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Consequent-oriented fuzzy inference:
for interval type-2 fuzzy logic systems

YUE Ju-meif, CHEN Qiu-shuang, CHEN Zeng-qiang
(College of Information Technical Sciences, Nankai University, Tianjin 300071, China)

Abstract: Most fuzzy inference methods usually use some kind of t-norm and t-conorm, or their improved forms, to
model the connectives. Unfortunately, those models are unable to bring the relationship between antecedents and con-
sequents into the process of fuzzy inference. This may lose some information implied in the rule and even leads to the
inference results inconsistent with practical experiences. To solve this problem, the concept of object-oriented transform
on fuzzy sets is introduced and extended to establish a compound type-2 fuzzy set model, by which a consequent-oriented
fuzzy inference mechanism is developed. The mechanism can introduce the relationship between antecedents and conse-
quents, including crisp numbers and fuzzy number, to the process of fuzzy inference. Simulation results indicate that the
proposed method can capture more information about rule uncertainties, and provide more choices in designing a fuzzy

logic system.
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1 5|5 (Introduction)

ORI 4 R e RULEE R AN 2 HERTASKS
fftk, IO R RE A I T H, HE2
T 800345 1) ) vz I U5 B0 12 5 2R 4008 5 H A
I AL 158 P (fuzzifier) B W) FE (rule base). #fE P 5| &
(inference engine)F13i B 14 1L B (defuzzifier) 2 f. H
Hh U] 2 S FHTF-THEN K A 20 fle, 2 A0R 2 4 2
Gz, HoAth A B 20 351 A — & B 250 7 20K
FRATIZLERI). Py DA, 000 A (R AN 5 PR AR 32 4
FRET R R A OCBEE . R R AN 2 TEAMNAT
TE TR o FT RS AN 5 A4, i HAR A A T 1]
(connector words), RTAND/ORSY. 1 . Hovp, mi #F 4
5 5 A B3 R F type- L(TD) BRI AR G idfAT L. H
MZadeht H type-2 BORIEE G S LIk, XU TR AR

Wik H J8: 2012—09—10; KTk H 3H: 2013—04—28.
T38/5/E% . E-mail: yjm@mail.nankai.edu.cn.

LR PFEAEFR TS LR T 2- B BOR 42 & it
AT B, A0 X 8] B type-2(IT2) 455 4] 4 & Al — fi 7Y
type-2(T2)RLRIAE 5. Jr LA, B4 5 Ja A 5 A5
BT 20 T 70 A BIe),

Ttirksen M YaoFi H, o BRI U £ 342 42 1) Bz FEAN
B PR REAT EAON Bt — MEHNEZ R RS0 5 2K
L ZU-100 Ry, ANDS. 1) g AR i e ) o
O E I o T 2K, A b R4S 2172 3 R Y
ANFHSReRR T, SR, /N0 HRAE A A8 s R )
(fired rule) HE:— AR YOS, 5 2, & 205 T I
TRTAFERIOME B BARRB U0 ECE 18 T A i 4E,
{RHER S5 AN IS AR A AR L S IS AR AR ) 56
Z J¥ (relationship degree) BT 4L [7] ¥l 52, B Z00& T 5 £
L5 JE R MR B, IX S 2 fE B — 28N,

SEGIH MK FARREEE B H (60774088, 71172071); HSSHARBIFOAR I “863 14" BRhIIH (2009AA04Z132).



58 1)

ARSI ) e AR RRSORHEREALER]: T Do) 2 ty pe- 2RI 4 2R ¢ 965

Fr 2 T BRI AR R G A A G BRI 45 1112,

TR ) PRI AR DG P A AR HE 3 b o b o A
FH, PRA RN A AN [ B F A St Je A4 mT REAT AN [R] 1)
SEMARE L. WA HLBE A, A<k b 45 i) e v A
IR ] 1) S5 B S AN [R) ) s . S, POAER 4R
G AR RIS “TRfe))” F U mhis” IASEORIAL
2, e RIERU EREES. U = {a, b}, a,
bEARHANN. WHRA(a) = 0.9, I(a) = 0.6, A(b) =
0.6, 1(b) = 0.7, JLH “HlA 4" WbrdfE — &
AR — N AT — 1 BT “ PRk e TAE” X B

“HEA AT FBORISE A A N TRR, “BRitEm T
VE” FBIAR & TR, SR LA B B M e—Ta £t AT
BOIHER, 2552 (AN T)(a) =0.9A 0.6 = 0.651(A
NI)(b) = 0.6 A0.7 = 0.6, B A ELAT [FIFE 1) 5 4+
73, BT P e, Ty s b, 3 “ Bkl ) T
PE” RTREXT “ b4 T “rmfe s ” AN EEK.
n“ER TG R 20 KA ) “RE 7 R
7 A AR 2R, k] DUE H, BRI A
AHELARST PR BEAT ORI BE 25 5 RO AR 2 7]
ARG S

CapitaineFlFrélicotfie H — BT (1) RO 14 42 1] 5
PR SRS AR g o 0 5 AR i) 14— Ak, wT LA
FHF PPN JC L) R R 42 (unconstrained fuzzy sets) - 1H
FRIR/INRERE . AT FUAtL 2735 6 AND/OR .1 S JEANg
JE PSR H — STV, S H a2
(parametric t—norms and t—conorms), b 2 AND £ 1
(compensatory AND), DL} S-OWAS. 12 14-161 it
ATV FE R R A L S AT A IR A DG 1
5 5. e b, BTt e et B s s g vk
PIARERE X AN E S I N BIBORIHE L.

AT H I A ) X TE] ey pe-2 1508 32 4 2 48 11
ANDERERIEATEAE, FF 5 55 20 N T i) ) 4R
1 455 R0 $E 21 7 V2 (consequent-oriented fuzzy inferece,
COFI), AR h i 445 5 JE AR ARG A 2
LRI R, 1SR PR I BRI 5 1) OC R L RS, JF
KGNS ANDSL 7 RO AL . BT AR, BRI AN
D PR B AT A S S8 R A A BRI B B AH HLOGIER
(RIREE T 2 SISO R, A2 7 VR HD Ay 1 1) J5 14
(RBORIHER J7vE . AR E BT S Ja AR I %
FRJL3 02 W BSOSO B s T, RILEAT G
% J¥% (crisp relationship degree, CRD)AI 15§ 5¢ & Ji
(fuzzy relationship degree, FRD)IPJIf] [ Ji5 {44 [RIARCH]
HEHE 775 (COFI with CRDHICOFI with FRD).

2 HA Wi % R B [FICOFI(COFI with crisp
relationship degree)
AN R ARSI ATPFR S R IR SR L
A ANMEW R R, ) TR RIS R LT N SR
HERL AR, B 5G AT BRI TR AR AT — A He, BT 3L

FEH BRI 5 1 00 .
2.1 BRI A 002 # (Object-oriented trans-
formation on fuzzy sets)

EX 1 WARBEX EI—AX ) B type-245
MI4E4, JLFOU(footprint of uncertainty) 1~ 3R )&
FERRE 4 () a5 () LA, GBS Z L iy —ANX ]
Ttype- 2B # 4, Bkl H AR 4E. AIRIOO7E # J2: ¥ A7
kg X 8] Ftype-2#5 ] 42 %fl@ ffy e 5 A — flé,
A@ c fg(X) ;H\:':F'

ta,(x) =cig - pale), W
fig,(x) = caig - palz),
Cic e AG G R E, MW 1 K AU 4l A s2
BB P B B W E e, € [0, 1], iX BRI A f
BIF. Fo( X) AR X Htype-2 e, AgMAARIOO
AL,

T RO e (A N FH 215 | 5 h 32 2 1 4k
L e “RRed)” AS CPRRTE TR JIARKC
PEAE0.4, “Uf iR 15 “Helfth TAE” JIIAH R 2
0.7, Wleay = 0.4, ¢y = 0.7. M\l F

AJ:@+%’ IJ:%+%’

a b a b
PLA
FITEA, T30 “PhtletE TAE” , atbbEE A

WEAR “ERES” A CHRRPE TAE” JIAHDCRE
0.7, 110 “ 4 a7 15 “ Pl M TAE” JHOAH KL 2
0.4, JLIA7

MITIba 353, ft ] W, BOISE S OO0 figts
ORI [B] (R AH OGP EAR BT LN BIBDR P A
FE1 1) 4E U MALGHE AL Atype- ) 42
B ALGHE, Bl (x) = i g (), OOASH: ) 2 A
1k type-1EEIEE A OO, H)
Bag(®) =cac - pa(z). 2

2) KRR HAbt—5 %, WLUK, PRODUCTE & HoAlh
R Ht—E ¥ (archimedean t—norms) s W] &3k H a B bFHATIX I
AR, AHAX SO BORIHE IR H %A 50 PR PR TR XT “fe
37 FC AR B SEBRAR S, BRI AN BEAR U Hh Js A
SEBR. W TRMIB RN S, XA RS e A
KA T e SECR GBI . TR, Wi 4R
Z 5O |/, e — OO0 H (G HHEIE N S5 4R), R
Ja TS SEANEE, BT 0) OOZ LR T A & R EEA
G2 5B, WA S 5 AR AR OGS Bt 5]
N BRI AR, AR SE RGBT R ST 2 A
eSS,
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%30 %

2.2 H A& Wi 5% & F ICOFI(COFI with crisp
relationship degree)
KILFE G & HAp NN, € Xy, 20 € X,
Ly € Xy ANy € Yy M AU X 7]
type- 2 BHIIZ L R G, VRIS A
RU:IF xy is Fl and @y is FL- -
THEN y is G'.
AT RSN, FOBE R AE, i = 1,2,
p. IR, %F#%GE’J%?VMFG F; EI’J
OO}Z%@%ﬁF LURTHEGHE i 5% 48), b A
THh

. Tl
and z,, is Fp,

p
Cha =ipal D ipG (€)
=

X2 BFAE, R X Hiype-2 8001 2 4 7
G055 155 RN i A 4R, G2 TR 146, By, Fo FIGH)
FOUZM it RO R SR Is B s BN IR g, (220) A
fig, (1), g, (22) B, (22), e (y) i (y). 4 A
1 = ), 1y = whiNF, T X ] Rleype- 218 2 5 &
Gt 1) Je PFAR R BORIE R F LU S0 SR AT

ﬁ% 1 7F 50 X 8] (firing interval): f/(z) =
[f (@), f(a")].

f@) = pp, (1) + pg,, (25), @)
F@') = g, (2) + fg,, (25). (5)

SB2 T BBIEACEf ()R (2) 5 M 5 R

PEEEGI T+ L3¢ 15 6 B (y) P s () HEA T

oz B, P A B FOU & Sk 1% B0 U0 1) % H (rule
output).

LR pANTTAEEE, W “IF 2, is F and 25 is F
and - -- and z,, is F’p, THEN yis G”, 45\ 24 =1,

Ty = Th, -y = 2 I, FIED AN A
p
£) = 3 i 00, ©
) = 52 o). %
2.3 COFI with CRD ¥] 52 jfi(Implementation of
COFI with CRD)

Bl 145 T X [R) B type-2 500132 5 52 42 K HHCOFL
with CRDEﬂLiﬁﬁz\%ﬁﬁ#%El‘ﬁéﬁﬁfi qu', R
Hp N EE, Fo, -+ By, — NG, BRI
K H B SRR 71 (singleton fuzzification).

Wi Ny = o) N, AL o 4k 1R 4% 5 FIIFOU
HAS T X [, (1), B, (2)], 55 LR, 2, =
I, 0 T, 4b (R 9 2% 15 F, 11 FOU A1 28 1 X 11)
(g, (23), i, (23,)] AT RIS ARG T L
WS AT f ()R f (). BLEOR, N S R
SR, AR XM f (o) = [f(2), F(2))], W& T
ANHIPEEEE, Fy, - - ,FPWE#%@E‘;?Q%E. WA,
N BB AP f ()R f () 3 M S G R B E
JSE R B (y) M g () BV K ds 5 UGHFOUZ =
AT DR 58 H 0RO, B4 0 B
A R TE 3 D R FOU.

ey WU

FOU(B)

1 DX ) T2RBORIZ R 2R S8 COFT: M X ) BRI
Fig. 1 COFI for IT2 FLS: from firing level to rule output



5 8 1] A T S AR ETA LA F T 1)ty pe-2 HORIZ 48 2R 55 967
E 2 WBREFE, CORMSLitis e, 9cb b, it N335 X, BB AR BIR-& s .

AL A BERE , COFL- AR S IR MR R R

GINBHRER L. 10 H., G R B h L K28 an

NSZBRHRA R R PR IR, R COFTAE RO il 2

T BN I AGEIB 5L, BrlL, BARGERIHER VAL,

TR,

3 RAEWI KR K Y COFI(COFI with fuzzy
relationship degree)

TSR B B R, A I AN 2 AN B 45 tH WA I Ok
R, —A BRI T 2 F) H type- LEOH S0 6 &
FEREATHEBE. U R T 4 FECOFLI L fie, B XA
BRI 1) OC 28 B 5 | N B AOR HE B 7Y, 0 S50 OO0 AR
P S AT HE, RIER SCHE H A ity pe- 245K
RIS, AR b, K BAT V5 I OC & BE I COFI
e B HAT B K R E I COFL
3.1 & flitype-2BiR 42 & (Compound type-2 fuzzy

set)

EX 3 WARBIEX L type- 1RI4E, R
JE B pa (). (X C [0,1]). WGRBIY LK
DX 8] Bl type-25E 1 A, FL R« b SR & B R 093 i A
1 ()i (y). HARIBE B type-2A5 4 4 i LA

ﬁ% 1 /?\i/t\;iﬂjiX EP B/‘])J—‘T\ ZT; %%UE HGﬂ(y) %D
[ (y) UG L, 19 2 FOUIE A FOU,,, nEl2(a)
WA FTR. 7T 5 THAR, ¥ pa (o) FIBIK
TE=HEAARRZR T, WE2(b) .

HB,2 IR TFOU— MR E FE pa (), M
M43 3] — M type-2KE 4, iC N By, BIFOU,; W 1)
T— RCGR B RS T pa ().

B3 RPN A ERIX BT R
Xt R TR 1, 87— type-2 BRI 45, AT BT
FOU bHE2e fSios HAT 2 AN GRJE B, Bls /Mg 15 21
¥ty pe- 2K K1 42 H Sk 1 AFN B4 B Ity pe-2 K0 4 45,
WHhC 5, BN C. WE2()FTR.

WX (Xo = [ar, ar] C X)ERAT R E K
THE Ta0 <a < DTG EHABNES, ofkh
AHE MK, A an, Flag 20 515 AR B £ %0
type-2 BRI SECT T 1388 B o B (v) Rl s ()
V62, 43 B FOU,,. Bk tH FOU,, #f 7€ 1 X 7] 84
type-245 4 45 4 C' - P ik (primary embedded)
DX ) 2 ty pe- 214K, 04 Ba. WIEI2(c) s,

(b) xiP FIY)ET FOU, M FOU,

1) 1)
T1 & A
Tleoe
K f(_xf) 1
i L))
0 1
——— x M)
|
\
i il F _O_l{ B) 0
[ UMF
: \. — UMF
|
‘—xi— — 14(X)
LMF
0
FOU Yy

X

(a) 5B 1 b TR RO 3

1

Yy

~ \
B,, a-E PNk 1T2 B4

(©) alGax s BN CIN b F 58 B R SRS

Kl 2 & Ritype-2 B AE Gn i
Fig. 2 Diagram for compound type-2 fuzzy sets
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YoM M %30 &

a—F WK IX (8] H ty pe- 28 M R 45 45 & il Ty pe-
ISR I STRIIZ B RGeSt 17 S0 R Be vt 1 H 2,
PRI DA B8 U5 T AR AN ] PR 30 AN [w] £ ANl i
PR
3.2 H A BEW X &R B Y COFI(COFI with fuzzy

relationship degree)

FE N1 E S e 27 X ) Bty pe- 2150 4]
FRIGHIBMSRIE, r -5 K [0, 1] LI,

EX 4 WP X ) B type- 250K 12 4 5
G BIA I T E 4R, GHE TR 4R, By, B MG
FOUZM th R AR RSB eR O Bl g (1)
Mig (1), pg, () Mg (22), pa(y)Migly). *
it Ny =12, zo =i, 3T X 8] Brype- 245 5 2
B ARG 11 ) AR ORI HE L LU D BRI T

H|L WS f () = [f(2), f(2")]HELT
BOETRILE F AR
po MR Tha tRE@) The o

WaYelmallioNe
Herbp g () M, () ) B2 DX TAIE, B
g (@) = g (@), ig (@),
pg, () = [, (25), ig, (3)]-
B2 ORISR S G TS s
5, ?%?Ué\ﬁﬁtype—ﬁﬁ*ﬁﬂ%élré.
SB, 3 BUE A K a, C’F@ 1 o—TF Wik
DX ] T2 A A R Sk FI0U) (i 4, RR oG R
.
ST A p AN IE: “IF 21 is F) and 25 is
Fyand--- and zp is Fp, THEN yis G” . 4% A\ 21
T

p
;“E@;)‘ng
p
2 TRG
oz, (o ) BRI M, B
Mﬁi(fﬂi) = [l_tpi(azg),ﬂﬁi(gc;)], i=1,2,--,p.

F =

) 9

E3 D) i TN X A AT ity pe- BRI 4
(IR, T LA ST R 5 o A BRI 5% 22 L I COFIY
.

2) X IX A Rtype- 2 M IZ 4R R GEK Ui, R AIESEHERE
JiiA R BATBO R L (I COFIATI L, 1T (R X ]
JE B I BEE BRI, L, Ja & R N AT AR 5 Ja 1

SRR OC RE 5 I AN BIBDRIHERE LR, M BE G4l R 2R

HHEE L AN e TEAE L

3.3 COFI with FRD [ 5Z jfi (Implementation of
COFI with FRD)

K345 T X ] B type- 2455 11 3% 4 & 45 R
COFI with FRDIN i A\ 5 Fi R4 fras SEl #. %m
Ay = 24, R AL 5 By (1 FOU MIAS T
X [a] g, (1), g (1)) FIFE, By = o, I, A7),
Wb iy T 2k 5 F, INFOU A 28 1 IX 1) [, (x7,),
A, ()] ITTBGE BRI T X O) L. B3 o,
NS AT IIE 4 R — M type- TBERIAE F, 1%
BSOS T HAMER, Py, - F5 50
G IR R L. SRJE, ST F 5 5 1
AT & IS 5T, 13 3 4 ltype-2 M1 42.C L. T
J, B AN E MK Fa, o€ [0, 1), WA B O
[Fla—3= 4 fik X 1) Z type-2 450 #50 4E, RITAI T 4 ) 4
FOU,. 45 HEGIFOURE = MK X IR, t—55h
/Nt s, 0 T 4R G P13 (o) B 3 3 i
/RFFOU.

4 S (Simulation examples)

T2 5 2 i (MIMO)BR 5 48 W] LA
F—H 25 Bk (MISO)BCH R 4. ANk
P, D 20 SR 00\ S5 H 1 DX TR) 78 by pe- 2 A5 1)
WA RS, NI B E0 X R B type-2 15k
A B XSS, MSFILS S IR JevbE /N
i, K SG, MGHRILGA: 3o g /b b ok
V'S, 8, M, LIV L5y ) 2% 7% ¥ 4 IR 1] 48 46« <
i, Ky AR M(8) Fe 7R MK S R B R B0 + 3 miE
4.1 3E£#1: EF CRD [ COFI(Example 1: COFI

with CRD)

A SEKECOFI with CRDW ] 2R 1 3ok
MBI R AL v v o, 575 TR 15 210
2 N (PR NSRS R R e RSB R 3 L A, AR
B COFIf{IRFE.

BRI RN IR KR
e Vb A A R AT O A AR A
P 5L EE R I IR T, DRT bk 128 i N B o e o
FSCRUET N PR HA (1 4544

BN AR R O R 5
TR A TR 1) DN TR, A 2 N A R A 1R AL
(normalized) [0, 100]. s Ayt A2 F (1) 55 e pRi 2
nEl4fs.
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MRS TR S EAR AR L] DR Rty pe-2 BRI R 40

969

B

0.0

THT IS

BUERSE: F

Up (%)

—-=1

ug(@)

_____________________________________

J(x) i

L T\ FOU(C,z)

! I L s
VP VA §

i 0 >/ i

i o YR TT2 AoRi4E i

3 HATHIIOC R L MICOFL: BT ASRASE 2L 4
Fig. 3 COFI with FRD: form firing fuzzy set to rule output

RIEEE
RIEEE

50 100 0'00 50 100
t/s t/s
(a) JePbHh (b) HNET

Pl 4 i N\ AR PRSI R A

Fig. 4 Membership functions of input and output variables

(c) IJTa]H
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5 M 30 %

BRI BOR 7 2 (MU SR R 1 5 A7),
F, (D~(9)FRZRIFHIRI KI5

A1 ARSI &

Table 1 Fuzzy control rules

SG MG LG

SS VS(1)
MG  5(2)
LS  M(3) L(6)
BOWIHERE o8 T LoA, Kb e 15, ik
Ve Vb B AET4, 20F115(C588 K 7 B /N2 TR AR Ak
2’y T4, 20, 15, o HULSH, %5 8 1 32 55 s B
53 W 52T (74) =[0.3,0.4], J17(20) = [0.2,0.6],
Ji7(15) = [0.1,0.3)f1.J75(15) = [0.2,0.5]. & 1,
' =74, y = 15805 (5)—~(6)(8)—~(9)4 5 i M. 2’ =20,
y'= 152" = 15, /= 158 i 53 ~ha5c B W(4)-
(5)T)~(8). PR T i, [ LA AL S5 4 FEE 8 4%
FUMEEAT LEE. TR A Jg st ik 8] 7D 55 e 85
Sl A20.3110.8. BOR 4 B 1) 45 IR R gh e R 24,
i IR R OGRS R HERE 25 L B g R
5-8+.

M(4)  L(7)
M) L(8)

VL(9)

&2 HJ5(74) = [0.3,0.4] T ey pbdn st R
Table 2 Comparisons whenJ3;(74) = [0.3,0.4]

I/ NERE TR HERE COFI CRD
PEIX A [0.2,0.4] [0.06,0.2] [0.23,0.47]
U [0.2,0.4] « M [0.06,0.2] x M [0.23,0.47] x M
I/ MERE COFI with CRD
1.0 T 1.00
0.8 0.80
. < o5t 0.53
PR =
0.2 0.20

HT A(x) x B(x) N A(x) A B(2) (R A5
RORFARMBUINM—EHD), LA, R COFIL T-H
HERE, W SR TSR RAMERE . X LK “O055” 4R
) S ASRA $E BT 75 () fired-rule T AR R /N, THIR ik
Rt SR 4 2 40 2 380 00 ) e PR AN A R B
% . DIHER2-4W A 5] H AR HE R I fired-rule /s &
.

A 2R I, e vb B Kl iR I, B
B U AT R i g B — P (0.2, 0.4] % M)
AR IR S8 SR AT S g b5 R I ) £ 52 i)
([0.06,0.2] N J7(15) = @); COFIU[FIN %518 T e

VAT G RPN 22([0.23, 0.47) % M), I LTS
FOU ) [ AL CBE JE 38 43, B IR — 35 K(ZE A Wil
FOU M A3 751 49 7.35F117.38).

&3 H.J75(20) = [0.2,0.6]8 69 pudr g R
Table 3 Comparisons when.J3;<(20) = [0.2, 0.6]

il AR HERE COFI CRD
WIEXIA] [0.2,0.5] [0.04,0.3] [0.2,0.53]
AT [0.2,0.5) % M [0.04,0.3] x M [0.2,0.53] M
T/ MR COFI with CRD
1.0 ! 1.00
0.8 ? 0.80
sam X O 8 30
0.2 0.20

IR, MRy HEIRNET, ORI A HEER 1)
S5 AR, 24 et i e YE s COFIIIAMY
SEA T EE T PPN #([0.2,0.5] € [0.2,0.53)), 1M H.
W RS T R IR 22([0.04, 0.3] N [0.2,0.53] #
@), JF HFOUTH AR B F K.

k4 HJ5o(15) = [0.1,0.3] By pbsa st R
Table 4 Comparisons whenJ3;(15) = [0.1,0.3]

Qe TR HfERE COFI CRD

BoEX A [0.1,0.3] [0.02,0.15] [0.17,0.45]
FUUEH [0.1,0.3] % M [0.02,0.15] « M [0.17,0.45] x M

COFI with CRD
1.00 T T
0.80

0.45 -

u(t)

e

RASHL, 3 g =55 TV Vb 2=, UM R
HEBE R 25 A the Vb — e, 1X 5 SRR AT,
COFUJy et 1 Py R 25, I HFOU [f AR B f 4
K, KT T AT HERD BRI )
XA PR (PRSI TR R AH PR S .

DA 2—43R B, BN R RRUBOR HE 45 31 1) 9%
TEFUAT AN i S — AN aT SR v e, i 2 T 3
AT, X BRJG AR S R Z [Alf—
efE B RS T MR R ey, roB L I COFIHE
FEIYIFOU K TRIRR, S H ERC/ ISR 438 T 75 14 T AR
5.20. K625 H T MY b = A AR &= AR L I COFIfY)



% 8 A

EFME: e St EAEMIEIEE: AT XA type- 2418 H 2 % 971

HERLGE R RTRIRSLS HY T S84 HIL I (1) A I3+ 34
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Table 5 Fuzzy inference results when the
relationship degrees r1, ro change
within [0, 1]

01 02 03 04 05 06 0.7 08 09 1

0.1 821 795 79 7.84 7.817.78 7.747.71 6.88 6.84
0.2 844 841 837 8.35 8.28 8.23 8.16 8.09 7.87 7.64
0.3 921 9.18 9.06 9.02 8.78 8.74 8.64 8.61 8.58 8.46
04 933 93 928 9.24 9.17 8.85 8.76 8.68 8.62 8.58
0.5 938 935 9.3 9.27 9.22 9.17 9.13 9.06 9.01 8.76
0.6 9.42 938 935 93 9.26 9.23 9.12 9.08 9.02 8.54
0.7 9.47 9.44 938 933 9.3 9.27 9.24 9.19 9.05 9.02
0.8 953 948 943 9.41 9.37 9.34 9.27 9.22 9.18 9.14
0.9 10.14 10.11 10.07 9.86 9.75 9.68 9.62 9.51 9.47 9.36
1 10.2 10.13 10.07 10.02 9.85 9.76 9.73 9.69 9.64 9.55
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Table 6 Fuzzy inference results when the sediment

and grease take different values

' 52 54 56 58 60 62 64 66 68 70
y 5 10 15 20 25 30 35 40 45 50
COIF 8.14 9.79 12.4 11.5 10.4 9.62 8.92 7.66 6.04 6.64
Min 3.49 4.28 6.36 2.51 2.65 3.29 3.74 2.04 4.01 5.5

' 72 74 76 78 80 82 84 86 88 90
y 55 60 65 70 75 80 85 90 95 100
COFI 9.52 9.36 7.47 7.58 8.81 8.77 7.85 7.51 6.33 4.06
Min 4.87 5.62 6.33 7.26 8.07 6.24 3.68 6.39 4.62 2.77
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Table 7 Fuzzy inference results when the
relationship degrees 1, ro change
within [0, 1]

01 02 03 04 05 06 07 08 09 1

0.1 8.52 8.48 8.43 8.4 8.37 6.75 6.64 6.58 6.42 6.36
0.2 8.71 8.65 8.62 8.58 8.49 8.33 7.87 7.62 7.58 6.64
0.3 89 886 8.74 853 8.5 8.48 8.44 8.31 8.24 7.82
0.4 9.06 9.02 8.87 8.81 8.76 8.66 8.58 8.41 8.37 7.93
0.5 9.32 9.26 9.19 9.13 9.08 9.02 8.68 8.78 8.63 8.34
0.6 9.48 9.41 9.38 9.3 9.27 9.19 9.13 9.05 8.92 8.75
0.7 9.61 9.59 9.54 9.47 9.41 9.34 9.29 9.24 9.16 8.82
0.8 9.8 9.76 9.71 9.69 9.64 9.57 9.52 9.47 9.43 9.37
0.9 9.86 9.82 9.77 9.72 9.69 9.61 9.59 9.56 9.54 9.43
1 9.93 9.87 9.81 9.79 9.74 9.68 9.66 9.61 9.57 9.52
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Table 8 Fuzzy inference results when the sediment

and grease change take different values

y'= 30 32 34 36 38 40 42 44 46 48
COFI 7.68 7.62 7.59 7.55 7.46 7.43 7.39 7.35 7.28 7.13
Min 4.86 4.82 4.76 4.72 4.69 4.66 4.57 4.53 4.17 3.98

yy= 50 52 54 56 58 60 62 64 66 68
COFI 6.35 6.31 6.27 6.24 6.18 5.8 5.74 5.71 5.66 5.62
Min 3.46 3.41 3.37 3.32 3.29 3.25 3.2 3.18 3.13 2.82

2= 70 71.5 73 745 76 715 79 80.5 82 835
COFI 6.42 6.38 6.34 6.48 6.43 6.39 6.33 6.27 6.23 6.21
Min 6.36 6.33 5.85 5.81 5.76 5.73 5.64 5.58 5.53 5.46

2= 85 865 88 89.5 91 92.5 94 955 97 985
COFI 8.83 8.78 8.73 8.67 8.54 8.47 8.38 8.32 8.26 8.14
Min 6.43 6.41 6.37 6.33 6.29 6.23 6.17 5.58 5.52 5.46

E A T ERBNEML. b FIRBORHERE ] 4, MR
5 | (g4 R AR 58 4 OB T COFLS JLARAORAFRERE A X 5. %
HRASE R A B () SR HE S 5 I AR, A R R A R T L
KA R B 7%, 1A TR (1 B A AT I 4, PRk e 22
SRR R R WL COFLS FAM BRI AR 22 57 Ut
AR 2 BRI AL 40 O T PR B FINE ik i B AA T iR 1
WK [17-19].

4.2 sz412: B FRD ] COFI(Example 2: COFI
with FRD)

% SE A B — A il % 1 451 - 2K 3 7RCOFI with
FRD[PSEILIE . BN R 30E: 1) aq fllog h 348
1 2) X [A] Reype- 245081 38 48 7 42 16 514 L)
NRY:AF 2y is F! and 2o is F, THEN y is G 3
FL, FESRGHFOU B4R R, 3) FIX G LG
(RVARRY] OC 28 52 73 ol iy R, HC SR ek Bt 2X(10)
TR 4) 75 545 8 I ZI D075 1 A B A 208015, /Y
x) = 20, xy=15, I X i 3 5 s B2 23 i
[0.2,0.5]10.3,0.7], EIJ(20) = [0.2 0.5], J(15) =
0.3 0.7].

5
-x, 0<z2<0.8,
/M«l(ZC) =44
—5x+5, 0.8z <1,
10 (10)
gﬂj, 0 <z < 03,
firy () = 10 10

TR BEERE B Rlro 18 350, 1) 25 HE
. X BB B HUCR0,0.1,0.2, - -+, 0.9, 1.0, BIXT A
1A~ e i (cut)

o; =0.1x1i,i=0,1,---,10. (11)
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Table 9 Intervals correspong to « cuts

«@ F; «@ F;

0 [0.2000, 0.7000] || 0.6 [0.2170, 0.6094]
0.1 [0.2030, 0.6842] || 0.7 [0.2196, 0.5953]
0.2 [0.2059, 0.6686] || 0.8 [0.2222, 0.5815]
0.3 [0.2087, 0.6534] || 0.9 [0.2248, 0.5679]
0.4 [0.2115, 0.6385] 1 [0.2273, 0.5545]
0.5 [0.2143, 0.6238]

I, SR 2640l Ak B E BOIEE P IV SR8
FERECh
36.637 — 7.33, 0.2 <z < 0.2273,
pp(z) =141, 0.2273 < = < 0.5545,
—6.87z + 4.81, 0.5545 < z < 0.7.
(12)
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Fig. 5 Graphic of membership fucntion of the firing fuzzy set

EHMMN Y WA EMAK o =1, it
(103X, = X; = [0.2273 0.5545](ALIES). M
52 X3, TR ity pe-2BEHISE C o L1 HRIX
) M type- 2850k 4E. Hom = - Wl 6.

f & é(x)

FOU(Cye)

1= AR TT2 BEBI 4R
Bl 6 R AR R HE 1 LRI T2 AR S
Fig. 6 Rule oupt and its 1-primary embedded IT2 fuzzy set

begi R RS 9hl1, BT A(x) « B(x)k
/N A(x) A B(z), BT LA, W LCOFI with FRDAL

TN BRI A EE, A 0 SR A T R BUHE B COFI
with FRD 55 B/ NSO HE PR F 4 SR (R X TR /3
R BRI 55 SIAER 107,

& 10 B4 FRD#)COFI% B #3622 64
PRE R
Table 10 Comparison between minimum fuzzy
inference and COFI with FRD

I R FRI Ay
N [0.2,0.5] [0.2,0.5]xG"
COFI  [0.2273,0.5545]  [0.2273,0.5545]%G"

up(t)

o ery s Wil

#1018, HCOFI with FRD75 31| /Ry 30 K0 001 ()
FOUTHIF Lb i EX /ISR A3 21 (1) K. SX Ui W A&
LU Ji5 7 BE Rl SR 2RI b B8 22 KA e A S i
[Kl /& COFI with FRDAMY 5 & T JU0 b (1) B i 2
R, 1T HR AT o AR 2 TR BT ASOR O¢ R Al 5|
B TR RR. 40 S8 AN 2 PEAK P a s
T1, Wa=0.9, 0.8, 0.78HAh(E, HCOFI with FRD
75 3] {1 3% R0 0] (FOUTHI AR 4x 55 K. K] 1, COFI
with FRDAE AR I8 45 R 40 (10 #2458 K0 A h
J5, PRA 1A U3 T AR AN ] 149 22 SR 1 e AN R R A
e MK o
5 %58 (Conclusions)

)2 1) AT ELIBE 2R L AH TS0 RSB U]
AT AT R — AN JE AR A A AN R A O
PE. BT CAZEBORIHEEE 0 AN FE X AR D, )
ZHL T AEARSTRUD R I 11— e B & TR AE e
DU, XS FEZHE R G ARG A
A G5 N 1 O0AS #i b 45 Fity pe-2 154
SEMINERS. 5T 0k, 3 H X (A B ty pe- 255 22 45
FRGEITH ) )5 A 4 B BOR HEER L, BPCOFI with
CRDFICOFI with FRD. 31X Ff HL il G4 B 00 H iy 14
5 G R Z AR OGRS BN B, A
PR HLALS T R rh s 2 AN e A R SR
I, COFIZR W, BRIZ 5 R gev] AAE pT 4 5 5 1
AEAH L OCHRIIAES R B THIFSY. IF H., type-2B0Ri4E
G M JLAH S MR &, W 5T (centriod) B 2B (type re-
duction)~ AHBL B 5 A #ff 52 P DU & (similarities and
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