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Hyperball fuzzy neural network based on clustering
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Abstract: A hyperball fuzzy neural network algorithm is proposed for modeling of uncertain, high-dimensional and complex
nonlinear systems based on clustering. Firstly, an improved fuzzy cluster method(FCM) is given to determine the number of
fuzzy rules. The one-dimensional membership functions are replaced by the multi-dimensional membership functions. Then,
a one-pass algorithm is presented to calculate the centers and parameters of membership functions. The proposed approach

can reduce the number of fuzzy rules and simplify the network calculation. Moreover, the fuzzy rules base can be modified

online when the input-output data changes. The simulation results show the effectiveness of the proposed approach.

Key words:

1 51 §

TE R GE (R4 IR0 20 B v, 2R G B2 S AN ] Bk
. T R, 5 Ge B AR AL T 43 Db BB AR 2R R Si
IR (B0 TR AR M R 4, IR AE R ST R SE
BLIEABE Y. DAL gt 2 ] AR 5 2R 456 1 B N B o 080 2t 7
REMACERBR B A0 F 2L H AT LR e R ) 2
ARMAX F¥ RII2UI NARMAX A5 79341 B 4R g 4] ]
WETF S 24 A LB g SRl P2, (ECAS RE R CLAN I R 4
B, I HIX PR AL AR, e DU, BE G
28 W 8 R RUIF IR R, AATTTT G R FH Ao 22 I 28 9 2
P R BRE T B8 D)6 R A R G AR, RIS T AR KK
ST (Ao 5 1Y 4 ST AL PR AR K (9 8% 45 1) 11 B
BUEERTR] 46 2 0 R BELE), ASRERI T R S8 & A1

ks H E:
HEEWE:

2010-08-06; f&[E HHA: 2010-12-18.

BT H (2009GG10001029).
TEZ BN
Fed il HL ) P AT

data; nonlinear system; fuzzy; clustering; multi-input multi-output

KL, I AR 20 R — AN JRAR 7 B, AT W]
I S, TR MEEAT 2R 28 73 B M 85 (R BT
RSOR e 20 ) 208 ANELEAT LA 1) R B0E I E ) A oK
(K3 927 > ThAE, 1y HL Al A 2R Ge e o 2% EA T 4544
S HHIAEAL, TN T 26 (KA, faife T R 4
PERE > M AP il A% B vk R, 5 P Al i RO R G
B, ORI 1 22 190 2% AR S (KDDL AE T ARG H LS R 4
{1 R A R AR SRR BT R 4. B H i
HSERY o 228 [0 205 A A 1) T BE R i

1) SR fo 22 ) 4% PR R0 D 5000 2 AR e B
AT R VAR 22 G 0 045 H ) .

2) HARGUER RN, R YRR N AL R A
e, = FEARGMNER K, @ RGLFHFEI.

H &K ARBE L4 EIUH (61074070); 11 4R HARELEIES I H (Y2008G07, ZR2009GZ004); 1L AR Fl

BE1970-), Lo, BIBAZ, WP REIA G R RESSHISERT I, SKIKTE(1949—), 53, 3%, W /B R0, s



1804 =

K

& * % 26 %

FEVEVT R A I 48 R G0 R rp, e — N
LA H AR E L MR 2 54 RALRGE I,
IR I% 1 ZR G0 T BT T 1) R0 P At A S 0 75 119, B
B e M LA RS AT I AU K D 2 A R I AE
FHEI S5, 880 R G0 o8k, XA G SR
G e LSS % ) H bR, T, H AT AR e 25
2 1T 75 TERE I IR AT, AR T B AR 2k &
GUMAELR T, N T g 3 o) 8, ASCH o
AURE T R VA ERASOR 41 22 I 4% (HFNNBC) HI 1
R YEAR LR RS AR T 1% I ) R R
T

1) o N ECHE BEA T RSORI SR IS, s A TRHT A0 DU 4

2) SR H e 2 S5 S8 e OO 2 SR S 2 ek B, M
AN T S8 i e AR Ak 24 YRR

3) ) S B ok A o AbR AR 22 R — 2Dl
R (OPA) T AL T 47
2 HFNNBC M %% 454 K 5535

T > 2\ 2 i OB & G ] oy i 2 A
ZRINE I R R, AR — M, A FIE 2 N
s R 45, &1 HENNBC W 2% 25y, 47 %)
— SRR, LA 1 A ASTRIRL U, SR R R BOR i
ek 4.

Clustingp] OPA ]

¥

EASED)
2 w{B|
i P A, — B,
“4,)-»[B} 7 [8]

1 HFNNBC WM&
ML G R I R 5 R
5 NS FEUEX 2 R E SETIA
— L Ab B,
2R MNNERRRE R, s = [s1,80,---, 81 N
FI 3 B s . JL s RS 6 S AR S B bR
BAL A s = 1, WRZFNREE b 4 s, = 0, WZH
Rk,
3R MABOMIE S AR RZET(z) = {41, As,
A JAY o A RS AN BURNE AR B,
CARE LR NI U LB, A ) e
BRI HICR v 0T R B B NS S O E R = O =
[er, 0, cive s, ¢ A Ay BB 55 A8 1 ol
fH.0 =[o1,00, 04,0, 0y NIZWET B8N
KR FE R B S H, ORISR RS TR U L
AR W BORIE S AR R E T(y) = {B1, Be,
< By, B} Hohe By O A BOR B S AR

A, T E AR RV BB AR,
MhESPOMEMEw = [w,w, - ,w]T, Waw; N
B BRI 5 AR B 1 O EL SR IR SBDRI AL T,
Ay — By RN Z ORI N, 5 R ] TE-Then A, W
95 SN A R R

If z is A;,then y is B;.
555 5 WRTRIALE, 15 2 R SRR A .
13—k
WU & SN0, AT R REA T, T €
U=M; xMyx-xM,, HW M; = [Zwmini, Tmaxi]
(i =1,2,-- ,n) NENA R GERL R T 81558 R e
KSR 1 UK T BT BRSO A 28 190 2 AN M8 T
NZAU, ¥ N n) & 7 HEATIH— A 21, B

max — min

21

xXr; = (i’z — jmini) + min. (1)

Zmax i—Tmin i

Hdr: M; = [min, max], z € My x My X -+ x M,
2.2 HERAIL N BRI N AR D E R E

X T BRI N 4 R GE, — AR n] R
e R FS I R (B0 I RPN o7 NP SO AN T i
P AT SR A4 21, AF AT — A B R Y — 4 AR A
). BOR C 1M (FCM)BIZRE 2 BE AR i b Ak 241 vy 4 Kl Hts
AR ER R ) R, 0 52 2 AR L MEATR 2 il 3R e Bt
() PRI BSR40 v A 5 32 B, AH FCM g 27056
WEFERHH . M T2 5N 2 B s R RO 2
R, HOR B vk . XTIk, AR SO FCM 7 ikt
AT Ok, AR B 2R UE I e Sk, 1 R 2R H B i,
SR U] o K P i S0 B T A 0, M SO FE A 2
—EREERT, BIASB)EOE KRR H . R B R
TZAER 2R G0 ORI 25, [RTINEAf E T BER il 22 ) 2%
HMBHC =[c1 02 - o) BAERISPTRIT:

Step 1: WEREHH 1 h—MR/NMEH, I
JE LA e

Step 2: by I MR ORI

Step 3: KH FCM ST 0 FEA AT 52K

Step 4: TN FERUEN R 24

LN )
Jzzz:(x}—ci) ;

2
i=1 j=1
Horp NG N 55 0 AN SRR Tt B E e o 4L
Step 5: HRAELG I HIE BIMEH e, 4 | Ji1 — S| <

e N, FRORFRHH G38, BAFAF b HW 11, ¥
Step 2.
XHE, SR T I REPROMEC = [er,00,+
o), BANEREPL R n i, Bl e; = [ci, cio,
.. ,Cin}~
2.3 HERMKREZL
XoF RIS Ao 22 I 4, TR S g 22 A i N 1)

Ci7”.



5512 3

& B P TR 0GR ) SR AR AR 22 Y 4 1805

W Z A BN, PR EREAS L4 AN EA TR R 0,
T AR 5 AR, XY A o SKIL SRR
THEHMETRRMRBE. N T RS, BREZ
EEB HIE B R 2% AT —A4
SR, SR et 2 SR Jem 158 b B, AR T 1 g A\ BEAT v 4
BRI 7

BN WA R R0 25 R o HOR
R R, WA
pa, () = exp (~ ”””203” ). 3)

o o WBORIE S AR A O o AR

FEeR 24, W)

min ch — Cj” J"_;l_,Z,»-» N

v—2Iné ’

§ = 0.5 AAHLBPAMBONE 5 AR EZX.

NN i, WL Hyrpocy, i SCEE PHER
HC = {c||lc—z| < Rp}, z € U. 5)
b Ry A HAEREAR, LR, = (2 - 3)5, XHlo =

l
33 o AR R BB SR TR
=1
HC |5 SCRi07 3 e i 5

2
Ci—T
pi(ci) = { P <7” 202 ” )’ G €HG 6
0, ¢; ¢ HC.
Samp = { (T, yp) H(k = 1,2, -+ | Ng) HEIFER, Vay,
€ Samp » WLk zy A4 00 (1 8 IR AL 75 Ny AN SR
Lo, BTN 25 R0 DU 335G R D 36 B b 5 1) A S
A GATCEN 1, B HC AF ¢j, 50 Z2 3
LS. Bl ENGERCN 3, & = [21, 2o, 23], IRIETL
HE 1) FCM 2R 28 7 156 i N B HEAT 3R 2K, 153 2B R
FREL L RBR R 2K C = e, 0, e, W2
FioR. B SRR O RIS, s AR BB
VBT AR O, JEIRTE 12 SR A A AL R
RN . BA Ry AT oy O P ER, DU
PHER P 1000 D00 B80T, 3 485 1) 8 S A I R DU e
PEE 1, BUARIN S, 8, 11, 12 K1Y (bR A7 B 1. 8 5k
MR IO e s, BT A R P b 5 DR A 0.

A

“4)

g; =

T
2
~
A RY X3 4
[0

N 5L

—*
108 9
_ \)Iﬁ /j/
>( i

>

v

El2 Z#EMARES LS HRIBAK

Sof N [ HENNBC [P 2% %1 1

) :SkTU(xk)w _
Sk ()
l
swati(o)w; Y pl@r)w;
=1 _ i€cHC . (7)
! i\
Zskiui(fﬂk) Z-EZH:CNZ( k>
Hr )
Ul(zy) = diaglpi (zx), p2(xr), - 5 ()
p(zr) = [pa(wn), po(ar), - pm(er)]

Sk = [s1,82, 8] " A BRI L FEbR & ) & w =
[wy,wa, -, wy) T R ASOR fH 28 X 28 it 2 50, % N A
Wi AR O )
24 HiHBBwFIHEZE
241 w BBV ESE

R AT SR S o 2 S B R 3 b LA, BRA
X I8 — % BRI ). A 4n 565 p 4 B 0 7 N, A B
Xf. H IR ¢, BTV 12 2H 25040 1) 10 000 iy 1 2
FHIFIR, S SR AT stk

If 27 is AP then y is y1,

If 8 is AP then y is yo,

If 2%, is AP then y is yn .

BRI EIAAE A
p_ 2
/J/Ap<$§) = exp <_||xj20_20p||)5 .7 = 1727' o 7Np'
RS

N, N,
wo? =) paryl / > har, ®)
j=1 j=1
Ford woP by P ATRRI LN . 4
upr (W) =
max{upg: (Wo?), ug2 (Wr), -+ ,up (W)},
Horh BP Jy bk e 5 A2 5. ) P 2RO R0 ] 4%
Ak — 2 ATRIT R, B
If 2 is AP then y is BP.
AR O e B2 I it 2 8wl B R i 2
BUIBIIR wo (wh, w2, - wh).
242 wBHHEIKIE
w S 2 IR IR A S0 ¥ C-L P, B

aep_1U(xp—1)Sk—1
5+ S U(zr—1)UT (x5—1)Sk—1"’
St u(rp—1)uT (wr_1)Sk_1

Hra, BAWE. M0 < a <2, 8> 00, ZHZEZ
SR 0 TR —NREAS, Ul R B R B A R
e R RE T

Awg_1 =

)




1806

* e 26 &

Step 1: SRERZ S REAR, 1931 22 Ge I N\ i ) Hictis
X

Step 2: A4 N K 2EA T RO SR, 1 g RSORS00
HOMBOR ZE 2 b

Step 3: IR ALK 73, 1 5 B 2 TR HH
USRS OE L GRIER

Step 4: 141 HFNNBC (141 tH;

Step 5: 5L S REAN I U7 22, 45 Tl A2 KR, ) e
Step7;

Step 6: & 1%t 24l & w, I-4% Step4;

Step 7: 2% 45 .
3 MBI 5

FEFEASHE AN T8 25 AE LT, 7 R0 0 e
ATERI. BEAN, X TSBR AR E A R 4R, BEE &R
GINIBAT LB HLA, e RECRG M i R AR
TS 5 0 R PEREA T A 2B e, BAAD BB T

Step 1: TELKEFEAREIR Samp = (2,7);

Step 2: DAREAS A K Ay rhvoCo il — i P B, 4
A NS AEN, 457 W4 Step 4;

Step 3: LABTHIFEAECHE 4 vt ;OB B — 2458 1Y
N, o7 b

Step4: 15 HFNNBC 4284 H1 ;

Step5: T R 22, #7158 22/ T2 ) BIE, W4
Step7;

Step 6: Jaj il A5 1 P BR P IR R 0 240 w;

Step 7: MEMME IE 45
4 EREGHH

T 56 i HENNBC 535 A7 2k, 20 ol il i
HFNNBC, J& T-Takagi-Sugenoff] FNN Fl FCMAC!0 3¢
W2 DI AR Bh A& R G¢, TR H T LR,
HAZ DI e ARt R G
yk+1) =
fy(k),y(k = 1), y(k = 2),u(k), u(k — 1)),
ylk+1) =
(y(k)y(k — Dy(k — 2)u(k)u(k — 1)(y(k — 2)—
1) +u(k)/(1+y(k —1)" +y(k - 2)°),
u(k) = sin(k7t/25).

(10)
B >  A tH A HT 3 AN  H y(k), y(k — 1), y(k — 2)
B2 AN w(k), w(k — 1) R RREL
MR FaR A 2= AR A ) Hil
Samp = { Yk Yk—1, Yk—2, Uk, Up—1), (Yr+1) },
k=1,2,---,N,.
BN A S YE, B 1 4E REAEUR 2y Sk 2 2R ACR

56 R AR, JCrh T 250 AN Bl o I FEAR, JE 300 4
H i g K 5 FE A, DK HENNBC 5 % B ) FNN Al
FCMAC 1 EL 8. K ] HENNBC J7 v 6 2 4o k47 ¢t
A5, T8 I ok Y FCM 2R 2R B E L A3 B 40 N SR 2K rp
Lo, BEAS TS0 S Y ) 1, FLIRTT 40 5 BORTRL I,
XF I R B NSRS AR RN N T(x) = {Aq, Ao,

LAy Ao, w SO T AR RN A OME )
I, 00 IR A B TR S AR B TR IR T (y) = {Ba,
By,--+ ,By,-+- ,Bao}. Wl: 3 1 /NS0 4 07319,
0.7684,0.8404,0.8490,0.905 2], Bl KM 4 A i 5 A2
A O, w ISR 1AM 0.610 6, RV H RSO
B AR L By PO WS 1 AR BORTRL I AT R R Ay
If z is A; then y is B;.

[ B SR FH FININ OGS 28 58 A8, ED0CREAN S N TR BBER
KI5y A 3ANTE T AR &, 7 AL IR BOR R U £ K 3° = 243;
K F FCMAC 1 45 [ 48 X6} 28 48 f A5, AR A g N (1) 455
WK 53y 5ANE F AL & (A5 R BR, 3G &
AR oy AN BEAR U M) % R G AT 2 30), 7 AR A
BRI 5° = 3125, K3 4 Z DI IR Lk sh &
RGNS bt ih e A Fuh 2. K 3 tho] DU H,
HFNNBC, FNN #f5 a] LK s 3 g IR i 4E JE 2 1 R 4L,
it FCMAC )3 U5 15 L HENNBC 1 FNN 1I%.

1
*OXM\M\M\MNW
_1-

100 150
k
(a) SERRHTHH H 2k

W

100 150 200
k
(b) HFNNBCAi 1T £

1
AOM\M[/
-1t

100 200

0 50 200 250

_ O =

0 50 250

150
k
s (c) FNN{AEL 2k

0.5F
~
-0.5¢

-1.5
0 50 100 150 200 250

k
(d) FCMACT/i Ftih2k

3 RPREAZLFN{AE ML
4 > HFNNBC, FNN Fll FCMAC Pifi % >] Wk ¥t
TN 22 A A il 26, AR B A 40, 2% 2R 2= K H
RMSE (root mean square error) % 7~, 2% 3 45 W 5,

0 50 250




5512 3

& B P TR 0GR ) SR AR AR 22 Y 4 1807

HFNNBC, FNN F1FCMAC [f] %% > % 2 5 % M
1.0x107%, 5.5 x 10~* f12.8 x 103, .4k HFNNBC [f]
2SR 2 /N, 6T HENNBC, 4146 15 o F il o %
2 Bw SR E W1 IR (OPA 3%, AR IR BN 1),
HENNBC 2% > % 2} 1.7 x 1072, lL FCMAC £ i
Z UCER G R ZE IR /N, R — e B0, 458 1 22
SR AR g, 0BT 4 ) HENNBC n] R B — 20 38 ik
T, AT EIEAR.

0.05
a o FNN
0.04 | -~ HFNNBC
\ —FCMAC
s 0.031
F,p—é 0.02 }F \\\
0.01F ™
o *N\N"'—“H—Fu—o-p
o |300emmeeoeocecoentc ]
0 10 20 30 40
IEAR UL

4 3FMEFRET Lk
H 2% ) )5 It HENNBC R 56 FE A BGAE, S Hh
HENNBC 27 > FEAGR 2 ih G FIR g A AR 25 i 6. &
144, HENNBC 32 (LR 2500 1.724 x 1074, hH2E
MR ZEW 1724 1%, Rk, HFNNBC H A5 B 47 iz 1k

op
Re /J.

0.04

T .0.04 +

-0.08

0 50 100 150 200 250
k
(a) “FARARIRZE ML
0.08

0.04

B

0.04 0750 100 150 200 250

k
(b) KLSAFEAR 2 2k

B S5 FIHAMRKEHRIRE L
5 4 @

W R RSB A 28 I 28 AN (AR HE A 2 2R 406 PR ASE R
FNES, T L2 3R G YEEO 0 I 2% 3 S5OBER A ) 2 25
T S FR G I, A5 SEBR R Hh a2 2 BRI AR SRR
YEEZe v 28 0 00 H N S HE A £ 1 — Rl HENNBC 5.
%5, T mdE ARt RGBT L AE 2 E 2. =
LR

1) 1SR A R AR R Ge BRI R 2, Tk
%éﬁﬁjﬁg;

2) 1 Bt FR W, 1% Sy T AR AL T
FRI FNN 5L A1 FCMAC 592,

3) 1k HFNNBC OPA Sy L B RE FEA T
FCMAC 2 IEAR G RS RRE B, DRI ™ R G K
P FERAS AR =B, 1R OPA Sy TR AL AR AR -5

£ 2% ik (References)

[1] Akal Mustafa. Forecasting Turkey’s tourism revenues by
ARMAX model[J]. Tourism Management, 2004, 25(10):
565-580.

[2] Maddison David. Air pollution and hospital admissions:
An ARMAX modelling approach[J]. J of Environmental
Economics and Management, 2005, 49(1): 116-131.

[3] Rahrooh Alireza, Shepard Scott. Identification of nonlinear
systems using NARMAX model[J]. Nonlinear Analysis,
Theory, Methods and Applications, 2009, 71(12): 1198-
1202.

[4] Ge S S, Zhang J, Lee T H. Adaptive MNN control
for a class of non-affine NARMAX systems with
disturbances[J]. Systems and Control Letters, 2004, 53(1):
1-12.

[S] Ma Cheng-gian, Yue Xi, Jiang De-sheng. Intelligent model
of urban road tunnel ventilation system based on multi-
level neural network[C]. Proc of the 2009 Pacific-Asia
Conf on Circuits, Communications and System. Chengdu,
2009: 636-639.

[6] Altiparmak Fulya, Dengiz Berna, Smith Alice E. A general
neural network model for estimating telecommunications
network reliability[J]. IEEE Trans on Reliability, 2009,
58(1): 2-9.

[7] Liu Bo, Li Hui-guang, Wu Ti-hua. Neural network
identification method applied to the nonlinear system[C].
Proc of the 2009 WRI Global Congress on Intelligent
Systems. Xiamen, 2009: 120-124.

[8] Bezdek James C. Pattern recognition with fuzzy objective
function algorithms[M]. New York: Plenum, 1981.

(91 Behiok, MR, BT I e #1) CMAC %% 2] 50k
) SO S FE SR X M (0], A B4k 572 3R, 1999, 25(2):
258-293.

(Duan P Y, Shao H H. Improved algorithm of CMAC with
general basis function and its convergence analysis[J]. Acta
Automatica Sinica, 1999, 25(2): 258-293.)

[10] BesiK, sRHC R4, —Fh bl T BIM CMAC B % ) B

B A 2R G K AR b (R R T[], b A Ko o
#k, 2002, 36(4): 543-546.
(Duan P'Y, Zhang M, Shao H H. CMAC based self-learning
fuzzy logical system and its application to automatic
control[J]. J of Shanghai Jiaotong University, 2002, 36(4):
543-546.)



