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Abstract—In most image processing applications, the
user is only interested in parts of the information conveyed
through the image. In this paper, we present an adaptive
method of compression of still images. It consists first on a
semi-automatic extraction of the region of interest (ROI)
based on region growing segmentation. The context and the
ROI are then processed separately so as to preserve the
information in the ROI and degrade in a controlled way the
context using reversible and irreversible techniques such
as JPEG, JPEG 2000 and Run Length Encoding (RLE).
Performances of these techniques in terns of compression
rate are compared based on their applications to biomedical
images.

Key words—Adaptive compression, region of interest (ROI),
extraction, region growing segmentation, JPEG, JPEG 2000,
run length encoding (RLE).

1. INTRODUCTION

Digital images belong to the data type whose storage
requires a broad capacity and for which the
transmission needs a broad band-width. However, in most
image processing fields, the user is only interested in part of
the information transmitted through the image. It would be
then interesting to apply non-uniform processing to various
regions of the image in order to preserve data in the ROI and
degrade the context in a controlled manner.

Adaptive image compression is found in several works.
Indeed, Guisto et al [14] proposed a compression method
which first locates the ROI and then applies techniques such
as polynomial approximation and vectorial quantization to
these regions. Nguyen [15] proposed a selective video
compression method based on region for transmission with
very low rate. In 1998, Benharrosh [16] developed a
compression method which avoids losses in the ROI. The
new image coding standard JPEG 2000 gave rise to several
applications to ROI compression [10]—([13]. Indeed, this new
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standard provides the possibility to define the ROI in
rectangular or elliptic forms. Thus, it is possible to non-
uniformly assign the quality in an image. In most processed
images including biomedical images, the ROI take random
forms. In the case of manual extraction, the operator must
select rectangular or elliptic zones which must contain the
ROI. This will involve a discontinuity between the selected
areas and the context. This discontinuity will act negatively
on the visual quality of the image. To mitigate this problem,
we propose to extract the ROI using a semi-automatic
method: the user selects part of the concerned zone, and the
algorithm automatically seeks the remainder of the ROI and
integrates it. Then, these regions are slightly compressed
using reversible or irreversible techniques provided that the
context is highly compressed using non conservative
techniques, not necessarily the same ones applied to the
ROL

Section II of this paper gives details on the suggested
principle of ROI extraction. Section III describes an adaptive
still image compression approach. Experimental results are
presented in section IV. Finally, we conclude the paper in
section V.

II. REGION OF INTEREST EXTRACTION

The first stage of the proposed strategy consists of
detecting and then extracting the existing ROI in the image.
The extraction can be carried out manually [1]. In this
manner, the user selects objects of interest directly on the
image. Thus, the selected form is linear, rectangular or
elliptic. It is well known that the ROI take random forms and
the user cannot select them manually (e.g., several infected
cells in a biomedical image). Instead, he will define
geometrical forms containing these ROI; this will involve a
discontinuity between pixels of the context and the retained
pixels. Consequently, the visual quality of the image will be
degraded. To overcome this problem, we propose a semi-
automatic extraction based on region growing segmentation
(2], [3].

A. Region growing segmentation

This method consists of growing a region around one or
more initially selected pixels. The decision to integrate a pixel
into the region under construction is based on a similarity
criterion imposed on this region.

In our case, the operator selects the starting region
manually. This region must belong to the ROI. Fisher test [4]
is employed to determine the degree of similarity Ds



Context ROI

\ Manual selection of

initial zone by the
user

Original image

Segmentation

Low compression
using reversible or

irreversible
techniques. —
» =
)
=
2
ROI image n
75]
=
+ =i
High compression 8
using nonconservative 74
techniques. o
=
- {2
g
(¢}

Context image

Fig. 1. Adaptive compression scheme
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This extraction approach is very effective when the ROI is
relatively homogeneous. To extend the method to complex
ROI, other segmentation techniques must be employed such
as contour detection and texture analysis.

B. Semi-automatic extraction of the region of interest

The suggested approach consists of separating the ROI
pixels and those of the context into two distinct images (Fig.
1). In this way, it will be possible to apply different
compression techniques to the ROI and the context.
Moreover, the pixels retained initially by the user and those
introduced after segmentation take the same space co-
ordinates as the original image. The intensity value of the
other pixels of the ROI image is reduced to zero. This will
make it possible to easily locate the ROI during image
reconstruction and to reduce the quantity of information
transmitted in the ROI image and consequently increase the
compression ratio.

II. ADAPTIVE COMPRESSION

The adaptive compression approach is based on
separating the treatment of the ROI with that of the context.
Fig. 1 presents a diagram of the steps in the suggested
method.

A. Region of interest compression

The objective of the proposed method is to preserve the
information transmitted through the image in the ROIL. One
can choose to use reversible compression algorithms on the
ROI to avoid degrading them [5]. However, one could allow a
light degradation in order to increase the compression ratio.

B. Context compression

In the context, the problem is completely different. Indeed,
the context must allow the user to locate the scene as a
whole. It does not need to be represented with full resolution
[1], [6]. One can choose to strongly compress it according
the user’s needs.

C. Imagereconstruction

The two images are compressed and stored or transmitted
in two distinct files. After compression/decompression cycle,
the image is reconstructed by superposing the ROI image
and context image: each pixel of the reconstructed image is
obtained by calculating the sum of the ROI and context pixel
radiometries which are in the same position. However, this
method may cause degradation in the reconstructed image at
the interface (see Fig. 4 and 5). To overcome this problem, a
third image can be used during the adaptive compression
cycle in such a way that this image locates the ROI and the
context by assigning to each pixel the value 1 if this one
belongs to the ROI and 0 if it belongs to the context. Thus
the image will be binary and will not take much space of
storage.
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Fig. 2. (a) Originale mammography image: Dimensions=256x256 pixels. File size=64,01Ko. File type=PGM. (b) Compressed ROI
image: Dimensions=256x256 pixels. File size=2,45Ko. Quality=85%. File type=JPEG 2000. Threshold value=2,6. (c) Compressed
context image: Dimensions=256x256 pixels. File size=3,17 Ko. Quality=25%. File type=JPEG 2000.

(a) (b)
Fig. 3. (a) Original brain image : Dimensions=305x285 pixels. File size=84,90Ko. File type=PGM. (b) Compressed ROI image:
Dimensions=305x285 pixels. File size=2,93Ko. Quality=85%. File type=JPEG 2000. Threshold value=3,15. (c) Compressed context
image : Dimensions=305x285 pixels. File size=3.94 Ko. Quality=25%. File type=JPEG 2000.
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Fig. 4. Reconstructed Mammography image . Fig. 5. Reconstructed brain image.



TABLE 1
UNIFORM COMPRESSION RESULTS

PGM JPEG  JPEG 2000 RLE
Mammography  64Ko* 28Ko* 25Ko* 75Ko*
Brain 85Ko* 45Ko* 42Ko* 87Ko*
Ko : Kilo Octet.
* Lossless compression
TABLE II
ADAPTIVE COMPRESSION RESULTS
JPEG JPEG RLE
2000
Context TKo**  3.7Ko**  79Ko
Mammography R=9.28 R=17.56 R>1
ROI 4Ko* 2.5Ko*  5.6Ko
R=16.25 R=26 R=12
Context TKo** SKo** 86Ko
) R=12.14 R=17.00 R=1
Brain ROI 4Ko*  3Ko*  6Ko
R=19.77 R=2833 R=14
Ko: Kilo Octet.
R: Compression ratio.
* Lossless compression.
** Lossy compression.
IV. RESULTS

The method was applied to images with one ROI. Figure 2
presents the results of the application of the method by
using JPEG 2000 on a mammography containing one suspect
zone (ROI).

Figure 3 shows the results of the applying the method on
a brain image revealing a tumour (ROI). The starting images
are of type PGM in gray-scale with 8 bits per pixel. We
applied lossless compression to the ROI and lossy
compression to the context. We tested the method with
various compression algorithms: JPEG, JPEG 2000 and RLE
(Run Length Encoding). Table I illustrates the results of
uniform compression for both the ROI and the context found
in the mammography and brain images. Table II shows the
results when adaptive compression is applied to these
images.

Comparison of these results reveals that adaptive
compression makes it possible to reach high compression
ratios with an assessed visual quality, especially on the ROI
(fig. 4 and 5). These results depend on the comprssion
techniques used, the dimensions of the ROI and certainly the
number of ROI existing in the image.

V. CONCLUSION

In this paper, we presented an adaptive compression
method based on the fact that the user is interested only in
part of the information conveyed through the image. The ROI
are extracted using a semi-automatic method. They are
compressed thereafter with a reversible or irreversible
algorithm with low degradation. The context is highly

compressed using an irreversible algorithm. The results
obtained showed that this method makes it possible to
obtain a high compression ratio while preserving good visual
image quality especially in the ROI. Our study was limited to
images with relatively homogeneous ROI. However, it is
possible to extend this gproach to images which contain
more complex ROI by combining other segmentation
techniques such as contour detection and texture analysis.

REFERENCES

[1] M. Benabdellah, M. Gharbi, N. Lamouri, F. Regragui, E. H.
Bouyakhf "Adaptive compression of cartographic images based
on wavelets", to be published.

[2] S. Zucker, "Survey: region growing, childhood and adolescence".
CVGIP, vol 5 pp. 382-399, 1976.

[3] Kermad Chafik. "Segmentation d'image: recherche d'une mise en
oeuvre automatique par coopération de méthodes". Thése de
doctorat, LASTI, UNIVERSITE RENNES I, 1997.

[4] W. D. Fisher, "On grouping for maximum homogeneity", JASA,
vol 53, pp. 789-798, 1958.

[5] O. Robineau, "Compresser les images fixes", le monde de
I’informatique, page 30, 14 Mars 1997.

[6] Vasndev Bhaskaran, "Image and video ®mpression standards
algorithms and architectures" Klawer Academic Publishers,
Boston 1996.

[7] S. Mallat, "A Theory for Multiresolution Signal Decomposition:
The Wavelet Representation"; IEEE Trans. on PAMI, Vol. 11,
No. 7, 1989.

[8] I Daubechies, "Orthonormal bases of compactly supported
wavelets", Comm. Pure Appl. Math., Vol. 41, pp. 909-996, Nov.
1988.

[9] C. Christopoulos, A. SkodraS and T. Ebrahimi, "The JPEG 2000
Still Image Coding System: An Overview", IEEE Transaction on
Consumer Electronics, Vol. 46, No. 4, pp. 1103-1127, Nov.
2000.

[10] A. P. Bradley and F. W. M. Stentiford, "JPEG 2000 and Region
of Interest Coding", Digital Image Computing Techniques and
Applications, 21--22 January 2002, Melbourne, Australia.

[11] D. Santa-Cruz, T. Ebrahimi, M. Larsson , J. Askelof, and C. A.
Christopoulos, "Region of Interest Coding in JPEG 2000 for
Interactive Client/Server Applications", Proceedings IEEE 3°
Workshop on Multi-media Signal Processing, pp.389-394,
September 1999.

[12] C. A. Christopoulos, J. Askelof, and M. Larsson, "Efficient
Methods for Encoding Regions of Interest in the Upcoming
JPEG 2000 Still Image Coding Standard", IEEE Signal Processing
Letters, Vol. 7, No. 9, pp. 247-249, September 2000.

[13] Rapha“el Grosbois, Diego Santa-Cruz and Touradj Ebrahimi,
"New approach to JPEG 2000 compliant Region Of Interest
coding", In Proc. of the SPIE 46th Annual Meeting,
Applications of Digital Image Processing XXIV, San Diego, July
29th - August 3rd, 2001.

[14] D. D. Giusto, C. S. Regazzoni, S. B. Serpico and G. A. Vernazza,
"new adaptive approach to picture coding'. Annales
Telecommun. 45, N° 9-10, pp 503-518. 1990.

[15] E. Nguyen, "Compression sélective et focalisation visuelle :
application au codage hybride de séquences d'images" thése de
I’université de Rennes I, Dec 1995.

[16] J. M. Benharrosh, "Extraction des thémes cartographiques dans
les images satellitales ou aériennes : Application a la génération
de Quick-Looks adaptatifs et a la compression des images" these
de I’université de NICE- SOPHIA ANTIPOLIS, Avr 1998.



	Index
	ISCCSP 2006

	ISCCSP 2006 Home Page
	Conference Info
	Welcome Message
	Organizing Committee
	Technical Program Committee
	About Morocco
	Sponsors

	Sessions
	Monday, 13 March, 2006
	PLEN1-High fidelity telepresence and teleaction - Integ ...
	CONT1-Observer design in communication system
	SIG7-Content based access and retrieval from visual dig ...
	COM1-Mobile and wireless communications
	POSA1-Filtering and signal processing applications (par ...
	POSB1-Image processing part I (diffusion/detection/text ...
	PLEN2-Statistical MIMO processing
	CONT2-Observer theory and applications
	COM2-Recent developments in discrete multitone methods  ...
	SIG2-Signal processing in audio and acoustics
	POSA2-Video processing
	POSB2-Communication receiver, OFDM and CDMA
	SIG3-Geophysical signal processing
	COM3-Network and QOS
	POSA3-3-D signal processing
	POSB3-Biomedical signal and image processing
	POSC3-Control design methods

	Tuesday, 14 March, 2006
	PLEN3-CDMA in retrospect
	COM4-Advanced techniques for mobile radiocommunications
	SIG4-Blind source separation and its applications
	CONT4-Control system modeling and identification
	POSA4-Image processing part II
	PLEN4-Ontology based annotation tools for multimedia li ...
	CONT5-Hybrid systems
	COM5-Large scale, large band and asymptotic systems (pa ...
	SIG5-Multichannel image processing
	POSA5-Speech and audio processing
	POSB5-Communications
	COM6-Large scale, large band and asymptotic systems (pa ...
	SIG6-Speech recognition
	POSA6-Image processing (compression)
	POSB6-Network and QOS
	POSC6-Control system modeling and identification
	PLEN7-The interaction between information and control

	Wednesday, 15 March, 2006
	PLEN6-Distributed signal processing for sensor networks
	CONT8-Navigation and control of underwater vehicles
	SIG1-Video processing
	CONT7-Control design and non linear methods
	COM7-Communications
	POSA7-Signal processing and applications (part II)
	POSB7-Signal processing
	PLEN5-Polynomial control: past, present and future
	COM8-Data converters for communications
	SIG8-Iterative techniques for signal processing
	POSA8-Watermarking, indexing and steganography
	POSB8-Implementations and other
	COM9-Wireless networks and services
	SIG9-Image processing (recognition/detection)
	POSA9-Filtering
	POSC9-Non linear control and hybrid systems


	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 Topic

	Topics
	I. Communications Track
	I.1. Digital Communications
	I.2. Space-Time Coding
	I.3. OFDM and CDMA
	I.4. Mobile and Wireless Communications
	I.5. Networks and QOS
	I.6. DSP For Communications
	I.7. Communications Receivers
	I.8. Other Communications Applications
	II. Control Track
	II.1 Nonlinear Control and Applications
	II.2. Control System Modelling and Identification
	II.3. Power Systems and Electrical Machines and Drives
	II.4. Control design methods
	II.5. Discrete and Hybrid systems
	III. Signal Processing Track
	III.1. Image Processing
	III.2. Video and Multimedia Signal Processing
	III.3. Signal Processing and Applications
	III.4. Biomedical Signal and Image Processing
	III.5. Speech and Audio
	III.6. Adaptive and Non-Adaptive Filtering and Implemen ...
	II.6. Control Applications
	Blind source separation and its applications, Adel BELO ...
	Wireless networks and services, Ali ALMUTAIRI
	Advanced Techniques For Mobile Radiocommunications, Sam ...
	ﬁContent-based Access and Retrieval from Visual Digital ...
	&quot;large scale, Large band and Asymptotic systems&qu ...
	&quot;Hybrid Systems&quot; Maria Prandini &amp; Marco C ...
	&quot;Observer Theory and Applications&quot; Hassan Ham ...
	&quot;Recent Developments in Discrete Multitone Methods ...
	&quot;Observer designs in Communication Systems&quot; M ...
	&quot;Geophysical Signal Processing&quot; Jean Marc Cha ...
	&quot;Signal Processing in Audio and Acoustics&quot; Ru ...
	&quot;Iterative techniques for signal processing&quot;  ...

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

	About
	Current paper
	Presentation session
	Abstract
	Authors
	El Houssine Bouyakhf
	Fakhita Regragui
	Mohammed Benabdellah
	Mourad Gharbi
	Najib Lamouri



