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Ql (a) Give definition for the following terms.

(D Fuzy singleton
(ii) Normalization.

(2 marks)

O) fi) Draw the firzzf control system block diagram
(ii) Explain each element of firzzJ conhol system block diagram

(12 marks)

(c) fhvelop the reasonable membership function for firzzy sets and draw the
following sets based on measurement in centimetes based on Table Ql(c)

(i) "TalP'
(ii) "SlightlyTall"
(iiD " Average"
(iv) 'Short"
(v) 'Not Short"

(l I marks)

Q2 The three variables of int€r€st in the MOSFET are the amount of current that can be
switched, the voltage that can be switched and the cos't. The following membership
firnction for the transistor was developed

- fo.q 0.7 l o.8 0.6lLurT€nt: +-+-'
t0.8 0.9 I l.l t.2)

., fo.z 0.8 | 0.9 o.7lvolBge = +_+_!- [30 4s 60 7s 90J

|0.4 I o.sl
cost : c: { :j_ + __:_ + jj: I

t0.5 0.6 o.7 )

(a) Find the fuzzf,l Cartesian product

(i) P=V511 X 11;6

(ii) T = 1511 X c16 
(6 marks)

(b) Find E = P5y5 o T13 using

(i) max - min compositio4
(ii) max - product composition.

(8 marks)
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(c) Use a boolean implication to find the rclation IF x is Voltagq TIIEN y is Cost.
(6 marks)

(d) Use a Larsen implication to find the relation IF x is Voltage, TIIEN 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 sp€ed ,=0rol01h. in"lin"
n

(e = -rc' tu+10" ), and throttle (7 = 0 ro+10). The membership functions are shown
in Figure Q3 and the correlation between u,0 and Z are given in Table e3.

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

(7 marks)

O) By refening to Figure Q3 and Table Q3,

(i) hoduce the possible fring rule when u = SZ! and (d = -1')n
(ii) Sketch the model output beforc defuzzification using Mandani implication

relation and disjunctive u aggregator.
(8 marks)

(c) Calculate the crisp value of T for e3(b) by using mean of maximum (MOM
method.

(4 marks)

(d) Calculate the crisp value of T for Q3(b) by using Discr€te Centroid of Area
(COA) method.

(4 marks)

(e) Evaluate which method giving the best r€sult for the systems
(2 marks)

Design a system using a fuzzy confol system for an electric kettle where this system is
equip@ with a temperatur€ sensor and a heater element.

(a) Propose appropriaG ftzzy set and their membership function.

(b) Propose a rules table for this system.

(c) Explain each ofthe propose rules

(6 marks)

(4 mark)

(3 marks)

Q4
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(d) By selecting a possible firing value, sketch the model ouput using Larsen
implication relation and disjunctive aggregator before defirzzification.

(8 marks)

(e) Determine the crisp value of def,rzzification using:
(D Mean of Maximum method (MOM).
(ii) Largest of Maximum method (LOM).

(4 marks)

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

Rule l: IF XisAI andYis 81 THEN Z is C1

Rule 2: IF X is A2 and Y is 82 THEN Z is C2

Rule 3: IF X is A3 and Y is 83 TTIEN Z is Cj

Suppose )fu and Yq are t}re sensor readings for firzzy variables X and Y and the

following input and output membership functions are given:

f ,-6t-t4
ltArlx)=1

l13-tt---;-

['*'-r=r=o| 3 l,-2I 13p^,(xl=1 I 0Sr(3 P^,(x)=1

ll2r
t" 3<x(6 t 4

ft:f t=y.5 f+
Pu,O) =1 p*U)= ]

l| s=t.t l?
l:-:-: -3<z<_l| 2 lz-lI 13p",(")=1 | -lSz!l p,,(r)=1_

l._. l-
l; t1233

I v-s
l4-t
l15 - v

t,tl-
I

1'
I

Itt- "t2

2!x!5

5(-r(9

6Sx(10

l0<x<13

5</<8
P"rA)

8<y<12

llr(4

ItaQ) =
41237

Assume that >qY and Z are disqete fiuzy setg that is n y,z

output values are >6 :7 and Y0=10 do the following:

E< y 312

12<y<15

53217

732<9

9<z3ll

: 1,2,3,....If the sensor
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(a) By using Mamdani operator, determine the resultant control action

(b) Produce a sketch ofresultant ouput for the membership function

(c) Determine the crisp value ofdefuzzification using
(i) Mean of maximum (MOM)
(ii) Centre of area (COA)

(4 marks)

(l I marks)

(5 marks)
(5 marks)

a6 A transient response ofa fuzzy position control system with step input is shown in
Figure Q6. The system consist oftwo antecedents ( E which is error and A E which is
the change in enor) and one cons€quent ( A U which is change in contol output ) and
each ofthese parameters only have 3 fuzzy sets which are Negative (N), Zsro(Z\ adltd
Positive @).

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

(D E=Pand AE=P
(iD E=Pand AE:N
(iiD E=Nand AE=P
(iv) E=N and A E:N

(6 marks)

O) By using engineering common sens€, recommend nine rules for controlling AU
with respect to the E and A E. Use region labeled in e6(a) as a reference. please
give a clearjustification for each ofthe develop rule.

(13.5 marks)

(c) Ifthe membership function for E consist oftrapezoid shape forN and p, and
Triangle shape for Z.

(D Produce suitable universe ofdiscourse values for 100% membership of
N.Z and P.

(ii) Explain why do you select the values.

(2.5 marks)

(d) By assuming the membenhip functions of AE and AU have the same shape with
E. Produce a ske&h of membership firnction if universe discourse value of AE
and AU is |V/o and 30% from universe discourse ofE.

(3 marks)
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Afif 198
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Rui Jia 172
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Shazanee 155
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APPENDX 1

FTJZZYOPERATORS

LINGUISTIC EEDGES ATID OPERATORS

No Operation Menbership Function

I Union (Max) rr;.;(r) = a;(r) r rrs(t)r lrarG^(r}t;(r))
2 Intersection (Min) rt,r,.o-(t) = u,1(r) /' as(1)r n nGr(t),1;(tD
J Complement g;(r) = l- 1r;(t)

4 Algebraic Product l;.r(t) = s;(r).us(r)

5
Multiplying by a Crisp
Number po.;(r) = a .1"1(.r)

6 Algebraic Sum tri- 
"- 

Cr) ='r; (r) + uo- (t) - (ri,r Ct)' rr"- (r))

7 Bounded Product r;es(t) = 'na.r(0, (4r(r) g ss(t) - t))
8 Bounded Sum lr;os(r) = rn an (f, G/rCr) + 1ts(f)))

9 Drastic Product
(ll^{.r i.

s;r; (t) - 
[u; 

( .r .; .

./or;i6(.r) = I
for rr1-t,) = I
for l; i.rl. u.-(r) < I

10 Power 4:(t) = fu.(r)la
11 Concentration pir(t)= r,o.y6J(t) r fu. (,t)lr

t2 Dilaurtion I 1(t) = r3.'1s6(r) - 4;(r)

l3 Contrast lntensifi cation rr.req(r) r t - r,, jhil]'j, for03srrr)!O.5
for 0.5 < .^ (r) s t

No IIedge Operator Definition
t VeryF co.\ = Fr

z More or Less F nrr - rot

J Plus F F1:t

4 Not F L-l

) Not Very F l-F3
6 Slightly F
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APPEI\IDX2

FT]ZZYRELATIONS

FT]ZZY IMPLICATION OPERATORS

No Operation Membership Function
I Cartesian Product th(t.l) = .r;,5(r, 1') = minii;iri,ris1r.'t)

2 Union !n,e;,(t,r) = lli, (t,.t') \' .in,(r,.r)

3 Intersection ln, -r, (t..t') = /.r;i (1, r') /' ul, (r,.\')

+ First Proiection l'r(r) = ltraC..,rtt

) Second Projection tr^r(r')= ffi"C*,rtt

6 Total Proiection 1":(r)= \/!U,^C..'rl
,t)

7
Compositional
max - fuzzy operator man{fuzry operator}

No

I

Operation Relation and Membership iiu ncGon-dFEGon

Zadeh R=(-lxB)vCix!')
o-tl;(rl aa(r) . G;(f)A tF())v (r -.r*(.r))

z

J

Mandani R=C.lxB)
O. fu,. (t),;rs (r)l r s.(t)a g"-(r)

R=C{xB)
O: lse(r] $s(r) = a,r(t) ' ur(r)

@,lp 
"G\ 

p 
" 

b,)l = (r - p 
^(x)) 

n p 
" 
g)

Larsen

Boolean




