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Ql (a) Based on yotr knowledge, grve definition for the following terms in fu2ry set.

(i) Membership Function"
(ii) Normalization.

(a marks)

(b) Samples of new microprocessors IC chip are to be sent to several customers for
beta testing. The chips are sorted to meet certain maximum electrical
characteristics say frequency, and temperature rating so that the *besf'chips are

distributed to preferred customer l. Suppose that each sample chip is screened

and all chips are found to have a madmum operating frequency in the runge 7-
l5MHz at 20"C. Also the manimum operating temperature range (20"C+ LT) at

8MHz is determined. Suppose there are eight sample chips with the following
electrical characteristics:

ChipNumber | 2 3 4 5 6 7 8

6*(MHz) 6 7 8 9 l0 ll 12 13

az-*("c) 0 0 20 40 30 50 40 60

The following fi,wy sets are defined.

Set of *Fast" chips: chips with"f.* > lzMIIz

Set of *Fast" chips = chips with"f.- > 8 MHz

Set of *Fast" chips = chips with fmo. > lOoc

Set of "Fast" chips = chips with f."* > 50oC

Then find the following

(i) (n+ o)sreZ
(ii) coN(B) u DIL (D)
(iii) rNr(coN(B) v DrL (D)) @ (B n c)

(16 marks)

r0 0 0.1 0.1 0.2 0.8 1 1)A: tT*z* 3 + 4+ s + 6+z+aJ

r0.l 0.5 lLLt\ 1)B=tt + z *T*a+E*o*z+al

r00tLLL11)t= tT*z* 3+a*E* o+7+eJ

rO 0.6 0.1 O.2 0.5 0.1 1 1l

'= tT* z * s * + * s * e *7*aJ
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Q2 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 forthe tansistor was developed

Current = I =
rc.4 0.7 1 0.8 0.6)

to"s*oe+T+l.1 +nJ

rO.2 0.8 1 0.9 0.h
voltage =v = tso 

* 
4s 

+ 60+ Ts* goJ

r0.4 1 0.5t
Cost-- c= to**o-o+uz[

(a) Find the firzzy Cartesian product
(i) P=Vsrr X lr"s
(ii) T=Isrtx C.^*s

(6 marks)

(b) Find E = Psxs o ?sxg using
(i) mal( - min compositioru
(ii) rnal( - algebraic sum composition.

(8 marks)

(c) Use a Larsen inryltcotion to find the relation IF r is Voltage, TIIEN y is Cost.
(6 marks)

Q3 An automobile cnrise 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 to L00km/h), incline (0 =
-10o to * 10o), and throttle (T = 0 to 10). The membenhip functions are shown in
Figure Q3 and the correlation between u, 0, and 7 is given in Table Q3-

(a) Determine membership functions for input and output parameters are shown in
Fieure Q3.

(7 marks)

(b) By refening to Figure Q3 and Table Q3,
(r) Produce the possible firing rule when v = 52 km/h and 0 = -1o.
(ii) Sketch the model output before defirzzification using

tr4arndant inryltcotton relation arld disiuncttve (v) oggregator.
(8 marks)

(c) Calculate the crisp value of T for Q3(b) by using Discrete Centroid of Area
(coA) method. 

(5 marks)
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Q4 (a) Explain the steps in designing a simple fu"zy contol sytem.
(5 marks)

(b) Sketch a simple fi,rzy logic contol system block diagram,
(5 marks)

(c) PD-like fiwy controller is used to contol a speed of DC motor.
(i) List the typical inputs and outputs of PD-like firzzy contoller.
(ii) Fill in empty places of Table Q4(c) for PDlike firzz'y controller rules.

(10 marks)

Q5 An elecfic kettle is controlledby fuzzy logic contoller. It has a temperature sensor and

a heater element.

(a) Propose appropriate firzzy set and their membership function.
(6 marks)

(b) Create a rules table for this system.
(4 marks)

(c) By selecting a possible fuing value, sketch the model output using Larsen

implication relation and disjunctive aggregator before defuzzification.
(8 marks)

(d) Determine the crisp value of defuzzification using:
(i) Smallest of lvlaximum method (SOM).
(ii) Largest of Marimum method (LOlv|.

(2 marks)
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tt(v
1.0

0 (degree)

Figure 03

Table Q3

note: L (lmr), M (Medium), E (Hieh)

Table Q4(c)

p@)

245810
T (tlwottle position)

i>--< NB IYM NS z PS PM PB

I{B NB NS Z
T\TM

NS NS z
z Z

PS Z PS

PM Z PM
PB Z PS PB
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APPENDIX I

FAT"ZY OPERATORS

LINGTIISTIC IIEDGES AI\D OPERATORS

6

No Operation Membership Function

I Union (Max) peua(x) = pe(x)v trB(x) =^*(t n@),p"(x))

2 Intersection (Min) penp(x) = tu(x) A pB@) = min(ue@), us@))

3 Complement pa@) = r- pn@)

4 Algebraic Product Ue.a(x) = pn(x). pB(x)

5
Multiplying by a Crisp
Number It".a(x) = a. pe@)

6 Algebraic Sum pn*s(x) = pe@) + pB@) - Qtn@)' ps@))

7 Boundedhoduct Faee(x) = mox(O,(pe@) + ps(x)- 1))

8 Bounded Sum Fne.(x) = min (t, (un@) + p" (r)))

9 Drastic Product

/r\
lFn\x)'

peas(x) = lUn(x),t0,
for ps(x) = L

for p6(x) = 1

for pa(x),1ts(r) < 1

l0 Power Ite"(x) = lpn@)l

1l Concentration tter(x) = Irconley (r) = [pe@)]'

t2 Dilatation u;@)= Fon@)(x)=Jffi

13 Contrast Intensifi cation ttrxr6l(x)= {, - ,t'-T;31:',
for0< pe@) <0.5
for 0.5 < tte(x) < \

No IIedge Operator Definition

I Very F CON = F2

2 More or Less F DIL =' Fos

J Plus F pL.2s

4 Not F L_F
5 Not Very F l-F2

6 Stightly F INTlPlus F AND NotVery Fl
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APPENDIX 2

FVZ,ZY RELATIONS

FVZ,ZY IMPLICATION OPERATORS

No Operation Membership Function

I Cartesian Product Fn(x,y) = Itnrs(x,y) = minjtn@),t 
"U))

2 Union Itnrvn (x,y) = pnr(x,y) v Pnr(x,Y)

J Intersection Itn"nn (x,!) = pnr(x,y) A pnr(x,y)

4 First hojection Fn"(x)= !tr"tr,r)l
v

5 Second Projection Fn"(t)= !tr*tr,r)l
x

6 Total Projection Fnr(x)= V!Lr*tr,r)lyv

7
Compositional
mar( - fuzy operator

max{fuzry operator}

No Operation Relation and Membership Function Operation

I Zadeh
R = (A x B) u (AxD
a^lpe@), ps(v)l = (pn@) n pBU)) v (1 - pe@))

2 Mamdani
p=(lxB)
a"fue@)' pa(v)l = Fe(x) 

^ 
pBU)

3 Larsen
p=(AxB)
Q,e[Fe(x),Irab)l = pe(x). ttn$)


