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ABSTRACT

Multi-camera correspondence of moving people is a rela-
tively new issue in computer vision. To cope with it, we
propose a simple but effective method based on the principal
axis of human body. We apply the method to real video se-
quences in outdoor environments. The experimental results
have demonstrated the efficiency of the proposed method.

1. INTRODUCTION

People tracking in multiple cameras is essentially a multi-
camera correspondence problem, i.e. correspondence be-
tween people observed from different cameras at the same
time. This is a relatively new issue in computer vision and
some approaches have been proposed to deal with it. By
what types of features are employed, the existing approaches
can be divided into two major categories.

1.1. Region-based methods

Region-based methods use the feature of human regions
to establish correspondence in multiple views. Color is a
popular region cue to generate correspondence between the
views [1]-[3]. However, color correspondence across multi-
ple cameras is highly unreliable. For one thing, it relies on
the dissimilarity color of human clothes. For another, light-
ing variations and viewpoint difference also lead to the same
person being seen with different colors in different cameras.

1.2. Point-based methods

Point-based methods are to match feature points across views
by geometric constraints. By the types of geometric con-
straints, feature point correspondence methods can be or-
ganized into two sub-classes: 1) 3D strategies. In [4]-[5],
centroid is taken as the feature point and correspondence is
established by comparing the projected 3D centroids in the
world coordinate system. In [6], the correspondence is es-
tablished by using a set of feature points in the middle line

on upper human body based on the epipolar constraint. Cor-
respondence using 3D strategies has brought the burden of
camera calibration. Furthermore, feature points extracted
often do not correspond to the same physical 3D point. 2)
2D strategies. In [7], field of view lines are used to estab-
lish the correspondence. However, the method assumes the
feet of people to be visible. [8] provides the transfer error
based on the homography constraint to correspond a pair of
centroids in two views. Either using 3D or 2D strategies,
point-based methods are easily influenced by noise. The
performance of the correspondence decreases if only part of
a person is visible due to occlusion or poor detection results.
So, exact motion detection is required for these methods.

1.3. Our method

Bearing in mind the weakness of the existing methods out-
lined above, we use principal axes of human bodies to solve
the multi-camera correspondence problem. The principal
axis is the symmetric axis of a human body. The homogra-
phies that align the ground plane in different views are com-
puted to generate geometric constraints for matching. Then
the matching is performed by the maximization of the cor-
respondence likelihoods reflecting the correspondence sim-
ilarity of principal axis pairs. In contrast to region-based
and point-based methods, the proposed principal axis-based
method has the following desirable features: (a) The method
does not need camera calibration except the homography
between the ground plane in one camera to the other. (b)
Principal axes are more robust to noise or poor motion de-
tection. (c) The method can accurately localize human po-
sitions nd thus generate accurate trajectories of people.

The reminder of the paper is organized as follows. Sec-
tion 2 describes how principal axes are used to establish cor-
respondence of people across multiple cameras. Section 3
focuses on the principal axis detection methods under dif-
ferent situations. Section 4 shows experimental results on
the PETS 2001 database. Finally, conclusion is given in
Section 5.
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2. MULTI-CAMERA CORRESPONDENCE BASED
ON PRINCIPAL AXES

Assume that camera i observes M people with principal
axes Li

1
, Li

2
, · · · , Li

M at time t, and camera j observes N

people with principal axes L
j
1
, L

j
2
, · · · , L

j
N at time t. The

correspondence problem is to find a set of solutions {m, n}
which maximize the correspondence likelihoods:

{m, n} = arg max
s,k

{L(Li
s, L

j
k)}, s ∈ [1, M ], k ∈ [1, N ]

(1)
where L(Li

s, L
j
k) is the correspondence likelihood for a pair

of principal axes {Li
s, L

j
k}.

2.1. Maximum correspondence likelihood

We use the correspondence likelihood to evaluate the sim-
ilarity of principal axis pairs across views. In Fig.1, let Li

s

denote the detected principal axis of person s in camera i.
gi

s is the projection of Li
s on ground plane Π. For person k

in camera j, L
j
k and g

j
k are similarly defined. The ground

plane homography from the ith image plane to the jth one
is denoted as H

j
i , which can be recovered by hand using

the method in [9]. Let Lij
s be the line obtained by applying

H
j
i to Li

s. Lij
s and L

j
k will have one intersection, denoted

as Q
ij
sk. According to the property of H

j
i , if person s in

camera i and person k in camera j correspond to the same
person in the world coordinate system, Q

ij
sk will correspond

to the “land-point” (Qπ
sk), the intersection of the principal

axis and ground plane Π. Thus, the distance between the
observation of “land-point” and the intersection Q

ij
sk can be

used to calculate the correspondence likelihood for princi-
pal axis pairs.

Let Xi
s denote the observation of the ”land-point” of

person s in the ith camera view, and X
j
k denote that of per-

son k in the jth camera view. Q
ji
ks is the point corresponding

to Q
ij
sk on the ith image plane. We assume that Xi

s and X
j
k

are independent of each other, for Xi
s and X

j
k are indepen-

dently detected in two camera views. The correspondence
likelihood for the pair of persons {s, k} is defined as

L(Li
s, L

j
k) = p(Xi

s, X
j
k|Q

π
sk) = p(Xi

s|Q
ji
ks)p(Xj

k|Q
ij
sk)

(2)
To compute the correspondence likelihood in Equ.2, we

need to specify the probability densities p(Xi
s|Q

ji
ks) and p(Xj

k|Q
ij
sk).

Without loss of generality, Gaussian distributions are as-
sumed.

p(Xj
k|Q

ij
sk) = (2π|Σj

k|)
−2/2 exp{−

1

2
(Xj

k−Q
ij
sk)Σj

k

−1

(Xj
k−Q

ij
sk)T }

where the covariance Σj
k is a diagonal matrix with two com-

ponents of (σj
xk

)2 and (σj
yk

)2.

p(Xi
s|Q
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ks) = (2π|Σi

s|)
−2/2 exp{−

1

2
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Fig. 1. Projection of principal axes.

where the covariance Σi
s is a diagonal matrix with two com-

ponents of (σi
xs

)2 and (σi
ys

)2.
If we assume that Σi is independence of image posi-

tions, the correspondence problem in Equ.1 is solved as

arg max
s,k

L(Li
s, L

j
k) ⇐⇒ arg min

s,k
D

ij
sk (3)

where D
ij
sk is the correspondence distance for a pair of prin-

cipal axes, defined as

D
ij
sk = (Xi

s−Q
ji
ks)Σ

i−1

(Xi
s−Q

ji
ks)

T +(Xj
k−Q

ij
sk)Σj−1

(Xj
k−Q

ij
sk)T

(4)

2.2. Correspondence algorithm in multiple cameras

The major steps of the correspondence algorithm are sum-
marized as follows:

(1) Create a list of all possible correspondence pairs of
people for each camera view.

(2) Search for the best match among the list of pairs. The
best match of the person (m) in the ith camera view
and the person (n) in the jth camera view must sat-
isfy:

{m, n} = arg min
s,k

D
ij
sk < Td (5)

where Td is the threshold pre-defined.

(3) Delete the pair of {m, n} from the list and return to
step 2. If no best match found, go to step 4.

(4) Update the human positions with the intersection and
label the corresponded people.

3. DETECTION OF PRINCIPAL AXES

3.1. Detecting principal axes of isolated people

Least Median of Squares method [11] is applied to deter-
mine the principal axis based on the global shape constraint
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Fig. 2. Principal axes and foreground regions of isolated
people.

that human body is typically close to symmetric around its
principal axis while in upright fashion. The best fitting prin-
cipal axis is computed by minimizing median of squared
perpendicular distances between the foreground pixels and
the axis.

L = min
l

mediani{D(Xi, l)
2} (6)

where Xi is the coordinates of the ith foreground pixel, l is
the principal axis to be determined, D(Xi, l) is the perpen-
dicular distance between the ith foreground pixel and the
principal axis to be determined.

Fig.2 demonstrates the detected principal axes of iso-
lated people. In Fig.2-(b), though the bottom part of the per-
son does not be detected for some reasons, the principal axis
of it is accurately detected and less affected by the poor mo-
tion detection result that infl uences the centroid very much.

3.2. Detecting principal axes of multiple people in a group

When people move in a group, it first needs to segment in-
dividuals from the group. Then, principal axes of the indi-
viduals are determined as Section 3.1.

We segment people by introducing the peak region, de-
fined as a region between two valleys in the vertical pro-
jection histogram [10]. Not all peak regions correspond to
individuals; only significant peak regions are selected as the
candidate individuals. A peak region is significant if it is
satisfies two conditions: maximum value of a peak region
is above a peak threshold (Tp) and the values of two valleys
must be lower than a valley threshold (Tc). In this paper,
the valley threshold value (Tc) is selected as the mean value
of the entire histogram. The peak threshold value (Tp) is
selected as eighty percent of human image height.

Fig.3 shows an example of segmented individuals in a
group. The foreground region is given in Fig.3-b, and its
vertical histogram is shown in Fig.3-d. According to the
three significant peak regions detected in the histogram, three
individuals are segmented and their principal axes are accu-
rately determined (Fig.3-c).

3.3. Detecting principal axes of occluded people

In case of occlusion, we use probabilistic appearance model
[12] to segment people and then determine the principal

vertical projection histogram

peak 

valley

peak threshold

valley threshold

)( pT

)( cT

)( iP

)( iC

(a) (b) (c)

(d)

Fig. 3. Segmenting multiple people in a group: (a) input
image, (b) detected foreground region, (c) segmented indi-
viduals and their principal axes, (d) vertical projection his-
togram of the foreground region.

axes using the method in Section 3.1. The appearance model
is an rgb color model, which records the rgb color of each
pixel of an object, with an associated probability mask, which
records the likelihood of the object being observed at that
pixel. Fig.4 shows an example of segmenting a person from
the occlusion of a car. Based on the segmented visible part
of the person (Fig.4-c), the principal axis is accurately de-
tected in Fig.4-d.

(a) (b) (c) (d)(a) (b) (c) (d)(a) (b) (c) (d)

Fig. 4. Detecting the principal axis of a occluded person: (a)
input image, (b) detected foreground region, (c) segmented
foreground pixels of the occluded person, (d) detected prin-
cipal axis.

4. EXPERIMENTS

We have tested the proposed method on the testing part of
the PETS 2001 dataset1. This dataset includes two-viewpoint
video sequences, each of which containing 2688 frames with
768*576 resolution. Fig.5 shows an example of tracking a
group of people through occlusion. In this example, a group
of three people and a car are moving towards each other. As
we can see, two persons in the group have black clothes. In
this case, it’s difficult to identify them in two cameras with
color information. During tracking, people are patially oc-
cluded by the car in both cameras, which introduces extra
difficulty for segmenting and tracking. In this case, tradi-
tional feature points are very difficult to extract and not reli-
able for matching. Using our method, the individuals in the
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Fig. 5. Tracking a group of people through occlusion.

group are correctly segmented and matched.

To evaluate the algorithms we have also compared the
tracking results of the proposed method with those of the
point-based method on the same portion of the PETS 2001
dataset1 from frame 2127 to frame 2150 in camera 1. The
comparison is done between the trajectory obtained by each
method and the ground truth data that we obtained by man-
ual tracking. We measure the trajectory error which is de-
fined as the mean of the distance between estimated human
position and the truly human position at each frame. The
first result, shown in Fig.6-(a), is a comparison between
the trajectory obtained by the proposed principal axis-based
method and the ground truth data. The trajectory error for
principal axis-based method is σ = 3.2 pixel. The second
result, shown in Fig.6-(b), is a comparison between the tra-
jectory obtained by the point-based method and the ground
truth data. Without loss of generality, point-based method
use centroid to estimate human position. The trajectory er-
ror for centroid trajectory is σ = 5.8 pixel. From the tra-
jectory error, we can see that the trajectory of the proposed
principal axis-based method is more accurate than that of
the point-based method.

(a) (b)(a) (b)

Fig. 6. Comparison: (a) trajectory of the principal-axis
based method and truth data, (b) centroid trajectory of the
point-based method and truth data .

5. CONCLUSION

We have proposed a novel principal axis based method to
solve multi-camera correspondence problem. Contrast to
traditional methods, it does not need camera calibration and
is less dependent on exact motion detection results. Fur-
thermore, it can accurately localize human positions in each
view. The proposed method is tested on real video sequences
of the PETS 2001 dataset. The experimental results have
demonstrated the effectiveness and efficiency of the method.

Acknowledgements
This work is partly supported by NSFC (Grant No. 60105002,
60373046, 60335010, 60121302), Natural Science Founda-
tion of Beijing (Grant No. 4031004 and 4041004), the Na-
tional 863 Program of China (Grant No. 2002AA117010-
11).

6. REFERENCES
[1] J. Orwell, P. Remagnino, G. A. Jones, Multi-Camera Color

Tracking, in Proc. of The 2ed IEEE Workshop on Visible
Surveillance, 1999, pp. 14-24.

[2] J. Krumm, S. Harris, B. Meyers, B. Brumitt, M. Hale and
S. Shafer, Multi-Camera Multi-Person Tracking for EasyLiv-
ing, in Proc. of The 3rd IEEE Intl. Workshop on Visual
Surveillance, 2000, pp. 3-10.

[3] A. Mittal and L. S. Davis, M2Tracker: A Multi-View Approach
to Segmenting and Tracking People in a Cluttered Scene Us-
ing Region-Based Stereo, in Proc.of The 7th ECCV, May-
June, 2002.

[4] H. Tsutsui, J. Miura, and Y. Shirai, Optical Flow-Based Per-
son Tracking by Multiple Cameras, in Proc. of IEEE Conf.
on Multisensor Fusion and Integration in Intelligent Systems,
2001.

[5] A. Utsumi, H. Mori, J. Ohya and M. Yachida, Multiple-
Human Tracking Using Multiple Cameras, in 3rd IEEE Int.
Conf. on FG, 1998, pp. 498-503.

[6] Q. Cai and J. K. Aggarwal, Tracking Human Motion in Struc-
tured Environments Using a Distributed-Camera System, in
IEEE trans. PAMI, November, 1999, Vol.2, No.11, pp. 1241-
1247.

[7] S. Khah and M. Shah, Consistent Labeling of Tracked Ob-
jects in Multiple Cameras with Overlapping Fields of View, in
IEEE Trans. On Pattern Analysis and Machine Intelligence,
vol.25, No.10, October 2003, pp.1355-1360.

[8] J. Black and T. Ellis, Multi Camera Image Tracking, in Proc.
2ed IEEE Int. Workshop on PETS, 2001.

[9] K. J. Bradshaw, L. D. Reid and D. W. Murray, The Active
Recovery of 3D Motion Trajectories and Their Use in Predic-
tion, in IEEE Trans. on PAMI, March, 1997, Vol.19, No.3, pp.
219-234.

[10] S. Stillman, R. Tanawongsuwan and I. Essa, A system for
Tracking and Recognizing Multiple People with Multiple
Cameras, in Proc. of The 2ed Intl. Conf. on Audio and Video-
Based Biometric Person Authentication, 1999, pp. 96-101.

[11] Y. Yang and M. Levine, The Background Primal Sketch: an
Approach for Tracking Moving Objects, Machine Vision and
Applications, vol. 5, pp.17-34, 1992.

[12] A. Senior, Tracking People with Probabilistic Apperarance
Models, in the Proc. of 3rd IEEE Int. Workshop on PETS,
2003.

1060


	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
	Tieniu Tan
	Weiming Hu
	Jianguang Lou
	Min Hu



