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ABSTRACT

We propose in this communication an unsupervised crite-
rion that enables to quantify the quality of a segmentation
result of a gray-level image. The originality of this method
lies in the possibility to evaluate the segmentation results for
all kinds of images including textured ones. This method is
based upon a new criterion that takes into account the intra-
region and inter-regions disparities by considering the type
of region (textured or uniform). These two disparity mea-
sures are computed from adaptive attributes calculated from
the segmentation result. Experimental results show the effi-
ciency of this technique for synthetic and natural images with
textured regions.

1. INTRODUCTION

Segmentation is an essential stage in image processing
since it conditions the quality of interpretation. Several
segmentation methods have been developed and it is difficult
to evaluate their efficiency. Actually, many works have
been performed to solve the more general problem of the
evaluation of a segmentation result and some literature is
available. Briefly stated, there are two main approaches.

On the one hand, there are supervised evaluation meth-
ods based on the computation of a dissimilarity measure
between a segmentation result and the ground truth. These
methods are widely use for medical applications. Baddeley’s
distance [1], Vinet’s measure [7] or classification rate are
examples of such methods. On the other hand, there are
unsupervised evaluation criteria that enable to quantify the
quality of a segmentation result by considering different
statistics. In [11], we can find a relatively complete list of
such methods. Most of these methods are not adapted for
texture segmentation results [2].

In order to try to solve this problem, we propose in this
communication a new quantitative evaluation criterion. The
originality of this method lies in the possibility to evaluate the
segmentation results of textured images without any a pri-
ori knowledge. This criterion combines the intra-region and
inter-regions disparities. The whole processing is adapted by
considering the determined type of each region (textured or
uniform) in the segmentation result.

The authors would like to thank financial support provided by the Con-
seil Régional du Centre and the European union (FSE).

2. PROPOSED CRITERION

There are few criteria which enable to quantify the quality of
a segmentation result without any a priori knowledge such
as the ground truth [11], [8]. Most of these methods have
the disadvantage of not being powerful enough for textured
images.

The definition of the evaluation criterion we propose is
based on the definition of segmentation given by Haralick
[5]. A ”good” segmentation must satisfy the following two
properties:

o A region of the segmented image has to contain a single
primitive (a texture or a constant gray scale) to guarantee
that there is no under-segmentation. Thus, a region is
characterized by the stability of statistics.

e Two adjacent regions have to contain two different prim-
itives to guarantee that there is no over-segmentation.
This corresponds to a disparity of statistics between these
two regions [11].

2.1 Definitions

Let there be a set of » image segmentation methods called
M = {M',..,M"}. The segmentation result of the image /
with the M’ method is designated by //.

The evaluation criterion ' we propose gives a normalized
quantitative value of a segmentation result :

D(I’) — D(I')

F(l))= 3

(1

The global intra-region disparity D(I) quantifies the
homogeneity of each region in the segmented image .
Similarly, the global inter-regions disparity D(I’) measures
the disparity between the regions. Note that these two
disparities are normalized and are computed by taking
into account the type of region (uniform or textured). A
segmentation result /¥ is regarded as better than another one
I, if we have F(I*) > F(I").

The number of regions composing the segmentation
result obtained from the A/ method may vary depending on
the used method. We define m/ as the number of R/ regions
obtained from the M/ method, 7/ as the number of pixels in
the region Rl/ and NT as the total number of pixels in the
image /.

953



The global intra-region disparity D(I/) is computed from
the intra-region disparity of each region Q(R{ ):

o1 ,
D)= 15 3 7 DR) @

The global intra-region disparity is ponderated according
to the number of rlj pixels of each region R{ . The larger a
region is, the more influence it has in the global intra-region
disparity. The computation of the global inter-regions
disparity D(I/) is similar.

We must first determine the textured and the uniform re-
gions in order to compute this criterion for each region.

2.2 Texture and Uniform region detection

If we refer to literature, the textural character of an image or
a region is usually determined by considering the standard
deviation of the gray scale [10]. In this case, a region of an
image is set as textured if its standard deviation is above a
defined threshold. Nevertheless, the standard deviation does
not take into account the distribution of gray scale but only
their variations in relation to the average gray scale of a
region. In fact, texture depends on the scale of observation
so that two images with the same standard deviation can be
textured for one and uniform for the other (composed of
large uniform regions).

In order to determine the textural character of a region,
we defined a parameter called “uniformity” derived from
the cooccurrence matrix [9]. This parameter noted U
corresponds to the average of the diagonal entries in the
cooccurrence matrix for one unit displacement distance and
four orientations.

The cooccurrence matrix is a time-consuming process
for an image with several gray levels. In order to decrease
the number of gray levels while preserving the meaningful
information, the image is thresholded. The thresholding
method used [6] enables the selection of the most significant
gray levels after a local analysis of the image. This approach
consists in sorting the pixels of the image by comparing their
gray levels with a threshold computed from transformed
local histograms. The transformation used allows the dis-
tinction of the principal modes of each histogram by using
four criteria that aim at reproducing the eyes’ sensitivity
to contrast [3]. To show the efficiency of this method, we
present, in figure 1, two examples of thresholded images
together with the corresponding original images.

Parameter U, calculated in region R, gives an indication
on the global character of the uniformity of a region. In or-
der to identify the global nature of a region, we defined the
following decision criterion:

then the region is mainly textured

{ if UR) < U(R)

otherwise the region is mainly uniform
3)
where
- NGR—1\8
R =1-——7— 4
0w =1-(Zex) @
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(b) 22 gray levels
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(c) 256 gray levels (d) 13 gray levels

Figure 1: Thresholding results of two images

where NGR is the number of gray levels in the region.
The value of parameter U(R) represents the probability of
transition of gray scale of a pixel within an 8 connected
neighborhood under the hypothesis of independence of gray
scale.

2.3 Intra-region disparity
The intra-region disparity l_)(R{ ) of the region R{ is com-
puted considering its type. A region containing two different

primitives must have a high intra-region disparity compared
to the same region composed of a single primitive.

- Uniform case
The intra-region disparity, in the uniform case, is equal to
the normalized standard deviation of the region (which is
here a sufficient piece of information).

- Textured case
In the textured case, each region is characterized by a set of
texture attributes vector (computed from a sliding window).
The dispersion of this set of vectors allows us to calculate the
intra-region disparity in the textured case.

2.4 Inter-regions disparity
The inter-regions disparity of two neighboring regions is

also computed by taking into account their types.

- Regions of same type
a) Uniform regions
This parameter is computed as the average of the disparity
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of a region with its neighbors. The disparity of two uniform
regions R; and R is calculated as:

_ E[R]—E[R,
D(R;R)) = % (5)

where E[R,] is the average gray scale in the region R,.

b) Textured regions
The disparity of two textured regions R; and R is defined as:

d(Biij)

D(R,R) = ——
B+ 1B

(6)

where d(.,.) is the Euclidean distance, ||B;|| is the
quadratic norm of the average value of adaptive attributes
characterizing region R;.

- Regions of different types
The disparity of regions of different types is set as the
maximal value 1.

3. EXPERIMENTAL RESULTS

First of all, we evaluated 6 synthetic segmentation results of
100 images so as to validate the proposed criterion. We show
in table 1 the evaluation results for the different synthetic
segmentation results of the images presented in figure 2(a)
and (b). For each image, the segmentation result V'T'5 is the
best one as shown by the value of the proposed criterion.
Note that the value of the criterion usually increases with the
number of correct classes except once.

(@ (b) © (d
Iml Im2 VTI VT2
(© ® (2 (b
VT3 VT3b VT4 VTS5

Figure 2: Synthetic segmentation results of two original im-
ages

Image | VT1 | VT2 | VT3 | VT3b | VT4 | VTS
imagel 0 0.51 | 0.59 | 0.61 | 0.66 | 0.84
image2 0 025|039 | 060 | 0.52 | 0.64

Table 1: Evaluation criterion of synthetic segmentation re-
sults of Figure 2

In order to measure the efficiency of the proposed evalu-
ation criterion, we give the segmentation results of several

gray scale images with a set ground truth (see Figure 3).
These images are composed of textured and uniform regions.
The segmentation results festi;,i = 1..5 were obtained by us-
ing the K-means algorithm with gray scale moments of order
1 to 4. The segmentation results festi,,i = 1..5 were obtained
by using the K-means algorithm with 15 statistical features
from the cooccurrence matrix. Table 2 shows the value of
the proposed evaluation criterion and the correct classifica-
tion rate for each segmentation result. These results show
that the variation of the evaluation criterion is coherent. In-
deed, if a segmentation result is better as another ones if we
consider the correct classification rate, it is also the case then
for our evaluation criterion.

e || || Affchage deimage || [ Affichage de fmage] ] || Afch

(b)
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(©
test3

(@)
test4

| hffichage d=Timage | |

0 Y';
® (8) () ® 0)
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I At et || | A g ] | Attt i | | | i detiese || SMMJJ
N |
(k) Q) (m) (n) (0)
testl, test2, test3, test4, testS,

Figure 3: 10 segmentation results of 5 test images (K-means
with texture attributes)

Result | D(I) | D(I) | F | correct classification
testl; | 0.26 | 0.92 | 0.33 41.6%
testl, | 0.04 | 0.80 | 0.38 58.2%
test2, 0 0.61 | 0.30 86.2%
test2, | 0.28 | 0.63 | 0.18 73%
test3; | 0.31 | 0.81 | 0.25 78.8%
test3, | 0.68 | 0.8 | 0.01 54.6%
test4, | 0.52 | 0.67 | 0.07 20.8%
test4, | 0.37 [ 0.59 | 0.11 44%
test5, | 0.58 | 0.95 | 0.19 75%
test5, | 0.16 | 0.73 | 0.29 93.8%

Table 2: Comparison between the evaluation criterion and
the correct classification rate of segmentation results as
shown in Figure 3

We compared the proposed criterion with different evalu-
ation criteria in the literature [11] : Borsotti, Zeboudj, Inter-
regions, Intra-regions. We used a database of 100 images,
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with 4 segmentation results for each one. We compared the
values of these criteria with Vinet’s criterion (classification
rate). Table 3 gives the correlation factor of each criterion.
One can see that the maximal absolute value of the correla-
tion factor of the different criteria with Vinet’s measure (used
here as an objective measure) is obtained with the proposed
criterion.

Borsotti 1 -0.09 -0.03 077 -0.07 -0.07
Zeboud;j 1 0.81 0.02 -0.06 -0.21
Inter-region 1 0.06 -0.03 -0.01
Intra-region 1 -0.17  -0.13
Proposed 1 0.25
Vinet 1

Table 3: Correlation factors of the different criteria

We applied the proposed criterion in order to evaluate
three segmentation results of an image without any ground
truth (see Figure 4.). The first segmentation result is ob-
tained with the method proposed in [9], the second one with
the K-means algorithm by using the mean and variance as
attributes and the last one with the EDISON algorithm [4].
Table 4 shows that the value of the criterion is also coherent
if we consider the visual perception of a segmentation result.
The evaluation of each segmentation result (of size 256 x 256
pixels) took 250 seconds on a (©)Pentium 4 with 3Ghz.

(c) AERIAL,

(d) AERIAL,

Figure 4: Three segmentation results of image ”AERIAL”

4. CONCLUSION

The proposed method enables to quantify the quality of a
segmentation result without any a priori knowledge for all

Result F
AERIAL, | 0.598
AERIAL, | 0.506
AERIAL, | 0.603

Table 4: Evaluation criterion of segmentation results of im-
age "AERIAL”

kinds of gray-level images including textured ones. The
defined criterion combines the intra-region and inter-regions
disparities of regions in the segmentation result by taking
into account their types. This technique allows us to evaluate
the efficiency of a segmentation method for different types
of images !.

Prospects for this study concern the generalisation of the
defined criterion to multi-component images.

REFERENCES

[1] A.J. Baddeley. An error metric for binary images. Ro-
bust Computer Vision, pages 59-78, 1992.

[2] K.A. Bartels and J.L. Fisher. Multifrequency eddy
current image processing techniques for nondestructive
evaluation. In /CIP, pages 486—489, 1995.

[3] K. Chehdi C. Kermad. Multi-bands image segmenta-
tion : A scalar approach. /EEE International Confer-
ence on Image Processing, (6):1012-1025,2000.

[4] D. Comanicu and P. Meer. Mean shift: A robust ap-
proach toward feature space analysis. IEEE Trans. Pat-
tern Anal. Machine Intell., 24:603-619, 2002.

[5] R.M. Haralick. Statistical and structural approaches to
texture. In proceedings of the IEEE, volume 69, pages
786—804, May 1979.

[6] C. Kermad, B. Vozel, and K. Chehdi. Hyperspectral
image analysis and dimensionality : a scalar scheme
through multi-thresholding technique. Proc of the
Eos/Spie Symposium on Remote sensing, 31(4170),
2000.

[7] Vinet L. Segmentation et mise en correspondance de
regions de paires d’images stereoscopiques. PhD the-
sis, Universite de Paris IX Dauphine, July 1991.

[8] R. Roman-Roldan, J.F. Gomez-Lopera, C. Atae-Allah,
J. Martinez-Aroza, and P.L. Luque-Escamilla. A mea-
sure of quality for evaluating methods of segmentation
and edge detection. Pattern Recognition, (34):969-980,
2001.

[9] C. Rosenberger and K. Chehdi. Towards a complete
adaptive analysis of an image. Electronic Imaging,
2(2):292-298,2003.

[10] C. S. Won and Y. Choe. Image block classification us-
ing stochastic image segmentation. Electronics Letters,
32(16):1462—1463, August 1996.

[11] Y.J. Zhang. A survey on evaluation methods for image

segmentation. In Computer Vision and Pattern Recog-
nition, volume 29, pages 1335-1346, 1996.

IThe proposed evaluation criterion is available at http://www.ensi-
bourges.fr/perso/chabrier/telechargements.htm

956



	Index
	EUSIPCO 2004 Home Page
	Conference Info
	Exhibition
	Welcome message
	Venue access
	Special issues
	Social programme
	On-site activities
	Committees
	Sponsors

	Sessions
	Tuesday 7.9.2004
	TueAmPS1-Coding and Signal Processing for Multiple-Ante ...
	TueAmSS1-Applications of Acoustic Echo Control
	TueAmOR1-Blind Equalization
	TueAmOR2-Image Pyramids and Wavelets
	TueAmOR3-Nonlinear Signals and Systems
	TueAmOR4-Signal Reconstruction
	TueAmPO1-Filter Design
	TueAmPO2-Multiuser and CDMA Communications
	TuePmSS1-Large Random Matrices in Digital Communication ...
	TuePmSS2-Algebraic Methods for Blind Signal Separation  ...
	TuePmOR1-Detection
	TuePmOR2-Image Processing and Transmission
	TuePmOR3-Motion Estimation and Object Tracking
	TuePmPO1-Signal Processing Techniques
	TuePmPO2-Speech, Speaker, and Emotion Recognition
	TuePmSS3-Statistical Shape Analysis and Modelling
	TuePmOR4-Source Separation
	TuePmOR5-Adaptive Algorithms for Echo Compensation
	TuePmOR6-Multidimensional Systems and Signal Processing
	TuePmPO3-Channel Estimation, Equalization, and Modellin ...
	TuePmPO4-Image Restoration, Noise Removal, and Deblur

	Wednesday 8.9.2004
	WedAmPS1-Brain-Computer Interface - State of the Art an ...
	WedAmSS1-Performance Limits and Signal Design for MIMO  ...
	WedAmOR1-Signal Processing Implementations and Applicat ...
	WedAmOR2-Continuous Speech Recognition
	WedAmOR3-Image Filtering and Enhancement
	WedAmOR4-Machine Learning for Signal Processing
	WedAmPO1-Parameter Estimation: Methods and Applications
	WedAmPO2-Video Coding and Multimedia Communications
	WedAmSS2-Prototyping for MIMO Systems
	WedAmOR5-Adaptive Filters I
	WedAmOR6-Speech Analysis
	WedAmOR7-Pattern Recognition, Classification, and Featu ...
	WedAmOR8-Signal Processing Applications in Geophysics a ...
	WedAmPO3-Statistical Signal and Array Processing
	WedAmPO4-Signal Processing Algorithms for Communication ...
	WedPmSS1-Monte Carlo Methods for Signal Processing
	WedPmSS2-Robust Transmission of Multimedia Content
	WedPmOR1-Carrier and Phase Recovery
	WedPmOR2-Active Noise Control
	WedPmOR3-Image Segmentation
	WedPmPO1-Design, Implementation, and Applications of Di ...
	WedPmPO2-Speech Analysis and Synthesis
	WedPmSS3-Content Understanding and Knowledge Modelling  ...
	WedPmSS4-Poissonian Models for Signal and Image Process ...
	WedPmOR4-Performance of Communication Systems
	WedPmOR5-Signal Processing Applications
	WedPmOR6-Source Localization and Tracking
	WedPmPO3-Image Analysis
	WedPmPO4-Wavelet and Time-Frequency Signal Processing

	Thursday 9.9.2004
	ThuAmSS1-Maximum Usage of the Twisted Pair Copper Plant
	ThuAmSS2-Biometric Fusion
	ThuAmOR1-Filter Bank Design
	ThuAmOR2-Parameter, Spectrum, and Mode Estimation
	ThuAmOR3-Music Recognition
	ThuAmPO1-Image Coding and Visual Quality
	ThuAmPO2-Implementation Aspects in Signal Processing
	ThuAmSS3-Audio Signal Processing and Virtual Acoustics
	ThuAmSS4-Advances in Biometric Authentication and Recog ...
	ThuAmOR4-Decimation and Interpolation
	ThuAmOR5-Statistical Signal Modelling
	ThuAmOR6-Speech Enhancement and Restoration I
	ThuAmPO3-Image and Video Watermarking
	ThuAmPO4-FFT and DCT Realization
	ThuPmSS1-Information Transfer in Receivers for Concaten ...
	ThuPmSS2-New Directions in Time-Frequency Signal Proces ...
	ThuPmOR1-Adaptive Filters II
	ThuPmOR2-Pattern Recognition
	ThuPmOR3-Rapid Prototyping
	ThuPmPO1-Speech/Audio Coding and Watermarking
	ThuPmPO2-Independent Component Analysis, Blind Source S ...
	ThuPmSS3-Affine Covariant Regions for Object Recognitio ...
	ThuPmOR4-Source Coding and Data Compression
	ThuPmOR5-Augmented and Virtual 3D Audio
	ThuPmOR6-Instantaneous Frequency and Nonstationary Spec ...
	ThuPmPO3-Adaptive Filters III
	ThuPmPO4-MIMO and Space-Time Communications

	Friday 10.9.2004
	FriAmPS1-Getting to Grips with 3D Modelling
	FriAmSS1-Nonlinear Signal and Image Processing
	FriAmOR1-System Identification
	FriAmOR2-xDSL and DMT Systems
	FriAmOR3-Speech Enhancement and Restoration II
	FriAmOR4-Video Coding
	FriAmPO1-Loudspeaker and Microphone Array Signal Proces ...
	FriAmPO2-FPGA and SoC Realizations
	FriAmSS2-Nonlinear Speech Processing
	FriAmOR5-OFDM and MC-CDMA Systems
	FriAmOR6-Generic Audio Recognition
	FriAmOR7-Image Representation and Modelling
	FriAmOR8-Radar and Sonar
	FriAmPO3-Spectrum, Frequency, and DOA Estimation
	FriAmPO4-Biomedical Signal Processing
	FriPmSS1-DSP Applications in Advanced Radio Communicati ...
	FriPmOR1-Array Processing
	FriPmOR2-Sinusoidal Models for Music and Speech
	FriPmOR3-Recognizing Faces
	FriPmOR4-Video Indexing and Content Access


	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
	Ö

	Papers
	All papers
	Papers by Sessions
	Papers by Topics

	Topics
	1. DIGITAL SIGNAL PROCESSING
	1.1 Filter design and structures
	1.2 Fast algorithms
	1.3 Multirate filtering and filter banks
	1.4 Signal reconstruction
	1.5 Adaptive filters
	1.6 Sampling, Interpolation, and Extrapolation
	1.7 Other
	2. STATISTICAL SIGNAL AND ARRAY PROCESSING
	2.1 Spectral estimation
	2.2 Higher order statistics
	2.3 Array signal processing
	2.4 Statistical signal analysis
	2.5 Parameter estimation
	2.6 Detection
	2.7 Signal and system modeling
	2.8 System identification
	2.9 Cyclostationary signal analysis
	2.10 Source localization and separation
	2.11 Bayesian methods
	2.12 Beamforming, DOA estimation, and space-time adapti ...
	2.13 Multichannel signal processing
	2.14 Other
	3. SIGNAL PROCESSING FOR COMMUNICATIONS
	3.1 Signal coding, compression, and quantization
	3.2 Modulation, encoding, and multiplexing
	3.3 Channel modeling, estimation, and equalization
	3.4 Joint source - channel coding
	3.5 Multiuser communications
	3.6 Multicarrier systems
	3.7 Spread-spectrum systems and interference suppressio ...
	3.8 Performance analysis, optimization, and limits
	3.9 Broadband networks and subscriber loops
	3.10 Application-specific systems and implementations
	3.11 MIMO and Space-Time Processing
	3.12 Synchronization
	3.13 Cross-Layer Design
	3.14 Ultrawideband
	3.15 Other
	4. SPEECH PROCESSING
	4.1 Speech production and perception
	4.2 Speech analysis
	4.3 Speech synthesis
	4.4 Speech coding
	4.5 Speech enhancement and noise reduction
	4.6 Isolated word recognition and word spotting
	4.7 Continuous speech recognition
	4.8 Spoken language systems and dialog
	4.9 Speaker recognition and language identification
	4.10 Other
	5. AUDIO AND ELECTROACOUSTICS
	5.1 Active noise control and reduction
	5.2 Echo cancellation
	5.3 Psychoacoustics
	5.5 Audio coding
	5.6 Signal processing for music
	5.7 Binaural systems
	5.8 Augmented and virtual 3D audio
	5.9 Loudspeaker and Microphone Array Signal Processing
	5.10 Other
	6. IMAGE AND MULTIDIMENSIONAL SIGNAL PROCESSING
	6.1 Image coding
	6.2 Computed imaging (SAR, CAT, MRI, ultrasound)
	6.3 Geophysical and seismic processing
	6.4 Image analysis and segmentation
	6.5 Image filtering, restoration and enhancement
	6.6 Image representation and modeling
	6.7 Digital transforms
	6.9 Multidimensional systems and signal processing
	6.10 Machine vision
	6.11 Pattern Recognition
	6.12 Digital Watermarking
	6.13 Image formation and computed imaging
	6.14 Image scanning, display and printing
	6.15 Other
	7. DSP IMPLEMENTATIONS, RAPID PROTOTYPING, AND TOOLS FO ...
	7.1 Architectures and VLSI hardware
	7.2 Programmable signal processors
	7.3 Algorithms and applications mappings
	7.4 Design methodology and rapid prototyping
	7.6 Fast algorithms
	7.7 Other
	8. SIGNAL PROCESSING APPLICATIONS
	8.1 Radar
	8.2 Sonar
	8.3 Biomedical processing
	8.4 Geophysical signal processing
	8.5 Underwater signal processing
	8.6 Sensing
	8.7 Robotics
	8.8 Astronomy
	8.9 Other
	9. VIDEO AND MULTIMEDIA SIGNAL PROCESSING
	9.1 Signal processing for media integration
	9.2 Components and technologies for multimedia systems
	9.4 Multimedia databases and file systems
	9.5 Multimedia communication and networking
	9.7 Applications
	9.8 Standards and related issues
	9.9 Video coding and transmission
	9.10 Video analysis and filtering
	9.11 Image and video indexing and retrieval
	10. NONLINEAR SIGNAL PROCESSING AND COMPUTATIONAL INTEL ...
	10.1 Nonlinear signals and systems
	10.2 Higher-order statistics and Volterra systems
	10.3 Information theory and chaos theory for signal pro ...
	10.4 Neural networks, models, and systems
	10.5 Pattern recognition
	10.6 Machine learning
	10.9 Independent component analysis and source separati ...
	10.10 Multisensor data fusion
	10.11 Other
	11. WAVELET AND TIME-FREQUENCY SIGNAL PROCESSING
	11.1 Wavelet Theory
	11.2 Gabor Theory
	11.3 Harmonic Analysis
	11.4 Nonstationary Statistical Signal Processing
	11.5 Time-Varying Filters
	11.6 Instantaneous Frequency Estimation
	11.7 Other
	12. SIGNAL PROCESSING EDUCATION AND TRAINING
	13. EMERGING TECHNOLOGIES

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

	About
	Current paper
	Presentation session
	Abstract
	Authors
	Sébastien Chabrier
	Christophe Rosenberger
	Hélène Laurent
	Bruno Emile
	Pierre Marché



