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Abstract.-- A classification of inference systems based defuzzifying stage. To reduce the processing time of
on approximate reasoning techniques is proposed. An this stage, the designer usually recurs to the use of sim-
alternative realization method is described for the plified methods which allow handling the predefuzzi-
particular SISC case, which enables reducing the sil- fied information. From an implementation point of
icon area and increasing the operation speed, making view, the most efficient of these approaches is that
it especially appropriate for real time control applica- which substitutes the fuzzy information of the rules’

tions. consequents with fuzzy singleton located in the point
of maximum membership degree in the original fuzzy
|. INTRODUCTION set (SISC).
Fuzzy logic provides a conceptual and mathemati- ||, HARDWARE IMPLEMENTATION OF FUZZY SYSTEMS

cal frame for those problems where the imprecise def-

inition of variables and vague resolution strategies  The first digital realizations of FIFC [2] and SIFC
applied require the use of approximate reasoning tech{3] systems use an architecture in which a data-path is
niques. This has led to the development of new pro-supplied for each rule. The size and characteristics of
cessing structures which allow hardware implementa-the required memory elements to store the knowledge
tions of fuzzy inference mechanisms [1]. base are the main limitations of this realization strat-

Distinct taxonomies can be established for fuzzy €9y

inference systems according to different criteria. How-  Calculation of the activation degrees in SIFC sys-

ever, in order to compare their hardware realizations, ittems is a scalar operation, easily performed in a single
is preferable to introduce a classification depending onclock cycle. This enables a new implementation strat-
the type of information they handle at the system input egy of fuzzy systems, where the different rules are pro-
and on the description of the rules’ consequents. In thiscessed sequentially. Its main drawback is the difficulty

sense, the realizations reported in literature are foundencountered to increase the number of control rules
in one of the three categories shown in Fig. 1. without degrading the system response time.

Different authors have proposed mechanisms to
minimize both the calculation time and the area con-
sumption of fuzzy inference systems. Among the most
interesting contributions, the following deserve men-
tion: 1) introduction of the active rule concept [4] and
the use of singleton consequents [5] [6], which reduce
the inference time; and 2) tlaepriori limitation of the
degree of overlapping of the membership functions [7]
[8], which considerably reduces the system size.

Adequately combining these concepts leads to the
architecture of the SIFC fuzzy controller proposed in
Fig. 1.- Taxonomy of fuzzy inference systems. the next section, which generates efficient microelec-
tronic realization.

In conventional fuzzy inference systems the rule
base is described by linguistic labels represented by [[l. AcTIVE RULE REALIZATION OF SISC SYSTEMS

fuzzy sets. In decision-making applications and com- | SISC inf ¢ h rul
plex control problems, input to the fuzzy inference sys- __'N. & inference systeém, each rule proposes a
specific conclusion (B, whose “strength” is deter-

tem are described as a distribution of possibilities 2& d by it di tivation level'Y Cal
represented also by a fuzzy set (FIFC). On the contraryMined by its corresponding activation levef). Cal-
in most control applications the input comes from sen- culation of the combined action of many rules requires

sors which give crisp values that can be associated t@ Mechanism to evaluate the average of the different
fuzzy singletons (SIFC). In this case, calculation of conclusions. This is made by taking the activation lev-

each rule’s activation level is reduced to combining €/ @ weights:

each antecedent membership degree by means of a con- y=%a"-B"/Zd (1)
nective operator. Finally, the controllers must give a ro r .

concrete output value, which imposes introducing of a ~ The use of fuzzy singletons to describe the conse-
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quents of the rules makes the minimum number of IV. PracTicAL RESULTS

cycles needed to evaluate (1) comparable with those  Based on the herein described architecture, a fuzzy

needed for the division. For this reason, the inferencecontroller prototype has been designed with three input

should be driven by active rules, for which a scheme ofand an output which obtains 8 bit resolution and uses 8

associative memory is sought where only the active different membership functions with an overlapping

rules lead to the conclusion. degree of 2 for each input. With these characteristics,
The architecture that we propose is shown in Fig. 2.the controller can perform an inference every 9 clock

The membership function circuits provide for each cycles which, considering the frequency of a typical

input value as many pairs (label, activation level), as clock as 20 MHz, infers an operation speed over 2

degree of overlapping has been fixed in the system.MFLIPS.

Since a fixed degree of overlapping infers restricting
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Fig. 2.- Block diagram of the proposed architecture.






