#5039 % 11
2013 “F 11 H

H 2 % 4R
ACTA AUTOMATICA SINICA

Vol. 39, No. 11
November, 2013

AR XL o IE Y] ARBUBA SR LRIk
AEA ik EN MEEC RERT

i E EUIXUIMIEYIEER (Fuzzy hyperbolic tangent model, FHM) J& —F 4 RSO & —Fpph 28 Y 44455700 AR 0k
RT3 1 28 Fe 8 SE I R e I MR B4R AR ik B e . FHM 5 ARSI RLA LL, SEIN3E H -6 2 248 5 J 2 48 N 45 B T4
HIRA AR PE RGHAT R A SO FHM IR R g DR A BRI B SR 0 DAJE & I 53X — IR 9 A4 P A5 At e 147 i)
ORISR K R e 7 A T it — 2D i .

REEIA BORDOU IE DI A ) SOBORIU DI, I RSO0 1 DR i 2 Y 4%

SRR S, wRAh, FENL @AM, RdRT. BRI IE DI R R, Bk, 2013, 839(11): 1849—1857
DOI 10.3724/SP.J.1004.2013.01849

Research on Fuzzy Hyperbolic Tangent Model: A Review
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Abstract Fuzzy hyperbolic tangent model (FHM) is a global fuzzy model and also a neural network model. The
controller based on the FHM can achieve the optimal performance index of the whole system. Compared to the existing
fuzzy models, the FHM is more suitable to model a multi-variable nonlinear system, in which the information of plant is
insufficient. This paper presents a survey of achievements in order of the development on the modeling of FHM. Finally,

the problems and the future research direction are analyzed and discussed.
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Fig.1 The neural network topology of FHM
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THEN ¢ = cp,, + cp, 4+ +ep,, + M (10) FIKE 2 W BLFE H, GFHM W] DL
Tk o 25 0 246 AL TR R 1 A R SIS, AR Y o (1) 2 4
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pp,, () = e 2 (k) ; b, (20)

xTr; =
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f(x)
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2 ICAR TR 46 AR IR (i N AR B A HIONTBOR 1 7 1) &)
Iy AR, B T-S BRI (RN S AR

Z?:l 2w; +H?:1 wi(n + 1) AN AEH EHJZ, H g

FRART— AR B AT PN, HER 2 B8R 5 I LA

s Rk, GFHM [ T-S BOBIBR AR t 2 A

FERSHUD . HHRB RS i GFHM 3 iE 50
Zebh v AR Sk 2R Gk AT AL

2
Fig.2 The neural network topology of GFHM
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3.1 DFHM Hy##ik

BN S S P IR Vi 2R G2 1R AR A R 0 A R 4 o
Bt ), SCHR [62]) 75 FHM f2E a2 E4EH T
B X E V)AL (Time delays based on fuzzy
hyperbolic model, DFHM).

EX 2052, e g iE %, %8 n ANRE
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IF z1(t) is F,, and x(t) is F, - - -
T (t)is F,, and z1(t — 7) is F), |

ccand xp (t—7)is F,_ (11)
THEN &, (1) = +c, £--- £, +c +
-:tc;m
ﬁ:EP,r:I,---,n in(i:L"'am)?Fww(j:
Lo ym/) 002 o (8) Foa; (6 — 1) BRI 45,

t)
P, (iF) RN, (1) Pidts

2) 4 THEN #4003 400 +c;, (¢
T IF #5010 F,, (F..,).

3) b TAE—MBOBILIN, f01 B AE TF 3553 3L
m+m' (m <n,m' <n) AR, W &, (1) —
SR 20mxm) g .

3IE 302, %45% n A DFHM HIBRHIRINIZE, 4
et X P, BTN, {8 Bk

[P, (z) = efé(zflzf7 Jn (o) = e*%(erlz)? (12)

) s I

& = Atanh (Lx) + A, tanh (Lz,) (13)

H, AR A, 2 RAMALERNE MR, L
diag {l1, -+ ,l,}, I; (i=1,---,n) ZIEFH, ©
z(t), z, =z (t—71), & =a(t).

3.2 DFHM By M4

DFHM A DA A& — A 3 U7 1 22 9 48 7
(Recurrent neural network, RNN), gty i&l 3
IR, IR AR f R R ISR S AR il IE B S
HOY AT SOERE, R 1ED) e 2O s e B &
K, e M (ryi g =1, n) T ER MR
(AL Ak, AP 5 3t 75 218 il DFHM
IbEAEa it

i SRE AR IO, S e s A,
3 IS B PIE A REREAT AR B U, A5
b, B DFHM A] LU RNN {28 0 2 K BEAT
HERAISEEL, (AEGE A MR, SERA S H
B W AR A 2R 22 B0 AN S B T REPR B (10 5 R IEAT
BoE. ALAEVIMEBIE )5, DFHM [FEEEANZSH
M LAZ2% RNN (S0 05 ik K247 25, et
BP $ik . BBk HEAE.

P 3 I ASTR O It 1T DI ASE 2R 336 1 o 28 0 5% 4 D 4 A
Fig.3 The recursion neural network topology of DFHM
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FHOG ), — Mok dE, JeF T-S BOMI R R 4810 #r
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AT T #r. HoR I FE AT 2 R G AL TE A 5
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AT ), Ho 983 R, SCHR [67—69] 23k
AT TN RIS, 152 1 A0 5 A€ 1 A )
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P AREE W 2T AN IE T B R R 22 AR 1
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4 fFiRiEE R R

AT HAR BRI RO, B ¢ R L T-
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ANV AEAE L 5 T 70 AR SR Tl R
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Mk b T2 0B Bt FHM & B0 A A 1) — AN
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2) FHM A Y RE MR Ay doont Y - i i i
FLER SR Tl A i oA BN T
NEPATERE . 2R NI R RS
WHEENUR M TAELRE ., ) #T%R . B
PRI A BE 38 A Pl i o 5% v R B O AR R 1 5
AT EAT Z MR AT AT

3) MBI R IR S, B
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WG THFWEOR AL TP B KA i 4l
A LR R A vy R AL M AR e MR e, e Bt
6 I TE) S PRBE AL T 5 92 O HERS RAS [ R 2 7= 2B
AR BN AR R, A5 R T T, SR
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