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Exercise 8 
“Fuzzy Control” 

OBJECTIVE 
The objective of this exercise is designing a Fuzzy Inference Control System (FICS). A 
fuzzy inference controller will be designed and using of Fuzzy Inference System (FIS) GUI 
of MATLAB will be presented, here. 

REQUIREMENTS 
Prerequisite knowledge: 
You are expected to know the following topics: 

1. Fuzzy logic set theory 
2. Principles of Fuzzy Inference Systems (FIS) 
3. Foundations of Fuzzy Logic Control (FLC) 

LAYOUT 
1. Use fuzdemos options under MATLAB to better understand the meaning and 

application of FISs. 
2. Take the defined plant for Exercise 1 as your plant. 
3. Define the problem, inputs and outputs (as you desire). Set the design 

requirements as follows: 
a. Minimum steady-state error 
b. Overshoot: less than 10%. 

4. Define your Fuzzy Inference Controller (FIC), Select its inputs and output. 
5. Set the rules for the considered FIC. Introduce at least 5 rules. 
6. Put the considered FIC under MATLAB and prepare your FIS file. 
7. Make a model under SIMULINK and use the considered FIC as the controller. 
8. Simulate the system response. 
9. Modify membership functions shape and range to get an adequate solution. 

 

MATLAB/SIMULINK 
The following new MATLAB GUIs are necessary to be understood and applied in this 
exercise: 
fuzzy 
mfedit 
ruleedit 
ruleview 
surfview 
 

REPORT 
In addition to those points mentioned under Layout, your report should include: 

4. Comparison the results for FIC and a PID controller, 
5. Comparison the results for two different membership function shapes: trimf and 

guassmf. 

EXAMPLE 
Recall the example of Exercise 1: 

)()()()( tftxktxztxm =⋅+⋅+⋅ &&&  
Step 1: Problem definition: 
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We want to design a fuzzy controller which minimizes the error signal and system 

overshoot for the following presented system. The command signal is )(* tx  and system 

output is )(tx .The command signal will be considered as 10 cm step function. 
 

Plant
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Step 2: Definition of inputs for fuzzy controller: 
Let us consider two inputs (criteria) for fuzzy controller: 

1. Percentage of relative error signal: 
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where ssx  denotes steady-state value of the system response. 

2. Overshoot: 
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Step 3: Definition of rules: 
Given a number between 0 and 1 that represents the value of membership function for 
error signal and another number between 0 and 1 that represents the value of 
membership function for overshoot, the external force could be written, for example, by 
the following rules: 
1. If the error is small or the overshoot is low, then force is weak. 
2. If the error is medium and the overshoot is average, then the force is normal. 
3. If the error is large or the overshoot is high, then the force is strong. 
 
Step 4: Putting the fuzzy inference controller under MATLAB: 
We can define the meaning of above mentioned verbose values of the error, the 
overshoot and the force as follows, for example: 
 

Error 
Small Medium Large 
< 5% 2.5% - 10 % > 8% 

Overshoot 
Low Average High 

< 10% < 5% - 20% > 15 % 
Force 

Weak Normal Strong 
< 50 N 50 – 100 N > 100 N 

 
Now we should define the membership functions for each input of the controller. Using 
fuzzy command we generate a new Fuzzy Inference System (FIS), put two inputs and 
one output and then export the system both to the workspace and disk (save as Ex8.fis). 
For now, no changes due to and method, or method, implication, aggregation and 
defuzzification we apply (see the following figure). 
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Next we define the membership functions associated with each of the variables. To do 
this, we open the Membership Function Editor (see the next figure) by double-clicking on 
the icon for the input or output variables. The following table shows the considered 
parameters for the membership function of each variable: 
 

Name Type Parameters 
Input 1 - Error 

Small trimf [-5 0 5] 
Medium trimf [2.5 6.25 10] 
Large trapmf [8 10 100 100] 

Input 2 - Overshoot 
Low trimf [0 5 10] 
Average trimf [5 12.5 20] 
High trapmf [15 20 100 100] 

Output - Force 
Weak trimf [-50 0 50] 
Normal trimf [50 75 100] 
Strong trapmf [100 150 200 200] 

 
As you can see we have considered triangle (trimf) and trapezoid (trapmf) membership 
functions. 
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Now that the variables have been named, and the membership functions have 
appropriate shapes and names, we are ready to write down the rules by calling up the 
Rule Editor (under View menu → Edit Rules) and defining the above mentioned rules, see 
the following figure: 
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Let us consider the same weight for all rules 
(the weights are given in the parentheses for 
each rule). 
 
At this point, the fuzzy inference controller has 
been completely defined, in which the 
variables, membership functions, and the rules 
necessary to calculate external force are in 
place. Now we can make a look at the fuzzy 
inference controller and verify that everything 
is behaving the way we think it should by using 
Rule Viewer (under View menu → View rules). 
For now, we leave any modification of rules. 
 
Then we save our fuzzy controller to disk. It will 
be an ASCII text FIS file representation of that 
system with the file suffix .fis. This text file can 
be edited and modified and is simple to 
understand (see the following box). 
 
Step 5: Putting the fuzzy inference controller 
under MATLAB: 
By building a simple system under SIMULINK, 
we apply our fuzzy inference controller: 
 
 
 
 
 
 
 
 
 
 
 
 

Step
Scope

abs((u-xss)/xss)*100

Relative Error %
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Controller

 
Closed loop control system 

 

[System] 
Name='Ex8' 
Type='mamdani' 
Version=2.0 
NumInputs=2 
NumOutputs=1 
NumRules=3 
AndMethod='min' 
OrMethod='max' 
ImpMethod='min' 
AggMethod='max' 
DefuzzMethod='centroid' 
 
[Input1] 
Name='Error' 
Range=[0 100] 
NumMFs=3 
MF1='Small':'trimf',[-5 0 5] 
MF2='Medium':'trimf',[2.5 6.25 10] 
MF3='Large':'trapmf',[8 10 100 100] 
 
[Input2] 
Name='Overshoot' 
Range=[0 100] 
NumMFs=3 
MF1='Low':'trimf',[5 12.5 20] 
MF2='Average':'trimf',[0 5 10] 
MF3='High':'trapmf',[15 20 100 100] 
 
[Output1] 
Name='Force' 
Range=[0 200] 
NumMFs=3 
MF1='Weak':'trimf',[-50 0 50] 
MF2='Normal':'trimf',[50 75 100] 
MF3='Strong':'trapmf',[100 150 200 200] 
 
[Rules] 
1 1, 1 (1) : 2 
2 2, 2 (1) : 1 
3 3, 3 (1) : 2 
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The response of the control system to a 10 cm step input is as follows: 
 

 
 
It is clear that our design should be verified. It is an unacceptable design, now. The 
steady-stare error is significant. The settling time is unacceptable. However, we have 
shown how FIC can be applied using MATLAB and SIMULINK. We have to modify our 
membership function shapes and their parameters. 
 
A modification can be applied when we reduce the upper limit of external force from 200 
N to 35 N (it means that we have applied different amplifier with different gain value, but 
the structure of FIC is remained with no change). The results are compared with a 
conventional PI controller with Kp=1000 and Ki=100 (see the following model) and are 
presented in the next figure. The yellow curve is related to the control system equipped 
with FIC and the violet curve is related to the control system equipped with PI controller. 
Although, there is higher steady state error in the case of FIC, but the overshoots are 



 
 
 

 63

Gdansk University of Technology, Faculty of Ocean Engineering and Ship Technology 
Modeling and Control of Dynamic Systems, Laboratory, M. H. Ghaemi

limited, the oscillation period is elongated and the settling time is decreased in 
comparison with the system equipped with PI controller. 

Step
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Which membership functions with which parameters should be selected here to 
have a right design? 

* * * 


