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ABSTRACT

This paper presents a novel scheme for handling image
boundary for a class of biorthogonal multi-dimensional
(MD) perfect reconstruction (PR) filter banks (FB) using
lifting scheme which finds important applications in image
and video compression applications. An intuitive example
is given to demonstrate our proposed for obtaining a nonex-
pansive transformation using nonseparable FB on arbitrary
image shape.

1. INTRODUCTION

Handling the image boundaries for MD PR FB is a very im-
portant topic in non-expansive transformation. It is the cen-
tral problem in non-expansive transformation which found
important applications in image compression. In many im-
age compression schemes, basically a 2-D image is first
transformed by an analysis FB[1]. Then these subband sam-
ples are quantized and compressed by lossless entropy cod-
ing. To retrieve the image, the encoded bit-stream is decom-
pressed to obtain the transformed coefficients. Then they
are passed to a synthesis FB to reconstruct the original im-
age. The above process requires two important properties:
The first property is that the overall FB must be a perfect re-
construction (PR) FB[1,2]. The PR property guarantees that
if there are no quantization and compression, the synthesis
FB can reproduce the original input signal from the subband
samples. The second property requires the transformation
is non-expansive which is very important in compression
applications. Non-expansive means that the number of in-
put samples must equal to the number of subband samples.
When the filtering is performed across the image boundary,
the filtered image will spread over the edges. Therefore to-
tal number of subband samples are more than those of the
original image.

To obtain a non-expansive transformation, many re-
searchers proposed various methods, like zero padding, cir-
cular convolution, symmetric extension, etc.[2]. In zero
padding, the images are assumed to be zero outside the
image borders. Therefore a large discontinuity appears at
the image boundaries. The reconstructed pixels near the
boundaries have very low pixel values which induce a large
amount of errors. For the circular convolution, it is as-
sumed that the image is periodic. Obviously, it is not the
case and a large discontinuity will be generated at image
boundaries. Using circular convolution, one can reconstruct
the original image when there is no quantization. However,
when quantization occurs, errors will generate at the im-
age boundaries. In contrast, the symmetric extension mir-
rors the image across the image boundary. Therefore the
extended image is continuous at the image border and com-
bining symmetric filtering with 1 dimensional linear phase
FB, one can easily obtain a non-expansive image trans-
formation. In practical image compression engine, like in
JPEG2000[3,4] and Adaptive Scanned Wavelets Difference
Reduction (ASWDR)[5], the image is first mirror extended
before filtering. Most of these boundary extension tech-
niques only work with symmetric filters. For arbitrary fil-
ter impulse responses, like non-separable or even low-delay
filters, to the authors best knowledge, obtaining an efficient
non-expansive, invertible transform is non-trivial.

More recently, in video compression application, the
object based video compression is of big interest. In ob-
ject based video compression, an object is defined to be
separately encoded without taking the background into the
account. There are many methods for handling arbitrary
shaped regions: two of the most popular methods are
the shape adaptive DCT (SA-DCT) and the shape-adaptive
DWT (SA-DWT). For SA-DCT [6], the object is first di-
vided into many small blocks. For blocks which are totally
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within the object boundary, the conventional DCT is used
for image transformation. When a block overlaps an edge,
the pixels within that block will be flushed to an edge be-
fore the DCT transformation is performed. Hence the spa-
tial correlation of the object is lost. Furthermore, this block
based DCT suffers from blocking artifacts at low bit-rate.
For the SA-DWT [7], the wavelet transform is performed
row-wise and column-wise sequentially. In order to han-
dle the boundary problem, for each image row or column, it
is symmetric extended before performing the wavelet trans-
form. Then the transformed coefficients outside the image
boundary is removed. In these image compression schemes,
the filters are all symmetric so as to handle the boundary
very easily. On the other hand, for filters that are non-
separable and without the symmetric properties, the object
boundary handling is non-trivial.

In this paper, we propose a novel scheme to handle MD
signals with arbitrary boundary for a class of bio-orthogonal
FB [8] to obtain a non-expansive transformation. The FB
can be designed as nonseparable FB through appropriate
change of variables. Furthermore, this FB is structurally
PR, because arbitrary operations at the lifting steps will not
destroy the FB PR property. Due to this property, this FB is
used as the basic building block for Directional FB (DFB)
which finds many applications in directional image analysis
[9–11] and potential image compression applications [11].
In [9–11], the DFB is constructed by a tree structure of the
2-channel biorthogonal 2D PR FB. A particular problem of
the DFB is that its impulse responses of each channel are
nonseparable. Therefore, one cannot easily obtain a non-
expansive transformation using the DFB while having the
PR property. To our best knowledge, there exists no previ-
ous results for solving the boundary problem for this class
of DFB.

Furthermore, in the two-channel PR FB[8], filtering
only occurs in lifting branches. For finite-length signals,
after filtering, the signal length will be increased. Hence, in
the analysis FB outputs, there are more samples. To keep the
size of the input signal and the output signal to be the same,
we utilize the FB structural PR property: since this FB is
parameterized by arbitrary functions of α(z) and β(z) (in
Fig. 1), we can perform the same boundary extension and
boundary removal in these subfilters without losing the PR
property. To be more precise, once the subband signal goes
into the lifting branches, its boundary is smoothly extended
and filtered. Similar operations are performed at the synthe-
sis FB in order to obtain a PR FB. This paper is organized
as follows: In section 2, a brief review of bio-orthogonal PR
FB will be given. Then in section 3, the proposed solutions
will be given together with an intuitive example. Finally, in
section 4, conclusions are drawn.

2. A REVIEW OF THE BIO-ORTHOGONAL PR FB

In this section, a review of the PR FB[8] is given. Detailed
design information is given in [8, 12]. The 1-D 2-channel
FB [8] is shown in Fig. 1.

Fig. 1. FB proposed by Phoong et. al. [8].

where the lowpass filter H0(z) and the highpass filter H1(z)
are given as follows,

H0(z) =
1

2
(z−2N1 + z−1β(z2)),

H1(z) = −α(z2)H0(z) + z−2N2−1
(1)

From (1), the overall FB is defined by parameters β(z),
α(z), N1 and N2. By choosing the appropriate param-
eters, FB with very good selectivity, linear-phase or low-
delay properties can be designed [12]. The ideal frequency
responses of β(ejω) and α(ejω) (denoted by βd(e

jω) and
αd(e

jω) respectively) are [12]:

βd(e
jω) = e−j(N1−

1

2
)ω for ω ∈ [0, π]

αd(e
jω) = e−j(N2−N1+

1

2
)ω for ω ∈ [0, π]

(2)

In general, it is impossible to have ideal frequency responses
using finite length FIR or IIR β(z)(and also α(z)). How-
ever, very good frequency response can be obtained as the
lengths of these subfilters are increased.

A simple method for obtaining a 2-D PR is by
transforming the 1-D PR FB [8]. More precisely,
α(z2) and β(z2) are transformed to α(zM0 )α(zM1 ) and
β(zM0 )β(zM1 ) respectively. The 1-D delay z2 is re-
placed by zM0zM1 . Careful examination shows that
the same transformation can be carried out if α(z2)
and β(z2) are not the same function. With the sam-

pling matrix M =

(

1 1
1 −1

)

, we have H0(z0, z1) =

1
2 (z−2N

0 + z−1
0 β(z0z1)β(z0z

−1
1 )) and H1(z0, z1) =

−α(z0z1)α(z0z
−1
1 )H0(z0, z1)+z−2M−1

0 . For the diamond
spectral support FB, β(z) and α(z) will be chosen as given
in (2). Other spectral support can be achieved through ap-
propriate choice of transformations[11, 13]. Actually, the
transformed FB can be further applied with a resampling
matrix before the analysis and its inverse of the resampling
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matrix after the synthesis side without losing the PR prop-
erty[11]. A resampling matrix Q is defined as det(Q) =
±1. i.e., for a decimator with a resampling matrix Q, it will
not drop any samples but only change their positions. At
the synthesis side, the resampling matrix and the down sam-
pling matrix can be combined together. Consider the resam-

pling matrix Q =

(

1 0
2 1

)

. The effect is to have the orig-

inal rectangular image sheared into a parallelogram shape
before the sheared image is filtered. This type of structure
occurs in DFB [11] which shears the image before passing
it into a 2-channel FB. Since the original image becomes a
sheared image, symmetric extension fails to provide a non-
expansive transformation. In the next section, our proposed
solution which can handle a wide variety of image shape
will be presented.

3. PROPOSED SOLUTION AND EXAMPLE

In this section, the proposed method of handling boundary
problem will be given. For this class of MD FB, the only
filtering operations occur in the sub-filter α(z) and β(z).
When the image boundary passed through these pairs of
sub-filter, the image boundaries will be spread out if no
appropriate boundary handling is performed. Actually, we
can remove the filtered samples which lay outside the im-
age boundaries without losing the PR property. Doing so
will not affect the PR condition because this operation still
occurs within the lifting branches at both the synthesis and
the analysis sides. The effect of the removals will be can-
celed at the synthesis side and the PR condition is held. In
addition, any boundary extension can be performed within
the lifting branches without losing the PR property.

If we denote the operation which removes the samples
outside the image boundary as BR(·), and the operation
which does boundary extension algorithm as BE(·) then the
whole PR FB structure will be as shown in Fig. 3. The FB
is structurally PR in the sense that, after operation occurs
in the lifting branches at the analysis side can be undone
with the corresponding branches at the synthesis side. Due
to this special property, even though the coefficients within
the lifting branches are quantized, or some nonlinear opera-
tions are performed, the whole FB is still PR.

3.1. Example

To better illustrate the idea, a detailed descriptive FB dia-
gram is shown in Fig. 3. Consider a rectangular image first
downsampled by a M with |det(M)| = 2 which downsam-
ples and rotates the image into a rotated parallelogram.

This FB in general can contain many lifting steps, but
for ease of discussion, we focus on the first lifting step. The
rotated parallelogram image is first boundary extended by

the block BE(·) before filtered by β(z). After filtering, the
image size is increased. In order to achieve non-expansive
transformation, the redundant samples are removed by the
block BR(·). The role of the block BR(·) is to keep the size
of the filtered image be exactly the same as the upper chan-
nel signal. Therefore these two signals can exactly overlap
each other. When they are added or subtracted, the overall
number of samples at each lifting stage outputs will be the
same as the input signals. This process is repeated at the
synthesis side with appropriate delay parameters. Finally
the upsampling operator will rotate the parallelogram back
to the original shape.

The choice of the boundary extension block BE(·) can
be removed without losing PR condition. The role of this
block is to smoothly extend the image signal so that in some
applications, say, image compression, discontinuity across
image boundary will not occur. This proposed structure can
be applied to DFB proposed in [11], without major mod-
ification so as to achieve non-expansive directional image
transformation. It is also noted that the proposed method
can also handle arbitrary image shapes without major dif-
ficulties. Note that conventional SA-DWT[7] for object
based processing cannot handle non-convex shape object ef-
ficiently. Consider the star image as shown in Fig. 2.

Fig. 2. A particular problematic image object

The star is the object to be transformed which is in gray
color. The white areas are the background. The star object
is going to be transformed without the background. If using
conventional method, i.e. row-wise filtering and performing
symmetric extension at the object boundaries, we will run
into the problem when the current row (denoted by the lower
black arrow) crosses 2 legs of the star. This is because, in
the area between the 2 legs, the symmetric extended pixels
from both sides may not be smoothly extended when they
meet. Furthermore, imagine the case when the current row
overlapped many boundaries within a finite length. Then
the symmetric extension is rather complicated, because the
filter has to cross over many intermittent object and back-
ground regions. However, using our proposed structure, by
dropping out the transformed coefficients outside the image
boundary (a very efficient operation), a non-expansive im-
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age transform is obtained without losing PR property.

4. CONCLUSION

In this paper, a novel scheme for handling arbitrary im-
age shape for non-expansive image transformation using a
class of biorthogonal PR MD FB is proposed. The proposed
method is easy to implement and has a low complexity. One
can remove the transformed coefficients which lies outside
the boundary without losing the PR property. This work
provides a solution for non-expansive DFB which have po-
tential applications in image compression. The proposed
structure can also be extended to other lifting structures
(especially non-separable filters) and has potential applica-
tions in video object coding where arbitrary boundaries are
needed to be handled. A practical codec is considered in
future work.

5. REFERENCES

[1] P. P. Vaidyanathan, Multirate systems and filter banks.
Englewood Cliffs, NJ, USA: Prentice Hall, 1993.

[2] G. Strang and T. Nguyen, Wavelets and Filter Banks.
Wellesley Cambridge Press, 1996.

[3] JPEG 2000 Part I: Final Draft International Standard,
(ISO/IEC FDIS 15444-1), ISO/IEC JTC1/SC29/WG1
N1855, Aug. 2000.

[4] JPEG 2000 Requirements and Profiles, ISO/IEC
JTC1/SC29/WG1 N1271, Mar. 1999.

[5] J. S. Walker and T. Q. Nguyen, “Adaptive scanning
methods for wavelet difference redunction in lossy im-
age compression,” Proc. IEEE ICIP, vol. 3, pp. 182–
185, Sept. 2000.

[6] T. Sikora and B. Makai, “Low complex shape-adaptive
dct for generic and functional coding of segmented
video,” IEEE Trans. Circuits Syst. Video Technol.,
vol. 5, pp. 59–62, Feb. 1995.

[7] S. Li and W. Li, “Shape-adaptive discrete wavelet
transforms for arbitrarily shaped visual object coding,”
IEEE Trans. Circuits Syst. Video Technol., vol. 5, pp.
725–743, Aug. 2000.

[8] S. M. Phoong, C. W. Kim, P. P. Vaidyanathan, and
R. Ansari, “A new class of two-channel biorthogonal
filter banks and wavelet bases,” IEEE Trans. Signal
Processing, vol. 43, pp. 649–665, Mar. 1995.

[9] R. H. Bamberger and M. J. T. Smith, “A filter bank for
the directional decomposition of images: theory and
design,” IEEE Trans. Signal Processing, vol. 40, pp.
882–893, Apr. 1992.

[10] S. Park, M. J. T. Smith, and J. J. Lee, “Fingerprint
enhancement based on the directional filter bank,” in
Proc. IEEE ICIP, vol. 3, 2000, pp. 793–796.

[11] M. N. Do, “Directional multiresolution image repre-
sentations,” Ph.D Thesis, Swiss Federal Institute of
Technology Lausanne, Nov. 2001.

[12] J. S. Mao, S. C. Chan, W. Liu, and K. L. Ho, “De-
sign and multiplier-less implementation of a class of
two-channel PR FIR filterbanks and wavelets with low
system delay,” IEEE Trans. Signal Processing, vol. 48,
pp. 3379–3394, Dec. 2000.

[13] S. C. Chan, K. S. Pun, and K. L. Ho, “On the design
and implementation of a class of multiplierless two-
channel 1D and 2D nonseparable PR FIR filterbanks,”
in Proc. IEEE ICIP, vol. 2, Oct. 2001, pp. 241–224.

Fig. 3. The overall structure of the lifting operation and the boundary handling. (The blue images show the relative image
size and orientation at various point of the FB.)

1072


	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
	Ka Shun Carson Pun
	Truong Q. Nguyen



