
subconjuntos, de manera que cualquier elemento pue
da pertenecer a ellos en diferentes grados. Con reglas 
difusas, es posible procesar las relaciones entre las va
riables fuzzy y producir una salida nebulosa. 

• Tratamiento personalizado: Basándose en las caracte
rísticas aprendidas de los habitantes de la casa, podría
darse un trato personalizado a cada uno. Tal vez el ra
zonamiento cuantitativo sea mejor interpretado por 
personas con una mejor formación educativa, pero es
tá claro que un niño de 9 años puede comprender me
jor ténninos como mayor, caluroso, oscuro o rápido
que ténninos numéricos. Del mismo modo, las cuali
dades varían dependiendo de los usuarios. El término
joven será entendido de una manera por un anciano y
de otra por un adolescente.

3 Conclusiones y trabajo futuro 

Tras haber comentado la arquitectura y los servicios más 
importantes del proyecto Domoweb, observamos una serie 
de carencias sobre las que estamos trabajando para mejorar 
el producto final. 
Una de las posibles líneas de trabajo futuro y de investiga
ción es la de dotar de un aprendizaje automático mediante 
razonamiento cualitativo al sistema. Actualmente estamos 
desarrollando la integración de una serie de componentes 
que permitan esto sin tener que modificar la estructura 
creada. Si conseguimos que nuestro proyecto lleve a cabo el 
aprendizaje de forma autónoma, de acuerdo a las necesida
des del usuario y además responda a los deseos y necesida
des de los mismos de manera automática, habremos dado un 
paso importante hacia la Inteligencia Ambiental. La antici
pación ante actos repetitivos mediante la base de conoci
miento del sistema debe ser una realidad y existen otros 
trabajos que lo avalan (3). Además, nuestro sistema debe ser 
lo menos intrusivo posible, evitando que los habitantes del 
hogar se sientan observados por los sensores del sistema. 
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Abstract 

In this paper, a novel methodology is proposed to 
diagnose a transient state of a dynamic system us
ing supervised learning. lt is composed by two 
steps: one off-line process and another on-Iine pro
cess. The off-line phase begins gathering data from 
the system, both when it is running free of fault 
and when the system is running in each fault mode. 
Also, it is possible to generate these data from 
Monte Cario simulations of a system model. A seg
mentation and normalization algorithm is used to 
reduce the large amount of gathered data. The fi
nal step of the off-line process is the generation _ of 
a decision tree by a classification tool. The on-lme 
process of the methodology consists in evaluating 
a new reading of the system sensors with the gen
erated decision trees. The system diagnosis is the 
result of this evaluation which has a linear compu
tational cost due to the simplicity of the decision 
trees. In arder to improve diagnosability problems 
of this methodology, it is proposed a new solution 
in this work. Instead of generating only one de
cision tree, a different decision tree is generated for 
each fault mode and free of fault mode. Therefore 
multiple possibilities of diagnosis can be offered 
for a given behaviour of dynamic system. Meth
odology has been applied to diagnose a DC motor. 
Eight different faults have been considered and the 
results have been discussed including diagnosab1l
ity conflicts. 

1 Introduction 

Inside the Artificial Intelligence techniques, data mining is 
about solving problems by analyzing data already present in 
databases. Data mining is defined as the automatic process of 
discovering patterns in data. One of the fields of Data _Mining 
is the Machine Learning, which is defined as the ab1ltty for 
a computer system to generate new knowledge based on its 
past experiences. . . A long variety of techniques, coming from Artificial ln
telligence, has been applied to diagnosis field from theff be
ginning. Along this time, a great number of approx1mat10_ns 
have been proposed from different points of view. In [Cord1er 
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el al., 2000] a comparative between the communities FDI and 
DX for model based diagnosis can be found. One of the fields 
that have been widely investigated is the diagnosis of dynamic 
systems. These types of systems are very difficult to diagnose 
due to the great amount of components, the small set of ob
servable variables, the interactions among their components, 
and the habitual presence of a control system which could 
hide the presence and identification of the faults. Machine 
Leaming techniques have been applied to this field, from a 
decade ago [Feng, 1992] to current years [Roverso, 2003]. 

Induction motors are very common in industry due to their 
simplicity, rugged structure, cheapness and easy maintainab
ility. It is very usual that these motors were mvolved mto 
larger industrial systems. Fault detection and diagno_sis ?f
these motors are very important when they are working m 
on-line monitor conditions. Due to dynamical conditions of 
these systems, it is crucial to diagnose the faults quickly and 
precisely. Severa] techniques has been applied in order to 
diaonose these motors: techniques based on the s1gnal ana
lys� [Schoen et al., 1995], based on the dynamic modelling 
of the motor [Chan et al., 1999] and knowledge based tech
niques. Inside the knowledge based techniques, many tools 
have been used: expert systems [Filippetti et al., 1992], neur
onal networks [Liu et al., 2000] or automatic classification 
[Hajiaghajani et al., 2004]. 

Toe aim of this paper is to use the power of the automatic 
learning to diagnose dynamic systems with a minimal amount 
of sensors. A complete methodology is proposed for this pur
pose and it is applied to a dynamic system involving a DC 
motor. This is an important improvement to the methodology 
presented in a previous work [Abad et al., 2002]. 

A improvement in the methodology is proposed with_ the
aim of treating no-diagnosable behaviours. System behav10ur 
is no-diagnosable when it could have more than one possible 
diagnostic. The improvement propases to offer all possible 
diagnostics by generating multiple decision trees. 

The complete methodology is illustrated with simulations 
of a DC motor. Eight different faults have been considered 
and the results have been discussed including diagnosability 
conflicts. 
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Figure 5: Simulink® model of the system 

Behaviour Single tree Multiple trees 
diagnosis diagnosis 

(OK) No Fault 100%0K 80%0K 
20%0Kor AW 

(AW) Armature Wind. 80%AW 60%AW 
20%0K 20% AW or OK 

20% AW or BF 
(FW) Field Windings 90%FW 80%FW 

10%BF 10% FW or FI 
10% ?? 

(BF) Bearing Friction 90%BF 80% BF 
10%FW 20% BF or F W  

(Fl) 1 Phase Fault 100% Fl 90%Fl 
10% ?? 

(F2) 2 Phase Fault 100% DS 100% F2 or DS 
(IG) IGBT Fault IOO%IG 100% IG 
(DS) Diode Short-cir. 100% DS 100% DS or F2 
(DO) Diode Open-cir. 100% DO 100% DO 

Table 4: Diagnosis results 

4 Conclusions and further works 

A complete methodology to diagnose dynarnic systems by 
classification has been proposed. 

This methodology is able to diagnose dynarnic systems 
when they are running in transient states that have been pre
viously trained. 

Models are not necessary when experimental data are 
available; they are only used when it is impossible to acquire 
real data. 

It is not necessary to add new sensors to the system. When 
diagnosis is not clear, all possibilities are offered. 

When the trees have been generated, the diagnosis process 
is very simple, and it can be performed with a very Iittle com
putational time. This allows that it can be implanted with low 
cost components. 
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Currently this methodology has been applied to a real im
plementation of the modelled system. Sorne different faults 
are being added, as eccentricity fault or brush fault. Also, im
provements in data treatrnent and classification step are being 
tested. 
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