
Alexis Quesada-Arencibia
Roberto Moreno-Díaz jr.
José-Carlos Rodríguez (Eds.)

Cast and Tools for 
Robotics,
Vehicular and 
Communication
Systems

EXTENDED ABSTRACTS

10th Internacional Workshop on Computer Aided Systems Theory
Las Palmas de Gran Canaria, Spain, February 2005

E
U

R
O

C
A

ST
 2

00
5



Tenth International Conference on 
COMPUTER AIDED SYSTEMS THEORY 
 
 
 
EUROCAST  2005 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Edited by  
 

Alexis Quesada-Arencibia 
Roberto Moreno-Díaz jr. and 

José Carlos Rodríguez-Rodríguez 



© 2005 IUCTC Universidad de Las Palmas de Gran Canaria 
 
ISBN: 84-689-0432-5 
REGISTRO: 05/1325 



Preface 
 
The concept of CAST as Computer Aided Systems Theory, was introduced by F. 
Pichler in the late 80's to encompass those computer theoretical and practical 
developments as tools to attack problems in System Science. It was thought as the 
third component (the other two being CAD and CAM) that will provide for a 
complete picture of the path from Computer and Systems Sciences to practical 
developments in Science and Engineering.  
 
The University of Linz organized the first CAST workshop in April 1988, which 
demonstrated the acceptance of the concepts by the scientific and technical 
community. Next, the University of Las Palmas de Gran Canaria joined the 
University of Linz to organize the first international meeting on CAST, (Las Palmas 
February 1989), under the name EUROCAST'89 and proved to be a very successful 
gathering of systems theorists, computer scientists and engineers from most of 
European countries, North America and Japan.  
 
It was agreed that EUROCAST international conferences would be organized every 
two years, alternating between Las Palmas de Gran Canaria and a continental Europe 
location. Thus, successive EUROCAST meetings took place in Krems (1991), Las 
Palmas (1993), Innsbruck (1995), Las Palmas (1997), Vienna (1999), Las Palmas 
(2001) and Las Palmas (2003) in addition to an extra-European CAST Conference in 
Ottawa in 1994. Selected papers from those meetings were published by Springer-
Verlag Lecture Notes in Computer Science nos. 410, 585. 763,1030, 1333, 1798, 
2178 and 2809, and in several special issues of Cybernetics and Systems: an 
lnternational Journal. EUROCAST and CAST meetings are definitely consolidated, as 
it is shown by the number and quality of the contributions over the years. 
 
EUROCAST 2005 continue with the approach tested last Conferences (2001 and 
2003). There are different specialized Sections which, in this occasion, are devoted to 
Formal Approaches in Modelling (C1), Tools and Models for Social Systems (C2), 
Intelligent Information Systems (C3), Systems Applications Components (C4), 
Information Applications Components (C5), Cryptography and Spectral Analysis 
(C6), Computer Vision (C7), Biocomputing (C8), Intelligent Vehicular Systems (C9), 
Robotic Soccer (C10) and Robotics and Control (C11). 
 
The chairpersons, with the counselling of the International Advisory Committee, 
selected the 106 extended abstracts for oral presentation at the meeting which are 
included in this volume. Specific instructions will be given for the preparation of the 
Post-Conference Publications, which contain full papers selected, as in prior 
EUROCAST's, after the oral presentations. The volume is divided in the eleven 
Sections explained above. 
 
The event has been possible thanks to the efforts of the chairmen of the Workshops in 
the selection and organization of all the material. The organizers must express their 
acknowledgement to all contributors and participants, to the invited speakers for their 
readiness to collaborate, to the sponsors and in sum, to all those which will contribute 



to the success of the Conference as a pleasant and useful scientific, technical and 
human event. 
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Extended Abstract

The notion of approximation problems was formally introduced by Johnson [4] in
his pioneering paper on the approximation of combinatorial optimization prob-
lems, and it was also suggested a possible classification of optimization problems
on grounds of their approximability properties. Since then, it was clear that,
even though the decision versions of most NP-hard optimization problems are
polynomial-time reducible to each other, they do not share the same approxima-
bility properties. In spite of some remarkable attempts, according to Ausiello
[1] the reasons that a problem is approximable or nonapproximable are still un-
known. The different behaviour of NP-hard optimization problems with respect
to their approximability properties is captured by means of the definition of ap-
proximation classes and, under the “P 6= NP” conjecture, these classes form a
strict hierarchy whose levels correspond to different degrees of approximation.

In this paper we continue along the same line of research started in [5, 6],
towards to providing a categorical view of structural complexity to optimization
problems. The main aim is to provide a universal language for supporting for-
malisms to specify the hierarchy approximation system for an abstract NP-hard
optimization problem, in a general sense. From the observation that, intuitively,
there are many connections among categorical concepts and structural complex-
ity notions, we started defining two categories: the OPTS category of polynomial
time soluble optimization problems, which morphisms are reductions, and the
OPT category of optimization problems, having approximation-preserving re-
ductions as morphisms. In this direction a comparison mechanism between the
OPTS and OPT categories has been introduced in [7] and, in order to establish
a formal ground for the study of the approximation properties of optimization
problems, a system approximation to each optimization problem is constructed,
based on categorical shape theory [2] and previous works by C. Rattray [9, 10].
Given a functor K: OPTS−→ OPT, the category APXB,K of approximations to
an optimization problem B ∈ OPT is the comma category B ↓ K of K-objects



under B. A such kind of limit construction provides a means of forming complex
objects from patterns (diagrams) of simpler objects. In particular, by using co-
limits in the APXB,K definition, a hierarchical structure can be imposed upon
the system of approximation, reaching the best approximation from the system,
if it exists.

Right now, we consider the new insights and a deeper understanding of the
central questions and their implications. The direction is aimed towards ac-
tually exploring the connections among the structural complexity aspects and
categorical concepts. Under this approach, and under reasonable conditions, a
new characterization to approximation problems by means functorial construc-
tion on their approximation categories are still being investigated and left for
further works.
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1 Extended Abstract

In Computer Science, to express computations that don’t terminate and to define
partial recursive functions, it is common to use the notion of partiality. Actually,
due to partiality, p.g., the class of partial recursive functions becomes equivalent
to Turing Machines. Category Theory is becoming an useful tool to formalize
abstract concepts making easy to construct proofs and investigate properties in
many areas, specially in Semantics and Type Theory. The constructions about
universal mappings like limits and adjunctions are getting useful interpretations
in terms of compositionality of systems. Besides, in Category Theory there is
tools to define structures more complex based in simple ones like Comma Cate-
gories. With Comma Categories is possible to define a category based in another
category inheriting properties. Categories of Graphs and Automata are usually
defined by this structure.

In Category Theory, partial morphisms can be seen as a generalization of
the notion of partial functions. Categories with partial morphisms have gain
interest as a tool for theoretical modeling of several aspects of Computation,
for example in Recursion Theory and Universal Algebra, just to name a few.
Robinson and Rosolini [1] describe some approximations to formalize the concept
of categories with partial morphisms. And as pointed out by [2], in Computation
Theory, as well as in actual programming and semantics of programs, diverging
computations cannot be avoided unless a restriction is made to a subclass of the
computable functions.

Graphs are commonly used to model systems, either by simple graphs or by
graph-based structures like Petri nets [3–5] and automata [6, 7]. Automata is
a common formalism used in many areas in Computer Science like compilers,
microelectronics, etc. Most of the study about it is in the Formal Language area.

In this paper we define a different category of automata: a category of Partial
Automata, named Autp. This category is constructed over a category of partial
graphs (Grp). The difference between a graph and a partial graph is in the
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definitions of the source and target functions that mapped an arc to a node:
in graphs these functions are total while in partial graphs source and target
functions are partial functions. Due to this difference, automata based in partial
graphs can have marks of initial and final states naturally. Beyond that, we
can also define constructions like limits in Autp that allows compose partial
automata.

Span Composition [8] can be used to compose graphs like in [9] where it gives
semantics of systems with dynamic topology, p.g.. This kind of composition could
be used to define the computations of automata. Briefly, a span composition of
two partial automata results in a partial automata where each edge represents
a path of length two (between nodes), which first half is some edge of the first
automaton and which second half is some edge of the second one. It is possible
to compose the same automaton with itself several times which is the purpose
of this paper. In the case of n successive span compositions, we can obtain all
the words of its accepted language whose needs n + 1 steps of computation in
the arcs of the partial automaton that don’t have source neither target.

Let a partial automaton that computes the language L. Composing itself ad

infinitum by span composition, the resulting arcs without source neither target
nodes can be seen as the transitive closure L

+. If we compose itself n times, this
kind of arcs will be the subset of L

+ whose word’s length is limited to n + 1,
i.e., the computations of the automaton with n + 1 steps.
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Introduction

Contemporary sensor systems consist of the matrices of sensing elements and
smart data processing techniques applied for their responses analysis, provid-
ing the desired information. Typical solutions of gas sensor systems, e.g. [1-7],
although very successful, suffer from the lack of the reasonable method of sen-
sors selection. Eventually most of the systems rely on more or less redundant
set of sensing elements. The solution may be neural network sensitivity analysis
method adopted for the estimation of the value of the information given to the
system by the particular sensors in the matrix. The original method [8] involves
calculation of the neural network output derivative on the selected input. It was
generalized to work with the neural networks containing more hidden layers.
The problems with data scaling and normalisation were considered leading to
the improvement of the reliability of the method.

Experimental

The concept is illustrated by the acetone/chloroform mixtures quantitative analy-
sis using TGS sensors [9]. The matrix initially containing 6 sensors was placed
in a test chamber with controlled atmosphere [11]. The set of vectors containing
the gas concentrations, humidity level and sensors responses was collected this
way. The data was applied to train a series of the neural networks, with the
sensors responses as the input and gas concentrations as the output. The sensi-
tivities of all outputs for all inputs were calculated for all the available samples.
The huge amount of data was reduced using the Euclidean formula. Eventually
the single factor, estimating the impact to the system response was obtained for
each sensor. The sensor with the lowest value of the factor was removed from the
matrix and the whole process was repeated again for the reduced set of sensors.
The first two stages of the experiment, repeated for various structures of neural
networks with 1 and 2 hidden layers brought coherent results, i.e. pointed to



the same sensor as the most redundant one. In the third stage there were some
doubts and in the fourth one (with only 3 sensors left), the order of sensitivity
factors calculated for the series of neural networks trained was different, dis-
abling further reduction of the sensor array. Eventually the reduced sensor array
was obtained, which provided the accuracy of gas concentration measurement
comparable with the initial one at prospectively lower cost.

Conclusions

It was shown that the neural network sensitivity analysis may be attractive tool
for the optimization of sensor systems. It may be considered in the context of
the sensing elements selection and their working conditions setup (e.g. operation
temperature). Similar approach may be also used in the other fields requiring
some estimation of the quality of the series of information sources.
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Abstract: This work presents a set of linguistic variables for modeling some 
geologic and morphological features of a coal seam. Since self-advancing 
winning coal systems and their interactions with coal faces represent extremely 
complex situations where traditional mathematical models are unable to offer 
working solutions, we explore the viability of using Fuzzy-logic based 
techniques in order to obtain a good-enough model that allows technicians at 
mine to get a better understanding of the variables at play and to foresee the 
coal production. 

Introduction 

Coal mining is a strategic industrial activity in the North of Spain. An example of an 
especially competitive mine is that of Carbonar S.A. because of its hard coal seam 
about 4m in thickness and the planning and use of modern techniques for coal 
winning. Coal thickness up to 6 meters and other physical characteristics of the seam 
permits the exploitation with a longwall mining method. This method consists on a set 
of self-advancing shields (left part of figure) that are located adjacent to one another 
along a transversal section of the seam. The shields are used to keep the hanging-wall 
in place while the coal winning machine takes 60 cm off the wall (right part of figure) 
for every coal winning run. After the shearer passes, the coal is taken off the mine 
with a continuous system of transport (panzers, conveyor belts). A manually operated 
mechanism permits the operators to advance the shields. 
 
A research project 1 has been awarded in 2004 to Carbonar S. A. by the “Centro para 
el Desarrollo Tecnológico Industrial” (CDTI) agency of the Spanish Ministry of 
Industry for financially supporting the research. The goals of the project are to 
analyze, model and simulate the longwall exploitation system merging finite element 

                                                           
1 “Sistema de Simulación Inteligente en Arranque Mecanizado Integral”, CDTI 20040116  



modeling (FEM), fuzzy logic techniques (FL) and virtual reality (VR). In this paper 
we will present the preliminary works of that project. Aside the R+D department of 
Carbonar S.A., CSIC’s Instituto de Automática Industrial and the Mining and 
Exploration Department of the Mining Engineering School of the University of 
Oviedo cooperate in the project. 

 
As exposed, one of the goals of the project is to simulate the behavior of the longwall 
equipment with fuzzy logic. Fuzzy logic is a technique whose power to perform 
control of systems where the model is not well known has already been proven. In 
this work we attempt  to use fuzzy logic not to control the longwall, but to model its 
interplay with the existing geomorphologic conditions. In order to do this, the project 
is planned in three phases: 

 
 

              
Left fig. Shield Support    Right fig. Coal-winning shearer working. 
 
 

1. Simulation of the coal winning system. There are many variables influencing 
the coal winning activities. This part of the project will attempt to identify 
them and assign linguistic values to them. Several output variables will be 
established as, for instance, the number of shearer passes per labor shift, or 
the daily advance in longitude for the coal seam resulting from winning the 
coal. After that, it will be necessary to establish the rules linking the input 
and output variables.  

2. If problems are detected in the simulation by the fuzzy module under 
definite conditions, a detailed physical analysis of the shield mechanism will 
be run for these conditions by means of finite elements modelling 
techniques. 

3. A virtual reality system will show the results of the simulation. 
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Extended abstract

The purpose of this work is to analyze methods, and algorithms to control the
ACUREX solar collectors field of the Platforma Solar de Almeŕıa - PSA. The
analysis of me6thods and algorithms to control the PSA solar field is a starting
point to formulate a model of solar collectors field control optimization. The sole
criterion of our optimization policy is to maximize the energy accumulated in the
oil storage tank but the optimal strategy should fulfill some constrains resulting
from physical and technical restrictions. It results in a nonlinear dynamic opti-
mization problem with nonlinear constraints, which is considered in literature
as hard. The data concerned was related to performance of various control algo-
rithms observed under changing environmental conditions. The main concepts
of the approach discussed are:

1. Prior to data analysis tasks, data preprocessing stage takes place, the pur-
pose of which is to:

– integrate data from different sources e.g., combine data from different
monitoring devicessystems into one consistent data model,

– ensure good quality of data for analysis (preliminary analysis of data
to assess data quality: discover data integrity problems, ’outliers’, miss-
ing values, etc.; design and implement data transformations to resolve
discovered quality problems).

2. Integrated data is stored in a data warehouse, which is a dedicated repository
of data for analytical processing. Data warehouse implements a logical data
model convenient for analysis.

3. Data analysis is performed using OLAP tools, which give users intuitive
interface (usually Webbased) to formulate data analysis tasks.

4. Data mining algorithms and tools can be subsequently applied which allow
analyst to discover relationships and patterns in data.



The real power of the approach proposed lies in the application of:

– warehouse and OLAP techniques
– software package for statistical data analysispresentation (in the project dis-

cussed the SAS System was used) to the task of explanatory data analysis
from control system monitoring.
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9. Pereira C., Dourado A.: Application of a neuro-fuzzy network with support vec-
tor learning to a solar power plant, IHP Program, Proceedings of the 2nd Users
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Extended Abstract

The complexity of modelling and simulation of cells in the visual pathway
varies from lower to higher vertebrates. At each stage (retina, optical ’ceiling’
(tectum), or lateral geniculate) the nature of the inputs must be established
before any attempt in modelling. This can be relatively straightforward for higher
vertebrates, because, apparently , there is little processing in foveal parts of the
retinal signals as they travel from the retina to the visual cortex. For amphibians
there is a different situation because highly non-linear specialized processing
takes place at the level of retinal ganglia. Amphibians have no visual cortex,
and the structure of the higher visual processing station, the optical tectum,
seems to be related directly with motor behavior for procuring food or escaping
from enemies. Other vital activities (e.g. mating) rely on other senses.

To proceed in modelling and simulating the tectal cells of the amphibia ac-
cording systems theory concepts it is first required to identify the nature of the
input and output relations of signals. The problem is then to propose plausible
neuronal mechanisms, in agreement with neurophysiology and neuroanatomy,
to account for the input-output relations under different circumstances and to
predict results in new experimental situations.

Inputs to the tectal system are the ganglion retinal cells outputs carried by
their axons. After the optic chiasm, the axons project in different layers of the
tectum, according to the nature of the computing ganglion cell.

For the frog (Rana Pipiens), the four types of registered ganglia outputs at
different (four) layers of tectum are

– 1. Group 1 ganglion cells respond to edges, i. e. , to differences in illumination
on the receptive field.

– 2. Group 2 ganglion cells respond to the image of a small dark object, moving
centripetally into its visual field.

– 3. Group 3 ganglion cells respond to any change, spatial or temporal, in the
luminance of the scene.

– 4. Group 4 ganglion cells respond to dimming of light.

Lettvin, et al. were the first to find correlations between the form and function
of each of these cells [1].



Their description of the tectum was focused only to the response of tectal
cells in a prey-catching behavioral situation.

In Pedro Ramon y Cajal’s drawing of the frog’s tectum there are four main
features that appear clearly. First, the cell bodies lie in the deeper layers . Sec-
ond, the neurons seem to have a restricted dendritic tree. Third, axons leave
the tectum branching from a main ascending dendrite. Fourth, interconnections
among cells lying at the same depth is strongly suggested.

Fig. 1. (a) Schematic diagram of frog’s tectum. (b) Diagram of tectal cell interaction
processes

Figure 1(a) shows what appear to be the essential anatomical features of
the tectum. Axons from the four major retinal ganglion cell groups enter the
tectum as the optic tract and map onto the four superior tectal layers called
the superficial neuropile. Axons from gang-lion cells which respond to adjacent
retinal areas map onto adjacent points in the neuropile. Thus, each small area
in the retina corresponds to four small areas, one on each layer, in the neuropile.
Within the neuropile there also exist a few cells, not represented in the figure,
which appear to be lateral connectives.

All other tectal cell bodies lie in the granular layer, beneath the superficial
neuropile. Their dendrites, which have the appearance of columns, extend up
through the four neuropile layers covering a small area in each layer. Their
axons leave the tectum by branching from the main dendrites, at the lower part
of the neuropile.



For toads (Bufo Bufo), the most extensive neurophysiological recordings, and
the correlation of these with behavioral patterns have been made by Ewert [2],[3]
also in prey-catching situations.

In the toad retina there are similarly three types of ganglion cells that send
their fibers by way of the optic nerve to the optic tectum. Groups 1 is missing.
The three ganglion-cell types in the toad (as in the frog) differ in several charac-
teristics, including in particular the diameter of their excitatory receptive fields:
about four degrees for the so-called Group 2 ganglion cells, about eight degrees
for Group 3 cells and from 12 to 15 degrees for Group 4 cells.

In what respect to tectal cells, classical studies [4] by Lettvin et al. have dis-
tinguished from several varieties of tectal neurons two extreme types: ”Newness”
cells, N, sensitive to new objects in the visual field, and the ”Sameness” cells. S,
sensitive to the same object for a specific period of time. The bodies of Sameness
cells lie deep in the granular zone. The properties of Newness and Sameness cells
are shown by the following outline:

– a. Newness Cell
– 1. Its receptive field is approximately 30◦ in diameter, with considerable
overlap.
– 2. It yields small responses to sharp changes in illumination.
– 3. Its response frequency increases if the motion of an object is irregular.
Its response also depends on the velocity and size of the object and on the
direction of motion.
– 4. It has no enduring response.
– 5. Its adaptation time is less than 1 second.
– 6. Adaptation is erased with a step to darkness.

– b. Sameness Cell
– 1. Its receptive field is almost all the visual field, but includes a null region.
– 2. It does not respond to changes in illumination.
– 3. It responds to the presence of an object in its field by generating a low
frequency pulse train. Response is maximum to objects about 3◦ in diameter.
– 4. It ”notices” with a ”burst” of pulses all motion discontinuities. It dis-
criminates among objects, fixing its ”attention” on the one with the most
irregular movement.

Lettvin, et al.comment that N and S cells may be considered two extremes of
several types of tectal cells. From Pedro Ramon y Cajal’s drawings, tectal cells
do not seem to be significantly different, anatomically, although S cells could
receive excitation from N cells. A general tectal model could be en-visioned,
in which N and S cells would be differentiated only by values of parameters,
such as adaptation time, width of the receptive field, etc. This is the point of
view adopted here. While the receptive field is relatively wide for both types of
cells, the dendritic tree is very restricted. Interaction between tectal cells would
account for this observation.

For toads, Ewert also distinguishes two essential types, I and II, which may
correspond to Lettvin’s N and S tectal cells.



The integration of all this experimental data leads to a formal model which
is represented in figure 1(b), and which is a generalization by using more modern
tools [5], of the first proposal or a model of frogs tectum [6].

In the conceptual model of tectal-cell behavior, object velocity and size is
determined by signals assumed to originate on the retina. For convenience these
current and/or voltage signals are referred to simply as ’activity’. Assume that
each layer of the superficial neuropile is divided into small areas, such as area K
in layer i(i = 1, 2, 3, 4). Some ganglion-cell axons of Group i map into this area
and emit their signals there. Assume a decoding process which produces analog
values such as voltage signals. Let ViK(t) be the voltage signal indicating the
response of the ganglion cells which map into area K of layer i.

Assume further that the dendrites of each tectal neuron are, restricted to
an area K i. e. there is no overlapping. The first process that is suggested is a
summation of the signals, ViK(t), for the same K and different i’s at time t.

The corresponding ViK(t) can be excitatory or inhibitory. By summation
a series of ’vertical’ lines is obtained, which transmit signals VK(t) through
the superficial neuropile. These signals interact due to the conductivity of the
medium through which they pass. Four interaction processes account for tectal
cell properties. Process A at the level of the dendrites, and Process D, at the
level of the axons, are of the same nature, i. e. , an interaction due to the
conductivity of the medium. Process B, which accounts for adaptation, is similar
to a distributed capacity which, once charged, damps the transmission of the
signals. Process C requires non linear operations that could be provided by the
cellular membrane.

The main properties of tectal cells are accounted for in a simple manner by the
formal model. The main hypothesis is that in essence the same basic mechanism
should be assumed for both Types N and S (I and II) tectal cells. To produce
the desired response for the cells, this mechanism should include at least four
neurophysiologically plausible processes namely, lateral facilitation, adaptation,
selection of maximum activity, distribution of it, and probably feedback from
the subtectum.
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Extended Abstract 

The idea of uncertain variables has been developed for a class of uncertain systems 
described by a relational knowledge representation [1], [2], [3]. This paper presents a 
new result in this area: an optimization problem formulated by using the uncertain 
variables. The problem formulation is described after a short presentation of the 
uncertain variables and a basic decision problem. 

In the definition of the uncertain variable x  we consider two soft properties: 
"" xx ≅  ( x  is approximately equal to x) and " Dx ∈~ " ( x  approximately belongs to 

D, i.e. its approximate value belongs to D) where XD ⊆  and X is a set of values 
(vector space). The uncertain variable is defined by a set X and a certainty distribution  

)()( xxvxh ≅= given by an expert, where ]1,0[∈v  denotes the certainty index of the 
soft property, )(max)~( xhDxv

Dx∈
=∈ . In the version called C-uncertain variable we 

use the certainty index 

)].(max1)(max[
2
1)~( xhxhDxv
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−∈∈
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Let us consider a static plant with the input vector Uu ∈  and the output vector 
Yy∈ , described by a relation YUxyuR ×⊂);,(  where the vector of unknown 

parameters Xx∈  is assumed to be a value of an uncertain variable described by the 
certainty distribution )(xh given by an expert. If the relation R  is not a function then 
the value u  determines a set of possible outputs }),(:{);( RyuYyxuDy ∈∈= . For 

the requirement YDy y ⊂∈  given by a user, we can formulate the following 

decision problem: For the given );,( xyuR , )(xh  and yD  one should find the 

decision *u  maximizing the certainty index that the set of possible outputs 
approximately belongs to yD  (i.e. belongs to yD  for an approximate value of x ). 
Then 

)(maxmaxarg]~);([maxarg*
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where });(:{)( yyx DxuDXxuD ⊆∈= . The considerations for C-uncertain variable 

are analogous, with cv  instead of v . 
The purpose of this paper is to present a formulation and solution of a specific 

optimization problem for the uncertain plant under consideration. The main idea is as 
follows: Consider the plant described by );,( xyuR  where one-dimensional y  
denotes a quality index which should be minimized. In this case, the requirement may 
be presented in the form α≤y  or ]−∞= α,(yD  where α  is given by a user and 

should be as small as possible. Consequently, the decision )(* αu  determined by (1) 

and the corresponding certainty index )()](*[ αα vuv ∆=  are the functions of α . It is 
easy to note that, as a rule, )α(v  is an increasing function. For the given threshold v  
determining the required level of the uncertainty, one should solve the equation 

vv =)α(  with respect to α , and use the solution α  in the determination of the final 

results: )(** αuu =  and )= α(* vv . The corresponding algorithm, the scheme of the 
decision making system in this case, examples and results of simulations are 
presented for two versions: based on the basic uncertain variables with v  and on C-
uncertain variables with cv . 

It has been shown how to extend the presented approach to the optimization for a 
class of uncertain dynamical systems described by a set of relations or by a classical 
functional model with unknown parameters which are assumed to be values of 
uncertain variables described by certainty distributions given by an expert. The 
further extension is possible for uncertain systems with uncertain and random 
parameters [4], [5], and with a distributed knowledge [6]. 
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1 Extended Abstract1

Category Theory is a branch of Pure Mathematics with a scientific field appar-
ently distinct from Computer Science ones. However, some of its properties -
especially expressiveness - make this mathematical model very helpful to the
studies of Computer Science.

Jean Piaget has described in [5] the results he has obtained in experiences
with children. He shows that the idea of composition, typical on categorical
system, is in the genesis of human being. In fact, human naturally gets inclined
to think in schemes simple properties and then, successively, similar operations in
schemes of schemes, and so on, constructing a chain of composition of properties.

Piaget’s results conduct for the conclusion that the intuitive human reasoning
is categorical. This conclusion not only shows that the Category Theory could be
taught earlier than in under graduation or graduation level but also that it should
be done. The development of logic formal thought on children allows developing
skills and reasoning lines which normally aren’t developed on childhood, despite
of being required in many areas of knowledge. This kind of skill and in particular
general and unified though, typical of Category Theory, although being intuitive
for human being, is discouraged beside the learning process.

Category Theory reasoning is used to be learned in some computer science
graduation courses and, less frequently, under graduation courses. Its mathemat-
ical principles, which could be easy, natural and intuitive, become very dense and
abstract because of the way we have been stimulated to reason. Additionally,
the heterogeneity in the presentation of introductory topics and the lack of pub-
lished works in other languages than English complete the set of obstacles to be
surpassed before applying Category Theory in Computer Science.

So, to make this abstract theory become concrete and kind of intuitive is a
challenge and an interesting area for researching. This context has been moti-
vating us to research about computational simulators.

? This work is partially supported by CAPES and CNPq.
1 Submitted to the workshop Systems Theory and Simulation: formal approaches and

applications



It’s well known that there are limits on representing structures and solving
problems in a computer. Although the computational simulation of Category
Theory is an unexplored area, it’s easy to see that isn’t possible to construct
a simulator able to represent all Category Theory. By deduction, isn’t possible
to implement the verification of a property that is able to work in any kind of
category.

However, the research in computer science shows we can compute and rep-
resent relevant structures and operations, as finite categories with objects being
finite sets and morphisms being relations. This kind of simulator is an efficient
way to turn concrete these abstract concepts, making this theoretical concept
closer to related interests in applied researches.

In spite of the utility for computer science of this kind of simulators, there
is a lack of research in the area. The existent simulators lead only with basic
categorical concepts [2] [4] or are inaccessible to laymen [8].

Watching this scenery, we have been researching about technologies to im-
plement categorical constructions and have been implementing the simulators.
In this paper we present the technologies used to implement these categorical
constructions and the theoretical principles we chose to simulate computation-
ally.
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Extended Abstract

The Unified Modeling Language (UML) [1–3] may be used to describe both
the structure and behavior of object-oriented systems using a combination of
notations. For the modeling of the dynamic behavior, a number of different
models are offered such as interaction, state and activity diagrams.

Activity diagrams are one of the means for describing behavior of systems
within the UML language and has been chosen here for its capability in describ-
ing flows of activities of a desired system. Broadly speaking, states of an activity
diagram mostly represent the execution of sequential and concurrent steps in a
computational process. In UML, those steps may be an action or a subactiv-
ity state. Action states represent an atomic computation without substructure
and that cannot be interrupted. Subactivity states, on the other hand, repre-
sent non-atomic execution and can be decomposed and interrupted by external
events.

When modeling concurrent or parallel systems with such diagrams, we must
be aware that basic activities of each system may be constituted by smaller
activities, i.e. transitions are conceptually refined into transactions. Nevertheless,
the UML seems to lack compositional constructs for defining atomic activities.
In this work, we concentrate on describing groups of sequential or concurrent
activities that are responsible for performing a computation, and we address
the issue of modeling transactions. We remark that in our setting the term
“transaction” denotes a certain activity of the system that might be composed by
many, possibly concurrent, subactivities. Moreover, we require this composition
of activities to be considered atomic.

The importance of discussing composition mechanisms is based on the fact,
as pointed in [4], that in order to master the complexity of systems, models
demand a form of structural decomposition. When building large systems, we
need constructs to describe systems as compositions of other smaller systems. In



this sense, when modeling a computational process, we need means of composing
subactivities both in a non atomic or atomic way.

We believe transactions are an important part of today systems and they
deserve a first class mechanism in modeling languages, especially UML. Follow-
ing that premise, this work presents an extension to UML diagrams centered
on a construction for defining atomic composition of actions and activities. We
extend the UML notation with a particular stereotype for composite states (see
figure 1 for a very simple example) and define its semantics by the means of
refinement morphisms over nonsequential automata [5]. The notation is based
on extension mechanisms of UML and introduce new constraints over the basic
composite state, so the new “transaction state” is not allowed to be interrupted;
nonsequential automata constitute a non interleaving semantic domain, with its
foundations on category theory [6], for reactive, communicating and concurrent
systems, following the so-called “Petri nets are monoids” approach [7] and is sim-
ilar to Petri nets, but it is a more concrete model - it can be seen as computations
from a given place/transition net; refinement [8] are formally defined through
a special morphism between automata that maps transitions from the source
automaton (abstract model) to transactions of the target automaton (concrete
model).

Fig. 1. UML activity diagram with transaction composite state



Although UML has a precisely-defined syntax, it still lacks a generally ac-
cepted formal semantics which precisely fixes the meaning of its active behavior
diagrams. Other approaches to translating UML diagrams into formal models
have been based on Petri nets [9]. For example, [10] describes a formal translation
of activity and collaboration diagrams into place/transition Petri nets and [11]
compares different proposals for the semantics based on Petri nets. Also, other
works have used formal methods to verify the behavior of UML specifications
[12, 13].

In this work we further develop the concepts sketched in [14], specially the
translation schemes for building nonsequential automata from UML behavioral
diagrams. Different lines of research are related to this work, manly semantics
based on Abstract Machines, Petri nets and Workflow Statecharts. In [15] ab-
stract state machines are used to provide semantics for activity diagrams in
UML; [16] uses a process-like algebra for describing activity diagrams; and ex-
tensive work has been put on defining semantics for modeling workflow in [11,
17].
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Abstract. The position paper comes out from Donald Schoen’s ideas about re-
flective practitioners and describes author’s experience in area of computer sci-
ence. The software gap is mentioned and methods for its overbridging too. At 
the case study is illustrated Schoen’s approach to designer’s activity and benefit 
for improving effectiveness and efficiency of the software design process by re-
flective practitioner’s approach. In the conclusion the advantages and disadvan-
tages are described. 

1 Introduction 

At the begining of 3rd millennium methods which help develop software products 
become more important. They adjust it rapidly and flexibly to changing common 
conditions. Often we call these methods agile methodologies. The idea of these is 
simple. Only one way exists to check correctness of the developed system - the fastest 
development as is possible and then to present results to the customer and adjust it 
according by a feedback. Basic principles of agile methods are next: 
- incremental and iterative development with very short iterations 
- special emphasis on personal communication in frame of development team,  
- permanent communication with user 
- rigorose automated tests. 
From historical point of view we know two approaches to system development. Hard 
systems approach is based on systems engineering and systems analysis.The people 
are treated as passive observers of the system development process. However, this 
approach is not suitable in organizational environment that involves political, social, 
or human activities. Development of such systems require an active involvement of of 
every stakeholder. The approach that encompasses all the stakeholders of the system 
is soft system approach. SSM is a methodology that adopts such ”soft system ap-
proach”. 
The first is specific, with clear boundaries and parameters. Possible solutions are 
implicit in the problem. The problem could be passed to a designer who could pro-
pose and implement a solution. The second is much less clear. It describes a problem 



with weak boundaries and an unclear cause. In fact, it is not describing a problem, so 
much as two symptoms. Until the symptoms are explored further, it is not possible to 
say what the problem is, let alone propose a solution. Traditional systems analysis is 
based on hard problems. These problems have a clear boundary and involve tangible 
factors such as staff, documents, procedures, equipment, and structure. Its purpose is 
to propose and design a solution for a predetermined problem. 
Many business situations are less clear-cut, making a hard approach less appropriate. 
Peter Checkland [1] developed Soft Systems Methodology (SSM), recognising that 
many problems in organisations are affected by less tangible factors. These include 
culture, informal interactions, and attitudes – which he terms the ”Human Activity 
System”. SSM’s purpose is to investigate, understand and identify a problem. Its 
investigation may reveal a number of problems to address rather than presuppose a 
single root cause of difficulties.  
SSM is based on systems thinking. It views the problem domain in a holistic rather 
than reductionist way, recognising that the component parts are interconnected, so 
that a change to one part will affect the other parts. Not only this, but the problem 
domain itself is a subsystem of several larger systems – changes in one will affect our 
domain as well. 
Although Checkland coined the term Soft Systems Methodology, it is not strictly a 
methodology. It does not prescribe a rigid series of steps that must be followed scru-
pulously. Rather, it suggests a framework for enquiry, with a number of recom-
mended techniques. The end result is an understanding of the problem domain so that 
a hard study can then be applied to specify a solution. 

2 One Formal Systemic Approach in Software Design by Extreme 
Programming  

By Schoen designers use design representations to create a virtual ”design world”[2] 
in which the objects and relationships of the design situation are named and made 
explicit. The situation that the designer constructs with representations enables new 
understandings of the design problem by allowing the designer to see ideas that be-
fore existed only tacitly, and to understand implications of the design situation that 
did not exist before constructing the representations. In accordance with some authors 
we can say that putting ideas down on paper is not a matter of emptying out the mind 
but of actively reconstructing it, then forming new associations, and expressing con-
cepts in pictorial, linguistic, or any explicit representational forms. Designers work 
mainly with matter, software developers work usually with algorithms, but the anal-
ogy is evident. 
Knowledge is constructed in programming through an interaction between the pro-
grammer's understanding of the design situation and the representations the pro-
grammer’s creates. The software design process is driven by the interaction between 
the programmer and design algorithms,  rather than by following a pre-planned solu-
tion approach.  



Knowledge is constructed in software design through repeated cycles of representing 
and interpreting the design situation. Programmers construct the design situation that 
talks back in the form of a breakdown. This back talk is interpreted, or reflected upon, 
to activate new understandings of the design situation. In this situation is very useful 
to use certain formal systemic methodology to improve the effectiveness  and effi-
ciency of the software design process. 
Already at the conference NATO 1968 the existence of the gap - ”gap, between what 
was hoped for from  a complex software systems, and what was typically achieved.” 
There is a widening gap between ambitions and achievements in software engineer-
ing. ”This gap appears in several dimensions: between promises to users and per-
formance achieved by software, between what seems to be ultimately possible and 
what is achievable now and between estimates of software costs and expenditures. 
The gap is arising at a time when the consequences of software failure in all its as-
pects are becoming increasingly serious.” [3, p.70]. Since this time amount of differ-
ent methodologies was invented. One of these is so called extreme programming [4].  
By author’s opinion the extreme programming is very closely joined with Donald 
Schoen’s ideas about reflective practitioners. Contrary to some other programmer’s  
techniques extreme programming closely collaborates with users in the all phases of 
software design. Some  features of extreme programming are discussed below.  
Extreme Programming (XP) is actually a deliberate and disciplined approach to soft-
ware development. It has already been proven at many companies of all different 
sizes and industries world wide. XP is successful because it stresses customer satis-
faction. The methodology is designed to deliver the software your customer needs 
when it is needed. XP empowers your developers to confidently respond to changing 
customer requirements, even late in the life cycle. XP implements a simple, yet effec-
tive way to enable groupware style development. XP improves a software project in 
four essential ways; communication, simplicity, feedback, and courage. XP pro-
grammers communicate with their customers and fellow programmers. They keep 
their design simple and clean. They get feedback by testing their software starting on 
day one. 
We can visualise the process of the software development by Extreme programming  
in a way of scheme which is described in Fig. 1. The scheme is adopted by author 
from similar schemes in SSM. 
In next case study we can describe software development by XP for very paranoidal 
customer. The goal is to develop a call centre support for our customer. But by cus-
tomer’s opinion the project is very secret therefore we don’t know the whole specifi-
cation so yet. The traditional or waterfall methodology is the forefather of all other 
methodologies and we find it is most suitable for projects where the requirements are 
clearly stated and static or where it helps to have a rigid management structure. The 
waterfall methodology is not usable for the development of this information system 
because we don’t know the whole specification. The customer defines his demands 
only for next two days of the software development.  In this case the XP is suitable 
because we needn’t analyse the whole system, we develop only small pieces of sys-
tem from day to day. The customer is at our office two days per week and consults 
results of our work and his requirements. 
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Fig. 1. Scheme of the iterations and feedback loops in the software development by Extreme 
programming. 

3 Conclusion  

We have good personal experience  with implementing of the extreme programming 
as a formal systemic approach in the practice. Reflective practitioner method im-
proves added value of the collaboration in software design process by iterations and 
feedback loops with customers and end users. The case study’s Czech company has 
good experience with software design of small, medium and large information sys-
tems and work with small and medium work teams. 
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Extended Abstract 

The design of visual processing systems in very demanding industrial environments is 
a technical field in which bioinspiration has not been explored as a developing tool. 
The need of extremely quick, accurate and real time responses needed in industrial 
applications usually is not seen as compatible with the “messy”, “slow” or 
“inaccurate” methods and algorithms inspired in the information processing 
mechanisms underlying neural activity in the visual pathway. 

We are trying, thus, to explore the practical possibilities of interaction among 
concepts from both worlds: the “real” vision system designed for a real time quality 
control of a production line, and the “inspiration” taken from multi-channel biological 
vision. In previous papers [1,2] a biologically plausible parallel system for visual 
detection of form, movement, shape and size has been developed. The system, 
working off-line and skipping real time restrictions, was tested for a variety of 
situations, yielding very good results in estimating the mentioned visual 
characteristics of moving objects. Furthermore, a second parallel-computing version 
was design introducing the concept of parallel channel processing, e.g., the 
discrimination of different visual characteristics by mean of multiprocessors and 
multithread computing. 

The architecture we present here, which includes certain concepts developed in the 
previously explained results [3,4], is intended to work in the production line of a 
beverage canning industry where cans with faulty imprinted use date and lot number 
have to be immediately discharged from the line. The critical requirements being 
accurate invariant from position text analysis in real time of nearly 30.000 cans per 
minute, the system has to be reliable and rely on specific hardware. Thus, a high 
speed acquisition camera, an efficient acquisition board, a strong multiprocessing 
system and a considerable bandwidth for main memory load are the basic 
requirements. Since the response of the system, e.g. whether a can is validated or not, 
has to be immediate, it makes the actual visual processing time very small, sensibly 
shorter than the 400 millisecond that biological systems need for a “good look”, that 
is, for the effective processing of a visual frame in order to be able to recognize 
specific objects or events [5]. 



 

In the following scheme, a biologically inspired architecture for this application is 
presented. The basic ideas of multichanneling in the visual tract are present. On the 
input image, a multiprocess task is first triggered to extract the area of interest where 
first text is to be located. Thus, a second multichannel analysis analysis the possible 
singularities in the text. The final validation consists of determining the coherence and 
plausibility of text syntactically and semantically. All these processes are independent 
and are separately operated. Thus, the labels {1}, {2}, {3} and {4} denote different 
stages within the same visual tract.  
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Fig. 1. Multi-level and  multi-channel architecture for validation 
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1 Introduction: Theory-building in Perspective 

Theory-building, in principle, is more than an exercise in the ivory tower. It is an 
activity fundamental to survival - for societies, organizations and individuals. 
Constructing a model, in the sense used here, is building and mathematically 
formalizing a theory in order to orientate action. It is a device for coping with the 
complex. As complexities in our time tend to be high and often growing, the quest for 
better theories is a necessity for both academics and practitioners. 

Essentially, two modes of scientific inquiry can be distinguished - deductive 
(concept-driven) and inductive (data-driven) theory-building. Typically, the former 
leads to broad and logically compelling statements, which however lack empirical 
corroboration, whereas the latter results in empirically well-founded insights that are 
however restricted to narrow scopes. In order to overcome these limitations, 
researchers have tried to combine the two modes of theory-building. This is often 
found difficult or biased in one direction or the other. Hence, there is a need for 
rigorous theory-building approaches, which balance out conceptual stringency with 
empirical soundness. 

In this direction, several attempts have been made, of which only two shall be 
mentioned here. One is the approach of starting with an elaboration of - mostly broad 
- theoretical concepts, which thereafter are submitted to empirical testing. The dyad of 
the Academy of Management Review (conceptual orientation) and the Academy of 
Management Journal (empirical orientation) is a case in point. The second case in 
point is the combination of data gathering and concept formation in an iterative 
process as practiced in the Grounded Theory approach founded by Glaser & Strauss 
(1967). 

In this contribution we demonstrate that the methodology of System Dynamics 
offers a particularly powerful process and technique for effective theory-building in 
order to improve decision-making in the context of organizations and society. This 
methodology is designed to achieve both conceptual and empirical rigor. 

System Dynamics (SD) is a discipline for the modeling, simulation and control of 
complex dynamic systems, founded by Jay W. Forrester (1961, 1968). A main feature 
of the SD modeling approach is that the issue modeled is represented by closed 
feedback loops made up of essentially two kinds of variables - stocks and flows - 
supplemented with parameters and auxiliary variables. The representation in form of 
multiple closed loops as well as the consideration of delays, enable realistic modeling, 
which brings the endogenous dynamics generated by the system itself to the fore. 



 

Moreover, counterintuitive system behaviors (Forrester 1974) generated in the 
simulations can lead to important insights for model users. Given these properties, SD 
helps to avoid the so-called policy resistance -”the tendency for interventions to be 
defeated by the response of the system to the intervention itself.” (Sterman 2001, 
p. 8). 

2 Theory-building with System Dynamics 

The methodology of SD is centered around a process which combines modeling and 
simulation iteratively, thus leading to a continuous improvement of model quality and 
insights into the domain or issue modeled. Other authors have emphasized the role of 
modeling as a vehicle for learning, in particular group learning, e.g., Lane (1994) and 
Vennix (1996). 

We take a new view by conceiving modeling and simulation as a powerful 
approach to theory-building. An ideal-typical scheme of that process is depicted in 
figure 1. Even though this is a general scheme, the process represented therein is 
essentially a theory-building process with the sequence of formulating a proposition, 
then testing it, then expanding or refining the proposition, proceeding with further 
tests, etc. 

The starting point is a framing of the issue at hand, including a coarse definition of 
its scope and of the purpose of the model to be developed. The ensuing collection of 
empirical data then, via a first view on reference patterns, supports the clarification of 
the goals and the formulation of the research questions to be answered. From there, a 
dynamic hypothesis can be formed, which explains the reference behavior pattern. 
Besides empirical data, this dynamic hypothesis is also based on theoretical concepts 
and constructs, which result from previous research efforts. The core of the theory-
building process then is about elaborating a theory by drawing on that dynamic 
hypothesis, as well as testing, corroborating or refuting it. Model quality is enhanced 
and explanation is deepened along this iterative process. 

In the following, the theory-building along the various stages of this process will 
be illustrated by instancing the generation of a holistic and consistent theory about the 
development of individuals’ musical tastes, especially their preference for classical 
music. 

3 Application: The Case of Cultural Dynamics 

It is crucial for the long-term success of all kinds of enterprises, including orchestras, 
to discover and take opportunities as early as possible as well as to detect and avoid 
potential threats before they become uncontrollable. Therefore, the anticipative 
capturing of future realities by being able to interpret so-called weak signals regarding 
external developments is important and might be critical for the long-term survival of 
an organization (Ansoff 1975). Regarding the orchestra sector such a weak signal lies 
in the fact that the German and Swiss classical music audience has a disproportionate 
number of old people when compared to the population as a whole (significance level: 



 

p = 0.001). The implications for the future size of the classical music audience and the 
related demand for classical music life performances remained unclear, since there 
was no theory about the formation of an individual’s affinity with classical music. In 
particular, there was disagreement as to whether the fundamental musical taste is 
predominantly subject to an aging/life cycle effect or a cohort effect due to the lack of 
a theory. If people mature into listening and attendance practice as they become older 
or by entering a new stage in the course of life (aging/life cycle effect), the classical 
music audience will increase in the next decade. But if the younger adults with 
decreased participation will not change their musical preferences over time (cohort 
effect), the classical music audience will gradually die out. In order to fill this 
research gap, one of the authors developed a theory about how the individuals’ 
musical preferences for classical music come into existence, by drawing on the SD 
methodology (Hamann 2005). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Fig. 1: Ideal-typical scheme of an SD-based theory-building process 

 
As a reference behavior pattern, the dynamic analysis of relevant empirical data 

revealed that the classical music audience is aging faster than the population as a 
whole. Moreover, the data prove the existence of a cohort effect. 

Against this background the following dynamic hypothesis was formulated: The 
activities with musical relevance - repeatedly listening to certain types of music, 
playing an instrument, and attending appreciation classes - during a socializing phase 
in the adolescence of an individual determine the fundamental musical orientation in 
later life, since these activities enhance the development of “listening competence”, 



 

i.e., what Behne (1997, p. 151) calls “cognitive components (‘concentrated’ and 
‘distancing’)” of listening. 

Simulations clearly corroborated the dynamic hypothesis. In addition deeper 
insights into the issues under study were gained, which enabled the elaboration of 
well-founded recommendations for the management of orchestras (Hamann 2005). 

This case shows at least two features of the SD methodology. First, compared to 
solely verbally formulated theories, SD’s mathematical formalization of the theory 
leads to a more precisely specified theoretical body. This is because additional 
hypotheses can derived mathematically, detailed formal consistency checks are 
carried out, and all aspects relevant to the problem are covered systematically, which 
in turn results in a deeper understanding of the problem and the identification of blind 
spots that have to be covered by future research efforts. Therefore, and second, the SD 
methodology enhances the validity of a theory. 

4 On Model Validation 

In theory-building, the quality of the theoretical propositions developed should be the 
crucial concern. This is what the call for "scientific rigor" is all about. We are taking 
Karl Popper's (1959) logic of scientific discovery - essentially a concept of an 
evolutionary progress of science - as a benchmark for the design of the theory-
building process. This implies that any proposition must be formulated in such a way 
that it can founder if confronted with reality. In other words: it must be proposed in a 
way that it can be falsified. The tenet of this falsificationism is that science advances 
by bold propositions or guesses followed by unstinting criticism. Only hypotheses 
capable of clashing with facts count as scientific. 

All of this is very much in line with the philosophy of SD. Bold guesses first 
crystallize in the model which is then submitted to numerous tests, including various 
simulation tests. This modeling and simulation process is inseparable of the validation 
process - the totality of all measures to ensure the quality of a model. Validation is 
about increasing the fit of a model to the reality it represents. This is a process of 
gradually building confidence into the model (Barlas 1996), by both improvements of 
structure and equations as well as the calibration of parameters and functions. 

Among the methodologies for the modeling of social systems, as far as we know, 
none has validation standards as strict as SD. For instance, econometrics operates 
essentially with statistical validation procedures. In SD the standard procedure for 
model validation also involves statistical tests. In order to avoid that a model is 
considered right for the wrong reasons, SD validation includes a whole set of 
procedures which are obligatory for a model to achieve credibility (see: Forrester & 
Senge 1980, Barlas 1996, Sterman 2000).  

5 Conclusions 

Theory-building is more than an exercise for academics. It is a crucial device for 
practitioners in organizations, allowing them to test their assumptions and bring their 



 

speculations down to earth in order to make better decisions. That is why theory-
building is a fundamental prerequisite for effective action. 

We have expounded the SD methodology as an exemplar of an approach to theory-
building. This discipline for the modeling, simulation and control is in line with the 
concepts of evolutionary theory-building as proposed by the theory of science. It must 
be added, that it is also highly appropriate for practical use due to the intuitive 
techniques it uses and the user-friendly software available. The main limitations of 
SD, on the other hand, are twofold. First, SD is appropriate for the modeling of 
dynamic issues, but not of static ones. Second, that quantitative modeling always 
requires quantitative data. In absence of those, only qualitative SD - by means of 
feedback diagrams, i.e., what is usually called "Systems Thinking" - are applicable. 

We have reported an application of SD to the building of a theory of Cultural 
Dynamics, from which substantial insights and recommendations for the management 
of cultural institutions have been derived. Other cases in point are already published, 
e.g., Ulli-Beer (2004). 

The potential fertility of SD as a methodology for theory-building is exceedingly 
high.  
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Extended Abstract 

Statistical information plays a central role in many business and economic decisions. 
The term information means here that we have to consider the data itself as well as 
descriptions of the data, so called metadata, which are necessary for obtaining the 
information. Hence, it is not surprising that metadata play a key role in statistical 
information systems for a long time. The earliest reference is Sundgren [11], who 
introduced the concept of metadata in statistics for a so called infological approach 
towards statistical information. This approach has been developed further in many 
ways by a number of researchers as well as statistical agencies and has lead to a 
number of metadata standards. Due to the fact that a lot of statistical information is 
contained in highly aggregated data, represented nowadays usually in data 
warehouses, one line of development focussed on metadata standards for such type of 
data (for example the SDDS-standard [9]). A second stream of development based on 
ideas from documentation for data archives considered mainly the metadata 
requirements for scientific researchers in social sciences and economics. These efforts 
have resulted in different metadata standards, probably the best known example is the 
DDI standard [1], which is a substantive expansion of the Dublin Core metadata [2]. 
A well known software tool based on these ideas is NESSTAR [7]. A further 
development concentrated on proper metadata representation for value domains of the 
attributes of interest and lead to the so called “Neuchatel Terminology” [8] for 
classifications.  

Due to the different starting points of these approaches it is rather cumbersome to 
integrate data in cases where the definition of the data schemes is based on such 
different documentation schemes. Following the developments of intelligent 
information processing in recent years (see for example Sowa [10]) also in the field of 
statistical information processing there were a number of efforts to develop the idea of 
metadata further into the direction of ontology. In fact, statistical metadata practice 
includes to a far extent information needed for ontology – engineering. Probably the 
most important contribution in this direction was made by the METANET project (cf. 
[4, 6]), a thematic network within the fifth EU-research framework. The approach 
tries to fulfil the requirements of the ontology definition of Gruber [5] (“ontology” is 
a specification of a conceptualization) by formalizing the statistical data paradigm, 
taking into account the representational, operational and functional semantics of 
statistical information.  



Starting points are basic statistical objects like dataset, statistical population, or 
statistical variable, which constitute the categories for the ontology. For all these 
categories a unified description framework was developed, which is called the view 
facet of statistical categories. The following four views were distinguished:  

• The conceptual category view represents the subject-matter definition of any 
category instance and builds the bridge to reality. Validity of the definition of the 
subject matter concept gets usually restricted by temporal and geospatial 
constraints. 

• The statistical (methodological) category view describes the statistical properties 
of the category instance by using a number of parameters, which have to be 
defined in such way that specific properties of the different categories are taken 
into account.  

• The data management category view is geared towards machine supported 
manipulation storage and retrieval of the category instance data. 

• The administrative category view addresses management and book-keeping of the 
structures. 

Based on these view facets a representation scheme can be defined, which seems to 
be sufficient for operational purposes. A first sketch of such a model was presented in 
Denk et al. [3]. In this paper we present first and fundamental ideas for using this 
framework for mapping different metadata standards.  
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Abstract. Recent advances in graphical modeling tools and computa-
tional techniques have made simulation based methods a feasible alter-
native to solve complex real life problems. We center our attention on
decision making problems modeled by Influence Diagrams and describe
a simulation algorithm to find approximate solutions.

The importance of Bayesian Belief Networks ([6]) and Influence Diagrams
([3]) has been shown by their extensive use in modeling complex real life pro-
blems. This graphical modeling language for representing uncertainty, firmly
based on probability theory, is gaining acceptance in the computer science com-
munity. The increasing number of knowledge-based systems having these frame-
works as an integral part is a good example of their usefulness. In particular,
Influence Diagrams (ID), which are an enhaced version of belief networks, have
been extensively used in a variety of fields, from medicine ([5]) to finance ([4],
[1]) to military [7].

An ID structures a decision making scenario with its three basic elements:
decisions or actions to be made, uncertainties faced by the decision maker on
relevant variables of the system and a utility function that models preferences
over consequences resulting from the decisions made. As the optimal decision
path will depend on the way the random aspects play out, solving this sort of
problems will involve giving a decision rule which maximizes expected utility, for
every possible observable state, marginalizing over all other unobservable random
quantities. Methods for solving ID’s are numerous but as the complexity of the
diagrams increases, simulation based, rather than exact methods, are preferred.
This complexity may manifest, e.g., through large and continuous sets of actions,
intrincate relationships between model parameters and complex probability and
utility functions.

Within the Decision Analysis framework ([2]), our aim is to extend the work
in [9] and [10] to obtain approximate solutions of complex ID’s. The method
combines the augmented probability method ([8]), Markov Chain Monte Carlo
simulation techniques and a backward induction procedure to sequentially solve



the diagram. We start from a consistent diagram provided by an expert. An
initial simulation of possible realizations of the diagram will give clues of its
behaviour and tell us where to look for optimal policies. No preprocessing of the
diagram is needed as we work with sequences of nodes to perform simulations.
We provide new examples as well as a theoretical proof of the method.
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(2002) 169–175

10. Virto, M.A., Mart́ın, J., Rı́os Insua, D., Moreno-Dı́az, A.: A Method for Sequential
Optimization in Bayesian Analysis. Bayesian Statistics, 7. J.M. Bernardo, M.J. Ba-
yarri, J.O. Berger, A.P. Dawid, D. Heckerman, A.F.M Smith, M. West (eds.) Oxford
University Press (2003) 701–710



Decision support system using data warehousing
and on-line analytical processing technologies

Ryszard Klempous1, Henryk Maciejewski1, Jan Nikodem1, Maciej Nikodem1,
Jerzy Rozenblit2, Josef Scharinger3, Carmen Paz Suarez Araujo4

1 WrocÃlaw University of Technology, Institute of Engineering Cybernetics
11/17 Janiszewskiego Street, 50-372 WrocÃlaw, Poland

2 University of Arizona, Electrical and Computer Engineering Department,
1230 E., Speedway Boulevard, Tuscon, USA

3 Johannes Kepler Universitaet Linz, Systemtheorie und Informationstechnik,
A-4040 Linz, Öesterreich
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Extended abstract

Computer Assissted Assessment (CAA) of existing Information Technology (IT)
curricula will be discussed in this paper. Complete and permanent evaluation
of courses is being undertaken using special evaluation systems, development,
and deployment of software-based course evaluation systems. The assessment
tools that are being developed are based on data warehousing and data mining
technologies and will provide a means for integration of data from heterogeneous
environments as well as comprehensive reporting and multidimensional analysis
(OLAP) capabilities through an intuitive Web-based interface. The proposed de-
cision support system will allow for objective and comparable data-driven qual-
ity management of teaching in various countries and educational institutions
in Europe (Austria, Hungary, Poland, and Spain) and the USA (specifically at
the University of Arizona in Tucson). Data gathered by the system will make
it possible to analyze course quality based on student surveys and instructors’
analysis. A set of data-driven decision support tools will be developed for in-
tegrated quality management of educational processes. The tools will create a
platform for relating the quality of teaching processes from participating institu-
tions by taking into account comparative statistical analysis of teaching quality
data and disseminating results of analysis.

The system presented is being built using SAS System technology.
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Extended Abstract

Controlling a running project can be a most challenging task because at least
some parameters, which influence the project work flow, will certainly change
their values unpredictable. In addition, responsible shareholders should become
informed about potential risks which eventually could hinder achieving planned
results. To automate both - feedback concerning changing project resources and
permanent calculation of risks - we propose a flexible and scaleable model based
on multiagent methodology. At least there are two processes to observe: real
project flow and its realtime simulation based on our proposed model. Auto-
mated synchronization of both processes is the first goal we are trying to achieve.
We believe this is a suitable means to ensure that project resources can be allo-
cated, changed or deleted without corrupting the controlling system.

Because we focus mainly on persons as project resources (human resources)
we are forced to add several characteristic properties which are typical concern-
ing humans: e.g. specific skills/abilities to perform certain activities, heuristic
relationships in groups, etc. Finally, involving specific self learning components
should enable our system to store actual knowledge about both project and re-
sources in a transparent way, to approach our overall goal: automated controlling
of project working.The initial state is characterized by

– a directed graph of project activities (to define predecessor-successor rela-
tions between subtasks/activities) with estimated execution durations

– a set of human resources with different skill/cost profiles
– a matrix to describe heuristic relationships between persons

Starting the planning agent offline we calculate our first project plan, con-
taining a complete workflow of all activities and schedules of all involved persons
(Mauerkirchner, 2001). Subsequently both systems (real system and simulation
system) are ready to be started simultaneously based on our plan. In general, all
feedbacks stem from the real project system and enforce normally a recalcula-
tion of the actual project plan and, based on it a synchronisation of real system
and simulation system Feedbacks can be categorized in general feedbacks (e.g.
assignments or temporary absence of human resources) and personal feedbacks.



The latter ones come from persons using their human agent’s assessment inter-
face. Messages of isolated persons (groups with only one member) are sent to
the controlling agent at least (decision of project manager is necessary), while
feedbacks of other groups are received by the interference agent . It is possible to
create useful updates to the set of characteristic properties used by the central
planning agent. The bases for these updates are generated by extracting rele-
vant information from suggestions for improvement made by the human users
of the real system. These suggestions are transferred by the personal agent´s
assessment interface to the interference agent and stored as fuzzified statements
containing comments on problem relevant user skills and critical member inter-
actions in each user group. The collection of these statements is used by the
interference agent to generate an update of the above mentioned system prop-
erties in following distinct steps :

– create a population of sets that encode one statement for each characteristic
property, respectively.

– determine the fitness of each set by repeating offline the latest simulation of
the planning agent.

– choose sets that are able to improve the synchronisation of the actual project
flow in the real system and the simulated one.

– generate new populations of sets by performing crossover and mutations.
– repeat the last three steps until some improved steady state is reached.

The updated property values are checked by the controlling agent for plausi-
bility and then transferred to the planning agent for future simulations of project
flow. An alternative to this procedure might be the utilisation of Baysian Belief
Networks (Druzdel, 1996)(Pearl, 1988).

References

1. M.J.Druzdel, (1996) : Qualitative Verbal Explanations in Baysian Belief Networks.
AISB Quarterly1.96

2. J.Pearl, (1998): Probabilistic Reasoning in Intelligent Systems: Networks of Plausi-
ble Inference. Los Altos, CA: Morgan Kaufmann

3. M.Mauerkirchner, (2001): A General Planning Method for Allocation of Human Re-
source Groups, in Lecture Notes in Computer Science- Proceedings EURO-CAST’01
Las Palmas de Gran Canaria, Spain



On Recursive Functions and Well{founded

Relations in the Calculus of Constructions:

Extended Abstract?

J. L. Freire, E. Freire, and A. Blanco

University of A Coru~na, Department of Computer Science, LFCIA, Campus de
Elvi~na, 15071 Coru~na, Spain

ffreire,rike,blancog@dc.fi.udc.es

Abstract. As in Martin{L�of's type theory general recursion is not avail-
able, a lot of work has been done to extend the theory to cope with this
powerful mechanism of program construction. Some examples are [2], [3],
[6]. The paper will describe the present situation of this problem and will
give some new methods and approaches.
We use the INRIA's implementation of the Calculus of Inductive Con-
structions Coq[5].
Key words:Well{founded Relations, Recursion, Type Theory, Inductive
Constructions

1 Introduction

Let � a binary relation on a set A. The set Acc(A;�) of accessible elements of
� is the set of elements a 2 A such that there is no in�nite descending sequence

: : : an+1 � an � : : : a2 � a1 � a:

The relation �� A�A is well{founded if

A = Acc(A;�):

Formally we de�ne Acc(A;�) as a recursive predicate on A: an element x is
accessible if every y � x is accessible.

Inductive Acc [A:Set;R:A->A->Prop]:A->Prop:=

Acc_intro:(x:A)((y:A)(R y x)->(Acc A R y))->(Acc A R x).

Definition well_founded := [A:Set;R:A->A->Prop](a:A)(Acc A R a)

In the paper detailed proofs of the justi�cation of this representation are
given via informative versions of well{foundedness. Also, some connections with
intuitionistic and classical logic aspects of the models are analyzed.

? Government of Galicia, Spain, Project PGIDT02TIC00101CT and MCyT,
Spain, Project TIC 2002-02859, and Xunta de Galicia, Spain, Project
PGIDIT03PXIC10502PN



2 Results and Methods

Beginning from signi�cative examples we generalize to obtain some methods that
seem to be the base of a practical methodology to de�ne programs by general
recursion. This new methods are illustrated with some non trivial examples.
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Extended Abstract

Conventional Information Retrieval Systems usually deal with plain text docu-
ments or with data files with a very elementary structure. Therefore, these kinds
of system are able to solve queries in a very efficient way, but only taking into
account whole documents, without distinguishing between different sections in
those documents. This behaviour makes it impossible to support queries that
should throw up a subset of documents which have some common characteristic
or perform searches based on document sections.

In contrast with this, text corpora commonly employed nowadays are usually
composed of a set of text files which in some way show a complex structure. So,
building a classical Information Retrieval System to work with this kind of data
will not benefit from this structure and results will not be improved.

In this article we test different technologies which can be used to build In-
formation Retrieval Systems to be applied on large structured corpora, namely,
technologies able to use the document structure to offer possibilities of filtering
the search. In addition, and as a result of our work, we can propose the technol-
ogy with the best flexibility-performance balance for use in building this kind of
system.

There are several examples of Information Retrieval Systems using struc-
tured corpora [1] [2], and many others about searching methods on large text
corpora [3], but there is no analysis or comparative study on technologies and
architectures that can be used to build them. An overview of different generic
technologies that could be applied to XML Information Retrieval Systems is
shown in XML Data Management, Native XML and XML-Enabled Database
Systems [4], but it is not about corpora.

In our analysis we suppose that the considered corpora are organized as a set
of different XML (Extensible Markup Language) [5] files. This assumption does
? Partially supported by Ministerio de Educación y Ciencia (MEC) and FEDER

(TIN2004-07246-C02-01 and TIN2004-07246-C02-02), by MEC (HF2002-81),
and by Xunta de Galicia (PGIDIT02PXIB30501PR, PGIDIT02SIN01E and
PGIDIT03SIN30501PR)



not imply an important restriction since every text corpora can be transformed to
this format either automatically or manually, depending on the original structure
of the text.

Tamino 1(a native XML indexer) [6], and Oracle2 [7] (a relational database
system which in its last versions integrates XML capabilities) are the main alter-
natives taken into account in our work. To perform our tests, we have taken into
account the following two main criteria: query flexibility and query performance.

Query performance evaluation is based on processing time measures using a
set of representative queries that covers a wide range of questions performed by
typical text corpora users. To evaluate query flexibility we have considered the
following aspects of the technologies under review:

– Statistical capabilities: The technology should allow the user to obtain
numerical values at different levels. For example, capabilities to count the
number of cases and documents which match each query.

– Additional information: It is also useful if the technology under review
is able to offer supplementary information with the returned results. For
example, returning sequences of terms which verify search criteria but also
showing the author of relevant document, publisher name, etc., i.e., addi-
tional data taken from corpora files structure.

– Match highlighting: Technologies should be able to identify the term
which caused the matching and highlight them among the retrieved results.

– Kinds of search methods: It is important to determine if a particular
technology suppports only exact matches or it allows other kinds of matching
(matching and indexing that is sensitive and insensitive to accents, boolean
search, complete or partial matching, etc.).

– Use of wildcards: Support of advanced features such as wildcards, char-
acter substitution, suppport for regular expresions, etc.

– Results browsing and navigation: The technology should also allow us
to go through the retrieved results, showing them page by page or even using
more sophisticated ways.

– Ordering: Ordering capabilities offered by the technology are also relevant.
Systems can allow single ordering criteria, several simultaneous orderings or
impose other limitations.

– Structural relationships: This aspect refers to query flexibility when struc-
tural restrictions are included in queries. This covers questions like capabil-
ities offered by the query language, and query complexity limitations.

The results obtained show that although XML native managers are a serious
candidate for the near future, they present certain deficiencies, which limit query
flexibility if we want to achieve a good performance. Only high performance
relational database systems like Oracle can satisfy some kind of requirements,
relevant to this kind of system.

1 Tamino is a Software AG product.
2 Oracle is a registered trademark of Oracle Corporation and/or its affiliates.
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Abstract. The objective of this paper is to get a visual characterisation of time 
evolution images, in particular, synoptic maps taken from Meteorology. Pre-
liminary tasks required before image processing are reviewed. Two different 
types of numerical descriptors are extracted for image characterisation, those 
called low level numerical descriptors, and the corresponding high level ones. 
The latter will subsequently be used for prediction tasks, while the former will 
be used for classification tasks. Three different relevant information sources in 
the images are identified as their low level descriptors. These are defined by the 
local density and orientation of the isobar lines, and the number of centres of 
high (H) and low (L) pressure. As regards the high level descriptors, two main 
features are taken into account. The different procedures carried out to extract 
the previous descriptors for the images of interest are discussed. 

1 Introduction 

The main aim of this paper is to obtain a visual characterisation of time evolution im-
ages, in particular, synoptic maps taken from Meteorology. As far as we know, no 
similar work has been found to date in the computer vision literature for classification 
or prediction of this kind of image, besides those that treat the problem with compli-
cated numerical models in Meteorology or statistical mathematical methods. 

The preprocessing phase of the synoptic maps that we are working with has al-
ready been explained in [1]. Common preliminary tasks to single out the image in-
formation of interest, such as useless background removal, information separation and 
memory usage have been discussed there. 

2 Visual Characterisation of Synoptic Maps 

The next step is studied in this paper and consists in extracting numerical descriptors 
of the images in order to obtain a visual characterisation of them [2]. 

Since we are dealing with meteorological images, we focus on features that are re-
lated to atmospherical properties. In this sense, two types of numerical descriptors are 
extracted: the low level and high level ones. The latter will be subsequently used for 
prediction tasks, while the former will be used for classification tasks. 



The low level numerical descriptors are the density of the isobar lines, their average 
orientation in local areas, and the location of high (H) and low (L) pressure points. 

The density of the lines is actually a downscaled image, following the approach of 
pyramid representations [3]. For this purpose, we consider the isobar image to be di-
vided into adequate small windows. On the one hand, the size of the windows must be 
small enough to identify the corresponding isobar image. However, on the other hand, 
the window must be as big as possible in order to minimize the memory used per iso-
bar image, which will be important for the subsequent analysis, given the high num-
ber of images to be processed and stored. 

The detection of H and L letters is a typical OCR task, but since no other letters are 
involved, we use an ‘ad-hoc’ algorithm, instead of generic OCR techniques [chapter 2 
of 4]. Simple methods do not work, because H and L letters present in our images are 
not equal. For this reason, an analysis of the discriminatory power of several features 
has been carried out. 

To verify if the aforementioned extracted variables are good low level numerical 
descriptors, we develop the inverse procedure, using them as the input for rebuilding 
the synoptic map, and compare it with the original one. Satisfactory descriptions are 
obtained for adequate window width. 

Regarding the high level numerical descriptors, two main features are represented 
per image: the big regions of locally profound high (H) and low (L) pressure and 
those of nearly constantly oriented circulation. 
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I now see the hierarchical as both beautiful and necessary.
—Camille Paglia (1992)

1 Introduction

Celebros (www.celebros.com) markets a search engine, QwiserTM [4], geared to
electronic commerce. Each user query retrieves a ranked list of matching prod-
ucts and a dialogue is initiated to refine (“drill down”) the search results down
to a short list of quality matches. For example, a search for “black bags” might
return hundreds of products. Since there are many different types of bags, in ad-
dition to displaying a ranked list of black bags, Qwiser allows an online customer
to choose from various categories, such as handbags, briefcases, doctor bags, and
backpacks. Products in the store’s catalogue are classified (either on-the-fly or
in a pre-processing stage) to each of the possible categories and subcategories.
See Fig. 1.

We describe here how hierarchical ontologies may be used for classifying
products, as well as for answering queries.

2 Hierarchical Ontologies

For classifying and scoring product descriptions, as well as queries, we make use
of declarative hypernym/hyponym (is-a) and meronym/holonym (part-of ) hier-
archies, such as the sense hierarchies provided by WordNet [3]. We assume these
ontologies are organized as directed acyclic graphs. Each node—representing
a class of objects (commodities and commodity categories, in our case) or an
attribute—may be related by is-a and part-of edges to other nodes. For exam-
ple: a rucksack is-a kind of backpack, which is-a kind of bag (in the sense of
container), jet black is-a shade of the attribute black, and a clasp is a part-of a
handbag, as is a handle.



Fig. 1. Sample search dialogue.

3 Classification

Making use of a hyponym taxonomy has long been a tool in hierarchical classi-
fication. See, for example, [5, 2, 6].

There are several novel ways in which an ontology can help:

1. Consider rival classifications, B (e.g. bag) and C (container), of some item,
be they derived by linguistic or statistical means.
(a) If C is a hypernym of B, then the more specific classification B is pre-

ferred.
(b) If neither is a hypernym of the other (shirt and cardigan, say), then their

closest common ancestor (their least upper bound in the subset lattice)
A (garment) is a better classification than either.

2. Similarly for the meronym relation:
(a) If several sibling meronyms are competing, this suggests their shared

holonym (or any of its hyponyms), especially when the latter is also a
contender.

(b) To decide between rival meronym and holonym (lens and camera), ad-
ditional criteria are called for (e.g. the likelihood that a camera lens is
sold alone).

3. Even weak indications of relevance to a hypernym/hyponym/meronym/holo-
nym can help in word sense disambiguation.

For example, consider a product labelled “Totes Hooded Zip Front Jacket”
(“Totes” is a brand name) and described as follows: “This spring parka features
a zip front, two front pockets, a hood with a drawstring and an inside contrasting
pattern. The jacket is ideal for those warm, rainy days and is both functional
and fashionable.” Linguistic analysis suggests it may be a jacket (appears in the



name as well as in the catalog description) or a parka (appears in the beginning
of the descriptive paragraph). Since parka is a hyponym of jacket, the former,
more specific, category is preferred.

Also, the mention of pocket, a meronym of garment, which is a (distant) hy-
pernym of jacket, supports both interpretations. Since pocket is not a commodity,
it is not itself a contender. Furthermore, the words “parka” and “pocket” both
reinforce the garment sense of “jacket.”

Ambiguous queries may be subjected to similar analysis.

4 Retrieval

It is standard to organize retrieved items according to a predetermined hier-
archy. See [1]. The choices illustrated in Fig. 1 are dynamically chosen from a
hypernym/hyponym hierarchy.

There are several additional ways in which some search engines take advan-
tage of hierarchical ontologies. These include:

1. Retrieve all hyponyms (e.g. rucksacks and etuis) of query terms (“bag”),
but not their hypernyms.

2. If the query (“orange leather briefcase”) is for a subcategory in which there
are too few elements, one may wish to suggest siblings (orange leather back-
packs; red leather briefcases) or cousins from the hypernym hierarchy.

3. In some contexts, a query for a category might also propose its meronym
classes (lens for “cameras”) as also of relevance.

If hypernym/hyponym and meronym/holonym links are annotated with
meaningful weights, these can be used to assign probabilities to matches and
improve the quality of the ranking of retrieved items. For example, links from
W (e.g. watch) to its hypernyms I (instrument) and J (jewelry) may be weighted
by the likelihood that an item classified as W is an I or a J , respectively; the
reverse, hyponym link, from J to W , may be qualified by the chance that some-
one who asked for J will choose an item from W . Similarly, one may label the
link from meronym C (clasps) to holonym H (handbags) by the likelihood that
a C is part of an H and, in the reverse direction, that an H has part C.

5 Results

Preliminary experiments with many thousands of product descriptions (in En-
glish and German) are encouraging. Using a hypernym/hyponym hierarchy (as
in Section 3, Case 1 above), for example, improved linguistic classification in
about 83% of the cases in which it made a difference, and caused harm in only
2% of the cases considered. Depending on the depth of the ontology and on
the classification method used, the fraction of products that are affected varies
significantly.
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Extended Abstract 

Today, we are living in a competitive business world, the corporations need to be 
more competitive that their competitors, so they need to know more in detail about 
what is happening with their competitors in the business arena through the 
information available in the internet and another data bases. Also the corporations 
want to know, which kind of strategies the competitors are implementing and in 
which directions they are moving. Who are the new customers?, what are the new 
adquisitions?, what are the new mergers?, and  what are  the new strategies?, in 
general, what is happening with each of their competitors. 

To do this work, we propose to monitor the operations and results of each of these 
corporations,we can extract this information by each of the websites of each of the 
competitors (mainly formatted in HTML)  in the World Wide  Web using techniques 
for data extraction applying Lixto [1]. The competitive business intelligence decisions 
(sustained by relevant information) should help the organization to  make more 
effective strategic actions. The decision have larger implications for the ongoing 
competitiviness of the company, impact on subsequent decisions, and are more 
difficult to reverse that decisions of a more operational or tactical nature. 

 

 
 

Fig. 1. Analysis, Strategy, and Competitive Intelligence with Information 
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Intelligence is necessary to reduce uncertaint and risk in decision making. Often , 
the opinion available to an organization will be depend upon how early problems are 
identified (we need to take the right information at the right time in the right place).  
Competitive Intelligence encompasses the potencial effects (i.e., threats and 
opportunities) created by all external elements of the business environment that 
impact on the current competitiveness and future competitive ability of the 
organization. It is a systematic process or cycle from collecting and analyzing 
information about competitors activities (Fig. 1). 

The solution proposed is thus to use wrapper technologies developed with Lixto to 
extract the most relevant information from the websites of the competitors 
(information in HTML) and then translate it into XML wich can be easily queried or 
further processed. This information will be processed by other applications or sytems 
and it will be integrated to the internal information systems into the corporation for 
their further use (Repository of  Competitors). 

Wrappers are specialized program  routines that automatically extract data from 
Internet websites and convert the information into a structured format. More 
specifically, wrappers have three main funtions. Firstly, they must be able to 
download HTML pages from a website. Secondly, search for, recognise and extract 
specified data. Third, save this data in a suitably structured format to enable futher 
manipulation [2] . The data can be imported into another application for additional 
processing. Over 80% of the published information on the Web is based on databases 
runing in the background. When compiling this data into HTML document the 
structure  of the underlying databases is completly lost. Wrapper try to reverse this 
process by restoring te information to a structure format. With the right programs, it is 
even possible to use the Web as a large database. By using several wrappers to extract 
data from the various information sources of the Web, the retrived data can be made 
available in an appropriately structures format [3]. As a rule, a special development 
wrapper is required for each individual data source, because of the different and 
unique structure of websites. 

The Web is also extremely dynamic and continually evolving, wich results in 
frequent changes in the structures of websites. Cosequently, it is often necessary to 
constantly update or even completely rewrite existing wrappers, in order to maintaine 
the desired data extraction capabilities [4]. 

In specifying the structure of a page on the Web, two things need to be clearly 
identified. 
1. Tokens of interest on a page. By tokens i mean words or phrases that indicate the 

heading of a section. A heading indicate the begining of a new section; thus 
identifying headings identifies the section on a page. 

2. The nesting hierachy with sections. Once a page has beeen descomposed in to 
various sections, we have to identify the nesting structure of the sections. 
The structuring task can be done automatically or with minimal user interaction. 

The key here is that a program analyses the HTML and other formatting information 
in a sample page from the source and guesses the interesting tokens on that page. The 
system also use the formatting information  to guess the nesting structure of the page. 
The heuristics used for identifying important tokens on a page and the algorithm used 
to organize sections into a nested hierarchy are an important  for this work. 

 



 

Tokens identifying the begining of a section are often presented in bold font in 
HTML. They may also written enterely in upper case words, or may end with a colon.  
After the tokens identification, the next step is to obtain the nesting hierarchy of 
sections on a page, i.e., what sections comprise the page at the top level, what sub-
sections comprise other sections in the page, etc. As with the tokenizing step, the 
nesting hierarchy can be obtained in a  semi-actomatic fashion for a large number of 
pages. 

Querying the data in the WebSource requieres generating an appropriate URL  
from the document that containe the answers. The answers are not strictly typed 
objects in some standard representation. Instead, the answers have to be extracted 
from the semi-structured data stored in the HTML documents, and these documents 
may contain data that is irrelevant to the query. The structure of this documents may 
be volatile and this affects the extraction process. Damain knowledge about the 
WebSource is also embedded in the HTML documents and must be extracted. 

Consider the Cemex ( Cementos Mexicanos) WebSources that offer investor 
related information. An example of querying the WebSource with a Investor Center 
binding is displayed in the figure 2.  Additional information about the recent 
developments and the NYSE is also showed in this WebSource. This WebSource 
support a number of query bindings, e.g.,  Country, Customers. 

For each set of allowed blindings, the translated query (URL) is different and we 
need to specify the particular URL constructor expression for each binding. For a 
query with a Investors binding, the URL is http://www.cemex.com/ic/ic_lp.asp. 

 

 
Fig. 2. An example html document 

 
Finally, structure data corresponding to the output type(s) must be extracted from 

the answer HTML document wich contains irrelevant data as well.  
A simple extractor processes an HTML document and constructs objects 

corresponding to some output type specified in the corresponding row of the Wrapper 



 

Capability Table. The contents of the HTML document are represented as an ordered 
tree , so that declarative queries may be written to describe the data that is to be 
extracted from the document. These queries use qualified path expressions to identify 
nodes based on their contents; to traverse the ordered tree; and to extract data from the 
elements (nodes). Additional operators of this languages provide the control to 
manipulates data and to construct the output objects. 

A Simple Data Model for HTML Documents 

The contents of an HTML document and its structure (placement of the HTML 
elements) are represented as an ordered tree, with the document as root. The nodes of 
the tree correspond to the HTML elements of their components, e.g., table, list, img, 
table row, list element, etc. The arcs of the tree represent the placement of the HTML 
elements of their components within the document. The preorder enumeration of the 
ordered tree corresponds to the top-down placement of HTML elements and their 
components in the document. In a similar way to WebOQL [5], we represent an 
HTML document as an ordered tree. However in contrast to WebOQL hypertrees, in 
our representation each node is associated with a type wich represents an HTML 
element or its components. The arc relate an HTML element with the list of HTML 
elements embedded in it or the parameters that modify it. Our representation of an 
HTML document allows us to simplify the query language of our extractors. 

Consider of an HTML document whose ordered tree representation . It is 
comprised of an HTML list followed by two HTML tables, each of wich is a node. 
The components of these elements are also a nodes, e.g., table rows, (tr), and table 
data (td). One td element comprises of an img element, wich is also a node. 

In our data model, each HTML document (HTML element or parameter) is 
described by a node in the ordered tree with the following attributes: 
• Name: This represent the type of HTML element or its component, e.g., table, tr, 

td, img, src, etc. 
• Ocurrence: This is an integer representing the placement of this object in the 

HTML document. The placement is recorder w.r.t. the HTML element that is the 
parent node. The intergert value indicates the placement of this node w.r.t. the 
sibiling node of the same type. In the figure 3. 4 the second table object has an 
occurrence of 2, indicating it is the second table, even through it is the third child 
of the parent (root). 

• Data: This represent the optional data associated with an HTML element. The data 
is particular to the type of element, for e.g., for the HTML element img, one 
component is the scr parameter whose data is usually a URL. 

• Child: This is a relationship  that relates the object (HTML element or component) 
represented by the node to the list of objects embedded in it or to the parameters 
that modify it. It represents the arcs between a node and its children in the ordered 
three. For example, the second ocurrence of the HTML element table in figure 3, 
has two children of type tr. The second tr has one child of type, wich has one child 
of the type img. The parameter src is represented as a child of the node img. 
 



 

 
 

Fig. 3. Tree representation of an HTML document 
 
With this kind of representation our data extraction model will take sense and we 

can do the intelligence process to take the relevant information of each of the websites 
in XML, with these information we will feed the databases and we will can to develop 
a corporate repository related with the transactional sytems in the organization. 
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Extended Abstract

Proving the correctness of a program, even a simple one, is a complicated task and at
the same time it is one of the most important activities for a software engineer.

Functional programming [6,1,11] has often been suggested as a suitable tool for
writing programs that can be formally analyzed, and whose correctness can be as-
sured [5,8,7]. That assertion is due toreferential transparency, a powerful mathematical
property of the functional paradigm that assures that equational reasoning, i.e.,f x is al-
ways f x, makes sense. As a matter of fact, the mathematical way of proving theorems
can be successfully applied to computer science.

On the other hand, theorem provers help us in proving the correctness of a program.
These tools provide control and assistance in the processes of specification and prove;
thus they prevent bugs that could be introduced in an hand-made proof. The logical
frameworkCoq [3] is an implementation of the Calculus of Inductive Constructions
(CIC) [2,10], performed at INRIA. This system is a theorem prover goal-directed and
tactic-driven in the style of LCF [4].

The aim of this work is to contribute to the construction of a methodology to produce
certified software, i.e., we intend to find the way to strengthen two different notions:
First, there is a need of formal verification of the correctness of algorithms which goes
together with their construction; and second, programs are mathematical objects which
can be handled using logico-mathematical tools. These methodological techniques will
be exemplified by means of a program which calculates the Gröbner base of a set of
multivariate polynomials. We present the way in which one can formally verify several
aspects of the application implemented following the functional paradigm.

In this work, both the certification of the program and its efficiency will be taken
into consideration.

We present the proofs of properties in an informal (but exhaustive) style, with man-
ual proofs, where each step is justified by means of mathematical reasoning; and also,
the formalization of these proofs in theCoq proof assistant.

? This work has been partially supported by MCyT TIC 2002-02859 and Xunta de Galicia
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First, we create the bases of the mechanization of an algebraic theory for the rings
of multivariate polynomials using dependent types.

Afterward we develop a theory about well-founded relations. A well-founded poly-
nomial ordering is formalized in the proof assistantCoq. Our aim here, is to establish
the accurate bases for proving the termination of certain reduction relations of polyno-
mials.

To conclude, an application in the field of symbolic computation is both developed
and verified: the calculation of the Gröbner basis for a set of multivariate polynomials.
We face a challenge: Reasoning about computer algebra programs requires the formal-
ization of an important amount of non-trivial mathematics.

We intend not only the formal certification of certain aspects of the program written
in the functional languageCaml [9] but also the performance of efficient computing.
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There are several applications that have been developed in recent years which
need great amounts of storage space, often bigger than what a single worksta-
tion can provide. Examples of this applications are the storage of digital video,
scientific experiments data or weather forecasting.

The traditional way of solving this problem is the use of some costly storage
service, like a SAN. Business which sell those systems often include maintenance
so this is an adequate solution for companies and research centers without budget
constraints. However, this big costs make it difficult for small business or research
labs to use this sort of solutions as they cannot afford them. The objetive of
CheapTB is to offer a distributed filesystem whose focus is low cost of adquisition
and operation rather than high performance.

As the storage capacity of IDE and SCSI disk grows it is increasingly possible
to put several disks in one machine. A cluster of these machines can be used as a
storage service. The cost of a storage cluster like the one described is much lower
than that of a SAN solution, although performance will be lower. Still, there
are many applications which need high storage space that don’t have critical
requirements in throughput or latency.

Some software is needed to use all of the space offered by the disks as if it
was a single disk. This software must manage the storage of files in the cluster
distributing them between the different disks the machines have, in several steps:

– It must be accessible through some standard network filesystem protocol,
like NFS[2, 3] or SMB[4].

– It must translate these accesses in data retrievals from or data storage into
the different disks the system has.

– It must manage accesses to the disks in all the storage nodes.

As this software controls the way data is stored in the cluster, it can control
power usage by the system powering off disks and machines which are not in use
at a certain time. This makes the system cheaper to operate.

Although it is possible to shut down machines in the cluster which are not in
use, at least a control node must always remain on to answer to external requests.
This node will be the same that translates external requests into accesses to the



different nodes, as it must know where all the data is in order to know which
machines must be powered on to answer an external request.

The system has an structure in three layers. The first layer is the interface
with the user. This layer offers access to CheapTB through several common
protocols, like NFS or SMB, using protocol adapters. CheapTB is designed so
that it is easy to add new protocols as needed.

These protocol adapters work on top of a common API with the second layer,
which is the filesystem. The API is similar to POSIX[1], to make adaptation of
existing network filesystem servers easy.

The filesystem manages the storage of the data and keeps track of the direc-
tory structure. The data is stored in a virtual block device, which is the third
layer. This virtual block device hides the complexity of managing all the different
storage media and the distributed nature of the system from the upper layers.

The power management works by distributing the responsability between the
filesystem, which has all the information about files and directory structure, and
the virtual block device, which has all the information about devices and nodes.
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1 Introduction

Spelling correction is a critical task in a variety of professional applications
related to the elaboration of technical documents, for which efficiency, safety
and maintenance are properties that cannot be neglected.

In contrast to fully automatic correction [3], most commercial systems
assist users by offering a set of candidate corrections that are close to the
misspelled word. So, any technique allowing the repair process to reduce the
number of candidates considered for correction implies improved efficiency and
maintenance, which should not have any negative effect on safety. In order to
ensure this, we focus on limiting the size of the repair region in the word, in
contrast to previous proposals considering a global region. As a result, we work
towards obtaining a reduction in complexity and enhanced performance, without
loss of repair quality.

2 Asymptotic behavior

We introduce a regional repair technique to deal with spelling correction on
technical texts, a field where isolated-word strategies can be preferable to
context-sensitive ones and, as a result, morphological aspects strongly impact
performance. We choose to work with the Itu corpus1, the main collection of
texts about telecommunications. Here, we have considered a sub-corpus of 17.423
words that have been used as a part of the support for the Crater project [1].
The recognizer is a finite automaton (fa) containing 11.193 states connected
by 23.278 transitions built from Galena [2]. From this sub-corpus, we have
selected a representative sample with the same distribution in terms of lengths
of the words dealt with. For each length-category, errors are randomly generated
in number and position.
? Research supported by the Spanish Government under projects TIN2004-07246-C03-

01, TIN2004-07246-C03-02 and HP2002-0081, and the Autonomous Government of
Galicia under projects PGIDIT03SIN30501PR and PGIDIT02SIN01E.
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2.1 The running language

Our running language is Spanish, with a great variety of morphological processes,
making it adequate for our description. The most outstanding features are to
be found in verbs, with a highly complex conjugation paradigm, including nine
simple tenses and nine compound tenses, all of which have six different persons.
If we add the present imperative with two forms, the infinitive, the compound
infinitive, the gerund, the compound gerund, and the participle with four forms,
then 118 inflected forms are possible for each verb. In addition, irregularities are
present in both stems and endings. So, very common verbs, such as hacer (to
do), have up to seven different stems: hac-er, hag-o, hic-e, har-é, hiz-o, haz,
hech-o. Approximately 30% of Spanish verbs are irregular, and can be grouped
around 38 different models. Verbs also include enclitic pronouns producing
changes in the stem due to the presence of accents: da (give), dame (give me),
dámelo (give it to me). We have considered forms with up to three enclitic
pronouns, like tráetemelo (bring it for you and me). There exist some highly
irregular verbs that cannot be classified in any irregular model, such as ir (to
go) or ser (to be); and others include gaps in which some forms are missing or
simply not used. For instance, meteorological verbs such as nevar (to snow) are
conjugated only in third person singular. Finally, verbs can present duplicate
past participles, like impreso and imprimido (printed).
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Fig. 1. Number of items generated in error mode. Logarithmic scale.

This complexity extends to gender inflection, with words considering only
one gender, such as hombre (man) and mujer (woman), and words with the
same form for both genders, such as azul (blue). In relation to words with
separate forms for masculine and feminine, we have a lot of models: autor,
autora (author); jefe, jefa (boss); poeta, poetisa (poet); rey, reina (king)
or actor, actriz (actor). We have considered 20 variation groups for gender.
We can also refer to number inflection, with words presenting only the singular
form, as estrés (stress), and others where only the plural form is correct, as
matemáticas (mathematics). The construction of different forms does not involve



as many variants as in the case of gender, but we can also consider a certain
number of models: rojo, rojos (red); luz, luces (light); lord, lores (lord) or
frac, fraques (dress coat). We have considered 10 variation groups for number.

2.2 The computational cost

We compare our proposal with the Savary’s global approach [4], to the best of
our knowledge the most efficient method of error-tolerant look-up in finite-state
dictionaries. We consider the set of calculations associated to a transition in the
fa, that we call item, as unity to measure the computational effort. Finally, the
precision will reflect when the correction expected by the user is provided.

Some preliminary results are compiled in Fig. 1. They illustrate our
contribution from two viewpoints: First, our proposal shows a linear-like
behavior, in contrast to the Savary’s one, which seems to be of an exponential
nature. Second, the number of items is significantly reduced when we apply our
regional criterion. These tests provided a precision of 77% (resp. 81%) for the
regional (resp. global) approach. The integration of linguistic information should
reduce this gap, which stands at less than 4%, or even eliminate it. In effect, our
regional approach currently only takes into account morphological information,
which has an impact on precision, while a global technique does not exclude any
repair alternative.

2.3 The performance

However, statistics on computational cost only provide a partial view of the
repair process that must also take into account data related to the performance
from both the user’s and the system’s viewpoint. In order to get this, we have
introduced the following two measures, for a given word, w, containing an error:

performance(w) =
useful items

total items
recall(w) =

proposed corrections

total corrections

that we complement with a global measure on the precision of the error repair
approach in each case, that is, the rate reflecting when the algorithm provides
the correction attended by the user. We use the term useful items to refer to the
number of generated items that finally contribute to obtain a repair, and total
items to refer to the number of these structures generated during the process.
We denote by proposed corrections the number of corrections provided by the
algorithm, and by total corrections the number of possible ones, absolutely.

These results are shown in Fig. 2, illustrating some interesting aspects in
relation with the asymptotic behavior we want to put into evidence in the
regional approach. So, considering the running example, the performance in our
case is not only better than Savary’s; but the existing difference between them
increases with the location of the first point of error.

A similar behavior can be observed with respect to the recall relation. Here,
Savary’s algorithm shows a constant graph since the approach applied is global
and, as consequence, the set of corrections provided is always the entire one



for a fixed error counter. In our proposal, the results prove that the recall is
smaller than for Savary’s, which illustrates the gain in computational efficiency
in opposite to the global method. Related to the convergence between regional
and global approaches, we must again search around points of detection close to
the beginning of the word, which often also implies repair regions be equivalent
to the total one and repairs starting around of q0, such as is illustrated in Fig. 2.
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Fig. 2. Performance and recall results.

Finally, the regional (resp. the global) approach provided as correction the
word from which the error was randomly included in a 77% (resp. 81%) of
the cases. Although this could be interpreted as a justification to use global
methods, it is necessary to remember that we are now only taking into account
morphological information, which has an impact in the precision for a regional
approach, but not for a global one that always provide all the repair alternatives
without exclusion. So, the consideration of the precision concept represents, in
the exclusive morphological context considered, a clear disadvantage for our
proposal since it bases its efficiency in the limitation of the search space. We
attend that the integration of linguistic information from both, syntactic and
semantic viewpoints will reduce significantly this gap, less than 4%, around the
precision; or even will eliminate it.
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Extended Abstract

As software based critical systems are now becoming widely deployed, it is a
crucial development task to analyse whether such systems will survive the in-
evitable faults (in hardware, in network links, in software components) that
occur. However, this remains very difficult. It is hard to develop realistic failure
models for simulation and testing (often the environment characteristics are not
fully known), and to test and simulate for all possible faults would be very time
consuming. Consequently, here is an area where there is a need for formal verifi-
cation. But that too is hard. Most earlier work on verifying fault-tolerance target
a single application only, are ad-hoc, and do not provide a reusable verification
method. In this paper, instead, we introduce a verification method based on
model checking, that, since it addresses programs developed using higher-level
design patterns which address fault-tolerance in a structured way, can be reused
for a large set of such applications.

The Erlang programming language [1] is unusual in several respects. First, it
is one of a few functional languages, with extensions for concurrency and distri-
bution, that is used in industry. At first used only inside the Ericson corporation,
the language has by now spread widely outside Ericson, and a number of im-
pressive, complex, applications with high-availability requirements [2] have been
developed using the language (see http://www.erlang.org for more informa-
tion). Secondly the programming language itself includes constructs for handling
fault-tolerance, and it is fair to say that no small part of the popularity of Erlang
is due to the focus on fault-tolerance.

In brief the Erlang programming model for distribution is based on processes
communicating using message-passing; each process executes a function, which
has no side effects except sending and receiving messages from and to other
processes. On top of the core language a library of design patterns (OTP) for
implementing distributed applications has been added [3]. The library defines,
for instance, a pattern for programming server processes which provides generic
support for uniform client access, handling of fault-tolerance, and permits code
updates during runtime.

In the core language fault-tolerance is handled on two levels. First, as is
standard, the language has primitives for trapping and raising exceptions (error
conditions) inside a process (catch and throw). More interesting is the intro-
duction of inter-process fault-tolerance handling in the language. Two processes



can be bidirectionally linked, so that if one of the processes terminates abnor-
mally, the second process is notified. In case the second process takes no special
action, it will also terminate abnormally as a result of receiving the notification.
Thus, among linked processes, abnormal terminations will eventually kill off all
processes. A process can elect to receive the abnormal termination notification
in its message mailbox instead, and will then not be terminated.

On top of this low-level inter-process fault handling mechanism, the OTP li-
brary provides a higher-level design pattern, a supervisor structure, which orders
processes in a tree-like structure for error detection and recovery in a hierarchical
manner. If a lower-level process terminates abnormally, it is up to its immediate
supervisor (the process one level up in the supervisor tree structure) to take cor-
rective action, i.e., either to (i) restart the process, or (ii) restart all its children
processes (if they are interdependent), or (iii) decide that it cannot resolve the
problem and instead terminate abnormally itself, thus handing over handling of
the error condition to its parent supervisor one level up.

The Erlang systems we analyse for fault-tolerance are built from a set of
such generic server components, organised in a supervisor structure, and a set
of client processes accessing the servers.

We have adapted an existing verification toolset [4] to the task of verifying
correct behaviour under faults. The verification toolset has several components.
First Erlang systems are translated into µCRL specifications [5] (a process al-
gebra with data). Next the µCRL toolset3 generates the state space from the
algebraic specification, and finally the CADP toolset4 is used to check whether
the system satisfies correctness properties specified in a temporal logic.

To enable analysis of fault behaviour we introduce during the translation
phase to µCRL explicit failure points in the algebraic specification, in a system-
atic way, where the system processes may fail. The key observation of this paper
is that, due to the usage of higher-level design pattern that structure process
communication and fault recovery, the number of such failure points that needs
to be inserted can be relatively few, and can be inserted in an appplication inde-
pendent manner. In other words, the state spaces generated from a failure model
can be generated automatically, are relatively small, and are thus amenable to
model checking.

We demonstrate the approach in a case study where a server, built using
the generic server design pattern, implements a locking service for the client
processes accessing it [6]. The server necessarily contains code to handle the
situation where clients can fail; if it did not the server would quickly deadlock.
In the study we verify, using the automated translation and model checking
tool, systems composed of a server and a set of clients with regards to crucial
correctness properties such as deadlock freedom, mutual exclusion and liveness.

3 http://homepages.cwi.nl/ mcrl/mutool.html
4 http://www.inrialpes.fr/vasy/cadp/
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1 Extended abstract

There are many tasks in natural language processing that consist of associating
some kind of category to a group of words. Named Entity Extraction, Shallow
Parsing or Semantic Role Identification are three good examples. In this type
of tasks, we can identify two subtasks: one that finds the limits of the group of
words (chunk) and a second process that associates the correct tag to this group.
In this paper we present a series of experiments on a clear example of chunking:
the NER (Named Entity Recognition) task. We show how corpus transformation
and system combination techniques improve the performance in this task.

The NER task consists in the identification of the group of words that form a
named entity. IOB notation is usually employed to mark the entities in a corpus.
In this notation, the B tag denotes the beginning of a name, the I tag is assigned
to those words that are within (or at the end of) a name, and the O tag is
reserved for those words that do not belong to any named entity.

In the development of our experiments we have used the Spanish corpus dis-
tributed for the CoNLL’02 shared task [4], and the re-trainable tagger generator
TnT [1] based on Markov Models. In order to improve the performance of the
NER task we have increased the number of models. We have defined three trans-
formations that give us additional versions of the training corpus, and we have
trained TnT with them to obtain different taggers. The three transformations
improve the baseline given by TnT trained with the original corpus. Then we
have applied a stacking (machine learning) scheme to combine the results of the
models. The results of the experiments are presented in Table 1, we rely on the
well known recall, precision and Fβ=1 measures to compare the results.

Vocabulary reduction (Tnt-V): This transformation discards most of the in-
formation given by words in the corpus, emphasizing the most useful features for
the recognition. We employ a technique similar to that used in [3]. Each word
is replaced by a representative token, for example, starts cap for words that
start with capital letters, these word patterns are identified using a small set
of regular expressions. Not all words are replaced with its corresponding token,
trigger words remain as they appear in the original corpus.



Change of tag set (TnT-N): We replace the original BIO notation with a
more expressive one that includes information about the words that usually end
a named entity. We have added two new tags E and BE that are assigned, respec-
tively, to words that end a multi-word named entity and to single-word named
entities.

Addition of part-of-speech information (TnT-P): In this case we will make
use of external knowledge to add new information to the original corpus. Each
word will be replaced with a compound tag that integrates two pieces of infor-
mation, the result of the first transformation (vocabulary reduction) and the
POS tag of the word.

Figure 1 shows the result of the application of the transformations to a corpus
fragment

Word Tag

La O
Delegación B
de I
la I
Agencia I
EFE I
en O
Extremadura B
transmitirá O
hoy O
... ...

a) Original
corpus.

Word Tag

La O
starts cap B

de I
la I
starts cap I
all cap I

en O
starts cap B

transmitirá O
lower O

... ...

b) Vocabulary
reduction.

Word Tag

La O
Delegación B
de I
la I
Agencia I
EFE E
en O
Extremadura BE
transmitirá O
hoy O
... ...

c) Change of
tag set.

Word Tag

La det O
starts cap noun B

de prep I
la det I
starts cap noun I
all cap noun I

en prep O
starts cap noun B

transmitirá verb O
lower adv O

... ...

d) Addition of POS
information.

Fig. 1. Result of applying the three transformations.

System Combination through Stacking (TnT-Stack): Stacking consists in ap-
plying machine learning techniques for combining the results of different models.
The final decision is taken according to a pattern of correct and wrong answers.
We need a training database to be able of learning the way in which every model
is right or wrong. Each register in the training database includes all the tags pro-
posed by the participant models for a given word and the actual tag. With this
kind of combination we reach a Fβ=1 measure of 88.37 improving more than 6
points the baseline. This performance is similar to state of the art recognizers,
with comparable results to those obtained by one of the best NER systems for
Spanish texts [2].



Table 1 shows the results of our experiments. The baseline NER-baseline is
defined by training TnT with the original version of the training corpus. The
table also shows the results obtained with the three transformations (experiments
TnT-V, TnT-N and TnT-P) and the the results of applying the stacking scheme
(TnT-Stack).

Precision Recall Fβ=1

NER-baseline 81.40% 82.28% 81.84

TnT-V 81.76% 85.59% 83.63

TnT-N 85.04% 84.15% 84.59

TnT-P 81.51% 84.79% 83.12

TnT-Stack 88.68% 88.05% 88.37

Table 1. Results of NER experiments.
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Extended Abstract

We present in this paper a formal proof of the Strong Completeness The-
orem of SLD–resolution, carried out in the PVS verification system. To
the best of our knowledge, the proof presented here is new.

PVS [5] is a specification and verification system integrating an ex-
pressive specification language with an interactive theorem prover and
other supporting tools allowing formal and mechanized reasoning about
the properties of a specification.

The formal proof presented here is part of a complete formalization
of propositional logic programming, carried out in PVS1. In that work,
with the purpose of emphasizing a more natural and generic reasoning,
we have choosed finite sets as the main data type used in the definitions
and results of the formalized theory. In this context, we have proved the
equivalence between the different semantics of logic programs. That is,
the least Herbrand model of a logic program P , MP , the set of logical
consequences of the program, LC(P ), and the least fixed point of the
immediate consequence operator, lfp(P ), are the same set:

MP = LC(P ) = lfp(P )

The use of finite sets have allowed the proofs carried out in the au-
tomated reasoning system to have essentially the same declarative flavor
than its corresponding informal mathematical theory presented in most
of textbooks about logic programming. Nevertheless, this correspondence
is no longer possible in the proof of the Strong Completeness Theorem of

? This research was funded in part by the Spanish Ministry of Education and Science
under grant TIN2004–03884 and Feder funds.

1 In the sequel, when we talk about “proving” some property, we mean that we used
the PVS system to obtain a formal proof of that property.



the SLD–resolution. This theorem states that given a program P , a query
G and a rule of computation f , if P ∪{G} is not satisfiable, then P ∪{G}
has a refutation via f (that is, in each step of refutation, it resolves the
atom select by f). The proof of this theorem is obtained directly applying
the weak completeness theorem (if P ∪{G} is unsatisfiable, then P ∪{G}
has a refutation) and the independence of the rule of computation (if
P ∪ {G} has a refutation, then P ∪ {G} has a refutation via f).

The directed proofs of the strong completeness of the SLD–resolution
made by K. Apt and R. Stärk ([1, 6]) using the notion of implication
tree. On the other hand, the usual proofs of the independence of the
computation rule presented in the literature are based on switching steps
of refutation ([3, 4]). In both cases, they use the implicit notion of finite
sequence, where the order between literals are relevant. Now then, the
switching lemma used by J. Lloyds in [3] to prove the independence of
the rule of computation is not true for a representation of the clauses
based on sets, although the independence of the rule of computation is
still valid, because the underlying idea is that the order of resolution of
the atoms is not relevant.

The proof of the independence of the computation rule is usually made
by induction on the length of the refutation, using the following classic

reduction lemma: if P ∪{G} has a refutation of length n, then for every

atom A of the body of G, there is a clause C in P , such that its head is

A and P ∪ {resolvent(G,C)} has a refutation of length n− 1. The figure
below shows an induction scheme for the proof of the independence of
the computation rule, using the classic reduction lemma to assure the
existence of the clause Cj .

Fig. 1. Induction scheme for the proof.

n-1

n (via f)

f(G) = Aj

G :← A1, ...Aj , ...Am

n-1(via f)

CjG :← A1, ...Aj , ...Am

resolvent(G,Cj) resolvent(G,Cj)

i.h.



This lemma is not true if we consider the bodies of the clauses as
finite sets. Thus, we have generalized this lemma, by defining for each
program P a measure function hP and proving the following generalized

reduction lemma: if P ∪ {G} has a refutation, then for every atom A

of the body of G exists a clause C in P , such that its head is A, P ∪

{resolvent(G,C)} has a refutation and hP (resolvent(G,C)) < hP (G).
Roughly speaking, the function hP measures the “least effort” needed

to prove that an atom or a finite sets of atoms are logical consequences
of P .

In order to define this measure, we take into account that LC(P ) =
lfp(P ) and that lfp(P ) is built using the consequence operator TP , as
the least fixed point of the chain of consequences

T
0
P (∅) ⊆ T 1

P (∅) ⊆ . . . ⊆ T kP (∅) ⊆ . . .
First, we define the least exponent of an atom A with respect to a

program P . Intuitively, in the case that P |= A, this number represents
the first step in which A appears in the chain of consequences of P :

m exponentP (A) =

{
min{k : k < n ∧A ∈ T kP (∅)}, if P |= A;
0, if P 6|= A.

Using it, we define the function hP as follows:

hP (A) =





1 +min





∑

B∈body(C)

hP (B) : C ∈ CRP (A)



 , if P |= A;

n
n
, if P 6|= A.

where

CRP (A) = {C : C ∈ P ∧ head(C) = A ∧ body(C) ⊆ T k−1
P (∅)}

being k = m exponentP (A). If G is a definite goal, we define

hP (G) =
∑

B∈body(G)

hP (B)

It is worth pointing out that in the definition of hP , when P |= A

and k = m exponentP (A), the least proof of A (in terms of “effort”) has
to use clauses of P whose bodies has been introduced in a chain step
previous to the k-th step (where A was introduced).

This function allows us to prove the generalized reduction lemma
above and, therefore, to prove the independence of the rule of compu-
tation, by strong induction in the measure induced by the function hP .



The formalization made in PVS emphasize the declarative character-
istic of the logic programming, due to both the programs and the clauses
like finite sets. This emphasis places this formalization like basis for the
formal development in PVS of the Answer Set Programming [2].
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Abstract 
The main target of the ontology construction system here proposed is to solve one of 
the main shortages in Internet search engines: “Its nonexistent capacity for semantic 
deduction”. 

As to endow these so-called semantic capabilities, the idea of automatically gener-
ating ontologies arises, although the majority of the attempts at it until now have failed 
due to a basic lack: the definition of ‘processable conceptual relation’. Nowadays, the 
main conceptual terms relation measurement is the co-occurrence of such terms as 
Widyantoro [1] proposes, which is a main factor but neither determining nor unique. 

The main innovation in this study is the redefinition of the idea of ‘processable 
conceptual relation’ based on a new influential factor: “the physical distance between 
terms”, and based on it, “the differentiation of kinds of conceptual relations”. 

Two terms  ti, tj , which are in the same sentence, are physically closer than being in 
different paragraphs. The explanation of this idea dwells in the fact that the terms ap-
pearing in the same sentence are more bound to be strongly related by predicates with 
the form “is a” or “is part of” or even become axioms of the ontology, than two terms in 
different paragraphs although partially related to the same matter. 

According to this theory, it is possible to find two kinds of different conceptual re-
lations, which does not mean they are independent. Such relations are known as physi-
cal relations and purely semantic relations.  

The physical relations are mainly based on both summing up (“is part of”) and gen-
eralization (“is a”) relations since predicates with the form: 

The car has wheels  
Show in a simple and intuitive way the strong relation between the concept “car” 

and the concept “wheel”. This example shows the great importance of the concept: 
“physical distance”, for two concepts that are in the same sentence, might have a 
strong degree of relationship. On the other hand, purely semantic relations prove that 
even in a less intuitive way, some concepts may be related to other ones, as a text 
talking about Spanish customs would show. The concept “Spain” would be related to 
the concept “bullfighting” -even though Spain is not a bullfighter-, but in a less intui-
tive and therefore ‘weaker’ way. This could also apply to many other customs appear-
ing in different paragraphs, which shows once again that physical distance might be an 
influential factor.  

Logically, physical relations might also have an important semantic charge at the 
same time. In a specific context it is possible to talk about the different types of car 
wheels and its importance in rallies and so on, in this context, the relation between 
“car” and “wheel” is even stronger, boosted by both physical and semantic relations 



between them. Now, it appears the problem of delimitating how high is the degree of 
matching between physical and purely semantic relations in two concepts. The relation 
between two terms global coefficient is calculated by using the fuzzy intersection to 
solve the overlapping zone between physical and purely semantic relation. 

 

Fig. 1. Relational global coefficient. 

Relational global coefficient = S f  F, where f  represents the fuzzy intersection. 
The practical proof of this idea has been highlighted in the ontology construction 

agent in GUMSe1, a meta-search engine based on an agents architecture developed 
within the frame of SMILe2.  

Before a user’s query, GUMSe recovers a number of pages representing the knowl-
edge of the expert arranged according to the semantic capacities given by WordNet [2] 
and FIS-CRM [3] conceptual representation model, and from that knowledge it models 
an ontology matching its own conceptual relation definition. Such ontology is used in 
the phase called “query expansion” of the meta-searcher and in the “user’s feedback” 
phase, where the user’s initial query is reformulated so as to increase the initial seman-
tic capacities in the searching phase in GUMSe.  

The purpose of GUMSe is to prove that the majority of the current search engines 
present a great number of semantic faults that can be partly solved by means of using 
ontology created under the idea of identification and separation of two main kinds of 
conceptual relations: physical and purely semantic. At the same time, the use of the 
“physical distance” factor shows that a great number of documents are not necessary 
to generate and refine an ontology, unlike the mere use of the terms co-occurrence, that 
needs a large documental basis to achieve acceptable results . 
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Davenport stressed in the eighties [4] a difference between Computer Algebra
and Constructive Mathematics: the former is not constrained to a particular kind
of logic (for instance, intuitionism), any proof is suitable if an algorithm can be
designed to compute the sought result from the input. Recently, the interplay
between Computer Algebra and Constructivism has been renewed, as illustrated
by the research initiative MAP (Mathematics, Algorithms and Proofs); see [7].
One of the topics in the MAP project is Sergeraert’s theory for Constructive
Algebraic Topology (CAT). The main realization of the CAT framework is a
Common Lisp program called Kenzo1; see [5]. Kenzo is capable of dealing with
highly complex infinite combinatorial spaces (as iterated loop spaces) and can
compute algebraic invariants (as homology groups) which cannot be calculated
by any other means [9]. A question raised at the MAP conferences is to what
extent CAT is a truly constructivist theory. It is obvious that CAT is constructive
in an informal sense (other similar qualifications could be: effective, computable
or algorithmic), since it has finally produced an executable computer algebra
program. However, from a deeper point of view (many of the MAP participants
are specialists in logic or type theory), the question is difficult to grasp. On the
one hand, the previously evoked infinite spaces seem difficult to be modelled into
a weak logic (as the logic in the ACL2 system [6]). On the other hand, proofs in
CAT are explicit and quite “formula handling”, and therefore open to a formal
treatment.

This general question was one of the reasons (the other was of a more prac-
tical nature: to increase the reliability of the Kenzo results) to start a research
line where we use the proof assistant Isabelle [8] to explore properties in CAT.
Due to the intrinsic difficulty of the task we decided to simplify the problem
in two ways: first, restricting our attention to a small (but relevant) fragment
of Kenzo (namely, the BPL or Basic Perturbation Lemma [3]); second, tackling
the problem of the mechanized proof of the theorems, and not of the correctness
of the algorithms (our primary goal). Once the feasibility of this objective has
been established (see [1]), our next goal is to apply the Isabelle code extraction

? Partially supported by SEUI-MEC, project TIC2002-01626
1 Kenzo is the name of a Sergeraert’s cat . . .



tools [2] to our proofs in order to bridge the gap between theorems and programs
(the extracted code would produce ML programs; another gap would be then to
reach the Kenzo Common Lisp programs).

A simple observation is that many of the theorems in the CAT setting are
of a “constructive” (or “definitional” nature): in the statement a new object is
defined and one property of the new object is asserted. For instance, consider
the case of a monoid (for the sake of simplicity, we use here this quite simple
algebraic structure, instead of the actual data structures from Kenzo, as chain
complexes, simplicial groups, and the like). A theorem claims that if one “twists”
the product of a monoid, obtains again a monoid. Isabelle, as hoped, directly
extract the corresponding ML program.

In Isabelle, this theorem can be expressed as follows:

constdefs rec :: "(’a, ’m) monoid_scheme => ’a monoid"
"rec G == (| carrier = carrier G,

mult = (\<lambda>x y. mult G y x), one = one G |)"
...
lemma (in monoid) shows "monoid (rec G)"

and the (relevant part of the) ML code extracted is

fun rec G =
partial_object_ext (carrier G)

(monoid_ext (fn x => fn y => mult G y x) (one G) Unity);

This seems quite natural, but stresses, in a very concrete way, Davenport’s
claim: if code is extracted directly from the statement it is clear that no trade-
off is acquired with respect to the logic in the proof. However, one could argue
that a “definitional” theorem should be proved in a “property-checking” way, so
obviously in a constructive manner. Being true, this observation does not capture
all the richness of our topic. In general, in CAT, properties are expressed in two
steps: first, a certain construction is proved computable, by constructing it as a
functional between two data types; second, this construction has the convenient
theoretical properties in order to ensure that the results obtained are the right
ones. Let us illustrate this rather speculative claim with another example from
monoids: there is a theorem constructing the product of two monoids. Then,
there is another theorem stating that this object has the right universal property.
It is not difficult (but not mandatory) to give a non-constructive proof of the
uniqueness part of the universal property (by contradiction, with explicit use of
the excluded middle principle). This example proves, in a toy case, that proof
extraction tools can be used in CAT to generate code, but that the underlying
logic could be non-constructive.

Our current research has produced a taxonomy of the lemmas already proved
in Isabelle [1], determining when this “extraction from statements” approach is
enough. More precisely, from the six auxiliary lemmas in Section 2 of [1], three
are directly expressed by constructive statements, and the other three can be
easily transformed into this kind of statement. The only result which seems



essentially different is the BPL itself. Its statement is the following (for the
necessary definitions and notations, we refer to [1]).

Theorem 1. Basic Perturbation Lemma — Let (f, g, h) : D∗ ⇒ C∗ be a
chain complex reduction and δD∗ : D∗ → D∗ a perturbation of the differential
dD∗ satisfying the nilpotency condition with respect to the reduction (f, g, h).
Then a new reduction (f ′, g′, h′) : D′∗ ⇒ C′∗ can be obtained where the underlying
graded groups of D∗ and D′∗ (resp. C∗ and C′∗) are the same, but the differentials
are perturbed: dD′∗ = dD∗ + δD∗ , dC′∗ = dC∗ + δC∗ , and δC∗ = fφδD∗g; f ′ = fφ;
g′ = (1 − hφδD∗)g; h′ = hφ, where φ =

∑∞
i=0(−1)i(δD∗h)i.

The occurrence in the BPL statement of the series φ =
∑∞

i=0(−1)i(δD∗h)i

implies further difficulties from a constructive point of view. Some kind of in-
ductive definition would be necessary to deal with the series in a constructive
manner. Then, it should be possible to study if the Isabelle code extraction tool
can be applied in that inductive case.

Another research line is to analyze if the special characteristics of these state-
ments can help to give easier extraction algorithms, or, eventually, to establish
equivalence theorems with ML programs written independently.
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1 Introduction

Our aim is to describe language-independent properties which will be used to
classify function words across a wide range of languages. These generic properties
are not defined in terms of traditional word distribution, as in most unsuper-
vised methods to learn syntactic categories from raw corpora [2, 5, 6, 1]. Such a
distributional information, which is based on Harry’s Hypothesis, turns to be
inefficient to measure the distance between words across human languages. In
contrast, the features of function words we will describe here are generic dimen-
sions that can be easily used to measure the distance between words belonging to
different languages. In this paper, we will describe features such as, for instance,
the degree of obligatoriness and the degree of dispersion. Regarding obligatori-
ness, each word is assigned a weight representing its tendency to be omitted or
not between two adjacent words [4]. In the scale of obligatoriness, prepositions
and conjunctions are likely to be more obligatory than determiners and auxiliary
verbs. Regarding to the degree of dispersion, a function word can be assigned a
value obtained by computing how sparse are its immediate neighbor words. For
instance, determiners appearing before nouns are assigned low values since the
nouns they modify are likely to be sparse. By contrast, nouns appearing before
prepositions are less sparse because of the syntactic requirements.

So, the main motivation of the article is to discover general principles govern-
ing the distribution of function words across a great variety of natural languages.
The main objective is to use this generic distribution to learn categories of func-
tion words from raw multilingual corpora. The multilingual corpora used in our
experiments is constituted by texts written in three languages, English, French,
and Portuguese. These texts are are not translations of an original one, i.e., the
input of our method is a non-parallel corpus.

.
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2 Cross-Language Features of Function Words

We are interested in discovering cross-language statistical features of the more
frequent function words, in order to learn and induce their basic categories. Our
learning system uses 20 features, but only 1 of them will be briefly outlined in
this abstract. Function words are ranked within a scale of obligatoriness. Given
a function word w, a measure (OBL) that gives us an idea about how much is
w compelled to be part of their contexts, is computed as follows:

OBL(w) =
1

|(x, y) : ∃(x,w, y)|
∑

(x,y):∃(x,w,y)

f(x,w, y)
f(x,w, y) + f(x, y)

(1)

where f(x,w, y) denotes the frequency of w in a context constituted by the words,
x and y, immediately before and after w, and where |(x, y) : ∃(x,w, y)| is the
number of unique contexts of w. Moreover, f(x, y) represents the frequency of
word x occurring immediately before y. For instance, preposition “of” cannot be
omitted from an expression like “president of Ireland”, since the bigram “president
Ireland” does not occur in the corpus. Most prepositions have a high value within
the scale of obligatoriness. On the other hand, demonstrative determiners tend
to be optional.

Function words are also provided with information on the degree of sparse-
ness introduced by the words appearing at their right. Following [3], we call
this property “right heterogeneity”. For a given function word w, this measure
(R_HETER) is obtained by computing a mean of conditional probabilities:

R_HETER(w) =
1

|(y) : ∃(w, y)|
∑

(y):∃(w,y)

f(w, y)
f(w)

(2)

For instance, in many languages, prepositions are often followed by a limited
set of determiners. It means that prepositions are likely to have a quite homo-
geneous context at their right. At the opposite, determiners can appear before
a non restricted set of nouns. Determiners possesses a very heterogeneous right
context.

We also consider left heterogeneity. It measures the degree of word sparseness
we find to the left of function words:

L_HETER(w) =
1

|(x) : ∃(x, w)|
∑

(x):∃(x,w)

f(x,w)
f(w)

(3)

For instance, the past participle “been” has a very homogeneous left context,
since it is followed by a very restricted set of verbal forms: “is”, “has”, “have”, . . .

Features OBL, R_HETER, and L_HETER are part of the 20 ones we use
to characterize the vector space of function words. Similarity between each pair
of vectors is computed by the Euclidean distance.



3 Classification of Function Words

We designed a classification algorithm that takes advantage of the knowledge a
speaker has of a particular language. The input can be a very reduced list of
tagged function words. Let’s take an example. In one of our experiments, the
start point for classification was the following list of 5 English function words
and the corresponding POS tags:

PREP with_E

CONJ or_E

ART the_E

DEM this_E

AUX have_E

The tags considered in this experiment were PREP(osition), CONJ(unction),
ART(icle), DEM(onstrative), and AUX(iliar). Given this information and a par-
ticular multilingual corpus constituted by three languages (English _E, French
_F, and Portuguese _P), we obtained the classes plotted in Table 1.

PREP with_E at_E under_E for_E from_E by_E on_E as_E
para_P por_P com_P avec_F pour_F sur_F dans_F
par_F

CONJ or_E and_E e_P ou_P et_F
ART the_E a_E o_P os_P uma_P um_P as_P la_F le_F

les_F l_F
DEM this_E these_E those_E , such_E any _outros_P qual-

quer_P este_P esta_P esse_P estas_P outras_P essa_P
ces_F cette_F ce_F

AUX have_E has_E is_E are_E será_P são_P pode_P
foi_P peut_F est_F a_F

Table 1. Multingual classes of function words.

Then, we split each class in three monolingual word sets. It results in 15 basic
classes of function words (see Table 2).

Each basic class depicted in Table 2 will be used to classify other function
words within a particular language. For instance, the English classes will allow us
to classify rare and ambiguous function words. Such a monolingual classification
will follow a standard method based on context distribution.



ENGLISH
PREP with, at, under, for, from, by, on, as
CONJ or, and
ART the, a
DEM this, these, such, any
AUX have, has, is, are

PORTUGUESE
PREP para, por, com
CONJ e, ou
ART o, os, uma, um, as
DEM outros, qualquer, esta, este, esse, estas, outras, essa
AUX será, são, pode, foi

FRENCH
PREP avec, pour, sur, dans, par
CONJ et
ART la, le, les, l
DEM ces, cette, ce
AUX peut, est, a

Table 2. Monolingual classes of function words.
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Extended abstract

In Information Retrieval (IR) systems, the correct representation of a document
through an accurate set of index terms is the basis for obtaining a good perfor-
mance. If we are not able to both extract and weight appropriately the terms
which capture the semantics of the text, this shortcoming will have an e�ect on
all the subsequent processing.

In this context, one of the major limitations we have to deal with is the
linguistic variation of natural languages, particularly those with more complex
morphologic and syntactic structures than English, as in the case of Spanish.
When managing this type of phenomena, the employment of Natural Language
Processing (NLP) techniques becomes feasible. Previous work has shown that lin-
guistic variation at word level can be e�ectively managed by taggers-lemmatizers,
improving the average precision attained by stemmers [5]. The next step con-
sists of applying phrase-level analysis techniques to reduce the syntactic variation
present in both documents and queries, identifying the syntactic structure of the
text by means of shallow parsing techniques that provide an e�ective balance
between descriptive power and computational cost [3]. However, the integration
of the information obtained by syntactic processing (usually in the form of com-
plex index terms) into the indices of an IR system is an open issue. As indicated
in [1], when simple and complex terms are used together, the assumption of term
independence is violated because words forming a complex term also occur in
the documents from which the syntactic dependency has been extracted.

In this article we propose to apply data fusion, a set of techniques for combin-
ing the results retrieved by di�erent representations of queries and documents, or
by di�erent retrieval techniques, to integrate index terms coming from di�erent
text processing techniques. In particular, we consider the fusion of the following
indexing methods:

Single lemmatization. The lemmas of the content words {nouns, adjectives
and verbs, the grammatical categories which concentrate the semantics of a
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Fig. 1. Weighted mixing of index terms.

text{ are used as index terms. For lemmatizing the documents, we employ
MrTagoo [7], a high-performance part-of-speech tagger based on a second
order Hidden Markov Model, with lemmatization capability, whose input is
provided by a linguistically-motivated preprocessor module [8].

Syntactic dependency pairs. This retrieval method is based on complex
terms derived from the syntactic dependencies existent in the documents
and in the queries. We employ a shallow parser based on a cascade of �nite-
state transducers consisting of �ve layers [3], whose input is the output of
the tagger-lemmatizer. The result we obtain is a list of syntactic dependency
pairs between the heads of the constituents identi�ed from the text.

Syntactic dependency pairs �ltered by relevance feed-back. The index-
ing process is the same described in the previous case, but the querying
process is performed in two stages:
1. The lemmatized query is submitted to the system.
2. The n top documents retrieved by this initial query are employed to

select the most informative dependencies, which are used to expand the
query in order to obtain the �nal set of documents. These dependencies
are selected automatically using Rocchio's approach [9] to feedback.

Locality-based retrieval. In this case, we apply a pseudo-syntactic ap-
proach [4] based on the proximity between index terms.We have adapted
the original proposal of Kretser and Mo�at [6], based on a similarity mea-
sure computed as a function of the distance between terms {in our case
single lemmas{ where each occurrence of a query term has an inuence on
the surrounding terms.

With regard to the combination of the results o�ered by these retrieval methods,
the following data fusion techniques have been considered:

Weighted mixing of index terms. This fusion method, illustrated in Fig. 1,
merges the sets of index terms extracted from the documents by the di�erent
text processing techniques and assigns to each of them its own weights to
be used within the Smart vectorial IR engine [2], which will take them into
account when computing vector distances during the retrieval phase.
In our experiments we have performed exhaustive tests, trying several
weights for each indexing method and also using di�erent formulae to com-
pute vector components. The best results were obtained when single terms,



Fig. 2. Reindexing retrieved documents.

extracted by lemmatization, were assigned weights higher than the ones as-
signed to complex index terms.The main problem with this approach is how
to �nd the right set of weights, capable of o�ering a uniform behaviour with
all of the queries being considered, because weights with good results in some
queries do not necessarily maintain their performance with other queries.

Reindexing retrieved documents. In this second method we propose a two-
step approach. As shown in Fig. 2, we perform a �rst retrieval process using
single terms extracted by lemmatization. Then, we select the top k ranked
documents and reindex them using complex terms based on dependency
pairs. The �nal list of documents is built by reordering the top documents
retrieved in the �rst step according to the results of the second phase.
The idea behind this approach is to perform a more precise processing on
the most promising documents and use it to improve the �nal ranking. We
have tested this proposal by reindenxing di�erent amounts of top ranked
documents and using di�erent methods to extract dependency pairs for the
reindexing step. The results obtained were not as good as was expected. The
main reason for this poor behaviour was the high intercorrelation shown by
the index terms extracted during the second step, where the classical formu-
lae to compute vector components does not seen to o�er good performances.

List merging based on rank positions and mutual precision. The last
method considered in this paper tries, in contrast with the previous ones,
to perform a fusion of results adapted to each individual query. What
this proposal does is to merge lists of retrieved documents obtained using
di�erent indexing methods. As shown in Fig. �g-mixing, the �nal ranked
list takes into account both the ranking position of each document in the
lists that retrieved it and a value that measures the con�dence that each
list assigns to those positions.
These con�dence measures are computed independently for each query and
for each list of retrieved documents, using the precision values obtained for
di�erent subsets of the list, taking a combination of the other document lists
as a reference to compute them. As a consequence of this way of computing



Fig. 3. Mutual precision based merging.

these con�dence measures, the main drawback of this method is that it
improves the ranking position of both relevant and non-relevant documents
that are common to di�erent lists. So, this approach can be expected to o�er
promising results when dealing with high precision lists of documents.

The corpus employed in our evaluation is the Spanish monolingual corpus
from CLEF (Cross Language Evaluation Forum), composed by 215,738 news
reports. The set of topics consists of 100 queries, formed by three �elds: a brief
title, a one-sentence description, and a more complex narrative specifying the
relevance criteria. All these three �elds have been employed to build the running
queries in our experiments, giving a di�erent relevance to each of them.
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Abstract. The incorporation of temporal semantics into the traditional
data mining techniques has caused the creation of a new area called
Temporal Data Mining. This incorporation is especially necessary if we
want to extract useful knowledge from dynamic domains, which are time-
varying in nature. However, this process is computationally complex,
and therefore it poses more challenges on efficient processing that non-
temporal techniques. Based in the inter-transactional framework, in [2]
we proposed an algorithm named TSET for mining temporal patterns
(sequences) from datasets which uses a unique tree-based structure for
storing all frequent patterns discovered in the mining process. However,
in each data mining process, the algorithm must generate the whole
structure from scratch. In this work, we propose an extension which
consists in the reusing of structures generated in previous data mining
process in order to reduce the time execution of the algorithm.

1 Introduction

Data mining is an essential step in the process of knowledge discovery in da-
tabases that consists of applying data analysis and discovery algorithms that
produce a particular enumeration of structures over the data. There are two
types of structures: models and patterns. So, we can talk about local and global
methods in data mining. In the case of local methods, the simplest case of pattern
discovery is finding association rules [1]. The initial motivation for association
rules was to aid in the analysis of large transactional databases. The discovery
of association rules can potentially aid decision making within organizations.
Another approach is integrating the data mining process into the development
of Knowledge Based Systems.



Since the problem of mining association rules was introduced by Agrawal
in [1], a large amount of work has been done in several directions, including
improvement of the Apriori algorithm, mining generalized, multi-level, or quan-
titative association rules, mining weighted association rules, fuzzy association
rules mining, constraint-based rule mining, efficient long patterns mining, main-
tenance of the discovered association rules, etc. We want to point out the work
in which a new type of association rules was introduced, the inter-transaction
association rules [3]. Temporal data mining can be viewed as an extension of
this work.

Temporal data mining can be defined as the activity of looking for inte-
resting correlations or patterns in large sets of temporal data accumulated for
other purposes. It has the capability of mining activity, inferring associations of
contextual and temporal proximity, some of which may also indicate a cause-
effect association. This important kind of knowledge can be overlooked when the
temporal component is ignored or treated as a simple numeric attribute [4].

We can find in the literature a large quantity of temporal data mining tech-
niques. We want to highlight some of the most representative ones. So, we can
talk about sequential pattern mining, episodes in event sequences, temporal as-
sociation rules mining, discovering calendar-based temporal association rules,
patterns with multiple granularities mining, and cyclic association rules mi-
ning. However, there is an important form of temporal associations which are
useful but could not be discovered with this techniques. These are the inter-
transaction associations presented in [3]. The introduction of this type of asso-
ciations was motivated by the observation that many real-world associations
happen under certain context, such as time, place, etc. In the case of temporal
context, inter-transactional associations represents associations amongst items
along the dimension of time. Due to the number of potential association be-
comes extremely large, the mining of inter-transaction association poses more
challenges on efficient processing than classical approaches. In order to make the
mining of inter-transaction associations practical and computationally tractable,
several methods have been proposed in [5].

Working in the same direction, in [2] we presented an algorithm named TSET
based on the inter-transactional framework for mining frequent sequences (also
called frequent temporal patterns or frequent temporal associations) from several
kind of datasets. The improvement of the proposed solution was the use of a
unique structure to store all frequent sequences. The data structure used is the
well-known set-enumeration tree, commonly used in the data mining area, in
which the temporal semantic is incorporated. Although the proposed solution
requires less computational resources than other approaches, mining this sort of
associations is still a computationally intensive problem.

In order to reduce the time execution of the algorithm, in this paper we pro-
pose an extension of TSET which is based in the reusing of structures generated
by previous data mining process.



2 An Iterative Mining Process

Knowledge Discovery and therefore data mining is a human-centered process.
After setting the desired values for the user-defined parameters of the selected
algorithm, the user analyze the result of the data mining step in order to extract
useful knowledge. In particular, TSET has two user-defined parameters, mini-
mum support (minsup) and the length of the temporal windows, (maxspan).
Generally, after setting the value for maxspan, the user carries out an incremen-
tal knowledge discovery process modifying the value of minsup in a gradual way.
The incremental process consist in the reduction of the minimum support and
the study of the new discovered patterns. However, as we can see in [2], with the
reduction of this value the number of discovered temporal associations and the
execution time of the algorithm increases exponentially. In order to avoid this
exponential trend, we propose an iterative process that consist in the reusing of
the structure generated by previous data mining process (with higher minsup
values).

We will use an example to illustrate the basic idea. Suppose that Figure 1
shows the data structure generated by TSET from a dataset D, with maxspan =
1 and minsup = 2.

Fig. 1. The initial extended set-enumeration tree structure

If the user sets the minsup value to 1, instead of generating the whole struc-
ture starting from the scratch, the algorithm iterates over the structure looking
for nodes with support less than or equal to the chosen value. In Figure 2 we
can see the generated structure.

To check the usefulness of this approach, an empirical evaluation is being
carried out over several kind of datasets. In particular, we are studying the algo-
rithm with real databases which contain phytosanitary treatment information.



Fig. 2. The second extended set-enumeration tree structure

References

1. R. Agrawal, T. Imielinski, and A. N. Swami. Mining association rules between sets
of items in large databases. In P. Buneman and S. Jajodia, editors, Proc. of the
ACM SIGMOD Int. Conf. on Management of Data, Washington, D.C., May 26-28,
1993, pages 207–216. ACM Press, 1993.
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1 Introduction

Processing Intelligent Information requires efficient tools to extract the useful in-
formation stored in databases. Data Mining and Knowledge Discovery are power-
ful technologies for the extraction of information from large databases. Heuristic
approaches are becoming very useful for designing efficient tools in Data Mining
[1]. Most of data mining tasks are solved by the application of Machine Learning
techniques. Three central paradigms for the application of Machine Learning [9]
in Data Mining are Clustering, Instance-Based classification and Feature Selec-
tion. We describe the main components of the Scatter Search Metaheuristic and
their specific design to solve standard problems in these tasks. This method has
been tested for these or similar problems ([3], [2]).

Scatter Search [8] is an evolutionary population-based metaheuristic that
constructs solutions by combining others in an evolving set of solutions, named
reference set (RefSet). The two main differences between Scatter Search and
other classical population-based evolutionary procedures in Data Mining [7] like
Genetic Algorithms [6] are the size of the evolving set of solutions and the way
the method combines the existing solutions to provide new ones. The evolving
set RefSet has relatively small or moderate size (typical sizes are 10 or 15, see
[8]). Scatter Search combines good solutions to construct others exploiting the
knowledge of the problem at hand in an intelligent way. Genetic Algorithms are
also evolutionary algorithms in which a population of solutions evolves by using
the mutation and crossover operators. The mutation and crossover operators
used in Genetic Algorithms have a significant reliance on randomization to create
new solutions.

2 Scatter Search Metehauristic

In a Scatter Search algorithm [8], a moderate sized set of solutions, the reference
set RefSet, evolves due to mechanisms of intelligent combination of solutions.
This RefSet is generated and iteratively updated attempting to intensify and
diversify the search. After intelligently combining the solutions in the reference
set, a local search procedure is applied to improve the resulting solution, and
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the RefSet is updated to incorporate both good and disperse solutions. These
steps are repeated until a stopping condition is met. The method provides not
only a single heuristic solutions, like other metaheuristics, but a reduced set of
disperse high quality solutions.

The principles of the Scatter Search metaheuristic were first introduced in the
1970s as an extension of formulations for combining decision rules and problem
constraints. This initial proposal generates solutions taking account of charac-
teristics in several parts of the solution space [4]. Scatter Search includes five
main components processes: 1) Diversification Generation Method, that gener-
ates a set of diverse solutions, 2) Improvement Method, that improves a solution
to reach a better solution, 3) Reference Set Update Method, which builds and
updates the reference set consisting of RefSetSize good solutions, 4) Subset
Generation Method, to produce subsets of solutions of the reference set, and 5)
Solution Combination Method, that combines the solutions in the produced sub-
sets. A comprehensive description of the fundamentals of Scatter Search can be
found in [5].

procedure Scatter Search
begin

Diversification Generation Method;
Improvement Method;
repeat

Reference Set Update Method;
Subset Generation Method;
Solution Combination Method;
Improvement Method;

until (StoppingCriterion);
end.

Fig. 1. A Scatter Search Metaheuristic Pseudocode

A basic Scatter Search method is shown in Figure 1. The algorithm starts
generating a population of solutions by the Diversification Generation Method.
This procedure creates a large set of diverse solutions that are improved by the
Improvement method. A representative set of good solutions are chosen to be in
the reference set (RefSet). At each iteration of the Scatter Search several subsets
of solutions from the RefSet are then systematically selected by the Subset
Generation Method. The Solution Combination Method combines the solutions in
each subset taking account their good features. Then, the Improvement Method is
applied to the result of the combination to get an improved solution. Finally, the
Reference Set Update Method uses the obtained solution to update the reference
set following intensification and diversification criteria.



3 Application of Scatter Search in Data Mining

Three main paradigms in Machine Learning applications in Data Mining are:
clustering, instance-based learning and feature selection. We describe the specific
design of the main components of the Scatter Search to solve standard problems
in these three tasks.

Clustering is the main paradigm of unsupervised learning. The objective of
clustering is to find groups of instance constituted by similar instances. Given a
set of instances described by a series of features, the problem is to find a partition
of the whole set in subsets or classes in such a way that instances in the same
class are very similar and instances in different classes are very dissimilar. The
distance based approach considers a distance between instance descriptions to
evaluate the similarity and dissimilarity. A very usual way to define the partition
consists of finding some representative instances for the classes (in the simplest
case only one instance is chosen for each class). Then each instance is assigned
to the class of the nearest of these representative instances. Scatter Search has
been successfully applied to the p-median location problem that is very similar
to the Clustering Problem [3]. The p-median problem consists in choosing the p
points that minimize the sum of distances to the remainder instances.

In instance based supervised learning we consider, in addition to the features
that describe the instances, an additional variable that represents the class of
the instance that is to be predicted from its description. From a training set
of instances with known classes we want to get a classification rule to obtain
the unknown classes of a set of test instances. The distance based classification
approach also selects a set of representative instances from the training set and
classifies the test instances taking into account the class of the nearest selected
instance. This problem is also similar to the p-median problem since it also
consists of selecting a number of instances with a different optimization function.
They belong to the wide set of the named p-selection problems for which most of
the heuristic procedures are based on interchanges in the solutions. The scatter
search approach for a p-selection problem based on interchange moves can be
easily adapted to other problem in this class.

However, the use of the whole set of features is not useful for being con-
sidered in this or other classification paradigms. The feature selection problems
tries to get the best subset of features to perform the classification task. The
appropriated selection of features has not only the advantage of taking the rele-
vant information in the description of the instances, but also avoiding redundant
information and making the classification algorithms and rules more efficient to
obtain and to use. Scatter Search has been tested for this problem in [2].

A distance function between solutions plays a central role in the Scatter
Search to modulate the diversification and intensification. Given a distance be-
tween the items that constitute the solutions (instances for clustering and clas-
sification and variables for feature selection), the distance between two solutions
is the sum of the distances between the items in one solution and the other so-
lution. Similarly, the most diverse solution with respect to a set of solutions is
defined in similar way.



The Reference Set Update Method generates and updates the reference set by
quality and diversity criteria. Solutions for the reference set are first chosen by
quality; e.g. the RefSetSize/2 best solutions. Then the most diverse solution is
chosen RefSetSize/2 times.

The usual Subset Generation Method in the applications of Scatter Search
consists of considering all the subsets of a fixed size (usually two) of solutions
in the current reference set of solutions. The solutions in the subsets are then
combined to construct other solutions avoiding repetitions if the subset have been
previously used in a combination. The Solution Combination Method combines
good characteristics of the selected solutions to get new current solutions.

The combination methods for these problems are random/greedy strategies.
They start with a partial solution consisting of the items common to the solution
to be combined. Then, at each iteration, one of the remaining items in some of the
combined solutions is added. The criteria applied to select the items are between
the pure random and greedy criteria and consists of selecting at random one of
the most improving item.

The Improvement Method applied to the solutions of the population and those
generated by the combination method are usual local searches. They are mostly
based on the basic interchange method that consisting in replacing an item in
the solution by an item out of the solution. The solutions obtained by improving
the combined solutions are recorded in a pool of solutions, ImpSolSet, which
is then used to update RefSet by the Reference Set Update Method using the
above method applying intensity and diversity criteria.
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2. F. Garćıa López, M. Garćıa Torres, B. Melián Batista, J.A. Moreno Pérez and
J.M. Moreno Vega. Solving Feature Subset Selection Problem by a Parallel Scatter
Search, European Journal of Operational Research, 2005, to appear.
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Extended Abstract 

Relationships with the users are paramount when trying to competitively develop ac-
tivities in any web environment. Information collected and stored by Web servers is 
the main source of data for analyzing user navigation patterns. A successful e-CRM 
depends mainly on the capabilities of the organization to identify and classify users in 
order to model and predict her/his behaviour on the site. Web site personalization is 
one of the keys to do it [2]. Different web mining approaches and techniques have 
been proposed in order to improve the sites by creating adaptive Web sites, based 
mainly on the analysis of user access logs [5]. 

Higher education (HE) is an example of an activity that is having success when be-
ing developed through the web. Students and professor are provided with easy to use 
tools and are not subject to any temporal constraint. However, it is very difficult and 
time consuming for educators to thoroughly track and assess all the activities per-
formed by all learners on all these tools. Moreover, it is hard to evaluate the structure 
of the course content and its effectiveness on the learning process [8]. 

E-learning environments lack a closer student-educator relationship. The lack of 
this relation is manifested in facts such as: teacher does not really control the evolu-
tion of his students, and students cannot express their problems and deficiencies in a 
natural way.  

The roots of this problem lays in web-based learning environments, such as Vir-
tual-U [3] and WebCT [6], including course content delivery tools, synchronous and 
asynchronous conferencing systems, polling and quiz modules, virtual workspaces for 
sharing resources, white boards and other tracking tools but not including specific 
tools to track and analyze student behaviour and their evolution. 

In fact, these environments provide the educator with access summary information 
such as more visited pages, favourite communication method, and other statistics. 
Nevertheless this information is not enough to analyze the behaviour of each student 
when the number of students increases.  

Although data mining has been successfully applied in e-commerce sites to im-
prove the lost 1-to-1 relationship, it is not yet engaged into e-learning systems. Never-



theless, web-based learning systems can profit from the integration of data mining and 
the e-learning technology [4]. 

The present paper presents advances of an e-learning project in which data mining 
techniques are applied to improve the relationship between professor and student. Ac-
cordingly, typologies of students will be obtained based not only on their navigation 
and demographics but also on behaviour evolution. 

Thus, five steps will be needed:  
1. Data pre-processing: clean and prepare the Apache log file and  load the clean data 

into a relational database 
2. OLAP analysis: design a multidimensional structure in which the main factors un-

der analysis: sessions, pages, user data, user behaviour (contents and navegation)  
will be taken as dimensions and later build OLAP cubes in order to analyse the re-
corded data 

3. Pattern discovery: application of data mining algorithms. Firstly descriptive algo-
rithms (clustering and association) will be applied to obtain typologies of users. 
Then classification techniques will be used in a later step to classify behaviours ac-
cording to historical patterns  

4. Pattern evaluation: All the patterns obtained will be evaluated to distinguish the 
patterns that really help to better achieve the site goals. 

5. Recommendation engine: integrate the discovered patterns in the online component 
to provide personalized environment to learners. 
Consequently, results of the project will make it possible to design improved e-

learning tools mainly in two aspects: on the educator side, their tasks will be devel-
oped in an informed way, ie, he will have measures to better follow the learning proc-
ess and to analyze the web course structure effectiveness; on the students side, they 
will obtain a personalized environment that in a next future, will recommend them ac-
tivities and/or resources that would favour and improve their learning. An added value 
of these tools will be that the site administrator will have parameters to improve the 
site efficiency and adapt it to the behaviour of its users. 

The development of this project will highlight important results, both methodo-
logical and application. A case study to show the obtained results will be presented. 
The case study will be performed making use of the data from Universidad de Can-
tabria, and WebCT tool will be used. The project will be performed following the 
CRISP-DM [1] process model. As data mining software mainly WEKA [7] will be 
used, while Microsoft SQL Server will be used as the data repository.  
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Extended Abstract 

Similarity search has emerged and become a fundamental requirement, even for data 
base applications and data base management systems. A theoretical framework for 
similarity queries is given in [1]. Unfortunately similarity search based on the attrib-
ute values itself does not fit all user needs. For example in the case of a tourism in-
formation system the attribute values “San Augustin” and “Playa del Ingles” should 
be identified as similar because both are villages in the southern part of Gran Canaria, 
even if their attribute values are anything but similar. Additional concepts to model 
and maintain semantic background information are needed to support such enhanced 
similarity queries. 

There are several approaches to represent similarities which can’t be derived di-
rectly from attribute values. One of them is to use points in multidimensional spaces 
as substitutes. Each attribute domain can have its own space. Attribute values are 
represented as points in that space and the distances correspond reciprocally to their 
similarity. These attribute similarities build the basis for computing whole objects 
similarities. 

At the institute for applied knowledge processing a prototype for such a system has 
been implemented and tested. We called it VQS – Vague Query System [2]. One of 
the main goals of this system was that it can be used as an add-on to still existing data 
bases. Therefore we concentrated on relational and object relational data bases. The 
semantic background information (the mapping from attribute values to multidimen-
sional points) lies in Numeric Coordinate Representation Tables (NCR-Tables). 
These build quasi the similarity base, comparable to a knowledge base. An extra 
query language (VQL – vague query language) allows formulating similarity queries. 
It looks like SQL but, supports a new operator “is” which means “is similar to”. Any 
combination of similarity conditions with non similarity conditions and, even similar-
ity joins are supported by this system. A practical test using the database of a large 
tourism information system showed that the system works quite well. 



One crucial question is left: “How to build an adequate representation of attribute 
values in form of multidimensional points?” In some cases this mapping is obvious. 
For localities we can use the geographical coordinates, for colors a three dimensional 
representation (red, blue, green) could be chosen, and so on. For all other cases, 
where such a simple mapping can not be found the NCR-table has to be maintained 
manually. Newer research at our institute showed that an automatic finding of an 
appropriate NCR-representation is just possible when all similarity values between 
each pair of attribute values are known [3]. Otherwise – which is the case in practice 
– for the number of dimensions needed just an upper bound can be given and the 
finding of multidimensional points can be modeled as an optimization problem. 
Therefore we are now working on using learning techniques such as reinforcement 
learning for adjusting the similarity base step by step. 
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Abstract. In this paper we present a Web-based CASE tool for hy-
brid software projects that supports �rst stages of InSCo, an extended
methodology based on CommonKADS and RUP. The tool InSCo Requi-
site will guide the development of a sort of software where knowledge-
based components are integrated with traditional information systems.
Furthermore, this tool will allow to manage several development projects
and select the users that will take part of them, making easier the coo-
perative work.

1 Introduction

When we are developing software, based or not based on knowledge, develo-
pers choose a methodology depending of the problem, the prior knowledge, the
available tools or other factors. These methodologies lead us to the production
process determining the documents and artifacts we must generate, the activities
to do and the order that we must follow.

The main artifact generated during the software development process, is a
group of models [1]. The models of �rst stages in the process are often speci�ed
using natural language. However, this technique has problems like ambiguity, un-
certainly or imprecision. Several alternatives have proposed a solution by means
of the utilization of a structured natural language, description language, des-
cription languages of design, graphic notation or formal speci�cations, that are
similar to the successfully used in the �nal stages of software development [4].

We propose to use these techniques in the organization modelling and requi-
site level scope, combining the forms and diagrams to model complex systems
and a CASE tool for managing these artifacts. But, in a lot of cases, the models
and documentation that we generate and maintain is very complex. So, we need
software tools that guide us in the generation of these artifacts, its maintenance,
and the control of the integrity of changes.

2 The InSCo Requisite Tool

In many application domains, there are problems where we need to build a
software system that uses knowledge engineering methods. Usually, the built



system requires some extra functionality that must be resolved using a tradi-
tional information system [2]. For this reason, a methodology has been proposed
integrating both techniques, knowledge engineering and software engineering, to
reach the best results [3]. The InSCo methodology was designed from a requisite
engineering perspective to deal with the hybrid software development. This is
a kind of software where knowledge-based components and information systems
are combined in a unique solution. As we can see in Figure 1, InSCo proposes
a total of seven main activities for developing hybrid software: Organization,
Requisite, Knowledge, Analysis, Design, Implementation and Maintenance or
Evolution. The prototype we have developed covers the two �rst: Organization
and Requisite. The results of these two activities are the business and services
models. The business model covers the organizational environment, the roles
that take part in the project, the objectives of the organization, the information
resources and �nally, a list of items for making decisions about the viability of
the project. On the other hand, the services model represents a more detailed
speci�cation of the information that we can obtain from the business model. This
speci�cation is related to functional, non-functional and information requisites
of the project.

Fig. 1. Models of InSCo Methodology

A competitive methodology must have a set of associated tools for making
easier the development of software based on it. In this paper we present the
InSCo Requisite tool, designed for helping us in the form constructions, and the
administration of diagrams associated with the modelling of our hybrid software
development methodology. It supports the control of several projects which are
managed by a group of users via the Internet.

Mainly, there are three kind of users that can interact with InSCo Requisite.
First of them, the system administrator, whose main activity is the management
of the projects of hybrid software development, adding new projects, modifying
their information or removing them. Furthermore, this kind of user is in charge



of establish an administrator for each project. Next, we can �nd the project
administrator role, who is the person that leads a development project and
decide who are the users that are going to take part in the project. Besides,
this person can participate in the project like a developer. Finally, the third
class are the developers that take part in the di�erent projects. Their main
activity is to work with the whole group of forms that belong to the �rst levels
of InSCO methodology. They are in charge of managing the documents and
artifacts associated with each project where they belong.

Due to InSCo Requisite manages several projects, that can be formed by a
group of users and possibly placed in di�erent areas of the world, we selected a
Web-based architecture, using JSP and JavaBeans technology for its implemen-
tation, being Oracle the DBMS.

Figure 2 shows a screenshot of InSCo Requisite. On the left we can see a
tree-based menu, which represents the hierarchy of the forms that belong to a
speci�ed project. On the right side, we can see a sample of a form of InSCo
methodology.

Fig. 2. Screenshot of InSCo Requisite
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1 Introduction 

Augmentive Communication Systems [1] (sign languages, pictorial languages, sign 
templates and communicators) are part of a technology developed to improve the 
social integration of people with temporal o permanent communicative difficulties 
providing useful tools for their rehabilitation.  

Each person requires a specific attention and adaptation to fit his profile, which 
could evolve in time. However these systems don’t support mechanisms for their 
necessary adaptation to each user and situation taking in account his capabilities, 
skills and progresses at run-time. Therefore, an efficient and suitable approach to 
design these systems is needed, based on software evolution and adaptability [2,3]. 

In particular this paper proposes an adaptive evolutionary hypermedia (from a 
knowledge and an interaction models) that allows to represent control and to adapt the 
context communication. 

2 Features of Adaptive Evolutionary Communication Systems 

The elements that this approach manages in order to design adaptive evolutionary 
communication systems are: 
• Ontology model, which represents each conceptual world and describes a 

specific knowledge domain by means of concepts and relationships between them 
(a semantic net) [4]. The ontology, in this case, provides the link between the 
symbols used in the communicator (image, sound or text adapted to each 
person’s knowledge) and the entities of the real world they represent. In addition, 
ontologies both allow a global vision of each conceptual world based on the 
concepts employed by the users, and allow to standardize into a single model the 
knowledge about the people with the communicative difficulties, the knowledge 
about the people around them (i.e. relatives, tutors, rehabilitators, etc.), and the 
media used for communication (i.e. templates, agendas, etc.).  

• User model, which provides knowledge about the people with communication 
disabilities and consists on the following components: 



o Knowledge domain represented by means of an ontology. In addition, the 
educators can define different semantic views of the whole knowledge 
domain taking into account the user profile. For example, figure 1 shows a 
partial view of an ontology that describes a scenario of shopping. 

 
Fig. 1. Shopping scenario 

The process followed by the tutor to create a new view consists in hiding 
in the semantic net the concepts, items and conceptual relations he 
considers not related to the current view.  The system automatically keeps 
the integrity of the view, for example, if after hiding a relation some 
concepts get disconnected, they are also automatically hidden. In the same 
way, when a concept is hidden all the items associated to it and all the 
relations starting or arriving to the concept are also hidden.  
Once the semantic net is built, the system will be able to automatically 
generate the interaction templates from it. These templates constitute one 
of the possible media used to establish the communication with the user 
and are represented in hypermedia format. 

o User profile, containing the particular characteristics of users 
(communication habits, training or therapy objectives, and interaction 
preferences). To construct and select it the user (and relatives or educators) 
must provide this information. This artefact allows the adaptation and 
selection of the semantic view that best fits to a particular user. 

• Adaptation by feedback. By means of a transition matrix, the system captures 
the conceptual relationships followed by the person during navigation. The 
matrix has one row and one column for every concept represented in the 
knowledge domain. Based on the analysis of the matrix, the system can identify 
new conceptual relationships that are needed or existing conceptual relations that 
should be removed in the knowledge domain. In addition, this mechanism helps 
to detect progress or problems in the evolution of the patients. 



3 Architecture of Adaptive Evolutionary Communication System 

The architecture of our adaptive model has two tiers: the system (communicator) and 
the meta-system [6]. This division allows us to separate on the one hand the 
interaction, communication and user adaptation and on the other hand its evolution 
process.  

The communicator is used by the user and the meta-system by the educators. The 
cognitive, interaction, design and adaptation aspects have to be differentiated to avoid 
the coupling. Thereby, evolution/adaptability can be done more easily and safely 
because the architecture components are independent. 

The system is itself divided in four parts, which allows us to tackle separately the 
aspects of knowledge representation (memorization system), construction of partial 
views focused to one o several concrete knowledge subdomains (presentation 
system), navigation of the built views (navigation system), and personalization of the 
navigation process (learning system) [2]. 

The structure offered to navigate is different depending on the used platform. If a 
personal computer is used the interface has two frames: at the left the semantic net 
and at the right some information about the element selected in the net. It provides a 
semantic and contextual mode of navigation. If it has not been predefined by the 
educator, the user can choose the navigation mode that he desires. Depending of the 
chosen mode (free navigation, conceptual navigation, navigation by conceptual 
relation or navigation by prerequisites), some options in the semantic net are disabled 
according to the user features and his interests. So, the adaptation is carried out 
depending on the user, but also on the navigation mode used in that moment.  

In other case, when a PDA or other embedded system is used, the interface is based 
in templates. Every template only shows the available options in the current moment, 
without additional information. Each option is represented by means of an icon which 
can also have associated text and audio.  

Figure 2 shows a possible use of the PDA in a scenario based on figure 1. As it can 
be seen, in some templates all the options must be selected in a particular sequence, 
while in others it is enough that the user selects one or several options in any order. 

 



 
Fig. 2. Shopping with the PDA 

The meta-system is in charge of the evolution of the system. It includes the 
evolution of the complete knowledge domain, of the partial views built from it, and of 
the navigation and adaptation rules used during the user interaction. For example, 
when a concept is removed in the knowledge domain, the meta-system removes this 
concept in all the views that show it. In addition, if after the change, some concept is 
disconnected in a semantic net, the meta-system performs new modifications in order 
to guarantee the consistency of the net. 
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1   Introduction 

In our researches in Computer Science and particularly in Natural Language 
Processing (NLP), we are interested in electronic management of textual documents. 
For a lot of tasks of extraction and retrieval of information, the discovery of themes in 
sets of documents is an important and difficult analysis. The ProxiDocs1 tool [1] helps 
its users in such tasks allowing them to visualize graphical representations (called 
here “thematic maps”) of documents’ sets in taking account of themes chosen and 
specified by users. These maps allow users to discover thematic differences and 
similarities existing between each document of the analyzed set. By the term "themes" 
we consider the main subjects dealing in a corpus of documents [2]. 

In the first section, we’ll give an overview of tools using visualization methods in 
order to access information of documents’ sets. The second section will deal with the 
mechanism of ProxiDocs and thematic maps returned by the tool. 

2   Textual data visualization 

The quantity of information exchanged every day on the Web doesn’t stop increasing. 
Generalist search engines, like Google or Yahoo, return hundreds of links from a 
user’s request. These links are ordered in lists, but such lists do not allow users to 
have a global view on returned results. However, such view would reveal the 
principal categories of information from returned Web pages. In order to give users a 
global view on documents’ sets, it can be interesting to use graphical representations 
[3]. A lot of NLP tools represent sets of documents in 2 or 3-Dimensional space (we 
can cite [4], [5], [6], [7], for such works), each one uses specific visualization 
methods.  

The visualization method used in ProxiDocs is calling “cartography”. A map of a 
set of documents reveals proximities and links between textual entities (like words, 
documents, etc.); we can compare this visualization method with road maps which 
reveals proximities and ways between towns. Since 2001, the two metasearch engines 
KartOO [8] and MapStan [9] are available on the Web2. These tools return a map 

                                                           
1 ProxiDocs is available at: http://www.info.unicaen.fr/~troy/proxidocs.  
2 KartOO and MapStan are respectively available at: http://www.kartoo.com and 

http://www.mapstan.net.  



 

from the user's request; this map represents Web pages related to the request. For 
these systems, similar pages are located in a same zone on the map. Also, it's possible 
to distinguish principal categories of information related to the user’s request. 

3   ProxiDocs, an NLP tool for thematic cartography 

ProxiDocs returns thematic maps from a set of documents (for example: a corpus of 
newspaper's articles or a set of Web pages returned by a search engine) and themes 
specified by the user. A theme will be defined by a set of words chosen by the user. 
For example, the theme “Sport” could be specified by the following terms: “winner”, 
“looser”, “tennis”, “football”,  “Zinedine Zidane”, etc. We advise the ThemeEditor3 
tool [10] develop in our research team for a such task of themes contruction’s.  

The first stage consists in counting words of each theme in each document. So, we 
associate a numbers’ list with each document, and, each list constitutes a N-
Dimensional vector (N is the number of themes specified by the user). For instance, if 
a document contains 3 words of the theme “Economy”, 2 words of the theme “Sport” 
and 7 words of the theme “Education”, the vector associated to this document is (3, 2, 
7). 

The next stage consists to project these N-Dimensional vectors on a 2-Dimensional 
space. In order to realize a such projection, we use a method called Principal 
Components Analysis [11]. Each document is then represented by a point in a 2-
Dimensional space, so, first maps can be constructed. On these maps, proximities 
between different points could inform the user on thematic similarities between 
different documents.  

In order to underline documents’ subsets with similar themes, we use a clustering 
method called Ascendant Hierarchical Clustering [11]. Thus, thematic maps reveal 
clusters of documents, each cluster containing documents dealing with similar 
subjects. 

 
An experimentation of ProxiDocs from a corpus of around 800 articles of the French 
newspaper “Le Monde” of 1989 (around 700,000 words) and a generalist set of 
themes can reveal the two following kinds of maps:  

 

                                                           
3 ThemeEditor is available at: http://www.info.unicaen.fr/~beust/ThemeEd/.  



 

 

Fig. 1. Each point on the left map represent a document of the analyzed corpus, each disc on 
the right map represent a subset of documents. The height of a disc is proportional to the 
number of documents included in the subset. A color related to the principal theme of 
documents or sets of documents is attributed to each point and disc. Each point is an hyperlink 
to the represented document, each disc is an hyperlink to a document outlining the themes of 
documents of the represented set. 

4   Conclusion 

Proxidocs allows its users to visually identify main thematic tendencies of a set of 
documents. We work now on the application of thematic cartography to results of 
search engines in order to distinguish principal thematic categories of information 
contain in returned Web pages. In an technological watch context, our tool could also 
reveal thematic changes of a set of documents regarding to the time. In order to 
improve our tool, we have to measure the “quality” of thematic maps returned to 
users. This assessment will be difficult because we will have to elaborate a protocol 
taking account of the point of view of each user on themes used during the 
construction of thematic maps. 
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1   Introduction 

A Web contents personalization system is based on 3 main functionalities: content 
selection, user model adaptation, and content generation. These functionalities must 
be based on a user model. Content selection refers to the choice of the particular sub-
set of all available documents that will be more relevant for a user model. User model 
adaptation is necessary because user needs change over time as a result of his interac-
tion with information [1]. In our case, content generation involves generating a new 
Web document that contains, for each selected document, its title, its relevance, a 
personalised summary, and a link to the full document. 

In this paper we focus on the evaluation of the selection and adaptation processes. 
We perform a system-centred evaluation based in the precision and recall metrics 
obtained through different configurations of the system. The aim is to identify which 
is the best way of carrying both processes: selection and adaptation. 

2 The multi-tier proposal 

The multi-tier content selection process to be employed in this paper involves a do-
main specific characterization, a set of keywords, a relevance feedback tier, and an 
automatic categorization algorithm. 

The first tier of selection corresponds to a domain specific given classification of 
the documents - for instance, in a digital newspaper, the assignment of news items to 
newspaper sections: national, international, sport, etc. The user must assign a weight 
to them (su). 

For the second tier, the user enters a set of keywords - with an associated weight - 
to characterise his preferences: appearance of these keywords in the documents indi-
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cates a possible interest. These keywords are stored, for each user u, as a term weight 
vector (ku). 

For the third tier the user must choose - and assign a weight to them - a subset of 
those categories in the first level of Yahoo! [4]. This information is stored as a matrix 
where rows correspond to categories and columns correspond to users (Ggu). These 
categories are represented as term weight vectors (g) by training from the very brief 
descriptions of the 14 first level of Yahoo! Spain categories entries [4]. 

In the fourth tier, short term interests [1, 5] are represented by means of feedback 
terms obtained from user provided feedback over the documents he receives [2]. The 
term weight vector for each user (tu) is taken to represent the short term interests of 
that user. These correspond to information needs whose interest to the user wanes 
after a short period of time, so their weight must be progressively decreased over 
time. 

Documents are downloaded from the web as HTML documents. For each docu-
ment, title, category, URL and text are extracted and stored for subsequent process-
ing. Term weight vector representations (dd) are obtained by application of stop lists, 
stemmer, and the tf · idf formula for computing actual weights [6]. 

3 Selection and Adaptation 

As each web document has a preassigned section, it is assigned the weight associated 
with the corresponding section in the particular user model. The similarity between a 
document and a category is computed using the cosine formula of the vector space 
model [6, 7]. The similarity between a document and the keywords of a user model is 
computed also using the cosine formula. 
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The short term model is obtained as a result of the process of adaptation of the user 
model. The user receives a web document that contains an automatically generated 
personalised summary [3] for each of the 10 web documents that the system has 
found more relevant according to his user profile. With respect to this information the 
user may give positive or negative feedback. The feedback terms of the short term 
model are obtained from the news items for which feedback has been provided [2]. 
The similarity between a document and the feedback keywords of a user model is 
computed also using the cosine formula. When all documents have been ordered with 
respect to the various reference frameworks, the results are integrated using a particu-
lar combination of them. 



4   Evaluation 

Experiments are evaluated over data collected for 106 users and the news items corre-
sponding to three weeks – the 14 working days of the period 1st-19th Dec 2003 - of 
the digital edition of the ABC Spanish newspaper. The average of news items per day 
is 78.5. 

To carry out the evaluation, judgements from the user are required as to which 
news items are relevant or not for each of the days of the experiment. To obtain these 
judgements users were requested to check the complete set of news items for each 
day, stating for each one whether it was considered interesting (positive feedback), 
not interesting (negative feedback) or indifferent (no feedback). Users were explicitly 
asked not to confine their judgements on interest to relevance with respect to the 
initial user profiles they had constructed on first accessing the system, but rather to 
include any news items that they found interesting on discovery, regardless of their 
similarity with respect to their initial description of their interest. It is hoped that 
enough information to cover these rogue items will be captured automatically and 
progressively by the system through the feedback adaptation process. 

Since our experimental set up combines a binary relevance judgement (indifferent 
is considered as not interesting ) from the users and a ranking of news items provided 
by the system, it was decided to use normalised recall and precision [6] as our evalua-
tion metrics. In addition, with respect to equal relevance values for consecutive posi-
tions of the ranking, the average ranking of the whole set of conflicting positions has 
been taken as ranking for each and all of them. This adjustment avoids the problem of 
ordering items at random within the ranking when they have equal relevance. 

The following experiments have been carried out to check the validity of the pro-
posed model for the selection process. Each experiment combines different possibili-
ties for long term modeling - only sections, L(S), only categories, L(C), sections and 
categories, L(SC), sections and keywords, L(SK), categories and keywords, L(CK), 
sections, categories and keywords, L(SCK). This implies giving different values to 
the parameters α, β, χ and δ of formula (1). For example, L(SC) is the combination of 
sections and categories for the long term model (α=1, β=1, χ=0, δ=0). 

Table 1. Global averages (per user and per day) and relative increments in normalised precison 
and recall for different configurations for the long term model for the selection process 

 L(SCK) L(SC) L(CK) L(C) L(SK) L(S) L(K) 
Pr 0.588 0.579 0.515 0.505 0.497 0.450 0.351 

% Pr  1.7 14.3 16.4 18.3 30.9 67.8 
R 0.685 0.680 0.617 0.605 0.649 0.637 0.531 

%R  0.8 11.1 13.2 5.5 7.6 28.9 
 
The results shows (Table 1) that, in the case of the selection, the combination of 

sections and categories with keywords is better, in normalised recall and precision, 
than whatever other combination. 

For the validation of the adaptation process, some experiment have been carried 
out combining different possibilities for long term modeling, either acting on their 



own or in combination with the short term model, S. For example, L(SC)S is the 
combination of long and short term model when the long term model includes sec-
tions and categories (α=1, β=1, χ=0, δ=1). 

Table 2. Global averages (per user and per day) and relative increments in normalised 
precision and recall for different configurations for the long term model for the adaptation 
process 

 L(SCK)S L(SC)S L(SK)S L(CK)S L(C)S L(S)S L(K)S S 
Pr 0.600 0.583 0.568 0.539 0.535 0.514 0.475 0.421 

% Pr  2.9 5.6 11.3 12.3 16.7 26.3 42.4 
R 0.691 0.681 0.669 0.633 0.614 0.652 0.583 0.545 

% R  1.5 3.2 9.1 12.6 6.0 18.4 26.9 
  
It can be observed (Table 2) that the combination of long and short term is better 

than if they are used alone, in terms of normalised recall and precision, and that the 
best results in the combination of the short and long term models are obtained when 
sections, categories and keywords are combined for the long term model. 
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1   Introduction 

Current Internet search engines try to solve the main problems that affect the quality of 
the obtained results for getting a relevant collection of documents. Different users may 
dis agree about the relevance of the obtained documents using the same query. 
Relevance seems to be a subjective concept, mainly due to the ambiguity and the vo-
cabulary problems. Then, the search engine needs to know some kind of semantic 
information that allows it to improve the results.  

The main sources that are used to discover the semantic information are the dic-
tionaries, thesaurus or ontologies. WordNet [1] is one of the main tools used in infor-
mation retrieval processes, mainly for the meaning disambiguation tasks. This tool have 
several problems such as, for example, the problem of the granularity of the senses or 
the lack of recent terms. For example, WordNet 2.0 does not recognize the terms “XML” 
or “CORBA”. Other times, it recognizes the common senses of one word, like in the 
case of “SOAP”, but not recognizes a new sense (Simple Object Access Protocol). 

This work is focused on the study of the weak points of WordNet. Our objective is 
to use this information to improve our knowledge structures. For this reason, the study 
of the user’s query is an important aspect that helps us to know the terms not recog-
nized by WordNet. This information can be later on used for getting better search 
results. 

2   GUMSe Overview 

Meta-search engines offer a unified way to access multiple search engines, avoiding 
the user to interact with all the underlying engines [2]. Taking advantage of the fea-
tures that they provide, we have developed GUMSe like a platform that allows us to 
test new ideas applicable to the Web search process. The GUMSe architecture (Fig. 1) 
is composed of a set of agents that communicate to each other by means of a network. 



The main agents that form the architecture are Search Broker Agent, Sense Resolver 
Agent, Query Agent Expansion, Rater Web Page Agent, Search Engine Agents, Con-
struction Ontology Agent and WordNet Agent.  

 
Fig. 1.  GUMSE architecture. 

Using the classic technique of query expansion, we semantically obtain a collection 
of additional queries, constructed by the Query Expansion Agent, related to the origi-
nal one. New queries are generated, replacing or introducing new related terms to pre-
vious ones by means of synonymy, hyponymy or hyperonymy relations. It is neces-
sary to notice that it is difficult to obtain the semantic related concepts without the user 
collaboration in queries with only one term. This situation is solved by assuming the 
most commonly used sense or asking the user for suitable senses. In the queries with 
several terms we try to obtain the underlying semantic relations using WordNet, 
without user intervention if it is  possible. 

3   Motivation 

The aim of this work is to discover the user tendencies when they use the search en-
gines. With this information it is possible to design a more suitable evaluation algo-
rithm of the retrieved web pages. For this reason, we study the set of keywords and 
queries more frequently used in the search engines. 

There are many works focused on the user search techniques. Most of these works 
show statistics about the number of keywords used, the number of queries per session, 
and other statistical data [3]. Our objective is to discover the knowledge gaps of 
WordNet. This information could be very useful to avoid negative situations in our 
system. The main usual disadvantages are two: errors in the disambiguation process 
and lack of information about the query terms.  



Nowadays, the users often use the search engines to find the web page about a 
concrete product, artist or program. In these cases, the traditional knowledge sources 
fail because this information is about a specific domain, such as music or Internet. For 
this reason, the construction of new knowledge structures that help the search engine 
to know the specific domain of the user’s queries could be an important task. If the 
search engine knows the domain, it is possible to modify some characteristics of the 
search process. For example, if one user looks for one musical band and the system 
knows it, the system could assign more importance to the results of one specialized in 
music search engine. Another possibility is to introduce generic terms about the do-
main in the query expansion that avoid retrieved irrelevant web pages.  

Usually, search engines offer tools for knowing the more consulted topics. Also, 
there are many search engines and web pages that show the top searches. The data 
used in our study are from a variety of sources. The main two are HitBrain1 and 
Search.com2, among others. 

4   Conclusions 

In our preliminary study, WordNet recognizes the 45,4% of the more frequent used in 
the user queries keywords. In this  study, we used 10.000 keywords obtained from 
HitBrain. The keywords have between 1 and 5 words. Another important issue is that 
there are situations where WordNet recognizes keywords, but in a wrong way. These 
cases are very infrequent but they produce mistakes in the search process. 

It seems  necessary to have good knowledge structures that can be used in informa-
tion retrieval to focus the search for obtaining good results. For this reason, the here 
proposed subsystem, specialized in the improvement of the knowledge structures 
could be a good support for Internet searchs. 
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Extended Abstract 

The traditional Object Oriented Technology is not sufficient agile at all to assume a 
rapid development process. There is a lack of efficiency from the design to the 
codification phase. This is due to the encapsulation of all the elements inside the 
domain in one unique module: the class.  

The RDM (Rapid Domain Modelling) architecture proposes another way for 
transferring to code the different domain elements, following the Specialization 
Principle and communication mechanisms through the Variable State Pattern. These 
features are implemented in Entities, Relations and Operations, the main elements of 
the RDM structure.  

In this paper we want introduce a new dimensions inside the Object Oriented 
language by the new language as the RDM. The new dimensions are uncertainty and 
adaptation of the objects. Adaptation tries to reduce the uncertainty that came from 
communication. Inside the OO we introduce new types of dynamic that balance the 
uncertainty with the adaptation. Every agent perceives other agent’s behaviour as 
coherent or incoherent in comparison with its particular behaviour (pattern). In the 
communication among agents incoherence are possible. Incoherence means that for 
the same object and the same property one agent give different and conflicting logic 
valuation. A total coherence means that the property of the object is perceived from 
the different agents from different points of view in the same way. 

A set of True and False logic value for the same property give us the structure of 
the uncertainty of the agent that can be formalise by special type of fuzzy logic 
Adaptation or compensation try to change the structure of the uncertainty and also the 
type of the fuzzy logic that agent use for the reasoning.  
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Extended Abstract

The design of knowledge-based systems has received special attention from the begin-
nings of Artificial Intelligence. In particular, the application of model-based systems has
obtained important results in the last decades [1]. However, the experience in develop-
ing these systems, far from becoming simpler, reveals the complexity on the design, the
development and its maintaining. Furthermore, in most of the cases, systems are highly
dependent on the domain and the problem to solve. The golden goal of a general model-
based architecture for all problem and domain is unreachable at the moment because of
the wide of the problem space to cover. However, general architectures fulfilling some
domain constraints could cover some parts of this problem space. Thus, in this work
we present a general model-based framework for intensive-knowledge domains, where
the temporal dimension (managing uncertainty) is considered to deal with the diagnosis
problem. The aim of this work is to present a general framework for temporal model-
based diagnosis. Nevertheless, the task of designing a general architecture is a complex
issue. One of the most difficult steps is to establish the set of goals to reach. Our general
framework tries to deal with the following key topics: domain independence, the man-
agement of temporal uncertainty, the knowledge acquisition bottleneck, model-based
representation, and the diagnosis task. In order to cover these points, firstly it is im-
portant to describe the main structure of the architecture, describing each part in detail
afterwards. This structure defines two modules, theTemporal/Domain Module and the
Decision Support Module.

The Temporal/Domain Module is composed by all those elements that permit a
domain independent architecture and the management of the temporal dimension. The
domain ontology server allows the rest of elements of the architecture to access the on-
tology of the domain. This ontology guarantees that all concepts used in the architecture
are semantically consistent. It is also important to mention those elements that allow the
temporal management. The temporal database stores all the system information as well
as some temporal tags. However, those tags are not enough to manage the temporal di-
mension. Thus, the use of temporal reasoning techniques provides, to the architecture,
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important advantages: to guarantee the temporal consistency, to infer new temporal re-
lations, and to carry out quite complex temporal queries. Hence, this architecture relies
on FuzzyTIME [2], a general purpose temporal reasoner to manage temporal uncer-
tainty and which is based on the formalism of the fuzzy temporal constraint network
(FTCN).

The Decision Support Moduleincludes all elements needed to obtain the diagno-
sis solution. This architecture is proposed for a model-based diagnosis. It is, therefore,
needed a formal model, which is used and stored in the knowledge base of the archi-
tecture. This knowledge base is supported by some knowledge acquisition tools, which
must access both the formal model and the domain ontology. Those tools are in charge
of the storage of the expert’s knowledge, and intended for the smooth of the problem of
the knowledge acquisition bottleneck. The diagnosis is the key process of the module.
This task, described in the architecture, is a temporal model-based diagnosis. To this
end, the role of the diagnosis agent is to find a diagnosis solution from: the temporal
data (from the temporal database), the domain ontology (from the ontology server), the
knowledge base, and the help of the temporal reasoner. This process is based on an al-
gorithm that obtains a diagnosis solution. This solution must be temporally consistent,
semantically consistent, fulfilling the constraints of the formal model, and explaining
the findings of the temporal database information.

Practical Experience.

This paper also relates our practical experience in the application of this architecture.
To this end, we choose the medical domain, in particular the Intensive Care Unit (ICU)
one.

Figure 1. ACUDES: Architecture for intensive Care Unit Decision Support.



Physicians at intensive care units have to deal with an overwhelming amount of data
provided not only by on-line monitoring but also collected from patients’ records (e.g.,
laboratory results), which are, in most cases, collected manually at different time in-
stants. In order to provide efficient decision support systems and medical research tools
in the ICU domain, it is necessary to integrate and analyse the information provided
from these different sources. The result is ACUDES , the Architecture for intensive
Care Unit Decision Support.

ACUDES is a specific architecture that follows the proposed structure of this pa-
per (figure 1). Thus, it includes the Temporal/Domain Module. This module contains
the FuzzyTIME temporal reasoner and the Ontology Server, where the ICU ontology is
allocated. Furthermore, ACUDES also includes the Decision Support Module. There,
it is worth noting that we have designed and implemented CATEKAT, a web-based
tool to acquire the domain knowledge for the diagnosis model. Finally, the core of the
ACUDES diagnosis process is described by an abnormal behaviour model-based algo-
rithm. This model describes the causal and temporal behaviour of diseases. Thus, the
algorithm, from an abductive approach, obtains a diagnosis solution given the symp-
toms and the temporal behaviour model.
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Abstract. The field of Human–Computer–Interaction (HCI) is concerned
with the design and evaluation of user interfaces, and takes a pluri-
disciplinary stance that has resulted in a diversity of models, techniques
and tools. Formal ontologies can be used as a mean for achieving a shared
understanding and representation of such artifacts, thus enabling com-
mon tools that enhance key processes in both evaluation and design.
This paper describes a description logics ontology of HCI and several
associated intelligent information processing functions oriented to assist
developers in HCI–related tasks. Concretely, the use of a representation
of design guidelines to implement design advice and the semi–automated
design of evaluation tools are described as applications. The ontology de-
scribed is intended as a general framework for Semantic Web applications
related to considering user interaction and human factors.

Keywords. Ontology, Human-Computer Interaction, User Interface Evalu-
ation, User Interface Design, Design Guidelines.

1 Introduction and Motivation

The field of Human–Computer–Interaction (HCI) is concerned with the design
and evaluation of user interfaces, and takes a pluri-disciplinary stance that has re-
sulted in a diversity of models, techniques and tools clearly reflected in proposed
curricular models1. This makes specially difficult the development of compute–
aided tools for user interface design and calls for rich and flexible knowledge
representation structures that codify practices and knowledge of tools, models
and techniques. Formal ontology [1] has been used recently for the modelling of
some design aspects [5], but more areas have to be covered to provide a frame-
work for both analysis and design. This paper describes a first effort towards such
ontological structure, and provides the description of case studies regarding the
application of information processing based on the ontology to the design and
evaluation aspects. The ontology described is intended as a general framework
1 http://www.acm.org/sigchi/cdg/cdg2.html



for Semantic Web applications [2] related to considering user interaction and
human factors.

2 Basic Ontological Structure

The work described here is founded on the analysis described by van Welie et al
[8], which establishes three knowledge domains: task domain, design domain and
user domain. In the basis of these domains and considering the usability defini-
tion proposed by ISO [3], we have structured the current version of our ontology
in six integrated (sub-)ontologies (see Figure 1). Aspects and usage indicators
of usability are described in the ’upper’ core concepts ontologies, and concepts
related with them are structured in two general partitions, one regarding the es-
sential interest point of usability, i.e. human-system interactions, and the other
regarding activities, methods and tools that are (left and right parts of Figure 1,
respectively). In consequence, concepts describing the physical fact of the inter-
action are separated from normative constructs about evaluating or designing-for
usability. The former include the application domain describing the structure of
the software-hardware application or system, the constructs describing human
users, their profiles and perceptual traits, and their purposeful interactions or
tasks, consisting ultimately on actions carried out by the users on the ’affor-
dances’ provided by the system. The latter includes norms and advices for the
design of user interfaces, and also methods, techniques and interpretations of
the way to evaluate and improve those designs, as a part of a usability-oriented
software development process or cycle. The application domain describes the

Fig. 1. Overall view of the HCI ontology

conceptual and physical structure of the user interface, and the human domain
describes the users and their abilities and cognitive processes. The task domain
models the dialogue and interaction between humans and systems, at different
levels of detail. The application domain is of special interest in some cases, e.g.
when considering mobile devices, due to the heterogeneity of their features that



require specific studies. The FIPA ontology2 provides a foundation for that kind
of specific domain. Design and evaluation are two interacting activities that serve
the purpose of making more ’usable’ interactions.

3 Usability Evaluation using Ontological Support

Following the case study and prototype system described by Garćıa et al. [5],
an ontology of evaluation has been structured around the following core con-
cepts: (a) application mereology, (b) evaluation techniques and artifacts, and (c)
guidelines or specialized knowledge required.

Application mereology refers to the structure of parts of the application under
consideration, in some cases reflecting also contextual or organizational issues.
Such structure can be described at various levels, up to the fine granularity of
markup elements and attributes in the case of Web systems. An example of a
coarser grain is the following:

WAType v ∀usuallyIncludes.WAPartType

WAPartType(RecommendationSystem); WAPartType(RegPage)

WAPartType(SearchPage); WAPartType(CartPage)

usuallyIncludes(e− shop, RecommendationSystem)

usuallyIncludes(e− shop, CartPage)

usuallyIncludes(e− shop, RegPage)

usuallyIncludes(e− shop, SearchPage)

In the example, applications are described in terms of ‘typical parts’, which
are specially useful for heuristic inspection or questionnaire evaluation, in which
some expert knowledge is codified in terms of guidelines or general recommen-
dations.

Evaluation techniques and artifacts are represented inside the ontology, in-
cluding its process of application, which supports the construction of semi-
automated guiding tools for usability engineers. Finally, guidelines and special-
ized knowledge are encoded in the form of classical if-then rules (with the in-
clusion of vagueness in some cases [4]), and also as general ontological frames
representing complex patterns as those prescribed in information architecture
texts.

4 Assisting Design with Semantic Web Technologies

Assisting design with advice and contextual evaluation has been addressed by
existing tools, e.g. [6]. The ontological structure described enhances existing tools
in two directions. First, it allows a generalization of existing representations with
more flexible and open languages. Second, ontologies combined with Web Service
architecture (e.g. as described in WSMO3) enables the construction of usability-
related knowledge bases available through the Web. This paper describes such
a representation and structure, extending existing schemas [7].
2 FIPA Device Ontology Specification, doc. number XC00091C, available at

http://www.fipa.org.
3 http://www.wsmo.org/



The main extensions include the representation of explicit degrees of evi-
dence (modelled after the notions in an existing service 4), and the provision of
a hierarchy of degrees of requirement, including obligatory, recommended and
suggested aspects. This allows the specification of compliancy requirements like
those of accessibility:

MarkupElement v ∀requires.MarkupAttribute

MarkupElement(ImgHTMLElement); MarkupAttribute(AltAttribute);

requires(ImgHTMLElement, AltAttribute)

But it also allows for the specification of overall recommendations on the struc-
ture of applications through inference, e.g.:

LongHierarchyStructure ≡ HypermediaStructure u
∃linksTo.(HypermediaNode u ∃linksTo.(HypermediaNode u ∃linksTo.HypermediaNode))

This simple example on hierarchy depth illustrates the capabilities of description–
logics classification to reason on application structure while design proceeds.
Such axioms combined with operational rules that trigger (possibly remote)
classification as a result of some user actions with the design tools result in
a design–advice layer that can be updated by simply extending the ontology.
In addition, the above described rich mereology and explicit representation of
context enables diverse levels of application of design knowledge.
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Extended Abstract

The Ontology management has becomed in a critical issue in fields re-
lated with Knowledge Representation (KR) and Intelligent Information
Processing as the Semantic Web. An important feature of the problem is
the need of extending or revising ontologies. In general, such task is, from
the companies point of view, dangerous and expensive: every change in the
ontology affects to the overall knowledge organisation of them. Moreover,
it is also known that the self process of extension is hard to automatize:
the tools are designed to facilitate the syntactic extension or ontology
mapping. But the effect of Ontology mapping on the logical reasoning is,
in general, unknown. Particularly hard is to analyse the semantic conse-
quences of ontology mapping on the use of automated reasoning systems
[3].

The aim of this paper is to propose a practical definition of robust-
ness for ontologies (following the foundational principles given in [3] and
suggested by the computer assited cleaning of Knowledge Databases [1])
as well as a ARS-assisted method to extend ontologies which produces
robust ontologies (according to our definition). The definition is more
manageable than logical notions as categoricity or completeness.

With respect to the method, it basically consists in four steps aided
by the automated theorem prover OTTER and its complementary au-
tomated model finder MACE4. In order to obtain a practical method,
some of the basic (theoretical) logical principles required by the defini-
tional methodologies of building of formal ontologies must be weakened
[5]. Starting with a robust ontology,
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1. First, one extends the lattice of the basics concepts of the ontology
by certain equational characterization of the lattice.

2. Next, one applies MACE4 on a possible axiomatization of the new
lattice in order to obtain the new lattices. In general, the characteri-
zation of the lattice is a theory weaker than the initial ontology.

3. The third step consists of the refinement of the axiomatization (by
adding of new equations) in order to MACE4 exhibits one only one
model (that is, the axiomatization is categorical).

4. Finally, it is necessary to certify (by means OTTER or hand-made)
the unicity of above model.

The final stage of the method is not algorithmic. It consists in an on-
tological interpretation of the new relation, re-interpreting (generally by
refining) if necessary, the older ones. This task, nonalgorithmic in nature,
is responsability of experts on the universe that is represented by the
ontology.

The abstract presentation of the extension method is applied in an
interesting case, the extension of ontologies on Qualitative Spatial Rea-
soning under insertion of relations on imperfect spatial information. Con-
cretely, we analyse the extension of the well-known Region Connection
Calculus [4], a theory which can be used as a meta-ontological tool for
analysing ontological anomalies [6] as well as cleaning them [2].
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1 Introduction 

Natural Language Generation (NLG) includes complex tasks [2], and features such as 
ambiguity can make these tasks too complex in fact to be tackled with classic search 
algorithms in a reasonable time. Evolutionary Algorithms (EAs) are heuristic tech-
niques [1] based on a search model which emulates evolutionary phenomena, and that 
can be used to speed up the search. The purpose of most EAs is to find a good solu-
tion but not necessarily the best solution, and this is enough for most natural lan-
guages processes. In this paper we present a first approach to the idea of using NLG 
and EAs together.  

The specific problems addressed in this paper are two subtasks of the process of 
automatically generating a natural language text for a given content: referringf expre-
sion generation and aggregation. The nature of these subtasks is best illustrated over 
an example:  

 
A princess lived in a castle. She loved a brave knight. She was 

pretty. The castle had towers. It was strong. They lived in it.  

 
In this text various elements of the reality that is being described are mentioned 

one or more times: a princess, a knight,... Different natural language expressions are 
used to describe them at each occurrence in the text: “a princess”, “she”, “the prin-
cess”. The task of referring expression generation concers the way in which a system 
decides at each occurrence how to refer to a given element.  

The correct use of referring expressions to compete with human generated texts 
involves a certain difficulty [4]. Possible simple algorithms for deciding when to use 
a pronoun and when to use the full name produce poor results. Two occurrences of 
the same concept in a paragraph can be far apart, and this may confuse the reader. 
Knowledge intensive approaches modelled on the way humans do it require a certain 
measure of content understanding that is resource hungry.  

Aggregation [3] involves deciding how compact the presentation of information 
should be in a given text. It operates at several linguistic levels, but we only consider 
it here with respect to concepts and their attributes. For instance, the system must 
decide between generating “The princess is blonde. She sleeps.” and generating “The 
blonde princess sleeps.”. Aggregation is generally desirable, but may result in adjec-
tive-heavy texts when the information to impart becomes dense in terms of attributes, 



as in “The pretty blonde princess lived in a strong fancy castle with her stern rich 
parents.”. A good solution should find a balance between conciseness and acceptable 
style. 

2 An Evolutionary Solution 

We propose the use of a simple genetic algorithm, where the appearances of the con-
cepts are considered as the genes. The initial population is generated randomly, using 
for each concept its full name or its pronoun. When using the full name, a selection of 
the attributes the concept has in the knowledge base is chosen. These attributes will 
appear just before the name of the concept, as it is usual in English. The system 
works over this population for a number of generations determined by the user. In 
each generation three genetic operators are used: crossover, mutation and aggrega-
tion. Finally, at the end of each generation each tale is evaluated and a selection of the 
population is passed to the next one, in such way that the tales with a higher fitness 
have more possibilities of being chosen. 

The operators 

For the crossover operator, two drafts are selected randomly and crossed by a ran-
dom point of their structure. So, each of the sons will have part of each of the parents.  

In the case of the mutation operator, some of the genes are chosen randomly to be 
mutated. If the gene is a pronoun, it will change into the correspondent full name, 
always associated with a subset of its possible attributes. In case the gene was a full 
name, there are two options: to change it into a pronoun, or to change the subset of 
attributes that appear with it. One of these two options is chosen randomly. 

The aggregation operator addresses the task of deciding on the aggregation be-
tween concepts and their attributes. This involves a certain modification of the struc-
ture of the text, because sentences in the text may be deleted if the information they 
impart becomes part of a previous sentence. The aggregation operator acts only on 
genes corresponding to explicitly mentioned concepts: concepts referred by pronouns 
are excluded. It can act in two directions. If the reference to the concept appears with 
one or more attributes – as in  “A blonde princess lived in a castle.” -, the operator 
disggregates the attributes by eliminating their mention and adding a corresponding 
“X is Y” sentence – resulting in “A princess lived in a castle. She was blonde.”. If the 
reference to X has no attributes – as in “A princess lived in a castle.” -, the algorithm 
looks for  an “X is Y” sentence – such as “The princess was blonde.”-, adds the cor-
responding attributes to the reference, and deletes the “X is Y” sentence – resulting in 
“A blonde princess lived in a castle.”.  

The goal of this definition of the aggregation is to ensure that the attributes of a 
concept be mentioned in the appearance of a concept or in the correspondent “X is Y” 
sentences, but not in both. As the aggregation operator are used randomly, the desired 
result is obtained only in some cases.  



The fitness function 

The key to the genetic algorithm lies in the choice of fitness function. A simple ap-
proach would be to require that in each generation the user reads all the texts and 
gives them a fitness value. The number of generations and individuals in the popula-
tion for a simple experiment makes this approach impractical. So, we analyzed the 
features of a human generated text from the point of view of the referring expres-
sions, and we found five different evaluation functions, each one aimed at a different 
aspect. 

Correct Referent. When writing a text, we cannot use a pronoun for something 
that we have not mentioned before, or readers would get confused. In addition, if the 
full name reference and the pronoun are far, the reader can also get confused and be 
unable to link the two occurrences of the same concept. So, this function penalizes 
the appearances of pronouns for a concept that has not been referred in the two previ-
ous genes with its full name.  

Redundant Attributes. When describing a concept in an “X is Y” sentence, peo-
ple do not use the attribute they are going to describe in the reference to the concept. 
This function penalizes sentences like “The blonde princess was blonde”. 

Reference Repetition. Using always the same reference together with the same at-
tributes results in repetitive text. For example, it is acceptable to use “the princess” 
every time we refer to the princess character, but it would be striking to use always 
“the pretty blonde princess”. To avoid that, repetitive use of references is penalized.  

Coherence. If we use different subsets of its attributes in different references to 
the same concept, the reader may mistakenly assume that we are referring to different 
concepts. For example, if we use “the pretty princess” and “the blonde princess” in 
different places, and we have not specified that the princess is both pretty and blonde, 
it could seem that there are two princess: a pretty one and a blonde one. With this 
function, we penalized the appearance of attributes that have not been mentioned in 
the first description of a concept or in a “X is Y” sentence. 

Lack of Concept Information. When applying the genetic operators to a draft, 
some information about a concept may disappear from the final text. To avoid that,  
this function looks for all the attributes of each concept in the ontology, and checks if 
they are mentioned in the text. If not, the draft is penalized.  

For the evaluation of each of the texts that form the population, we use formula 
(1), where error is the accumulated error of a specific text taking into account the 
fitness functions mentioned above.  

fitness = 1 / ( error + k ). (1) 

In this way, the fitness would be greater if the error is smaller. The constant k is 
used to avoid divisions by zero. In our experiments it was set with the value 1, so the 
maximum possible fitness was 1. 



The results 

The following text is an example of system output for a very simple input concerning 
the initial description of the characters that take part in a tale: 

 
A princess lived in a castle. She was the daugther of parents. They 

were stern. The blonde princess loved a brave handsome knight. The cas-
tle had towers. The parents lived in the castle. It was strong. 

 
The beginnings of stories are rich in descriptions of characters and locations and 

are therefore good case studies for the problems being discussed. The input to the 
system provides conceptual descriptions of characters and locations in terms of at-
tributes and  relations between them. The evolutionary algorithm operates over the 
output of previous stages that have carried out other NLG tasks such as content de-
termination – selecting the particular concepts that are relevant – and discourse plan-
ning - organising them in an orderly fashion. These tasks are currently carried out in a 
traditional manner and simply provide the data for the evolutionary stages. A tradi-
tional surface realization stage transforms the output of the evolutionary stages into 
readable text. 

3 Conclusions and future work 

With respect to both of the tasks addressed, the output texts respect the strong con-
straints required for the text to be acceptable, while at the same time showing reason-
able variation between the different options much as a human-generated text would. 
Due to the main difficulties in the evaluation of the population at the end of each 
generation, we are currently considering the possibility of using neural networks to 
reproduce the human evaluation of the quality of the resulting texts. We are also 
working on extending the system to allow the use of proper nouns to describe some 
concepts, as an additional option to pronouns and descriptive references, including 
the revision of the genetic operators and the introduction of new evaluation functions 
to estimate the correct application of proper nouns. In view of these results, in future 
work we want to apply EA techniques to other tasks of NLG, such as content deter-
mination and discourse planning. The particular advantages of evolutionary tech-
niques, combined stage by stage in this manner, may be an extremely powerful 
method for solving natural language generation problems while also profiting from 
classic NLG techniques. 
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Extended Abstract 

Knowledge-Based Systems (KBS) development must overcome multiple difficulties, 
making it a high cost technology with a large number of development failures. Cur-
rent development methodologies, such as VITAL [4], MIKE [1] or CommonKADS 
[8], stress the use of generic components to facilitate the reuse of knowledge, Prob-
lem Solving Methods (PSM) and code. 

Ontologies play an important role in this process because they try to normalize the 
task and/or the domain they that describe [3]. However, as discussed in [5], there are 
some gaps between the PSM and the task it carries out, on one side, and between the 
PSM and the knowledge it applies, which complicate domain reuse. 

This paper will describe our experience on the development of some synthetic ap-
plications (see Table 1), how the same PSM was applied to four domains, and how 
the different domain knowledge corpus were mapped onto the PSM ontology. 

Table 1. We use the task types as they are defined in the CommonKADS’s book [8] 

Application Synthetic Task Type 
Educational centre timetable Scheduling 
Employee timetable Scheduling 
PC configuring system Configuration design 
Airline lines programming Planning 

 
CommonKADS and authors like [6] suggest a shared characterisation of all syn-

thetic tasks by using some terms such as requirements, constraints, domain, etc. These 
terms are similar to those used by the Constraint Satisfaction (CS) techniques [2], 
such as the Forward Checking algorithm. We have adopted this technique (Figure 1 
shows de derived PSM), because it provides us with the needed simplicity to trans-
form it into a PSM and is easily extensible with some other techniques such as consis-
tency techniques and variable/value ordering. A detailed description of this PSM can 
be found in [7]. 



The full paper will describe the roles of the PSM (i.e. task description knowledge, 
soft requirement, etc.) and the association between the domain vocabulary and some 
of the test applications. 

According to the people participating in this initiative, the reuse of the PSM and its 
associated executable code supposed at least 30% of development effort saving (just 
for the expert module). This percentage is even larger depending on some other fac-
tors such as the complexity of the application being modelled. The PSM Ontology 
allow us to prepare structured interviews with the human experts in order to acquire 
specific knowledge for that role. The experts easily understood the PSM diagram and 
collaborated actively providing valid rules that were later included in the system. 
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Fig. 1. Forward Checking PSM 

 
On the other hand, assessing a priori the potential benefits of reusing components 

is not easy because there are too many (obscure) factors that directly influence on the 
final revenue. Some of these include the technological background and experience of 
the development team, the size and complexity of the task type and domain applica-
tion, and how easy the adaptation of the module will result to be reused to the actual 
domain problem. 
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1 A Management Problem and its Knowledge Challenges

In practice managers often anticipate future situations for taking decisions at
the present time. Mathematical models proposed in the literature, however, very
often do not take this anticipatory dimension into account. Contrary, the models
at hand merely represent the dynamics at the present current time. At best, some
of those models extend these current-time dynamics to include retardation.

The purpose of this paper is hence to demonstrate that it is possible to
extend the classical modelling techniques to include anticipative capabilities. We
will base our work on a general management problem dealing with multi-level
actions and decision-making on operative, strategical, and normative planning
levels (Espejo et al, 1996).

Espejo et al (1996)have with their multi-level model highlighted the decision
dilemmas of managers. Holmberg (1999) has already identified the anticipating
power of the model. This means that an action on one level will not only have an
effect on that level in focus. With some retardation (delay) it will also have effects
on the others. This, of course, is quite in line with classical system knowledge.
Those indirect and often dramatic effects are anyhow often overlooked in many
practical situations with the manager in charge just focusing on the direct effects.

The approach of Espejo et al (1996) is a good start for ameliorating current
decision support for managers but as the model is expressed only in qualita-
tive and graphical form it is not directly suitable for computer simulations and
quantitative calculations. However, by strengthening this basic model with an-
ticipatory computing techniques (Dubois, 2003) we will be able to advance the
state of the art.

2 The Proposal and its Assessment

In showing the effects of retardation and anticipation in business models, let us
consider the following recursive discrete model.



P (t + 1) = P (t) + dtG1[P (t), F (t), V (t); p1] (1)

F (t + 1) = F (t) + dtG2[P (t), F (t), V (t); p2] (2)

V (t + 1) = V (t) + dtG3[P (t), F (t), V (t); p3] (3)

where dt is the temporal time step.

The state of the first operational level is given by the temporal function P(t),
which may represent the production of the company. The state of the second
strategic level is given by F(t) representing, for example, Research and Devel-
opment. The state of the third level, at last, is given by V(t), representing the
normative work of defining the company’s vision and mission. The three func-
tions Gi are functions of the three states P (t) , F (t) and V (t) and the sets of
parameters given by pi.

The model as it is, is a model describing the company at the current time
t. The numerical simulation of this model can be performed by giving explicitly
the functions Gi , the initial states at time t = 0 for P (0) , F (0) and V (0) and
the values of the parameters pi . Let us now give an example of retardation and
one of anticipation:

P (t + 1) = P (t) + dtG1[P (t), F (t− τ1), V (t); p1] (4)

F (t + 1) = F (t) + dtG2[P (t), F (t), V (t); p2] (5)

V (t + 1) = V (t) + dtG3[P (t + τ2), F (t), V (t); p3] (6)

where τ1 is a factor of retardation and τ2 is one of anticipation.
The simulations show different behaviour, varying from stable fixed point to

completely chaotic, depending on the values of the parameters. The introduction
of retardation leads to a less stable solution while the effect of the anticipation
is to render the system more stable. This approach can also be applied in other
fields of research and/or development in computer supported systems theory.
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Abstract. The Fuzzy Constraint Networks model, a generalization of the 
Disjunctive Temporal Fuzzy Constraint Networks, is a framework that allows 
representing and reasoning with fuzzy qualitative and quantitative complex 
constraints. However, its general complexity is exponential, and we need to find 
tractable subclasses. In this paper we propose two algorithms to deal with a 
tractable subclass named Series-Parallel Fuzzy Constraint Networks. 

1 Introduction 

Fuzzy Temporal Constraint Networks model (FTCN), introduced in [4], allows 
expressing simple constraints, representing them with a possibility distribution. Fuzzy 
temporal constraints allow combining precise, imprecise, qualitative and quantitative 
information. A fuzzy model allows intermediate consistency degrees, and to quantify 
the possibility and necessity of a relationship or query.  

In certain tasks, such as planning or scheduling, a more general model with 
disjunctions is needed. Then, the FTCN model is enhanced, defining a constraint with 
a finite set of possibility distributions, obtaining the Disjunctive Fuzzy Temporal 
Constraint Networks (DFTCN) [1]. This model extends the TSCP framework 
proposed by Detcher [3], and it allows constraints as “Irrigation is much before or a 
little after than Treatment”, and subsumes the Vilain & Kautz Point Algebra. This 
framework allows representing all the possible relationships between time points, 
between intervals and between time points and intervals, and their disjunctions. 

The main drawback of DFTCN is its computational inefficiency. These networks 
are non-decomposable, needing backtracking to find a solution [1]. Determining the 
consistency and computing the minimal network are also exponential, and it would be 
interesting to find tractable subclasses, as series-parallel networks [2]. 

In this paper we use a generalization of DFTCN, named Fuzzy Constraint 
Networks (FCN) [2], and we present two efficient algorithms, SP+ and SPR, to decide 



 

if a FCN is consistent, series-parallel and obtain its equivalent path-consistent (and 
minimal) network, using the information of the original problem constraints. 

2. Series-Parallel Fuzzy Constraint Networks 

A Fuzzy Constraint Network (FCN) Ld consists of a set of n+1 variables X0, ... ,Xn  
whose domain is a full ordered set of equidistant precise values, and a finite set of 
disjunctive binary constraints among these variables. The variables and constraints 
can be represented with a constraint graph or network. The complete model definition 
is included on [2]. 

A network is series-parallel if it can be reduced to an arc applying iteratively a 
reduction operation. The SP algorithm [2] decides whether a network is series-
parallel, using only the graph topology, but not the information contained into 
network constraints. Enhancing this algorithm to use constraint information, we can 
obtain useful information about the network, and to decide simultaneously whether 
the network is series-parallel or not. 

Working in this direction, we propose the algorithm SP+, which can decide with an 
O(n) complexity whether a network is inconsistent if it detects an empty constraint. If 
an empty constraint is not detected and the algorithm decides that the network is 
series-parallel, the network is consistent. As a subproduct, the final obtained 
constraint is the minimal constraint among the two lasting variables, and the 
equivalent network obtained with the computed constraints is decomposable in the 
reverse variable reduction ordering. This is the code of SP+ algorithm: 

 
SP+ Algorithm 
begin 
  for each i=0..n Compute-degree (i)  
  NodeQueue = {nodes with degree 1 and 2} 
  while (NodeQueue <> ∅ and |V| > 2) 
    begin 
     node=Get(NodeQueue) 

      if Degree(node) = 2 then    ij ij ik kjL L L L← ∩ ⊕&&  

      if Lij = ∅ then exit  

       { }V V node← −   
       if Degree(node)=1 then Degree(Neighbour(node)) --       
       if Degree(Neighbour(node)) = 2 then   
      Put(NodeQueue,Neighbour(node)) 
            else if Connected(Neighbours(node)) then   
      Degree(Neighbour(node)) --  
       if Degree(Neighbours(node)) = 2 then   
      Put(NodeQueue, Neighbours(node))  

           else E E← +  {ArcNeighbours(node)} 
   end    
 if (NodeQueue = ∅ and |V| > 2) then  
       exit (“Network is not series-parallel”) 
end 



 

 
Fig. 1. Example of network to be reduced with SP+ 

Figure 1 shows a FCN network to be reduced with SP+. Figure 2 shows the 
reduction process and refined constraints obtained. 
 

  

 
 

Fig. 2. Example of reduction process 

 



 

Based on the results of SP+, we can propose a linear rebuilding algorithm SPR, 
which obtains a path-consistent network respecting the original network topology. 
The obtained network is not the full path-consistent or minimal network, because it is 
not a complete graph. 

As future work, we can highlight the evaluation of these techniques and its 
comparation versus other approaches for series-parallel networks, the implementation 
of a linear algorithm for obtaining the minimal network, and the search of another 
FCN tractable subclasses and decomposition methods. 
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1 Introduction

Model checking is a technique for an automated formal verification of correctness of
various classes of systems. Compared to the more traditional approaches to this prob-
lem based on simulation and testing, the main advantage of model checking is that the
desirable behavioural properties of the considered system are checked in such a way
that all the reachable states which may affect the given property are guaranteed to be
covered. The disadvantage of model checking is that it may have very high compu-
tational time and space requirements. That is why various ways of dealing with the
computational complexity of model checking are sought.

The systems to be verified may be described using various languages. Here, we
consider the systems to be described by the PNtalk language based on Object-Oriented
Petri Nets (OOPNs). PNtalk [6] has been developed at the Brno University of Technol-
ogy as a tool suitable for modelling, prototyping and rapid development of concurrent
and distributed software systems.

In the paper, we discuss possibilities of parallel OOPN state space generation and
exploration on shared-memory architectures. The goal is to combat the high time com-
plexity of state spaces-based verification methods.

2 Object-Oriented Petri Nets

The OOPN formalism is characterized by a Smalltalk-like object orientation enriched
with concurrency and polymorphic transition execution, which allows for message send-
ing, waiting for and accepting responses, creating new objects, and performing compu-
tations.

OOPNs are based on active objects whose internal activity is described by high-level
Petri nets that are called object nets. The objects communicate via message sending.
Asynchronous reactions of objects to incoming message are described by method nets.
Method nets are also high-level Petri nets and each of them has a set of parameter places
and a return place. Method nets can access places of the corresponding object net. Both
object nets and method nets are dynamically instantiable. Objects can also communicate
synchronously via synchronous ports that resemble special transitions of objects nets,
which can be fired only when they are activated from some classical transition. A simple
OOPN model in Fig. 1 demonstrates modelling by OOPNs on a simple example of
dealing with the stack data structure.

The latest research in the area of OOPNs shows that due to their features, OOPNs
are every suitable for describing open and reflective systems [7].
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Fig. 1. A simple OOPN model

3 A Parallel OOPN State Space Generator

The main problem of the model checking methods is the so-called state space explo-
sion—the number of states grows exponentially with the size of the model. Thus, it is
difficult or practically impossible to apply these methods directly to large systems. We
can identify two main approaches for dealing with the problem. The first class of these
methods consists in sophisticated generation and exploration of the state spaces while
the second one tries to exploit more powerful computer architectures. In the context of
OOPNs, we have explored the first approach, e.g., in [4, 9, 5]. Here, we consider the
second possibility. Namely, we discuss the techniques behind a parallel state space gen-
erator of OOPNs which we have developed for architectures with shared memory using
the Java programming language and the JOMP tool [2].

The main task in programming parallel applications for shared-memory architec-
tures is to achieve a good load distribution among multiple computation threads taking
into account their need to synchronize when accessing shared data. In our case, we need
to deal with three shared data structures—(1) a hash table, which is used for storing the
state space such that fast searching of states is possible when we need to know whether
a certain state has already been found or not, (2) a list of non-explored states that con-
tains states whose successors have not been explored yet, and (3) a marking pool which
is a special pool for storing decomposed markings.



In order to minimize conflicts among threads trying to access the hash table, we
have divided the table into several parts. In addition, we have divided also the list of
non-explored states (also called as the work list) in such a way that a newly generated
state is put to the unique part of the work list associated with the part of the hash table
to which the state is stored. Moreover, we let the thread that is responsible for handling
a certain part of the hash table use a private work list when processing the states to be
explored. Finally, to further improve the performance, we create a copy of the marking
pool for each thread. The distribution of data we thus obtain is shown in Fig. 2.
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Fig. 2. Data Distribution

As we have already said, one of the crucial issues for efficiency of parallel applica-
tions is the quality of load sharing among threads. We have started with one data node
(i.e. a fraction of the hash table) for each thread. However, this did not work well. At
first, we are not able to divide the hash table to parts with the same number of states
in advance. Moreover, for a fine load sharing, it is necessary that each thread has some
work (i.e. states to explore) during the whole production run, which is impossible to
predict and guarantee in advance too.

Therefore, we have divided the hash table and the work list to more parts than we
have threads. We find by experiments that the best performance is reached when three
times more nodes than threads are created. Then, threads switch among nodes and try
to find some work to do as it is shown in Fig. 3 for the case of two threads.

Using all these optimizations, we have reached parallel speedups up to 3.3 using 16
processors on the Sun Fire 15k server and speedups up to 2.3 using 4 processors on the
Sun Enterprise 450 server. Moreover, the work distribution among particular threads is
fine (e.g., for 4 threads and about 10 million states: 24.3 % – 25.5 % – 25.3 % – 24.3 %).

The main problem that prevents us to achieve an even better parallel speedup is
the memory management system (especially garbage collecting) due to the memory
operations being performed sequentially. A possible approach to this problem is to im-
plement a user-specific memory management system like in [1], to reduce the number
of dynamically created objects.
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In the full paper, we describe the proposed algorithm in more detail including a dis-
cussion of efficient ways of storing and comparing the highly complex states of OOPNs,
more experimental results, etc.
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Extended Abstract

1 Introduction

Recently, multi-wavelets, that is, wavelets with more than one scaling and wavelet
function have gained a considerable interest in the area of signal processing, in
particular in signal de-noising and compression due to their promising results in
these areas.

The first multi-wavelets were introduced by Alpert [1], who constructed
Legendre type of wavelets on the interval [0,1) with several scaling functions
φ0, φ1, . . . , φN−1, instead of just one scaling function φ0. This difference enabled
high-order approximation with basis functions supported on non-overlapping in-
tervals. In the particular case of N = 1, Alpert’s multi-wavelets coincide with
the Haar basis.

The discrete analogue of continuous Legendre multi-wavelets has been also
introduced by Alpert [1]. The structure of this analogue is essentially similar
to that of continuous multi-wavelet bases, but the discrete construction is more
convenient when the representation of a function (and its related operations) is
based on its values at a finite set of points [1].

In [3], a new basis, called the tree-structured Haar (TSH) basis was intro-
duced, which is a generalization of the classical Haar basis to the arbitrary time
and scale splitting. The idea behind such a construction was to adapt the basis
to the signal on hand. Discrete orthogonal TSH transform has been successfully
applied to the problem of de-noising signals [5].

In [4], the TSH structure has been extended to the multi-wavelet bases by
the analogy with Alpert’s construction. The construction of the basis functions
assured their orthogonality in the continuous space. However, the question re-
garding the construction of discrete orthogonal bases was left unexplored. In this
paper we address the problem of constructing the discrete counterpart of tree-
structured multi-wavelets, so called, tree-structured Legendre (TSL) transform,
by generalizing the construction procedure, introduced in [1].

2 Continuous Legendre multi-wavelets: non-dyadic
interval splitting

The two-scale relations for the Legendre scaling functions and wavelets of order
N in the case of arbitrary interval splitting point α, introduced in [4], are in the



form: {
φk(x) =

∑N−1
j=0 pk,jφj(αx) +

∑N−1
j=0 pk,N+jφj(αx−1

α−1 ),
ψk(x) =

∑N−1
j=0 qk,jφj(αx) +

∑N−1
j=0 qk,N+jφj(αx−1

α−1 ).
(1)

The parameter α is selected according to the construction of tree-structured
Haar (TSH) basis, introduced in [3]. The name TSH comes from the fact, that
the splitting rules follow from a special tree [3]. In particular, if α = 2, we get
exactly the dyadic Legendre multi-wavelet basis functions. Figure 1 illustrates
the non-symmetric wavelets for N = 2 and α = 3 [4].

3 Discrete counterparts

In [1], an algorithm of constructing discrete Legendre multi-wavelet orthogonal
matrices was introduced. We have generalized the algorithm to the case of arbi-
trarily selected parameter α, as for TSH basis. As a result, discrete counterparts
of tree-structered Legendre (TSL) multi-wavelets have been derived. These new
discrete multi-wavelet like bases can improve the performance for certain signal
processing tasks, such as signal de-noising.

Below we present an algorithm for discrete TSL multi-wavelet construction
that includes Alpert’s algorithm as a special case. We start with constructing a
binary tree, according to which the basis matrix will be derived. Each node of
such a tree has one or two children. Each node is labelled by a number, equal to
the sum of its children’s labels. All terminal nodes are labelled by N , where N
is the required approximation order. Thus, the label at each node is a multiple
of N . An example of such a tree with N = 2 is presented in Figure 2.

By d we denote the depth of the tree, and let µj , j ∈ {0, 1, . . . , d} be the
number of nodes on level j. The tree in Figure 2 is of depth d = 4, with µ0 =
1, µ1 = 2, µ2 = 3, µ3 = 4, and µ4 = 6. Let also c(j, i), i ∈ {1, 2, . . . , µj} be the
nodes on level j, counted from the left to the right, and ν(c(j, i)) be the label at
node c(j, i).

Now we proceed to the definition of basis matrices. Given the set of points
{x1, x2, . . . , xn} ∈ R with x1 < x2 < . . . < xn, where n is the label at the root
of the tree, we define so called ”moment matrices”, M1,i, for i ∈ {1, 2, . . . , µd−1}
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Fig. 1. Non-symmetric Legendre multi-wavelets for α = 3, a) wavelet ψ0(x), b) wavelet
ψ1(x)



as follows:

M1,i =

⎛
⎜⎜⎜⎝

1 xui+1 . . . x2N−1
ui+1

1 xui+2 . . . x2N−1
ui+2

...
...

1 xui+2N . . . x2N−1
ui+2N

⎞
⎟⎟⎟⎠ , (2)

if c(d − 1, i) is a splitting node, and

M1,i =

⎛
⎜⎜⎜⎝

1 xui+1 . . . x2N−1
ui+1

1 xui+2 . . . x2N−1
ui+2

...
...

1 xui+N . . . x2N−1
ui+N

⎞
⎟⎟⎟⎠ , (3)

if c(d − 1, i) is a non-splitting node. Here ui =
∑i−1

j=1 ν(c(d − 1, j)) for i >

1, and u1 = 0. Additionally, we define matrices U1,i = (Orth(M1,i))T , i ∈
{1, 2, . . . , µd−1}, where Orth stands for column-by-column Gram-Shmidt orthog-
onalization.

By SU and SL let us denote the upper and lower k rows of (2k×2k) matrix S,
respectively. The first (n× n) basis matrix, U1, is obtained by first constructing
an auxiliary matrix, Ũ1:

Ũ1 =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

ŨL
1,1

ŨL
1,2

. . .
ŨL

1,µd−1

ŨU
1,1

ŨU
1,2

. . .
ŨU

1,µd−1

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

, (4)

where

Ũ1,i =

⎧⎨
⎩

U1,i, if c(d − 1, i) is a splitting node(
IN

0N

)
, otherwise.

(5)

2 2 22 2 2

4 4

444

4

2 2

8

12

Fig. 2. TSH Legendre tree, N = 2



In (5) IN and 0N denote (N ×N) identity and zero matrices, respectively. U1 is
now obtained by deleting all zero rows from Ũ1.

The m − th basis matrix, m ∈ {2, . . . , d}, is Um × Um−1 × · · · × U1, with
(n × n) matrices Uj , j ∈ {2, . . . , k} defined by the formula

Uj =
(

U ′
j

I

)
. (6)

Here U ′
j are obtained by deleting zero rows from Ũ ′

j :

Ũ ′
j =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

ŨL
j,1

. . .
ŨL

j,µd−j

ŨU
j,1

. . .
ŨU

j,µd−j

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

, (7)

Ũj,i and Uj,i are related in the same way as Ũ1,i and U1,i (see (5)), Uj,i =
(Orth(Mj,i))T , and Mj,i is given by

Mj,i =
(

UU
j−1,k × Mj−1,k

UU
j−1,k+1 × Mj−1,k+1

)
(8)

if c(d − j, i) is a splitting node and c(d − j + 1, k), c(d − j + 1, k + 1) are its
left and right children, respectively; and Mj,i = Mj−1,k if the node c(d − j, i) is
non-splitting, and c(d − j + 1, k) is its only child.

The final matrix, U = Ud ×Ud−1 × · · · ×U1, represents the discrete wavelet-
like basis of parameter N on x1, x2 . . . , xn. As it has been mentioned in [1], some
adjustments must be made to this formula to ensure numerical stability. These
issues are discussed in [2] and we will not cover them here.

References

1. Alpert, B.: A class of bases in L2 for the sparse representation of integral operators,
SIAM J. Math. Anal., 24, (1993), 246–262

2. Alpert, B., Beylkin, G., Coifman, R., Rochlin, V.: Wavelet bases for the fast solution
of second-kind integral equations, SIAM Journal on Scientific Computing, 14, 1,
1993, 159–184

3. Egiazarian K., Astola, J.: Tree-structured Haar transforms, Journal of Mathematical
and Imaging Vision, 16, 2002, 267–277

4. Gotchev, A., Egiazarian, K., Astola, J.: On tree-structured legendre multi-wavelet
bases, Proc. Int. Workshop on Spectral Methods and Multirate Signal Processing
(SMMSP 2001), June 16-18, Pula, Croatia, 2001, 51–56

5. Pogossova , E., Egiazarian, K., Astola, J.: Signal de-noising in tree-structured Haar
basis, Proc. 3rd International Symposium on Image and Signal Processing and Anal-
ysis (ISPA’03), Rome, Italy, September 18-20, 2, 2003, 736–739



Remarks on Calculation of Autocorrelation on
Finite Dyadic Groups by Local Transformations

of Decision Diagrams
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1 Introduction

Autocorrelation is an important operation in signal processing and systems the-
ory [1]. In particular, the autocorrelation on finite dyadic groups, denoted as
dyadic autocorrelation Bf , (see Definition 1) is useful in switching theory and
design of systems whose inputs and outputs are represented by functions defined
in 2n, n ∈ N points, including switching functions as an example [2], [3], [6],
[7], [8], [9]. Recently, some new applications of dyadic autocorrelation in spectral
methods for switching functions, testing of logic networks [4] and optimization
of decision diagrams (DDs) for representation of discrete functions has been re-
ported [10]. In this paper, we define and discuss a method for calculation of
the dyadic autocorrelation through decision diagrams, the use of which permits
processing of functions of a large number of variables.

2 Background Theory

Denote by Cn
2 the finite dyadic group, where Cn

2 = ×n
i=1C2, and C2 = ({0, 1},⊕),

where ⊕ denotes multiplication modulo 2 (EXOR).

Definition 1 For a function f : Cn
2 → R, where R is the field of real numbers,

the autocorrelation Bf is defined by Bf (τ) =
∑2n−1

x=0 f(x)f(x ⊕ τ), where τ =
0, . . . , 2n − 1. In binary notation, x = (x1, . . . , xn) and τ = (τ1, . . . , τn), where
xi, τi ∈ {0, 1}.
In matrix notation, if f and Bf are represented by vectors F = [f(0), . . . , f(2n−
1)]T and Bf = [Bf (0), . . . Bf (2n − 1)]T , respectively, then, Bf = B(n)F, where
B(n) is the dyadic autocorrelation matrix for f .

2.1 Wiener-Khinchin theorem

The Walsh transform is defined by the Walsh matrix

W(n) =
n⊗

i=1

W(1),



where ⊗ denotes the Kronecker product, and W(1) =
[

1 1
1 −1

]
.

The Wiener-Khinchin theorem states a relationship between the autocorre-
lation function and Walsh (Fourier) coefficients [2]

Bf = 2nW−1(Wf)2,

where W denotes the Walsh transform operator.

3 Decision Diagrams

Decision diagrams are data structures providing compact representations of dis-
crete functions defined in a large number of points [11]. In this paper, we as-
sume that a given function f is represented by a Multi-terminal Binary DD
(MTBDD(f)) [11]. A MTBDD is a directed acyclic graph consisting of non-
terminal nodes and constant nodes connected by edges. Each node has two out-
going edges labeled by the negative and positive literals xi and xi of the decision
variable assigned to the node. Nodes to which the same variable is assigned form
a level in the MTBDD.

Notice that in calculations over decision diagrams, the impact of the deleted
nodes should be taken into account through the cross points defined as points of
intersections of paths from the root node to the constant nodes with the imag-
inary lines showing levels in decision diagrams, which means lines connecting
nodes to which the same decision variable is assigned [12]. Complexity of a de-
cision diagram is usually expressed in terms of the number of non-terminal and
constant nodes, called the size of the decision diagram.
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Fig. 1. MTBDT(f), MTBDD(f) and MTBDD(Bf in Example 1.

Example 1 Fig. 1 shows a MTBDT and the corresponding MTBDD for a func-
tion f given by the vector of function values F = [0, 0, 1, 2, 3, 3, 3, 3]T . In this



figure, we also show the cross points in the MTBDD. Fig. 1 shows the MTBDD
for the autocorrelation function Bf (τ).

4 Wiener-Khinchin Theorem over Decision Diagrams

The Walsh spectrum Sf of a given function f represented by a MTBDD is deter-
mined by performing at each node and the cross point of the MTBDD(f) the cal-
culations determined by W(1). For simplicity, we say the nodes and cross points
in MTBDD(f) are processed by W(1). In this way, MTBDD(f) is converted
into the MTBDD(Sf ). We perform the multiplication of Sf by itself by replac-
ing the values of constant nodes Sf (i) with S2

f (i) [11]. Then, the MTBDD(Bf )
is determined by performing the calculations determined by W(1) at each node
and the cross point of the resulting MTBDD(Sf ) followed by the normalization
with 2n, since the Walsh matrix is self-inverse up to the constant 2−n.

4.1 Complexity of the method

Since in calculation of the Walsh spectrum, we perform an addition and a sub-
traction at each node and the cross point distributed over n levels, the com-
plexity is O(2n · size(MTBDD(f))). Notice that the number of cross points
in a MTBDD is on the average at about 30% of the number of non-terminal
nodes [11]. The result of these calculations is the MTBDD(Sf ). Then, we per-
form squaring of the values of constant nodes and perform the inverse transform.
Thus, since the Walsh transform is self inverse, the complexity of these calcula-
tions is O(2n · size(MTBDD(Sf ))). After multiplication with the scaling factor
2n, the MTBDD(Bf ) is derived.

Notice that the size of the MTBDD for the Walsh spectrum is usually greater
than that of the MTBDD for functions with a limited number of different val-
ues. Since in calculation of the autcorrelation function, MTBDD(f) is converted
into a MTBDD(Sf ), which is in many cases larger in terms of size than the
MTBDD(f), the space complexity of the method is O(size(MTBDD(Sf ))).

5 In-place Calculation of Autocorrelation Coefficients

We define a transformation of nodes in MTBDDs that consists of permutation
of labels at the outgoing edges.

The i-th row of the autocorrelation matrix is the vector of function values
f(x⊕ i), where ⊕ denotes the componentwise EXOR over the binary represen-
tations for x = (x1, . . . , xn), and i = (i1, . . . , in). In decision diagrams, this shift
of the argument for f implies permutation of labels at the edges of some nodes
in the decision diagram for f . Nodes whose edges should be permuted are situ-
ated at the levels whose position within the decision diagram corresponds to the
position of 1-bits in the binary representation for the row index i.

The i-th autocorrelation coefficient is calculated by the multiplication of the
i-th row of the autocorrelation matrix Bf by the vector F of function values



for f . When f and rows of Bf are represented by decision diagrams, it follows
that the i-th autocorrelation coefficient is calculated by the multiplication of the
decision diagrams for f and f(x⊕ i). This can be performed by the classical pro-
cedure for multiplication of decision diagrams. However, since decision diagrams
for f(x) and f(x ⊕ i) differ in labels at the edges, in practical programming
implementations, calculations can be organized over a single diagram similar
as calculations of FFT can be organized in-place [1]. Therefore, complexity of
calculation is proportional to the number of nodes in the decision diagram for
f .

In this procedure, f is represented by a MTBDD which is then traversed in
such a way to multiply values of constant nodes in the MTBDD for f with the
values of constant nodes in the MTBDD for f(x⊕ τ) and perform the addition
of these values. The way of traversing is determined by the binary components
τi, i = 0, 1, . . . , n − 1 of τ . A flag is associate to each non-terminal node, to
show if the node was already traversed. In this manner, the coefficient Bf (τ) is
calculated. The procedure has to be repeated for each coefficient.
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Extended Abstract 

In this paper, we present a new pseudo-random sequence generator, constructed by 
the generalized discrete Baker transformation. This new generator is called Cascaded 
Baker Register Machine (CBRM), which combines chaotic behaviour with the 
strength of the shift-register theory. 

It is shown that a CBRM has good properties of randomness, such as large periods 
and high linear complexity. It can provide high security with rather fast encryption 
speed, and can be realized simply by both hardware and software. 

The chaotic function that we use is the well known generalized discrete Baker 
transformation [2]. The chaotic properties of the Baker transformations have been 
investigated by  [3].A CBRM is similar well known Gollmann cascade [1, 4] of k 
stages. It consists of a series of k Baker-Register-Machines (BRM), of same length 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Example of a Cascaded Baker Register Machine of 3 stages 

The partition-key π  which defines a  specific generalized Baker Transform can be 
customer specified.It is used to initialize a Baker-Register-Machine. The key π  



 

determines the cyclic length of the BRM. Not every possible partition-key leads to a 
secure cyclic length. The table below shows some possible partitions of a 16 ×16 
Baker map and their cyclic length. 

Table 1. Some possible partitions 

partition cyclic length 
(8,4,4) 622440 
(4,4,8) 622440 
(4,4,4,2,2) 1680 
(4,4,2,2,4) 55440 
(4,2,2,4,4) 55440 
(2,2,4,2,2,2,2) 55440 
(2,2,2,2,4,2,2) 55440 

 
An analysis of the CBRM shows that it has good statistical properties. For example 

n-gram distributions are uniform.Another nice property of a BRM is that the 
generated sequences are highly sensitive to the initial key. By statistical analysis, we 
found that changing one bit in the encryption key caused 49.4% of the bits to change 
in the corresponding cipher-image. Optimally, fully half of the bits should change, in 
order to hide any information about the key from leaking.The linear complexity 
profile of the CBRM algorithm is staying very close to the  length of  the generated 
sequence.The cycle length (period) of the CBRM depends on the partition key, as 
mentioned above. In general it is difficult to compute the exact cycle length of the 
CBRM. A general formula for this computation can be given as follows: 

Let r be the number of the feedback-shift-registers that realize the Baker-Register-
Machine, iσ  (i =1, 2, …, r) the length of the shift-register i, and k the number of 
cascaded stages. Then the cycle length of the CBRM is given by: 
 
 L = lcm ( )krσσσ ,....,, 21  
 

As an example L for n = 256, k = 10,π  ={4, 4, 8}. We get L = 10622440  
57107.8 ⋅≈ . Such a length is enough for many practical applications. 

The CBRM has been simulated and tested in VHDL (hardware) and JAVA™ 
(software). 

To evaluate the possibility for an application of the Baker-transformation in stream 
ciphering further cryptological research is needed. 
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1 Introduction

Permutations are a core component of almost every cipher. No matter if we
consider the DES [5], AES [2] or most of the other encryption algorithms [6]
relevant nowadays, we always find permutation operators as essential building
blocks inside. In this contribution we will introduce key-dependent permutation
operators of provably excellent quality inspired by chaotic Kolmogorov flows [1,
4]. From chaotic systems theory it is known [3] that the class of Kolmogorov flows
exhibits the highest degree of instability among all dynamical systems. As will
be demonstrated in the sequel, these outstanding properties make them a per-
fect inspiration for developing a novel class of strong cryptographic permutation
operators.

2 Chaotic Kolmogorov Flows

Continuous Kolmogorov flows (see e.g. Figure 1) perform iterated stretching,
squeezing and folding upon the unit square E. It is guaranteed [1, 3] that their
application leads to perfect mixing of the elements within the state space.

Formally this process of stretching, squeezing and folding is specified as fol-
lows. Given a partition π = (p1, p2, . . . , pk) (0 < pi < 1,

∑k
i=1 pi = 1) of the unit

interval U and stretching and squeezing factors defined by qi = 1
pi

. Furthermore,
let Fi defined by F1 = 0 and Fi = Fi−1 + pi−1 denote the left border of the
vertical strip containing the point (x, y) ∈ E to transform. Then the continuous
Kolmogorov flow Tπ will move (x, y) ∈ [Fi, Fi + pi)× [0, 1) to the position

Tπ(x, y) = (qi(x− Fi),
y

qi
+ Fi). (1)

3 Discrete Kolmogorov Systems

Chaotic Kolmogorov flows perform perfect mixing of the continuous unit square
but how can we utilize them to mix a discrete data block of dimensions n×n? We
have developed the following formula. Given a list δ = (n1, n2, . . . , nk) (0 < ni <

n,
∑k

i=1 ni = n) of positive integers that adhere to the restriction that all ni ∈ δ



Fig. 1. Illustrating the chaotic and mixing dynamics associated when iterating a Kol-
mogorov system.

must partition the side length n. Furthermore let the quantities qi be defined by
qi = n

ni
and let Ni specified by N1 = 0 and Ni = Ni−1 + ni−1 denote the left

border of the vertical strip that contains the point (x, y) to transform. Then the
discrete Kolmogorov system Tn,δ will move the point (x, y) ∈ [Ni, Ni+ni)×[0, n)
to the position

Tn,δ(x, y) = (qi(x−Ni) + (y mod qi), (y div qi) + Ni). (2)

In the final paper we will prove the following theorem:

Theorem 1. Let the side-length n = pm be given as integral power of a prime
p. Then the discrete Kolmogorov system Tn,δr as defined in equation 2 fulfills
the properties of ergodicity, exponential divergence and mixing provided that at
least 4m iterations are performed and lists δr used in every step r are chosen
independently and at random.

Based on this theorem it is well justified to claim that the permutation op-
erator developed in this contribution is indeed an excellent key-dependent per-
mutation operator for cryptographic applications.
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Abstract. In this article the immunity of ElGamal and related signa-
ture schemes against fault cryptanalysis (FA) is examined. Although such
schemes have been widely adopted, their resistance against fault crypt-
analysis has not been verified in detail. Majority of those schemes are
not immune to fault cryptanalysis and can be broken without solving
discrete logarithm problem. It will be proved that the selected signature
schemes can be broken in O(n2logn) steps if single bit-flip errors are in-
ducted during computations. We will also present methods that allow to
improve security of ElGamal and DSA.

1 Introduction

In this paper we focus on six different versions of ElGamal and related DSA
and Schnorr signature schemes. It will be shown that, choosing algorithm to a
particular application has huge impact to security, which will decrease when one
is able to induct errors during computations. Our attack assumes that signing
purposes are implemented in tamper-proof device and one is able to induct
random bit-flip error to private key a stored in this device. We also assume
that each error affects only one bit and the probability that i-th bit of key a is
erroneous equals 1/n.

In our paper we present different signature schemes and their weakness
against fault analysis. We also present methods that improve some of those
schemes to remain secure. Those observations can be useful when modifying or
creating new signature schemes.

2 ElGamal Signature Scheme

In all versions of ElGamal algorithm public and private keys are defined as
follows:

– private key - a
– public key - (p, g, y)

where p is a large prime, g is a generator of the multiplicative group Z∗p and y is
calculated as gamodp. Signature generation, in case of the most popular version
of ElGamal scheme, goes as follows:



1. select a random integer k < p− 2 with gcd(k, p− 1) = 1
2. compute r = gkmodp
3. compute s = k−1(h(m)− ar)mod(p− 1) where h(m) is a hash function

and then the signature for m is a pair (k, s)

The scheme mentioned above is susceptible to fault cryptanalysis and one can
recover the key a with probability 1/2 after nlog2n erroneous signings. Complex-
ity of this attack is O(n2logn). This can be easily proved.

Similar analysis can be done with respect to other versions of ElGamal
schemes. Those versions differs only in step 3 of signing which can have one
of the following forms:

3a. s = a−1(h(m)− kr)
3b. s = ar + kh(m)
3c. s = ah(m) + kr
3d. s = a−1(r − kh(m))
3e. s = k−1(r − ah(m))

As we show in our paper versions 1 and 4 are immune to fault cryptanalysis
of the discussed type. On the other hand other versions of ElGamal scheme
are susceptible to fault cryptanalysis and can be broken with probability 1/2 in
nlog2n attempts. We will also present and examine modifications that allow to
increase cryptanalysis complexity and thus improve security.

3 DSA and Schnorr Schemes

In our paper we also study DSA and Schnorr signature schemes. We show that
DSA scheme cannot be broken using the same technique as in case of ElGammal
thanks to mathematical modifications that influence key preparation and signing
processes. Unfortunately there are other methods how one can break DSA. Those
methods were presented in [2].

We have also examined Schnorr signing scheme. In the article we present
how one can recover secret integer a from tamper-proof device without solving
discreet logarithm problem or reversing one-way function. This can be done
despite the Schnorr scheme use the same mathematical backgrounds for key
generation as DSA scheme. Moreover such attack requires less mathematical
computations and can be carried out easier than in case of ElGamal scheme.
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1 Introduction

Boolean functions are at the core of the design of every symmetric cipher algo-
rithm, be it stream or block type. There is a wide body of theory supporting the
design choices behind many of the standard algorithms in wide use [4].

However, in many respects the design of cryptographic-quality boolean func-
tions still depends on many ad-hoc constraints. Efficiency and compactness con-
siderations leave very little room for choice when other algorithm parameters
(key schedule, number of rounds, etc.) determine too stringently the properties
we need for the required S-boxes or feedback functions. Choosing at random is
possible if efficiency is neglected [1].

Although complexity theory lies deeply at the roots of cryptographic strength,
it seems too often neglected in the design and analysis of algorithms, in which
algebraic approaches are favored. However, measures of complexity have proven
useful for detecting weaknesses in preliminary phases of design [3].

In this paper we survey the usual criteria that apply to the design of boolean
functions for stream and block ciphers, proposing a complexity-theoretic frame-
work in which measures of complexity provide a test bench for nonlinear elements
of cryptographic algorithms in preliminary analysis.

2 Usual requirements on boolean functions

Established criteria for boolean function quality of design can be enumerated as
follows:

– being balanced
– propagation criteria of various orders
– being bent
– avalanche criteria

The relation among all these criteria and many others have been thoroughly
studied and still are subject of intensive research [6, 5]. Their algebraic character
is remarkable.



3 Complexity-theoretic approaches

With a complexity-theoretic point of view, complexity measures can be applied
to test how good a non-linear boolean function could perform. Complexity mea-
sures that have been proposed, with and without cryptographic purposes in
mind, have been reviewed in [2]. Application of these measures can be done in
several ways:

1. Profiling complexity of pseudo-random sequence generators.
2. Measuring computational complexity of well-known attacks (be it ciphertext-

only, known-plaintext or chosen-ciphertext attacks).
3. Computing the number of rounds needed to achieve some complexity lower

bound to assess the quality of nonlinear elements.
4. Boolean circuit complexity evaluation of selected parts of a network.
5. Estimating the Kolmogorov complexity of generic cryptanalysis strategies

applied to subalgorithms and/or weakened forms of full algorithms.

4 A test bench

In this presentation we propose 4 and 5, together with the other well-established
techniques as procedures for assessing the suitability of boolean functions for
a given cryptographic purpose. In the framework of a reduced-round version of
the well-known block algorithms AES and Serpent, and a toy, proof-of-concept
stream cipher algorithm, we show how to apply this method to select the best
possible choice for the non-linear elements involved.
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Extended Abstract

In protocol analysis we are given a description of the protocol, a set of security
goals, and a model of the underlying communications system. We then check
whether the protocol meets its desired goals. The research community has dis-
cussed conventions for describing protocols, and there exist proposals for protocol
description languages such as CAPSL1. Equally, the importance of distinguish-
ing security properties in all their nuances is widely acknowledged and there
has been much research on this topic. Current definitions for the properties of
cryptographic primitives and mechanisms can be found in [6]. A discussion of
various authentication properties is given in [4], to give just two examples.

In contrast, rather less effort has been spent on modelling the communications
environment. Indeed, protocol analysis often tries to assume as little as possible
about the communications system and gives all messages to the adversary for
delivery. This approach is often presented as analysis in the Dolev-Yao model
[3]. The model makes two independent assumptions:

– Cryptography is “perfect”. The adversary does not try to exploit any weak-
ness in the underlying cryptographic algorithms but only algebraic properties
of cryptographic operators and interactions between protocol messages.

– The adversary can observe and manipulate all messages exchanged in a pro-
tocol run and can itself start protocol runs.

The second assumption was already stated by Needham and Schroeder [7]:

We assume that the intruder can interpose a computer in all communica-
tion paths, and thus can alter or copy parts of messages, replay messages,
or emit false material. While this may seem an extreme view, it is the
only safe one when designing authentication protocols.

Analysing protocols in a setting as general as possible is, however, not nec-
essarily a route to higher security. Protocols may make use of features of the
particular environment they were designed for so showing that a protocol does
not meet is goal in a more general setting is useful side-information but should
not be automatically classified as an attack.

1 For a CAPSL tutorial see http://www.csl.sri.com/users/millen/capsl/



We can analyze protocols that should meet well established security require-
ments and use established security primitives. On the other hand, we might
analyze protocols that should meet novel requirements. In the first case, security
goals, assumptions about the environment, and standard cryptographic primi-
tives can be integral parts of the methodology, so that changes to any of these
aspects would require some redesign of the methodology.

In the second case, we need agile methodologies where specific adversaries
(rather than the general Dolev-Yao adversary) and new security requirements
can be defined conveniently. Note that in most cases new protocols are designed
because new requirements have emerged, so that traditional security assumptions
have to be adjusted. For illustration, we briefly sketch four specific scenarios,
together with observations on how established security assumptions may change.

In the binding update protocol for mobile IPv6 [2, 5] a correspondent node
uses return routability to verify a binding update from a mobile node. Although
the mobile node computes a MAC on the binding update confirmation, the keys
(or should we treat those keys better as nonces?) are sent in the clear.

Protocols for the “real” Internet have to consider so-called middleboxes such
as Network Address Translators (NATs) and firewalls. A simple “Alice & Bob”
model of communications is no longer appropriate when designing, and analysing
security protocols at the IP layer.

Multi-layered protocols such as the variants of EAP [1] use identifiers at
different layers. Security analysis has thus to check the binding that is intended
(or not intended, when privacy is a goal) between the different identifiers of a
single principal. Again, the Alice & Bob view of the world is too simplistic.

A protocol providing data integrity in a sensor network described in [8]
achieves its stated goal not by relying on independent witnesses but does not
provide data origin authentication at the same time.

In conclusion, we argue that protocol analysis techniques have to be able to
capture specific aspects of the communications system to be able to properly
analyze the new security protocols that are being defined today.
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Extended Abstract 

The problem is to study methods for the automatic interpretation of ocean satellite 
images to recognize meso and macroscalar ocean structures. The difficulty of the 
image analysis and understanding problem for satellite data is due, in large part, to the 
lack of a precise mathematical description of the observed structures and to their 
variability. This work proposes an approximation that show the results obtained with 
an automatic interpretation system for AVHRR (Advanced Very High Resolution 
Radiometer) infrared images, developed to detect and to label oceanic structures. This 
automatic interpretation system contains mainly a set of different classifier, that allow 
to compare the results. The classifiers use functional and operational principles de-
rived from the ANNs (Artificial Neural Nets), Rule-Based Knowledge Systems and 
Fuzzy System. 

 
Fig. 1 depicts the overall structure of the system that has been developed. In a first 

step, the raw image is processed by means of algorithms such as radiometric correc-
tion, map projection and land masking. The second step aims to detect  clouds pixels 
that are opaque to radiance data measured in the AVHRR infrared and visible 
scenes[1]. The following task is the segmentation that will divide the whole image in 
regions. The nature of ocean dynamics makes very difficult this process that is never-
theless fundamental, so we’ve designed an iterative knowledge-driven method to 
perform this part of the process pipeline [2]. The next task is the features or descrip-
tors selection, which consists of selecting an optimal or sub-optimal feature subset 
from a set of candidate features. The most common framework for features selection 
is to define some criteria for measuring the goodness of a set of features [3], and then 
use a search algorithm to find an optimal or sub-optimal set of features [4]. We have 
used Bayesian networks for features selection in the recognition of oceanic structures 
in satellite images [5][6]. In the last step, each region produced in the segmentation is 
analyzed and, if the recognition is positive, it is labeled with the identifier of the 
matching structure. The structures of interest in the Canary Islands zone as defined in 
[7] are: coastal upwelling, warm eddies, cold eddies and island wakes. 



 
Fig. 1 Structure of the ocean feature recognition system. 

We have implemented a redundant recognition subsystem. It has an ANN-based 
Symbolic Processing Element (SPE) module, a rule-based Graphic E.S. (GES),  
Bayesian Network, Hybrid System (Artificial Neural Network based Radial Base 
Function and Fuzzy System based Sugeno [8]) and Neuro-Fuzzy Systems 
(NEFPROX, ANFIS [9] [10]) performing the same task. The purpose is to test differ-
ent methodologies and to provide a way to validate and compare these results. 

 
 
We have explored the use of Bayesian networks as a mechanism for feature selec-

tion in a system for automatic recognition of ocean satellite images. The use of 
Bayesian networks has provided benefits with respect to SPE, not only in the reduc-
tion of relevant features, but also in discovering the structure of the knowledge, in 
terms of the conditional independence relations among the variables. In future works 
we plan to improve the accuracy rate of the system including more variables. Fur-
thermore, we expect to use models to avoid the discretisation of the continuous fea-
tures when learning Bayesian networks.  

 
On the other hand, obtained results aren´t expected for classification process by 

hybrid and neuro-fuzzy system. They don´t correspond with results of other cassifiers 
(EPS, GES and Bayesian Network). The main problem is the number of generated 
rules, which is excessive. In future works we plan to improve the accuracy rate of the 



hybrid and neuro-fuzzy systems including more variables, tunning training parame-
ters, optimizing the obtained structure and automating the construction of neurofuzzy 
system.  

 
Finally, the structure of the automatic interpretation system that has been intro-

duced, it is a complex and independent structure for the following tasks: 
1. Iterative segmentation-recognition cycle is made by means of graphic expert sys-

tem. 
2. Feature selection and validation of knowledge is done by bayesian learning 
3. Multiple classification allows to find different interpretations of the existing 

knowledge to validate the knowledge of the classifiers.  
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Extended Abstract 

Latest experiences in industrial and space applications have shown, that the symbiosis 
of virtual reality techniques with versatile robot control techniques can break new 
grounds in the field of virtual reality applications as well as in the field of robotics. In 
this context the new paradigm of Projective Virtual Reality is presented as a 
sophisticated new approach to the control and supervision of robotic and automation 
systems.  

 
Fig. 1. The basic idea of Projective Virtual Reality 
 
The idea behind Projective Virtual Reality is to "project" actions that are carried out 
by users in the virtual world into the real world, primarily by means of robots but also 
by other means of automation. Robot control technology thus provides the user in the 
virtual reality with a "prolonged arm" into the physical environment, paving the way 
for a new quality of a user-friendly man machine interface for automation 
applications. The paper provides the background of Projective Virtual Reality which 
is based on latest results in the fields of task planning, world modeling, cooperative 
robot control and sensor-based robot control. Building on these basic ideas, new 
research directions related to simulating the “virtual human” will be presented. The 
implemented approach of the real-time dynamic simulation of an anthropomorphic 



kinematic chain will be demonstrated. The implemented virtual human in the 
applications presented not only serves as an ergonomic “role model” in a digital 
factory environment, but it is also flexible enough – and easy enough to use – to be 
used for general scientific applications ranging from the control of anthropomorphic 
agent, the display of emotions by body language and various medical applications. 
 

 
Fig. 2. The dynamic simulation of an astronaut on board the International Space Station 
 
The first step to make virtual worlds “feel” realistic was to simulate the underlying 
physics. We are currently pursuing the next step which is to populate these “physical 
virtual worlds” with human shaped avatars to further increase user-acceptance. Will 
we be able to simulate a virtual society some time soon? 

 
Fig. 3. Dynamic interaction between multiple avatars in a space laboratory environment 
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Extended Abstract

The traditional method of auscultating heart sounds is still the first basic analysis tool
that is applied in the evaluation of the functional state of the heart, as well as the first
indicator used to submit the patient to a cardiologist. A well-trained medical doctor can
reach a final diagnosis immediately after an exploration and a conscientious ausculta-
tion. During the last 15 years, heart auscultation has undergone the spectacular advance
of other high-technology diagnosis techniques such as the doppler-ultrasound transtho-
racic echocardiogram (TTE). Nevertheless, the needed high-technology devices can be
exclusively found at high-level hospitals, while it is absent in most cardiological ambu-
latory services as well at Primary Care Centers for adult and pediatric population.

The loss of importance of heart auscultation as a technique of exploration has con-
ducted at the same time to a backward movement in its teaching as family practice
trainees in both undergrade and postgraduate levels, and as a consequence it has leaded
to an important lack of auscultatory skills in the medical staff [1]. This lack has given
rise to an increasing number of erroneous diagnoses in primary attention which are un-
necessaryly derived to cardiologist specialists [2]. Other additional factors that explain
this decreasing interest are related to: a) the subjective character of the auscultation and
its strong dependence on auscultatory experience; b) the lack of objective documenta-
tion to contrast the auscultatory findings found in the patient; c) and the poor frequency
response of the traditional commercial stethoscopes. Phonocardiography (PCG) was in-
troduced to avoid the limitations of auscultation technique. A Phonocardiogram allows
documenting timing, relative intensity, frequency, quality, tone and location of the dif-
ferent components of the heart sound, in an objective and repetitive way.

? This work was supported by the Spanish MCyT under project MEDICI (TIC2003-09400-C04-
01) and Murcia Regional Government under project PB/46/FS/02



Nevertheless, in recent years, the medical community has shown a renewed interest
in cardiological auscultation and PCG. This renaissance of PCG is motivated by the
confluence of a diversity of factors: a) the present situation of overutilization of high
technology devices (such as TTE), which are restricted to a few Cardiology units, b)
the demonstrated usefulness of cardiac auscultation in clinical prediagnosis, especially
in primary attention, since some pathologies can be detected by this process. Further-
more, many pathological conditions of the cardiovascular system cause murmurs and
alterations in the sounds of the heart, even before they were detected as symptoms by
means of other more advanced techniques [3].

In this work, a system for the storage, visualization, automatic detection and di-
agnosis of alterations of the heart function, based on the analysis of the PCG signal, is
proposed. Automatic detection and diagnosis requires a previous characterization of the
PCG morphological properties, in order to proceed with the identification. The process-
ing of the PCG signal is base on a hierarchical structure that provides a methodology
for the analysis and interpretation of the phonocardiographic signal, with a scheme sim-
ilar to that followed by the physician during auscultation. This structure is based in the
abstraction of signals and organized in different levels, each one with different blocks
aimed to specific tasks, which perform the complete processing from the acquisition of
the phonocardiographic record to the final diagnosis. Besides the abstraction levels [4],
in each level several specialists exist, which are processing blocks that perform analysis
of the associated signals or extract some kind of information. Each specialist is defined
with input data, grouping operations, and output data, which will be available to the rest
of specialists of the same level and higher. The lowest level of the hierarchy performs
the most intensive computations, whereas as the levels are higher, the information is be-
ing abstracted progressively. Examples of methodologies like the proposed in this paper
have been applied successfully to other biomedical environments, like the detection of
myocardial ischaemia [5]. The proposed hierarchy is organized in four levels, each one
associated to the main signals: envelopes, events, sounds, and diagnosis.

The proposed system pursues a double goal. On the one hand that of serving as ob-
jective element for prediagnosis of alterations of the heart function in primary attention.
On the other hand, the second goal is focused on the exploitation of training capabili-
ties of the system. To achieve these goals, a multimedia database is provided in which
the PCG signal and the processing results are stored together with the information of
patient’s clinical history. In this multimedia database, different metaphors for the PCG
visualization are offered, as well as the corresponding TTE video, thus making possible
for the user to associate PCG sounds with real heart images. Finally, an important effort
has been made in providing the medical stuff with an adequate system for the acqui-
sition and electronic storage of the PCG signal. In this sense, an ubicuous acquisition
system, based on PDA, has been developed. This PDA acquisition systems allows the
medical stuff to carry out the auscultation process, and at the same time, allows them to
add annotations to acquired the PCG signal.
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Abstract. In this paper an innovative system has been created, which detects 
the movement of the hand and implements a converter of dactylology language 
to text, segmenting an input video and recognizing the frames selected, by 
means of an algorithm of a movement detector system. Once, it established the 
correct images, these have been parameterizated and recognized with a decision 
tree classifier and a network neuronal (NN), from the characteristics of the 
different classes of the dactylology alphabet, with a success of the 93.9%. The 
reached times in these tests show their possible application in real time. 

1   Introduction 

Since the principle of the times, the human species has gone feeling the need to have a 
greater quality of life. Along the history, the technological development has achieved 
an evolution that contributes clearly to create a welfare society as we find it 
nowadays. In spite of the conscience of global social integration, it exists minorities 
represented by collective or groups that cannot opt to an improvement of the quality 
of life, since they do not possess the same options neither opportunities that the 
remainder of the citizens. The present associate-cultural tendency produces an 
accelerating continuous in the need of routine interaction of the users with diverse 
systems, which take advantage to try to break the barriers that impede the integration 
of these groups [1]. For this reason, the motivation of this work comes given by the 
application of a system to recognize the movement of the hand (video) to text, with 
the purpose to be able to break the barrier of language among the people with auditory 
decrease and the remainder of the society.  
 
 
 
 
 
 
 
 

 
Fig. 1. Block diagram for the proposed system 

Web cam 

Captured video 



 

Subsequently, this process to carry out the dactylology language converter system 
will be described. This implemented system recognizes the symbols that compile in 
the Spanish dactylology alphabet, which is utilized in the language of signs for the 
communication of the disabled, considering the dynamic conditions of the 
gesticulation of the above language to select adequately, the gestures represented in 
the gesticulation, and to carry out the conversion of these gestures to text (see figure 1). 

2   Movement detection 

To carry out this conversion we need a device sensor (web camera, video camera 
more acquiring card, digital or even, a mobile telephone with camera integrated) for 
receiving the images that contain the gesticulation. 

To obtain a capture of the correct gesture has been utilized a uniform background, 
for the acquisition of the video samples, complying a series of environmental 
conditions as the brightness, the position of the hand on the background, etc. Also, 
some own parameters of the capture are established among them, we emphasize the 
shutter speed of the input device, which has been acquired to 30 frames by second. 

The extraction of the frame (of the input video sequence), pertaining to a definite 
gesture, is carried out by the monitoring of the movement of the hand, utilizing a 
movement detector system (SDM), designed to consider the dynamic conditions of 
the gesticulation. 

In the above algorithm (SDM), as the first step is carried out a test of the video 
each 4 frames, this signifies that the sequence is analyzed each 0.13 seconds. On this 
way, we will be grasped with security all the possible gestures carried out. From each 
frame extracted, some peripheral parameters are calculated that give an idea of the 
position of the hand in that determined instant. These data are stored to do a 
comparison with the same data but of the following frame. Thus, we can have an idea 
of the movement carried out by the hand, in the transition between the two captures 
(elapsed 0.13 seconds). For it, two types of movements are defined, depending on the 
comparison of the peripheral distances calculated with respect to some thresholds 
created for the operation of the SDM: 

 
– Abrupt Movement: is produced when the hand carries out a considerable 

displacement in an interval of 0.13 seconds. 
– Light Movement: when the displacement of the hand corresponds with a small 

change of the position of the fingers, a small rotation of the hand, etc. 
 

When a static gesture is detected, with respect to the previous frame, is selected in 
order to extract its characteristics for its subsequent classification. The remainder of 
the frames are ruled out as transition or stable frames due the static position of the 
hand with the time. It is possible to capture the same gesture more than one time, 
since the hand can fluctuate of natural form or, even, the gesticulation can carry out 
repercussions due to the inexperience of the use of the language of signs on the part of 
the person that makes the shot. For this reason, the segmented gestures have been 
studied to avoid a repetition of the same, ruling out those whose characteristics are 



 

very similar. At the same time, it will serve to do a classification that summons to the 
gestures to some specific groups depending on its morphology. 

Fig. 2. Detection movement process 
 
Achieving it, some general characteristics are extracted, which gives an idea of the 

dimensions, area and solidity of the gesture. Subsequently, perimeter recognition is 
done to find more specific parameters, as the number of fingers, inclination of the 
hand, etc. Attending to these characteristics calculated will proceed to a classification 
in which the gestures with similar properties establish groups that define the type of 
gesture. The creation of the groups is carried out to obtain an organization of the 
alphabet in the way of tree; this causes a faster recognition of the segmented frames. 

Analyzing the alphabet are found gestures, whose similarity is evident, as it is the 
case of the letters ‘s’ and the ‘o’. Solving it, some more specific parameters are 
extracted, which help to recognize the relation among the similar gestures. 

3   Experiments: Parameterization and Classification 

To extract the characteristics of the gesture processed [2][3] and to assign them for 
a classification, a decision tree classifier is created gestures for the all the gestures of 
the alphabet. In some cases the sub-classification of the alphabet can go to the 
creation of the exclusive groups for a single gesture, in such case, a direct answer is 
obtained, which do not need that the gesture be processed to take it like input of the 
recogniser. 

The characteristic parameters of each gesture segmented are stored in sequential 
form, to carry out an exhaustive comparison of these parameters, so much the generic 
as the specific parameters. On this way, we can know that gestures must be 
discriminated and which ones must be recognized. Therefore, this system is able of 
detecting the characteristics of two similar consecutive gestures, in this case, the last 
processed frame will be ruled out. If they are different, the two frames will be 
analyzed since they are taken like valid and different samples.  
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The gestures of the input video, that are not recognized directly, need a pre-
processing in order to prepare the data to the input of the neuronal networks (NN) [4], 
which form the classifier based on the groups of letters, that are established in the 
characteristics extraction. 

For the analysis and evaluation of this system are needed two databases. A 
dynamic database, that is included for short videos where are represented the 
variability of the gestures of the hand, and the form of the movement for its 
segmentation is verified. And another one is static [5], which serves for training and 
test the NN [4]. In the following figure, we can see one sample of each gesture. 

Fig. 3. Samples from our database 

4   Conclusions 

To conclude, in this paper have created an innovative system that detects the 
movement of the hand for the Spanish dactylology language, that is capable of 
segmenting an input video and to recognize the frames selected by a classifier based 
on decision tree of the dactylology alphabet and a NN [4]. This system reaches an 
average success rate of 93.9%, with a low computation cost in all their steps, which is 
possible suitable for real time applications (compiling the programs implemented 
from MATLAB to C language), therefore, this system permits to do an online 
translation of the gesticulation.  
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Abstract. In this paper we present the development of BrailLector, a system 
able to speak from Braille writing. By means of dynamic thresholding, adaptive 
Braille grid, recovery dots techniques and TTS software (Text-To-Speech), 
BrailLector translates Braille scanned images into normal text, and not only 
that, it speaks the translated text. BrailLector is a robust application with 
innovative thersholding and Braille grid creation algorithms which detects and 
read Braille characters with 99.9% of correct symbols and an error variance 
below 0.012. The conversion time is only 26 secs for double-sided documents 
by MATLAB programming language. 

1. Introduction 

Nowadays, lack or problem of vision has been an important obstacle to access to 
printed contents and to the information society. For this reason, some people have 
tried to achieve that blind people are able to access to the printed culture, for example 
Valentin Haüy and Luis Braille [1] who have understood the importance of a 
communication code. Globally, an estimated 40 to 45 million people are blind and 
135 million have low vision according to the World Health Organization (WHO) [2] 
and this number grows every year.  

A Braille Optical Character Recognizer is interesting due to the following reasons; 
 

• It is an excellent communication tool for sighted people (who do not know 
Braille) with the blind writing. 

• It is a cheap alternative Braille to Braille copy machine instead of the current 
complex devices which use a combination of heat and vacuum to form Braille 
impressions. 

• Braille writing is read using the finger so is necessary touch the document, for 
this reason the book after many readings is possible has been deteriorated. 

• It is interesting to store a lot of document of blind authors which were written in 
Braille and were never converted to digital information. 

 
Since the most part of Braille books are written with two kinds of points, we will 

have to distinguish between each one. One kind is like “mountains” and the other is as 
little “valleys”, hence the finger of the blind person who read the text only detects the 
protrusions, while depressions are points written to be read from the other side of the 
sheet. If we are able to distinguish between each point we will have a big advantage, 
we will be able to recognize the two sides with only one scan. 



 

 
Fig. 1. Protrusions and Depressions on a Braille sheet 

The structure of this paper is the next: In the next text we will describe the 
characteristics of the database created. After it will be described image processing 
techniques used for dots detection and recovering and Conclusions closes this 
extended abstract.  

2. Database and Image Processing 

A big database has been created in order to check the global system with as many 
characters as we could. This data base provides single and double-sided documents 
and its size ensures the correct testing of the developed system and a good analysis of 
the error variance. The next table gives a full explanation of this database. 

Table 1. Database created 

Braille sheets 26 
Total number of characters 30862 
Mean number of character per sheet 1235 
Digital format Gray scale 
Resolution 100 dpi (horizontal and vertical) 
Image size 1360 Kbytes 
Image format Bitmap (‘bmp’) 
Braille type Double sided – grade 1 
Document size 29.5 cm. (horizontal) x 30.5 cm. (vertical) 
 
The mechanism used for image acquisition has been a flat-bed scanner because it is 

a cheap alternative which can be used for so many other applications and it is easy 
and quick to use. 

The different steps of the scanned image for its translation are; 
 

1. An innovative thresholding method has been used to extract the useful 
information of Braille images. An iterative algorithm looks for the best threshold 
according to the areas of Braille dots. This area criterion for thresholds selection 
offers an accuracy way to get the optimum levels to separate black, white and 
grey. 
Once this primary process is done, we take advantage of the shadows which 
make dot patterns. As we have seen that protrusions on a Braille sheet have a 
brilliant zone above and a dark zone below. The depressions have exactly the 
opposite pattern (these shadows are created by the skew angle of the light beam 



 
in reflection scanners) so this difference will let us to separate front and back side 
dots; 
o Moving white “islands” 4 pixels downwards and doing a logical “and” with 

black spots we will extract front side dots. 
o Moving white “islands” 4 pixels upwards and doing a logical “and” with 

black spots we will extract back side dots. 
2. The goal of this secondary process is to separate each side of the document in 

different images. This algorithm is the fastest we have tried since it avoids the 
sequential reading of the image matrix and it is very simple and efficient. In this 
stage, skew angle of the scanned document is detected by means of horizontal 
histogram and mass centers calculation and corrected rotating the original image. 

3. Not all the dots are detected with overlapping process, some of them are missed, 
either because they are very small or their shadows do not overlap with only 4 
pixels. For this reason, a new stage was added to the system: The Braille grid. 
An adaptive algorithm has been developed in order to make this mesh from the 
detected dots. Since distances between points are normalized [3], the algorithm 
builds columns and rows following these distances and according to the detected 
dots until now. This grid is flexible and respects the layout of the original 
document which makes it suitable for copying Braille sheets without losing the 
format. 
 

 
 

Fig. 2. Braille grid layout for frontal side 

4. After mesh building, all valid Braille positions are known. Now we fit this image 
on the dots image after thresholding in order to check in detail those positions 
where dots were not found. In this point lays the intelligence of the global 
system, only potential positions of dots are checked; Original dots will be 
recovered (they belong to correct Braille positions) and false dots will be 
discriminated as they are out of the valid places for a Braille dot.  
The final image with the detected dots is analyzed and text is segmented in rows 
and characters. Every character will be converted into a binary number according 
to the active dots. 
 

 
 
 
 
 

Fig. 3. Standard Braille Character (left) and ‘r’ symbol 
 



 
In this way and looking the previous example, ‘r’ symbol can be coded like 

‘111010’ where each black dot is an active dot or a “mountain” on the paper and they 
become ‘1’ in the binary number. This way of Braille text binarization makes the 
global system independent of the language of the document and easily configurable 
for adding different alphabets. 

3. Conclusions 

Finally, in this paper we have developed an automatic system for translating Braille 
text to normal text or voice. The global algorithm is very fast and robust. For 
achieving this system, dynamic thresholding and adaptive Braille grid has been used, 
adding some intelligence to the global process and making it able to detect dots in 
both sides of the document with only one scan. This process has an efficiency of 
99.9% and it takes only 26 secs to translate a double-sided document improving all 
the main references found in the bibliography [4],[5],[6]. 

 
 

 

Fig. 4. Braille Image Processing 
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Abstract. Traditional authentication systems, employed to gain access to a pri-
vate area in a building or to data stored in a computer, are based on something the
user has (an authentication card, a magnetic key) or something the user knows
(a password, an identification code). But emerging technologies allow for more
reliable and comfortable for the user, authentication methods, most of them based
in biometric parameters. We have developed a new methodology for personal au-
thentication, where the biometric parameter employed for the authentication is
the retinal vessel tree, acquired through a retinal angiography. In this work we
will present the design and implementation stages of an application which allows
for a reliable personal authentication in high security environments based on the
retinal authentication method.

1 Introduction

Reliable authentication of people has long been an interesting goal, becoming more im-
portant as the need of security grows, so that access to a reliable personal identification
infrastructure is an essential tool in many situations (airport security controls, all kinds
of password-based access controls, ...). Conventional methods of identification based
on possession of ID cards or exclusive knowledge are not altogether reliable. ID cards
can be lost, forged or misplaced; passwords can be forgotten or compromised. A solu-
tion to that problems has been found in the biometric based authentication technologies.
A biometric system is a pattern recognition system that establishes the authenticity of
a specific physiological or behavioral characteristic possessed by a user. Identification
can be in the form of verification, authenticating a claimed identity, or recognition, de-
termining the identity of a person from a database of known persons (determining who
a person is without knowledge of his/her name). Many authentication technologies can
be found in the literature, with some of them already implemented in commercial au-
thentication packages [1–3]. But today most of the efforts in authentication systems
tend to develop more secure environments, where it is harder, or ideally, impossible,
to create a copy of the properties used by the system discriminate between authorized
individuals and unauthorized ones, so that an impostor could be accepted by the bio-
metric system as a true sample. In that sense, the method employed by our system [4]
uses for authentication biometric parameter the blood vessel pattern in the retina of the
eye.



In this paper, a distributed client-server framework which allows for personal au-
thentication is outlined. From the design stage, where design patterns are the funda-
mental tool, to the implementation (server,communication channels and clients) are de-
scribed. The main goal of this work is to build a robust system which allow for the
automatic personal authentication, which would allow or deny the access to critical
resources of the system.

2 Description of the distributed system

Our system employs a conventional client-server architecture [5]. Once the retinal pat-
tern of the authorized person is stored in the database, the system performs an authen-
tication procedure each time the individual try to access the protected resources of the
system. Figure 1 depicts a schema of the authentication process.

HTTPS

Authentication server

Users database

XML/RPC

rejection

HTTPS

Web/application server

Authentication
request

Acceptance/

Fig. 1. The distributed authentication system.

The more important tools employed for designing the system has been the design
patterns [6] and the UML [7, 8], which allow for a more robust and reliable software
applications.

A client application initiates a connection to authenticate an individual, and if au-
thentication is successful, resources can be accessed. The graphical user interface for
the interaction with data (like the depicted in Figure 2) is obtained through the web
application.

The overall operation flow at the client-side can be described as follow (see also
Figure 1):

– An individual makes HTTP request to web server first. The web server will handle
the request and will communicate with the authentication server to perform the
authentication process.

– The authentication server will access the database and will allow or deny the access
to the requested resource. Upon request, procedure execution will be invoked (using
XML-RPC) based on the data sent by the client.

– Once the procedure ends, the related information is sent to the client and displayed
in the browser window, allowing or denying access depending on the result of the
authentication process.



Fig. 2. Screen from the client program-application with retinographies, which are the biometric
authentication parameter (a) and obtained authentication parameters (b).

3 Communication technology

To assure confidentially and reliability in the communications, the most widely used
secure Web encryption has been employed: the Secure HyperText Transport Protocol
(HTTPS) on the Secure Socket Layer (SSL) version 3.0 with 40 and 128 bit RC4 en-
cryption. The SSL [10] protocol has become most widely used method for encrypting
and authenticating Web communications.

Our approach to deal with the heterogeneity of the clients focuses on documents or
data and transforms that visualizes the data to fit the computing capabilities of differ-
ent users, while preserving semantics of data. This division of the underlying data and
the way it gets displayed mimics the Model-View-Controler (MVC), a well known and
frequently used design pattern to develop interactive applications with flexible human-
computer interfaces. This would allow for a future implementation of mobile authenti-
cation clients, for example.

XML has been chosen as the medium to represent the data sent to the server for
the authentication. XML is a markup language for documents containing structured
information. Once the data is written in XML, as associated XSL document can be
written to define the way it gets displayed. The XML document is platform-independent
and thus corresponds to the model, whereas the style sheet depends on the displaying
device, and corresponds to the view.

MVC separation of view and model offers the following advantages over conven-
tional application-centric environments:

– Model-view separation at the document level via XML/XSL documents.
– Simple communication protocol with a standard message format based on (en-

crypted) ASCII XML messages.

Finally, using XML-RPC [11], procedure calls are wrapped in XML establishing
that way a simple pathway for calling authentication functions. XML-RPC is a quick-
and-easy way to make procedure calls over the Internet. It converts the procedure call
into XML document, sends it to a remote server using HTTP, and gets back the re-
sponse as XML. Other considered (although finally discarded) protocols where SOAP
and CORBA, both of them popular protocols for writing distributed, object-oriented ap-
plications, well-supported by many vendors, although they are much more complex than



XML-RPC,and require fairly sophisticated clients. In addition, XML-RPC has fewer
interoperability problems than them.

4 Conclusions and future work

In this paper an authentication web application has been presented. Using that program
restricted access to system resources (buildings, data, etc.) can be granted only to au-
thorized individuals, rejecting those requests from unauthorized persons. XML, which
serves as the communications medium, is a standard that has already gained wide accep-
tance and provides a powerful medium for data exchange, visualization specifications
and procedure execution by means of the XML-RPC method invocation procedure.
Moreover all the communications take place over secure channels, through to the em-
ployment of encryption with HTTPS on the SSL version 3.0. Currently, system is under
evaluation, and many tasks as robustness assessment, performance verification, formal
verification of whole the server-procedures, so as testing in a real environment must be
performed.
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1 Introduction

The medial axis transform (MAT) or skeleton of a geometric figure is a set of
curves that approximate the local symmetry axis of this figure. The concept of
medial axis consists in the reduction of geometric shape information to the min-
imum. The first definition was given by Blum [1], who stated the analogy with a
prairie fire: the MAT is the set of points where the propagation wavefront initi-
ated from the shape boundary “intersect itself”. Despite the extreme simplicity
of this definition, the implementation in digital images without loss of important
properties is surprisingly difficult. For this reason there exists a large number of
algorithms and methods in the literature to address this problem. The relevance
of MATs was introduced initially by Blum mainly for visual perception analysis
and it is used especially for pattern recognition.

Formally there exist four definitions for medial axis transform, all of them
equivalent, described by Montanari in [2]. In the first of them the medial axis
transform is the prairie fire model proposed by Blum commented above where
the fire lines represent the propagation fronts. The second definition states that
the MAT is the set of ridges of the distance map constructed from the shape
boundary. In the third definition, one of the more common, the MAT is the set of
centers of the maximal discs of the figure, where a maximal disc is a cicumference
contained in the shape for which there exists no other circumference inside the
shape that contains it. The last model define the MAT as the set of points
that do not belong to any straight line segment connecting other points to their
respective closest boundary points.

The principal MAT properties are the connectivity, the preservation of the
main topological features of the shape, i.e. to not lose any main branch in the
skeleton and to not add irrelevant branches to it, and the Euclidean equidistance
of every point of the skeleton to two or more points on the boundary. Regarding
the discrete MAT, it is desirable to obtain one pixel thickness results to accom-
plish the narrowness property. Obviously in a discrete domain the equidistance
property is not possible to obtain, so it is necessary to relax this property to get
the most approximated result.

2 Method

Methods to construct MAT are well described in the literature [3–5]. In this
paper we propose a method to extract the MAT from a 2D shape, where the



distance map from the shape boundaries is computed using a propagation scheme
and then, the MAT is constructed detecting the points where the collision from
the wavefronts occurs.

The way of detecting the points where the wavefront intersection takes place
is carried out by a non propagation criterion. The discrete propagation fronts
initiated from the shape boundary, are implemented with a list of pixels at Eu-
clidean distance d from it, where d is an integer number, and these pixels are the
ones which have real distance values closer to d inside the shape. The wavefront
at distance d from the boundary will generate the wavefront at distance d + 1,
as long as there exist more inner non visited pixels. When a pixel can not be
propagated deeper into the shape, it is automatically labeled as member of the
skeleton. With this criterion the MAT obtained is not connected and has not
one pixel thickness.

The connectivity is not assured because two effects. The first one appears
because points which should be labeled as belonging to the MAT, are not de-
tected in cases where the propagation fronts coming from opposite directions do
not intersect at the same pixel but adjacent ones, as in figure 1(a). The second
effect happens when the shape becomes wider as illustrated in figure 1(b). The
first effect is corrected a posteriori using the distance map computed, connecting
the pixels of the computed MAT through the points with maxima values in the
distance map. The second effect is solved in the propagation process, by con-
necting the extremal points of the MAT computed in d (if any) with its nearest
point in the front d+1. The narrowness property is easily achieved by a regular

d=1

d=0

d=2

d=1

d=0

d=3

d=2

(a) (b)

Fig. 1. Disconnection effects: wavefronts coming from opposite directions do not inter-
sect at the same pixel but adjacent ones (a), and aperture zones (b)

thinning which is highly efficient because only a small percentage of the image
has to be scanned, and only one thinning iteration is needed.

3 Results and Conclusions

We present some results in figure 2, where MAT from different shapes are suc-
cessfully obtained with our method. This algorithm presents several advantages.
First, the MAT is computed very efficiently because it uses an ordered prop-
agation scheme [6] which is a very fast operation. The post-processing step,
connection and thinning, is computed also very fast because a very small num-
ber of points are involved and only one thinning iteration is needed. Second,
the topological properties of the shape are always preserved as shown in our
results. Third, irrelevant branches in the MAT do not appear, i.e. it is not very
sensitive to boundary noise, and no pruning of the resulting skeleton is needed.



And finally this method can be also extended straightforwardly to 3D shapes,
obtaining the medial surface transform.

Fig. 2. Medial axis transform in several shapes
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Extended Abstract

In computer vision, camera calibration is a procedure that tries to know how a
camera projects a 3D object on the screen. This process is necessary in those
applications where metric information of the environment must be derived from
images. Many methods have been developed in the last few years to calibrate
cameras, but very few works (i.e. Tsai [10], Salvi and Armangué [8], Lai [7] or
Isern [5]) have been done to compare such methods or to provide the user with
hints on the suitability of certain algorithms under particular circumstances.

This work presents a comparative analysis of eight calibration methods for
static cameras using a pattern as reference: Faugeras [4], Tsai [9] (classic and
optimized version), Lineal, Ahmed [1] and Heikkilä [6] methods, which use a
single view of a non-planar pattern; Batista’s method [3] which uses a single
view of a planar pattern; and Zhang’s method [11] which uses multiple views of
a planar pattern.

The results provided by every method have been compared and the accuracy
in the pattern points reconstruction and the stability of the model parameters
when the pattern is relocated or the camera setup varies have been analyzed. We
define the stability of a calibration as the constancy of the process results when
one parameter changes. Two types of stabilities can be defined: on the one hand,
if only extrinsic parameter are varied (pattern location) the values obtained from
calibration in the intrinsic parameters (internal setup of the camera) should be
constant; on the other hand, if only intrinsic parameters are varied the values
obtained from calibration in the extrinsic parameters should be constant.

This study has been carried out with real and simulated images and using,
when ever possible, the Matlab code made available by the authors of the meth-
ods on the WWW. Different kinds of patterns (planar and non-planar) have been
used according to the exigences of each method. Also, the experiments have been
repeated using patterns with a different setup; i.e. the number of points and their
location have varied. The comparison of the results obtained by every method
has been carried out using the same reference images.



Working with real data, only the stability or global errors (2D-Error or 3D-
Error) can be studied for each method. We have labelled the mean distance
between real and estimated image coordinates and the mean distance between
real and reconstructed 3D coordinates of the pattern points, respectively, as the
2D-Error and the 3D-Error.

When the calibration is performed with real data, ground truth values of each
parameter of the camera model are unknown so it is impossible to determine that
accuracy with which these parameters are obtained. To overcome this difficulty
a simulator was developed.

Sensibility to different kind of noises sources has been studied to each method
and their results are compared due to the use of the simulator has allowed the
analysis of the influence of the determined noise separately of the rest.

The study of the stability of the calibration methods have been realized
both in the simulator and in real conditions. In order to analyze the stability of
extrinsic parameters a sequence of image was acquired making zoom, therefore
the focal length was varied, while the pattern remained static front to the camera.
This experiment has been repeated varying the location and setup (number of
points) of the pattern.

In order to analyze the stability of intrinsic parameters two types of ex-
periments have been realized. On the first one, the pattern has been displaced
parallel to the camera. On the second one, the pattern has been relocated in dif-
ferent positions and distances respect to the camera. In both cases the camera
setup remained constant.

The experiments have shown that most of these methods are not stable in
the sense that the set of intrinsic parameters returned by a calibration method
suffered important variations under small displacements of the camera relative
to the calibration pattern. Similar results have been obtained for extrinsic pa-
rameters when the camera only changed its internal configuration (i.e. when it
zooms in or out) and not its relative position to the calibration pattern. In both
cases the instability affects principally to the parameters that are directly related
with the element varied in the experiment. Therefore, when focal length varies
the pattern distance is very instable and viceversa. Similar results are obtained
for optic center when the pattern is displaced parallel to the camera.

On the other hand, the influence of the different types of noise has been study,
in concrete, noise in image 2D-coordinates, pattern points 3D-coordinates and
distortion of the image. This question has been analyzed only in the simulator
due to in real conditions the noises can not be aisled.

The error function minimized by the methods, usually the image disparity
(2D-Error), achieves similar error levels with all them, when the experiments
have been carried out in the simulator. This happens when the camera setup is
near to the ideal, that is to say, when the camera setup is near to guess values
introduced to some of the methods, still noise conditions are presented. However,
this has not resulted in similar parameter estimations among the methods and,
obviously, it has not guaranteed that the parameter estimations converge to the
ground truth values.



In general, the experiments have shown that the values of the parameters
obtained in the calibration process depend on the method used. In other words,
it exists high differences among the estimated value for a determined parameter
obtained by each method, still the same image is used as reference to realize the
calibration process.

Finally, we can conclude that the review and analysis of the calibration meth-
ods considered in this paper have shown that there exists a strong coupling be-
tween intrinsic and extrinsic parameters. The main practical implication of this
fact is that, when a camera is calibrated with any of these methods, we are ”cal-
ibrating” the camera with just that pose, as the obtained intrinsic parameters
will change with pattern location or camera pose. Hence, the current practice of
calibrating a camera that will be moved around, to obtain just its set of intrinsic
parameters, must be reconsidered when an accurate calibration is paramount.
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1 Introduction

The face detection problem, defined as: to determine any face -if any- in the
image returning the location and extent of each [7], seems to be solved, accord-
ing to some recent works [4] [6]. Particularly for video stream processing, these
approaches focus the problem in a monolithic fashion, forgetting elements that
the human system employs: temporal and contextual information, and cue com-
bination.

The work summarized in this abstract describes an approach for robust real-
time multiple face detection which combines different cues. The resulting ap-
proach achieves better detection rates for video stream processing and cheaper
processing costs than outstanding and public available face detection systems.

2 The Face Detection Approach

The approach briefly described makes use for the first detection or after a failure,
of two window shift detectors based on the general object detection framework
described in [6], which provide acceptable performance and processing rates.
These two brute force detectors, recently integrated in OpenCV, are the frontal
face detector described in that paper, and the local context based face detector
described in [3]. The last one achieves better recognition rates for low resolution
images and non frontal faces whenever the head and shoulders are visible.

The exclusive use of a monolithic approach based on the Viola framework has
the disadvantage of not using a main cue needed for video processing: temporal
coherence. Any face detected in a frame provides information which can be used
in the next frames to speed up the process. Therefore, for each detected face,
the system stores not only its position and size, but also its average color using
red, green normalized color space.
? Work partially funded by research projects Univ. of Las Palmas de Gran Ca-

naria UNI2003/06 and Canary Islands Autonomous Government PI2003/160 and
PI2003/165.



Skin color based approaches for face detection have a lack of robustness for
different conditions. A well known problem is the absence of a general skin color
representation for any kind of light source and camera [5]. However, the skin color
extracted from the face previously detected by the frontal face Viola detector
can be used to estimate facial features position by means of the color blob, which
provides valuable information to detect eye positions for frontal faces [1].

Each face detected in a frame can be characterized by different features f =
〈pos, size, red, green, leyepos, leyepattern, reyepos, reyepattern, facepattern〉. These
features direct different cues in the next frame which are applied opportunisti-
cally in an order based on the computational cost and the reliability.

– Eye tracking: A fast tracking algorithm [2] is applied in an area that sur-
rounds previously detected eyes, if available.

– Face detector: The Viola-Jones detector is applied in an area that covers the
previous detection [6].

– Local context face detector: If previous techniques fail, it is applied in an
area that includes the previous detection [3].

– Skin color: Skin color is searched in the window that contains the previous
detection, and the new sizes and positions coherently checked.

– Face tracking: If everything else fails, the prerecorded face pattern is searched
in an area that covers previous detection [2].

These techniques are applied until one of them finds the face, or the process
will be restarted using the Viola-Jones based detectors applied to the whole
image. Whenever a face is detected, the skin color is used for facial features
detection [1].

The approach extracts different features from each detected face in a frame,
therefore multiple face detection is considered. Additionally, a single or multi-
ple faces detected in consecutive frames are related according to their specific
features. During the video stream processing, the face detector gathers a set of
detection threads, IS = {dt1, dt2, ..., dtn}. A detection thread contains a set of
continuous detections, i.e. detections which take place in different frames but are
related by the system in terms of position, size and pattern matching techniques.

The Viola-Jones based detectors have some level of false detections. For that
reason a new detection thread is created only if the eyes are detected. The use of
the weakest cues, i.e. color and tracking, after a recent detection is reserved to
detections which are already considered part of a detection thread. In this way,
spurious detections do not launch cues which are not robust enough, in the sense
that they are not able to recover from a false face detection. The final results
is that for each detection thread, the face detector system provides a number
of facial samples, dtp = {x1, ..., xmp

}, which correspond to those detections for
which also the eyes were located.

3 Results

For still images the lower boundary is the combination of the Viola-Jones based
detectors [3, 6]. If both detectors return a face in the same position, it is preferred



the frontal face detection as it is more precise. For still images the added value
of the approach is the likely eye detection for almost frontal views and the
combination of two Viola-Jones based detectors, see Figure 1.

Fig. 1. Detection examples from some CMU database [4] samples. The color indicates
the technique used: green means that the eyes were detected, yellow means that they
were not detected, and red containing a yellow rectangle means that the local context
detector was used. The images have been scaled down to fit the extended abstract size.
The size of the images are originally 814 × 820, 256 × 256, 611 × 467 and 159 × 160
respectively in the first row and in the second 500 × 500, 539 × 734, 336 × 484 and
258×218. Obviously for still images there are no detections based on color or tracking.

The benefits of our approach are evidenced in video stream processing. The
results achieved processing a set of 70 desktop sequences containing more than
35000 images of different individuals allow, for typical webcam resolutions 320×
240, multiple face detection in real-time, an average of 20 fps. The approach
provides better recognition rates than the OpenCV implementation of the Viola
frontal face detector (3 percentage points greater), faster, and with the added
value of eye detection for almost frontal faces. The approach is also suitable for
sequences with resolution changes, see Figure 2.

The temporal coherence applied to video stream processing not only speeds
up the process but also allows to despise most false detections which appear
when a still image is processed, see some false detections in Figure 1. In at
least 10 of the sequences some detections were non face patterns, and they were
correctly not assigned to any detection thread as the eyes were not found and
their position, or their color and size were not coherent with any active detection



thread. Or in the worst case, a non face detection was associated to a detection
thread, but the system observed soon an incoherence and decided to remove the
detection thread and wait for a new one, i.e. a new eye pair detection.

As a conclusion, the approach developed provides good and real-time per-
formance for multiple face detection at different resolutions, making the system
suitable for further processing in the field of perceptual user interfaces.

Fig. 2. Frames extracted from a video stream with 720× 576 resolution. The color has
the same meaning than in Figure 1, but observe that the last frame depicts a blue
rectangle which means that tracking was used.
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Abstract. In recent years, extensive work has been done to design algorithms 
that strive to mimic the robust human vision system which is able the perceive 
the true colors and discount the illuminant from a scene viewed under light hav-
ing different spectral compositions (the feature is called “color constancy”). We 
propose a straightforward approach to the color constancy problem by employ-
ing an Interactive Genetic Algorithm [1] (e.g. a Genetic Algorithm [2], [3] 
guided by the user) that optimizes a well known and robust variant of color 
constancy algorithm called “gamut mapping” [4]. Results obtained on a set of 
test images and comparison to various color constancy algorithms, show that 
our method achieves a good color constancy behavior with no additional 
knowledge required besides the image that is to be color-corrected, and with 
minimal assumptions about the scene captured in the image. 

1   Introduction 

Color Constancy algorithms are fundamental both in Computer Vision whenever 
recognition of objects in a scene is performed based on the color of the respective 
objects, as well as for color correction of digital pictures with applications in medi-
cine, remote sensing, arts and media. When compared to the human visual system, 
algorithms that perform Color Constancy fail short to achieve the same effectiveness 
in recuperating the colors in scenes taken under different illuminants. This is due to 
the fact that such algorithms make restrictive assumptions about the world from 
which the image was taken. More-over, several algorithms require additional infor-
mation about the scene and the technical characteristics of the camera that captures 
the image, knowledge that is not always readily available. We tackle the color con-
stancy problem by employing an Interactive Genetic Algorithm [1] (e.g. a Genetic 
Algorithm guided by the user) that optimizes a well known and robust variant of 
color constancy algorithm called “gamut mapping” [2]. Results are given on a set of 
test images and comparison is made to various color constancy algorithms that proved 
efficient and that pertain to the following categories: Gray World (GW) methods, 
Gamut Mapping methods, and Neural Networks methods [2].  



1.1   Gamut mapping as basis transformation for IGA-GM 

The set of all possible responses due to known or expected surface reflectances, as 
seen under a known, canonical illuminant (usually taken to be the daylight, or an 
approximation of it), is a convex set, referred to as the canonical gamut. Similarly, the 
set of responses due to an unknown illuminant is also a convex set. Illumination 
change is assumed to be modeled by a simple diagonal transformation according to 
the research of von Kries which was later confirmed to hold as a reasonable assump-
tion in [3]. It was shown that under the von Kries adaptation assumption the two 
gamuts are within a diagonal transformation of each other. Due to the fact that GM 
proposes a simple diagonal transformation to each pixel in the image, and because it 
has been shown that under not very restrictive assumptions such diagonal transforma-
tions suffice for good color constancy [3], in this paper we adopt the GM method as 
the basic color constancy transformation applied to correct a given image. The main 
drawbacks of the classical GM methods are: a) they use extensive knowledge about 
the camera used to take the picture; b) they use a priori information about the world 
in which the image was taken in order to construct the gamuts.   

2   IGA-GM. Algorithm presentation 

In the present paper we employ an Interactive Genetic Algorithm (IGA) in which a 
human evaluator iteratively gives a subjective score for each result of a diagonal 
mapping (corrected image), until the best corrected image (and implicitly the best 
diagonal mapping) is discovered.  Thus IGA-GM adapts to the “best” gamut mapping 
(diagonal transformation) according to human subjective criteria. This is done with-
out making use of any a priori knowledge about the surrounding world conditions, or 
the camera. The Genetic Algorithm [4] is given in pseudocode in Fig.1. Each individ-
ual  in the population (chromosome) codes a diagonal transformation which is next 
applied to each pixel in the original (input) image, to give the corrected (output) im-
age: 
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How well a chromosome performs (that is, how good the diagonal mapping is in 

recuperating the original colors and how well it corrects the input image) is judged 
mainly by the human evaluator who looks at the corrected image and gives a numeric 
score, called fitness value:  ranging from 0 (worst appearing image) to 10 (best 
appearing image). The user shouldn’t evaluate all images corrected by each chromo-
some in the population, in each generation of the algorithm, because such a process 
would become too tedious (there would be a lot of images to evaluate). Many of the 
chromosomes to be evaluated are actually given a fitness value automatically, using a 
clustering algorithm over fitness values previously allocated by the user. 
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    t : = 0 
    initialise P(t) 
    evaluate_1 P(t) 
    while (terminate(P(t)) ≠ true) do 
    { 
     P’(t) := select_tournament (P(t) | q) 
     P’’(t):= crossover(P’(t) | Pc) 
     P’’’(t):= mutate (P’’(t) | Pm) 
     P(t+1):= elitist(P’’’(t) ∪ P(t) | K) 
     evaluate_2 P(t+1) 
     t := t+1 
    } 
    endwhile 
 

Fig. 1. Pseudocode of IGA-GM. t represents the time/generation index; P(t) is the population at 
generation t, P’(t) is the population at generation t after selection, P’’(t) is the population at 
generation t after selection and crossover, and P’’’(t) is the population at generation t after 
selection, crossover and mutation. K is the number of elites. 

3   Experimental results 

The experimental part comprises two main sections: a) firstly we perform a com-
parison between IGA-GM and other Color Constancy algorithms for a single un-
known illuminant (e.g. different than canonical or daylight illuminant). b) secondly, 
we check the effectiveness of IGA-GM on a set of scenes taken under two quite dif-
ferent than daylight illuminants.  

 

 
 

Fig. 2. Comparison to Color Constancy algorithms (Detergent image). Upper-row from left to 
right: original image (to be color-corrected), target image (image under canonical illuminant), 
GW, Retinex; Lower-row from left to right: NN, GM, IGA-GM. 

 



Table 2. RMS error calculated for Detergent image on pairs between target image (T) and 
Color Constancy corrected image. The image that is not corrected (the original - input image) 
is denoted as O. 

 
 (T, O) (T,GW) (T, Retinex) (T,NN) (T, GM) (T, IGA-GM) 

RMS(R,G,B) 2.34e+04 18.02 49.13 13.38 22,30 16.16 

RMS(r,g) 16.42 12.88 16.27 7.78 21.74 7.99 

 

Ball image  

 

 

 

Fig.3 IGA-GM solutions on different illuminants. Figure is divided in horizontal bands for 
each image/scene. For each band we have: first column first line: target image; second line first 
column: image under “solux_4700+3202”; second line second column: IGA-GM solution; 
second line third column: “IGA-GM solution + intensity correction”; third line first column: 
image under “syl_wwf”; third line second column: IGA-GM solution; third line third column: 
IGA-GM solution + intensity correction. 
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Extended Abstract 

During the last decade, the safety of occupants in the cars has been increased by im-
proving the airbag system, which can prevent life-threatening head (or chest) injuries 
by avoiding direct contact to the dashboard during the accident. However, it is also 
well known that the airbag deployment to the child (or infant) occupant could lead to 
an injury [6]. To reduce the risk caused by airbag, it is important to design a smart 
airbag that could control triggering and intensity of its deployment. In this paper, we 
present a vision based automatic system, consisting of an occupant classification 
system and an occupant’ pose recognition system as illustrated in Fig. 1 (a), by which 
we aim to control whether the airbag should be triggered or not, and how strongly it 
should be deployed when it is triggered. 

 

 
(a)                                                             (b)  

Fig. 1. The block diagram of the airbag control system (a) and the head tracking for the pose 
recognition (b) - the solid circle indicates the head position of an occupant and the numbers 

show the areas where the occupant can take a pose. 

The occupant classification system can categorize the occupant into four differ-
ent classes such as the 5th%tile female (or adult), 6 year-old child, infant seat, and 
empty seat as shown in Fig. 2. From a pair of stereo images acquired with a stereo-



camera, the disparity map is extracted by using a fast SAD (Sum of the Absolute 
Difference) algorithm and a cubic model is used for background elimination [1]. And 
the down-sampled image of the disparity map is used as an input for the SVM (Sup-
port Vector Machine) classifier [2]. Since the disparity maps of the 5th%tile female 
and 6 year-old child are similar compared to other cases, the SVM classifier consists 
of two stages: in the first stage, it classifies the occupant into three classes, such as 
the 5th%tile female or 6 year-old child as the first class, the infant seat as the second 
class, and the empty seat as the third class; in the second stage, the first class case is 
classified as either the 5th%tile female or 6 year-old child. According to the classifica-
tion outcome, the system will deploy the airbag only if the occupant is classified as 
the 5th%tile female, otherwise it will not be deployed.  
 

 
Fig. 2. The occupant classification system 

 
For the pose recognition system, since we assume that the head of the occupant 

can take the diverse poses, the passenger area is divided into 7 areas. And the system 
is to recognize which area the occupant’ head belongs to, as shown in Fig. 1 (b). To 
make the system robust, two algorithms are working in parallel as shown in Fig. 3. 
First, we try to detect the occupant’ head in the given image by using a head contour 
model [3] extracted from the accumulative difference images by combining a SVM 
classifier that was trained using different sizes of head contours as illustrated in Fig. 4 
(a) where each head contour model is made up different number of feature points, 97, 
81 and 65, respectively. When the head detection succeeds, the system initializes 
tracking parameters and repeats the sequence; otherwise, it checks whether the track-
ing parameters are initialized or not in the previous stage. For the head tracking, it 
tracks the head by using an inverse compositional algorithm according to Lucas-
Kanade algorithm [4, 5]. When it fails, it counts as an error and returns to the head 
detection stage. If the number of error becomes larger than the permitted number of 
errors, the system halts and sends a warning signal.  

 



 
Fig. 3. Flow chart of the pose recognition system 

 
Fig. 4 (b) illustrates the detail schematic diagram of the head tracking. In the 

initialization part, a model image is extracted from the given image and then it initial-
izes the tracking parameters, such as warping and motion parameters. In the head 
tracking part, a warped image is made using the tracking parameters and it updates 
the tracking parameters to minimize the sum of squared error between the model 
image and the warped image. Such step is iterated until the tracking parameters con-
verge. Notice that the inverse compositional algorithm is fast enough to track the 
head in the real-time base. 
 

 
(a)                                                                                (b) 

Fig. 4. The head contour model with three different sizes of head (a) and the block diagram of 
the head tracking algorithm (b). 

 
The performance of occupant classification system was evaluated with our ste-

reo image database acquired within the experimental car. The stereo images totaled 
802 and the resolution of each image was 320x240. We used down-sampled images 
(resolution: 80x60) for reducing dimension of the data. Table 1 (a) shows average 
results of occupant classification. The correction rate was 96.57% and 96.43% for the 
case of RBF kernel and polynomial kernel, respectively. And, in case of classifying 
the occupant at a time by using SVM classifier, the correction rate was 91.47%. Table 



1 (b) shows results of occupant’ pose recognition. The head tracking experiment was 
accomplished by using two image sequences which consist of 608 and 411 frames, 
respectively. A success case was counted if any one of the two algorithms recognize 
the occupant’ head as shown in Fig. 1 (b). Results show that the performance of the 
system is satisfactory, suggesting that the vision based airbag control has a potential 
in real applications. We plan to carry out further study to solve the occlusion problem 
caused by thick coat, arm movement or hat. 

Table 1. Occupant classification rate for each kernel (a) and  
pose recognition result for two image sequences (b) 

(a)                                                              (b) 

K C R R
t  

ernel 
type 

lassification 
rate ow data ecogni-

ion rate
Poly l 96. Sequence set I 83.11% nomia 57% 

RBF 9 S6.43% equence set II 83.42% 
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Extended Abstract

The extension of the Wiener neuronal model [3] in a way to include a con-
stant refractoriness time is the object of the present article. We shall denote by
{X(t), t ≥ 0} the Wiener process defined in I = (−∞,+∞) and characterized
by drift A1(x) = µ and infinitesimal variance A2(x) = σ2 (µ > 0, σ > 0). To this
purpose, we assume that after the firing a period of refractoriness of constant
duration 1/ξ (ξ > 0) occurs, during which either the neuron is completely unable
to respond or it only partially responds to the incoming stimulations (cf., for in-
stance, [1], [2], [5]). We construct the return process {Z(t), t ≥ 0} in (−∞, S)
as follows (cf. [4]). Starting at a fixed state η ∈ (−∞, S) at time zero, a firing
takes place when X(t) attains for the first time a boundary S representing the
neuron’s threshold, after which the neuron is unable to fire again for the time
duration 1/ξ. At the end of the period of refractoriness, Z(t) is instantaneously
reset to η. The subsequent evolution of the process then goes on as described by
X(t), until the boundary S is again reached. A new firing then occurs, followed
by the period of refractoriness, and so on.

Hereafter, we shall provide a description of the random process {M(t), t ≥ 0}
representing the number of firings released by the neuron up to time t and
a characterization of the interspike pdf. To this purpose, for η ∈ (r1, S), the
probability of having k firings up to time t is proved to be:

qk(t|η) := P{M(t) = k|Z(0) = η} = H

(
t − k − 1

ξ

) ∫ t−(k−1)/ξ

0

g(k S, ϑ | k η) dϑ

−H

(
t − k

ξ

) ∫ t−k/ξ

0

g
{
(k + 1)S, ϑ | (k + 1) η

}
dϑ

where H(t) denotes the Heaviside unit step function and

g(z, t|y) =
z − y

σ
√

2 π t3
exp

{
− (z − y − µ t)2

2 σ2 t

}
(z > y)

is the first passage time (FPT) pdf of the considered Wiener process. The first
two moments of the number of firings released by the neuron up to time t are
then obtained:

E
{
M(t) | η

}
:=

∑
k≥1

k qk(t|η) =
�t ξ�∑
k=0

∫ t−k/ξ

0

g
{
(k + 1)S, ϑ | (k + 1) η

}
dϑ,



E
{
[M(t)]2|η}

:=
∑
k≥1

k2 qk(t|η)=
�t ξ�∑
k=0

(2 k + 1)
∫ t−k/ξ

0

g
{
(k + 1)S, ϑ | (k + 1) η

}
dϑ,

where �x� denotes the largest integer less than or equal to x.
Let now I0, I1, I2, . . . denote the random variables describing the neuronal

output, with I0 representing the time of occurrence of the first firing and Ik (k =
1, 2, . . .) the duration of the time interval elapsing between k-th and (k + 1)-th
firing. Furthermore, let γk(t) denote the pdf’s of Ik (k = 0, 1, . . .). Therefore, I0

identifies with the FPT through the threshold S starting at initial state X(0) =
η < S, so that γ0(t) ≡ g(S, t|η). The interspike intervals I1, I2, . . . are iid random
variables having pdf’s:

γk(t) =




0, t ≤ 1/ξ

g
{
S, t − 1/ξ | η

}
, t > 1/ξ

(k = 1, 2, . . .).

Hence, the mean and variance of the interspike intervals are given by:

E(Ik) =




S − η

µ
, k = 0

1
ξ

+
S − η

µ
, k = 1, 2, . . .

Var(Ik) =
σ2 (S − η)

µ3
, k = 0, 1, . . . .

Extension to random refractoriness in neuronal diffusion models will be the
object of future works.
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Abstract

A Brownian motor for a Myosin II (“myosin”, in the sequel) head sliding
along an actin filament is designed. Various models based on the overdamped
equation

ẋ(t) = −U ′ [x(t), f(t)]
ρ

+

√
2kBT

ρ
Λ(t) (1)

have often been proposed (see, for instance, [1], [2], [3]). Eq. (1) mimics the
myosin head as a Brownian particle subject to the impacts by the surrounding
molecules. In (1), Λ(t) is a standard Gaussian white noise, f(t) a random pro-
cess whose nature must be specified, and ρ the myosin friction drag coefficient.
U ′ [x(t), f(t)], the space derivative of a periodic potential U = U (x, t), stands
for the opposite of the global force arising from all deterministic interactions of
myosin head with the actin filament. The specification of f(t) marks the differ-
ence among the proposed models. In particular, in [1] the potential is assumed to
be an asymmetric saw-tooth function whose height switches between 2 different
values at Poisson distributed instants. In [2], U is a single saw-tooth potential,
the positions of whose minima change according to a Poisson law. Here, we shall
refer to this second formulation, by adding the assumptions that the motor step
equals the distance L between successive actin monomers (roughly 5.5 nm). Fur-
thermore, we assume that two 2L-periodic potentials, U1(x) and U2(x), alternate
according to a Poisson process, each potential being spatially shifted by L with
respect to the other. We denote by as the constant Poisson rate determining the
transition Us(x) → U3−s(x), s ∈ {1, 2}, of the particle’s position. The dynamics,
governed by

ẋ(t) = −U ′
s(x)
ρ

+

√
2kBT

ρ
Λ(t) (2)

is sketched in Fig. 1. Along the lines of [1], the transition pdf ps(x) and the corre-
sponding probability current Js(x) are determined within the reduced dynamics
in the stationary regime. It is shown that via certain averages with respect to
p(x) = p1(x) + p2(x), some features of the motor can be quantitatively deter-
mined. In particular, (i) the numerical solution of a fixed point equation (as
? (Workshop “Computation and Simulation in Modelling Biological Systems”)



in [4]) leads to the stall force for the motor; (ii) by exploiting an idea of [5], the
derivative of the effective driving potential is calculated, and thus the intensity of
the force generated by the motor is determined; and (iii) the engine power with
reference to the reactions of 1 chemical cycle is calculated. Having determined
the force generated by the motor, via a Boltzmann equation the conditional
probability p of a forward step is estimated. Then, the mean duration µ between
pairs of successive steps is obtained in terms of p and J(x) = J1(x)+J2(x). Such
a value can be compared with that obtained via

µ̂ = p
ρ

kBT

∫ 2L

0

dx exp
{

V (x)
kBT

} ∫ x

x−2L

dy exp
{
−V (y)

kBT

}
(3)

providing the analogous quantity for a model based on washboard-type potential
(see [6]). The agreement between µ and µ̂ is pointed out by setting in (3) V (x) =
U (x) + Fe, where U (x) denotes the effective driving potential and Fe represents
a constant externally applied force.

. .

L

2L

L

2L

X

Chemical state transitions

s

3 - s

s

3 - s

as

Particles' displacement

X

Fig. 1. Sketch of the Brownian motor. On top state transitions induced by a
chemical reaction are indicated. In the bottom, the corresponding activated
potentials (thick lines), and the previous potentials (dotted lines) are drawn.
Possible positions of two particles (full and empty circles), as a consequence
of potential changes, are indicated.
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Extended Abstract

The dynamics of a pair of Stein’s neuronal units serially connected has been
recently analyzed ([4], [5]), under the assumption that they are subject to ex-
citatory and inhibitory stimuli with constant or with alternating rates. Making
use of a simulation procedure designed by some of us, various quantitative re-
sults have been obtained. In particular, it has been disclosed the existence of an
optimal value for the amplitude γ of the jumps of the membrane potential of the
second unit (the “receiving neuron”) attained as effect of the firing of the first
unit (the “sending neuron”). We also obtained results concerning the reaction
times, defined as the random times elapsing between a firing of the sending neu-
ron and the subsequent firing of the receiving neuron. The reaction times have
been analyzed in [5] under the assumption of constant inhibitory rate and for
both constant and alternating excitatory rate, with emphasis on the effects of
various choices of γ and of the amplitude of the refractory period.

The model considered in [4] and [5] is re-considered here under the new
assumption that a complete interaction is possible between the two neurons in
the sense that the firing of each neuron causes a jump of constant amplitude of
the membrane potential of the other neuron. The positive or negative value of
the jumps reflects the excitatory and inhibitory nature of firing neuron.

A first step of our study consists of the analysis of the interspike intervals
(ISI’s) of the two neurons by analyzing their histograms and empirical distri-
bution functions. Our results are then compared with those of [4], concerning a
serial connection between the two neurons.

To look at feedback effects in the firing activity of the two neurons we have
evaluated the relative entropy of the ISI’s distributions. Moreover, recalling the
statistical analysis performed by Elson et al. [6], we have focused our attention
on the reaction times and on ISI’s of the neurons in order to disclose their
synchronization. Some comparisons have been performed on the basis of the
values of the following index:

Ri = (t(2)i − t
(1)
j )/(t(1)j+1 − t

(1)
j ),

where t
(1)
j is the firing time of the first neuron preceding the firing time t

(2)
i of

the second one. Such an index measures the delay of the spike emission of the
second neuron ensuing the firing of the first neuron.



The synchronization of the firing activity of the neurons has been analyzed in
the special case in which one of the coupled neurons is excitatory and the other
is inhibitory. The relevance of the analysis of firing activity of pairs of neurons
under various mutual interactive paradigms is of interest since, for instance, it
is known that the cerebellar cortex includes pairs of coupled neurons, which has
motivated previous studies. (See, for instance, [2] and [3]).

Finally, we point out that our analysis of the synchronization of the firing
activity of the neurons has been performed also by studying the cross-correlation
function (see [1]). The auto-correlation function evaluated with reference to the
firing times of the two neurons has allowed us to disclose particular patterns of
spike trains from single neurons, including oscillating behaviors.
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Extended Abstract

The first passage time (FPT) probability density function (pdf) of a stochas-
tic process through certain boundaries is used to model the first time when
the neuronal membrane potential crosses the threshold value thus generating
an action potential (see, for example, [1] and [5]). Along the line of previous
mathematical and computational approaches pursued to solve the so-called FPT
problem ([4],[2],[3]), here we investigate the asymptotic behavior of the FPT pdf
for a class of stationary Gaussian processes for increasing correlation times.

Let X(t) be a non-singular stationary Gaussian process with zero mean and
covariance E[X(t)X(τ )] = %(t − τ ) such that %(0) = 1, %̇(0) = 0 and %̈(0) < 0;
then, Ẋ(t), the derivative of X(t) with respect to t, exists in the mean-square
sense. Since X(t) is stationary, the correlation time is as ([5]):

τc :=
∫ +∞

0

∣∣%(ϑ)
∣∣ dϑ.

We shall focus on the FPT upcrossing problem that we define as an FPT prob-
lem to a boundary S(t) ∈ C1[0, +∞) for the subset of sample paths of X(t)
originating at time zero at a state X0. The state is in turn viewed as a random
variable with pdf

γε(x0) ≡





f(x0)
P{X(0) < S(0) − ε} , x0 < S(0) − ε

0, x0 ≥ S(0) − ε,

where ε > 0 is a fixed real number and f(x0) denotes the normal pdf of X(0).
Then,

T
(ε)
X0

:= inf
t≥0

{t : X(t) > S(t)},

is the ε-upcrossing FPT of X(t) through S(t) and its pdf is given by

g(ε)
u (t) =

∂

∂t
P (T (ε)

X0
< t) =

∫ S(0)−ε

−∞
g(t|x0) γε(x0) dx0 (t ≥ 0),



where g(t|x0) denotes the FPT pdf of X(t) through S(t) conditional on X(0) =
x0 < S(0).

By using a straightforward variant of a method proposed by Ricciardi and
Sato ([6]) for the determination of the conditional FPT density, in ([2]) we have
obtained a series expansion for the upcrossing FPT pdf. However, the evaluation
of the partial sums is effectively impossible due to the outrageous complexity of
the involved functions and of their integrals. Nevertheless, if the correlation
function of X(t) satisfies

lim
τc→+∞

%(t) = 1, lim
τc→+∞

%̇(t) = lim
τc→+∞

%̈(t) = 0, lim
τc→+∞

%̇(t)
1 − %2(t)

= −1
t

(1)

and if S(t) is a monotonically decreasing function, then the following approxi-
mate behavior holds as τc → +∞:

g(ε)
u (t) ' −Ṡ(t) γε[S(t)], if S(t) < S(0) − ε, and g(ε)

u (t) ' 0, otherwise.

An example of a process of concrete interest for applications that satisfies
(1) is characterized by the following covariance function:

%(t) = e−α|t|{cos(αω|t|) +
1
ω

sin(αω|t|)}, (t ∈ R) (2)

where α > 0, ω ∈ R and τc = 2/
[
α(1 + ω2)

]
.

In the present paper we indicate the practical usefulness of the above approx-
imation by means of reliable statistical estimations on numerically simulated
processes having covariance (2).
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Extended Abstract

Convergence is a central problem in both computer science and in population
biology.
Will a program terminate?
Will a population go to an equilibrium?
In general these questions are quite difficult – even unsolvable.

In this talk we will concentrate on very simple iterations of the form

xt+1 = f(xt)

where each xt is simply a real number and f(x) is a reasonable real function.
Such one-dimensional iterations have special properties not shared by higher
dimensional iterations. For example, if f(x) is continuous and bounded, with
exactly one fixed point and no cycle of period 2, then the iteration will always
approach the fixed point.

For such a system, we say that an iteration is “globally stable” if it approaches
the fixed point for all starting points, and that the iteration is “locally stable” if
it approaches the fixed point for all initial points near enough to the fixed point.
Local stability can be checked by a simple derivative test, but showing global
stability requires more effort.

Population biologists have used one-dimensional iterations as simple models
of population growth. When they have shown local stability, they have assumed
global stability and have never run into any difficulty. Over the years a variety of
mathematical techniques have been used to show that specific simple population
models exhibit this

local stability implies global stability
phenomenon. But, no single method could prove this result for all the commonly
used population models.

We will show that there is a simple method which assures global stability.
Our method uses bounding of f(x) by a ratio of two linear functions. We call
this bounding “enveloping” and we show that

enveloping implies global stability.
Returning to the population models, we show that for these models local sta-

bility implies enveloping and hence global stability. For several models a single
enveloping function can be used for all parameter values, and we give a Tay-
lor series condition which implies this enveloping. For other models, different
enveloping functions are needed for different parameter combinations.



Although enveloping is a sufficient condition for convergence, we show by
example that enveloping is not necessary.

Finally we show that
enveloping implies global stability

even when f(x) is a discontinuous multi-function.
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Extended Abstract

Radiologists have described a series of criteria which help deciding whether a
solid breast nodule is malignant or benignant by analyzing ultrasound images [1].
These factors involve a precise visual examination of the shape of the nodule and
its contour. Thus, a measurement of how ellipsoid the nodule is, the extraction
of the ramifications, or the location of microlobulations, angular margins and
spiculations require the analysis of the whole contour or certain parts of it.
For this reason, it is very important to obtain an accurate delimitation of the
nodule boundary. Computer Vision techniques provide some methods for the
extraction of the contours, but, due to the special characteristics of ultrasound
images, they must be adapted to obtain satisfactory results. This paper presents
a new approach for the segmentation of breast tumors using active contours,
combined with other techniques, such as the truncated median, the structure
tensor, Gaussian filters and geometric filters.
Several semiautomatic segmentation methods in ultrasound images have been

proposed. These methods included pixel and region based segmentation, edge
based segmentation and hybrid techniques [2][3]. The success of these techniques
is moderate because they cannot obtain a precise shape of the region of interest
due to the special characteristics of ultrasound images or the requirement of a
priori knowledge of the shape.
Active contours technique, also called snakes, is recognized as one of the most

efficient tools for image segmentation [4]. This method consists in deforming an
initial contour of the object under a set of internal and external forces. Several
difficulties appear when applying this model to ultrasound images because of
ultrasound characteristic noise, the requirement of an initial outline of the nodule
boundary to start the algorithm and the bad adequacy of the external forces that
guide the snake.
In order to reduce the speckle noise which characterizes ultrasound images,

we have used the truncated median filter. In a few iterations, the image is much
more suitable for the application of a region growing algorithm. On the filtered
image, we apply the structure tensor to estimate the magnitude of the gradient.



Fig. 1. From top to bottom and from left to right: Original image, filtered image,
magnitude of the gradient using the structure tensor and initial segmentation

From a seed point introduced by the specialist, the selection grows until a certain
threshold for the magnitude of the gradient is reached (see Fig. 1).
Afterwards, the contour of the selected area is considered as the initial snake

for the evolution of the active contours, based on the following equation:

∂u(x, y)

∂t
= g(I(x, y)) |5u(x, y)| div( 5u(x, y)

|5u(x, y)| ) + λ∇g(I(x, y))5 u(x, y) (1)

where u(x, y; 0) = u0(x, y) is the initial snake contour, λ ≥ 0 is a constant
that guides the internal force of the snake and g(I(x, y)) represents the stop
function, the external force that attracts the snake u(x, y) to the real contour
of the object. It is an edge detector that must be selected according to the
characteristics of the image.



Fig. 2. From top to bottom and from left to right: Initial segmentation, final snake using
Gaussian filtering without parameter evolution, final snake using Gaussian filtering
with parameter evolution and final snake using geometric filters

A typical choice of g(I(x, y)) is:

g(I(x, y)) =
1q

1 + α |∇Is(x, y)|2
(2)

where α ≥ 0 is a constant and Is(x, y) denotes the smoothed version of
the original image. We have used a multiscale implementation of the equation
proposed in [5] that allows adapting the external and internal forces for each
scale.
We have adapted snake adjustment from the classical model to the special

characteristics of ultrasonography, and we have compared the most representa-
tive methods for speckle reduction in ultrasound images. Initially, the best results



have been obtained using geometric filters. The non-linear geometric algorithm
which has been selected uses the Crimmins complementary hulling algorithm [6].
We have tested the proposed scheme on a set of breast ultrasound images,

comparing the results with the classical snake implementations (see Fig. 2). The
comparison of the results provided by the system and those supplied by the
specialists through manual delineation shows the accuracy and reliability of the
proposed technique, and emphasizes its usefulness for the further analysis of the
diagnostic criteria used in the classification of the nodules.
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Sequence alignment is one of the most basic tools in biological sequence
analysis, used to compare sequences or infer their evolution. While alignments for
two sequences can readily be calculated, the problem of producing exact multiple
sequence alignments is almost incomputable. Therefore, several algorithms were
developed to accelerate the calculation by reducing the complexity from multiple
dimensions to a series of two dimensional problems. This approximation makes
the problem solvable in a reasonable amount of time. Still, the procedure is very
costly. As a consequence, we tried to accelerate the progressive multiple sequence
alignment by exploiting inherent parallelism. Although the algorithmic system
of progressive multiple sequence alignment appears monolithic at first glance, it
contains a multitude of concurrently executable paths. We found that all stages of
the algorithm are highly scalable and that an alignment problem of n sequences
can be distributed in a way to employ at least n computers or even n2 computers
during the preliminary stages of pairwise alignment and phylogenetic inference.

Sequence alignment provides a way to determine similarity between sequences.
To accomplish this, usually some form of dynamic programming is used. A ma-
trix, which contains the solutions to sub-problems, is calculated. From this ma-
trix the overall solution can be derived. This implies a complexity of O(n2). If
more sequences are involved, the matrix becomes multidimensional. This expo-
nential growth in complexity is, however, hardly maintainable.

To obtain at least an approximation, accuracy is sacrificed for speed. These
approximation algorithms use a technique called progressive multiple sequence
alignment, which is a consecutive application of pairwise sequence alignment al-
gorithms. By extending the algorithms to additionally consider evolutionary,
physical and chemical processes the obtained results are often more reason-
able than an exact solution could have been. A very popular implementation
‘Clustal W’ is described in [1] and [2].

As the progressive method has several stages that introduce gaps in the se-
quences, the right choice of order is crucial to obtain meaningful results. During
the progressive process, some sequences are aligned pairwise. The calculated re-
sults are then treated as if they were single sequences again. In the next step they
are combined into bigger alignment sub-groups, until all sequences have been in-
corporated into a final alignment. The correct order is obtained by constructing
a preliminary tree of evolution, a so-called guide tree, which is usually obtained
by means of the Neighbor-Joining method [3]. This method, in turn, operates on
a matrix of distances between all sequences. Thus, the progressive multiple se-
quence alignment actually consists of three stages. Each resulting stage depends



on the complete solution to the previous stage, so there is no chance of execut-
ing the stages in parallel. The stages themself, however, can be parallelized very
well.

In the first stage, the pairwise distances between the sequences are calcu-
lated. For every pair of sequences a pairwise sequence alignment has to be cal-
culated. This results in n2 pairwise alignment problems. These problems are
all completely independent of each other and can be easily distributed using the
master-worker pattern. Because of this simplicity, the class of this problem is also
called ‘embarassingly parallel’. We developed a framework that distributes tasks
in such a fashion. The greatest advantage over predetermined task scheduling is
its dynamic adaptation to computer and network speed that will, on average,
be optimal for any given network architecture. Additionally, the task scheduler
can conglomerate tasks into jobs that pertain to a specific alignment problem.
In this manner, the computer cluster can calculate several sequence alignments
in parallel. The scheduler also honors the total complexity of these jobs, so that
simpler jobs can ‘overtake’ bigger ones. In this manner, the average processing
and waiting time can be reduced.

The result of pairwise alignments stage is a distance matrix containing the
pairwise distances of all sequences. This is the input for the Neighbor-Joining
method which is used to build a preliminary tree of evolution. The Neighbor-
Joining process incurs a repeated re-evaluation of the resulting tree for every
possible pair of nearest neighbors. In this manner, the age of the sequences is also
considered. In fact, the Neighbor-Joining process is able to exactly reconstruct
any tree structure with only the distances of leaves as the input. As every step
includes the consideration of n2 pairs, for which all distances in the tree have to
be evalutated, it is again perfectly divisible into independent tasks. After every
search for the next neighbor the one with the best tree (the tree with the smallest
average distance between the leaves) is chosen. This is done by an intermediate
synchronization step, where all participants ‘publish’ their results and continue
all with the optimal neighbors. Therefore, every computer has all data locally
available at any time, and there is very little data that has to be transferred for
synchronization.

The last stage is actually the most interesting one. While the progressive
sequence alignment can only be parallelized well in the beginning, when there
are still many pairs of single sequences, the alignment itself of two sequences
(and its application to groups) is applied during all iterations of the progressive
alignment process. Therefore, its acceleration is much more crucial. The dynamic
programming approach does not exhibit as many independent tasks as the other
two stages. Every cell in the matrix depends on three other cells that represent
the sub-solution to smaller problems. Nevertheless, the first row and the first
column can be calculated immediately. Actually, after the first element has been
calculated, there are two other elements that can be calculated: the element to
its right and the element below. And after that, there are already three elements
that can be calculated. Hence, instead of sequentially moving through the matrix
rowwise or columnwise, a diagonal procession of execution can be built up that



will employ n/2 computers on average. To preserve time or space, whichever is
most important, the algorithm can be dynamically chosen to perform a sequence
alignment in the style of Needleman-Wunsch [4] or Myers-Miller [5].

The parallelization of progressive multiple sequence alignment bears great po-
tential in exploiting the computing power of many machines. The availability of
solutions to bigger and bigger sequence alignment problems makes this algorithm
immediately applicable to practical problems. Moreover, the implementation of
the discovered concurrency methods could be applied to the parallelization of
graph and matrix algorithms in general.
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Extended Abstract 

In this research we focus on the theory and computer aided modeling of energy limits 
in bio-thermodynamic systems with living organisms as the effect of extremum 
properties of entropy and its associates. We also consider the role of physical laws in 
establishing optimal forms and sizes of the organisms, and stress the universality of 
these laws for animate and inanimate systems. For biological processes with variable 
number of states an extremum principle provides quantitative picture of their 
development. The results show a discrete gradient dynamics is governed by the 
entropy potential. For an accepted complexity, some evolutions may progress in a 
relatively undisturbed manner, whereas others may terminate in a rapid way due to 
inherent instabilities, the features of variational principles for shortest paths and 
transversality conditions. Numerical aspects of energy and size limits are described.   

Recently, several approaches involving systems theory, computer science, optimal 
control theory and thermodynamics have been applied, aimed at evaluation and 
simulation of energy and size limits for bio-thermodynamic systems [1]. Static limits, 
which refer to steady situations, were evaluated earlier; more complex limits 
associated with dynamic processes were found later [1, 2]. Static limits may be 
defined as maximum mechanical work produced or minimum work consumed by a 
complex system or an organism at a steady state. Dynamic limits may be referred to 
the same physical or biophysical quantities as static, yet they may include other terms, 
e.g. those characterizing rates of the system’s evolution. Often, dynamic limits are 
defined through extremum values of certain integrals, e.g. those describing action, 
entropy production or availability dissipation. Usually dynamic limits are associated 
with the system’s (organism’s) development, including phases of growth and aging. 
Typical constraints at which the limits are operative are energy and mass balances. 
Both limits are numbers referred either to steady-state points or to the whole evolution 
of the system. Yet, static limits are functions of a steady-state point, whereas dynamic 
limits are functionals of the strategy the system develops. In fact, the dynamic limits 
are most often determined as extremum values of respective functionals.  

In the course of its development, the system (organism) can change not only its 
mass-energy outputs (inputs), but also the size, structure and shape. Size limits are 
defined in terms of the extremum size that it can achieve in the course of its 
individual development or during its evolution characterizing the progress through 
generations. Growing systems (those that are capable of increasing their size and/or 



 

number of states) can exhibit critical behavior when their size increases beyond a 
certain value. In effect, some developments may progress in a relatively undisturbed 
manner, whereas others may terminate in a rapid way due to instabilities. For majority 
of nonlinear models their solutions may only be numerical; so we describe also basic 
numerical aspects of calculations associated with the computer modeling of the limits.   

The structure of the research is as follows. In its basic part energy and size limits 
are treated. In particular, limits for steady power yield or consumption are considered 
and a problem of dynamical energy limits is formulated. This part terminates with the 
scheme of multistage production of mechanical energy (work) in a sequence of 
animate or inanimate energy generators. Next we refer to a group of works [1, 3] that 
analyze the evolution of living organisms treated as multistage systems by the 
complexity criterion based on a potential, this potential being the entropy itself or an 
entropy-based complexity. Classical thermodynamic quantities do not appear, yet the 
model yields an extremum principle that, as in thermodynamics, implies an extremum 
of a potential. Dual forms of this principle are also considered. Next we develop a 
discrete, nonlinear generalization of dynamics in metric spaces that may be 
curvilinear. Numerical approaches applying the dynamic optimization methods and 
leading to unsteady-state limits are then described and, in particular, sequential 
systems with growing number of stages are treated by methods of dynamic 
programming and maximum principle. Suitable dynamic programming algorithms 
(Bellman’s recurrence equations) are derived and computer-aided simulations of their 
solutions are discussed. In the final part we conclude that many features of living 
organisms can be predicted by describing their complex evolutions in terms of 
variational principles for shortest paths along with suitable transversality conditions.  

Energy, size and shape limits. Each organism can be regarded as a complex system 
with very many elementary objects, links and couplings. Some inputs serve to supply 
the consumed energy and substances to the organism (system) whereas some outputs 
(e.g. muscles) are able to deliver produced mechanical energy out of the organism. In 
fact, there is an analogy between an energy system of inanimate Nature and a living 
organism. There are also at least two essential differences between the living system 
and a machine: the first one is the much larger complexity of living system than a 
machine and the second is the presence of huge number of information streams out 
and within the living system. Yet, the essential property of living systems, the 
capability to work, is typical of work generators. By applying physical principles we 
are nowadays able to evaluate energy and dimension limits for living organisms and 
describe behavior of many organs. While living systems have developed various 
strategies to manipulate their organization in order to satisfy the principles of both 
physics and biology, it is the physical laws that set limits to their size, functioning and 
rate of development. For example, the physical law of thermal conduction sets the 
size of warm-blooded aquatic animals that require a minimum diameter in order to 
survive in oceans. Land animals that are able to run have body masses ranging from 
little mice of M= 10-2 kg to big ungulates weighing about half ton (0.5x103 kg). 
Aquatic mammals span the range from M= 101 kg baby seals to 105 kg blue whales. 
Flying birds size from 10-2 kg humming birds to 15 kg mute swans [4]. These results 
are adduced following Ahlborn [4] who has shown that the size limitations are 
consequence of thermodynamics which sets the energy budget and power production 
of animals. The power of all animals in terms of their body mass can be described by 



 

a unique metabolic law. Species in ecosystems funnel energy into their own 
production or reproduction and influence catalytic processes in the ecosystem.  

A number of recent developments in thermodynamic optimization focus on the 
generation of optimal geometric form (shape, structure, topology) and shape limits in 
animate and inanimate flow systems, where the flow configurations are free to vary. 
The principle that generates geometric form searches for best global performance (e.g. 
minimum irreversibility) subject to global finiteness constraints (volume, weight, 
time). The resulting structures obtained in this way are named constructal designs [5]. 
The same objective and constraints principle applies for the optimally shaped flow 
paths that occur in natural systems (animate and inanimate) which is Bejan’s 
constructal theory [5]. Examples are obtained from engineering: the distribution of 
heat transfer area in power plants, optimal sizing and shaping of flow channels and 
fins, optimized ratios of heat exchanger structures, aerodynamic and hydrodynamic 
shapes, tree-shaped assemblies of convective fins, tree-shaped networks for fluid 
flows, optimal configurations for streams with bifurcation, insulated pipe networks 
distributing hot water and exergy over a fixed area, and distribution networks for 
entities transferred in societies (goods, currency, information). The principle-based 
generation of flow geometry unites optimization developments known in mechanical 
engineering with those in civil engineering and social organization. These results, 
obtained in A. Bejan‘s research group [5], generalize methods of thermodynamics, as 
they show how their principles can mimic the development of optimal configurations 
in engineering and social organization. The organization is understood in a broader 
sense, in particular as the one that refers to populations of living organisms (e.g. those 
in ecosystems). The results show that flow systems with geometric structure exhibit at 
least two flow regimes, one with high resistivity (slow, diffusion, walking) that fills 
the volumes of smallest finite scale, and one or more with low resistivity (e.g., fast, 
streams, channels, streets). The optimal balancing of the regions with different flow 
regimes means that the material and channels must be distributed in certain ways. 
Better global performance is achieved when the distribution is relatively uniform, in 
spite of the large differences between the high- and the low-resistively domains [5]. 

Development and evolution of species. It is the difference between the maximum 
entropy and the actual (observed) entropy that quantifies the organization in a 
complex system. This property refers to the various forms of organization: with 
respect to characters over species, cells over all cell types, organisms over genotypes. 
Moreover, it is the entropy-based complexity, rather than fitness or organization, that 
determines direction of evolutionary processes. Spontaneous increase of complexity 
is regarded as a basic feature of evolution. For biological systems a reasonable 
measure of complexity is the different number of components they contain, so as to 
be consistent with well-known Williston's law which predicts that very similar 
components will either merge or specialize. Staying on the ground of the idea of 
increasing complexity, the system's organization acts as a force which prevents loss 
of components and allows complexity increase by the integration of new ones. When 
speaking about the complexity and related entropy one issue is particularly important: 
a nonequililibrium entropy has to be necessarily applied because the difference 
between the maximum entropy and the actual (observed) entropy governs the 
organization in a complex system. Here we consider the idea of the extremum 
development of complexity or complexity-related criterion of evolution as applied to 



 

some recent information-theoretic models for multistage living systems characterized 
by sequentially evolving states. For these models the evolution of living organisms is 
a multistage effect governed by the complexity criterion Γ based on information-
theoretic entropy. An original optimization problem of maximum change of entropy 
or entropy-related complexity Γ between a point (for a system with n states) and the 
surface of constant distance from the point can be formulated and solved by 
variational calculus. For practical purposes also a dual of this problem is considered 
which is the problem of minimum distance between a point (for a system with n 
states) and the entropy manifold of the system with n+1 states. In this formulation, an 
s-dimensional evolution can be obtained via minimization of the length functional 
where the independent probabilities pi are constrained to reside on constant-
complexity manifold satisfying the constraint dΓ=0. It may then be shown that both 
the original problem of maximum complexity and its dual problem of the minimum 
distance yield a discrete evolution dynamics satisfying  the Onsager-like form 
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where Lik = gik∆τ.  The symmetry matrix Lik is the well-established result of 
irreversible thermodynamics. Therefore the evolution process can be imbedded quite 
naturally into a large family of thermodynamic processes. 

Conclusions. We defined energy, size and shape limits and extremum properties of 
complex systems (living organisms). We described numerical aspects of calculations 
associated with the computer aided modeling of these limits. We have shown that the 
development of living organisms can be described in terms of variational extremum 
principles along with suitable transversality conditions. We found gradient dynamics 
that governs the evolution problems, the result that is consistent with the entropy 
principle of extremality as the driving factor in the discrete dynamics of complex and 
living systems, postulated recently [3]. We conclude that the extremum principle 
should be integrated with the theory of behavior of biochemical systems. 
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Abstract. After having completed the design of control systems for real 
autonomous cars in urban environment using straight lines as reference, we are 
now intending to build a fuzzy control system based in clothoids [2], the curve 
used in roads and train ways. This work proposes a method based on soft 
computing and upgraded via genetic algorithms. Both sets of simulations are 
shown, and compared.  

Introduction 

One of the big efforts in a control system is to reduce the force applied on the 
actuators. In autonomous vehicles the amount of electrical required is an important 
issue. Our goal is to reduce the electrical expense in the direction actuators. Moreover 
the reduction of excessive steering wheel movements increases the comfort feeling. 
We have proposed and tested a control method for vehicle navigation in curved 
sections. We have used a curvature control method based on fuzzy logic with genetic 
algorithms optimization over a geometric trajectory design. We have obtained 
impressive results on simulation and now we are testing these results on real 
autonomous vehicles.   
 

Nowadays most roads are designed trying to maintain a progressive and smooth 
trajectory in its curved sections. This designing method is explained in “Carreteros” 
web page [4]. Each curve is divided into three parts, in the first one the curvature of 
the road increases, in the second one the curvature is maintained constant and in the 
last part the curvature is reduced to cero. Based on this idea we design a trajectory for 
each curve. Following this trajectory the vehicle smoothly changes its curvature from 
cero to a given number, and then from this number to cero. 

 
To be more precise in [3] this differential equation system is shown relating the state 
and control variables and its integration equations for admissible paths: 

( ) ( ) ( )10000sincos ⋅+⋅=′′′′ σκθθκθ vyx  (1) 

where (x y θ κ) stand for attitude and curvature,  and σ is σ= κ’= Φ/cos2Φ. (Φ is the 
wheel angle). 



Our proposal is to express position of the car depending on its curvature, 
f(x,y,κ,v,t) related to steering angle and control the car using its usual inputs, 
acceleration and curvature (v’, κ=1/r).  
 

In order to obtain a solution as smother as possible we have used a fuzzy logic 
control system [1]. This control system must maintain the curvature goal that depends 
on the point of the curve where the car is. It will work on the curvature error, its first 
instant derivation and the error accumulated on that curve, just to minimize the 
curvature error. So we use a fuzzy PID fuzzy control. 

 
The membership function parameters are improved with a genetic algorithm fitness 

function that combines the accumulated effort and the maximum error made on the 
circuit curves.  We have obtained different optimized set values depending on the 
nature of the circuit curves (motorways with small curvature or race circuits).  
 

The simulator uses detailed maps of competition circuits, mainly Xerez, with its 
real proportions. And it takes care of our cars, CITROËN, mechanical characteristics. 
We have carried out several simulations in this circuit, and the results show a drastic 
effort reduction after the genetic algorithm optimization. 

 

 
Left fig. Differences between two consecutive steering wheel actuator goals. The blue one is 
the steering wheel actuation without optimization and the pink one is after application of 
genetic algorithm. Right fig. Drawing a course on Xerez circuit map 
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Abstract. This paper describes a monocular vision-based Adaptive Cruise Con-
trol (ACC) System in the framework of Intelligent Transportation Systems 
(ITS) technologies. The challenge is to use a single camera as input, in order to 
achieve a low cost final system that meets the requirements needed to under-
take serial production.  

1   Introduction 

A monocular imaging device (a single FireWire digital camera) is deployed to pro-
vide “indirect range” measurements using the laws of perspective. Some previous 
developments use available sensing methods such as radar [1], stereo vision [2], or a 
combination of both [3]. Only a few works deal with the problem of monocular vehi-
cle detection using symmetry and color features [4], or pattern recognition techniques 
[5]. In the current work, the searching space is reduced in an intelligent manner in 
order to increase the performance of the detection module. Accordingly, road lane 
markings are detected and used as the guidelines that drive the vehicle searching 
process. The area contained by the limits of the lanes is scanned in order to find vehi-
cle candidates that are passed on to the vehicle recognition module. This helps reduce 
the rate of false positive detections. In case that no lane markings are detected, a basic 
area of interest is used instead covering the front part ahead of the ego-vehicle. The 
description of the lane marking and vehicle detection systems is provided below, 
together with some graphical results. 

2   System Description 

Lane Tracking 

The system is divided in three modular subsystems with specific functions. The 
first subsystem is responsible for lane detection and tracking, as well as lane crossing 
monitoring. Images obtained from the camera are processed and clothoid curves are 



fitted to the detected markings. The algorithm scans up to 25 lines in the area of in-
terest, from 2 meters in front of the camera position to below the horizon. The devel-
oped algorithm implements a non-uniform spacing search that reduces certain unsta-
bilities in the fitted curve. The final state vector is composed of 6 variables [7] for 
each line on the road: coh, c1h, cov, c1v, xo, Ρo, where coh and c1h represent the clothoid 
horizontal curvature parameters, cov and c1v stand for the clothoid vertical curvature 
parameters, while xo and Ρo are the lateral error and orientation error, respectively, 
with regard to the centre of the lane. The clothoid curves are then estimated based on 
lane marking measurements using a Kalman filter for each line.  These lines conform 
the area of interest. Figure 1 depicts a sequence of images in which the result of the 
lane tracking algorithm is overprinted on the road images. 

 

 
Fig. 1. Lane tracking example in a sequence of images. The green lines represent the estimated 
lines of the road. The example also depicts the error between the left wheel of the car the the 

left lane (left), the error between the right wheel of the car and the right lane (right), the radious 
of curvature of the road estimated at a lookahead distance of 50m (R), and the maximum rec-

ommended velocity to bend the curve (V) according to the radious of curvature. 

 

Car Detection and Recognition 

The area of the image contained between the lines that represent the lane is 
scanned in order to look for candidate vehicles along the lane as depicted in figure 2. 
Car detection is performed in the areas limited by lane markings. Based on character-
ics of  shape, size and position, among others, candidates are selected. Each one of 
the candidates is then divided into five different subareas, that are then processed 
independently. For each subarea of the candidate, a support vector machine (SVM) 
[6] has been trained, using the tool ‘TsetBuilder’ we have developed. The areas are 
validated independently, and another SVM determines whether the outputs of the first 



SVMs represent those of a valid cadidate. Candidates are tracked using a Kalman 
filter. Figure 3 shows the result of the detection and tracking algoritm. 

 

 
Fig. 2. Sequential vehicle candidates searching along the detected lane 

 
Fig. 3. Vehicle tracking example in a sequence of images. 

The distance between the ego-vehicle and the preceding vehicle along the lane be-
comes the input to the Adaptive Cruise Control System.  
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Extended Abstract

Optimization is one of the most common and pervasive issues in real-world engi-
neering and economic systems and it is at the heart of any decision-making task
in which a choice must be made between several alternatives to achieve multi-
ple, sometimes conflicting, objectives. The objectives are generally formalized as
analytical functions or performance indices.

The technical literature on optimization methods is really extensive, as this
fundamental subject has received a tremendous amount of attention since it
came of age about 50 years ago. Single-objective optimization is by far the most
researched problem in this field, although many real-life situations are multi-
objective optimization problems per se. A multi-objective optimization problem
is very often converted into a single-objective optimization case by integrating
the multiple performance indices into a single one [1].

The standard solution for truly multi-objective optimization problems is to
find the so-called Pareto-optimal front. The Pareto front is formed by the solu-
tions in which any change in any of the decision variables aimed at improving a
particular performance index will produce a deterioration in some of the other
performance indices. Due to the inherent difficulties in calculating the analytical
Pareto optimal surfaces for many real-world systems, evolutionary methods have
lately been applied to solve multi-objective optimization problems [2, 3].

In most of the multi-objective optimization problems that have been tackled
by evolutionary techniques so far, the performance indices to be optimized:

Ji(x) = Ji(x1, x2, . . . , xn)
x ∈ R

n ; i = 1, 2, . . . N
(1)

are not time-varying and the decision varibles x1, x2, . . .xn have static con-
straints:

gi(x) ≥ 0 ; i = 1, 2, . . . p

hi(x) = 0 ; i = 1, 2, . . . q
(2)

Only very recently have a number of papers dealing with the application
of evolutionary computation to solve multi-objective optimization cases been



published, in which either the performance indices Ji(x), the decision variables
x or both are time dependent and dynamic [4, 5]. Most of this research work
refers to variations on static optimization problems, in which some well-known
static benchmark optimization functions are exposed to time-varying dynamics.
Noise in the measurement of the performance indices or in the decision variables
is sometimes also added.

In this paper, we present an engineering problem (automatic car parking)
that ultimately leads to the formalization of an active multi-objective dynamic
optimization problem as a cooperative game. However, instead of using evolu-
tionary controllers to search for an optimal, or at least efficient, set of if-then
reasoning rules, we propose a much simpler method based on what we call a
biomimetic approach to sensory-motor coordination. Sensory-motor coordina-
tion is a central issue in the design of most real-world engineering systems, as
the designer somehow has to deal with the coordination of perceptual informa-
tion and physical actions. We have already applied this biomimetic approach
to solve specific manipulation and locomotion problems in articulated mecha-
nisms [6, 7] and wheeled vehicles [8, 9]. In this paper we illustrate our approach
to sensory-motor coordination with the problem of automatic parallel parking
for autonomous vehicles.
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Abstract. The automatic control of the steering wheel of a vehicle is presently 
one of the most important challenges in the Intelligent Transportation Systems 
field. In this paper we present an automatic steering control system for mass-
produced electric steering wheel equipped vehicles, based on fuzzy logic, that 
allows a behavior very similar to the human are. In literature, we can find a lot 
of theoretic proposals and some simulations, but only a few working teams of-
fer real solutions for this task. One of this is the work developed by the 
AUTOPIA Program in which some vehicles have been automated allowing per-
forming some maneuvers mimicking the human reactions. In the present work, 
we use the pre-installed electrically assisted steering wheel of a vehicle Citroën 
C3 Pluriel in order to act over the attitude of the car. This actuator is controlled 
from a onboard computer in which is executing a fuzzy logic based autonomous 
steering system. The internal computers of the vehicle generate the input infor-
mation, that is read through a CAN bus, and a high precision GPS. With this 
equipment we have performed some experiments in a private test circuit show-
ing a human-like behavior in all the maneuvers. 

1   Introduction 

The development of Intelligent Transportation Systems (ITS) provides an opportunity 
to apply advanced technology to systems and methods of transport for efficient, com-
fortable and safer highways, railways, inland waterways, airports, ports and linkages 
between these different types of transport. We center our work in the area of road 
transport, more specifically in the intelligent vehicles sub area, which includes the 
topic of autonomous vehicles. This topic refers to vehicles that equip the necessary 
instrumentation and intelligence for supplying the required service into the own vehi-
cle. This is, an autonomous car must self-control any or all of its functions without 
external intervention. In this paper we present the automatic control of steering wheel 
of a car. This way, in the Autopia program promotes its activities in this field, focus-
ing basically in autonomous driving, mainly based on fuzzy logic controllers. Steering 
wheel [1], throttle [2] and brake pedal [3] automation have been carried out, working 
with Citroën Berlingo vans and experimenting in private circuits. There are some 



examples about automatic control of the steering wheel, as a step for achieving the 
automatic driving. In the “Millemiglia in Automatica Tour” [4], a car was equipped 
with a DC motor attached to the steering wheel through a pulley so it could be moved 
depending of the commands of an onboard computer, in which resides an analytical 
control system, that receives the sensorial input by artificial vision. In the Autopia 
Program [5], the testbed vehicles vans have been automated in order to perform auto-
matic driving. This way, the steering wheel has also been modified so a DC motor 
through gears could move it, and it is controlled from an industrial computer. In this 
case, the sensorial input is provided from a Global Navigation Satellite System. The 
necessity of attaching a motor to the steering wheel is because the assistance of the 
conventional cars is powered by a hydraulic system. The newest vehicles equip Elec-
tric Power Steering (EPS), this is the steering assistance is made with an electric motor 
that acts directly to the rack bar through a pinion. The motor torque depends on the 
effort required by the driver. Some developments have been carried out in this way, 
for example, the automatic parking system by Toyota [6]. The aim of this paper is to 
present the control system for EPS developed for automatic driving and based on 
fuzzy logic that has been installed in a Citroën C3 Pluriel vehicle (Fig. 1) in which we 
have performed real experiments in a private circuit, obtaining human like behaviors. 
 

 
Fig. 1. Citroën C3 Pluriel testbed vehicle. 
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Abstract.The design, development, construction and testing of an Artificial-
Vision controlled Traffic-Light prototype has been carried out to rule and regu-
late intersections. Methods, algorithms and automatons have been build up with 
that purpose to provide the analysis of images and decisions making at real 
time. The aim has been the development of an intelligent traffic-light capable 
of capturing the presence or absence of vehicles, pedestrians and their particu-
lar situations defined by their trajectories. Besides the above mentioned proper-
ties we have to point out the adaptation to the precise characteristics of each 
crossing, as its geometry, the required equipment, etc. The project has been su-
pervised by RACE, world wide known as experts in road safety awareness, en-
dowing the prototype with reliability and trust. 

1  System Description 

The system consists of two cameras situated at only one signal post placed at an inter-
section. One of them focuses on the pedestrian crossing while the other focuses on 
the vehicles arriving grid, as seen in Figure 1. The prototype has been developed as to 
be carried out by a conventional PC. A TWIDO programmable automaton, from the 
Schneider Electric firm, is in charge of the traffic light control. 

 

 
Fig. 1. General scheme of the prototype. Two cameras: one of them focussing on the pedestri-
ans and the other one on the vehicles. Images are then sent to the computer and as result a final 
working mode is sent to the automaton responsible for the traffic light switch. 
 
 

Two different types of algorithms have been developed. Low level algorithms are 
in charge of obtaining the moving objects and assigning them into connected compo-



nents. High level algorithms are in charge of providing the system with crucial infor-
mation like position and trajectory, to make the required decision. 
 

To evaluate and track the moving objects a background subtraction is performed 
[1, 2]. The following step will be to delimit those objects. The calculation of the con-
vex hull of these objects has been finally established through a sequential labelling 
while a matricial labelling algorithm was put aside due to the high computational cost 
and the little improvement reached [3, 4]. 
 

Kalman filter is used for tracking moving objects, both vehicles and pedestrians. 
An extended Kalman filter has been implemented [2, 5]. The algorithm adapts its 
model at each step to improve the movement estimation of the component. Position, 
velocity and values of the acceleration at different steps are used to predict the future 
object location. Gathering the information provided by the trajectories and different 
crucial zones established such as the crossing area and the vehicles grid, a decision 
can be made on the operating mode to be sent to the automaton. These crucial zones 
are fixed by initial parameters that have to be set in accordance with the particular 
geometry of the crossing area.  

2  RESULTS AND CONCLUSIONS 

 System works well under real conditions, without influencing the presence of 
cameras in the behaviour of pedestrians and vehicles. After the multiple tests done 
under RACE supervision, we can fairly state that the artificial techniques used in this 
prototype are reliable and dependable to be introduced in our current daily life in 
roads and pedestrians crossings. The enhancement of the methods and algorithms 
used, allowing the decisions to be made in real time, make the system mature and 
trustable enough.  

 
Behaviour of vehicles in the grid can be analysed, and an option to control density 

of traffic in different ways has been considered.   
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Extended Abstract 

There are several strategies of how to retrieve depth information from a sequence of 
images, like depth from motion, depth from shading and depth from stereopsis. 
Brown et al. [1] describe a good approximation to all of them in their survey article. 
Koenderink and van Doorn [2] expressed the necessary theory in their initial works 
related to disparity restriction, and Wildes [3] implemented some of their ideas [4]. 
More recently, disparity in stereoscopy continues showing its great interest (e.g., [5]). 
In this paper, as a novelty, we have chosen not to use direct information from the 
image, but rather the one derived from motion analysis. The system proposed uses as 
input the motion information of the objects present in the stereo scene, and uses this 
information to perform a depth analysis of the scene.  

The input to our system is a pair of stereo image sequences. The sequences have 
been acquired by means of two cameras arranged in a parallel configuration. The 
central idea behind this approach is to transpose the spatially defined problem of 
disparity estimation into the temporal domain and to compute the disparity simultane-
ously with the incoming data flow. This can be achieved realizing that in a well-
calibrated fronto-parallel camera arrangement the epipolar lines are horizontal and 
thereby identical to the camera scan-lines. Our team has already tested the motion 
analysis algorithm used in this work in monocular video sequences ([6]-[8]).  

In this case, motion analysis performs separately on both stereovision sequences in 
two phases. The first analysis phase is based in grouping neighboring pixels that have 
similar grey levels in closed and connected regions in an image frame. The method 
used is segmentation in grey level bands. This method consists in reducing the resolu-
tion of illumination levels of the image, obtaining this way a lower number of image 
regions, which potentially belong to a single object in motion. The second phase has 
to detect possible motions of the segmented regions through the variation of the grey 
level band of the pixels.  

After motion detection, we now introduce a representation that may help to estab-
lish further correspondences between different motion information. This representa-



tion finds its basis in the permanency effect. This effect considers the jumps of pixels 
between bands, and it consists of a matrix of charge accumulators. The matrix is 
composed of as many units in horizontal and vertical direction as pixels there are in 
an image frame. Initially all accumulators are empty; that is to say, their charge is 
zero. When a jump between grey level bands occurs at a pixel, the charge unit (accu-
mulator) of the permanency memory at the pixel’s position is completely charged. 
After the complete charge, each unit of the permanency memory goes decrementing 
with time (in a frame-by-frame basis) down to reaching the minimum charge value, 
while no motion is detected, or it is completely recharged, if motion is detected again. 
Figure 1 shows all these issues. Figure 1a and 1b show two images of a monocular 
sequence. The advance of a car may be appreciated, as well as a more slight move-
ment of a pedestrian. In figure 1c you may observe the effect of these moving objects 
on the permanence memory.  

 

 
Fig. 1. Permanency effect: (a) one image of a sequence, (b) same perspective after some sec-
onds, (c) motion trails as represented on the permanence memory. 

The difference between a quick object as the car, which is leaving a very long mo-
tion trail (from dark grey to white), and a pedestrian whose velocity is clearly slower 
and whose motion trail is nearly unappreciable with respect to the cars one, is pre-
sented. Thus, permanency memories enable representing the motion history of the 
frames that form the image sequence, that is to say, there is segmentation from the 
motion of the objects present in the scene. 
 Now, motion-based segmentation facilitates the correspondence analysis. Indeed, 
motion trails obtained through the permanency memories charge units are used to 
analyze the disparity between the objects in the stereo pair. The set of all disparities 
between two images of a stereo pair is denominated the disparity map. The key idea is 
that a moving object causes two identical trails to appear in epipolar lines of the per-
manency stereo memories. The only difference relies in their relative positions, af-
fected by the disparity of the object at each moment.  

Looking at figure 2 it is possible to analyze the motion of each one of the three ob-
jects present in the permanency memories from their motion trails. This initial analy-
sis is independent of the epipolar constraint studied. You may observe that object “a”, 
which has a long trail and has his maximum charge towards the left, is advancing to 
the left at a high speed. Object “b”, with a shorter trail, is also advancing towards the 
same direction but at a slower velocity. Finally, object “c”, whose trail is inverted in 
horizontal, is moving to the right at a medium velocity, as shown by its trail. 

Also from figure 2, but now comparing between the motion trails in both epipolar 
lines, disparity is analyzed. Motion trail of object “b” presents a null disparity. There-
fore, we can conclude that this trail corresponds to an object that is far away from the 



cameras. Remember that due to our parallel cameras configuration, pixels with a null 
disparity are located in the infinite. Object “a” has a little greater disparity. Finally, 
object “c“ offers the greatest disparity. 

 

 

Fig. 2. Disparity of permanency memories. 

 The generalization to global analysis on complete stereo images consists in totally 
superimposing the two permanency stereo memories under study, and not only their 
epipolar lines. One of the memories will be displaced over the other looking for mo-
tion trails that coincide in both x and y directions. Once the displacement where the 
coincidence of pixels of motion trails is maximum in size has been calculated, this 
value is assigned the disparity value. By means of this functionality, for all possible 
displacements of one permanency memory over the other, the correspondences be-
tween motion trails are checked and the disparities are assigned.  

In order to test our algorithms, the scenario called “IndoorZoom” has been used. 
Figure 3 shows the result some of the more representative results of applying our 
algorithms to the “IndoorZoom” scenario. In column (a) some input images of the 
right camera are shown, in column (b) the segmentation in grey level bands may be 
appreciated, in column (c) motion information as represented in the right permanency 
memory is offered, and in column (d) the final output, that is to say, the scene depth 
as detected by the cameras, is presented. 
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Fig. 3. Results for “IndoorZoom” scenario  

References 

1. Brown, M. Z., Burschka, D. & Hager, G. D., “Advances in Computational Stereo”, IEEE 
Transactions on Pattern Analysis and Machine Intelligence, vol. 25, no. 8, (2003). 

2.  Koenderink, J.A. & van Doorn, A.J., “Geometry of binocular vision and a model for stere-
opsis”, Biological Cibernetics, vol. 21, (1976): 29-35. 

3.  Wildes, R. P., "Direct recovery of three-dimensional scene geometry from binocular stereo 
disparity", IEEE Transactions on Pattern Analisis and Machine Intelligence, vol. 13, no. 8, 
(1991): 761-774. 

4.  Wilson, R. & Knutsson, H., “A multiresolution stereopsis algorithm based on Gabor repre-
sentation”, Proceedings of the IEE International Conference on Image Processing and Ap-
plications, (1989): 19-22. 

5.  Gutiérrez, S. & Marroquín, J.L., “Robust approach for disparity estimation in stereo vision”, 
Image and Vision Computing, vol. 22, no. 3, (2004): 183-195. 

6. Fernández-Caballero, A., Fernández, M.A., Mira, J., Delgado, A.E., “Spatio-temporal shape 
building from image sequences using lateral interaction in accumulative computation”, Pat-
tern Recognition, vol.  36, no. 5, (2003): 1131-1142. 

7. Fernández, M.A., Fernández-Caballero, A., López, M.T., Mira, J., “Length-speed ratio 
(LSR) as a characteristic for moving elements real-time classification”, Real-Time Imaging, 
vol. 9, (2003): 49-59. 

8. Fernández-Caballero, A., Mira, J., Delgado, A.E., Fernández, M.A., “Lateral interaction in 
accumulative computation: A model for motion detection”, Neurocomputing, vol. 50, 
(2003): 341-364.  



Pedestrian Detection for Intelligent Vehicles based on 
Active Contour Models and Stereo Vision 

C. Hilario, J. M. Collado, J. Mª Armingol, A. de la Escalera 

Intelligent Systems Lab. Universidad Carlos III de Madrid. Leganes, Madrid, 28911. Spain 
{chilario, jcollado, armingol, escalera}@ing.uc3m.es 

Extended Abstract  

In last years, the European Union, Member States and the automotive industry have concen-
trated their efforts on improving road safety [1][2]. Avoiding accidents due to human errors is 
one of the main objectives of Advanced Driver Assistance Systems (ADAS). European traffic 
accidents figures show a very large number of collisions between pedestrians and vehicles. 
Every year, more than 200,000 pedestrians are injured, with over 6,000 killed. In spite of the 
incredibly high number of victims, the protection of pedestrians has received little attention 
by the research community [3]. The projects that have dealt with this problem are quite re-
cent, as has been pointed out at the Fifth Framework Programme [1].  
 

The algorithm proposed in this paper, relies on the information provided by computer vi-
sion for the development of a pedestrian protection system [4]. The use of visual information 
is a promising approach to cope with the different appearances of pedestrians and changes of 
illumination in a cluttered environment. Although other sensors as lasers or radars can detect 
pedestrians, vision is the unique that can comprehend their motion and predict their move-
ments. An active contour model is used to segment pedestrians from images taken by an on-
board camera. A stereo module is integrated to guide the location of active contours as they 
are very sensitive to their initial position. Stereo vision is used to generate a disparity map of 
the scene. In order to filter the disparity map, distance measures are employed and vertical 
symmetries are looked for in the filtered area, avoiding a complete scan of the image. Those 
regions with a high vertical symmetry are potential candidates for an active contour initializa-
tion.  

 

Fig. 1. [Left]A detail of the Stereo Vision System used for the stereo module. [Right] On-
board PCs for the visual information processing. 

 



 

Fig. 2. [Top-left] A right image taken by the Stereo System. [Top-right] Disparity map, [Bot-
tom-left] vertical symmetries and [Top-right] vertical edges of that image. 

Active contours or “snakes” were proposed by Kass et al [5]. Its ability to extract contours 
even in presence of gaps or occlusions, jointed to its dynamic behavior, makes this approach 
adequate for non-rigid objects detection and tracking. The deformable model developed ex-
tends the greedy algorithm of Williams and Shah [6]. Their model maintains the points in the 
snake more evenly spaced than Kass [5]. Moreover, the discretization of the model proposed 
is controlled by inserting or removing points whenever the distance between adjacent points 
became too large or too close. This way, the natural tendency to shrink of the snakes is com-
pensated. Several measures have been employed to avoid shrinkage, as controlling the 
amount of stretching and bending of the contour locally or modifying the internal energy 
formulation. 

 
On the other hand, a new internal force is included to control the shape of the deformable 

model. This regularizing force prevents the shrinking effect of the snake, as it is based on 
high degrees of smoothness of the contour. It looks for convex and concave regions in the im-
age which are prone to correspond to the head and feet of a pedestrian. For the external 
forces, a new potential field which smoothly extends over a long distance is defined. In order 
to mitigate the influence of other contours with the same features as the ones rewarded by the 
model, more specific knowledge about the target object is added. As pedestrians have a 
strong vertical symmetry, the algorithm looks for points in the image that being symmetric, 
are near enough from its vertical axis. Demanding furthermore that points being symmetric 
and near a vertical axis must belong to a vertical edge, results are improved. Besides this po-
tential field, the image gradient and distances to vertical borders are also considered.  

 
Once the snake is initialized on an object contour in the first frame, it will automatically 

track the contour from frame to frame. This approach requires that the deformation and 



movement of an object between frames is small. Otherwise, the snake could get stuck to other 
contours or edges near the optimal. Some points in the snake are still prone to errors, like get-
ting trapped into the shadow of the pedestrian. This is solved applying restrictions to the re-
gion of search or assigning more stiffness to the model.  

 
 

 
 

Fig. 3. [Top] Detail of a frame. In gray, the active contour from the previous frame is de-
picted. In white, the extracted contour. [Bottom] From (a) to (f) a complete sequence of 
frames is shown.  

This algorithm has been tested on images taken by a trinocular camera mounted on a 
vehicle. A detail of the on-board vision system is shown in (Fig. 1). Some of the ob-
tained results are exposed in (Fig. 3). 
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Abstract. A system for real-time traffic sign detection is described in this 
paper. The system uses restricted Hough Transform to detect circular traffic 
sings. Some results obtained on a set of real road images are presented in order 
to illustrate the robustness of the detection system. 

1   Introduction 

Traffic sign detection and recognition has experimented increasing research interest in 
the last times, this is due to the importance of improve safety in road vehicles. Drivers 
sometimes miss signs because of distractions or lack of concentration. Our system 
must alert the driver using voiced warning. There are four types of traffic signs in the 
traffic code: prohibition, warning, obligation and informative. The most important 
traffic signs are prohibition ones; therefore they have priority to be detected in this 
work.  
To detect a traffic sign in an image, the algorithm follows these steps: 

1. Obtaining edge image using Canny method [1]. 
2. Looking for contours into the edge image. 
3. Contours-filtering using aspect constraints. 
4. Applying Hough transform [2] to filtered contours. 

2   Contours Information 

The method used for edge detection is Canny method; this method has been extremely 
influential in many applications. Numerous implementations of edge-detectors based 
on Canny’s idea have been developed. Canny described a method for generating an 
edge-detector using an optimization approach and showed how to use the technique to 
generate a robust-edges-detector. Canny’s method preserves contours, what is very 
important for detecting traffic sign using shape information, because they are closed 
contours. The contours are filtered using aspect constraints. In this sense, circular 
contour has similar width and height, prohibition traffic signs are circular, and 
therefore their contours will fulfill the aspect constraints. The Hough Transform is 



applied to filtered contours, thus the computation-time is reduced. The search area of 
traffic signs is focused in the right side of the image as it is showed in Fig. 1. 

 

   

   

   
Fig. 1 Sequence of real road image, filtered edge image into the area of search and Canny 
image. 

3   Hough Transform 

The classical Hough algorithm [3] can be easily extended to find any curves in an 
image that can be expressed analytically in the form f(x, p) = 0 [4]. Here, x is a point 
in the domain of the image and p is a parameter vector. We use the Hough algorithm 
for circle location. A circle in the xy-plane with center (X, Y) and radius r can be 
expressed as: 

f(x, p) = (x - X)2 + (y - Y)2 - r2 = 0 (1) 

Where the parameter space, p = (X, Y, r), must be quantized. The accumulator matrix 
a is the representation of the quantized parameter space. For circle detection the 
accumulator a will be a three-dimensional matrix with all entries initially set to 0. The 
entry a(Xr, Ys, rt) is incremented by 1 for every feature point (xi, yi), in the image-
domain, contained in the circumference with centre (Xr, Ys) and radius rt, with a 
precision margin by ε, used to compensate quantization error when digitize the image 
[5]. This condition is expresed: 

|(Xr – xi)2 + (Ys – yi)2 – rt
2| < ε (2) 

In order to reduce the computation time we use contour information, so, every feature 
point (xi, yi) is searched inside a restricted area in every filtered closed-contour. 



3   Results and Conclusion 

 

 
Fig.  2 Sequence of real road images under adverse weather conditions where speed limit is 
detected. 

An algorithm for real-time detection of traffic signs is carried out based on Hough 
Transform. The algorithm has been empirically tested under adverse weather 
conditions. We detect the road sign when its closed contour increases the accumulator 
matrix a over one threshold, this condition is easy to fulfill for circular shapes. If 
several circular shapes are detected it will not be a problem since a neural network 
will make a fine classification and validation of the detected road signs. As a future 
work this method for circular sings detection can be easly extended to searching 
triangular traffic sings using the Hough Transform for lines expressed as: 

x cos(β) + y sin(β) = r (3) 

A triangular traffic sing is delimitated by three straight lines. A straight line is 
expressed analytically in the form f(x, p) = 0, where p(r, β) is the parameter vector. 
The accumulator matrix a will be a two-dimensional matrix. The rest of this method is 
very similar to circular traffic-signs detection. Our system works between 5 and 50 
frames/s, depending of the amount of shapes detected. 
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Extended Abstract 

The field of robotics is one of the most innovative in the last decade. Conventional 
industrial robots from the late 70´s are now only a tool on the production level. One of 
the oldest dreams of the robotic community – intelligent, mobile, cooperative as well 
as humanoid robots – starts to become reality not only because of the rapid 
development of “external” sensors and micro- and nanotechnology.  

External sensors (e.g. visual, auditive, force-torque…) combined with micro 
drives, embedded systems,…    offer intelligent robots the possibility to see, hear, 
speak, feel, smell like humans. Compared with conventional, unintelligent, industrial 
robots, intelligent robots fulfill new, innovative tasks in new application areas. 

There are three “starting” points for the development of intelligent robots:  
Conventional, stationary industrial robots; mobile, unintelligent platforms (robots) 
and walking machines. 

Stationary industrial robots equipped with external sensors are used today for 
assembly and disassembly operations, fluelling cars, cleaning of buildings and 
airplanes, humanitarian demining ... and have been the first “intelligent” robots.  

Mobile platforms with external sensors are available since some years and cover a 
broad application field. The core of each robot is an intelligent mobile platform with 
an on-board PC. On this platform, various devices, like arms, grippers, transportation 
equipment, etc., can be attached. Communication between the „onboard PC“ and the 
„supervisory PC“ is carried out by radio-based networks - communication with the 
environment can be accomplished by voice, beep or bell. 

The application of “agents” in production automation is closely related to 
“holons”. Following the results of TC5 of the worldwide ims initiative a holon is an 
identifiable part of a system that has a unique identity, yet is made of subordinate 
parts and in turn is part of a larger whole. This similar to  the usual „fuzzy“ definition 
of an agent. The features of  a „technical“ agent are: 
• Ability to optimize one or more processes simultaneously 
• Autonomy – an agent can made own decisions to stabilize to current state and to 

improve this state to reach to optimum of the whole system. 
• Communication and interaction – for reaching this optimum each agent must 

interact with the other agents in the MAS . 
The ultimate target to be reached would be a robot that possesses capability 

approaching that of human beings - autonomous robot agents. Leaving such an ideal 
robot as a goal for the future, intermediate robots that only satisfy a limited selection 



 

of the most requisite functions should still find good use in human society. Among the 
faculties cited above, mobility is the most indispensable feature for a service robot. 

Walking machines or mechanisms are well known since some decades. Usually 
they have 4 to 6 legs (multiped) and only in some cases 2 legs (biped) – walking on 
two legs is from the view of control engineering a very complex (nonlinear) stability 
problem. Biped walking machines equipped with external sensors are the basis for 
“humanoid” robots. 

It was an old dream to have a personal robot looking like a human. Main features 
of a humanoid robot are  
• biped walking 
• voice communication – speech recognition 
• facial communication 

The main feature of a real human is the two legged movement and the two legged 
way of walking. Much research has been conducted on biped walking robots because 
of their greater potential mobility. On the other side they are relatively unstable and 
difficult to control in terms of posture and motion.  

Currently there are worldwide two categories of two legged humanoid robots 
available: 

“Professional” humanoid robots developed by large companies with a huge 
amount of research capacities. Examples are: the Honda robots ( P1, P2, P3, ASIMO) 
– with the idea to assist humans in everyday working, the SONY robots ( SDRX – 
3,4,5) – with the background to serve mostly for entertainment, leisure and hobby or 
in the future as personal robots. 

“Research” humanoid robots: There a lot of such robots currently available or in 
the development stage e.g. approximately worldwide more than 500 University 
institutes and research centres are active in this field. The robots of this category a 
usually prototypes developed by computer scientists to implement methods of AI, 
image processing, theoretical scientists from mechanics implementing and testing 
walking mechanisms, control scientists to implement new control strategies, social 
scientists to implement human machine interfaces (HMI) for an efficient 
communication between humans and humanoid robots. 

In addition these intelligent robots – especially mobile platforms and humanoid 
robots - are able to work together on a common task in a cooperative way . The goal 
are so called “Multi Agent Systems – MAS”. MAS consist of a distinct number of 
robots (agents), equipped with different arms, lifts, tools, gripping devices, ... and a 
host computer. A MAS has to carry out a whole task e.g. assemble a car. The host 
computer divides the whole task in a number of different subtasks (e.g. assembling of 
wheels, windows, brakes,...) as long as all this subtasks can be carried out by at least 
one agent. The agents will fulfill their subtasks in a cooperative way until the whole 
task is solved. 

In industry intelligent robots will work together with humans in a cooperative way 
on a common working place. 

One of the newest application areas of service robots is the field of entertainment, 
leisure and hobby because people have more and more free time. In addition modern 
information technologies lead to loneliness of the humans (teleworking, telebanking, 
teleshopping,....). Therefore service robots will become a real “partner” of humans in 
the nearest future. One dream of the scientists is the “personal” robot. In 5, 10 or 15 



 

years everybody should have at least one of such a robot. Because the term personal 
robot is derived from personal computer the prices should be equal. 

In the paper the present state will be discussed, selected application described and 
an outlook on future developments will be given. 
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Extended Abstract 

Robot soccer has evolved into a very dynamic and competitive field within the last 
few years. It provides excellent research and benchmarking opportunities in a diverse 
variety of fields, e.g. multi-agent systems, robot control, sensor fusion, intelligent 
control, communication, image processing, mechatronics and artificial intelligence. 

Many different robot soccer leagues now exist. The scope ranges from truly tiny, 
centrally controlled robots in FIRA NaroSot (4.5 x 4.5 x 5 cm) to humanoid, fully 
autonomous robots in humanoid leagues (up to 180 cm in height). At the same time, 
the game play of the different leagues can be everywhere between highly autonomous 
and research-oriented to high-speed and entertainment-oriented. 

The robot soccer league most strongly dedicated to entertainment and edutainment 
is currently FIRA MiroSot. This paper will present the current state of robot soccer 
within FIRA MiroSot and upcoming trends and challenges. 

 
In the FIRA MiroSot league, the size of a robot is limited to 7.5 x 7.5 x 7.5 cm, which 
is very small considering the tasks it has to fulfill. The league started in 1996 with 3 
vs 3 robots playing on a field sized 150 x 130 cm. To get closer to “real” soccer, the 
number of players on the field slowly grew (5 vs 5, 7 vs 7) along with the field. It has 
now reached 11 vs 11 robots on a 440 x 220 cm field. 

During the early days of the league, the robots’ mechanical designs, their control 
and the complex demand of the strategy were limiting factors. Since then, it has 
evolved into a very dynamic, high-speed game with robots reaching speeds of up to 
3.5 m/s during game play. Alongside with now refined strategies, this provides a very 
entertaining experience to spectators. 

Due to the very small size of the robots, they must be supported by a host computer 
(usually an off-the-shelf PC) which receives a picture of the field from a camera 
mounted about 2.5 m above the field. The host is responsible for image processing 
and strategic decisions. It transmits – via a radio link– movement information to the 
robots on the field, which they execute, thereby closing the control cycle. 

While some problems robot soccer posed have been solved in the last few years  
[1], many still exist. At the same time, constant change in the league adds new prob-
lems – especially the change to 11 vs 11 robots has provided many new challenges to 
the teams, which will be presented in the following. 

 



 

The 11-vs-11-field is sized 440 x 220 cm. The cameras are currently mounted at 2.5 
m above the field, which means that strong fish eye lenses are necessary to get an im-
age of the entire field. That strong fish eye effect is very undesirable, since it impedes 
exact position calculations of the robots. Raising the camera to a higher level is not 
possible, since this would rule out too many locations for playing. That means that 
most teams playing the 11-vs-11-league must revert to dual camera approaches, 
where every camera records one half of the field [2]. Insights into the challenges and 
solutions to this problem will be presented. 

 
All FIRA MiroSot robots are controlled by the host computer via a radio link. Cur-
rently, most teams use BiM series radio modules manufactured by the English com-
pany Radiometrix [3]. These transmit in the 433 or 869 MHz ISM bands with speci-
fied gross data rates of up to 160 kbps. Unfortunately, due to various reasons, the net 
data rate will be around 35 kbps in this application, with the modules being halfdu-
plex only. 

With 22 robots on the field playing robot soccer, the limits of the Radiometrix 
modules are now reached. New solutions like differently designed radio hardware 
transmitting in different frequency bands as well as updated and more stable protocols 
are needed. Selected alternatives to the current communication links will be pre-
sented. 

 
Originally, only 6 robots (3 vs 3) were playing during a FIRA MiroSot game. This de-
sign put emphasis on control and vision problems, because the matter of strategy was 
deliberately kept simple. One goalkeeper and two robots actually playing the game 
did not allow for any refined strategic moves. This has strongly changed during the 
last few years. Strategy design will become much more difficult within FIRA MiroSot 
because of the recent extension to 22 (11 vs 11) robots on the field [4]. Simple ap-
proaches as outlined above will not suffice and much more complex strategies will be 
needed that get much closer to “human” soccer. Complex team based behaviours like 
passes that require a highly sophisticated strategy and coordination will be of advan-
tage to the team mastering them. 

Some insight into formerly and currently possible strategy design(s) will be pre-
sented. 
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Abstract. We describe the key components of our game strategy for robot 
soccer [3] in detail. The game can be represented as a trajectory in so-called the 
virtual grid. The virtual grid generally allows us to reduce data volume for easy 
description of player motion and subsequently for controlling the game or for 
learning game strategies. The natural coordinate system is provided by accurate 
optical sensing of the subject position using lens for optical transformations and 
the CCD camera. This natural coordinate system can be easily mapped to a 
virtual grid.  

 
 
Using the virtual grid, it is possible to describe the position and direction of the robot 
using an alphanumeric description see [1,2]. The primary virtual grid can be divided 
to (2, 4, 8, . . .) parts, which creates secondary virtual grid. 
The tercial grid — strategy grid — depends on the partition of the game field (the 
left-right wing, the central field, and transversely the attack-defense field and the 
central field). In the discrete frame samples it is possible to study movements and 
movement strategies of the robots.  

 
Fig. 1. Alphanumeric representation of robot position and movement using virtual grid. 



The game strategy can be dynamically changed based on the game progress (i.e. the 
history and the current position of the players and the ball). The game progress can 
be divided in time into the following three ground playing classes (GPC): 

• GPC of game opening (GPCO) 
• GPC of movements in game site (GPCS) 
• GPC of game end (GPCE). 

The game progress, especially in the GPCS class, can be also divided into the 
following two game playing situations (GPS): 

• GPS of attack (GPSA). The interactions of simple behaviors cause the 
robots to fall into a V-formation where the ball is in motion roughly towards 
the opponent’s goal.  

• GPS of defense (GPSD). When the ball is not moving roughly towards the 
opponent’s goal, the robots move around it to form an effective barrier and 
to be in a good position for recovery. 

Each GPC has its own movement rules. The classes GPCO and GPCE consist of 
finite number of possible movements that are determined by initial positions of 
players and the ball. The class GPCS has virtually unlimited number of possible 
movements. The movements are determined by the current game situation (GPS) and 
by the appropriate global game strategy (in next GGS). The movement of the 
particular robot is determined by the current game class and situation, and also by the 
robot role. For example, the goalkeeper’s task is to prevent the opponent to score a 
goal. His movements are in most cases limited along the goalmouth near of goal line. 
The preferred movements are in goal line direction. The preference of these 
movements comes from the particular GGS, where the goalkeeper prevents to score a 
goal in the way of moving in the position between the central goal point and the ball 
(or the expected ball position). The preference of other movement directions is 
created using GPSA, where the movements of goalkeeper secure kicking the ball 
from the defense zone. 
Each strategy is stored in one file and currently consists of about 50 basic rules.  
Furthermore the file contains following metadata: 

• Information about the name of strategy  
• the algorithm to strategy choosing  
• the author responsible for current strategy  
• the date of last modification  
• the size of strategic grid 
• strategic rules 

Each rule consists of five records: 

• The rule ID and description (e.g. Rule 1 "desc"),  
• the coordinates of our players in strategic grid (e.g. .Mine a5 a5 a5 a5 a5), 
• the coordinates of opponent's players in strategic or virtual grid  

(e.g. Opponent k5 j2 i5 h7 i8),  
• the ball coordinates in virtual or strategic grid (e.g. .Ball j8)  



• strategic or virtual grid positions of the move (.Move a5 i4 g5 i6 j8). 

In current algorithm, the .Mine coordinates are not important for movement rule 
selection, but they can be used in the future. We believe that the file system for 
strategies is an advantage. From observation of opponent's strategy a new set of rules 
can be written, without necessity of program code modification. Furthermore, there 
is a possibility of automatic strategy (movement) extraction from running game. 

.Strategy test 1 

.Author  "Vaclav Snasel" 

.Date  "1.5.2004"  

.Size  10 8 
 .Rule  1  "Attack1" 
.Mine   a4 b3 c1 d1 d4 
.opponent a2 b3 c2 d3 d4 
.Ball  a1 
.Move  a4 b3 c1 d1 d4 
.Rule  2  "Attack2" 
.Mine  a4 b3 c11 d1 c10 
.Opponent a2 b3 c2  d3  a1 
.Ball  a1 
.Move  a4 b3 c1  d1 a11 

There exist two main criteria in the Strategy selection process. The selection depends 
on opponent’s coordinates and ball position. The strategy file contains rules, 
describing three possible formations suggesting danger of current game situation. 
The opponent’s team could be in offensive, neutral or defensive formations. 
Furthermore, we need to weigh up the ball position risk. Generally, opponent is not 
dangerous if the ball is near his goal. The chosen rule has minimal strategic grid 
distance from current configuration of players and ball. 
Optimal movements of our robots are calculated by applying minimal distance from 
strategic grid position. The goalkeeper and attacking player, whose distance is 
closest to the ball are excluded from strategic movement and their new position is 
calculated in exact coordinates 
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1 Introduction

Robotic soccer is one of the most interesting examples of multi-agent system.
In this environment, agents must be able to perform as a team to get a com-
mon long-term goal. They have to manage themselves in a real-time, non-
deterministic, partially known world. All this facing a team whose goal is the
opposite (both teams can’t fulfil their goals at the same time).

This paper is focused on simulated robotic soccer. The simulation system
allows to deal with high level problems instead of wasting time with low level
details. Scientists can apply automated reasoning techniques (off-line and on-
line). It also offers the advantages of software utilities: recording matches (and
replaying them later), playing some teams versus other teams (if their imple-
mentations are available), building teams with exactly the same resources, etc.
Anyway, under some constraints, direct implementation of simulated soccer al-
gorithms in real robots is possible.

2 Foundations

Our proposal is based on the use of Rete algorithm [1] to design a rule-based
expert system. Expert systems design is a branch of artificial intelligence spe-
cialized in development of systems that simulates expert human decision skills.
In particular, rule-based expert systems are composed of a set of facts (knowl-
edge base) and a set of if-then statements (rules). Facts represent information
known (or believed) about the world. And rules describe how that information
could change. The set of rules are fixed during all the execution of an expert
system, but facts can change. Every rule has two parts: the antecedent (a set
of conditions about facts) and the consequent (a set of actions that modify the
knowledge base adding or deleting facts). One of the key features of rule-based
expert systems is the possibility of increasing the knowledge (adding new rules)
without losing the information in the knowledge base.

The expert systems work in an infinite loop. In each cycle they check the
antecedent of every rule. If all the conditions of one of them are true the rule is
activated (and placed on the agenda). The agenda is the list of all rules which
have their conditions satisfied and have not yet been executed. After checking



all the rules, one of the activated ones (that are on the agenda) is selected
to be triggered. The selection method is called conflict resolution strategy, and
depends on the implementation of the system. There are several of them, such as
assigning a priority to every rule, choosing the most recent activated, the most
times triggered, etc.

In every cycle of simulation the system has to check all the new set of facts
and rules that are activated. A direct implementation of an algorithm checking
all the conditions of every rules would be too inefficient.

Rete algorithm takes advantage of two facts [4]. First, most of the facts of
an expert system don’t change from one cycle to another. Thus, it doesn’t check
all the rules every cycle, but it remembers past facts test results, so only new
facts are tested. And second, as several rules can share part of their antecedents
a network is created to minimize the number of tests to be made in each cycle.
It all results in a more efficient algorithm (on the average). The figure 1 shows
an example of optimization of two rules.

?Z

+

?Z

+

Trigger rule 2

?X ?Y

+

Trigger rule 1

?X ?Y

+

Trigger rule 2

?X ?Y

+

Trigger rule 1

Fig. 1. Example of two rules optimized creating a network sharing conditions.

This algorithm could be used to implement a robotic soccer team composed of
robots programmed as expert systems. In particular, the architecture proposed is
for a team for Robocup Soccer Server [3]. Robocup Soccer Server is a system that
simulates robotic football matches in a 2D field. It’s supported by the Robocup

Federation and it’s widely used. It works with a C/S architecture. In each match
there is one server simulating everything concerning the match, and 22 clients
(11 for each team), each one controlling one player. Clients are autonomous, and
they can only communicate through the server. It implements a low bandwidth,
unreliable communication channel.

The server simulates the world in steps of 100 ms. Every step it accepts one
action (like kick or turn) from each client, and simulates them all (applying real
physics and football rules like decay, off-side rule, etc). Part of the result of this
simulation is sent to the clients every cycle. That information is of three kinds:
aural (what a player hears), visual (what a player sees) and physical (what
a player knows about himself, like stamina, speed and so). Every player only



receives the information it senses: messages heard, objects seen and physical
information.

3 Proposed architecture

The architecture modifies the proposal of Peter Stone in [2]. It, basically, uses
some information common to all the players in a team (called locker-room agree-

ments) and the information received from the world (partial information) to
update the internal state of the agent (Figure 2). With those internal beliefs
a directed acyclic graph (known as external behaviors) selects the action to be
made (an example is shown in figure 3).

Internal
state

behaviors
External

Agreements

World state

TEAM MEMBER AGENT ARCHITECTURE

Real world
ActionsInformation

Fig. 2. Simplified internal architecture of an agent.

We propose two modifications of this model. First, all the information re-
ceived from the world is stored as low-level facts. But it’s also generalized as
high-level information relative to objects in the field, in such a way that small
changes in the world won’t lead to changes in the high-level perception of it. Of
course, this generalization must be according to soccer concepts: for example, a
set of positions of players can be generalized in a “offside” fact.

And the second is the use of Rete algorithm to choose the action to be per-
formed. In this case the antecedents of the rules must check high-level properties
(so the algorithm won’t have to be re-testing a lot of rules every cycle), but the
consequent (that chooses the action to be made) can use low-level facts in order



Face Ball()

Handle Ball(args1)

Passive Offensive(args2)

Communicate()

Behavior Face Ball()

Behavior Handle Ball(args)

Behavior Passive Offensive(args)

Behavior Communicate()

...

...

...

...

If (Communicate Flag Set)

If (Ball known AND Not Chasing)

If (Ball known AND Chasing)

If (Ball Lost)

Behavior Play Soccer()

Fig. 3. Example of external behavior as implemented in [2]. It’s replaced by a set of
rules optimized in a network (like in figure 1).

to calculate the best action according to accurate information. So the directed
acyclic graph is substituted by a set of rules managed with Rete algorithm. Ac-
cording to offside example, if “offside” fact exists in the knowledge base, rules
as “pass forward” can’t be activated. And a light movement of the player to
another offside position won’t lead to the activation of any of those rules. But if
the movement avoids offside, the rules could be activated.
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Extended Abstract 

There are many ways of detecting moving objects using color cameras. However, the 
vision systems based on color information proved to be more simple, robust and faster 
than most of other recognition methods as stated in [2], [8] and [11]. Sargent et al. [8] 
developed a fast real-time vision system with the aid of a special hardware accelerated 
system, which only makes sense when software optimizations or accelerations are not 
possible. A more reliable vision tracking of moving objects can be achieved by using 
robust statistics and probability distributions. A good example of the latter is given in 
the color-based face tracking implemented by Bradski [1]. Bruce et al. [2] suggested a 
fast vision system for mobile robots by means of efficient color segmentation and a 
two-pass connected region determination algorithm. Another important contribution 
to the robot soccer vision design was introduced by Wyeth et al. [11], with special 
consideration given to the robustness of varying playground illumination conditions. 

This paper presents a vision system for mobile robots tracking with the stress given 
to the accompanying problems in vision system design such as noise filtering, camera 
lens distortion and non-uniform illumination. The basic operation of a global vision 
system based on color information is introduced. It is used for mobile robots control 
in well-defined and fast dynamic robot soccer game. Therefore simple and efficient 
algorithms should be used to optimize the processing time needed for robots 
estimation. 

Further on an approach to improve an already existing vision system performance 
under bad operating conditions is presented. Some fundamentals and solutions to 
accompanying problems in vision system design for mobile robot tracking are 
presented. Besides methods for filtering and improvement of identified noisy data the 
two main factors which deteriorate the performance are dealt with, namely, non-
uniform illumination and camera lens distortion. For the former the problem area and 
its origins are focused on and a solution for its compensation by applying 
multiplicative component defined by illumination plain is given. The latter consists of 
two steps. In the first, radial lens distortion fundamentals are discussed. The suggested 
solution for its verification is realized by a geometry model of lens projection. The 
second step covers the perspective distortion originating from the tilt of the camera. 
For its correction an efficient and robust method of vanishing point detection is 
applied. Both correction methods contribute to a vision system performance if 
implemented in the appropriate manner. 



Applicability of the presented approaches is confirmed on a robot soccer test bed. 
Robot soccer is a fast dynamic game and therefore needs an efficient and robust 
vision system. To improve the results of the robot soccer vision system the proposed 
camera calibration and non-uniform illumination correction algorithm are 
implemented. The lens correction method successfully corrects the distortion caused 
by the camera lens, thus achieving a more accurate and precise estimation of the 
object position. The illumination compensation improves robustness to irregular and 
non-uniform illumination which is usually present in real conditions. 
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Extended abstract 

Collision avoidance is a main issue in applications employing free-ranging, com-
puter-controlled vehicles. In this paper we look at the regulation of locally crossing 
traffic. Collisions are typically avoided by changing speed and/or changing route, 
but– to keep efficiency high– as minimal as possible. 

If we look at humans going by foot in crowded areas or driving by car in urban 
traffic, we observe a high degree of flexibility. The challenge is to reach the same 
flexibility with computer controlled driver systems. Preliminary research on dynamic 
ways of traffic control [1] has indicated that considerable improvements can be 
reached in comparison to the more static approach of traditional zone claiming 
methods, in particular in case of busy traffic. 

When searching for the best solutions there are many criteria to consider: time de-
lay, throughput, total travel time, planned arrival time, energy consumption, com-
fort, et cetera. We will limit our selves to a single optimality criterion: minimal time 
delay. Even then we are faced with a huge space-time resource allocation problem 
[2]. 

In the paper, first we analyze the passage of two vehicles that drive on a conflict-
ing course as depicted in the left part of  Fig. 1. 

progress of leading vehicle 

progress of 
trailing 
vehicle 

 

bumper 
sticking 

Collision 
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time 
delay 

blocking 
∆ 

v1 = v2 

 
Fig. 1. Joint motion state diagram (shown on the right) of two vehicles crossing with angle α 
(as shown on the left) with the leading vehicle having advantage ∆ = d2-d1 and the trailing 
vehicle adjusting its speed (v2 ≤. v1). 
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Basically, the following options for collision avoidance exist: (1) speed adaptation, 
(2) route deviation by one vehicle only, (3) route deviation by both vehicles and (4) 
combined speed and route adjustment. In the case of speed adjustment generally only 
the vehicle driving behind (i.e. the “trailing” vehicle) will slow down (or make a 
temporary stop). The resulting delay depends on the passing strategy: a minimal 
delay is obtained if the trailing vehicle immediately advances after the leading vehi-
cle (“bumper sticking” mode). For safety reasons one may require that the trailing 
vehicle only proceed if its pathway is completely cleared (“blocking” mode). The 
observed time delay can be visualized in a state diagram representing the joint mo-
tion (right part of  Fig. 1). The indicated area of collision states depends on the vehi-
cle sizes and the crossing angle [5]. 

In Fig. 2 we show two ways of vehicle passing by route deviation. In the left draw-
ing only one vehicle makes a detour by changing its direction three times. In the 
right drawing both vehicles make a detour along a (virtual) roundabout. 

 

v1 

v2 

 

v1 

v2 

 

Fig. 2. Examples of unilateral and bilateral collision avoidance detours. 

Under certain symmetrical assumptions the optimal avoidance maneuver of two 
vehicles giving minimal mean delay has been determined. If conditions become 
asymmetric due to unequal priorities or different destination distances, it becomes 
more difficult to pinpoint the optimal solution. 

An important aspect of the result obtained for two passing vehicles is that it indi-
cates an approach to guide multiple conflicting vehicles in passing each other effi-
ciently. By means of simulation experiments it has been shown in [2] that this ap-
proach leads to quite natural avoidance detours for all kinds of multiple robot cross-
ing patterns. The solution method very much contrasts to the usual approach of plan-
ning motion paths sequentially in some optimal priority order [4]. 

The shape of the optimal avoidance maneuver of two vehicles can be found by 
global arguments. During an optimal avoidance detour the vehicles will come “in 
close contact” somewhere (without colliding), otherwise a shorter detour is possible. 
The fastest way to reach the first close contact configuration (the “meeting” state) 
will be along a straight line from the starting points. The same holds for the fastest 
way to leave the last close contact configuration (the “greeting” state) in order to 



approach the destination. In between “meeting” and “greeting” the vehicles remain 
in close contact. Otherwise they would make a relative movement that – given some 
maximal speed - slows down reaching the greeting state. 

As long as vehicles move along straight lines, their orientation will remain in-
variant. However, the detour implies orientation changes that in the end have to sum 
to zero. In the case of equal distances from start to destination the vehicles will make 
a symmetric and synchronized detour. To compensate for the orientation deviations 
at the starting and destination points (with respect to the direct route) the vehicles – 
being in close contact – will rotate simultaneously, i.e. move as a coupled pair along 
a virtual roundabout as shown in Fig. 3. 
 

α 

β 

β 

“meeting state” “greeting state” 

 

Fig. 3. Time optimal avoidance detour over equal distances. 

The shape of the vehicles determines the size of the roundabout, as they must fit to 
the roundabout. The placement of the roundabout is determined uniquely as the ve-
hicles must meet on the roundabout at the same time. As a consequence, the optimal 
deviation angle β and the length of the detour route can be calculated. The delay is 
found by comparing the detour route with the direct route. 

If the travel distances to the destinations differ, deviation angles will also differ. 
Hence, the turning to compensate for the orientation changes will not be equal. Mak-
ing different turns along a common roundabout is certainly a near-optimal solution. 
However, it is not yet clear if this maneuver is also optimal. 

An obvious property of the optimal avoidance detour is that it remains optimal at 
any intermediate state as long as the destinations do not alter. Therefore, steering the 
vehicles at any instant along the optimal deviation route will lead automatically to 
the optimal passing maneuver. Consequently, reactive control can be applied to 
reach optimal avoidance. Reactive control has the additional advantage that it is 
stable with respect to errors. Moreover, it will adapt to changes of the destinations. 
Hence, it can be applied fruitfully to vehicle control systems with dynamically chang-
ing goals like for instance robot soccer. 

The optimal passing maneuver of two vehicles provides a strong “heuristic” to at-
tack the case of multiple controllable robot vehicles. For each pair of robots the op-
timal deviations necessary to avoid a collision are known. Of course, if more robots 
are involved, different and sometimes incompatible avoidance courses have to be 
satisfied. The best strategy will be to find some acceptable compromise, for example 
taking the largest deviation needed. Clusters of colliding robots have to be identified 
of which the deviations must be coordinated. The strategy comes down to finding the 
best “virtual roundabout” that solves the mutual conflicts within the cluster. It has 



been shown that applying the deviation control in an iterative, reactive manner does 
work effectively in most cases [3]. 

Pure route deviation without speed adaptation could in case of multiple conflicts 
lead to large, undesirable detours. Also avoiding a non-cooperative robot by unilat-
eral route deviation may be less favorable than lowering speed. Good heuristics for 
the optimal mixture of route deviation and speed adaptation still have to be discov-
ered. Robot soccer [6] provides a perfect test environment both for unilateral colli-
sion avoidance (in case of opponent players) as for cooperative avoidance (in case of 
team mates). 

It is conjectured, but not yet rigorously proven, that in the case of mutual avoid-
ance (1) any “unequal-delay” solution leads to a higher mean delay compared to the 
minimal mean delay obtained by the “equal delay” cooperative solution, and (2) route 
deviation at full speed can always outperform any solution with speed reduction. 

Optimal reactive control for mutual avoidance provides a powerful heuristic for a 
multiple vehicle avoidance strategy. For all conflicting vehicles the mutual, optimal 
deviation course can be calculated. These courses can be recombined in a conserva-
tive and consistent manner to get a global solution that approaches the pair wise 
optimal avoidance as much as possible. Combining and merging the individual in-
terests of multiple traffic participants needs further research. 
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Controller Network for a Humanoid RobotEdmund Shierer, Markus WuerzlVienna University of TehnologyInstitute of Handling Devies and RobotisFavoritenstrasse 9 { 11, 1040 ViennaTel.: +43 1 58801 31815, FAX: +43 1 58801 31899email: shierer�ihrt.tuwien.a.at, wuerzl�ihrt.tuwien.a.at1 IntrodutionHumanoid robots presently are one of the most exiting, most hallenging andmost attrative researh targets in the �eld of mobile robotis. It overs not onlymehanial engineering, but also inludes problems from eletrial engineering,omputer siene, arti�ial intelligene and more often psyhology.Mehanial engineering solves questions of onstrution, mehanial loadsand properties whilst eletrial engineering gives answers to problems like drivesystems and omponents, power supply and interfaing high power devies toproessors and ontrollers. Computer siene on the other hand desribes algo-rithms for motion ontrol, feedbak ontrol systems, pattern reognition, imageproessing and so forth. Arti�ial intelligene as a speial appliation of om-puter siene may be used for high-grade proessing of various sensory inputsand environmental inuenes to perform a more sophistiated and onvininglybehaviour.One of the keyroles in suh a omplex system like humanoids is the proessingsystem for motion ontrol to guarentee smooth and "realisti" trajetories.2 The Buildup of the BodyThe basi design of a humanoid robot follows the well proven onstrution ofthe human body. That is to say it has 2 legs, a torso, 2 arms and a head.There is a ertain limit for the number of DOFs a humanoid robot should haveto satisfy fundamental requirements onerning motion-sequenes. A robot likePino [1℄ has 26 DOFs, what is in my opinion the minimum for a realisti natureof motion (Figure 1).3 Eletrial Drives, Gears and SensorsEah DOF is realized by one motor. Therefore Pino for example has 26 motorsto generate adequate movements of the robot. To keep the overall osts forbuilding a humanoid as low as possible standard servo motors an be used.They are available at omparatively low pries and ful�ll most of the items in



Fig. 1. Tehnial view of Pino (ourtesy of Kitano Symbioti Systems Projet) [1℄the atalog of requirements for a eletrial drive used in a humanoid robot. Oneweak point in suh a standard hobby servo is the gear box often made fromsyntheti material whih should be hanged to metal toothwheels to improvelife yle and torque.Mobile robots, in partiular a humanoid, needs a bunh of various sensors.Omitting high-level sensors like visual sensors for objet reognition and imageproessing there is need for{ equilibrium sensors to balane the robot in any arbitrary situation{ fore sensors to detet ollisions with objets and obstales or ontat toground{ angular positioning sensors for determing joint positionsand muh more.4 Master Proessor and Controller NetworkA ontrol system for a humanoid robot shall onsist of several "levels of im-portane". Like in a human being one level uses the features and proessingapabilities of its underlying level. If the superior level fails by any reason thelower one an ontinue and performs its assoiated funtionality. This kind ofinterating levels of omplexity is known as subsumption arhiteture and guar-entees operability of the system down to a ertain limit even if parts of theontroller su�er a loss. A Low-budget-version of suh a network an onsist of amaster ontroller, where all the high-grade funtions like path planning, imageproessing and so forth are performed, and a bunh of low-ost ontroller nodes.



These nodes an then proess the ommands given from the master. The bus thenodes are interonneted with is the widespread USB [2℄ due to its simpliitiyand its availability in modern ontroller hips.5 ConlusionThis paper desribes our approah to implement a ontroller network for a hu-manoid robot like Pino [1℄. It makes it possible to extend step-by-step the pro-essing apabilities of a robot only by adding new ontrollers to the network.Referenes1. Open PINO Platform, http://www.symbio.jst.go.jp/PINO/index.html2. USB 2.0 Spei�ation, http://www.usb.org/developers/dos/
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1 Introduction

Developing software for controlling robotic systems is costly due to the complex-
ity inherent in these systems. There is a need for tools that permit a reduction
in the programming effort, aiming at the generation of modular and robust ap-
plications, and promoting software reuse. The techniques which are of common
use today in other areas are not adequate to deal with the complexity associ-
ated with these systems [1]. This document presents CoolBOT [2], a component
oriented framework for programming robotic systems, based on a port automata
model [3] that fosters controllability and observability of software components.

CoolBOT [2] is a C++ component-oriented framework for programming
robotic systems that allows designing systems in terms of composition and inte-
gration of software components. Each software component [4] is an independent
execution unit which provides a given functionality, hidden behind an exter-
nal interface specifying clearly which data it needs and which data it produces.
Components, once defined and built, may be instantiated, integrated and used
as many times as needed in other systems.

In CoolBOT, components are modelled as Port Automata [3]. This concept
establishes a clear distinction between the internal functionality of an active en-
tity, an automaton, and its external interface, sets of input and output ports.
Fig. 1 displays the external view of a component where the component itself is
represented by a circle, input ports, ii, by the arrows oriented towards the circle,
and output ports, oi, by arrows oriented outwards. Fig. 2 depicts an example
of the internal view of a component, concretely the automaton that models it,
where circles are states of the automaton, and arrows, transitions between states.
Transitions are triggered by events, ei, caused either by incoming data through
an input port, or by an internal condition, or by a combination of both. Double
circles indicate automaton final states. CoolBOT components interact and inter
communicate each other by means of port connections established among their
input and output ports. Data are transmitted through port connections in dis-
crete units called port packets. Port packets are also classified by their type, and
� This work has been supported by the research project PI2003/160 funded by the
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usually each input and output port can only accept a specific set of port packet
types.

CoolBOT introduces two kinds of variables as facilities in order to support
the monitoring and control of components: observable variables, that represent
features of components that should be of interest from outside in terms of control,
or just for observability and monitoring purposes; and controllable variables,
which represent aspects of components which can be modified from outside, in
order to be able to control the internal behavior of a component. Additionally,
to guarantee external observation and control, CoolBOT components provide
by default two important ports: the control port and the monitoring port, both
depicted in Fig. 3. The monitoring port: which is a public output port by means
of which component observable variables are published; and the control port,
that is a public input port through which component controllable variables are
modified and updated. Fig. 4 illustrates graphically a typical execution control
loop for a component using these ports where there is another component as
external supervisor.
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Internally all components are modelled using the same default state automa-
ton, the default automaton, shown in Fig. 5, that contains all possible control
paths that a component may follow. In the figure, the transitions that rule the
automaton are labelled to indicate the event that triggers each one, some of
them correspond to internal events: ok, exception, attempt, last attempt and fin-
ish. The other ones indicate default controllable variable changes: nsr, nsre, nss,
nsd, np, and nex. Subscripts in nsi indicate which state has been commanded: r
(running state), re (ready state), s (suspended state), and d (dead state). Event
np happens when an external supervisor forces a priority change, and event nex
occurs when it provokes the occurrence of an exeption.

The default automaton is said to be “controllable” because it can be brought
externally in finite time by means of the control port to any of the controllable
states of the automaton, which are: ready, running, suspended and dead. The
rest of states are reachable only internally, and from them, a transition to one
of the controllable states can be forced externally. Having a look to Fig. 5 we
can see how CoolBOT components evolve along their execution time. Basically,
the default automaton organize the life of a component in several phases which
correspond to different states: starting, devised for initial resource allocation;



ready, the component is ready for a task execution; running, here the component
executes its specific task; suspended, execution has been suspended temporally;
end, a task execution has just been completed.

Furthermore, there are two pair of states conceived for handling faulty sit-
uations during execution, which are part of the support CoolBOT provides for
error and exception handling. One of them devised to face errors during resource
allocation (starting error recovery and starting error states), and the other one
dedicated to deal with errors during task execution (error recovery and running
error states).
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2 A Simple Demonstrator

CoolBOT has been conceived to promote integrability, incremental design and
robustness of software developments in robotics. In this section, a simple demon-
strator will be outlined to illustrate how such principles manifest in systems built
using CoolBOT. The first level of this simple demonstrator is shown in Fig. 6
and it is made up of three components: the Pioneer which encapsulates the set
of sensors and effectors provided by an ActivMedia Robotics Pioneer robot; the
PF Fusion that is a potential field fuser; and a Joystick Navigation component
for managing the robot using a joystick. The integration shown in the figure
makes the robot to to avoid obstacles while going to a destination point. The
second and last level of our demostrator is depicted in Fig. 7. Note that the
systems adds two new components, the Sick Laser which controls a Sick laser
range finder and Scan Alignment that performs self-localization using a SLAM
(Simultaneous Localization And Mapping) algorithm [5][6].

Robustness is another important aspect in robotics. Focusing on this aspect
several tests were prepared to show the behavior of the system upon the malfunc-



tuion of any of its components. In the system of Fig. 7, the key components are:
the Pioneer, Sick Laser and the Scan Alignment components. Based on these
three components, two tests were made. The first of them showed the way the
system works whenever any of the components hangs, and the second one is re-
lated to the degradation of the system when the Sick Laser component stopped
running.
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3 Conclusions

This document describes briefly CoolBOT, a component-oriented C++ program-
ming framework that favors a programming methodology for robotic systems
that fosters software integration, concurrency and parallelism, asynchronous ex-
ecution, asynchronous inter communication and data-flow-driven processing. The
framework also promotes a uniform approach for handling faulty situations.
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Extended Abstract
In this work, we present a hybrid mechanism for controlling a mobile robotic sys-

tem which combines concepts from homeostatic control and adaptive behavior. The
homeostatic control is inspired by an emotional approach consisting of a set of artifi-
cial hormones [2] computed from pre-categorical sensory data and also from high-level
application results. The adaptive behavior is implemented by a fuzzy controller whose
rules dynamically modify several system parameters, using the same structure to con-
trol both low-level hormonal loops and high-level application tasks. The objective of
this proposal is twofold: guarantee an acceptable image quality keeping the perceptual
data into a homeostatic regime, and use the adaptive behavior to obtain a better resource
management and dynamic response.

Fig. 1.Homeostatic regulation mechanism Fig. 2.Set of camera parameters

In Figure 1 the outline of a homeostatic regulation mechanism is shown. The state of
the system is considered to fall into one of these categories: homeostatic, overwhelmed
and understimulated. The objective is to keep the system in the homeostatic regime
modifying its behavior toward this goal. In computer vision applications, for example,
where the environment changes from a controlled conditionsE to E′ (Fig. 2) the per-
formance of the system will be maximum for another set of camera parametersδ′. So if
the system does not own a mechanism to detect the new environment, its performance
will drop since it will continue using the initial parameter setδ, and we must rely on an
external agent to readjust the parameter set toδ′.

In our proposal, the homeostatic regulation is based on different hormones: some
directly obtained from the images (hluminance, hwhitebalance) and others from the
? This work has been partially supported by the Spanish Min. of Educ. and FEDER funds
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results of the visual task (hsize). The hluminance hormone, for example, is computed
from the luminance of the image by dividing the image into five regions similarly to the
method proposed by Lee et al. [3].These five regions allow us to get different AutoEx-
posure (AE) strategies according to the nature of the object of interest giving different
weights to the average luminance in each region. For computing the hwhitebalance
hormone we adopt theGrey World [4] assumption which tries to make the average
amount of green, blue and red in the image equal, by adjusting the gain parameters.

At low level, control loops should be coordinated to take into account interdepen-
dencies, as several homeostatic loops executing simultaneously can produce side effects
on each other that make the settling times larger than if execution sequence is super-
vised. In other cases, simply it makes not sense executing some loops when others are
far out from their desired regime values (e.g. focusing on a very dark image).

On the other hand, active-vision [1] and mobile robotic applications are usually
implemented as a set of multiple periodic tasks executing concurrently on limited re-
sources systems. If not properly managed, this contention could lead to poor perfor-
mance, threatening system security or even blocking its operation, when competing by
CPU time, for example [5].

Fig. 3.Elements of the homeostatic adaptive regulation mechanism

As a consequence of this analysis, the basic homeostatic control described previ-
ously has been complemented with a higher level adaptive control in order to improve
performance and also to fit the special characteristics of mobile robotic systems. We
have designed a fuzzy adaptive control based on the configuration of each task in the
system as a periodic process, with a desired frequency of operation to be respected
whenever possible. A set of fuzzy rules take inputs from hormonal system to produce
commands that can modify execution parameters. To make the control effective two
types of actions are generated from fuzzy rules: quality and frequency commands. The
quality signals force the output generated by a task to have a certain quality level,
implicating normally a variation in the resource consumption. The frequency signals



command new operation periods to the tasks, allowing also a modification on resource
demands.The figure 3 shows the control scheme combining homeostasis and adaptation.

Several tests have been performed to evaluate the correct operation of the homeostatic-
adaptive mechanisms on a real mobile robotic application. The goal is to follow a line
traced on the floor under different lightning conditions making of two hormonal drives
regulating simultaneously luminance and white balancing hormones from the image.
At high-level, a control loop carries out the line following task processing the image
from the camera stabilized by the hormonal loops. A “stress hormone” is computed as a
function of the trajectory curvature. For the hormones the homeostatic regime is defined
in the range [-0.2,+0.2].

Three sets of fuzzy rules have been defined in the adaptive controller. A “relax-
ation rule set” reduces the frequency of the hormonal loops when they are inside its
homeostatic regime. An “image quality rule set” slows down robot motion and de-
grades high-level tasks when image hormones are far from their desired values. When
stress hormone increases, a “stress rule set” is used to guarantee robot security, as it is
approaching a curved zone.

Fig. 4.Example of homeostatic-adaptive control - Internal hormones

Figures 4 and 5 show some data extracted from a test performed on an circuit con-
sisting on two straight parallel segments connected by curved sections on both ends.
The collected data correspond to a complete lap around the circuit. Lightning varies
along the path, with a specially dark area near the beginning due to the existence of a
kind of tunnel that the robot must traverse, so that, without homeostasis the task fails.

In Figure 4, the luminance hormone values are represented together with execu-
tion frequency values for luminance and white balance loops. As it is shown, when
luminance hormone separates from homeostatic regime, luminance loop runs faster to
recover image quality as soon as possible, while white balance becomes slower. This
effect is specially relevant when traversing the dark zone, between seconds 75 and 100.



In homeostatic regime, white balance is allowed to execute at a higher frequency while
luminance loop gets relaxed, for example when the robot is on first straight segment
and first curve (seconds 100 to 125).

Figure 5 shows the stress hormone values, its effect on high-level task quality and
the translation on an execution command affecting translational velocity. As we can
see, the curved sections of the circuit provoke an increase in stress level that reflects in
a reduction on robot velocity, for example when approaching and traversing first curve
between seconds 105 and 130. At the middle of dark zone the robot near stops, waiting
for the recovering of image quality by hormonal loops.

Fig. 5.Example of homeostatic-adaptive control - Application hormone
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Extended abstract

In simple terms the collision detection problem can be stated as how can one
have a computer determine when two objects are about to collide, or have col-
lided? The first approach is to evaluate this obstacle avoidance in the robot
workspace; this involves the direct kinematic computation for every robot point,
since the kinematic information is required and the movement planning needs to
be done for each link. After the work of Lozano-Pérez [1] the collision detection
can be performed in a simpler way: the planning problem is solved within the
Configuration Space (C-space). The key point in this approach is the fact that
the robot representation is reduced to a single point in this space, independently
of the type of structure [2]. Lozano-Pérez named this planning task findpath [1],
where a path that connects two points without collisions is found in the C-space.
There is a previous task, findspace[1], that must be performed before any path
can be built: obstacles must be represented in C-space, i.e., C-obstacles must be
computed.

Although some manipulators will benefit from the fact that C-space evalua-
tion algorithms will only depend on the dimension of the considered C-space, for
instance, PUMA-like or Stanford robots, it can become an intractable problem
when considering high-dimensional redundant robots.

In this scenario, the advent of new methods that enable simple and faster
evaluations of the C-space is a challenge. In this sense, Kavraki, in [3], proposes
a method, based on the convolution of the obstacles and a mobile robot, to eval-
uate the discrete C-space. In this method the computation time is independent
of the complexity and shape of the robot and the obstacles for a given resolu-
tion of representation. Although it is doubtless a great advance on the way to
simpler C-space evaluations, only 2D mobile robots are considered, thus lacking
in generality.

While a lot of effort has been done dealing with mobile robots, only a few
works [4][5][6][7] are concerned with articulated manipulators. However, the later
kind of robots are a key element if one wishes to find a general method.

In [8] a more ambitious method is proposed by Curto for many types of
structures that include both mobile and articulated robots, where the obstacle



representation in the C-space is established as the convolution product of two
functions that represent the robot and the obstacles, respectively.

Although this is a big step, the method is not general enough, since some
structures —such as redundant robots— can not be considered. A further step
can be taken by an analysis of the proposed general method as applied to artic-
ulated robots, since changing the reference system for each link would provide
a new method that simplifies the computation, thus reducing both the memory
needs and the computational complexity [9].

This abstract presents a new general method for obstacle representation in
the configuration space for redundant robots. The method is based on the an-
alytical deconstruction of the configuration space, i.e., the separated evaluation
of the C-space portion contributed by the collisions of each link in the kine-
matic chain. The systematic application of a simple convolution of two functions
describing each link and the workspace, respectively, is applied. In order to do
that, the transformation of the workspace among reference systems located at
one point of each link is needed; in this step a sound method, well-known in
robotics, is used. As a main advantage, only the free-collision configurations of
the previous links in the chain are examined when calculating the portion of the
C-space for a given link.

Concisely, it is necessary to choose a proper coordinate system to work with,
considering the particular mechanical structure of the robot and relating it with
the particular degree of freedom (fig. 1).

In this way, a robot A [10] is viewed as a set of r rigid objects.The kinematics
of this chain, i.e., the movement restrictions imposed by the joint to each element,
Ai —the degrees of freedom, DOFs—, would determine some regions of the C-
space for these objects.

Taking into account the Superposition Principle, the calculation of CB for
a robot A, a kinematic chain of r links, is done through the union of all the
CBk related to each of the elements of the robot. The computation of every
C-obstacle region must be done through the evaluation of the associated CBk

functions.

CBk(q1k
, · · · , qsk

), ∀k ∈ {1, . . . , r} (1)

with {q1k
, · · · , qsk

} ⊆ {q1, · · · , qm}, where {q1, · · · , qm} are the DOFs associated
to the robot A. That is, being B the function that describes the workspace,
for the k-th element only the subset of configuration variables associated to
it are considered, and, analogously to what is proposed in [8], each of the
CBk(q1k

, · · · , qsk
) functions is evaluated as follows∫

Ak(q1k
, · · · , qsk

, x1, · · · , xn)B(x1, · · · , xn)dx1 · · · dxn (2)

When solving the integral (2), Ak(q1k
, · · · , qsk

, x1, · · · , xn), the function that
represents the robot, is difficult to evaluate, due to its dependency on all of the
DOFs related to itself and to the previous links in the chain. Thus, the purpuse



Fig. 1. Reference systems used in the kinematic chain

of the Deconstruction method is to reduce this difficulty by choosing the proper
frames.

In order to do that, let’s consider the robot formed by the kinematic chain
of figure 1. As one can see, following the Denavit-Hartenberg method [11], a
frame is associated with each link, placing the origin at the end of the link; the
orientation of axes depends on the position and orientation of the link.

Following the D-H procedure, the Deconstruction method proposes to use
the frame determined by the previous link for the k-th element. Thus, for the
link 1 the frame FA0 —which coincides with the workspace frame, FW — is used;
similarly, for the k-th element the frame FAk−1 will be used (figure 1).

It is important to point out that after an homogeneous transformation, the
position and orientation of the link Ak, expressed related to the frame FAk−1 ,
will only depend of its associated degrees of freedom, that is, (q(u+1)k

, · · · , qsk
).

After this step, only the following evaluation is needed for the link:

A′
k(q(u+1)k

, · · · , qsk
, x′

1, · · · , x′
n) (3)

Finally, (2), which is used to calculate the C-obstacle portion pertaining to
the element Ak, becomes∫

A′
k(q(u+1)k

, · · · , qsk
, x′

1, · · · , x′
n)B′(x′

1, · · · , x′
n)dx′

1 · · · dx′
n (4)



Now, after the proper frame is chosen, as it can be seen in (4), it is possible
to study individually each one of the links. This fact makes possible a great
simplification in the calculation of CB, since only those configurations of the
previous links that do not produce collision are considered for the evaluation of
a given link (e.g., when the robot collides with an object at the first link, all
the different configurations for the rest of the links in the chain are part of the
C-obstacle CBk).

This way, the evaluation of obstacles for each link can be done easily (and
independently) by a convolution product.

With the proposed method the portion of C-obstacle related to a particular
link, CBk, is obtained evaluating the inverse Fourier transform of the following
expression:

∫
F
[

Ā′
(0,···,0,q(v+1)k

,···,qsk
)(q(u+1)k

,···,qvk
,ξ(v+1)k

,···,ξn)

]
(ξ1,···,ξvk

)

·F[B′(ξ(v+1)k
,···,ξn)](ξ1,···,ξvk

)
dξ(v+1)k

···dξn

(5)

Subindices (ξ1, · · · , ξvk
) denote vk-dimensional transform of functions defined

in Rn. Over the rest of coordinates, (ξ(v+1)k
, · · · , ξn), where a convolution can

not be found, the integration is performed.
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Extended Abstract

The problem of combining logics (or logical systems) is a growing area of interest
in modern logic as shown among other things in [4] and [3]. In recent years logic
is used more and more to formalize complex problems in artificial intelligence,
software engineering, and computer science as a whole. In particular the formal
modeling of systems of cooperating agents is of general interest, because in many
studies of complex systems, especially distributed systems, a multiagent model is
used. The formal modeling of the different aspects of systems in this area usually
requires combined systems of logics. A logical system modeling a reactive agent
should be a combined system of logics of knowledge, belief, time, and modal
logics (of action) [3]. In our logical modeling of a multiagent system (MAS) each
agent is represented by its own (local) logic. The global logical model of the
whole MAS is a composition of the local logics of the agents [6].

A very flexible approach for combining logics is the concept of logical fiberings
which was originally introduced by J. Pfalzgraf (cf. [4]). The development of this
approach was influenced on the one hand by the concept of polycontextural
logics, which comes from the philosophical work of Gotthard Günther, on the
other hand by the mathematical theory of fiber bundles. The concept of logical
fiberings provides a framework for the construction of complex logical models as
follows: Different logical systems called fibers, or local subsystems, are arranged
(modeled) over the points of a base space. Mathematically a logical fibering is
defined by a map π : E → B; E is called total space, and B the base space.
The fiber over a point b ∈ B is exactly the preimage set π−1(b). Each fiber over
the base space can be a single logical system (e.g. a classical first order logic)
or itself a combined system of logics, i.e., a logical fibering. The base space of a
logical fibering can carry an additional structure, for example a communication
network, which represents some kind of interaction or communication between
the local subsystems. J. Pfalzgraf and coworkers have shown among other thing
in [7] and [6] that this flexible modeling language is also suitable to associate a
system of distributed logics to a MAS. In modeling a multiagent system (MAS)
in this way each individual agent obtains its own logic. In this context we speak of
the local logical state space (i.e. local fiber) of an agent. The whole logical model
can be formed by putting together all local fibers thus yielding the corresponding
logical fibering which presents the global logical state space of the MAS.



For the designer of an autonomous artificial agent the relationship between
knowledge and actions of the agent are of great interest. It has become customary
to use epistemic modal logic for the formal study of knowledge and beliefs of
such systems. So far the concept of logical fiberings was not used in conjunction
with modal logics and possible world semantics. A closer study of systems of
distributed modal logics in terms of fibered structures for the formal modeling
of multiagent systems seems to be reasonable (cf. [8]). Thus our research has been
aimed at testing whether it is possible to build a logical fibering, which represents
a global modal logic modeling a multiagent system, consisting of the local modal
logics assigned to the agents. It has turned out that such a logical fibering results
in a formal model of a MAS, which allows to study the knowledge and beliefs
of agents, taking into account the communication between the agents. To show
first results of our research we consider a simple task (manufacturing process)
which is performed by three cooperating robots. A global modal logic, in terms
of a logical fibering of local modal logics, is used for the formal modeling of the
multiagent system consisting of the three cooperating robots. The main result
of this work is that global modal logics can be represented as logical fiberings.

In our future work we intend to study distributed knowledge, common knowl-
edge, and awareness structures within logical fiberings of modal logics (cf. [2]).
A classical deduction problem can be treated symbolically as a corresponding
ideal membership problem using computer algebra support with the method of
Gröbner bases and the Stone isomorphism. This approach was already used for
m-valued logics parallelized by logical fiberings (cf. [5]). Based on existing work
([5], [1]) we intend to analyse if deduction problems in systems of fibered modal
logics can be treated in a similar way.
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Extended Abstract 

The H2 control problem consists of stabilizing the control system while minimizing 
the H2 norm of its transfer function. Several solutions to this problem are available. 
For systems in state space form, and under the standard regularity assumptions, 
Doyle, et al. [1] obtained an optimal regulator in observer form by solving two 
algebraic Riccati equations. Stoorvogel [6] relaxed the regularity assumptions while 
Kučera [3] obtained a solution for systems in descriptor form. For systems described 
by transfer functions, Park and Bongiorno [5] employed Wiener-Hopf optimization to 
obtain the optimal regulator transfer function via operations with rational matrices. 
Meinsma [4] and Kučera [2] derived a solution using operations with proper stable 
rational matrices: inner-outer factorizations and proper stable projections. 

The aim of this paper is to compare the two approaches. It is well understood that 
the inner-outer factorization is equivalent to solving an algebraic Riccati equation. 
However, why are the proper stable projections not needed in the state-space 
approach? 

To fix ideas, the H2 control problem in the “textbook” form is considered. Given a 
state-space realization of the plant 
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It is assumed that (A, B2) is stabilizable, (A, C2) is detectable, the matrix 
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Then all controllers RS that stabilize G are parametrized as 
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where X, Y and YX , are RH∞ matrices that satisfy the Bézout equation 
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and where W is a parameter that ranges over RH∞.  
Finally, two dual projection results are used to minimize the norm, in which the 
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The state-space approach is based on expressing the doubly coprime factors of G 
and R in terms of stabilizing state feedback and output injection gains. Let K and L be 
matrices such that A+B2L and A+KC2 are stable; then 
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The difference between the two approaches derives from a different construction 
and use of doubly coprime factors. The transfer-function approach takes any fixed 
doubly coprime factors of G, while the state-space approach parametrizes all such 
factors in terms of K and L. This difference shows in full when the transfer function H 
is manipulated so that the projection results can be applied. While the transfer-
function approach simply extracts the inner factor from 12N  and the co-inner factor 
from N21, the state-space approach shapes the two doubly coprime factors to make 
them inner/co-inner by selecting K and L. This is achieved by solving appropriate 
Riccati equations. 

Now it is seen why no proper stable projection is needed in the state-space 

approach. The process of shaping 12N  and N21 results in trivial outer and co-outer 

factors 2
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12∆U = and 2
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cancel all stable dynamics when forming ∗−
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. That is 

why P = 0 and 0=P . 
It is further noted that the design parameters K and L in the doubly coprime 

factors of G directly define the optimal controller R0. Hence, the doubly coprime 
factors need not be explicitly calculated. 
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Abstract.  

In this work we report the development of computer-animated mimics of some 
nonlinear dynamical control systems frequently used in the literature for 
illustration purposes. Mathematically speaking these mimics are discrete-time 
nonlinear dynamical control systems, arising from the discretization of 
continuous-time nonlinear dynamical systems. Besides considering and 
implementing standard linear discretization techniques, we also report some 
experiments on nonstandard symbolic discretization of nonlinear dynamical 
systems that exploit the advantages of both the Euler polygons method and the 
Picard iteration method. The proposed nonstandard discretization techniques 
might be described as a triplet (Taylor approximation, Euler sampling, Picard 
interpolation), and therefore might be controlled at least threefoldly. In fact, we 
go a little further by introducing controls over the sampling time and/or the 
number of Picard iterations that depend on a prescribed fitting error criterion. 
We used the integrated symbolic, graphic, and numeric capabilities of 
Mathematica to develop all our work within a single computation environment. 

 
Keywords. Nonlinear control systems, analysis, design, symbolic discretization, 
mimetization, integrated computation, Mathematica. 

1 Introduction 

That the inner structure of our brain seemed to be better fitted to parallel image 
processing than sequential numerical processing is summarized in the universal 
saying a single picture worth a thousand words. We may roughly describe the content 
of this work as a dynamic upgrade of the previous maxim: a mimic worth a thousand 
pictures. More precisely, in this paper we report the development of a set of 
computer-animated mimics of physical processes commonly used in control theory as 
plants. These mimics allow visualizing both the open-loop dynamics of the plants, 
and the performance, advantages, and disadvantages of control laws intended to 
modify such open-loop behaviors. Comprehension through visual mimetization has 
some obvious advantages over traditional numerical simulation, namely, it is closer to 
physical and geometric intuition and, to a great extend, it does not depend on the 
order of the systems, since what our brain recognizes is a unique dynamical moving 
object. So, visualization allows us to exploit the strong geometric understanding and 



 

integrating capabilities of our brains, instead of relying on their weaker algebraic 
manipulation abilities. Contrastingly, visual mimetization might also jeopardize our 
fine resolution capabilities concerning discriminating subtle details on the exhibited 
dynamics. 

2 Mimics as Discrete-Time Nonlinear Dynamical Systems 

Having said that, it is worth to remark that our work is mainly concerned with the 
dynamical aspects of controlled dynamical systems, and the mathematics supporting 
it. Thus, beyond attractive graphics animation, for the sake of this work a mimic is an 
nth-order discrete-time nonlinear dynamical control system (DT-NLCS) [1, 6],  

 Φ((k+1)T) = F(Φ(kT), u(kT)), Φ(0) =  xo;   Ψ(kT) = H((Φ(kT), u(kT)) (1) 

obtained by discretization of a smooth enough nth-order continuous-time nonlinear 
dynamical control system (CT-NLCS) [7] 

 x’ = f(x, u), x(0) = xo;    y = h(x, u) (2) 

Obviously, both the discrete-time state-vector orbit Φ and the output-vector orbit Ψ 
depend on the discretization method. Besides the Euler, Euler-Picard and Euler-
Taylor-Picard discretization proposals already described in [6], in this paper we 
consider modifying the Euler-Picard and Euler-Taylor-Picard discretization methods, 
through the introduction of error-based controls over the sampling period and the 
number of Picard iterations, to improve the computation time [2]. 

When the DT-NLCS (1) describes the closed-loop dynamics of a control system, 
the trayectories Φ and Ψ also depend on the control laws u, which may have different 
linear or nonlinear structures [3, 4, 5]. Anyhow, the associated controllers are linear or 
nonlinear dynamical systems, and are themselves also discretized using the proposed 
discretization methods. 

 At its present stage of development, our library of mimics includes a family of 
pendulum system: a simple pendulum, an inverted pendulum, an inverted pendulum 
mounted on a car, two single inverted pendulums mounted on a car, a double inverted 
pendulum mounted on a car, a centrifugal pendulum, a one-dimensional airplane, and 
a family of biophysical ionic-channels. 

3 Standard vs Nonstandard Discretization Methods 

In control engineering, approximated discretization of linear control systems [1] is 
based on substituting first order derivatives by first order backwards differentials, 
whereas dynamical systems people prefer forward differentials to approximate time 
derivative to avoid invertibility problems in the nonlinear case. Yet, if thought of as 
supports of approximate integration methods, both approaches lead to one-step Euler 
polygons like approximate solutions for the CT-NLCS (2), as suggested in Figure 1. 

In a translation to signal theory’s language, we could roughly think of Euler 
polygons like integration methods as “periodic sampling plus linear interpolation” 



 

methods, leading to periodic sampling plus linear interpolation discrete-time 
trajectories, obtained by restricting Euler polygons to the sequence t = kT, for integers 
k, where the length T of the one-step Euler polygon plays the role of the sampling-
period. We will refer to the so obtained discrete-time trajectories as the Euler 
discretized trajectories, and to the associated discretization method as the Euler 
discretization method.  

For linear dynamical control systems, Euler discretization generates discrete-time 
trajectories with good steady-state fitting properties, but not necessarily with good 
transient-state fitting properties, provided the Shannon sampling theorem holds. In the 
nonlinear case, however, it is usually necessary to use high multiples of Shannon 
frequency of the associated linearized system to get similar fitting properties.  
 In the linear case we may improve transient-state fitting properties of Euler 
discretized trajectories by increasing the sampling frequency. Yet, we might also 
appeal  to a different discretization method, namely, the exact discretization method 
[1], where instead of discretizing the linear ordinary differential equation defining the 
system, i.e., x’ = A x + B u, x(0) = xo, we apply zero-order hold to the control system 
and sample the actual trajectory of the continuous-time linear system, to obtain the 
discrete-time trajectory  
 

 x((k+1)T) = Ade x(kT) + Bde u(kT) (3) 

where Ade = Exp(AT), and Bde = Integrate[0, T, Exp(As), ds]. Computing discrete-
time trajectories by exact discretization is computationally more expensive, but their 
transient-state fitting properties are also considerably better. We could think of exact 
discretization as “periodic sampling plus zero-order hold exact interpolation”. 

In general, exact discretization is not extendable to nonlinear dynamical systems 
because of the impossibility of computing their actual trajectories symbolically. Yet, 
based on the Picard iteration method [0], we proposed the Euler-Picard discretization 
method [6] which could be summarized as “Euler like periodic sampling plus Picard 
interpolation”. The discretization strategy is also summarized in Figure 1, where it 
can be compared to the Euler discretization strategy. It is well known that the Picard 
iteration method holds locally, and that its fitting properties depends on the number of 
iterations. So, for implementation purposes the number of computed Picard iterations 
acts as a control mechanism, modifying both the computation time and fitting 
properties of the discrete-time trajectories. 

The Picard iteration method is an integrative method, hence usually prohibitively 
expensive for CT-NLCS with complex nonlinearities, trigonometric ones for instance. 
To simplify nonlinearities and improve computation times, we proposed in [6] to use 
the Euler-Taylor-Picard discretization method where, instead of computing the Euler-
Picard discretized trajectories for the CT-NLCS (2), we calculate the Euler-Picard 
discretized trajectories for the CT-NLCS x’ = F(k, x, u), x(0) = xo, where F(k, x, u) 
denotes the kth-degree Taylor polynomial expansion of the f(x, u). This certainly 
improves computation times; and moreover, in many cases where because of the 
complexity the Euler-Picard discretization method fails, it succeeds on generating 
good fitting discrete-time trajectories. 
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Figure 1. Graphical comparison between standard Euler polygons discretization method vs the 
proposed Euler-Picard discretization method. Curves x(t), xe(t) and xp(t) denote the solution of 
the CT-NLCS (2), its Euler polygons approximation and its Euler-Picard approximation, 
respectively. The discretized trajectories are obtained by restricting x(t), xe(t) and xp(t) to the 
sequence of sampling times 0, To, 2 To, 3 To, … . 
 

In this paper we go some steps ahead on improving the nonstandard discretization 
methods previously proposed, by introducing two kinds of controls over them. On the 
one hand, keeping the sampling period fixed we introduce a control over the number 
of Picard iterations needed to satisfy a prescribed error criterion on each sampling 
interval. This way we obtain a fixed sampling frequency varying Picard iteration 
number discretization method. On the other hand, we fix an upper bound to the Picard 
iterations number per sampling period, and introduce a control allowing to reduce the 
sampling period when a prescribed error criterion is not satisfied after computing the 
allowed number of Picard iterations. This experiments point towards non-fixed 
sampling frequency discretization strategies for CT-NLCS. 

The different non-standard discretization strategies proposed above are described 
in detail and are applied to several case studies, and particularly to a family of 
pendulum systems of interest in control and robotics. We study both typical 
stabilization problems in control, like stabilizing mounted pendulums on the upper 
vertical position, but also some oscillatory problems, to force the discretization 
strategies to their limits. 

Besides considering and implementing additional improvements on the proposed 
non-standard nonlinear discretization methods, at the time being we continue working 
on giving our proposals a sound mathematical foundation. 
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Extended Abstract

The cost reduction in the hardware implementation of digital control systems
has two main e®ects. On the one hand, the ¯eld of applications is enlarged as
the cost of the control system becomes a®ordable with respect to the cost of the
controlled process. On the other hand, the control device is reduced on size lead-
ing to a limitation on the available resources. As a result, the control subsystem
is integrated into the whole controlled system. The control is embedded and the
main features of this kind of systems should be taken into account. The main
purpose of this paper is to review the characteristics of the embedded control
systems (ECS), as well as to outline some results the authors have developed
in di®erent related issues. Among the main features, the following ones are the
most relevant from the control viewpoint:

1. Autonomy, to work independently of the workstation.
2. Fault-tolerance, to be able to work in a degraded or faulty mode.
3. Missing data operation, to cope with the absence of external information.
4. Recon¯gurability, to be adapted to changing conditions. This requires a set

of control options as well as the transfer mechanism among these options.
5. Hybrid control, combining continuous time control and decision making sys-

tems.
6. Multitasking environment in the one-single-computer-based control.
7. Hard real time constraints in the control implementation.
8. Variable time delays in the communication as well as in the computation.
9. Resources optimisation (CPU, memory, energy, hardware redundancy, ...).

10. Safety, to avoid damages to people in the vicinity. Certi¯cation is required.

These features require dealing with some issues in designing and implement-
ing the control, were many research groups are working on [12, 13, 11, 1, 16,
15, 22]. For these issues, some previous results of the authors are discussed and
referenced:

Non-conventional sampling and updating patterns . The signals sampling
and the control action delivering time instants should be appropriated for the
required controlled plant dynamics and the available resources. This implies
the option of di®erent sampling rates (multirate control) and to consider the
lost of synchronicity. A review of this issue has been already discussed in [3].

Hybrid control systems . This control option is rather general and covers
many other applications. In our case, the discrete time component is related



to the decision about changes in the control structure and this will not
happen frequently. Then, the stability issue is not a real problem.

Sampling rate changes . It is well known that, in general, the quality of the
digital control decreases if the sampling period increases. Thus, if resources
are available, the control tasks period should be reduced and this implying
changes in the controller parameters as well as in the stored information.
The appropriated updating of controller parameters and internal data can
improve the transient behaviour of the controlled plant, as discussed in [6, 7].

Missing data control . Data availability is not at all guaranteed in any op-
erating condition. Thus, control algorithms should cope with missing data
situations. The common solution is to maintain the past values of the data,
but this solution is not appropriate if the data availability pattern is scarce.
The authors have been working in this issue and some solutions based on
virtual sensors implementations have been reported [20].

Event-triggered control . Most control algorithms are time driven. The sampling-
updating pattern is regular and synchronous, with a constant time interval
between actions (periodic actions). But dealing with harsh and uncertain
environments, some activities are triggered by external events. And these
events may happen randomly and at any time. A treatment based on the
missing data approach is possible and has been successfully implemented in
laboratory crane control [2].

Decision and supervisory control . Changes in the environment and avail-
ability of resources should be monitored and changes in the operation mode
should be decided by an upper level of control. There is a lot of literature
on the subject and most results can be easily adapted to be used in ECS.

Resources monitoring and control . Any autonomous system should adapt
its activities to the available resources. The monitoring and control of the on-
board batteries will result in forced changes in goals and control structures.
The real-time adaptive scheduling of the CPU will allow for the best possible
control at any operating conditions [9, 10, 17, 18].

Degraded and back-up (safe) control strategies . Changes in the operat-
ing conditions require changes in the controller but under any working con-
dition the system must keep some basic properties. In emergency cases, a
degraded behaviour should be accepted, ensuring the safety of the operation.

Reduced order models . Under normal operation, a detailed model of the
process and/or the controller can be used but it is well known that the
complexity of the controller is directly related to the complexity of the plant.
More properly, it is related to the complexity of the model used in the design.
Thus model reduction techniques should be considered to simplify either the
plant model or the designed controller, mainly to operate in degraded modes.
For that purpose, a control kernel should be implemented. This kernel, not
necessarily unique, should take care of the process under extreme working
conditions and will be fully developed.

And altogether, the integration of control design and computer control im-
plementation is crucial to achieve the best control performances [21]. To consider



the relevance of each control action, and consequently each control task, to mod-
ify accordingly their priorities and distribute the available computation time to
each one, to reduce the delivery time interval for any control action or to balance
the control performance degrading of all the control loops are features already
treated by the authors. Some results can be outlined from the references d com-
puter control implementation is crucial to achieve the best control performances
[4, 14, 5].
Control kernel
In real time embedded systems, an operating system kernel should be provided to
handle the basic requirements of the whole system even working in the emergency
conditions [8]. Similarly, a control solution should be implemented to ensure the
safe behaviour of the system even in the case of resources shortage. This implies
a reduced order model of the plan, a simpli¯ed control algorithm and a reliable
operation. These basic properties should be captured by a kernel representation
of the system in order to apply an essential control. Thus, in this case, the sys-
tem will fall under this control until more resources (options) become available.
Among other emergency conditions, the following circumstances are analysed: i)
The time allocated for control computation is reduced and a safe operation (with
degraded performances) is foreseen. Thus, the sampling period may be enlarged
and only the slow part of the plant model could be considere, and ii) Under an
emergency condition, a quick reaction of the control is expected. The sampling
period is reduced and the slow behaviour of the plant may be considered as
unchanged.

In both cases a reduced model of the plant is desirable and a change in the
model parameters should be implemented. A similar reasoning will be applied if
dealing with the controller model. There are many model reduction techniques
but the real-time transfer between equivalent representations should be inves-
tigated. This is the main theoretical result of this paper. Generally speaking,
the kernel representation implies a reduced order model of the system and a
mechanism to transfer from a normal, extended model to the kernel and vice
versa. For that purpose, a simple algorithm to transfer between models, also
recovering the involved data, should be provided. The transferring approaches
require scheduling support to allow mode changes in the system. A mode change
is initiated whenever the systems detects a change in the environment or in the
internal state that must drive it from one operating mode to another allowing
the use of reduced models and the transfer between models. Several protocols for
mode changes can be found in the literature. A survey on mode change protocols
can be found in [19]. The main requirements to be achieved by the protocols are:
schedulability, periodicity, promptness and consistency.
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04120 Almeŕıa, Spain
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Extended abstract

The purpose of this work is to analyze methods and algorithms to control the
ACUREX solar collectors field of the Plataforma Solar de Almeŕıa - PSA). This
solar thermal system is based in parabolic trough technology. Parabolic trough
collectors are solar concentrating devices suitable to work in the 1500C - 4000C
temperature range. A parabolic trough collector is made up of a parabolic-
trough-shaped mirror that reflects and concentrates direct solar radiation onto
a receiver tube located in the focal line of the parabola. The concentrated radia-
tion heats a fluid flowing through the receiver tube, thus transforming the solar
radiation into thermal energy in the form of the sensible heat of the fluid. In the
ACUREX solar field the heat transfer fluid used is oil type synthetic which can
be heated up to 300 0C. The heated oil is stored in an oil tank. This single tank
serves not only as feed tank, transferring oil from the power block to the solar
field, but also as thermal energy storage system, hot and cold oil can be stored
in the same tank because density of oil used change a lot with the temperature
and hot oil remains always in the upper levels of the tank because its density
is much lower than that of cold oil. Traditionally, as the energy source in this
system can not be manipulated, the way of controlling this system is by mean of
manipulation of the oil flow through the solar field in order to achieve a desired
oil temperature level at the outlet of the solar field.

The analysis of methods and algorithms to control the ACUREX solar field
is a starting point to formulate a model for solar collectors field control opti-
mization. The sole criterion of our optimization policy is to maximize the en-
ergy accumulated in the oil storage tank but the optimal strategy (maximum
efficiency of obtaining energy is a major factor) should fulfill some constraints
resulting from physical and technical restrictions. It results in a nonlinear dy-
namic optimization problem with nonlinear constraints, which is considered in
literature as hard.
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