Chapter 29

Pattern Recognition Research at the IRI-CSIC/ESAII Group




PATTERN RECOGNITION RESEARCH AT THE IRI-
CSIC/ESAII GROUP

A Sanfeliu, A. Grau, J. Climent, R. Alquézar, F. Serratosa, -
J. Aranda, J. Vergés, J. Andrade

Institut de Robotica i Informatica Industrial, Universitat Politécnica de Catalunya
Ed. Nexus, ¢/ Jordi Girona 1-3, 08028-Barcelona (Esparia)

" Abstract. The pattern recognition group formed by researchers
in the IRI-CSIC and the ESAII Dept at the UPC has been
created four years ago but its activity is very high participating
in research projects, international publishing and organizing
relevant events such as ICPR’00. In this paper we show part of
this activity.

1. INTRODUCTION

The group that we belong to, has'been created in 1996 by a mutual research interest.
The people coming from ESAII Dept had long experience in hardware development of
computer vision algorithms, while the people at IRI-CSIC had huge experience in
structural pattern recognition and software algorithms development. With this blend of
knowledge, we achieved a new group with the capability of implementing in hardware
devices (or new architectures) new algorithms of structural patter recognition. After this
period, the experience has been very productlve and, in the personal field, the
relatlonshlp has been excellcnt

The leadershlp is carried by Prof. Alberto Sanfeliu and the members are Dr. Antom :
Grau, Dr. Joan Climent, Dr. René Alquézar, Dr. Francesc Serratosa, Dr. Joan Aranda,
Jaume Vergés and Juan Andrade. There are also some students (undergraduate mainly)
working in specific areas of interest for the projects.

2 RESEARCH TOPICS

The Group is working mainly in Computer Vision, Mobile Robots, Pattern Recognition
and Automatic Learning. Other areas of interest are Computer Architectures and their
- hardware implementation.




3. RESEARCH PROJECTS OF THE LAST FOUR YEARS

Active Vision System Based in Automatic Learning for Industrial
Applications

Reference: TAP98-0473
Time frame: 12/1/98 a 11/30/01
Project Coordinator: Alberto Sanfeliu Cortés

Key Words: computer vision, automatic learning, pattern recognition, mobile robots,
VLSI '

Summary

The objective of the project is the development of an active vision system with learning
capabilities for industrial applications. The main issue to be resolved is the reduction of
specific analysis, development and implementation of vision systems in, for example,
unstructured environments (for auto-location applications in industrial or public
buildings for automatic cleaning systems), or, for example, in environments where the
access is extremely difficult (for maintenance tasks in the gas and water distribution
industry). With this system we want to reduce the complexity of vision sensors in
industrial applications and to extend its scope of use.

In the project, relevant automatic learning techniques will be analysed to acquire the
environment from a sequence of images obtained by means of a mobile robot, the
minimum number of robust computer vision and pattern recognition techniques to be
integrated in a active vision sensor will be studied, a prototype of the sensor will be
developed and the use of the sensor in a pseudoindustrial work area will be verified.
The potential applications of such sensor are in the manufacturer, distribution and
service industries. Moreover, the sensor is also applicable in the automotive industry.
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In the pictures below, the robot “Marco” is used as a testbed for the development of the
navigation algorithms using computer vision. Also, all the images for automatic.
learning are obtained from the cameras mounted in the stereoscopy head at the top of
the robot.



Construction of R&D Environement for Artificial Vision

Reference: TAP96-0629-C04-03 [CTT J-0287]

Time frame: 07/1/96 a 06/30/98

Project Coordinator: Ali)crto'Sanfeliu Cortés

Key words: artificial vision, industrial inspection, quality control, image processing

Summary

This project puts forward the standardisation on a nation-wide scale of an Artificial
Vision Software, in order to use it for the development of industrial and scientific
applications. To achieve this purpose, we intend to create different modules which will
be part of a software environment for the development of applications in vision-(i.e.
card drivers, image processing kernel, programming interface, and modules of specific
methodologies) for a several platforms as well as for working environments. All this
software will be developed jointly by the parties of researchers that propose this project.

The project will be based on software developments made by the parties taking part in
it, particularly in the ViLi environment, which has been developed by the Computer
Vision Group of the Universitat Autonoma de Barcelona. ViLi is also used for research,
and educational purposes. It tries to widen the characteristics of the development that
have been made by the participant parties. In this way, it eliminates the inadequacies
that limit its use in the research field. The project is also aiming for extending its use to:
the scope of applications development.

The specific objectives of the project are focussed on the development of a working
environment in Artificial Vision composed by a kernel, specific modules, users
interfaces, and. drivers. All these elements will be used to link the environment to the
cards of processing images that are available at present.

The results of this project with respect to its standardlsatlon will be shared with the rest
of the scientific community, and the will be open to future collaborations. The resulting
kernel will be of public domain although every single group will retain the right to use
the rest of the modules. .

The following step to be taken would be the creation of a Spanish software-hardware
system that can be competitive in the market. This system could be developed as a
specific project in collaboration with other institutions and companies that would be
lidded by firms of the sector.

350




4. FUNDING

The research team of the Group belongs to the Institut de Robética e Informitica
Industrial (CSIC and UPC) and to the Polytechnical University of Catalonia (UPC).

The projects of the Group are funding by the Ministerio de Educacién y Cultura of the
Spanish Government.

5. PUBLICATIONS OF THE LAST FOUR YEARS
We include in this section the publications of the last four years.

J. Verges, A. Sanfeliu and J. Climent; 2000, “Colour image segmentation solving hard-
constraints on graph partitioning greedy algorithms”, 15th International Conference on
Pattern Recognition (ICPR2000) Sept. 4-8, Barcelona, 2000.

J. Andrade and A. Sanfeliu; 2000, “Integration of perceptal grouping and depth”, 15th
International Conference on Pattern Recognition (ICPR2000), Sept. 4-8, Barcelona,
2000. .

A. Sanfeliu, F. Serratosa and R. Alquezar, 2000, “Unsupervised synthesis and
clustering of FDGs", 15th International Conference on Pattern Recognition
(ICPR2000), Sept. 4-8, Barcelona, 2000.

A. Sanfeliu; 2000, “Graphs techniques for image processing and analysis (invited
paper)”, ISIVC 2000, Rabat, Morocco, pp. 17-20, Tome I (of three), 2000.

A. Alquezar, F. Serratosa and A. Sanfeliu; 2000, “Distance between attributed graphs
and finction described graphs relaxing 2nd order restrictions”, Joint IAPR Intematlonal
Workshops SSPR‘ZOOO and SPR'2000, Alicante, August28-31, 2000

M.L Torres y A. Sanfeliu (eds) ; 1999 Pattem Recognition and Image Analysxs
ISBN 84-95129-80-1, Ediciones Geneve, Vol.1 (550 pag.) y Vol.2 (116).

" F. Serratosa, R. Alquezar and A. Sanfeliu ; 1999 “Function-Described Graphs: A fast
algorithm to compute a sub-optimal matching measure”, 2nd IAPR-TC-15 Workshop
on Graph Based Representations, GbR'99 in Austria May 10-12, 1999, pp: 71-77,
Vienna, Austria; 1999 ISBN 3-85403-126-2

F. Serratossa, R. Alquezar and A. Sanfeliu; 1999 “Function-described graphs a fast
algorithm to compute sub-optimal matching measure”, 2nd IAPR-TC-15 Workshop on
Graph-based Representation (GBR'99), May 10-12, pp: 71-77, Vienna, Austria, 1999.
ISBN 3-85403-126-2, 1999.

Grau, Antom, “Image Compression Hardware Circuit using an FPGA device.”. VIII

_ National Symposium on Pattern Recognition and Image Analysis, SNRFAI'99, Palacio
Euskalduna, Spain, (1999). M,1, Torres & A. Sanfeliu / AERFAL pp.: 63-64.
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F. Serratossa, A. Sanfeliu and R. Alquezar; 1999, “Function-described graphs: an
improvement on random graphs”, IV Simposio Iberoamericano de Reconocimiento de
Patrones (SIARP99), ISBN 970-18-2386-9, Instituto Politécnico Nacional, Mexico pP-
655-668, 1999.

J. Verges-Llahi, A. Sanfeliu, F. Serratossa y R. Alquezar; 1999, “Face Recognition:
graph matching versus neural techniques”, VI Simposium Nacional de
Reconocimiento de Formas y Andlisis de Imé4genes, en “Pattern Recognition and
Image Analysis” (M.L Torres y A. Sanfeliu (eds), pp.259-266, 1999. ISBN-84-95120-
80-1.

F. Serratossa, A. Sanfeliu y R. Alquezar; 1999, “Function described graphs: a measure
of similarity based on probabilities”, VIII Simposium Nacional de Reconocimiento de
Formas y Andlisis de Imdgenes, en "Pattern Recognition and Image Analysis” (M.1
Torres y A. Sanfeliu (eds), pp.421-428, 1999. ISBN-84-95120-80-1.

J. Vitria y A. Sanfeliu ; 1998 “Reconocimiento de formas y andlisis de imdgenes”,
ISBN 84-922529-4-4 (formato CD-ROM).

A. Sanfeliu ; 1998 “Reconocimiento sintdctico-estructural de Jformas”, A. Sanfeliu and
J. Vitria (eds.) Reconocimiento de formas y andlisis de imdgenes, ISBN 84-922529-4-
4 (formato CD-ROM).

A. Sanfeliu and A. Llorens; 1998, “On line control and inspection of fabric finishing by
means of new vision sensosr system”, 37th International Man-Made Fibers Congress,
Dornbirn, Austria,pp. 1-7 Sept 16-18, 1998. '

R. Alquezar, A. Sanfeliu and F. Serratosa ; 1998, “Synthesis of function-described
graphs”, A. Amin, D. Dori, P. Pudil, H. Freeman (eds.) "Advances in Pattern
Recognition" (Joint IAPR International Workshops SSPR'98 and SPR'98, Sydney,
Australia, August 1998), Lecture Notes in Computer Science Vol. 1451, Springer-
Verlag, pp 112-121, (pages 1047), ISBN 3-540-64858-5, 1998.

J. Climent, A. Grau and A. Sanfeliu ; 1998, “Clique -to-clique distance computation
using a specific architecture”, A. Amin, D. Dori, P. Pudil, H. Freeman (eds.)
""Advances in Pattern Recognition" (Joint IAPR International Workshops SSPR'98 and
SPR'98, Sydney, Australia, August 1998), Lecture Notes in Computer Science Vol.
1451, Springer-Verlag, pp 405-412, (pages 1047), ISBN 3-540-64858-5, 1998.

Aranda, J.; Climent, J.; Grau, A., “Human-Computf_:r Interface based on Computer
Vision”,. International Conf. on Computers Helping People with Special Needs
ICCHP'98, Austria, pp: 412 — 419, 1998. ‘

Ai'anda, J.; Climent, J.; Grau, A. “A FPGA Implementation of a Video Rate Multi-
Target Tracking System”. 24" Euromicro Conference, Malardalen University, Sweden,
IEEE Computer Society. pp.: 70-73, 1998.

_ Aranda, J.; Climent, J.; Grau, A. “A FPGA Implementation of a sequence matching
algorithm”, DCIS ‘98 Design of Circuits and Integrated Systems Conference; Spain, pp.:
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384-389, 1998.

Climent, J.; Grau, A.; Aranda, J., Sanfeliu, A.,”Arquitectura’de bajo coste para la
comparaci6n de secuencias”, XIX Jornadas de Automdtica, Madrid, Espaiia, pp 309 —
314, 1998.

Grau, A.; Climent, J.; Aranda, J. “Terrain Segmentation by Structural Texture .
Discrimination”. International Symposium on Remote Sensing ,Barcelona, Spain, SPIE.
pp.: 339-344, 1998. : .

J. Aranda, J. Climent, A. Grau and A. Sanfeliu; 1998, “Low cost architecture for
structure measure distance computation”, International Conference on Pattern
Recognition (ICPR'98), 17-21 August, Brisbaine, pp-1592-1594, ISBN 0-8186-8512-3,
IEEE Computer Society, vol.1 (pages 1-948), vol.2 (pages 949-1867) 1998.

~ A. Sanfeliu ; 1998, “Aprendizaje automdtico para la ciencia y la tecnologia}
(conferencia invitada)”, T Taller Iberoamericano de Reconocimiento de Formas, 23-27
Marzo, pp.19-40, Mexico, ISBN 970-18-1081-3, (pages 587), 1998. ' -

A. Sanfeliu, J.J. Villanueva and J. Vitria ; 1997 “Pattern recognition and Image
Analysis: Preprints of the VII National Symposium on Patiern Recognition and
Image Analysis”, Centre de Visi6 per Computador, Universitat Auténoma de '
Barcelona, ISBN: 84-922529-0-1, Vol.1 (pag. 428) y Vol.2 (pag. 123).

R. Alquezar and A. Sanfeliu ; 1997, “Recognition and learning of a class of context-
sensitive languages described by augmented regular expressions”, Pattern Recognition,
Vol. 30, No. 1, Enero 1997, pp.163-182. ISSN: 0031-3203.

F. Serratosa and A. Sanfeliu ; 1997, “Function-described graphs applied to 3D object
representation”, En A. Del Bimbo(ed.), "Image Analysis and Processing" (9th ‘
International Conference, ICIAP'97, Florence, Italy, September 1997, Lecture Notes in-
Computer Science 1311, Springer, Vol.1 (pag. 722) y Vol.2 (pag. 794), pp.701-708, -
ISBN 3-540-63507-6, 1997. ; . - S
F. Serratosa y A. Sanfeliu; 1997, “Functional described graphs™, VII Simposiuin-
Nacional de Reconocimiento de Formas y Anélisis de Im4genes, Universidad -
Auténoma de Barcelona, Bellaterra, 21-25 de abril, pp.37-42, 1997. ISBN-84-9225229-
0-1. . _ ol oo

R. Alquezar, A. Sanfeliu y M. Sainz; 1997, “Experimental assesment of connectionist
regular inference from positive and negative samples”, VII Simposium Nacional de
Reconocimiento de Formas y An4lisis de Imé4genes, Universidad Auténoma de
Barcelona, Bellaterra, 21-25 de abril, pp.49-54, 1997. ISBN-84-9225229-0-1.

M. Font y A. Sanfeliu; 1997, “A new codification of boundaries by means of syntactic -
representation”, VII Simposium Nacional de Reconocimiénto de Formas y Andlisis de
Imégenes, Universidad Auténoma de Barcelona, Bellaterra, 21-25 de abril, pp.413-418,
1997. ISBN-84-9225229-0-1. .
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M. Sainz y A. Sanfeliu; 1997, “A syntactical approach to learn and identify
bidimensional image models”, VII Simposium Nacional de Reconocimiento de Formas
Yy Anélisis de Imégenes, Universidad Auté6noma de Barcelona, Bellaterra, 21-25 de
abril, 1997. ISBN-84-9225229-0-1.

R. Alquezar, A. Sanfeliu y J. Cueva ; 1996, “Learning of context-sensitive language
acceptors through regular inference and constraint induction”, In L. Miclet y C. de la
Higuera, "Grammatical Inference: learning syntax from sentences" (Proc. of the 3rd
Int. Colloquium, ICGI'96, Montpellier (France)), Springer Verlag, Lecture Notes in
Artificial Intelligence 1147, pp.134-145, 1996.

A. Sanfeliu-and R. Alquezar ; 1996, “Efficient recognition of a class of context-sensitive
languages described by augmented regular expressions”, In P. Perner, P. Wang and A.
Rosenfeld (eds.) "Advances in Structural and Syntactic Pattern Recognition (6th
International Workshop, SSPR'96, Leipzig, Germany, August 1996)", Lecture Notes
in Computer Sciernice 1121, Springer, ISBN 3-540-61577-6, 1996.

A. Sanfeliu and M. Sainz ; 1996, “Automatic recognition of bidimensional models
learned by grammatical inference in outdoors scenes”, In P. Perner, P. Wang and A.
Rosenfeld (eds.) "Advances in Structural and Syntactic Pattern Recognition (6th
International Workshop, SSPR'96, Leipzig, Germany, August 1996)", Lecture Notes
in Computer Science 1121, Springer, ISBN 3-540-61577-6, 1996.

R. Alquezar and A. Sanfellu 1996, “Learning of context sensitive languages described
by augmented regular expressions”, 13th International Conference on Pattern
Recognition, Vienna, Austria, August 27-31. ISBN 0-8186-7282-X, pp.745-749, 1996.

M. Sainz and A. Sanfeliu ; 1996, “Learning bidimensional context dependent models
using a context sensitive language”, 13th International Coriference on Pattern
Recognition, Vienna, Austria, August 27-31. ISBN 0-8186-7282-X, pp.565-569, 1996.

A. Sanfeliu, F.J. Sanchez, F. Torres y E. Montseny ; 1996, “Construccion de un entorno
para la investigacion y desarrollo en vx.rtén artgﬁczal” XVII Jornadas de Automitica,
18-20 Sept., Santander; 1996. S .

6. RESEARCH ASSOCIATIONS

The Group belongs to the Spanish Association for Pattern Recognition and Ifnége
Analysis and to the International Association for Pattern Recognition. Moreover one
part of the Group bclongs to the Conscjo Supcnor de Investigaciones Cientfficas (CSIC)
of Spain.

The group participes actively in the organization of the ICPR’2000, held in Barcelona
3-7 September 2000 and. organizes completely the . Foro Iberoamericano de
Reconocimiento de Formas y Andlisis de Imdgenes, held in Barcelona on 8 September.
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