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During the last decade, a great attention has 
been given to nonalgorithmic analyses and data 
processing carried out with soft-computing tech- 
niques like expert systems, neural networks. fuzzy 
logic, and genetic algorithms. These computation- 
al paradigms efficiently search the solution space 
with techniques similar to the way the natural hu- 
man reasoning works: a sub-optimal solution is. in 
fact, obtained by means of typical human methods 
such as similarity. analogy, interpolation, general- 
ization, extrapolation, and multiple-goal opti- 
mization. Such approaches become attractive 
whenever the complexity of the algorithm associ- 
ated with the solution is too high, or difficultly 
specifiable or unknown. 

Artificial Neural Networks (ANNs) are nonlin- 
ear massively parallel computational paradigms 
inspired by the brain. The computation is collec- 
tively performed by a set of interacting processing 
elements or neurons, which exchange data through 
a neural interconnection network. Different from 
traditional computers which implement a pro- 
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grammed solution for an application, the expected 
behavior of a neural network is directly learnt 
through examples and hints. 

The training process. necessary to configure the 
parameters specifying the neural computation, is 
generally a nontrivial phase. It is necessary to 
choose the functionality for the neurons. select 
and dimension the neural n&work topology, gen- 
erate the training examples. identify an appropri- 
ate learning procedure, and evaluate the neural 
network final performance. lip to now. there is 
no general methodology to guide the designer 
choices towards the determination of an optimal 
neural network for the given application; the liter- 
ature mainly provides many examples of successful 
applications but only few general guidelines. most 
of the times tailored to specific classes of applica- 
tions. The experience and the expertise of the de- 
signer are therefore fundamental skills to identify 
an effective and efficient solution. 

ANNs have been proved eff’ective in solving 
many applications. e.g., in signal and image 
processing, pattern recognition, vision. speech 
recognition. automotive, robotics. system identifi- 
cation, prediction. and control. Engineering fields 
that explored and exploited ANNs encompass 
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electrical. electronics. telecommilnication. at’ro- 
space. automation, mechanical, chemical. bio- 
medical, geological, and hydraulic engineering. 
even if results have been exported also to man\ 
other scientific areas and have been used in many 
real applications. However. despite these positic.c 

results, ANNs must not be considered able to 
solve any kind of problems for which traditional 
approaches are ineflective. 

Advances in integration technologies make. 
nowadays, feasible the realization of con~ponunts 

and systems based on the neural technologies, im- 
plemented either in dedicated analog/digital hard- 
ware or in software on len~i-al-purpose digital 
architectures. As a consequence, the cxpl(~itation 
of neural technologies will be attractive in the ncai 
future for a wide range of applications in the real 
daily life. in particular whenever the neural com- 
ponents are small and competitive enough with 
respect either to the traditional algorithmic ap- 

proaches or. in some cases, to other soft-comput- 
ing technologies like fuzzy logic. 

Some recent results related to the theor). the 
applications, and the impletncntation technologies 
of ANNs have been presented and discussed at the 
1 Y96 IEEE International Workshop on Neural 
Networks for Identification. (‘ontrol. Robotics. 
and Signal/Image Processing held in Venice. Italy. 
during 21 13 August 1996. 

Selected papers have been chosen I‘or this spe- 
cial issue to expand preliminary results presented 
there by the authors. The focus of this issue is on 

the engineering applications of ANNs. with spocil- 
ic reference to system identification. control. and 
signal processing. 

In Nurtd Nvt~twr.li Sit7iulrrtiot~ if/ ft Dklcc~tr.ii~ 

Rirrg Rcsorrtrtor ,4tztcvrmt, the problem 01‘ the clcc- 
tromagnetic field modcling is treated as an c\am- 
ple of nonlinear system identification. The papel 
shows that the neural model may be sonletimes 
more computationally compact than traditional 
algorithmic approaches. This property is useful 

for real-time applications. for system monitoring, 
and f’or “what if-’ prediction in machinery, indus- 
trial plants. and embedded systems, 

Dit’wt Co~rtr-o/ ii,it/t Rurfirrl ktsis Fittictiott ,Yct- 
11~0r/i\: Strrhilit.~~ Atutl~~sis cud .~lpplictrtiot~s prcielltS 

some results in direct control of dynamic nonlinear 
systems. First. the system is identified by using an 
RBF neural network and then the neural modct is 
LISCC~ to derive a neural controller having high ac- 
curacy and adaptability as ~rell as gcneraliration 
ability and noise insensiti\Gty. The stability of the 
neural control is also trcatcd to ccrtify the cquiva- 
Icncc of nceral control with more traditional ap- 

proachcs. 
The problem of‘ predicti\,c control is discussed 

in detail in :1 Cfttt7pttY.c.otr i~f Not~litwrir Ptwlktiw 

C.otttrol Tcc~ltttiqztcs C/sing .Vctttal Nct1wr.k i2~~od~~l.s. 
The goal is to compare and verify the capabilities 
of home neural paradigms in capturing and linear- 
izing the process behavior. The 1192 of affnc neural 
networks is proved ctl’cctix with complex nonlin- 
earities and, in particular. to provide an effective 
tcchnicluc for model tincarization. 

The pattern classification problem is one of the 
widely studied in the litcr:~turc. due to the ability 
of the neural networks to gcncralizc the classilica- 
tion of the learnt patterns even in the prccencc of 
noisy data. An interesting application case is pro- 
posed by NWWI Nctlcwl~ :~~~I.oLI& to &‘rrr-l~~ HVPU.S/ 
(‘~ttwt~ Iktc’ctiot~. The paper shows the uscl‘ulncss 
of neural techniques in ;t nontradition;ll licld. ‘The 
vital and biological parameters characterizing 
health and the presence 01‘ cancer arc translated 
into a pattern classification problem and ~lvcd 
by using the neural technique\. 

Finally. the basic problems in configuring at1 
kinds of neural network and. in particular. the 
ones mentioned above arc related to the correct 
:und coniplctc dciinition 01 thC Icarning prcuxlui-c. 
Sclcction of the suitable training cxamplcs is l‘un- 

damcntal and instrumental to achicvc a good 
and cKwtibc neural praciip. II’itrdoi~m/ .dc,tir.c 



Smpliqq ,fiw Rclitrhlc Mrw~rl Lecmirr~y shows an 
interactive approach between examples creation 
and learning procedure to identify the input 
stimuli able to significantly explore the system 
behavior. 

The industrial exploitation of results achicvcd 
in the neural network research is often straightfor- 
ward. ;IS the papers included in this special Issue 
cherry point out. Great benefits will bc obtained 
bq increasing the ability to deal with the nonlinsal 
and noise affected world and, to this cd ~wural 

networks arc challenging tools. However, it should 
be pointed out that whcnc~or an algorithmic ap- 
proach is more eBicicnt than the neural solution, 
it should bc obviously adopted. 

The future trend of soft-computing tuchnolngics 
is directed to integrate soft-computing with more 
traditional algorithmic solutions into hybrid wm- 
puting systems. The winning factor for an ctlictive 
and cliticient industrial exploitation Lvill in fact be 
the syncrgctic use of the most suitcd computing 
technology for each specific sub-problem and their 
subsequent integration in a coopcratice system. 
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