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3-Dinensional FUZZY-PID Controller for Robust Fine Control

of Nonlinear Systea
Joo-Hoon Lee’ Suk-Kyo Hong
Dept. of Control and Instrusentation Eng,, Ajou Univ.

MACD Controller Kp Ti Td Tp
In this thesis, the algorithm of Fuzzy Logic Control{ 1/a 4L
FLC) is applied to the Nonlinear system to implement a PI 0.9 3L 5. 7L
systes response. Proportional-Integral-Derivative(P1D) PID 1.2/ 2 Lz 3.4

controller is also used to control the various systems,
Look-up table is applied to decide the control input,
and the other look-up table is added for saving
mesories and inference time, Generally, FLC input
varisbles are error(E) and error derivative(AE), In
this algorithm, another input varisble error 's second
derivative{ A%E) is added for Robust Fine controt,
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¥ 1. Ziegler-Nichols AWE5H wWiof o} PID A4
( Table 1, PID parameters aoccrdu:godo Ziegler-Nichols
Step Response Me

Tpe SR 2c) 271§ Yehdol, Aollae] WUy
€ A(2-1)2 ¥ dAdc

A U =Kp [ (Ex - Ex-1) « (T/Ti) Ex
+ {Td/T} (Ex - 2Ex-1 + Ex-2) ] (2-1)

Ex.Ex-1,Ex-2%= 242} A2 k,k-1,k-2ofM 2] @e2ajolc} o}
w2 i ¢va4 2lo] aaitt Aolx AU 4 AU
2 Holdpe IUF HelAe A7t gt
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KX Kp{l+ zds+ {ryis)t}
Te) = (1+5T1) (1+6T2) (1+873) (2-2)
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1> A(2-2)o1M 4 AEY2 v EYE AAE H(2-3)
el By B 7Y 4 A

Al s3+A252 +A35+A=0 (2-3)
AL=TIT2T3, AZ=TIT2+TIT3I+TZT3, A3=T1+T2+T3, Ad=1+KKpelil
2> Routhd] e{ol§E FH

ke = (A2XA3/A1-1)/K (2-4)
te = 2x{ A2/(1+KXke) J1/2 (2-5)

3 keo} tcBYE X 2.9 Yol A4§ AetA ®rh
Controller Kp Ti Td Tp

ke/2 tc
Pl 0.4kc 0, 8tc 1.4tc
PID 0.6ke  tec/2  tes8 0.85tc
H 2. Ziegler-Nichols #3}4-8% "“ﬂol El»c PID A4
( Table 2.PID Parameters Accordug to Ziegler-Nichols
Frequency Response Method }
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Ex = setpoint R - output Y (3-1)
A Ex = Ex-p - K (3-2)
A2Ek = ABk-1 - AR (3-3)

A Uk = Ex (KpT/Ti) + AExKp + A2Ex(KpTd/T) (3-4)

T A§Y A& Jeldo], FLColM & ol M§F Ao}

T}E, AE, A2ES] 2o} WMol o8] HE & T IF - THEN -
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( Table 3. Control Rule of Stage 1 )
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( Table 4, Control Rule of Stage 2 )

X 4.9 Y2 3-D Holi§ o1 8Y A+ Yay orey
NSof| A ( (-3 e *9 471 dARr (7]
2 L0vi2el= 5.9 Frh

Memory locations required

42
1).
.\e.
F{rz
i)
&
.E.

Noiiof fuanti-  Stapdard @ flonv-a)  Ewep
10 1008 124 83
I T
L 8000 703 8123

& 5. PID look-up ElojHo] 425 += vzl
(Table 5. Memory space required for PID look-up table)

3 5 245 3788 1Y H+g ARt 3-D Hold&

LY Ay el o] E Felg F4 dax H4
& AR ¢ 4 lge ¥ 4 Aok

32, U-&Y W4 HAS} (fuzzify)

Hol2 o] dolH4g HAIHN Hside WA g4
& =)Uch or7lMe FEAAE AHEHE N3y A=
& Mandani[2]7} QY olaty Rw4jet4g o] §3im of

¥ el A ql-#% 248 X 6, B 73 Yo| yuy
8131, 2} s wiAo] sigdh= olata] WY U4bE #
8, I 92} 3ol Ho ¢ 4+ Al
E(%) AE(x) AU Level
40<E 20<AE 4 4
20<E 10{AE 3 3
I<E .5CAE 2 2
LICE .05CAE 1 1
0<E 0<AE (l) (1)
-2 -2
-3 -3
-4 -4
E 6, H4 o=y - 1 A
( Table 6. Quantized Variables - Stage 1 )
E(x) AE(X) " A2E(x) AU |Level
2, 5€E SCAE 3. l25<AzE 4 4
. 25¢E 3.125CAE 1.5CAZE 3 3
3.125¢E 5CAE 75¢A2 2 2
1.5¢E 75CAE 375AZE 1 1
OCE 0CAE 0CAZE 0 0
-, T5¢E -.375¢AE -, 17¢A2E -0 | -0
~1.5¢E -, 75¢AE -.375¢A2E -1 -1
-3, 125¢E -1.5¢AE -, 75 AiE -2 | -2
-6, 25¢<E -3, 125AE -1.5¢A2E -3 1-3
-12.5¢E -6.25CAE -3,125¢AZE -4 | -4
7. U4y gAY - 2 @A
( Table 7, Quantized Variables - Stage 2 )
Linguistic Quantized Levels
Variables 4 -3 -2 -1 0 1 2 3 4
PL 0 0 0 0 0 0 .1 .4 1
PS 0O 0 0 0 .3 .8 .6 .2 0
20 0 0 0.2 1.2 0 0 0
NS 0.2 .6 .8.3 0 0 0 0
NL 1 4.1 0 0 0 0 0 O

X 8, o]atx vy Y4 -1 ©A
( Table 8. Discrete Membership Function - Stage 1 )

Linguistic Quantized Levels
Variables -4 -3 -2 -1 -0 0 1 2 3 4
PL 0 0 0 0 0 0 0 .4 1
PM 0 0 0 0 0 0 O 4 .8 .6
PS 0o 0 0 0 O .1 .8 .6 .2 0
PZ 0 0 0 0 0 1 .2 0 0 O
NZ 0o 0 0.2 1 0 0 0 0 O
NS 0.2 .6 8.1 0 0 0 0 O
NM 6 .8.4 0 0 0 0 0 0 0
NL 1 .4 0 0 0 0 0 0 0 ©
9, ojatx] w4 H4 - 2 ©HA
( Table 9, Discrete Membership Function Stage 2 )
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( Table 10 Table for Stage 1 Control )
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iAo Ageeld W2 2 2.of BYa oy 3,
& 201489 ol AU gegMelnt, oy 2.8 2y
3.8 54 v2E E 12, of Uehygic

Td Tr Tp P.0,
Step al 0,28 352 0.9 16,5
Response | b | 050 073 131 149%
Method . |c| 014 023 0% &
Frequency { a 0.26 3.52 0.52 14.8%
Responce’ | b | 043 073 1T 13%
Mot c| 014 o2 03 150w

X 12, 32 AW ohlea gRE ABdeld
('Table 12, Analog Computer Simulatisln l?.;l'd!Systam)
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1) IF E=0 AND AE=0 THEN AU=0
ELSE )

2) IF E%0 THEN E9} AES] -3} Avjo] ulejy
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o8 AUE /.
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P = Po + CV{E, AE} X kil (4-2}
1 =10+ CV(E, AE} X k2 (4-3)
D = Do + CV{E, AE} X k3 (4-4)
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5 43 5= 39 ba;lé
g iy, o %, Kalman 7] $of ujsl %
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a 0.18s 14, 5% 0.5 0.2 0.4
b 0.52s 22.3% 0.2 0.27 0.9
< 0.07s 0.2% 0.4 0.4 0.4

X 13, MA] Ziegler-Nichols A|A% €% B4
(Table 13. System Response Characteristic of
Fuzzy Ziegler-Nichols)
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Tr P.0.
a 0.16s 19.2%
b 0.47s 23.5%
c 0.06s 13.4%
X 14. 3-D Ha] PID AlAY $% B4
(Table 13. System Response Characteristic of

3-D Fuzzy PID)
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