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Spatial fuzzy modeling for spatial parameter system
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Abstract: A new fuzzy modeling method is proposed for spatial parameter systems. First, On the basis of the 3-D fuzzy
set, we propose an improved spatial fuzzy set consisting of a traditional fuzzy set and an additional dimension for spatial
information. On the spatial axis, the traditional fuzzy membership function is extended along the spatial physical variation
curve of the input variables, thus, the spatial variation of the input variable is described by the continuous variation of the
membership function. Secondly, on the basis of the spatial fuzzy set, we make use of the spatial Mamdani fuzzy modeling
format to develop a modeling method for building the fuzzy model of the spatial parameter system. The simulation verifies

the effectiveness of this method.
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Fig. 2 The comparison of 3-D fuzzy set and spatial fuzzy set
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Fig. 3 The structure of spatial fuzzy logical system

e (A RSORE 48 R G0, ORISR R oy
R': If 21(2,t —dy) is C! and - - -
and z;(z,t — d;) is C! - - -
and z;(z,t —dy) is CY,
Then vy is G,

b R = 1,2, L) 8140, Lo B0 4L
sy (2)( = 1, J) WA TS R CLRNGH)
B, o i RN, doh A
X TR,

AN D N A (2 2 T B 45 5Ly
e — M2 S0 % BB A A, FEA 10 B
Rkt

Ay =%

2€Z z1(z)EX1

2

px, (z1(2), 2)
(#1(2),2)
(3)
px, (25(2), 2) _

A =2 (2,(2).2)

2€Z xy(2)€EX,

W) T AN [ i Ao, 0 TRDASTRI A &5 SR ) o Ay
Ax =
> oy pay(@i(z),- -
2€Z w1 (2)€EX1 ws(2)EX (x1(2), - ,25(2),2)

NXl(xl(Z)vz)*"'*UXJ(J;J(Z)7Z)
2 2l @) 29(2),2)

7‘TJ(Z)72)

z€Z x1(z)eX125(2)EX g

C))

Forr g t-norm# A, I HLABCBESR s o8 Koy 1, 20T 20
B[ lol,

25 (B ASOH) 2 4 2R 0 AR RSR) HE BE AR 0 AT Kb B A
A5 SR E 5, € AT S BRSO 2% i) 4y A\ 25 1045 5L,
B TR FL e A gt i . e 3XQ2) I R s A
BIFRMACER T 4 T 25 [ DR 50 -

R:Clx.---xC—=G,1=1,2,---,L. (5

HE AL ik A BRORBORT 2 18] iy N 5 I 20 TR) O o8 &R,
AT 15 20 %
By = Ayo ) R, ©)
=1
FLrp Lo F A~ 45

WS BRI A3 (8] 0 A0 R4, B R0 IR T

Step 1 K 250435 M7 0 5 Ay (2) 5z = 20/
o ) AR A B BRI Ak, 15 2B S 1) far N 1) &
(1, 2).

Step 2 ¥ R 48 19 S Br i 00 LA S 25, 754 E
Q)T B TE 3 AR ).

Step 3 Tz = 2oMIIH LT, BRI 19 = 4E AR
RN ULT, KT G 23 ) AR £k i N 84T —
HEROIHER, XS 6) TR, 13245 Hy X TR
[ BORIEE SRR RE (s v, 2).

Step 4 BRI AL 70 K FH HE00 7545 B BOR 5
TR Py H -

J;MA(y,Z)ydy

J;MAQAZ)dy

Pty B kg 15 B A L
4.2 73 (Al B @ B (Spatial fuzzy modeling)

e T BN Pk (04 RSO 1E B AR 4, A Ox s 1)
I3 ZRGE, B Ok R ) O ATV,
6, L5 W B N i) R B, i T i Q) FroR
AR T 2 PR, AR B AR (0] 20 A R 48, A
AR [ BRAR AR R, 0 2 i AN A 5 ) Al ) A2 Ak
BHae = f(z), WA SR 4B 4 25,
Wiz = Onif —4EBOBIEE 25, JF thtt — 4ERDRI 4Rt
Fae = f(2) 2 M RIHEAT AR, SRAF I B 2 T A5
WILE; B o, B2 T RS sm AN g AR A, AR 4 A

. )



146 oW oM s N A

08 %5

(K3 PE BE S A T 2 2 TR B 5 2 B0 UL SO AN 2, e
o 8 R 3 AL BRI 225 TRV RSOR £ LSRR KAL)
F B A BARRMISOR) R 4E, B 50K RS M4
NEH OGRS el F Bt
y=fle(z),--,2a(2), (8)

Hrp: RgtANmE N = (21(2), - ,25(2)),2;(2)
€ X, CIR( =1, --,J)hRGMEA 210 4
N, X; e, (2)iesk. y Afte = D(x(2), -,
xy(2))WIVER T AR ) E 4.

M AR ZR 48 ] DL N AH Y BRI AR At
ks 3/

Step 1 EFXF = [H] 73 A R Ge 1 HARTG O, tm A
A e PR A B AR AL KA, 0 N v 2 TR A ) AR A
B = f(z), @9 0] LR AL & RS2 )
G3ATAE b i N AR ) 2 R AR ARG 3 WA [ e 25,
WG N 2 = 0551 —4EBOMIEE 40, BRI sk
g 55 oR KRR AN B, RSO0 SR B2 R B S 4, R ds b
(1) 53 At O, LA K S S B R B TR (= AR T8 i
M), TERIGR A T ANz = 085 10 Z 4E BRI 45 2 50T
I, TR P SR 898 45 FATAR L. H I 4RO £
BEEx = f(2)762 M4 AT G i, SRAFHIAG (1) 2% A
R 4.

Step 2 FETRANME NG I FEAS, 75 FT AR,
X TR NFEAS, 32 I — 35 T i RO HE 28 7
P, N TR0z =20 =1, ,n), B0
FEERH) B P2 A 1ol — o % (R RORT 42, JOEATROR 3L, 75 31
T4y

Step 3 T HEREFR bR

h

> (y(p) — ' (p)*
J= (" )2 ©)

mrkReRbrg < e, RIUEHI BT g B2 A 5 65 J 22
K, @A W R PEREARPRT > e, W] LA g A%
A AR T TR 45 K, AR AT 4
JR AT, SRS Horhedh thoe AR
e WL N TN

Step 4 4T AL S5 KR, 0 Rk 538
[ 4 Jrd <00 88 R K 9% 386 45 i 80 B9 b 11 K,
BIJ > e, WIS R G0 B S5 1), 3G 0 [a] R5oR) 4
ANHE, 3 3o V323 0 40 43 K K A 1 6 P
S1E3%, HEMRIRIRT < o, 7 SIBIR [ B0 L
S (B AERIAR TR, A5 .

1 RACTEBRIE NS, B, e
I A LS, T LR,

SE 2 AR T LUR PR A B 4

RIS, BT DL EAR A AR 0] 70 A R
eI, AR R B AT .

5 iRl B R BB A HGE B (Case

study: A cross-flow heat exchanger)

R i) 38 2Ty 14 S T R B — A LAY g1 4% i) 4
A R GE, IRASBEAG I TA) RT3 (0] 2 A Wi AR AT ¥4
I B 28 I VI N D = W Bt i P A N R
PR ULTG PR R JE N A #4228 ) AT 19
U BEREAT A A B AR AL LR 1 S 35 2% 18 D
2o, T AE ST IR E A [R] N 2 eV L T
o XU 4 T R 3 N ) R A LR fE
B SO0 2 () (R B T (2, ) FRI AR A a3

I (z,t)  9T(z1) B
5%~ Vo, +a(Tyw(t)—T(z,1)), (10)
a=hSy/pVC,.
BT AEAT TR
T(Oat) = TO(t)7 z = 07
T(z,0) =T1%(2), t =0, (11)

T%(2) = T + (To — Taw) exp(—az/v),

HrpTss (2) hAadi .

SRS HMES W Hv=1ms ', L=1m,a=
2.92 s7 {5 BT R, BRI (8) W R AR
i, LA B R . YIRS T (t) = 25,
Ty (t) = 701321, WESHT7s.

—

To(t) —— T(z,1)

[——

A kEK
Z

ﬁﬁmn

Kl 4 #Ag s
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