Fuzzy Control Process


By Rudy Castan, Eddie Bader

Goal:


Have the ability to create an arbitrary Fuzzy Control System.

Fuzzy Control System:

This process is made up of three steps: Fuzzification, Fuzzy Logic, and Defuzzification. Fuzzification is where you give input to your control system, Fuzzy Logic is where you logically decide your action, and Defuzzification is where you make a real value out of the fuzzy decision. If you define all three of theses, then you have a Fuzzy Control System.

Fuzzification:


To start you’re going to need to define Universal Sets. Each input required to make a decision is going to belong to a unique Universal set. Example: Say one of your inputs is a height of a person. Then the Universal set it belongs to is the set of height. To start, just give each Universal Set a name (like height measured in feet).


For each Universal set you’ll need to define fuzzy sets to describe the input. A fuzzy set is defined by its membership function. The membership function measures a degree of truth of a given value. Example: Say the height input is six feet and two inches, and one of our fuzzy sets is “about six feet tall”. Then the degree of truth of 6 feet 2 inches is really high. Now, for each Universal set define multiple fuzzy concepts, such as less than a foot, about two feet, between three feet and five feet, greater than six feet, etc. 

To mathematically represent these concepts, you can use continuous piecewise functions, such as these:
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f(x) = {0 :  x<=x0; 

1 : x>= x1; 

(x-x0)/(x1-x0) : x0<x<x1; }
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f(x) = {1 :  x <= x0; 

0 : x >= x1; 

(x1-x)/(x1-x0) : x0 < x <x1; }
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f(x) = {0 :  x <= x0 or x >= x2; 

1 : x == x1; 

(x-x0)/(x1-x0) : x0 < x < x1;

(x2-x)/(x2-x1) : x1 < x < x2; }
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f(x) = {0 :  x <= x0 or x >= x3; 

1 : x1 <= x <= x2; 

(x-x0)/(x1-x0) : x0 < x < x1;

(x3-x)/(x3-x2) : x2 < x < x3; }

Constructing multiple Fuzzy sets for a Universal set would look something like this:
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Where input x is xmin <= x <= xmax.

Each membership grade will be produced for each fuzzy set, which will be used for input in the Fuzzy Logic portion.

Fuzzy Logic:


After fuzzifying the input variables, you can do fuzzy logic to decide which action to do. This will require redefinitions for the logical OR, AND, and NOT, which are simply:

OR (disjunction)

A or B  = Max( truth(A),  truth(B))

AND (conjunction)

A and B = Min(truth(A), truth(B))

Not (negation)

not A = 1-truth(A)

where truth(A) means the degree of membership of A in some fuzzy set.

Now you can define some rules like this:

If( FuzSet_x_From_US_1 and FuzSet_x_From_US_2 and FuzSet_x_From_US_3 and …

FuzSet_x_From_US_N )

Then:


Do Action A

Example:

If (around 6 feet or aggressive and not clumsy )

Then 

play basketball

Each rule has a fuzzy set from each universal set in the if statement. Then you define these if / then statements for a max of N by M by … by X, where N is the number of fuzzy sets in Universal set one, M is the number of fuzzy sets in Universal set two, and X the number of fuzzy sets in the last Universal set.

In Boolean logic, the first if statement that proves true (has an evaluation that results 1) you do the then. In fuzzy logic, all if statements are calculated because it could very well be the case where no if statement evaluates to a 1. In this case, you pick the rule, which has the highest membership degree. Since each rule is calculating a membership degree, you could think of the rules as fuzzy sets and you’re do the logical or operation on all of them. Anyway, you pick the highest membership degree, which not only tells you which action but also to what degree.  Let’s do an example. F

The universal set of range is define with these fuzzy sets:
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The universal set of health is defined with these fuzzy sets:
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Fuzzy rules are defined by logical ANDS:
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So, given 2 inches for range and 10 points for health:
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 Our Fuzzy Rule table would look like this:

This tells you that you should do a Frantic Attack to a degree of 0.2. These degrees will be used to calculate the Defuzzified output or our fuzzy control system.

Defuzzification:


Defuzzification takes the output membership function of the rules, composes them into one piecewise graph, and then calculates a centroid. There are many ways of doing this, but an easy and useful way is a singleton output function, defined as such:

Centriod (defuzz result) = (x0*w0 + x1*w1 + … + xn*wn)/(x0+x1+…+xn)

Where x0-xn are the fuzzy results of each rule, and w0-wn are weights associated to a rule. 

What does this mean? It means, assign a crisp value to each rule, which signifies what strength the output action will do at full strength. Like this:
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Using our last examples fuzzy results and this weight table we would have

(0.2*100 + -75*0.15 + 0)/(0.2+0.15+0) = 25

(since only two rules had a degree that was non-zero, we only need to compute with those two)

If our weights are measurements of some form of power then our frantic attack’s strength is the strength of a slap attack, and if you try different inputs you will get varying answers. 

So that’s the Fuzzy Control Process!
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