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(a) Give definition for the following terms.

(i) Fuzzy singleton
(ii)  Normalization.
(2 marks)

) @ Draw the fuzzy control system block diagram
(i)  Explain each element of fuzzy control system block diagram
(12 marks)

(c) Develop the reasonable membership function for fuzzy sets and draw the
following sets based on measurement in centimetres based on Table Q1(c)

(i) “Tall”
(i)  “Slightly Tall”
(iii) “ Average”
(iv)  “Short”
v) * Not Short”
(11 marks)

The three variables of interest in the MOSFET are the amount of current that can be
switched, the voltage that can be switched and the cost. The following membership
function for the transistor was developed

04 07 1 08 06
Current=I= { — + — +~+ —+——
08 09 1 1.1 12

Voltage = v= 02,08, 1 09 0.7
30 45 60 75 90

Cost =C= {ﬂ+—]—+E
05 0.6 0.7
(a) Find the fuzzy Cartesian product

(i) P=Vsa X lixs
(i) T=lsx1 X Cia

(6 marks)
(b) Find E= P5x5 o T5x3 l.lSiIlg
(i) max — min composition,
(ii) max — product composition.
(8 marks)
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(¢) Use a boolean implication to find the relation IF x is Voltage, THEN vy is Cost.
(6 marks)

(d) Use a Larsen implication to find the relation IF x is Voltage, THEN y is Cost
(5 marks)

An automobile cruise control system contains of two input variables and one output
variable. The input variables are speed and angle of inclination of the road, and the

output variable is the throttle position. Let speed v =0+ 10(::“", incline

(6 =-10°t0+10°), and throttle (T = 0 f0+10). The membership functions are shown
in Figure Q3 and the correlation between 0,8 and T are given in Table Q3.

(@) Determine membership functions for input and output parameters are shown in

Figure Q3.
(7 marks)

(b) By referring to Figure Q3 and Table Q3,

(i) Produce the possible firing rule when v = 52%:2 and (6 =-1°)

(ii) Sketch the model output before defuzzification using Mandani implication
relatton and disjunctive © aggregator.

(8 marks)
(c) Calculate the crisp value of T for Q3(b) by using mean of maximum (MOM)
method.
(4 marks)
(d) Calculate the crisp value of T for Q3(b) by using Discrete Centroid of Area
(COA) method.
(4 marks)
(¢) Evaluate which method giving the best result for the systems
(2 marks)

Design a system using a fuzzy control system for an electric kettle where this system is
equipped with a temperature sensor and a heater element.

(a)  Propose appropriate fuzzy set and their membership function.

(6 marks)
(b) Propose a rules table for this system.

(4 marks)
(c) Explain each ofthe propose rules

(3 marks)
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(d) By selecting a possible firing value, sketch the model output using Larsen
implication relation and disjunctive aggregator before defuzzification.

{8 marks)
(¢) Determine the crisp value of defuzzification using:
] Mean of Maximum method (MOM).
(ii) Largest of Maximum method (LOM).
(4 marks)

For a given fuzzy logic system, the following three fuzzy rules are applied:

Rule 1: IF X is 47 and Yis BI THEN Z is C/
Rule 2: IF Xis A2 and Yis B2 THEN Z is C2
Rule 3: IF X is A3 and Yis B3 THEN Z is C3

Suppose Xpand Y are the sensor readings for fuzzy variables X and Y and the

following input and output membership functions are given:

ﬁ-{ ~3<x<0 2 6
3 *“2 <x<5 =% 6<x<10
3 4
Ha)=1 1 0<x<3 Hplo)= Uy (x)=
9;‘ 5<x<9 133‘" 10<x<13
H 3(x<6
L 3
—}’4;1 1<y<5 de 5<y<8 y_;g 8<y<12
Hp (¥) =1 Mg (¥)= Hp (V)=
7 _ -
¥ s<cp<y 12°) g<y<iz 152 j2<y<15
L 2 4 3
342 3¢ | Lk I PP
2 z; l<x<4 2
Ha(2)=1 1 —1<z<1 H,(2)= pc3(z)=J 1 7<z<9
7;z 4<z<7
377 1<z Hoz gccn
2 2

Assume that X,Y and Z are discrete fuzzy sets, that is x,y,z = 1,2,3,....If the sensor
output values are X =7 and Y4=10, do the following:



(@)

(b)

(©)
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By using Mamdani operator, determine the resultant control action

(4 marks)
Produce a sketch of resultant output for the membership function
(11 marks)
Determine the crisp vatue of defuzzification using
(i) Mean of maximum (MOM) (5 marks)
(ii) Centre of area (COA) (5 marks)

A transient response of a fuzzy position control system with step input is shown in
Figure Q6. The system consist of two antecedents ( E which is error and AE which is
the change in error) and one consequent (AU which is change in control output ) and
each of these parameters only have 3 fuzzy sets which are Negative (N), Zero(Z) and
Positive (P).

(a)

(b)

(©)

(d)

By referring to Figure Q6, label region that meet the following condition and give
explanation why the region is choosen.

(i) E=P and AE=P
(i) E=Pand AE=N
(iii) E=Nand AE=P
(ivy E=Nand AE=N
(6 marks)

By using engineering common sense, recommend nine rules for controlling AU
with respect to the E and AE. Use region labeled in Q6(a) as a reference. Please
give a clear justification for each of the develop rule.

(13.5 marks)

If the membership function for E consist of trapezoid shape for N and P, and
Triangle shape for Z.

(i) Produce suitable universe of discourse values for 100% membership of
N,Z and P.
(ii))  Explain why do you select the values.

(2.5 marks)

By assuming the membership functions of AE and AU have the same shape with
E. Produce a sketch of membership function if universe discourse value of AE
and AU is 10% and 30% from universe discourse of E.

(3 marks)
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TABLE Ql(c)
Name Height,cm
Boon Yong 208
Chia yeak 205
Afif 198
Saiful 181
Eric 179
Rui Jia 172
Wei Pin 167
Maryam 158
Shazanece 155
Zulhilmi 152
w) 4 u(@ 4 u(@) 4
. L] X = Somm 1.0 Feve. Oy 1.0 — L o I
+5 50 35 > -3 o= -3® 2 4 6 B8 0 >
N falidy & (degree) T (chrorrle pos:tion)
FIGURE O3
TABLEQ3 =~

i E g

Speed | Down | Level | Up
L HM | HM H
M IM M HM
H L LM LM

note: L (low), M (Medium), H (High)
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FIGURE Q6
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APPENDIX 1
FUZZY OPERATORS

No | Operation Membership Function

1 | Union (Max) Haus O = w0 uzQ) w max Qe (v 1z ()

2 | Intersection (Min) Hans () = w20 A ug(x) @ minQuu(v), 15 (x))

3 | Complement Uz} = 1 - .0

4 | Algebraic Product izl = 100 uz (0

Multiplying by a Cri

I R T

6 | Algebraic Sum Haas Q) = w0+ Uz () — Qi) s ()

7 | Bounded Product 05 ()= max(0. @ () + () - 1))

8 | Bounded Sum HigsC) = min(L, @)+ ug(v))

TR forugixi=1
9 | Drastic Product Higs ()= {ga (x3, foru ,(x) =1
0. foruixius{x) <1

10 | Power Ha2() = L

11 | Concentration a2 (0) E rprva() = [, (OP

12 | Dilatation u _;(t‘) = () " Ju 0

. . _ 2[u, 15, for0 < ,.(v)<0.5

13 | Contrast Intensification Hirgp(R) {1 — 2= iR, for0.5 <. ()< 1

LINGUISTIC HEDGES AND OPERATORS

No | Hedge Operator Definition
1 | VeryF CON =F3
2 |MoreorLessF | piL = Fos
3 |PlusF Fi:s
4 | NotF 1~F
5 | Not Very F 1-F3
6 | Slightly F INTIPius F AND Not Very F)
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APPENDIX 2
FUZZY RELATIONS
No { Operation Membership Function
1 | Cartesian Product a5 ) = ups (V) = mindu (0, ug(vi)
2 | Union Hawi, () = pg GV g, (1Y)
3 | Intersection Hiy -7, 00 ) = g, (LA ug, ()
4 | First Projection Hp¥) = V[#R (EVY)
5 | Second Projection Hra (V) = V[Mx (EY)
6 | Total Projection Hp=Q¥) = V Vlua (v )]
Compositional
7 max I_)OﬁJZZy operator max{fuzzy operator}

FUZZY IMPLICATION OPERATORS

No | Operation Relation and Membership Function Operation
1| Zadeh 0 et s = 4RO 1 - e
2 | Mamdani gl?cfl?s(vn = () A us ()
3 | Larsen g: [u(:c:)-i)s 0N =u () us0)

4. | Boolean @, L’-‘A (x), Hg ()’)] =(1-p4, I #5(»)






