0

40

30

appearance fimes

a 20 40 B0 80 100 120 140
channel noise sz

Fig.1. The histogram of the channel noise when watermarked image is

3x3median filtered (Baboon).
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Fig.2. Determining the interval (a;, S) U (0, b)) representing “1”".
a;=0.85S, b;=0.35S (Baboon, S =120).

the inverse process of 2-D interleaving [7], to X" to obtain

the binary sequences w".

We segment w* by N, bits per sequence, correlate the
obtained sequence with the original PN-sequence p. The
obtained correlation value is regarded as the soft decision
value and is inputted to the log-MAP decoder for Turbo code
[8]. The message can thus be recovered.

To demonstrate the effectiveness of adaptive receiving,
we show some of the test results with the bit error rate (BER)
of the extracted binary sequences Ww-" (the extracted
watermark before decoding) and the recovered 60-bit
message (the extracted watermark after decoding) with
adaptive receiving or non-adaptive receiving in Table 2. We
can see that adaptive receiving reduce the bit error rate (BER)

Table 2 The test results of the extrated watermark before and after
decoding with BER (%) with adaptive and non-adaptive receiving.

Baboon(5=120) Boat(5=92)
rfnceeti}\;(i)r:jg adaptive | non-adaptive | adaptive | non-adaptive
begc)g: o(()irir? gfter before| after | before | after |before| after |before| after
medi%ar}gﬁlter 022 0 0.37 |0.18]025| 0 | 033 ] 0.18
mediiﬁiﬁlter 028 0 0.68 [0.73/029| 0 | 048 | 045
mediaﬁ_ﬁlter 020 O 040 [023(026| 0 | 036 | 022
medin)iﬁlter 025 0 0.28 0 [029] 0 | 034|020

of the extracted binary sequences w* greatly, and thus can
recover the hidden message with no error, especially in
resisting median filtering.

4. EXPERIMENTAL RESULTS

We have tested the proposed watermarking algorithm on
various images. The results on 512x512x8 Baboon, Lena and
Boat images are reported here. A 60-bit watermark is
embedded into each of the images. The PSNRs of marked
images are larger than 41 dB. The watermarks are
perceptually invisible (refer to Fig. 3). Table 3 shows the test
results with our proposed algorithm using StirMark 4.0. In
Table 3, “1” represents the embedded 60-bit watermark can
be recovered with no error while “0” means the embedded
message cannot be recovered correctly.

It is observed that our proposed technique can resist
common signal processing such as JPEG compression with
quality factor 12 to100, median filtering (2x2, 3x3, 5x5, 7x7),
and convolution filtering including Gaussian filtering (3x3,
5x5, 7x7), mean filtering (3x3, 5x5, 7x7), sharpening very
well. In particular, it can recover the watermark with no error
after JPEG compression with quality factor less than or equal
to 12, specifically, 8 for Baboon and 12 for Lena. We can
also recover the watermark when the PSNR of the Gaussian
noise corrupted image is merely 17.3 dB for Baboon and
20.2dB for Lena.

In order to combat the geometric distortion, similar to our
work in [5], an additional template is embedded in the DFT
domain of the obtained watermarked image f'(x, y)

mentioned above to recover global linear geometric transform.
We recover translation by searching for the largest
correlation coefficient between the original training sequence
T and the extracted training sequence 7° from the DWT
coefficients in LL, subband. However, the interval
representing the hidden data bit “—1” is determined
adaptively at first as we present above. In the extraction of
the hidden information, we extract a data sequence 7" from
the DWT coefficients in LL, subband of the test image g(x, y),
which is rescaled to the size of the original image at first
(Note that we construct T~ sequence in the way as we embed
the T sequence in the LL, subband). If, P, - > thresh, (refer

to Section 2), we can then extract the informative watermark
and recover the message from LL, subband directly.

(a) (b)
Fig. 3. Watermarked (a) Baboon image (5=120, 41 dB), (b)
Lena image (S=80, 44.5 dB), (c) Boat (5=92, 43.3dB)

Otherwise, that is < thresh,, we need to resynchronize

s
'DT,T
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Table 3. Experimental results with StirMark 4.0

StirMark functions Lena Baboon Boat
JPEG_12~100 1 1 1
Rescale

1

Jitter 1
crop_75 1
RotationCrop 1
RotationScale 1
Affine 1
Gauss filtering 1
sharpening 1

1

0

Median filtering

O = ks e e e e e

0

the hidden data [5] before extracting the informative
watermark. In our work, we choose thresh;=0.40
(empirically value). Here we can calculate the corresponding
probability of false positive (false synchronization)
corresponding to the threshold (thresh;=0.40). When S is
small, uniform distribution is a good approximation for r
(r=C"(i))mod §) [2]. For example, we choose §=80 for Lena

SmallRandomDistortions

in our work, while the mean of C"(i) for Lena is 1976.2. It is

reasonable to consider the random appearance probability of
bits “1” in the test sequence T is about 0.5, thus we have

N, i
H, = 0.5V . z (V1) = 3.8x10

k=Ny-e

which may be

sufficiently Jow for many applications. Here e =

]\;r (1 - thresh |)) - For example, for 3x3 median

filtered marked Baboon or JPEG 8 compressed marked

Baboon, we can obtain ,  =0.65 or 0.42 respectively, so
T.T

round (

we can extract the informative watermark and recover the
message directly.

With the blind resynchronization mentioned above, we
evaluate its robustness to geometric distortion with StirMark
4.0 (Table 3). It is observed that the watermark is robust
against almost all of geometrical distortion related test
function, specifically, rotation (auto-crop), rotation (auto-
crop, auto-scale), rescaling, jitter (random removal of rows
and/or columns) and affine transform. The watermark is
recovered when up to 65% of the image has been cropped.

5. CONCLUSIONS AND DISCUSSIONS

The main contributions reported in this paper are as follows.

i) By adaptive receiving using a training sequence, we
model the data extraction as channel of additive noise
with non-zero mean due to fading. This seems
particularly promising in enhancing robustness of
watermarking against median filtering (Table 2) and
other distortion having fading nature. To our best
knowledge, the difficulty of watermark robustness
against median filtering and the success in overcoming
this difficulty have not been reported in the literature.

i) We propose a watermarking algorithm with enhanced
robustness by applying adaptive receiving and Turbo
code in addition to 2-D interleaving technique,
resynchronization technique, the concatenated coding of
Turbo code and DSSS, and the embedding strategy in
the LL subband in DWT domain.

The watermark with the proposed algorithm is robust to
common signal processing including Gaussian filtering, mean
filtering, median filtering, sharpening, and JPEG compression
with quality as low as 12.

Compared with the other existing watermarking [e.g. 2, 3,
5], the main difference is that we model the watermarking
channel as channel of additive noise with non-zero mean due
to fading, and the main improvement is the enhanced
robustness against common signal processing including
median filtering.

The idea of adaptive receiving can be combined with
many existing watermarking schemes to enhance their
robustness.

6. REFERENCES

[1] L J. Cox, J. Kilian, T. Leighton, and T. Shamoon, “Secure
spread spectrum watermarking for multimedia,” /EEE Trans.
on Image Processing, 6(2):1837-1687, 1997.

[2] M. Wu, “Joint security and robustness enhancement for
quantization based data embedding,” IEEE Trans. On
Circuits and Systems for Video Technology, vol.13, no. 8,
pp-831-841, Aug. 2003.

[3] B. Chen and G. W. Wornell, “Quantization index
modulation: A class of provably good methods for digital
watermarking and information embedding,” /EEE Trans. on
Information Theory, vol. 47, no. 4, pp. 1423- 1443, May
2001.

[4] B. Chen and G. W. Wornell, “Quantization index modulation
methods for digital watermarking and information
embedding of multimedia,” Journal of VLSI Signal
Processing, vol. 27, pp.7-33, 2001.

[5] X. Kang, J. Huang, and Y. Q. Shi, Y. Lin, “A DWT-DFT
composite watermarking scheme robust to both affine
transform and JPEG compression,” IEEE Trans. on Circuits
and Systems for Video Technology, vol.13, no. 8, pp.776-786,
Aug. 2003.

[6] S. Voloshynovskiy, F. Deguillaume, S. Pereira, and T. Pun,
“Optimal adaptive diversity watermarking with channel state
estimation,” Proc. of SPIE: Security and watermarking of
Multimedia content III, vol.4314, pp. 673-685, San Jose, CA,
USA, 22-25, Jan. 2001.

[71 Y. Q. Shi and X. M. Zhang, “A new two-dimensional
interleaving technique using successive packing,” [EEE
Trans. on Circuits and Systems, Part I, vol. 49, no. 6, pp.
779-789, June 2002.

[8] C. Berrou and A. Glavieux, “Near optimum error correcting
coding and decoding: Turbo-codes,” IEEE Trans. on
Communications, vol. 44, no. 10, pp. 1261-1271, Oct. 1996.

2346



	Index
	ICIP 2004 Home Page
	Conference Info
	Welcome Message
	Techincal Program Overview
	Technical Program Committee
	EDICS Categories
	ICIP2004 Paper Submission Statistics
	ICIP2004 Paper Statistics - Final Program
	ICIP2004 Organizing Committee
	Sponsors
	Exhibition
	Venue Access
	Social Activities
	Other Information
	Call for Papers for ICIP2005

	Sessions
	Monday, 25 October, 2004
	MA-S1-Computational Radar Imaging
	MA-L1-Watermarking I
	MA-L2-Face Recognition
	MA-L3-Video Compression Standards I
	MA-L4-Biomedical Image Processing: Segmentation and Qua ...
	MA-L5-Error Resilience / Concealment I
	MA-P1-Image Segmentation: By Color, Texture, and Edge
	MA-P2-Image Filtering and Morphological Processing
	MA-P3-Image Enhancement I
	MA-P4-Video Segmentation
	MA-P5-Low-level Image Indexing and Retrieval
	MA-P6-DCT-based Video Coding
	MA-P7-Image Compression and Applications
	MA-P8-Distributed Source Coding and Others
	MP-S1-Deformable Models and Applications
	MP-S2-Media Security Issues in Streaming and Mobile App ...
	MP-L1-Face Detection, Recognition, and Classification I
	MP-L2-Video Summarization and Browsing
	MP-L3-Image Filtering and Partial Differential Equation ...
	MP-L4-Image/Video Indexing and Retrieval
	MP-L5-Watermarking II
	MP-P1-Video Compression Standards II
	MP-P2-Error Resilience/Concealment II
	MP-P3-Biometrics I
	MP-P4-Image Segmentation: By Multiple Features and Othe ...
	MP-P5-Image Enhancement II
	MP-P6-Video Object Tracking
	MP-P7-Biomedical Image Processing: Compression and Regi ...
	MP-P8-Video Coding

	Tuesday, 26 October, 2004
	TA-S1-Content-based Analysis of Multi-modal High Dimens ...
	TA-S2-Image Forensics
	TA-L1-Feature-based Image Segmentation
	TA-L2-Denoising and Deblurring
	TA-L3-Biometrics II
	TA-L4-Lossy Image Coding
	TA-L5-Wavelet Video Coding and Scalability I
	TA-P1-Stereoscopic and 3-D Processing I
	TA-P2-Face Detection, Recognition and Classification II
	TA-P3-Motion Detection and Estimation: Block Matching
	TA-P4-Feature Extraction and Analysis: Color and Textur ...
	TA-P5-Watermarking III
	TA-P6-Video Indexing, Retrieval and Editing
	TA-P7-Interpolation
	TA-P8-Geosciences and Remote Sensing and Environment
	TP-S1-What is the Latest in Networked Video?
	TP-L1-Super-resolution and Interpolation
	TP-L2-Deblocking, Restoration, and Enhancement
	TP-L3-Motion Estimation and Detection
	TP-L4-Image Segmentation
	TP-L5-Biomedical Image Processing: Compression, Registr ...
	TP-P1-Stereoscopic and 3-D Processing II
	TP-P2-Face Detection, Recognition and Classification II ...
	TP-P3-Video Streaming and Networking
	TP-P4-Shape Extraction and Analysis
	TP-P5-Watermarking IV
	TP-P6-Image/video Storage and Retrieval
	TP-P7-Wavelet Video Coding and Scalability II
	TP-P8-Image Modeling

	Wednesday, 27 October, 2004
	WA-S1-Content Understanding for Home Photograph and Vid ...
	WA-S2-Pattern Discovery in Real-world Broadcast Video
	WA-L1-Image Scanning, Display, and Printing I
	WA-L2-Image Formation I
	WA-L3-Stereoscopic and 3-D Coding &amp; Processing
	WA-L4-Image Coding I
	WA-L5-Source-Channel Coding I
	WA-P1-Motion Detection and Estimation: Optical Flow and ...
	WA-P2-Watermarking V
	WA-P3-Feature Extraction and Analysis I
	WA-P4-Image Segmentation: Level Set and Active Contour
	WA-P5-Transcoding
	WA-P6-Implementations and Systems
	WA-P7-Document Image Processing and Other Applications
	WA-P8-Biomedical Image Processing: Segmentation and Com ...
	WP-L1-Image Representation, Rendering, and Quality Asse ...
	WP-L2-Stereoscopic Image Processing and 3D Modeling
	WP-L3-Feature Extraction and Analysis II
	WP-L4-Image/Video Segmentation and Tracking
	WP-L5-Distributed Source Coding and Scalability
	WP-L6-Video Streaming
	WP-P1-Image Coding II
	WP-P2-Source-channel Coding II
	WP-P3-Stereoscopic and 3-D Coding
	WP-P4-Super-resolution and Mosaic
	WP-P5-Image Formation II
	WP-P6-Motion Detection and Estimation: Other Methods
	WP-P7-Watermarking and Cryptography
	WP-P8-Image Segmentation: Clustering and Statistical Me ...
	WP-P9-Image Scanning, Display, and Printing II

	Tutorials
	Plenary Sessions
	Special Sessions
	Table of Contents of Printed Proceedings

	Authors
	All Authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Papers
	All Papers
	Papers by Session
	Papers by Topics

	Topics
	1.1.1: Lossy coding
	1.1.2: Lossless coding
	1.1.3: Image compression standards
	1.2.1: DCT-based video coding
	1.2.2: Wavelet-based video coding
	1.2.3: Model-based video coding
	1.2.4: Scalability
	1.2.5: Transcoding
	1.2.6: Video compression standards
	1.2.7: Other
	1.3: Stereoscopic and 3-D Coding
	1.4: Distributed Source Coding
	1.5.1: Source/channel coding
	1.5.2: Networking
	1.5.3: Error resilience / concealment
	1.5.4: Video streaming
	1.5.5: Other
	2.1.1: Linear filtering
	2.1.2: Nonlinear filtering
	2.1.3: Level set and fast marching
	2.1.4: Partial differential equations
	2.1.5: Other filtering techniques
	2.2.1: Multiframe image restoration
	2.2.2: Contrast enhancement
	2.2.3: Deblocking / artifacts removal
	2.2.4: Deblurring
	2.2.5: Denoising
	2.2.6: Other restoration techniques
	2.2.7: Other enhancement techniques
	2.3.1: By edge
	2.3.2: By color
	2.3.3: By texture
	2.3.4: By multiple features
	2.3.5: By other features
	2.3.6: Active-contour / snake-based methods
	2.3.7: Clustering-based methods
	2.3.8: Model-fitting-based methods
	2.3.9: Statistical-classification-based methods
	2.3.10: Morphological-based methods
	2.3.11: Level-set-based methods
	2.3.12: Other segmentation methods
	2.4.1: Video object segmentation
	2.4.2: Temporal segmentation
	2.4.3: Video shot segmentation
	2.4.4: Tracking
	2.4.5: Other video segmentation techniques
	2.4.6: Other tracking techniques
	2.5: Morphological Processing
	2.6.1: Stereo image processing
	2.6.2: 3D modeling &amp; synthesis
	2.6.3: Other techniques
	2.7.1: Color
	2.7.2: Texture
	2.7.3: Shape
	2.7.4: Shading
	2.7.5: Other features
	2.8.1: Perceptual / human visual system
	2.8.2: Source modeling
	2.8.3: Noise modeling
	2.8.4: Other
	2.9.1: Face detection, recognition and classification
	2.9.2: Fingerprint analysis and coding
	2.9.3: Iris analysis
	2.9.4: Human activity, gait analysis, and gaze analysis
	2.9.5: Goal-oriented analysis tasks
	2.9.6: Other
	2.10.1: Interpolation
	2.10.2: Super-resolution
	2.10.3: Mosaic
	2.10.4: Registration / alignment
	2.10.5: Other techniques
	2.11.1: Block matching
	2.11.2: Optical flow
	2.11.3: Parametric model for motion estimation
	2.11.4: Change detection
	2.11.5: Camera calibration
	2.11.6: Other motion detection techniques
	2.11.7: Other motion estimation techniques
	2.12.1: Hardware and software co-design
	2.12.2: Embedded and real-time systems
	2.12.3: Paralleled and distributed systems
	2.12.4: Other system platforms
	3.1.1: Super-acoustic imaging
	3.1.2: Tomographic imaging
	3.1.3: Nuclear and x-ray imaging
	3.1.4: Magnetic resonance imaging
	3.1.5: Other
	3.2.1: Radar imaging
	3.2.5: Multispectral / hyperspectral imaging
	3.2.6: Other
	3.4: Optical Imaging
	3.5: Synthetic-Natural Hybrid Image Systems
	4.1: Scanning and Sampling
	4.2: Quantization and Halftoning
	4.3: Color Reproduction
	4.4: Image Representation and Rendering
	4.5: Display and Printing Systems
	4.6: Image Quality Assessment
	5.1: Image and Video Databases
	5.2.1: Low-level image indexing and retrieval
	5.2.2: Relevance feedback and interactive retrieval
	5.2.3: Content addressable browsing
	5.3.1: Video partition/shot detection
	5.3.2: Video features for retrieval
	5.3.3: Low-level video indexing and retrieval
	5.3.4: Semantic video retrieval
	5.3.5: Content summarization and editing
	5.4: Multimodality Image/Video Indexing and Retrieval
	5.5.1: Watermarking
	5.5.2: Cryptography
	6.1.1: Image segmentation and quantitative analysis
	6.1.2: Computer assisted screening and diagnosis
	6.1.3: Visualization
	6.1.4: Image compression
	6.1.5: Image registration and fusion
	6.2.1: Astronomy
	6.2.2: Geosciences
	6.2.3: Remote sensing
	6.2.4: Environment
	6.3: Document Image Processing and Analysis
	6.4: Other Applications

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations and Limitations

	About
	Copyright
	Current paper
	Presentation session
	Abstract
	Authors
	Xiangui Kang
	Jiwu Huang
	Yun Q. Shi



