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Recent Development of Fuzzy Logic

Based on Semi-Tensor Product
SUN Changle, LI Haitao

(School of Mathematics and Statisticss Shandong Normal University, Jinan 250358, China)

Abstract Fuzzy logic is a revolutionary method for modeling and control of uncertain complex process,
which has been widely used in the field of system modeling and control. Fuzzy logic expressions can be con-
verted to algebraic expressions by using semi-tensor product of matrices, and the classical control theory
and method of algebraic systems can be used for the further study of fuzzy logic system. This paper firstly
introduces the research progress of fuzzy logic based on semi-tensor product of matrices, such as fuzzy re-
lation matrices, fuzzy relation equations, fuzzy relation inequalities, and hierarchical fuzzy system. Then,
the applications of fuzzy control theory based on semi-tensor product framework is introduced. Finally, the
research prospect of fuzzy logic based on semi-tensor product of matrices is given.

Key words semi-tensor product of matrices; fuzzy logic; fuzzy relation; hierarchical fuzzy system

0 5%

OIS 8P 8 % 5 LA R 956 0 R A AR 5 B2 A AR 5 R 2 L 230 A R
B FER O AL L ] Zadeh T 1988 4F R BORLZ AR K )L 20 = 2 A8 0 B 5 2 R L BEH 2
HEE 285 T VP2 2 B0 0 CR Tk 2 U B TR S BLI 4 B R 5 i
IE BRI

Y75 B 89 :2021-04-12
ELWB:HEHARBEEETH (62073202) ;%8 1% H 7 4 LRI H (tsqn201909076) %% B
BIRAESE WY DU L B0 AR S 0W L W5 5 I FRAE ) A& R 5L, E-mail : haitaoli09 @ gmail.com,



10 LIe7 AV NI S S | JQEREZNR S N D)

ARHHT Hf S M 12 5 R G e D R 3, — AT 23 S I - Mamdani KLU 4f S0 T-S AR A B
BRI 3 0] 53 R W4 5 458 R 43 Mamdani A0S T-S O] #E 38 A7 42 5 23 48 [7) {02 Mamdani #30]
P FRAE 2510 TR 43 Hh O RSO 4R LT T-S AR HE R AE 2538 3 4 i th D Z ek . Mamdani 00U 4 2 R A
B B4 RERE T L T T-S BRI HE BE — i 5 U0 A6 S0k R 5 B S B i T BE T . AR B A e R AN ) K
NZE A 5 RO £ B Ik R 5 A PR T R e R EAT 207 R BT R W ST . I g AL R AR e M g
Rk SR R GG & BRI U AT Bt e R B — i m2E T BB Ty . BRI A 22 0 2%l
PR = T RE I S RS R RE IS G T AR AL B R R . SRR R R 2
AR HE R 1 28 G0 b RO AN 2R 208, U2 2 0 MR AN DU 50 AT A RORYS # B 7

FEOR A P AR o b ASOR] 22 A A P AR, BUAT AR BRI 2 4R R S B E TN IE D Z D BE I R G
WFFE I AR A U5 2 — A M B8 T DIORREE ., I ARk, R AR 208 S FL AT BN i i e~ ok AU
G Y 308 o e SR AR 5 11 B T 3 R R AR 35 R R B A M B0 R e 2 K e AR RBP4 A
N AEOE A, T R A 7RI HE B R . R R X T B 2 R S RO 5 R A 2 A 2 LR R 4
5 2 TR A A0 O AR S AT A ) R AT 0 i B 22 AROR 4 ) e 0 20 ] B e T L AR 22 R BTG R B A B
R 2 1 i 9 T 3 S0 AN PRI T e T R~ BN R A SRS ¢ o) % B T 1 O i e b 6 R AR Bt T A
FERYBFFTHEAL . 35 AR P o 5 BUR ORI Z B8 1) B8 A0 D BRI O 23 2R I L 78 FLE B2 3 BLE P L A
AR AR N 2 I A O AR R I 2 52 B A R0 BIR A L AR A EE AT R 3 A s . (EUR) T S A AR
FRE L ASOR DG 78 0 I S A0 T 2 00 B T o TR ASOR i 3 o R e A S ARBOE X A B AR I A AR I R ]
LA SE O TRT 2 0 T 5 MMM 52 i R0 . R T O o K e AR S A RO 2R ST S IS 1 R B BRI A HLE
IO FH T S B 2R e A5 ) o A 438 DU BT 42 ) AR e g T R SR AL B s P R TR AR

Bl s BB 9 SR L B R S ST U T R R I R T AR 2 T ) AL 4 S A
PRV Bl AT A IR 2 00 5 2 A R G R R B B A A T AR AR AR SR A S 2k ok i AR
ZE XA E S BB AL RS T — DB RGEMLEIR T L IR, A R T AR R ok B AUE LR
R R R 28 G BT 5 0E R A 5 AR RN RS L AR SO TR X B 1 2 5 R AR B S B BRI AR 5t K IR T S R AT 25 MR
IR I 4 M R e B AR RS DO B AR ST ISR

1 Bes sk
L1 fF5Wdr
(DM, m X n BrSLmlEmmmEs.
(2) Dy {00 e 1k = 2 BB D K X BV MR A R o

JLE a,; € D,

(3) &) MEAEMEL, M5 i 5, A, = {000 =1,.s) .

W L=1[6, 8101, L €M,., FRL AEBEIHEME EICHL=0,0i1ir i, ] o Lo, HmXn Bt
R AR A

(5) % asB €D, sa GRMMRMa 458 X Ha+sf=C0 V),V HWEZEETF, FH,

ZBO‘L =a, tpa, +p* Fpa, .
i=1

(6) éﬁﬁﬁéa a,B - Dk s Q 5,8 H"J%E;T\%a ><15‘8 a/ﬁi}(y‘]a X[;B:(a A ﬁ) s A %J“%m”igiﬁ%:¥o

(D HEWEA =(ay) € DI B=(b;) € D" i A 5B BAi/RBINA XB XN A XB:
:C:(C,‘]) e D}leq 9;H\:EF' Ci.j :Ea,‘k ><Bb}ej si :17"'9m;j :17"'7(1 °

1.2 HiFfk gk bt
HFE A B G @ BRI A A BSOS T B R AT R R ke B 3 R B AL R



%1 MR L 45 ¢ 4 TR G o R BB I 2 B ok 5 11

TR A LB B A A B 0 0 R ) ] R T 0 6 A L P

BOERIFEA € M, o B € M, JilEA 5B HCFHRERA KB &L

AXB=AXI1,)BRI,,) .

St ¢ —lom G p) 9 (nsp )y OGN AREC A6 0o LR 45 50 DL B DA MR B e S LB 9
RS O,

S B BT LIS 5T T 1 4D 5 R B (OB LB — T P D 198 T3
9 B

1 1

FE SUIR A (EL 22 878 1 S8 1 1) i R B L D3={1,?o} ,E¢1~a;,?~6§,o~620 &P, €

Ay G=1, ) H—HIRGEZH LR, 558 n TTEBEEL S (oo, TR ME— /Y32 58 5 BF (75
f(xysx,) =M, xi21x; ,
KM, € Lok =) ko M, BB R f SRR
T T A ) ok U IR S (L R A RO AR LA e B A
BEZBHLE 2, € N s a2, € 0 s a3 € A EEEE f(21vxssx) =20 A xe Voo JJHER
f(xisx2.x3)=x1 N2y V 23
=M,(x: N x:)x;
=MM x ,x,x,
=M xx:,25,
KNP EREZHE THEERRIEAM, =06.[12 2 2] TEBRE FRFEFERSEAM, =0,[1112].44
HMEM,=6,[11121212],

2 BRI T AR B T i

FRERH) F PR O] 45 1) 3R G v e o B AR I O 2% I — R 4, B XSO 4 B AT B I T I BRI
o Bl R AR SR A L B 5K e BB S, O 5 L BAIRAS T — S SRR I R S R A R A S — A
W56 R AR T — OB vk . R R B e ke R AR VR T DR RROR 4 B 2 R 5 Ak o ARBOE S A3 BOR
PR PR FE A T S MR
2.1y ol )i

B4 ) R 58— B o3 R ABORT 1k 0 TR BRI 4 2 L A SR Ak O S A, H e LR T ABTR R T SR A ASERA 42 11
T RBTRIHE S A% O ER 400 RO HE B AE AL R G AN M B L S E A T A B RAR L. B
R — 8 AT 232 Mamdani S S T-S ABORIHE 3, BOMA AL K380k TF X is ATHEN Y is B 7, K
H, Mamdani B0 4f 328 A B R RO 420500 T-S IS HE R B H AR B X MG 2 Wil

AT TR AR N R — A R B AR M A AR L 45 P AR B R R, R R AT
EAEMTHEABSC,HPA=1/14+0.5/2,B=0.1/1+1/2,C=0.2/1+1/1 BEMFN.“IF X, is A
AND X, is By THENY is C 7, ©H1I A =0.8/140.1/2, B =0.5/1-+0.2/2, U H C (601 HE 5058 7 4an

‘F
(D KEUEFED  Hh d,, =pua(z ) A pp(ay)

0.11
D = o
0.1 0.5

(2) RUUBOM ¢ R JERE Mg

0.1 0.1 0.1

1 0.2 0.1
My = X [0.20.1]= .

0.1 0.1 0.1

0.5 0.2 0.1



12 LIe7 AV NI S S | JQEREZNR S N D)

(3) KB C
0.1 0.1
¢ =xM; =[0.50.201 0172 |=r0.2 0.17.
0.1 0.1
0.2 0.1
I b AR S o B DG R R R A AT AR A B LA 0T L SR R AR MR AT RO A BRI R s
i A A SR <2 I SR B R A S AR G R B RT DA AL R B 2 T Ak R AR BRI B R
PEARE . 2 r=3 B WP TR (D) (2 AN AR OC ZR 0 [ 722 Sy o A [, JT I 1 A5RS04
PR PR A A B TR . BRSO 45 ) AR 8 HLAA BT BRL, S B o 4 o AR B 9 A O AR TE & O T A 3
Tz 0 DRI 2 i A O 2R B SR O R R R 5 A — A LA A R SO R,
2.2 BERIEE W F S o 0 g
FE TR sk B R U7 Tk, SCHRL75-77 TR AR 41 B ook 2 5 Ak A W ¢ R A PR AT R Bis B/ . A Z R 48
iy N8 AR BRI o RIS G 28 0 [ AN 52 2R 5000 B 1, B0 41 B T8 A T SR e P R
HE T B2 ok B FRULS BRI OC R AN PRS2 E RO BRRD . Dy 1 G R M 3 PR A L A R B &R
i RTRRI 6 RIIE AT A . BEMAZR X= {x,, oz, ) Y= {y, oy, ) AR Z= {2, .2} .
B (g (isy sz i =1 smsj =1, onsk =1} ¥ 1, (ksr) X1, Gojs5m,n) TFHITHES ,
M 48] 3 2R 50 1A R O 3R 4 o
pr(x sy sz ) pur (T sy, sz ) pur (X, sy, 521)

pur (s yisz ) pur (T sy, s2s) k(T sy, 925)
MR(zxxw -

ptr (1 syisz, ) pur (X sy, sz, ) ur (X, sy, 52,)
Gl T BRI 4R ] R G0 25 R AE [ TR L T R R i R v BRI OC R R A R AR I o A A A 3
it B AR Ry A R AR A T A A B BRI T SO o e B Y A AR

BHRAMN
(momee ) somesmse )

ﬂ{ HeRIf ]—{ Bomm H SRR ]!’w—»

P 1 BRI ) AR 4% b HE I
R T A B, T TED ] 081 Ok 150 R T O B 2 i i BRI AR P R
HEPE AR EE R RS REMALRE A B WA 7MW T4 {NB,NM,NS.Z0.,PS,
PM,PB}. #2485 U AT 13 MR 74 (NVB,NB,NMB,NMS,NS,NVS,Z20,PVS,PS,PMS,PMB,
PB.PVB}, HEBME AV, =[000.750.25000]" .V, =[00000.250.75 0" BRI H W a0 L 1 fr
7N COREEM R Ve .

R1 REEMANE

A\U\B NB NM NS 40 PS PM PB
NB —1.0 —0.8 —0.6 —0.4 —0.2 —0.1 0
NM —0.8 —0.6 —0.4 —0.2 —0.1 0 0.1
NS —0.6 —0.4 —0.2 —0.3 0 0.1 0.2
Z0 —0.4 —0.2 —0.1 0 0.1 0.2 0.4
PS —0.2 —0.1 0 0.1 0.2 0.4 0.6
PM —0.1 0 0.1 0.2 0.4 0.6 0.8

PB 0 0.1 0.2 0.4 0.6 0.8 1.0




%1 MR 45 ¢ 4 TR P o R AU I 2 B ok o 13

A o A R 2 T I R A ) RROR G R [
Mp=08,[123456723456783456789456789
1056789101167891011 127891011 1213],

R AR Vy =Mr xV,xV, =[0000000.250.750.2500 0 0]",

F TR AHL DU R T SR AG AR 3G Z2 B L AR T AE S B o FH e R e, A OROR 4 ) R G J0 L L 46 B
RN 2R, U A N 1 2R G0 R SO L ot P AR DG R R P SR i At 2 AT TRIHE . Sk, SCHR 78 J7E SR R PR AL
T 2RO ff S I R T SN 3 1 A U0 1 B v ) P 0 e B Xk 2 B AT A AL, T () 2 R UM OC 2R B 5 2
3 G0 AR AU AR 0T L 1) SR D BE S B0 B I, T I SR T P B VR R RO G R R R AT SR ALk =
i A B DR P R R B8 P AL A SR 5% AR R SR Al g R A

(1) 8E MR AT & —Hi A B L BIR (o0 vxo vzs oy T HEFEATROMI AL L SR A H i) & R s B
KV, (2 )IV,, ()., (25)V, (y)

(2) 55 i AEAE T AR S RIEFEM, =V, (y ) X(V,, (2 ,,) XV, (2,,) XV, (x5, D",

(3) FYMIBRI LRI M, ~U M, |

SCHRL79 88 7 5 T O] 5 2 0 B 19 22 i A 22 i 13 B0 28 496 0% 3 G0 7 vk, WBE BUE] T i HE 42
T BB 2R G5 RE NS LA IT T ARG I A8 3 AR 4R M R B, O o O B UE T A s . BRI R G Hb g o R0 52 A%
Ak, AR O 2R R IV 2 M — 0 2 1 SR R ) Sl 52 % o L BRI DG R AR A 2. SCHRE80 JEF X SR Fifi #1147 & , ks
MRS [ S0 OC RIERE AR ZE &, 32 1 1 B HUASOR 2 1 4% 00 B0t J7 5, 08 0 0] 52 25 i, BE HILAOR] 458
il 8 2 ME— T R B

R 9728 Uk ok ERE R R T

3.1 i sl i
BB 28 20 v s o) R 2 Bt 2R 0 e A A A S B B R RO I ) L B 48 E ORI R SR e
NS REAAE R o RO T IR 2RO BN o 55 5 AR R p A OB BCRAS Ry 0t SR
T B R AR S AR ASCIOME” o AR AL D) Kk 1 222 B SR 2 1 4% BT A ME L 5 A HE B RO S AR . O Ak B
R 28 0 AERCIOME” TR L, SCHRLS 1 4R 1 1 70 )2 A0 2 48 it SELAEL L RIVEE S MO 2R 58 th 2 S IR AERCHY 1 R e
JOC o A SR AN 0 ) 50 2 i A i A A A A 8 o S B A AR L T R MRS RY 2R St 4 S A
U SRR RE T Z AR RS AR LR AR 2 T AR
O3 JE R4 ) AR G Bt Rl B P HR D Z B e B9 AR L U 45 4 LT B AT e Ay S S DU e B A
55 ME AT 0 SCHRLO3 T4 M — i i) e S D) 2 7 58 Bk T I 28 50 A L 0 A 23 J23 2% e ) RS R U
WhSR T R RGBT I AT R REE . 0 SRS A ] AR G 1) A8 I A R AL BRI A I R 4 A e AR
X FNGEW BT RTIEIRRR , SCHRLO4 T4 1 — ol T 56 B 0 e PR 91 B AR B0 J2 MM 2% 48 o B 3R 1k 8 X T
T AL 3 D A RGE G T R RN TS S R A T 2 RGO s B
3.2 Gy IR BRI & G e B F 0 3k i
TR R Ak R AL 0 RO R GO SIS T BORIERE . SCHERL95 18 M T B o ok FROT A B9
SRRSO RGeS Ty s A AR T RO AR G (N R I ol i BURBOHE 22 , 6 T IR 5 (B 2 4 R 8000 2 ok i B
il 5 18 BEAR T b R B A BE AR R R RGBT EE
ORJZREM AR G AT o3 H I IR SR A 2O R G IR S SR AR e D A RS I 2 M) A
GR A NI LR Az AT G R IBCZ YR R 052 907 36 B AT M i TR 5 2 R BT R 4
BRI JE A 2 e AR s 2
y :an—\ Yn—2T n
=M _M;, ,y,—2,~1x,
— e eee (1)
=M, _M,_, M, M, x,x,x,,1,

=XIZIMy, X,



14 LIe7 AV NI S S | JQEREZNR S N D)

FEIR A3 )2 B 2R 48 AR A T 2 n
N :Mf,yi—l,ly;—u

=M M _ yi2aY—2 M, yiosyi—u (2)

=M, M, s My x oM ygaax s s My 5o s M ey @ ones @ oxes My @ one oy s
Hor My, OB 0 BER RS m A2 B T 45 R R
HE TR (B2 B0 ok B0 R G~ sl Bt B O 0k 8 IR 28 408 B4 8 A R 9 T LA Ak Sl TR R K L5 I
JEREM ARG DT RGER LA [ AR R R G T ARG A AR [ . TR 2 K AR A 19
J7 U5 R O PR A B A O ARBOE 30 AR A5 BT e T & B LR R AR R ER T R ST R A
T E AN TS 50T EA R B R AR T 0 B H R R R R,

4 BURIC &R Jr B BRI OC & A S AW S g

4.1 P ol i
B G 22 7 B 5 00 ¢ R AN 45 200 B R A (] R BRI JE 5RO R SR EE MY —. BT HE
TR 5 O S BE 9% IR — R A P i g R
W C R TR R Bl 2 B A ERHIE A € FWUXW) .BE FWUXV) ,F# 41X € F(W X
V) i
A X =B, (3)
SCHRLO8JHE ) 1 —Fh B 5C 2 R Gt 09 R S 51 0E X 28 90 MM B0 0 sl A ASEA0 B R A7 2R 2 g o i
AR A I AR AR A L 4 PR BB R AR T ROR DG R AETT RS . SCHERC99 48 1 L T O i R A5 B S
BRI SRt e iz B e A L SCRRL 100 T3 2o s 00 000 5 S Hll B 0 4% A o I ol 449 S v D) A % 0 4l B i B
25 M TSR AR DG R R SR L 1RT SR 2 i R R AT SR A ST AR
B R RAFEAX T BT RN
s<<Aox<t, (4)
K s =[s10500550 05, 1WA =C(ay) € [0,1]"" sa =[x sxosxssrsa, ) st =11 stostysst, "
SCHR101 158 ST RO ¢ R A S5 AR L T A T B OC RO 45 2OR M 2 IR 45 1 2 BR T 2 B G R
A5 B AR R B A2 AN G, Gk 102 1%k — Bk AT Ak T A T BRI D R AR
KR 5 /MG Z RN 5 2R P20 T BB 56 2 A 45 =X 29 30 A0 £ Ak In) 380 0 0 i ik . SCHRC103 135 18 T BOH
KRG /N e —PE Gl e OCHESE OCHER GG I T SRRSO OC R A 5 U 3k
4.2 BURIG 2 7 B I E o8 0 g
BE T B ke i BT I O O R T R SR g [ R TT A A SR AREIO B SR A Il L, SCHERC104, 105 148 41 T i
R — fe /IR OG5 7 B 0 S 808 S UE W] O R BT A I AR T DL S B R A R4 1 TR R . i E
BHEE={ | i=1,r;0=6, <& <+ <& =1} ABHE HE X TR . (1) =max{§ €
Blé <zl (o) =min{é, € BE| & = o) REAITE . TG L — 015K BLI AR A 85 0%

75 E W R R
{I A y=0.32, )
(—x) V y=0.68,
() W2 E T REWEAFES 2= (0, 0.32, 0.68, 1}
(2) WS BT EB L EERX 1 ~8), 0.68 ~8%, 0.32~8),0~861.
(3) & TRk Oy vk DR O BB M AR BOE
(6)

M# Xx Xy :5j ’
{Mf, (M, Xx) Xy =8},
LW —L5 R



%1 MR 45 ¢ 4 TR P o R AU I 2 B ok o 15

G,z =67,
X r=rxy.G,=M'=86,[1234223433344444],G,=M\xM},=8,[1234123312221
1117, WX 43 Le =0 AP L=G, G, =86 ,[16111656 11159101014 131313137 .5
=0ix8i =01 .
(4 MF Coly (L) =Col (L) =b , A ISR R R T REWMEN =0 =818, =, =815 L I
=06}, (x, =601,
{y1 =01, {y =61,
FH 1) 42 T8 5% A BRI E
1 =0.32,
{0.32<y < 0.68,
SCHRCL06 THIF 9 T B0 2 22 7 B — M 0 e 1) AP0 £ RO 285 K 3 10 T SR A 76 1 90 o0 b B2 2% R L O 3 T I
ook B TR I A L . BRIR e E T AT SEUE B OB E S T R RINT i

At FE TR S HL UK 12 48 75 8 A A A AR BOR 5 I;E;:w:m] A=< JURL E; SRS A S5 4G

2= Gy ) IR B BN B A L O Ak R ORI A L OR A LR TR OC R 5 R — M S R D R A AL SCHER
[107 3 F Zadeh ¥ & B K Type-1 B R 4E) 3] Type-2 BIMI SR, #7 T Type-2 BB LR,
W5 5085 Type-2 FER 3¢ 5 7 B2 1 A 40 17 Sk 5 0 [ RV UR G 9 79 6608 40, 1) 5 A T 2 08 6 2 00 I 0 A7 oK Mg 1)
FH R/ INSER 3% 48 %5 U TG B AT 2K A
4.3 BER G2 A 5 e B WF 7S A g
TR Pl sk i B E , SCHR[ 108,109 1 SUAH E S HUEE , IR UE B T RO OC 3 A 45 XA 4 /DN Al 1 il —
PER I TSRO O R A G2 F . TS — TR A AL
[0.1} [0.1 O.q [11} [0.7}
< ° < o (7)
0.2 0.90.3] |z 0.5
() W2 TR EEFES E=1{(0. 0.1 0.2 0.3, 0.5, 0.7 0.9 1},
(2) KA B PR R m g
1 ~8L,09~8%,07~8,05~8,03~83.02~85,01~8L.0~6},
(3) BRI RA ST RGP AEREN AR BOE X IF RGN L T = (860 =1,
63}, I, = {85, :1 =25,++,54,57,,62} ,
(4) RIFMRE T =0, N Ty IR R4 b B KA R AR R (0.5 117, e /DM Xt 107 A4 A5 090 1 43 S
9 [0.2 0] 5 [0.0.2]" AOH ¢ A 5 20 4 A v] RoR A
0.2 <2, <0.5 0<x, <0.5
{Oéxzél } l:O.ngzgl}
SCHRCLL0 PRE X — 25 R IEAT R CF 5N T2 1 RN 56 22 R % 205610 o0 20 (2) I =X R & S s it
iRz 0 T AR AR . SCIR(11 T X 3 F AR /R ok B RE AR FROBOM S R AR EXAT T
5T 38 520 4 3 S B0 1 T 0 SR A LAOR 56 32 45 U0 BT A it

5 KL PR FER ok BB I RBURTEE AR S8R E 5 g

AT R~ 5 i RO 3 o K S A S 2% A o A AR A O U 3 47 A8 0 e i A RO RT AL 17 A5 M0 4 B ik
T AR B 0 A g 4 R AL OB 5 i R TN T S PR R R

i SCRRL 112 TR & 3l 0 W Sl e B s T AR 8 S 400 4 T R I o 5 BT 3 RO BROR 42 3 R 2
SEPRI R . AT G IA] et e e R I A R B AL e e R s R e A A L R S HL T
VB, —TJr g i s, 55 —J7 1l N B L T AR SR BEBE 1 5 24 & Sh LRT 4R I A9 e A 2 LUGE W Zh WL IE W T AR
i, HL b2 O B S LR B RE A



16 LIe7 AV NI S S | JQEREZNR S N D)

A 2 7 B BRI B 2 R 2 Db e R (SOC) B i 2482 (P ge) SHILEHE (0
o) NS B, KL R P )5 A F Cscale facctor ) AL &, BB AE BERET WABM T4
{too low , low , normal , too high } ;25 3% B U 3R 45 S0 WM T 2 {normal » high} s HLEE B A =R
T {low, optimal s high}, i AZEHEASR S LR ECANIE 2 R,

(a) (b)
§=) R=)
& : 5 :
= too low low normal high & normal high
< 1 S
£ )
15} Q
g g
kS B
o 0.5F o 0.5F
2 5
& &h
1] 93
Q 0 1 1 Q O 1 1 1 1
0 0.2 0.4 0.6 0.8 1 0 20 40 60 80 100
State of charge Driver Power Command/kW
(¢)
k=
= 5 s
g low optimal high
=)
g
15}
£
s
g 0.5F
)
1]
Q 0 1 1 1 L
0 200 400 600 800 1000

EM Speed/(rad-s-)
T (o) HUALFE B A I R B oA (b) R sh Lol 38 A S T B2 eR B (o L) TR -3 1 SR 8 2 e 4
el 2 N AR G i ok ) e B

R GE AR L) e 7
IF SOC is too high, THEN P, is 0 kW;
IF SOC is normal AND P g, is normal AND wgy is optimal, THEN P, is 10 kW;
IF SOC is normal AND wgy is not optimal, THEN P, is 0 kW3
IF SOC is low AND P g is normal AND wgy is low, THEN P, is 5 kW;
IF SOC is low AND P g is normal AND wgy is not low, THEN P, is 15 kW;
IF SOC is too lows THEN P, 18 P gme AND scale fuctor is 03
IF SOC is not low AND P 4 is high» THEN P, is 0 kW3
IF SOC is not too low, THEN scale factor is 1.
HE SOC NAE o, HIBEW F T RIR A oo low ~ 81 ,low ~ 8% ,normal ~ 8% ,too high ~ 81,
HE P e WER 2o HBW 40T RIR MW normal ~ 85 high ~ 65 .
FUAE w o N 2o B 78 Al KR low ~ 8% 0ptimal ~ 8% high ~ 8.
HAE P o WAE Ry HBOM AT 3R A0 0 kW ~ 81,5 kW ~ 82,10 kW ~ 82,15 kW ~ 8!.P,.,... ~ 8.
FLE scale facctor AT v,  HEEM FHE LRI 1 ~ 65 0 ~ 87,
F GRS L) AT 3R

IF x,=6,,x,=6},and xy =8}, THEN y, =6!,and y, =8} ;

IF z,=61.x;, =08},and x; =83, THEN y, =8}.,and y, =8;;

IF 2, =61.x2;, =0},and xy =483, THEN y, =8:,and y, =8,;

IF z, =6%,2,=8%,and x; =8%, THEN y, =8}.,and y, =8} ;

IF z,=6%,x, =0%,and xy =83, THEN y, =8:,and y, =8;;

IF 2, =6}.2;,=6%.and x;, =483, THEN y, =8:.and y, =463},
RSB A U T A5 I 2R B A AR OC R LI
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My, =6:[555555244111131111111111],
My, =68:[222222111111111111111111]7,
RS INREREREMIER REWR 1 RN vy, =My x 2205, y: =Mp, 212225,
FETSCHRC T2 ] 2 1 0 e /N A BE F I B0 R A g A AR PR AR TE TR S i . 16Xt oy i 1T R 4
BRI O R My, %5550 4 35
My, =6:[55555524411113111111
AL My, 3953508000 4 ADSAH AL MU 2 ARICRZ R, RSN 2, oy TR
MW, =[5552441311115551111111117,
Mg Wio=[5521111155413111554111111,
R 2oy WA vy, IR R, BRI 2 a0 25 BARE v, WIURERIITREE S 2,
xy Ny, MRS HEFE My, W6y M, =6.[2111],
i AZE i x, 4 0.8, x, N 45 kW, x; 4 450 rad/s, H ] #E X &R 10
x,=[0010]",x,=[0.250.75]",x, =[0 0.5 0.5]",
BRI A2y Ly, RN
yi =Mp, x 2,75 =[0.500.2500]",y, =Mp, 20,25 =[10]",
FHEOEHAT B, RELPRE ARy, A 3.3,y B 1. RGN EREEMETR RS
SR P B 1 gk f BRI S, 1) R ASTR OC 28 A0 B A 0 BRI AL N L 7 Ak 1 RSO HE B AR bk 1 R Sy e

6 gy

LA A, 5 T RE o ok B BUEIE RO B2 B RGPS 25 5 1 B AR 2 283 19 S T L BRI 5 7
RAEHLAR AT TRA 30 T3 R L g R G ] A5 SE PR R SN T WA F T IR . BT g B AR
WA BIE 5 HE RO 2 e B X FE AT AR (1) X T 22 H A P SO R AT TR LR RO A e L
i AR RSB N =2 I i TR BIR A RORY S AR R R AR Y VA A 1 T Y 3 Ok T O i o
P BT A 2R B2 R FLRE R 2 Ge i AL B (0 0 22 O B e A B0 S Ak R R 5 T AR SR R gl R R
PRE L ASOR OC 28 I 1) A RIS RIE T A0 R0) R R T AT 2K o AR AR A B ik e 1) T BB A R R % i S B
JO7 P 2o A R PR A A ) S PR RE TR (2) X T R 2 A A I OC R A 2 A 2 B R A,
22 FORB A BN OC FR AN AT 2 5 0 R A7 20 6] 5 22 A ROR0 42 T 48 6 200 [ 6 51, JFL R ROM] 22 A B P g A T
0T T 5 1 5325 AN 3 T 0 56 T R~ K b ARURE 22 00 M0 42 ) 258 B0 3T D7 V6 A T ik DR e S 15 0L

AR 28 S0 119 3 B B 5 S S RE S 8 A B 10, A I R P 2 K S RO PR e O R R e S
P2 IO 25 35 A% B AR 45 5 AP AR AR 4 A b R B0 . 53— T T A S SR L U 4 R R AN A Y
Kb AN RE A S R AE AN Y TR B 18 O SRR L) . T RSO A SR AN E L Ak B b AN S R R L
I, TT AU RO 25 0 0 AE i 1 o SO0 P S 2 R R ALk SR R AN 8 2 P o o T T R 2 K A
HE 2 A ] 22 A B 38 T T L SCHIRL 78 IR P 2 8 B30 g S AW X 2 SR I A 2R R g o 2 2% 8 3 7 P [ A g
A SCHRBIEZE 1T RUBOR 28 48 sl ORI 28 8 15 i 22 0 2% I8 AL S A 4 & n) . BRA SRR T8 20 3500 17 58 3 2k
T2 sk A SO 32 B B RS A 2 L AT R S X AT S S R

Bt X g 2 K g ARURE T ORI 2 4 R G 0 T 5 4 X — SR AR DR BRI T — R T OB SRR
(ELATSAT 30 23 [1] i i A e = (1) AT B A — e P 40 Mamdani SUUHERLS T-S SO R, BUA 9T &
TG A Q0] P AR G o ot U A A AR OC R R O Mamdani R U e 2 i AR A AL S OB Rk 1 16
SRR T T-S AU B RO SR A . (2) FRTH R ok BB S B b A B0 22 B A 2 RO R A
R RSN 5 2 REL I A B AR B ] s — 0 i /AR G B AR R RO 4R B, R — D LU A B R . (3) JEFF2F ok
R IR AR 2 A 2k U A O ARG A 2 R v ) o BB Oy i R D S S M ok R AR B T
T MR ASEA AR G AERCIOE " BE AR — B B HA R AL
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