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Structure and Algor ithm Design of a Fuzzy L ogic Inference Neu-
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Abstract: A fuzzy neural network isproposed according to the fuzzy logic inference Initial rules are got from san-
ples and every rule becomes a neuron of the rule layer. How fuzzification layer and rule layer connectw ith each other
is detemined by the rules The initial centers and w idths of membership functions of the fuzzification layer are de-
cided based on the golden partition method A nd the initial w eightsof defuzzification layer are determ ined acoording
to the conclusions of the initial rules For the structure of the fuzzy neural network an mproved back propagation
(BP) algorithm ispresented The resultsof smulation show the nonlinear mapping ability of the fuzzy neural net-
work Comparedw ith the existed results, the fuzzy neural network has faster training gpeed and better generaliza-
tion ability.

Key words Fuzzy logic inference; N eural network; Rule; Golden partition method

1 BP
, 2

(4. :

[2 5].
e 9
. 2005-02-02; . 2005-05-24
(50139020).

(1959—), ( ), : , , 3s ;

(2979—), ) )



416

21

n [10]

(Fuzzy Logic
InferenceN eural N emwork, FL NN ),

: BP ,
, [11,
12] ,
2 FL INN
21
“ If-Then”
(111,
1) Zadeh-M andani
If x1isA and xz2isB,Theny isC.
A ,B,C
2) Takagi-Sugeno
If x1isA and x:zisB,
Theny isa® xi+ b®* x2+ ¢
‘A ,B,C ;a,b,c
3) ZadehM amdani
If x1isA (D L) and xz2isB (D I2),
Theny isC (CFo).
:DI1,D Iz ; CFec
4)
L f X ,
R-in X11iSA,
MD1, X21SB, MD2; Theny
, R-out ,
y isC, MD.

5) cfxs D1, x2

t2 DIz, Theny isC (CF.).

6) S If x1isA (D) and x:2 is
BDLL) ady (t- k) isC; Theny (t+
n) isD (CFq).

A',A,B',B,C X, X,Y,Y,Z
) AXB -C XX YX Z
R, “ x1isA' and xz2isB"”

“ If x1isA and xz2isB, Theny isC”,
C'= A'xB') °A xB -C).

. m 1
C'1,C'2, ,C'm, m
L C' =
Cc's. C'» C'm
, [11, 12]
3) 4), 5 ,
3 4 Sigmoid
[6] 1) 2),
. 1)!
1 2)1
L 3 L
[13]
2 2 F INN
3)!
(FL NN),
1
. n XXz, , Xny Y.
m , |
(4, By) _
Ay, B )
Xy ) d (1
(AlmvBlm) ; i ﬂ / \ ﬂ
(4, By) I1 1
5 (A, B
(Ayn, Brw)
(Aut» Bu) B R
. (4a. ) ¢l el
(A, Bo) !
ANBE  BRWE CHWLR
1 FH INN
221



4 417
x1 “ 7 x2 ¢ 7
“ "3, " "5
(14 6] ,
OuBi= OUutA.j, *OutA 2, " *OutA .,
, (2)
i=1,2 ,I jtyj2, Sjn 1 m
, ) , i
) . ) 223
Q 618 . Xmin ,
Xmax , 3 .
Z OutBi*Wi
, y = OutCs= = ) (3
Go(uo, ) = exp (- (x - po)°/08), S out,
G 1k 1, 0 1),Goa (s, —
_ W i Cs .
i 1). D (M1, 001), (Mo, 00), (pe 1, O3 1) 3 23 Bp
' A C
LA
M- 1= Xmin, c ,
o= (Xmin + XmaX)/Z,
Pe 1= Xmax, ’ c
1= b= 0:1= (Xmax - Xmin)/2
: o, Q 4,
’ b 2 . Q 4
0 1= (Xmec- Xmn) /4, Q1 [03,Q05], u=Q3
®= 01% Q618 ,Xx=a x=d; =05 ,x=b x=c
Gii= 04 [a,b] [cd]
y randa,
, rand: = Q 5, rands,
A B W = a+ rand2* (b- a); rand: < Q 5,
OutAj= exp(- (xi- Ay)3BY), rand>,W i= c+ rand2* (d- c).
i= 12 ,n j= 1,2, ,m. (1) ,
222 ) ,
m"
, p
{S1,S2, ,Sp}, 091
’ -é‘o.s-
3, N gm
=
| , PRI 06 ° %09
! ! X
: 2
A C

If x1is 9mall and x2 isBig,
Theny is Snall

BP)



418 21

BP ) Wi(t+ 1) = Wk(t) + AWV,
, 3 1 Ag(t+ 1) = A0 + My,
A 1, X, Bi(t+ 1) = By (1) + ABj;
a bf oy = exp(- (x - 3
a?)/k 1 B C2 :
2 f vy = f (xa , [11, 12]
* X2°® * Xn); Cs 3, (FUNN) , FL NN
,f Sigmoid , .
y=f (X1*°W 1+ X2°W2+  + Xn*W ). Rossler 3 X1,X2, X3,
E= S0- ¥ .y o). L Y= snir Xz
Y : BENl [- 33680, § 149 3] 350
, 150 . 1 000 ,
, 2
AV = - %.?9%%(: 1
- X1 X2 X3 Y
- [ (y- y)]*OutCy, (4)

1 10000 Q9973 Q9906 Q9802
2 - 02051- 02589- 03126- Q3661
3 - 30806- 31228- 31606- 31939

M = (Zl E, o

gy OutC,, 2 1 000
DU, DuB,, , DU, FL NN FUNN
OutB « &)utAij) Ay Q0262 Q2739
. " Q0306 Q2773
M id » Dl (5)
ij
05 1
: | —{ FLINN W#5iR %
e | FLINN 2 kAR 21
= (3 - %EL 04 | FuNN i 2
a utCs, o3 ~-o- i FUNN #4122
w i 0-
OUutCs, DuB , Duny _ Z e
O utB « @UTAU) @ij 0'2_\
M id » M& Ay (6) o
ij
0.0

~

M id = zll(y- y) *W«*

|
ZOUIBS- OutB «
1 OQuB .
| -OutAij’ (7)
(z OUBS)Z
1
UtA i - A
L“a\” = 2:0um, - A 5 ®
Lo L. 2
%%Tf\u_ Z.OutAlj._(LlB—éa\u.)_; (9)

OQutA; A :OuBk B k



419
5 , Xl 13 EEAN 1Y ”
3 ,FL NN ,
; FUNN , : X2 13 "o ”
, 1 000 FL NN , ,
10 1 000 , “ " , ;
FL NN FuNN 4 X3 3 ,
4 , FL NN “ ” ,“ ” “ ”
, ,  FUNN ,
1 ) ,
3 y 3 L]
FL NN , 3’ 11
1 000 5 FL NN , {S:,S2, ,Sas0}
/ ’ i!C2 j
outCz (i, j). i
v 1 ] 1
1.0 7 7S \
A\ AN AN
= \ / / [/ \
g WOV 3 FLINN
8 05 1 / / ¢
E A
9 [/
b \
0.25 % ) x1 Dl x2 DIl x3 DI y CF
J
0.0 ~7 1 Q 660 9 Q 800 0 Q 990 9 Q 809 7
-4 0 . 4 8 2 Q 9578 Q 3536 Q 8429 Q5325
|
3 Q 996 6 Q 877 4 Q 999 6 Q 3034
(@ x1 4 Q2758 Q0 180 5 Q8811 Q6147
1.0 7S 5 Q9505 Q7127 Q 9614 Q 3042
\
/“ \ /\ \ ," 6 Q 799 2 Q 059 7 Q 698 1 Q 336 8
0.75 L
= 1) / f \ 4
g Il / \ i
£ 0.5 | i 1 \ i
E [ il I\
s I i / I\
0.25 |} 1\ e X '\ '
\
! /} , - BP . :
0.0 ——
-4 0 4 8
xl [l [}
(b) X2
1.0 7,
,ﬂ\ /7~ T
/ \ N/
o 0.75 \;# } \
U AYRYN '
505 |- LN
AN A
[ \ \
= 0.2 ‘-\ 7 : (References)
\ /<A [1]Liu P Y. Maxmin Fuzzy Hopfield N eural N etworks
0.0 -4 0 4 8 and an Efficient L earning A lgorithm [J]  Fuzzy Sets
X3 and Systeans, 2000, 112(1): 41-49
[2] JanesD, DonaldW. Fuzzy Number N eural N etworks
© xs [J] Fuzzy Setsand Systans, 1999, 108(1): 49-58
5

[3] Hisao |, M anabu N. N umerical A nalysis of theL earn-



420

21

ing of Fuzzified N eural N etworks from Fuzzy If-Then
Rules[J] Fuzzy Sets and Systens, 2001, 120(2): 281-
307

[4]LiZQ, KeamanV, IchikavaA. Fuzzified N eural N et-
work Based on Fuzzy N umber Operations[J] Fuzzy
Sets and Systems, 2002, 130(3): 291-304

[5] JanesD, DonaldW. Fuzzy Regression by Fuzzy N um-
ber Neural Neworks[J] Fuzzy Sets and Systans,
2000, 112(3): 371-38Q

[6]Oh SK, PedryczW, Park H S Hybrid Identification in
Fuzzy-neural Networks[J] Fuzzy Sets and Systens,
2003, 138(2): 399-426

[7] : , :

[J1 , 2001,
16( ): 717-72Q
(Sun Y F, Chen SQ, Wu J P, et al Fuzzy Genetic
N eural N etwork Based Information Syncretic T echnolo-
gy and ItsApplication[J]. Control and D ecision, 2001,
16(S): 717-720 )

[8] , .

[J] , 2001, 16(6) : 958-961
(RongL L, Wang Z T. Realization of the Fusion of the
Numerical and L inguistic Information U sing a Fuzzy
Neural Network [J] Control and D ecision, 2001,
16(6): 958-961 )

[9] Shaout A, ScharboneauJ Fuzzy L ogic BasedM odifica-
tion Systemn for the L earning Rate in Backpropagation
[J] Camputers and Electrical Engineering, 2000, 26
(2): 125-139

[10] : : [J]

, 2003, 25(10): 1249-1253

(HanM, Sun Y N. M ulti-input Fuzzy Neural N et-
work and ItsApplication[J]. Systens Engineering and
E lectronics, 2003, 25(10): 1249-1253 )

[11] N ikola K. On-lineL earning, Reasoning, Rule Extrac-
tion and A ggregation in Locally Optimized Evolving
Fuzzy Neural Networks [J]. N eurocanputing, 2001,
41(1-4): 25-45

[12] Nikola K, Jaeso K, M ichael JW, et al FuNN /2-A
Fuzzy Neural Network A rchitecture for A dgtive
L earning and Know ledge A cquisition[J]. Inf ormation
Sciences, 1997, 101(3-4): 155-175

[13] YuYL, XuL H, WuQ D. Generalized Fuzzy N eural
Network [J] A cta A utanatica Sinica, 2003, 29 (6):
867-875

[14] . M1

, 2000: 1-182
(Di K C Spatial DataM ining and K nav ledgeD iscov-
ery [M ] Wuhan: W uhan U niversity Press, 2000: 1-
182 )
[15] , . GNP

[J] , 1999, 39(1):
114-119
(RongL L, Wang Z T. U sing Fuzzy N eural N etwork
to Build M odel of Relationship between GNP and
Structure of Industry[J]. J o D alian U niversity o
Technology, 1999, 39(1): 114-119 )

[16] , , :

[J] , 2003, 18(2): 213-216

(M eiX D, Zhang Y G, Sun SH. Research on Speech

Data Fusion Based on Fuzzy Neural Networks[J]

Control and D ecision, 2003, 18(2): 213-216 )

( 414 )

[7]Bloch |
Fusion: A Comparative Reviev w ith Classification[J].
IEEE Transon Systans, M an, and Cybernetics, 1996,
26(1): 52-67.

(8] : :

Information Combination Operators for Data

M ] : ,
1998: 119-225
(LiSY,WuX Z, FanD P. M ultisensor Fusion T heory

and Its Application to Intelligent M anuf acturing
Systen [M ]. Changsha N ational D efence Science and
Technology U niversity Publishing Company, 1998: 119-
225)

[9] ChungA C S, Shen H C, BasirO A. A Decentralized
Approach to Senory Data Integration[A ] 1EEE/RSJ
Int Conf on Intelligent Robots and Systens[C]. Greno-
ble, 1997: 1409-1414



