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importance sampling and neural network
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Abstract: This paper applies the importance sampling (IS) method and neural network (NN) to the fuzzy robustness anal-
ysis of uncertain control systems. The IS method is utilized to improve the sampling efficiency when the probability of fuzzy un-
acceptable performance is very small. The NN is used to predict the performance index requiring more computational time in
each simulation experiment. The proposed approach can reduce the excessive computational cost generated from the standard
Monte Carlo simulation (MCS) for dealing with the rare event case and thc. performance index requiring more computational
time in the fuzzy robustness analysis . Finally, a numerical example is provided to demonstrate the effectiveness of the proposed
method.
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1 3|5 (Introduction)
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of B7 % F B BR ¥ Monte Carlo 1 B (MCS) 7 EE & 8
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2 A& M S (Fuzzy robustess analy-

sis)

Cg=[a ¢ .| BEHNREH—
MY SR HERE OHAR. ¢ € ¢.H
BRFEEREN f(q). TEBATRIKRE J(q):
R™—RAIFE—MERE AEEEHES P, 2%
BERFENT I EE(BERCERESHES
BV ) 43 A (] B

C BE—MMEBRKT 7o, M THA ¢ € 0, K%
J(g) < 708 J(g) = 7o BREWR?

R ESEEDTD, J(g) < 1 BXR
WREAI S, J(q) = 7o RAMERBATTER . R
WEZHEME p, IR

pr=Pe(J(g) = 7o) =
1-p =1-Pc(J(q) < 7) =

J A0~ L(@)ag. (1)

H. p, AERTEZAER,L(q) HEREH,
WE
1, J(q) < %o,

o) = {0, J(g) = 7. @
HTSHmME ¢ SHERERZEMNERERE L,
HAE BE R B B PE S A P R SR A MCS 5 B3R A
B oprdip,. AW UES, ERETE P, RS
MBS BB BN AT BE R RB LA — R R R
KA, BMAE#A L ARGE BN E L P HE
R AR O T B AR, A
FAEBT AT S b R SR A2 R AW T
BRI B2 AR E X

BN 11 ARIRE 70,4 =05 ¢ > 0,4%
B, U APERERE T (q) BRI, NS U hagial
BZHENEST IE XA
E = 1J(g),n(J(g)) 1 J(q) € U}.

Kb 0, (J(g) JJ(q)FEE, PRIRBREERY, IE
1B, Al oy B hy

i, J(g) <7,
w1, (J(g)) = {pr(J(g)), y< J(g) <7+ o.
09 ](G)B 7+§0.
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Fig. 1 Membership function of fuzzy acceptable performance set

E1 RGP, 1)) ARBRIEERHRHIRIN
#.2% ¢ = 0H ¢ = 08, RGN K(2), XiZHAMEE
PR T 7 B T B LR SR B R v T T IR B — 45 61, B
T & T AT 264 IS 355 NN L RREE R TRER &7 .
wr(J(q)) BB RER AL TIESR, E2F A HMER
WRBREBH.UR ¢ 50 HBEBTHRITARABELR.
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SR EF OB B A OB TR, 0
R=|  w((g)f(g)dg = Elw(I(@)).
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(4)
ETREL 2, TUED REEMA AT EZ R4
£FH

F=1-R-=
J o 1t - a I IA@dg =

E{#f(J(Q))} (5)
Hp u(J(g)) =1~ p,(J(q)) HEMARTEZ
RE Y R B R
FERE Mo —#E, F Al@d MCS i
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Foametedflq,i = 1,2,,N,, EEFIBREHE
X, WA
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N, 5 n2/0) %
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A
Pr{tF-Flselal-a. (8)
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H1- 0 BEELHEEF, NELEEHL=4
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3 EEMH# % (Importance sampling method)

X F FEB/DMERRGERIR, B TR LS
HIER ARG TP EIRES AR T EZRE
IATES BB REA , MCS FEE R 7 LR
A RBMENE X, XEHR LEEATIT. ARETE
B, UEHESRAEL THRRTIAERLEA
ATEZ AR (WA 1 FT7R ) BARE SEU BAFA R
PRABMIA AT AR

ATEAHERE, HAiC A Z B £ 8
TR SEERRFZ Y HBEABRBERA—
IS FEREERBERGEN f(q), ERERAT
B AR R, ARSI .

ERGS)HFHA— ISEERK h(q), AIE

F = Jog(q)h(q)dq- (9)
fla) .
Kt g(q) = p(J(g)) n(q)" AT (9) F I

JrE MCS B2 RIE h(q) , BEPL=4 N, THSL
R AREA R g0 = 1,2, N,. HEHEABEE
KLU F A iHER B TG

Py 2ela. (10
Fuoses
Fhia(F) = NiiJ‘og(q)zh(q)dq - F*.
TRAS 1S 1 B Ak

h(q) = hy(q) = u(J(g))f(q)/F, (12)

W FHEE%TE, SHTEHRBELX. BT F 2
ARMEFERE, TUARBRIRRE 1S HEREE
AT RER .

SHEERBHERER SHERIHNXE. &
h(q) EBEHAE, W RF R AR AREBE F
B — AT BN, IS AR A AT gE AR W K.
AICRA—FE RS EETHERERE h(g). B

FBE h(q) A— N IERB X BIERS 777 % K 8
B, HE m AR, W IS % R B A 1
A4S R A 1 IE A FO BUE S 2 A 89 R E S 4]
BLOHAROTE

1) BE (), VL= —AATESHn &
A (i = 1,2, ,No) FFHRH J(q). RGPk
R p(J(q) = O FIBBIAR TS AL, iT
B 0Qf: = 1gfj = 1,2, N,

2) MATRMGEH @) Fiai ¢ KT RAME

BArHEE

N

f

LSy oy

Ffi = Nfg}q,-,,-, (13)

N
; 1 - S 2
O = (gl - ppi)"- (14)
4 \/Nf-lg' i A

Hi=1,2,,m. HEHENES IS HEERE
KIS EEBOTHIETS SRR 1S % BE ol 8, NI
TSN T AL KA B RES S ST,
th B M 5 X 4Obm o 25 B 3

fri = In— 2. L8 = ln#}’i: 6%,
uhi+ 6%, K,
(15)
4 42 P) 4k 1) B A ( Application of neural net-
work)

MK (6)B(10) ] LIFE h, ZES T F B, FEE
Rzt RENGERAR. ER, WESKRITEREF
PRETEIT J (@) TR AR, NS ERNMTE
SRR EAIER G, B T &5 %6 LR
F A0 A 2 W 45 L0 SR M e BB HR A 1l B
FERARATUARKRBREIHTESE, X—BEC)
20 FH A 2o S,

4.1 BP %3] %% (BP leaming algorithm)

AR BP W 4 5k T 4 BE SR AR 1H, I 4% 89
MARANHRESHEEN m N3 8 91,92 g
T R4 it R T (q) BBIME, 2k J(q). & BP
MELE LABR(MEEBERAR). B I BT RE
AM yD RRE BT Sk B 4D AT
MTFHHE .

My
siP = zwgqt) . yﬁl-l) = wi? . yU-D  (16)
j=0

9’5‘” = qo(”(s;,”). (17)
He: sV ABIBWHETEHRE, B o) =
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— 0,y = X B 6 KL BHETE
B, 0) HEL- 1EHET B ERETTE KE
BALE, wid) B NEEARKNRETHE,
yU-D /gl -1 BB mE, o0 () R LB
FATHEEER. £ X P M FREBEFE 1 E
L-12), KL KRINT Sigmoid ZIBIE R :

¢(v) = tanh( %) = i—:—:— (18)

Xt FHEGE LE), K £ Ioh) 305 R Bk
ISR ES. SRBEENT AR R 1, wif
M, = 1,H](q) = y{P HHRARENS OB,
WA My = m,H ¥y = gq,.

e Sr: = 1(q:,J(q:)),i =1,2,-,Npl RYl&k
B BE Sy 5, BP M4 AAUER SR, #in
TR B REUEBIR/:

Ew) = 3 200(a) - J(g) P (19)

K w R BP RIS BT A BUEH B AU & . #2156
FEERRERERUE MR w, R AR HETI
25, ot 2 BP Bk HIUAT & w B9 HAKR
w(t+1) =w(e)+7-g(t) +a-Aw(e).
(20)

Heh, g HEIH K, g(e) = - 2Ew)

IW  lw=w()

E(w) BWIABE, Aw(t) = w(t) —w(t-1),a H3
BHEF.
4.2 BRIk (Training of NN)

BP 4% F T Bk 1 7E1R K48 B _E BT M 4%
gt SR AT L REI S KNGS R T
ZEMNEEHRAHERHENES, LEETKERN
P E LB EFEH FEIT K . A CR A 3 2 BP M4
(RE—ANRE), FEIHERRRIE BP N%&
RIBZ T R B, 7T L AR B — N 2 e 7E I 4R
FFEG BT B , BB 3 B2 5 s 5, USR03 5 R
Rz

eRMS =\/NLT§“("‘) - J(g)?  (21)

ISR A OSSO BE B E R D R, AR
B —1 enus B/ BLGSFI BT B2HC BP RO4% .
FEBPRER,EIBK Mz BE T« BEW
REEIZRBER KB EESH, PR I GR 3 X 26
SRR ERRER. MRFIPKEEBRKR, B
ARESREMARE; TDREIL K MBI

RS, Tish & H F & EERER LU
IR AXRAAENEISKEE, BxhBRT
MEEREEIHERBRHEE .

HEN, HT EB Y% )G 8 BP M4EH REFH T
MEE S, INGREAER SRR NAHESHZN.
Hi, AHEFEERE S BRMBIIGH—TER
B . 0T LIR AT BRh b R e

1) 848 (@) B4 Ny NMARES TR
#ﬂi%#ﬁ‘g J(qi),fgﬂ Sr;

2) BB ISHE R h(q), BIL=4E Ny T
7 q;,3Fit%E J(q,), 38 Sr.

HERBREN A h(q) T4 S B EING
Rt Thf(q) P4 S BB BN R.

4.3 E-T IS %5 NN #9EH# #4152 47 (Fuzzy ro-
bustness analysis based on IS and NN)

FESE R BP MBIV Z )G , LT & & IS k%
REHTHEN GBS, KA BRIOT -

1) ARIBFTEER h(g) KBV A —HAHE
SRBEAE q;,i = 1,2, N,, FFANGEFH
BP M4 RAhit 7((q.), BB J((q),i = 1,2,
N,.

2) AT EME F:

F = igpf(](qi))%. (22)
§ {AE B (Simulation example)
ZEMARBRERE, EREZMHRA
£(t) = A(@)x(¢) + Bi(@)u(t) + By(q)w(e).

Her. x = [xl Xy X xz]TjU&%},ﬂx(O) =0,
w(e) WOV TH,q = [my my k" ATRHES
¥aE, B
0 0 10
0 0 1
AD =\ _m km 0 o)
k/my, -k/my, 0 0
0 : 0
0
B (q) = Vm, |’ B;(q) =
0 1/m;

K 0 5 x 3B NERNDE, m) 5 m,
AN ERE, k AHEER.BE k.m 5 m,
B RMAXT W IES S ABENAER, B

k ~ In(0.25,0.25%), my,m, ~ In(0,0.25%).

(23)
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w = Kx = (e8] h(q) SUILHFH NN ZJ5 , BT LR

[-0.7901 0.4271 -1.5%5 -0.1%6]x g4 3 \HRSBRIE F 0MIHEF. HTRE

(4) ruemom st X EHRA R NN 1) 1S Beid

5 KA | e _

b ; N, = 265000 AT E R FT B %R F = 3.330 x 1073

1o = [0 + ORI e F it 50 0T SR Ak S, B

(25)  TBAESATHLAE, A HIERIE h(g) P Sy, FER

HA: Q = diagl0,0.5,0,0},R = 0.5, H ¢, = 50s.
WEVEZ KRN RBERKNE 1 fix, ®
th nr(J(q)) R, H vy =3,94=05 ¢ =
0.1. B HHER A b TIRIER T ARG
ENGIE: Sa i oL

FRYE Hoeffding A%, EEKKE « = 0.001, B
G 1 -6 = 0.99, MIRAEMCS HFIEEDTEN, =
2.65 x 1° K B, BB T EHRETRER(25)F K
BUERS , XS ERATH . '

BLAE, B A FA BT @AY 1S A1 NN 3R fhit F.
HRE BT HUE S RAEN 1S FRE R, I F At
#E MCS 778, HiSe B Ny = 1000 MEAR AL IS
HEERE h(q) WER 4/, H6'),:. REHEENN
W, R IER(23) EEPL= 4 Ny = 1000 M ARH
ESP B, FEHTER(25) kBRI %L
£ Sy BRATERR, BF 4 MREYN SK 3 EBP
W9 4 ] oo B A TR AT RO U1 S5 50 5F A0 T 00 R B, S

TESRESHT NN WEHRITE FRARS 3%

BB F iR B A mE 1S 2
sy, FAP“NN + MCS 15”37 A8 IS 1 TR
NN Je il MCS i 2 (e A bRl . T L,

SRR R EE BT R F O 30K, B E
F TR %S "2 k3, HoF 572 = o D0 (F -
3.330 x 1073)2,

MEI1I~-3AUEN, BR NN+ MCS %

CPURFEE/AF NN+ IS ¥, B8 F TR
ZHOK, T NN + IS AT DL R KRR IR R B A
(58a0hpy IS SRR MCS A8 1), i H AT LA 43
B FH— BRI TE, ANEIATUEN, &
h(q) =4 Sy 5M(23) =4 S; BT BIK NN 46

W, AT BEMIEITE F R TR 2, XA
A h(q) P2 Sy FI NN BRES .

A1 REFEZBGHEEF
Table 1 Resulting estimated value F from different methods

R/ IS & =¥ MCS NN + MCS NN+ IS #(1073)
N, (107%)  &(107Y) ¥®(107%) MR (23)4 Sp M h(q) =4 Sp
100 3.944 0 0 3.747 2.986
1000 3.17 7.756 4.493 3.017 3,109
6650 3.124 3.517 4.210 3.447 3.116
26500 3.440 3.858 3.197 3.208 3.465
265000 3.330 3.747 3.626 3.374 3.335

A2 REFEAMEH CPURFE(s)
Table 2 Required CPU time for different methods (s)

HHE I ISE: FRHEMCSEE NN+MCSE:  NN+ISE
it ISHBERE 148 - - 148
ERIGREEE - - 144 144

LS -~ - 35 35
e 265000 MER - - 50 50
Tiw - - 16 16
Bit 365207 36668° 245 393

Ha 23265000 W E
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A3 FRAFERFEGTHFEL S
Table 3 Resulting sample variance S ™2 for different methods

« ~ NN+ IS i
P EIKHL N, IS % FREEMCS  NN+MCS#% DA S, hq) PR S,
100 3.6567x10°7 1.4707x107° 4.5319x 1073 2.2629x 1073 6.4366 x 107
1000 9.5048x10°% 3.3132x10°% 3.1335x10"° 1.3997 x 10-6 7.1784x10"8
6650 2.9618x107%  6.7240x10°7 4.8303x 1077 3.7532x 1077 3.1516x 108
26500 6.8063x10°% 2.8302x10"7 9.3466x 10-? 6.3164 x 10~8 7.9385x 10°°
265000 -b - 4.6225%x10°% 1.2866 x 10~¢ 4.2511x10°°

b BTHE S HANAKR, SMEEGERE.
6 %58 (Conclusion)

AXH IS 5 NN A FERRENENE #
Wt IS BB AR EEEM AT EREZHEER
BERAR /N B AR R, T VISR EF- A9 NN 8 F R B
WaEkGERE P iTEMNEEKEREERE. X
hff g RGBS B R TR RIEHT AR
AR ET - REVERE HTHEERWEH.
IS 5 NN 458 AMUAT AR KRR AR A, T H.
Al LAT8 BRI A ol 832 T REME R A — N EAG 1T
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