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ABSTRACT

A new template matching method that is based on marker-
controlled watershed segmentation (TMCWS) is presented.
It is applied to recognize numbers on special metal plates on
production lines where traditional image recognition meth-
ods do not work well. Different from previous matching al-
gorithms, TMCWS firstly creates a marker image for each
pattern, and then takes both the pattern image and its cor-
responding marker image as a template window and shifts
this window across a gradient space of an unknown image
pixel by pixel to do a search. At each position, the marker
image is used to try to extract the contour of the target object
with the help of marker-controlled watershed segmentation,
and the pattern image is employed to evaluate the extracted
shape in each trial. All the pattern images and their corre-
sponding marker images are tried and the pattern that best
matches the target object is the recognition result. TMCWS
contains shape extraction procedures. Experiments are per-
formed with this method on nearly 400 images of metal
plates and the test results show its effectiveness in recog-
nizing numbers in noisy images.

1. INTRODUCTION

In some factories, it is necessary and important to recog-
nize a number engraved on a special metal plate since this
number is a part of an identifier to processed components.
Two example images of the metal plates are shown in Fig. 1.
The metal plate images are photographed by a monochrome
CCD camera without special lighting and their images have
the same size (640 x 480 pixels). The number on each
metal plate consists of four characters, each of which can
be one of the twelve signs that are ten Arabic numerals plus
”M” and ”N”. For simplicity we temporally coin the word
“metalchar” to refer to each character, which will be repre-
sented with Ωt respectively, where t ∈ [0, Num − 1] and
Num = 12.
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Two main factors make the recognitin difficult. One is
that these plate images are much noised due to diffused re-
flection caused by inhomogenous plate surfaces. As shown
by Fig. 1, the metalchars are characterized by their weak
contours. The other is that the position of each metalchar in
a plate is not all the same with other plates. It differs with
plates. The translation difference is sometimes big to about
a half-metalchar size. The projection methods (graylevel
distribution along x-axis or y-axis) cannot determine the po-
sition of each metalchar because of their low contrast. This
implies that the recognition method should have an ability
of translation invariance.

In related works on recognizing characters on metal,
Nakamura et al. developed a high-performance stamped char-
acter reader [1], where an image of stamped characters is ac-
quired by scanning a metal rod with a special type of scan-
ner. However, optimal photographic conditions are some-
times difficult or even impossible to meet in a production
site due to some limitations. Because of the big difference
in image quality caused by different image acquisition ways
and different metal materials, their recognition method can-
not be applied to our images. Advanced feature extraction
tools such as the ones of direct grayscale extraction of fea-
tures [2] only work on a small number of images. The cor-
relation matching method gives low correlation coefficients
causing questionable recognition results.

Here, we present a template matching method based on
marker-controlled watershed segmentation (TMCWS). To
the best of our knowledge, the approach to setting markers
and the combination of repeated marker-controlled water-
shed segmentation attempts with pattern recognition has not
been reported in literature.

A metal plate image is firstly partitioned into several
subimages by image preprocessing, each of which isolates
an individual character. This subimage is called a metalchar
image. In Fig. 1 , (b) 2© shows 4 metalchar images, the par-
titioning result of (b) 1©. TMCWS will be applied to each
of the metalchar images to give recogntion result. The pa-
per is organized as follows. The proposed TMCWS method
is described in Sect. 2. Section 3 shows some experimental
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(a) (b)

Fig. 1. Two example images of metal plates where (a) is an image with two plates and (b) 1© is with
one plate. In (b), 2© shows four metalchar images, the image partitioning results from the image 1©
after preprocessing.

results. The last section is the conclusion.

2. THE TMCWS METHOD

In this section, we first introduce the concept of doing marker-
controlled watershed segmentation with a pattern marker
image, then give rules to create a marker image for a given
metalchar pattern. After that, we scan the image exhaus-
tively with a method combining a template matching tech-
nique and marker-controlled watershed segmentation to de-
termine which pattern best matches the target object. Fi-
nally, we present the recognition algorithm.

2.1. Doing marker-controlled watershed segmentation
with a pattern marker image

Marker-controlled watershed segmentation [3] is a power-
ful tool in image segmentation and contour detection, where
marker extraction plays a key role in efficient morphological
approach to segmentation. Many marker extraction meth-
ods, either gradient-based or intensity-based, and their ap-
plications have been reported. However, by analyzing sev-
eral dozens of metal plate images, we found it was diffi-
cult to identify some properties that can be shared by most
unknown images to be served as markers because the gray
level intensity or gradient of metalchars differ with images.

Since metalchars are engraved on metals, they have fixed
shapes. Their size information can be acquired from the pre-
processing partition procedure (for example, in Fig. 1 (a),
by detecing the dark rectangle between two plates can de-
duce the metalchar size). This allows us to think of these
unknown metalchar images as instances of their pattern im-
ages. Assuming each unknown metalchar image is denoted
by Xi, (i = 1, 2, · · · , Nx), where Nx is the number of all
unknown metalchar images, then those images Xi contain-

ing the same metalchar Ωt form a set SΩt
, t ∈ [0, Num−1].

SΩt
={Xi|Xi⊇Ωt,i=1,2,··· ,Nx}

We establish a pattern image for SΩt
called PΩt

, which
represents all characteristics of Ωt and is free of noise. Each
element of SΩt

is denoted by Yj,Ωt
, where j = 1, 2, · · · .

For 2D discrete images, an image is a function that maps
a finite rectangle subset DI of the discrete plane Z2 into a
discrete set {gv} of gray levels, where gv ∈ [minGraylevel,
maxGraylevel]. The maxGraylevel and minGraylevel

are the greatest and least possible gray level intensity for
each pixel in metalchar images respectively. Assuming Xi

is defined on domain DI , Xi = Xi(λ), where λ ∈ DI , then
for each element Yj,Ωt

of SΩt
, Yj,Ωt

(λ) can be regarded as
a sum of PΩt

(λ − φ) and a noise function Ψj(λ).

∀Yj,Ωt
∈SΩt

Yj,Ωt
(λ)=PΩt

(λ−φ)+Ψj(λ) (1)

where λ ∈ DI , PΩt
(λ − φ) is an image translated φ by

PΩt
(λ).
Yj,Ωt

is called an instance of PΩt
. As mentioned above,

it is difficult to find a general method to extract markers
from each Yj,Ωt

. From Eq. 1, if Ψj(λ) meets some certain
conditions, we hope we can find markers which setting are
decided by PΩt

and if applying them to each instance Yj,Ωt

of PΩt
, performing marker-controlled watershed segmen-

tation with them can extract contours of Ωt from most in-
stances of PΩt

. The image constituted of these markers is
called a pattern marker image of PΩt

, denoted by MΩt
.

Different from previous techniques of applying water-
shed transformation to segment objects where markers are
extracted or selected from an unknown image, here we do
not extract or select markers. We directly create a marker
image MΩt

from a pattern PΩt
. This created marker im-

age MΩt
is in fact independent of unknown images Xi. It

is created in advance. We use a different technique to ap-
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ply marker-controlled watershed segmentation with it to an
unknown metalchar image.

2.2. Creating a pattern marker image for each metalchar
pattern

In this section, we discuss the case of φ = 0 of Eq. 1. This
means that the Ωt in both PΩt

and its instances Yj,Ωt
have

no translation. If the marker image MΩt
is suitably de-

signed, then a direct application of marker-controlled water-
shed segmentation with MΩt

to the instances Yj,Ωt
of PΩt

should detect its contours.
Markers stand for some minima to be imposed on a gra-

dient image. Dual reconstruction of a gradient image with
a marker image imposes all markers as minima of the gra-
dient while removing all the other minima [4]. The inner
marker should be in the inner of an object needs to be de-
tected and the outer marker should situate in the outer part of
this object. Based on this, we set the skeleton of a metalchar
pattern as its inner marker and use a rectangle enclsoing the
pattern as its outer marker. Given a pattern image PΩt

of
a metalchar Ωt, its pattern marker image MΩt

is dependent
on PΩt

and is created by the following steps:
(1) MΩt

is initialized to have the same size with PΩt

and have its every pixel with a value of maxGraylevel. It
looks like a white empty image.

(2) An inner marker of MΩt
is a replica of a skeleton of

PΩt
copied to MΩt

.
(3) An outer marker of MΩt

is a rectangle. If it is copied
into PΩt

, then it should circumscribe Ωt. It looks like a
black rectanglar frame.

(4) If an inner marker contains loops, then a small disc
should be created at the center of each loop and this disc
becomes an outer marker.

(5) The value in pixel of all markers, whether inner mark-
ers or outer markers, is set as minGraylevel.

According to the above rules, Fig. 2 shows the corre-
sponding marker image of each metalchar pattern.

2.3. Scanning with a template matching technique

In the case of φ 6= 0 of Eq. 1, the marker image MΩt
cre-

ated above cannot be used directly. And another problem

Fig. 2. The pattern images and their corresponding marker
images of metalchar patterns.

is, given an unknown image Xi, we have no knowledge
whether Xi is an instance of PΩt

.
The search method used in template matching technique

can help us solve the above two problems. As shown by
Fig. 3, assuming Xi is an instance of PΩt

, we regard the
above created MΩt

as a template window and shift this win-
dow pixel by pixel across the gradient space Gi of Xi. At
each position, we do marker-controlled watershed segmen-
tation with MΩt

on a subimage of Gi under MΩt
, and mea-

sure the similarity between the watershed cachment basin
Wc formed by this segmentation and the pattern image PΩt

.
The similarity is denoted as Rtm(Xi, PΩt

, Wc). The maxi-
mal Rtm during this search will test our assumption. If the
assumption is correct, then Rtm is high, or else it is low.
Given an unknown image, we try all the possible cases of
PΩt

and φ by scanning the image exhaustively and finally
pick the highest similarity value. The Ωt corresponding to
the highest similarity is the recognition result.

The images PΩt
and Wc are binary images where a pixel

with a value “1” means it is on the object and “0” means not.
To emphasize the shape comparison, we employ weight-
ing coefficients. The similarity evaluation function between
PΩt

and Wc is designed as:

Rtm(Xi,Ωt,φ)=Rtm(Xi,PΩt
,Wc)

=

∑NT−1

u=0



























dw1 (pu == 1 δδ wu == 1)
dw2 (pu == 1 δδ wu == 0)
dw3 (pu == 0 δδ wu == 1)
dw4 (pu == 0 δδ wu == 0)

∑NT−1

u=0







dw1 (pu == 1 δδ wu == 1)
dw4 (pu == 0 δδ wu == 0)

(2)

where dw1,dw2,dw3 and dw4 are weighting coefficients,
δδ is a logic conditional AND operator, dw1 > 0, dw2 < 0,
dw3 < 0, dw4 > 0, dw1 + dw4 = 1.0, pu and wu are
pixels of PΩt

and Wc separately and NT is the total number
of pixels in PΩt

.
If we define Rtm(Xi) and Ωtm as below, then Ωtm is

the reconigtion result of an unknown metalchar image Xi.

Rtm(Xi,Ωt)=max{Rtm(Xi,Ωt,φ) | all possible φ}

Rtm(Xi)=max{Rtm(Xi,Ωt) | t∈[0,Num−1]}

Ωtm={Ωt|Rtm(Xi,Ωt)=Rtm(Xi),t∈[0,Num−1]}

2.4. The recognition algorithm

Given an unknown metalchar image Xi, the recognition al-
gorithm of TMCWS is concluded as below:

Read an unknown metalchar image Xi

Do morphological gradient on Xi → a gradient image Gi

Gi + 1→Gi

For (t← 0; t < Num; t← t + 1) {

Take a pattern image PΩt
and its marker image MΩt
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Table 1. The comparison of applying the TMCWS method and the correlation matching method to images in Fig. 1.
Unknown Recognition results Correct

images The correlation matching method: Ωcor(Rcor(Xi)) The TMCWS method:Ωtm(Rtm(Xi)) results
(a) M(0.33) 7(0.44) 7(0.38) 9(0.33) N(0.88) 0(0.85) 5(0.83) 5(0.82) N055

M(0.53) 4(0.44) 9(0.39) 4(0.52) M(0.79) 4(0.91) 1(0.98) 4(0.86) M414
(b) N(0.36) 9(0.26) 1(0.32) 8(0.33) N(0.73) 1(0.92) 4(0.83) 8(0.73) N148

Try all possible φ by shifting MΩt
across Gi {

The subimage in Gi under MΩt
→ tmpImg1

min(tmpImg1, MΩt
)→ tmpImg2

Do dual reconstruction with MΩt
on tmpImg2→ tmpImg3

Do watershed transformation on tmpImg3→ watershed basin Wc

Calculate Rtm(Xi, Ωt, φ) }

Calculate Rtm(Xi, Ωt)

}

Calculate Rtm(Xi)

Get the recognition result Ωtm of Xi

3. EXPERIMENTAL RESULTS

The above recognition algorithm searches a gradient space
to give recogntion result. Different gradient operators make
different gradient image spaces. Here, two gradient opera-
tors Rar(Xi) and Dyr(Xi) shown below are used to orga-
nize the gradient spaces in a two-layer space from coarse to
fine.

Dyr(Xi)=(Xi⊕B)−(Xi	B)

Ter(Xi)=(Xi•B)−(Xi o B)

Rar(Xi)=Dyr(Xi)−Ter(Xi) (3)

where B is a flat structuring element, ⊕, 	, o, and • rep-
resent morphological dilation, erosion, opening and closing
operator respectively.

The space decided by Rar(Xi) is first searched. If the
value of Rtm(Xi) is less than 0.70, then the other space

Fig. 3. The segmentation comparison of moving a same
marker image MΩ8

onto different metalchar images.

decided by operator Dyr(Xi) will be explored. The maxi-
mal Rtm(Xi) during the two trials decides the final recog-
nition result. Parameters in Eq. (2) are set as dw1 = 0.8,
dw2 = −0.2, dw3 = −2.2 and dw4 = 0.2. The structuring
element B in Eq. 3 and in image dual reconstruction [4] is
set as a 4 x 4 flat structuring element.

As a comparison, the correlation matching method is
tested. Table 1 lists the results with the two methods on
images of Fig. 1, showing that TMCWS recognizes all char-
acters. In addition to this, 395 images of metal plates (2692
metalchars) were tested and 99% recognition ratio was ac-
quired. The test shows that TMCWS method achieves higher
recognition ratio than the correlation matching method does
(78%). This can be attributed to that the TMCWS method
contains shape extraction procedures.

4. CONCLUSION

The proposed TMCWS method is a template matching method
that uses different pattern images and their corresponding
marker images as probes to explore a gradient space of an
unknown image to determine which pattern best matches
the target object in it. It requires few parameter tuning.
Nearly 400 images are tested and the results show its ef-
fectiveness in recognizing numbers in noisy images.

5. REFERENCES

[1] Y. Nakamura et al., “Development of a high-
performance stamped character reader,” Proc. of
IECON’84, pp. 1011–1014, Oct. 1984.

[2] Li Wang and Theo Pavlidis, “Direct gray-scale extrac-
tion of features for characters recognition,” IEEE Trans.
Patt. Anal. Machine Intell, vol. 15, no. 10, 1993.

[3] Meyer F. and Beucher S., “Morhological segmenta-
tion,” Journals of Visual Communication and Image
representation, vol. 1, no. 1, pp. 21–46, Sep. 1990.

[4] Luc Vincent, “Morphological grayscale reconstruc-
tion in image analysis: applications and efficient algo-
rithms,” IEEE Trans. Image Proc., vol. 2, no. 2, pp.
176–201, April 1993.

286


	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
	Tomoharu Nagao
	Yi Hu



