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1. Suppose that a fuzzy subset B is defined by B = 02 + 04 + % + % . () Find a-level set

(or a-cut) of B when a=0.3 and a=0.7. (b) How to reconstruct the fuzzy subset of B from
the a-level sets? (10 %)

2. Suppose we want to design a fuzzy system to balance the inverted pendulum shown in Fig
1. Let the angle 6 and its derivation be the inputs to the fuzzy system and the force u

applied to the cart be its output. Design a fuzzy system based on the common sense to
balance the inverted pendulum. (20 %)
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Fig. 1. The inverted pendulum system.
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3. Design a fuzzy controller for washing machines. If inputs xe[0,20] and y<[0,5] represent
the weight and ingredient of to-be-washed clothes, respectively. The corresponding output
of this controller is the time (minutes) te[0,60] required to clean the clothes. Assume there
were 500 data, (xi,yi;ti) , 1€[0,500], collected from different experiments before designing



such a system. (a) How to derive the initial membership functions for input and output
variables? (b) How to adjust the initial membership functions to achieve a feasible
controller? (c) Approximately how may rules in your fuzzy rule base? Why? (25 %)

4. Suppose that the process in Fig. 2 is modeled by a second-order dynamic TSK fuzzy

system that is constructed from the following two rules:
LY IF x(k) is Afand x(k —1) is Ayand u(k) is B",
THEN x*(k +1) =1.5x(k) + 2.1x(k —1) — u(k).
L% IF x(k) is A?and x(k —1) is A2 and u(k) is B?,
THEN x?(k +1) = 0.3x(k) — 3.4x(k —1) + 0.5u(Kk) .
And that the controller in Fig. 2 is a TSK fuzzy system constructed from the following two
rules:
R IFx(k)isCland x(k —1) isC;, THEN u*(k) = k;x(k) + kix(k —1)..
R IF x(k)isC/and x(k —1) isC; , THEN u*(k) = k/x(k) + k2x(k —1).
Design a closed-loop fuzzy control system from the dynamic TSK fuzzy system. (25 %)
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Fig. 2. Fuzzy control of fuzzy system model.
5. Assuming there are only two rules in a fuzzy rule base:

Rule 1: If X is A1 and Y is By, then Z is Cq,

Rule 2: If Xis A2 and Y is B», then Z is Co.
Also assuming xo=4 and yo=6 are sensor readings for input variables X and Y, respectively.
(a) Determine the antecedent firing strength of each rule and find the defuzzified output
based on the following membership functions. (b) If the consequent parts of rule 1 and rule
2 become Z=0.3(X+Y) and Z=0.4X+0.3Y+2, respectively. Find the defuzzified output and
compare it with the results derived in part (a). (20 #)
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