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CHAPTER 13

FUZZY LOGIC
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OBJECTIVES

In this chapter we will investigate the fundamental principles of fuzzy logic and then see
how to implement these ideas as microcontroller control programs.
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Like other control system methodologies, fuzzy logic produces a precise repeatabl e output
for every combination of input conditions. Although the term ‘fuzzy' seemsto suggest the control
output is approximate, thisis smply not true. Instead, fuzzy refersto anew way of representing
sets that describe linguistic concepts such aswarm. The boundaries of fuzzy sets are more like
dimmer controls than digital on-off switches. Astemperature decreases from a value we might
agreeis'warm’, it eventually stops being warm and becomes cool or even cold. Thistransitionis
not sudden at some specific temperature - rather the degree to which we agree that the temperature
iswarm gradually decreases until we would no longer consider it to be warm. Since fuzzy logic
offers away to attach an unambiguous numerical meaning to these abstract concepts such as warm,
we can now perform computations on these linguistic variables to design automatic control
systems.

There are three processing steps in afuzzy logic program:

I Fuzzification - compares the current value of a system input against the membership
functions of each label of that input to determine fuzzy input values.

I Rule Evaluation - plugs fuzzy input values into control rulesto determine fuzzy output
values.

I Defuzzification - combines al fuzzy outputs into a single composite control output value.

The executable fuzzy logic program is generally not specific to any application.

For each of the three fuzzy program steps there is a data structure in the knowledge base
that provides application specific information. Input membership functions provide the meaning of
each input label for the fuzzification step. A list of rulesis encoded asalist of pointersto fuzzy
inputs and fuzzy outputs. Output membership functions provide the meaning of each output label
for the defuzzification step.

Although it seems as if there could be alarge number of linguistic rulesin a control system,
the number of rulesis actualy limited to the product of the number of labelsin each of the system
inputs. For example a system with two inputs with 5 labels each would have a maximum of 5
times5 or 25 rules.
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