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Analysis of robustness of FCS structure based on quotient space theory
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(1. College of Physics and Electronical Information, Anhui Normal University, Wuhu Anhui 241000, China;
2. Key Laboratory of Intelligence Computing & Signal Processing of Ministry of Education,
Anhui University, Hefei Anhui 230039, China)

Abstract: By means of fuzzy quotient space theory(granular computing theory)and the structural definition of fuzzy
set, we studied the variation of the membership functions (MFs) of the fuzzy control system, and its effect on the system
structure. The sufficient and necessary condition of the isomorphism of fuzzy system is obtained. The robustness of
FCS is also proved by using the fuzzy equivalence relationship. In some sense, we solved the problem of robustness that

has confused people for a long time. Finally, simulation for an actual control system is performed to demonstrate the

conclusions.
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2 B RG2S [ #R (Theory of fuzzy quotient

space)
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AR E B AR LS R € T(X x X)),
iV, y,z € XiHie:

1) Ve € X, R(z,x) = 1;

2) Vz,y € X, R(z,y) = R(y, x);

3) Va,y,z € X, AR(z,2) > sup(min(R(x,y),

Y
R(y, 2))),
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X 22 ®Yr € X, Xz] = {ylz ~ yIK
MM, 21X = {[z]lz € XIR[X] XK
TR R 7% A,

R 21 WREX B — /MBS KR,
[ X ]2 2. 2 e S v 2 ), U

Va,b € [X], d(a,b) =1 — R(x,y),
Vz €a, y€b.

(-, )& [ X] 1 I 25 R E

EX 23 EREXH, HYA € [0,1], () =
{z|pa(z) = A}, WS EXH— MR, e —
NI AR e WS (4, 5], R

el 2.1 A SN XM, W{S(V)|Ae
(0, 1] V4ECIE 55T H X b 19— A i FE 42, W10 <
Ao <A <1 S(A) CS(A).

JTEL, {S(A)[0 < A < 1} RS KR
Ry J— AN 42 AR 0 SR e R o BB 1) DG R A
J T AN R IREEH.

UE HE R, SORBRIE S ARSI AR

IR s e 22 2 18] 5% &% (1 DR JEE, 1 ] Y 2 )
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1) fEX B4 5E MBS G R,

2) EX IR AR b4 g — N H AL A R

3) GEX I RER 4.

JE FRERTIE ] 0L SCHR 6],
3 B RAEML G EE ST (Analysis of

fuzzy system’s robustness)
3.0 BRI SR B B R BN &5 P e X (Structural

definition of MFs)

X 31 FEX B BRSO AR, y),
XX HAE R E A, € SO BRI EE A, FOR B
IR A (2):

pa(x) = sup{R(z,y)ly € A}.
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HE T B A 5 A R B ORISR 1 06 2R, A AT TR AR
SEATEM T L LA

25 TE AN [ (R RS RY) SR Ja 52 o) B S5 DG R, W
PAXS B[] — AN [ B 6 4.

Bl WX = {1,2,3}, LrEB e R LR

Ri(1,1) = Ry(2,2) = Ry(3,3) =1,
Ri(1,3) = 0.8, Ri(1,2) = Ry(2,3) = 0.5,
X1(1) ={1,2,3}, X,(0.8) = {(1,3),2},
X1(0.5) ={(1,2,3)},

Ry(1,1) = Ry(2,2) = R2(3,3) =1,
Ry(1,3) = 0.9, Ry(1,2) = Ry(2,3) = 0.6,
Xo(1) ={1,2,3}, X5(0.9) = {(1, 3), 2},

X5(0.6) ={(1,2,3)}.
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isomorphism of fuzzy equivalence relationship)
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AR 425 T SR A 425 1 &5 R 6 TN ARUE RO 4R
HIAR G, LS R pR A R R PR 5 AF N AR AL, 32
SEAUR TR TR AR P, DRAIE T A0 28 1 3R e i 4%
L R 1) SRS 1 280, DA T A A5 P B AR AR 4
Tl 2R G0 AT LAERAT AR . R B A g ME AL RE iR
3.3 BRI O R AR PERAIYE (Criterion of the
isomorphism of fuzzy equivalence relationship)

B30 4 B SR G AR Ry, Ryt [
e tdx, y, u,v € X,

Ry (u,v) < Ri(z,y) < Ra(u,v) < Ry(x,y)

Ry(u,v) = Ry(z,y) < Ri(u,v) = Ri(x,y)

uE W1
4 [z (Examples)

il 2 fEBIIPEUE S A={1,2},B={3}, 73l
MRy, Ry 4 & X315 XM T4 A, Ao LSRR

Ay(r) - {A1(1) =1, A1(2) = 1, A1 (3) = 0.5},
Bi(z) : {B1(1) = 0.8, B1(2) = 0.5, B,(3) = 1},
Ag(m) 1 {A2(1) = 1, A5(2) = 1, A»(3) = 0.6},
By(z) : {Ba(1) = 0.9, B2(2) = 0.6, B5(3) = 1},
(A1 N By)(z) = (A1 N By)(1) = 0.8,
{(A1NB1)(2) = 0.5, (A1 N By)(3) = 0.5},

(A2 N By)(z) = (A2 N By)(1) = 0.9,

{(A3 N By)(2) = 0.6, (A3 N By)(3) = 0.6}.
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Fig. 1 Experiment result with the isomorphism of MFs
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Fig.2 Diagram of acting with order relation

5 %52 (Conclusion)
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