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Abstract

A PID parameter tuning method was presented by the fuzzy singleton inference, based on step

response-shaping of plant and experience knowledge of expert.

The parameter—tuning has tow levels. The higher level determines modified coefficients for the controller based

on operator’'s tuning know-how for characteristics of plant which can not be modeled.

The lower level

determines specified coefficients based on characteristics of response by Ziegler-Nichol ’'s bounded sensitivity

method.

The last level parameters tuning of a PID controller is adjusted which the modified and specified coefficients
makes adjustment rule, and is adjusted the proper value to each parameters by fuzzy singleton inference.

Moreover, proposed the tuning method can reflex

fuzzy singleton inference is rapidly operated.

exporter knowledge and operator’s tuning know-how and

SA HEZ g FFAA FS
of HFFE & HA A sh= A
F Ao

AA7AA HAAANE DE7te BEH Ade ARG
o]2¢ Eqstd 48 A9 AoFALE et F2

A 4

)
b

> &

o

i o
to fu
T
o

ox,
o o

Key words : PID parameter tuning , the fuzzy singleton inference
I.Mq 2
Izte] ZIAIE Aoste A AW B2Ed FAHA A4
e $402 9us TAY 5 gtk o] WE FAE 5
o Aojel &R LA AXL Y YA
Know-how(Alo] 72)& HAFeH o3 A 2

of A% gARNE FA4E ol
el oal £% Ao @t

Agel elal 2ojn Know-howd} #e olujae #AFE
AA A Hssw AzelA wFAE Aol ARHE A

AR 7] Fsts}
e A7 : 2003 6. 09
=% ¥z 2003-3-3

4 g5 2003 9. 15

& Pt Aol & AN S AR whebA <)
e FB(HA WS FHOZ 7147 ANEAL AFH
2 APy 94slMEs [F-THEN 329 o2 o
HAF2ol dastt [, 21.

PIDAIO| 7| & Z2A2e] ZAFst EopolA d2] AHdsa
AR Az=go] Bl dg ol sehv|Ee ESUAYE B
o] £33t Y& ASolE Aoy FmEHY 2HL o
@3] oot dA AFNAM FetvE 2L FAAY 73
#A A 4oy Know-howol] 73t FF o2 P
dezz Bd Azt xdo] 2HHZ ok weEtd AL
8 $AJA PIDAC] etule ZA(Tuning)ol HE7}17}



Ao -

A28l Bigr B33k i 4 4 4 %% 2003. 10 / 53

MR e BEH AAE wgste o] Hasn gd
3 T3 Reojnk [ 4]
HAA = AFE Y ddd we} FYAHAA FE& ol
2<% =Y3t9 PIDAIY & + A HAY2on sdd 7|e
7t 2+E Know-how § AAZ<QU %S IF-THEN ¥4
2 AojFHeor FHFCH

9 PID A= deinie 2AHd Azte FPH A
g gy + gdAT JA 2L 549 7leAs 7t
Ao gE 3838 XAol} Know-how F9 AHAAHY
F& PIDA]719 depulE 2R AH&dte Holth [5
6l. Elena [3]1& 3¢ §99 2% 998 342 2%
qolol A PID Aloj7le stetv]e 24 diste] EH 3}
Atk el o] e ¥E AEIE AL ge &
A48 & HEE 4 gle 23] U

£ de dEvte SAAAS B HA J2E FE
02 BF 234 A% =dd gig PID #Hetrle Tuning
HE A Aojtk wEug 2L F o] glth
Jede TAEe 2o o5 EA4A  Ziegler Nichols
2 A ZEYE olfstd HAYor ENASFE ZA
o ngde 2dy ¥ ¢ gle FUE E"“ﬂ/ﬂ kil
A 71ex7 7l 1 e ZA Know-howd]| 7]%3te

3452 AZB,
Fe SHAFS FAAFZ 2YTFIS FYHT AR
§2E F80 93 PID stetvge Sxsd Hue @&
3 AATG ALY HeeiHy zAde 2ARYel 3

phin

43 A4 AT £ AR HA A
W ARl A& =5t wac),
DA 78 Sevle 2R e

dEE FEYHE AY

SERB S WHoE YE

A eu%, WE 7AW @ AojwA 5o SHLL P}
NEZ st HA2Eo HHa Pt AL AR
S8 AEs

. PID Mojet HXA[FE

1. PID #jo]¢} uteinle =7

At o 2 PIDAYE EXX Y f=9 @ AoFFY HA
A 71z3le z#FFo] AALA PIDAlolE HAle =7
9 &3t ZZAFE Aolste vlElEF, AF o o
4 BAAUAE AASE FETHE, 23 TR $FE =
o A WYt Aol §A2 NME =EE A
1eag P
1A PIDAO Y] Ao A S HA e &
et E (1) 7 2

gz ao

w(t) = Kp{e(t)—i-—%,—i:e(r)dr-l- Tpiga%t)-} (V)

A714 Kp, Ty, Tpe 72 vidElols, HEAZ, HE
Jzroltt. AojAle] AA= wlHolE, HEAL H HEA

F MY FviE e dAde AoE 3oy
Z& PIDAoe] 2Holetn ¥

o]

3]

2. M A2EY S84

2 AFHE PID vy 28 A8 e
299 AAR 2z AFAF w,E £ WA 42
2 ALV BFY FENAE FAL 2.9
$ol2 12 $X® WA 42 E FE2PeIAE A
9 #E EAHE WY ANz  wE
w; (w0 ) Bk A A+ wE 0 olae Aol
2w >l 9 AE AARHE FEea,
g W AAFHL gA@ WA YITEY
FHe FARF AP Gl o ol7] WE B
z1e ANA G0 BB 28 7%+ A% o ¥y

it

=
*

o M o

1 Be of
B

e FAR AXAFGY R FAY eyt g A
=7 wacd
HA AZEY FE2L 949 x, 5, zolA A& n

Met a2 (2)F Zol xEE
R;:if xis A;and yis B; and zis C, then u
is D; (2)
(i=1---"
A714 A;, B, C; %
gl Fold x, vy R zE
then o Fo|z u& FAR
ot

A% 48

‘n )

Dy AAFFol3, if
A A B-(antecedent part),
(consequents part)2} 3t

" X ¥pand zos 4 @ 2 AT
" A;, B; and Cy o W@ HYE b &
N@3)3 gol A,
hi=palxy) - 1(¥g) - £c(20) (3)
( =1 -+ -n)
HFTHA BE T
qE= by A HEAF w,,
& Fito % Faste Jd d 7Y F

¥

=

A%z, 2, &
T w,
sict.

hw iz, + howozo+ - - - - +h,w,2,
hlwl"l' D +hnwn

- B (4)



54 / HAF

29 9% PIDA o719 #v]E Tuningd T4

m. HX|$20f 9gt pIpA0]?|2] 1l=}D]E
= FY=

1.+ 4

Fig. 2 € G 2 Aol Ao HAFE
& FetvlE A A2€e 2ig AFe FHES
Uetdth o] Alzge S AdsE AR
38 4%, HNAFER, 2AFE, g AXE 5
o2 FA9

PID #atnle 23 3 dAE APAsE Qs
ARZ SdoA Aoy 3
r - Nichols® ¥4 ZEgoz
)AL PIDAO) 7] 9] Z7)x

£ ws wAe 270 Kp, T, Tpe olesd
AFE AUA $7L Fihu of HYolM WAooz S
SHAEE), 1% 241 (D) L AABH(RE Fach

A AA gAE o 3
o stetvle Kp, T, Tp €
ct.

v fx gAE A dA

HAYY oz mz@%

Axkstel sk

#9398 2o A8

'

r:‘_:> Fuzzy inference
v
i

Cognitior
Controt Rule

=

ot
Aesporse Wave

Parametoer Modity

!
Soacillc 1} Modily Coefticlent
Cosfficient

Catculason
of
Parzmetss

Cortiol Parameles
l Helergrce l

f »~0— FI Contoler Piant

Ll — y

r * Reeronce. v - Process Veriable

22 1 e 54 Ay
Fig. 1 Parameter tuning system

Aol e 23 AAAeln AE T 4 6)F 2

o},
_ b

Glo= s2+ a;st+ a, ®

0117]A-1, 41:25(0,,, ay, = Cl)g , b = K([): EZO.B,
w,=1, K=1

2. Aol 3d ¥ 5A(F A4

EQHFL 2WFEE), IF ZHUD) B AAHA

(R)o.2 3stx
o] Hegch

Fig. 2¢9] 29393 dyogre ooy ¢

E = AZ/AI (6)
D=(A;+Ap | (A,+A4)) )
R=A3+A4+-A5+A5 (8)

A71x A €RH¥AA F3 Z HFYo|n
RE 2tz HAR Gl adw - ¢p a
CDe ¢998SE vu £4d 7] x}7]- AR 3= PID
A7l stetelel Kp, T, Tpl B& $#3AF 5
A A ol ch

_.
1

O¥ 2 EHEY @9 A
Fig. 2 Step response of plant

¢} ot}
S H .

3. 23R 2585
Table 1€ Aol 48 82 A4 AL E, D,
s £AAF oo 24 |
2 e Rolnh o] BMe Suvidel s
of HEZ AAAI 2R

¥l 79 74
Table 1 Tuning rule
Rule 5 A ¥ F A A F
Number| g D R [ cP | CI | CD
Rl PB PB NB NB Z0 NB
R2 PB PM PB 70 PB 70
R3 PB PM Z0 Z0 PB PB
R4 PB PM NB NB PB Z0
R5 PB 70 PB 70 PB 20
R6 PB Z0 70 Z0 PB PB
R7 PB 70 NB NB 70 70
R8 70 PB PB PB NB Z0
R9 ZO PB Z0 Z0 NB 70
R10 Z0 PB NB NB NB 70
R1l Z0 PM PB PB PB NB
R12 Z0 70 PB PB Z0 NB
R13 70 70 Z0 70 Z0 Z0
R14 Z0 70 NB NB PB PB
R15 NB PB PB PB PB NB
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