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Abstract

In this paper, in order to improve the disadvantages of the fixed design-parameter
fuzzy PID controller, a new fuzzy PID controller named a variable design-parameter
fuzzy PID controller is suggested. The main characteristic of the suggested controller is
to adjust design-parameters of the controller by comparing magnitudes between fuzzy
controller inputs at each sampling time when controller inputs are measured. As a
result, all fuzzy input partitioned spaces converge within a time-varying normalization
scale, and the resultant PID control action can always be applied precisely regardless of
operating input magnitudes.

In order to verify the effectiveness of the suggested controller, several a computer
simulations for a nonlinear system are executed and the control parameters of the
variable design-parameter fuzzy PID controller are throughly analyzed.

1. M = AgA, 9 5 oz 7kK B2FAAS WA
dogn Az £518 wdS AFEA 7o

A FAANA AMLEL UE B A7ES 717 dles] ozl Yt olg s FEAE & A3ty
A A A" R ZASIE dAES st sl dEA AR L A|A"Ho] AFYY AL
o AAAN Nx"e) EEA BT A A = ALA VN TSR vAY A2
S a7@d AT FH2 A2" FRF AXNL A= Tagaki-Sugeno AXAHEY & ¢
a1 wet getelE WE, 29 A, W sty 99 FANE FERTA st g}

T ANARF TGSy 714287 E-mail:ihkim@cjcc.jinju.ac.kr, T : 055)751-3354
*aFs sty ey AMeiA ST et (ybk1124@hanmail.net)
* sy ey 714 R E R (kimjh@hhu.ac.kr)

(852)



3=t o] &t AojHIEEL A]

Aol @A 4E AT

M99 Yol e A

WAz

28 HA PID A

So= BE SPsEAT,
AN x'le] B o] A7k ulzt
Ak

Al

ojeigt FAHE HATLA WME A Ao
sare g 7}X?“ ¥4 =2 PID Aol 71H ol
=489 wag H2 PID Ao7Ee &

Eg) 9EH ﬁ\ OHE WMoz HA YEY %‘3%
sy, L5 TFS WA YHUFE] O

53 HA Aol s Aloir19
AatA |9, 3R FHoly Frp AT

Zeo] eyt £gH0g FAH T3] S

$of Aol FEuEst A 542 2T YT}
wabd o] AMoiPEe widE A gw*g %
= 2" S AoEE Aol BAt A 23
e ez Iy g ojge ¥x
PID AoI7NHWE Ao)7)s) AARGH e} 3 W
Ay THPORH 27 AAA a%wc@
NEFPEG §& 22 W9 dgol g A

= AAAN FED HA PID Ao Eae) Hew
92 YA Hol AU &5S wIx 2
A 3, olshE w2 wﬂ Ao} A #ER Y e

FolE O £ 279

B had B 9

PID Aol mE AojgdFHol @A AA
HA) ol ARF Aojr}t o) FOINA U= RS
PARUR RS

et B =Rl Aols] U Wae W

ANZIOR £, UY MEES) FEUAE v

=,

=

23l m) WZY Al7kei} Ao)7)e] FQ HAS
FulHE AR o BN 2] Wl Rt

AT BNE HAEME, B w2 A
& A7t SIS Aos) dAgeHE st vt
WEE HAg HX PID Ao7IHE Adstax

Soh, e AtEE PR QARG E BaE 3
A PID A7l &&4E ASsl7 fAsted v
Ay A2k S e HAFE AEHolRE
IZA Al o] 7] o} Ll

1
24 1 R4S FFHDA B

2=
T

FAFe

- O
A

2. 7t HA mEio|E BME [R
PID ®o{7| M
21 ®oiz[e| 7| &7=x

a9 12 & =FdAM Adsts 7hd A e
ole] 8jAdy =] PID Aej71e 7174 e et

Design parameter variation mechanism

e(nT) GE
—
r(nT) GR GU
a(nT) Ga
Fuzzy control block 1
[' _________________ 1
&oT) - II
: co’}‘zzl ar(nT) | Defuzzifier | | qu: (aT)
enT) o) )] rulel L 1
» r i
|
reference Ge | | 1l ~-———m———""——~=- - .
e auey GR Fuzzitier WD) gu (2200« —unr-T)
= " + 1+
GA — — — Buzzy ControlBlock 2 _ _ _
a(nT) [ }
t
i Fuzzy _ ™
ﬂ T 3 | contral [iZtaT)y Deiuzzzxﬂer !
|] rule 2 1 dUz(nT)
1
|

y(nT)

[ ¢
ontrolled system
— & v

Fig. 1 Structore of a variable design-parameter fuzzy PID control system,

(853)



4 A% - o] -

Wty FLC(Fuzzy Logic Controller)& 743}
71 A Hxgel W3 oA e Ae wWie
I3 A9 wWEkge] Wid ¥3E&s dy¥ow
AMEE T itk 282 o) E Al 4F 3 A 5
A AlojA# ¥ ARSI E 77t xgsL e
ME SHAA F A9 AR A=z FAF
o] itk wEhq FLCY £ F A AMojEE
9 &9 g& ggozH 7 £ ok

e(nT) = reference input — y(nT) (1)
e(nT) = F(e"), e'=GE xe(nT) (2)
r(nT) = [e(nT) ~e(nT —T)I/T (3)
r(nT) = F(r"), " =GR Xr(nT) (4)
a(nT) = [1(nT) —r(nT-T)1/T (5)

= [e(nT) — 2e(nT—T) + e(nT —2T)1/T? (6)
a(nT) = F(a*), a*= GA xa(nT) (D
u(nT) = du(nT) + u(nT —T), du(nT) = GUxdU(nT) (8)

dU(nT) = dU(nT) + dUx(nT) 9)

—_—

A7 ne 49 ALE Jehiin TE AT A
ZHe, u(@T),y(nT),e@T), r(nT),a(nT)= Z+7t
MZ8 A7ZF nTollA Z2A29 9148, 28 24
(error2 #7]), 239 W& (rate® #7)),
r(nT)9 #W3k&(acc®E ¥E71)E vehi®  GE,
GR. GA, GU & Z7 error, rate, acc, ¥A|
ANEE 1, 29 &49& A g3y A 2AY
g EE grjsty #HA A o]7]9 AdA e E

>

Membership

ON oz OP

otk F(-)& A+3® 98435 ()9 AXZE
ojmjgtt, dU,, dU, & #A AjE= 1, 2004
9] 28 BABIY duE Aoj719 ZEEY, u:
ZZA 20 A7 EE AodE S it

22 #HX|& ou2|F

I9 2¢ AsE dguaEe Axs ¢
Holw itk

=
=]

o

Membership
3

EN, RN, AN EP, RP, AP

104

—
>

-L L e, r+,ax

Fig. 2 Input fuzzification for ¢*, r* and a’.

HAARAR ‘error'= 27 294 vebd R 72
o] EP(error_positive)®t EN(error_negative)
o] £ o W& Zy don wd XA
‘rate’™= RP(rate_positive)$} RN(rate negative)
o) F A9 Wy, HRPT ‘accE AP(acc_positive)
¢} AN(acc_ negatve)9 F 7ie] AW & zte=th
HAA AT outputl'e 19 3(a)dlA B9 A
7Z+o] OP(output_positive), OZ(output zero)
9} ON(output_negative)® Al 7l WWHE 7t

Membership

4

ONM OPM
1.0

OASW

-L 0 L outputl

(a)

0.5

-2 0 L2 output2

(b)

Fig. 3 Output fuzzification for fuzzy control block 1(a) / fuzzy control block 2 (b).

(854)



g A PID Ai71e] 4%

I AL, output2e 18 3(h)olA 2ol #=
7Z+o] OPM(output_positive_middle)+ ONM
(output_negative_ middle)d] F /MY ARNE
zZre=t),
23 Hx| 0|74
HA] AjojaE e FAHAA EE3 APA A4
Z Aol ARl AFHE A2l 7E22 I

gHEolA T}, o] W) Ao} #E 2 (If - then -) &
Ao ¥, B =EAA AHHE HA| Ao

TFHE 713t o 2o 38 19 #HA Ao
E51% HX AolEBE200 e HxAoFHE
13 2t

7hd AA g e H2] PID A7 1ye 7]
dEAH A" ¥y AlololA st
error, rate, accs ) MEF A7hvi 3}
o] F Mt E e VIFELE Aov)Y [lye A
A7 A AAs F7 LY g PHAA

=
i
=
|

o
-
w4
5%

2

A #E A 49

ARG e 1, a*n a2 L. Lo ¥
o &3l st welth ojm BE AFsus
Loy As 72 el EAS A

97 Q&8 Y AR LS et 2L
F3el os) AgPh
IFe(nT)=max[ e(nT),r(nT),a(nT) ] then L(nT)=GE xe(nT)

IFr(nT)=max[ e(nT),r(nT),a(nT) ] then L(nT)=GR Xr(nT)

IFa(nT)=max[ e(nT),r(nT),a(nT) ] then L(nT)=GA xa(nT)
et 7 EE L(nT)E s AJEE], 29
e 4TS 238 4(a), (b9 2ol [-L, L)
T (IC1;~(IC8);, (IC1),~ (IC8),T+e.

Table 1 Fuzzy control rules for fuzzy control block 1 / fuzzy control block 2.

fuzzy control block 1 fuzzy control block 2
(R1);:If error = EP & rate = RP then output = OP (R1)5:If rate = RP & acc = AP then output = OPM
(R2),:If error = EP & rate = RN then output = OZ (R2)y: If rate = RP & acc = AN then output = ONM
(R3),:If error = EN & rate = RP then output = 0Z (R3),: If rate = RN & acc = AP then output = OPM
(R4),: If error = EN & rate = RN then output = ON (R4);:If rate = RN &acc = AN then output = ONM
5‘*
a*
L{nT)
L(nT)
e ace, (CH2 | (C3)e
(iC5) acan 5.
(c2)e
-L(nT 0 L{nT) ~L{nT 0 L{(nT) ’
acen acin core ach.
acmy | acsn
(IC7)a (IC8) 2
~L(nT) LT
(a) (b)
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