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An interval type 2 fuzzy PI controller design algorithm

SHI Jianzhong, LI Rong, YANG Yong
(School of Energy and Power Engineering, Nanjing Institute of Technology, Nanjing 211167, China)

Abstract: The interval type-2 fuzzy controllers outperform their type-1 counterparts in processing uncertainty; however,

the type-2 fuzzy controller needs to be reduced, and the commonly used iterative reduction algorithms such as Karnik-

Mendel (KM) algorithm are inefficient and difficult to use in real-time situations. In this paper, an interval type-2 fuzzy

PI controller algorithm that combines the dynamic defuzzification method and direct reduction algorithm is proposed.

The algorithm considers the effects of error and error variation on the controller output during reduction, thus avoiding

iterative reduction such as in KM. Simulations of a second-order delay object and nonlinear object show that the pro-

posed algorithm can effectively suppress the system overshoot and reduce the time of the system to reach steady state;

furthermore, the controller outputs around the set value are smoother.

Keywords: type-2 fuzzy sets; KM-type reduction; type-2 fuzzy control; type-2 fuzzy PI; uncertain domain; dynamic de-

fuzzification; direct reduction; incremental PI
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Fig. 1 Interval type-2 fuzzy control system structure
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membership function

3 AXH*

SCHRT 1414 1 1K ] — MR PT 426 28 26
KM B, H i 28 140 14y g D 1D 9 4
{7 SCHRTIOVHR H 510 X ) — RURERI ] 25 H
B AR OB L L, FABIH 7 05 14 A
DX i) R B A, AR RO KM B, 9
R A TAEL SN FE ] AR SO PR PR
PR VR M B K 1) 2 A5 S AR 0%, LA b F
S 2 PR BT TS, U S R SR, AL
TR B 2 SRR, BARHR T

B ke A% MU B SR SR FE 0 b | TR
P X TS H UL 04 A " (i SR Y
S0), 4 FHU R R L1 R B

HU 12 (7 £, 1= G, <A <l

BN 2: (7, ) = e, < " %]

BN 3: (7. ) = [ <l x el

B 4: (7. £,] = () < B e ]

—e

T2z e 19 PSR I B SRR ERY B IR RN

1, e>de—d|
/_11:5: e+d€+d1

H
zxde 9 /\1‘@4
{0, e< —de+d,
P
U =< e+de—d, o
3 2><de B /\/ﬁﬁA

T2z e INAZ B R IE R L FERE RN

1, e<-—-de+d,
ﬁ’V: de+d, —e

H
zxde 9 /\4‘@
{ O, €>d€—d1
N
u =< de—d —e A
Tde Hofth

T 22 2 AL B Ae B P 11 S B R B |
TRER N

[ 1 Ae>dé—d2

—p

luAe: Ae+dé‘+d2

— < HAb
zxdé 9 /\4¢

0, Ae<—-dée+d,

’ [A d—d

‘_Ag e+de 2
- - H

2% de /\’ﬂij,

iy 22 22 A B Ae B9 N2 41 SR BE pREOHY L
TRFERA

i {1 Ae < —de+d,
—N .
Uy =4 dée+dy,—Ae o
% oAt
O Ae>dé—d2
K =3 de—dy—A
Fpe — ) de—dy—Ae H
2xde et

KB AL TR B A2 L A e A= (5) (6) T,
X L) M=4,

=" 6
Z k
k=1 -
3 o
&= (6)
>F
i=1
T RASOR ] H B  Au KRR
a(p = LDTAD o s )
Au(t) =a(t)Xc,+ (1 —a(t)) Xc, ®)

2 (®) " ¢, Fan BB IX 18] B 73 1, ¢, Ron

Ui m, FESE PR S R, BT o A—ENT e,
DRI, AR SO S B ) 42 1 2 i 11 an 2K (9):

Au(f) = a(r) x min(c,¢,) + (1 - a() xmax(cc,)  (9)

ARSCE P RGN 3 FTR



fitn 4. — S D[R] RV P4 i % B 1k - 839 -

%5
I‘l
T ZIY
3
&
e(t) [ ]
Ae(t) || N
7 g
: o
IM k=1
ij

e(t)+Ae(t)

\

a(t) =

' Au(t)=a(t)*min(c,c,)+(1—a(f))xmax(c,c,)

B3 AXEEHIESHRFEIER
Fig.3 Control system diagram of the proposed method

SCHR[131H 45 H T HoAth i — 2840 KM 14 %
Brdaad, e NT 5095 A SCl s Hfe 1 e

4 7 B LA

41 fFEZXHI1

PER B iR A X 42, HoAL 3 pR A

K
GO = Tsr S

PI %1l %8 25U K,=0.044 9, K,=0.001 4, K HE JH
WA 0.1s,

RS K=1, T=1, =105, d)=d,=0.5.,

Kl 4 h g TI(PD) 3R — BB 45 il 25 (2
PI 45l 45 ) Ama o7 1 2%, IT2NT Fnfifi F NT BBy
SR 1) DX T) — AR ASOR 4 i) % e iz i 42, 1T20C
e A SCHR [ 1SR B B30 12 1) X J) — R0 ASRS 42 ol
i ) 7 2R, AR SRR S DX R] AR RO 4
e 1o (i 2, LA 481 2 s AR IR i 5

......... T1 (PI)
-—— IT2NT
1T20C
— AL
o 1 2 3 4 5
s ) /s
4 iR EE 2R S M BK i A g 2
Fig. 4 Second-order delay system step-response curve
e W T N DO K =R ]I WU E2 f i el 91 1
FRGEAE AL [ BRI AT A SO A AR LR 5k
(4 T 1 R L35 . v £,(s) e o B ) (B

1 X102
6

KR, A SC LIk B FR G 25 4 /D TR S
B 2% 1T . t(s) A LTI R (B0 s), AR SCRL
KRG ERESHEITE .

x1 ZMIBRERFGEMERRENT LA EERIE G LR
Table 1 Second-order delay system control performance
comparison on step input
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ror and error variation
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Table 2 Nonlinear system control performance comparis-
on on step input

B 1) 1(s) #MIE/%  ISE ITSE  IATE
TI(PI) 0.18 0.03 2678 0.0156 0.0161 0.0184
IT2NT 0.19 0.03 1952 0.0144 0.0147 0.0168
IT20C 0.16 0.03 14.15 0.0131 0.0134 0.0148
A3 005 008 1.09 00142 0.0144 0.0150
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