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ABSTRACT

A rule based fuzzy expert system to self-tune PID
controllers is proposed in this paper. The proposed expert
system contains two rule bases, where one is responsible
for "Long term tuning” and the other for “Incremental
tuning”.

The rule for “Long term tuning” are extracted from the
Wills’'map and the knowledge about the implicit relations
between PID gains and important long term features of the
output response such as overshoot damping and rise time,
etc., while “Incremental tuning” rules are obtained from the
relations between PID gains and short term features, error
and change in error.

In the PID control environment, the proposed expert
. systern operates in two phases sequentially.

In the first phase, the long term tuning is performed
until long terrn  features meet their desired values
approximately. Then the incremental tuning starts with
PID gains provided by the long term tuning procedure.

Tt is noticeable that the final PID gains obtained in the
incremental tuning phase are only the temporal ones.

Simulation results show that the proposed rule base for
“Long term tuning” provides superior control performance
to that of Litt and that further improvement of control
performance is obtained by the “Incrernental tuning”.
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W If (PL, PL, PO, -, -) Then (NM, NL, PL)
@If (PL, PL, AZ, -, ~) Then (NM, NL, PM)
@ If (PL, PM, PO, -, -) Then (NS, NM, PM)
@ If (PL, PM, AZ, -, -) Then (NS, NM, PS)
& If (PL, AZ, PO, -, -) Then (AZ, NM, PS)
@®If (PL, AZ, AZ, -, -) Then (AZ, NM, AZ)
@ If (PM, PL, PO, -, =) Then (NM, NM, PL)
® If (PM, PL, AZ, -, -) Then (NM, NM, PM)
@ If (PM, PM, PO, -, -) Then (NS, NS, PM)
aoy If (PM, PM, AZ, -, -) Then (NS, NS, PS)
av If (PM, AZ, PO, -, -) Then (AZ, NS, PS)
a If (PM, AZ, AZ, -, -) Then (AZ, NS, AZ)
) If (AZ, PL, PO, ~, -) Then (NM, NS, PL)
aa lIf (AZ, PL, AZ, -, -) Then (NM, NS, PM)
as) If (AZ, PM, PO, -, -) Then (NS, AZ, PM)
ue If (AZ, PM, AZ, -, -) Then (NS, AZ, PS)
anlf (AZ, AZ, PO, -, -) Then (AZ, AZ, PS)
a8 lf (AZ, AZ, AZ, -, -) Then (AZ, AZ, AZ)

a9 If (NE, PL, -, PO, AZ) Then (NM, PS, PS)
@ If (NE, PL, -, PO, NAZ) Then (NS, PS, PS)
@n If (NE, PL, -, NE, AZ) Then (NM, PS, AZ)

@ If (NE, PL, -, NE, NAZ) Then (NS, PS, AZ)
@) If (NE, PM, -, PO, AZ) Then (NS, PS, PS)
e If (NE, PM, -, PO, NAZ) Then (AZ, PS, PS)
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@ If (NE, AZ, - , PO, NAZ) Then (PS, PS, PS)
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1
(1+10s)? @

ASEHE AT A, @9 ATl Uy SAe RFAE
H1.3 23, "Long term tuning” ¥RAEE e HAyL
Scale factors 200 vel}glel,
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(1) If (ece) is
(2) If (ece) is
(3) If eco) is
) If {ece) is
6Y If (ece) is
6 If (cco) is
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Then (M,
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Then (me,

Then ( mx,

Ma,
Ma,
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Ma,

Ma,

Ma,

ma,

mg) is (POPOAZ)
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ma) is (AZPOAZ)
mg) is (POAZAZ)
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Sk 2 9
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S8 10 : 10
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3.3 "Incremental tuning” ¥R EFE WY Scale factors) A A(K)

e A¥ A28 A%

Parameter

Regulation & Parz'smefer Regulation & |variation &
variation & .
Reference . Reference Disturbance
IR Disturbance .. . .
variation | K variation rejection
rejection
Sk 12 10 9 [
Sa 50 50 50 50
Ss 50 50 50 50

s raelEHES AHS-3lA “Long term tuning” ¥R ZE
HE LY B9 "Long term tuning” ¢neF Hgol B
Y= @AM “Incremental tuning” €312 &S HEYP AF$
€ ohEA Y vzt

@ aH2MHF -3 Z4G AFQ), (o] dF ey
Q) AejAle) $9& wedFEel

@ 2¥2.(2% 2¥3.2)x v Etelg WA AMoidel ¢
ot} AJ¥¥ Model uncertainty 21PiclAd A (1)) A
o disia] v ElelEl A(33)7F 25%, 4(2) ATl s
Al A(22)7F 25% WEtHE Ao £9€ =4

@ 29233 2H3.Q)S BEX WA AMoiA &¢&
RogEct,

@ a¥2.(49)% 293 E A FUA Ao ggol,
A9 ABel sl 3000% 1 F 01 =719 AR E, 4
()2} Al disl 1600% ol F 1 279 P E FYA
B ALY & JERRUCL

£ e Fa =P Wiy F HE $HE 98

3 vimstriflal by o] € it =AltEch

aHEL oY T 2PN 2T =y A =
A 71 g W3E Fodg Ao 9L vdFEe 2 $99
AEE ISEY+2Z E40 el Aelrle Aol
i Aol FE& ¥48le “Long term tuning”& %4314
e, dg & BAge] aFA Agyos =93}
¥ PIDY 2tmlelel 2} & Futdth “Long term tuning” ¢
n2lg HEAI} g 10-20%0 LWHFEE “Incremental
tuning” YR EFE HBsld QURER Ao AAY F o
&8 noFEo}

.4 ISEqtsel oi@d A% F2HA) Y AG/A @) A%)
Regulation &
Reference
variation

Parameter Disturbance

varjation rejection

Long
term 11.4856/12.0815(12.8513/15.0217[11.4856/12, 0819
tuning
Long
term
tuning
+ 11.4293/11.9780{12. 6947/14. 8563 [11. 4276/11,9799
Incre-
mental
tuning
1SE
FAES
HEhg
(%)

0.49 7/ 0.86 1.22 7 1.10 0.50 7 0.84

4.4 8

2 dFolME PIDAloI7) o)&e A& At 743
71t oA ME7E A2l 2l “Long term tuning” &
PEF “Incremental tuning” YA EE HEAIezHN 1
84 % dF3At .

PID MojAlAge xrlzydoz o] AR 7Y &, ¥+

2oz MENAN2YL £9en “Long term tuning”ol
ols) zt B3] 8Tl MFHoe SHWULH PID o]
5& 2423} "Incremental tuning” ¥R FE HEI}A
=3

e 542 o o] g% 4 ik

(1) Wills®] ZF YoM ) ExH £ & o|FE YAF7)
g zoistd

(2) & YoM FFE Litte] 7ol vsf AsU(5rdESE
x)ell M Y8,

(3) Eallo] AR A8 MAE 27o]Fo] AF B
AL 2Y3E HFolE MAHEF WA}

(4) FAHF Aol g =R AL XgstnUt,

(5) ©H& Aoz H@A Scale factore] 2] MHoR
Te 4B g,

6) s e A 2E AFARE ANHo R 379
veolazt &9 Aol AExAE s ysin] 25 -
0%2 2ulEL H4EE30] AbH et [14] 29
U, BEFAMi "Long term tuning”ofl 23 A x}e
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