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Abstract |

The tpost industrial controller ar¢ used PID feedback
controller. rlowevcr parameter tuning may be adjusteq by the
expert in cach industrial process. The operating point are
chahged-PID tuning may‘- be pcrfomied also. This paper

presents the - solution to automatically tuning the PID

' parameters. The PID parameters are synthesized by the data of .

expert by  using FUZZY inference implementation and

B ’ -
forward through decision process, and then feed to PID

function in specify period. The inference and conditions of

system under controls are preprocessed by computer. These .

output data are programming on microprocessor. The

experiment results, when the microprocessor and - thermal

process ‘are¢ combined and operated in any eperating -

conditions. The control system are controllable. The

overshoot and setting time of process response are satisfied as

report are presented.
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4l nismnadﬁu‘i‘i Ultimate Sensitivity Method ¥4
Ziegler - Nichols 1110“1 Ultimate gain UaZ Period 91N
nszrumsardeuiidhniuineslumsnanssfunies

- ' v 4 S v
aauRY PID ileguaz 1AHannanesagUi 8 (Asdasui

v94 Chart 200 mm/hr)
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43 ey Fuzzy Output 1las K’p , K’i oz Hudas
‘w0 Kp,Ki, Kd Tag
Kp= (Kpmax - Kpmin) x K'p+Ki>min i
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Ti = Pu/2 = 120/2 = 60 sec. |
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ABSTRACT

This paper presents the design of PID - Fuzzy for
a second order process using microéompqter by the rules
of Fuzzy set and Fuzzy logic. It defind suitable parameter
fed to PID controller. The PID - Fuzzy Controller receives
an analog 4-20mA signal and converted it to 8 bit digital
signal to be used as input signal. The controller process
the input data and then give the digital outcome of Fuzzy -
__algorithm. The signal is converted to analog 4-20mA signal
then sent to the actuator to control the process and the
controller can monitoring and show graph of all data. The
process can reach setting point faster than the PID contro-
ller approximately 20 - 30 percent. In addition, PID-Fuzzy
Controller can be adjusted optimumvparameter from

disturbances.
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2 NOHJUASUANNITINNY
2.158inunsARUAN (Controller mode)
2.1.1 MIAIUANULY P »
(Proportional Controller : P Controller)
FamuAuuuy P Adygunieendudadiuiudfanaa
Faqunrh )
m(t) = Kp. [r(- c(] + m(O)(1)
m(t) = Kp. e(] + m(O)2)

M
@

. Taed Kp = fmsnzaenn ( Proportional Gain )

m(t) = AYRyInNeENn
) = Antlwang

c(t) = AdaulrAuAN
e(k) = ARANSIA

-

>
fiapruAuiietalfuA-dmsanrelumenses Proportional band-

v
o

(PB) lanilannaduwusmail

PB = 100/ Kp (€)]
2.1.2 ﬁ"m'auq awuy Pl (Proportional-integral Controller :
Pl Controller)

NMIALANLLL P azifim Offset Fugifdsrunaunszuoums
ﬁ’q&uﬁqﬁ'ﬁqmuquuvu Pl i 8finda Offset Mifiadu 1dasan
Integral Action 1tu:'l.a'im_:mdqLﬂud'ndqutnumnﬁmmmmﬁq-_
fananmacan

m) = Kp e(t)+1/Ti | e(t) GHHM(0).cererrrsmssreseriee @
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Toedi ﬁﬁaﬁaﬁaﬂuﬁ'\:ﬁw‘sﬁa (Integral Time )
_2.‘1.3}.1_' ?.wﬁuuuu PID (Proportional Integral-Derivative
_ Controller: PID Controlier ) .
MaALANLLY Pl H8A7N Integral Action inliHaAay
AuReLAuBwiaAlANAIAEIR a"a&utuuan'\muquﬁqw?;uﬁq
mauRiueyiuf (Derivative Controller )Li”\‘lﬂtﬁa'lﬁtwuﬂn'\r

X
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22 TassatnesfaaruAy SOFLIC [1]
TazsaFnvesimiuRs SOFLIC ﬁ'quam'l.uzﬂﬁi uivaanidly

2 rwduAe TazsaFrazzduiug
(basic level) uazlarsaFreszdunizafasgruanafuazilfuuss

wimTumes (Self-organizing level)

1l uanslaseadreras SOFLIC

3lassaiarasssuy
ranifasanrausaldas 17 2
FUZZY GAIN SCHEDULER

Fuzzy rules & Reasuring

ST ’”’/ "

control signal

PROCESS

217 2 uamezzuAIUAR: PID faw FUZZY GAIN SCHEDULER
Tatin Fuzzy rules uae reasuring la¥wArmmiiaeflidaniy
AN( controller ) #auA" Kp,Kd qnﬁwuaﬁ’qﬁﬁa

4 Kp,min=0.32Ku, Kp,max=0.6 Ku
Kd,min=0.08Ku.Tu, Kd, max=0.15Ku.Tu
Tanfwun Kp . Kd ludae 0 uaz 1 dwiudamauguiilednis

finmumAaniieiandaudnniz curent error e(k) WBTAIAIIN
1 [ A [ 4 J ]
uansnduduum Aek) Adnm? (10) - (12) afidn Kp,Kd uaz

o gnimualatianyes fuzzy rules aindsmz (12) AiBi, Ci,

30245

i -
] .

. ! - - .

Di An fuzzy setmsefudautes setsuaz i As A1AsT member

ship functicfm (MF);!;: fuzzy sets
tK'p =(K;—lzp,min):/(Kp.max-Kp,min) ........................... (8)
K'd =(Kd-Kd.min)/(Kd,max-Kd,min)........ceesseneceseear ()
Ti=QLTd... V (10)

Ki =Kp/(OL.TdK’p / (OL. Kd)
If e(k) is Ai and A e(k)is Bi, then K'p is Ci, K'd is Di and Ol=CXI
' (12

)

i=1,2,3

00 75 S50 25 @

110 3 udnsAmIRNIUZYBY. membership function
PB = Positive Big

' PM = Positive Medium
PS = Positive Small .

25 80 75 100

NB= Negative Big
NM' = Negative Medium

NS = Negative Small
H

i p or k4

©2 M s o 18

;ﬂﬁ' 4 UdAINAILTA Ciaz Di

q'mplﬂ 4 Wia%isa G usz Di erwilu Big site Small FATS
grade %84 membership function ( M )uasA1duls X=K'p
vita K'd lapflanuduiudasaunis (13)
W small(x) =-1/4inx or x small( JL ) = e e For small
W big(x) = -1/4 in(1-x) - orx big(L) =1-e " For big..cccceu (13)
3.14uReuMInanuLY PID-Fuzzy
3.1.1 Fuzzification of input
Funm (PV) sesnrzuaunaf 1§ aand Degree of
membership tanm:uﬂaqﬁuumaqn:zmun'mﬂuﬁuummﬂﬂ
foANAIATAD -
Error e(k) = SP- PV
Chaﬁ'ge efror = Ae(k), =e(k) - e(k:1)
Taeit '
SP (Set Point) = Autimanefidatme
PV (Proess variable) = Adunniialdniaailar
e(k) = 'n"l error flaqiiu
Ae(K) = A1 Change error

e(k-1) = A error riauutirilaqiiu



autls {uun e(k) uat e(k-1) nmd'\ui uRBUNI?

F uzznﬁcatlo e

; iu;ﬂiaaaunnﬂiﬂ tnum:muummu.ﬂrau
nnnunr;ﬂm'\m u amin ( Membershlp function) mupln 2
312Rule Evaluation' 4

_ nq:ﬁﬁuqmd'\mungﬁéd'f adAmantl wind aeed 9
wilrflFarnniniB oufeusrSunnied funsrarsdiuaanin
snudludaimsanudAtyrengsiie sswinedoulsu

nnﬂﬁ'amn‘qﬁﬁ e(k) uaz Ae(k) mang Fuzzy iffThen Rules
3.1.3 Defuzzification of output
Iud'mﬁﬁwaé'm'-nn Rules Evaluation \#elthnAryasient

ynstudaimaBeudouaungsne 9 unsdiiimedan
WemAienipnildauRunsznun? - axludnmsduanuuy
Center of Gravity tadiT Wanflusqaaudtissdwmiuautinant
WnAa Kp.Kd uaz ol

anmdanis e azindy  Kpkd  uas oL Al

o ] o« - 1
unuluaunis (14)-(16) ewAneniynliauaunszuaung

el _
© Kp =(Kp,max - Kp,min)K'p + Kp,min..........ccocsueueuece (14)
Kd =(Kd.,-max « KA minKed + K miftn. s ioons en(15)
Ki = K% / (0L Kl
A Kp,max , Kp,min, Kd;max ,Kd:min azrinwualauaaumsd (17)

(16)

Kp,max = 0.6 Kqu,;nin =0.32 Ku Kd,max = 0.15, ™
Ku*Tu Kd,min = 0.08 Ku*Tu. “7)
Tatf Ku,Tu'Aa Gain UaZ period ¥89mz Oscillation 7 Stability

FNNATAL AN Kp,Ki, uaz Kd fEazurleadish PB Ti uas Td #a

v_ e * . « o
aunn? (18)-(20) udaullAruaumA NN NNANANMIT

@) :
PB=100/Kp. (18)
Ti=Kp/Ki=100/(PB)(Ki) (19)
Td= Kd/Kp-(PB)(Kd)/mO -(20)

A auual¥ CS(k) AsArdyynueniynii i lunns-
AIUAN Ts AR MILLIAT sampling 18953AIUAN (controller)
32 neesnuuLnamiauad
dqu_ﬂ::namaq:xuuﬁlﬁ'ﬁanwuﬁuuﬂaaﬁmﬂu 2 doulug)

-
A
1. wilanidsusie

2, wﬂ'mmuquua:uamua

zﬂﬁ's udmdauLlszneuresszuLi A
3.2.1 wseidaase ( Main Unit)
mhudauoim'rm‘hﬂﬁjd’tﬂmﬂmﬁwn’v‘uﬂuﬂ::u.a 4 - 20 mA U2

Hear AD wilaudludtyyuddneasuna 8 Iin deliifumboe
AN sEIaaNs qqn&udad’tumﬁmaamammn sin ¥
fiuaeqr D/A wandunfludrygyrneuraeniuanyiyn 4 - 20mA
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