: : Bl;StGN oF SELF-?UMNG 23 GGNTROLLER
en PERSONBL COMPUTER ’
emem TudEdiE
LERDLEKHA TANACHAIKMAN
Surdrp i tndmuion m@memmmmh s iernrrnsinernaiity
e syl g e
Horftnivends
. e TutefereenmotrBrmummraranyaty
el | ) :



: gL S wr
dninvomUANtY WITILUNNTMIANTIUY
mseanuutazadINiIAILNN PID suuliumdnluia

vunsNN IR I aIUYAAD

DESIGN OF SELF — TUNING PID CONTROLLER
ON PERSONAL COMPUTER

W

@aav susTatus

LERDLEKHA TANACHAIKHAN

a - da \ - = ar - W o
Smenfinusiiiludunilweaimsanmnanmangnsigainnssumansumlunia
muinInanssulvvh
' ) s
YarinInendy
aoiumalulainszeeundudigammsaanizila

W.A. 2544

M awmy B |
mw*mu'u. ..._.9.1:5.0..
\ it il Y2188 2544 MBI 0

ISBN 974-648-106-1 b




DESIGN OF SELF — TUNING PID CONTROLLER
ON PERSONAL COMPUTER

LERDLEKHA TANACHAIKHAN

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MOMGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2001
ISBN 974-648-106-1



COPYRIGHT 2001
SCHOOL OF GRADUATE STUDIES
KING MOMGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



Lo a A o
UHNAINLQE

amdumalulagnszoeundudIgunmsman szl

Tudusedineniinus

Fadeineniinug mseonuuBAzaddIAUgL PID wuuuaide Tufduuaeuiames
auynna
DESIGN OF SELF-TUNING PID CONTROLLER ON PERSONAL
COMPUTER

Foriniinmn waiaman . suzdodus

sHalszdna 42061042

YIan NI sUMANT UM TR

MU Franssudh

a a a o = d
p1sgmUgInniinus  wrtalszdng  yaaSaed

d v 2 a d1 a - =
210138HAIUAMINGHNUEI I TR.NAA ATATHY
o =Y d A A
AMZNTINMITOUINUIUNUS CYURLET)
a o o N
S ARTIY EMEINT I RS TN o R
7.9, Tudy ERELR i Laoge
= w. o \
weLlsenw AANITAUY Py (\j y &
\ : Qj)tw\b NNV
37000 ATIATHY
- Qd
WA U5z ans a3 W e s

Sundendl ey 7 Tuian 2544 a1 12.00-13.00 1.

[} ¥ Vv
guNaoy 9 9117 12 ¥U WU 4 (W0l E12-404)

m@ngﬁﬁ'ﬁ%;us

2 afis P N —

Suit.... 29, ... RO ... . 3244



@ a2 a d o o 1
Ao I tiwus mM3eenuuLIEa31IAINIUAN PID nuuysum

8 lulifuuneuiiuaeiduynna

UnAnw UNAMIRMEN SusFous

sralazden 42061042

Pyan INNTIVANAATUN T UNA

TN Fennssuinih

N.A. 2544

10138 AUMINNTINUS weAlszdng yoiaiaed

0191505V INNTNUT T INNAA ASIATHY
unnage

N3AIuANATEIINNIIAIeRIRIugY PID 1uiidenldsuedrsunsnaisly
nszuaumsnegaamnssn Taodssynd 1935n3u0e Ziegler - Nichols 1unismasn
wisimesveadanauge ws lumsldnudssuiluasdeinisdivudermsifinesves
dmuguite i Idnansuaussvenssuunsiage Uil idieneuiiuaesdin
yanaunlfifludadunnzimamfinefvesdmuguitnsadiudinoug PID uuy
Uiue1ea Tuild ld lunandsaiu Tasldisnsvesaianuaz i msUsemadiasamt
wnmnmsﬁnms‘hmuﬂwﬁﬁf':'lﬂ‘h’f'lunszmumm‘mquizﬁuﬁ'umzqmuqﬁ NUNAD
ﬂ'mauﬁ'lé’ﬁmm«ifuf'fmmm’[%’muquﬂ'izmumi'Ié'od'laﬁthxﬁn'ﬁmmmzlﬁwaﬁau

auvand Indifvadivda aruguuunliumea Tuiaildluugamnns sy



Thesis Title Design of Self — Tuning PID Controller on Personal

Computer
Student Miss Lerdlekha Tanachaikhan
Student ID. 42061042
Degree Master of Engineering
Programme Electrical Engineering
Year 2001
Thesis Advisor Asst.Prof. Prasit Julsereewong
Thesis Co - Advisor Assoc.Prof. Kitti - Tirasesth

ABSTRACT

Controlling the process by PID controller is widely used in industry by applying Ziegler
— Nichols method in analyzing controller parameter. However, in fact, it is still necessary to tune
parameter in order to obtain the best process response. This thesis presents a Self — Tuning PID
controller utilizes the personal computer to synthesize and analyze controller parameter as well as
tune for appropriate parameters by using Dahlin method and Extrapolation. Experimental results
using a Self — Tuning PID Controller to control water level and temperature, it is found that the
controller being developed is able to control the process very effectively and provides a good

response similar to the controller used in the industry.
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31 3.2 vienlaszunsuvenssevmunuileunduihnsaaglud

fmuald
G(s) = Gs)Gm(s)H(s) (3-1)

sipiiwigavesilatdudwlouiildlumsmimsiinesvosnszyiumsiine:
1 o W & o " - ¥
agluz1lveanIzIUMIBUAUNTINTINITNUNIAT (First — Order Plus Dead Time (FOPDT))

& - 4 da o 1 o
gufludnguuuniianteuldiunniga dsaums

G(s)= (3-2)

We K =90A51910u83anizuIuns (Process gain)

t, = AINITHUNIINIVOINTTVIUMS (Process Dead Time)
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T = A2 ININVBINTZUIUMS (Process Time Constant)

¥
PINAUMS (3-2) ILNUNIRUANYUSVBINTZVIUMIN 3 M aunsom ldnnms
nagounsLUINNS TamsnARBuIUYIATlA (Open - loop) tiiBannilumsnadeunnz
1 ll’l e ar 1 - J o o z L
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M(s) A3
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R(s)F “E s Gc(s) (s) G(s) C:(ﬁL
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0
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51U 3.4 HARDUHOIUBINITLIUMSIINI Aty g U U lA

die lunansandyanasunauvasiimsnagoy Haddudo Touvesdyanauening

& - -
3uflunaneuausaveanszurums nnudealaszinsulugii 3.3 fio
C(s) = G(s)M(s) (3-3)

P A = =1
a1 (3-3) defimsnAouasnavesdygnenugy Am zldaums

anlawveInszuIUMIND

Ke® Am
rs+1 =

C(s)=

= KAme™* [l i ] (3-4)
s rs+1
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NAUMIN (3-4) loyhmsuasan)amuuunndu 18
Ac(t) = KAmu(t —t,)[1-e 70" (3-5)

¥ ¥ . ¥
1aUNIN (3-5) 1znud Ac(t) = 0 1ile t < ¢, ilpaninianduduiula u(t - 1) dau

| L4 - = ar L4 a = @ 1 a 3
| wnlves Ac uaasdamsnlasunlasvesdygraemnannmlaqisuiumanizisuau

-
fio
Ac(t) = ¢(f) - ¢(0) (3-6)
P P & a0 1w
Nz Act) szunudiu Ac, Faliauni
Ac, =lim Ac(t) = KAm (3-7)
[—o
vnaumsf - (3-7) mgadnuazveanIzunsdusnicnam idfedanvee
A = 1 ’ ar
Fatia iy
Ac,
Y | (3-8)
Am

» . "
AmsMinIaIvaINITINMS £, ldvnnstunamfuma s udusunTEINNTEYY
“. - Q‘ L] i J o ar
AsBuinsaouaUoIsENIN 3% INAUTUAN dauAwIIAAN T v lAnInmEAnnn A

uanalugun 3.5

A
cft)

0283,

51 3.5 MafiIIRIMIATMINIADT Y8INTTUIUMSHYL FOPDT

° v T
fimualv t=tg+ — UaT =t + T (3-9)
3

unumaunsi -9) asluaumsi 3-5) 14

Ac; = Ac(to + g) = KAm[1 - €] = 0.283KAm = 0.283Ac,

Acs = Ac(ty + 7) = KAm[1 — €] = 0.632KAm = 0.632Ac; (3-10)
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t, A Ac = 0.632Ac,

Mnaumsh (3-10) 9214
=%(t2—tl)lm$to=t2-'f (3-11)

' = c'z ' d’ ° a 4 - L4 ar
Amsiliaeiiy 3 milszgmir Wl lumsdunsizimamniinesvesiiniugy

PID Mmuzayluuaaznszuiumsas i

3.2 MIFURTITAMMNTIMB3 VIR IAIUAN PID AIAEMsvesmviay

E 4
lumsinsanmsdunssdmmniinesvesdmiugy PID furziosannnan

M3AUAUILLTA (Closed - loop) Taw liinsandyanaisuniu dawaaelugili 3.6

R(s + E(s GC(S) Mi(s G(S) C(S]_;

1N 3.6 vienlaszunsuvesmsduanzvsmsiimesveadiniugy PID

1n31 3.6 WesanilansucisTeuwuasila 1Amidy

C(s) - _G.(5)G(s)

= (3-12)
R(s) 1+G.(s)G(s)

NN (-12) TERaAFud e Touvesdnrugy iy

G.(s) 1 C(s)/R(s) (3-13)

G(s) 1-[C(s)/ R(s)]
a‘ " :3 - LY ar -i %
nanouauouuNdalugluuundengefonansuausuuusudUNil (First
Order Lag) e Toude

¢ __1
R(s) _rcs+1

(3-14)

e T, = Anmnsiivesransuausauunta Guii)

4 = o ' A‘ T o 1 {
Amnilines T, aunsnliumld Fann T, danfevsildszuudhganizasii

183 Fuamslugud 3.7
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4.2.1 BIUMNHUARUANYAUZVBINTZTUIUNINAIVAY (Configuration)

SELF TUNING

Controfler Adjustment

511 4.3 w11989898U Configuration

Usznouday
ar o 4 - Y -

1) Valve Action ABANYMLMIRININYEINAINIUAY (Control Valve) Il 2 Anvmzio

- Direct Action

- Reverse Action

= - ° ' Y] o ¢ 4

2) Valve Adjustment ABMIAIMUAAT Span UAE Zero VOINTTUIMMT 1Av]1FvonALIT Faee
¥ un3din luausadmuan Span g Zero NtmangauveInszuIums 1é lavasa
3) Controller Adjustment ApMIMIMUABATINMIYsTUIANAYBUATRINDUNUABT (Sampling

& - ' :
Rate) ‘HQﬁHH?UiﬂU ms. / 1343
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4) Extrapolation Adjustment ABN1IMMUASIUIUAIOEI (Maximum sampling point) HAZHN
M o L ' r: i 3 & ’ = n‘: o ar
o lumsqualedialundaznia (Interval sampling time) Faimiwoilu Juii / ads dmsy
msdszmmmalami
»
msfmuarna lunsguilednluudazaia AIRTUININMIIABUAUDIVEY
1 o ' o o’
AZUIUMTHINATZUIUMIINMIADVAUBINTIATAFUNTTUIUMIAIVANITAVUY A3
A ¥ o H a =1 n’: - ¥ - a 3
denldading wu 30 i 7 afa maemndenlgamguiu ldaszuaumsominganiiy
asfinouiimstsznamarmi lunsdifinszuaunsiimaeuaussdusunizuiums
- - 3 ' A - - oe . ¥
AIVANgUNYI AISADN 1FAIFI 19U 600 N / AT msemndenldmduiuldoyann
' ¥ - - o v 4 Q 1 d -
msqunnaoeiialndiivaiuunuiomnu sazihlimsdszanaiadlsmihianaia

d‘i o " Y = v
W llsunsuimsdizmanaNssuungan1znImum

4.2.1 AN (Controller)

m3nIuAY PID IM3nIugy 2 dnuaz AedIun1sAIUANIYY Manual HAZEIUNTI
or aray p 4 ql: @ d’ ' 3 = v " -
AAuLUUEA TUTA (Automatic) ¥aia 2 dapazilezeylumineeiaginy HAIBIABNMS

o ar o 2 14 =) ¥ ° [ P
e ludnuasladnuizuilnds sziimhnemninudgin 44 uaz 4.5

SELF TUNING

Process Vanables

CONFIG RECORDER GRAPH




SELF TUNING : 18:50:19 |
Controller

- Process Vausbles

4984 154959 125004 185010 155018

CONFIG RECORDER GRAPH

U7 4.5 minenismuguuuysa Tuia (Automatic)

£ o ¥
nuven IS Eno A
1) AMSReTYDIRINIUAN K, T,une T,
z) Controller Mode
- o ' 4 £ -~ "
2.1) Manual AemImugugUnssinuguisuNd g Taonse §lFamansadensn
Manipulate Value (MV) 138 m(t) lumiae % Taon1sidoudumietlousndasnis
. ar arey A
2.2) Automatic fIBMIIAIVANATEVIUNMTUVUSH TUA FINAADYAUBIVEINTZUIY
J Vo ] = L4 Y - o as P
NMITYUBYNUMWINUIRDTYBIRMIVRYY PID A mualuaden 1)
3) Set point (SV) : SP Aemsimussnthmiguesnszuums Wekhmsnuguuuy
Automatic
4) Process Variables ADHAADUAUDIVOINTZUIUMT HAAIHA (PV), MV uaz SV Taoldsa

uuazn LN
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4.2.3 aum3U5un19nTUIRA (Self - Tuning)

SELF TUNING 15:45:17 |

317 4.6 M1119990909U Self - Tuning

15znovdy
1) Manipulate Value (Am) Aiomifvuan Am dmiuminaaou
' - 4 { &

2) Process Parameter ﬁammﬂmmwwmmﬂwaqns:mumsﬁ'lﬁmnmsmaau GN|
USTNOUAIN t, Tilaz K

- ¥ - o o - 9 a ¢ &
3) Controller Parameter ﬂﬂmmﬂmmmsmmﬂiwqmmuqnﬂmmmiﬁqmﬂ:n %3
Usznoudi K, T, 0z,

4) Self - Tuning Mode AnMmidanunu luduveamsiiumsalulia

'
A o w

= 4 et "9 £
4.1) Predict  femdamsmim Ac, Awdimsdszinamidamih

P ' £ 1 -
42)Normal  flemidamamim Ac, Tasselinszuaumadiganiizasiies

"
ar

° ¥V ar a i = ¢ ar '
4.3) Analyze amm‘lwmmﬂzﬂuazmmmsmmainmmnm?ﬂaum Am

"
ar =)

-
fl
A o o 4 ¥ - o
ADAINIUNANNITAUATIEHUASHIATNITIUIADS

4.4) Cancel
4.5) Accept Parameter Ao ide Ifdammniines ndunsiz 14 ldsdudaniuy

AN INDAIVANNIZLIUMS
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4.6) Predict PV Aomsuanaam Ac, i ldninmsnaaey

5) Chart

Run AedrdafilduaninimnaneuausiveanszuumsAenanIninsum Ac,

Y
487

4.2.4 a"mmﬂ'fuﬁnﬂa (Recorder)

SELF TUNING | 19:01:03 |
| RECORDER

S ———

U0 4.7 wiheevosdumsiuiinwa

9
1)senovni

1) Command

"
o

° 9 o o A& 3
1.1) Record amdaliihmstunnvoya

o o b ° o £ 9
amda lingaihmstunnyeya

2 3

1.2) Stop
13)00:00:00 AemsuaasmnlFlumstuiindeya
3 - o o A 9 = ' u’:
2) Recording Rate ﬂammm'lummuﬂﬂmmga uwu‘:ut"ﬂu ms. / A33
Joya IRonmstudinszgniaifiuuazuaamalugivesudludeyaionian (Excel

£ - o o £ " oa ' a
Faannsasongdeyaldlavldfirds Graph Feoguinudmarveaminensufiuaed
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uazdl¥dmnnsodsliuansnanouaussvesnszuims I Taokumanisiud (Printer)
Taghisuiludesldinseaiufinnanse Recorder 148040

60
- [t =3
s | = HOABUTUDIVDY
40 | {
/ A 1 £ 1 114 3
30 ¢ | i
20 |_ Delta m = 25%
10 [ st
0 -

1 437 873 1309 1745 2181 2617 3053 3489 3925 4361

1 4.8 dretansmnesiufinnad oA i Recorder

4.3 29959umes e

431 dawdwmedla (Interfacing Unit)

' a - - ar - - 3 -
dudumeimaiimihnlunsfuuesdedoyaunuvunuing 8 n senhunies
e amesfugUnsaiduyn /e ning

o RESPACK3 !
i
PA AN £
W |
D PA3 :
b3 PAS [ € A o,
De PAG 3L T IAA
D7 PA7 ”m‘ AN
8255 1
— PBO {13 1 SR
| RD %—‘uﬂx\r
WR 1 |
[ PB4 ; t— ¥ !
- A Eb 3
OR — Ly Mcs f2.-4 4 )
IOR [~ >—3A0 [T L — ‘—‘L R, Lot 0
e <34l Bl N PCO 14 ] g
AN o B R B ois
5-1A4 B4|-4- s A A
T4 AS BSH-W | PCA
e NS WS 2 .
RESET | :
5 AR S 8 Fesase | ol PC7 ‘
#ff]m . | RESPACK3
] i
= | :
Ad-All (o =1 |
= —
b T Q;
162 5
P3 |
P4
51P3
RI Al ‘
SW1
. 74LS688 |
1 16 3 | |
i e HX‘T: g \
l_ =~ i1 3 A 14 T |
i il T 7 4 AN 1 9 3 !
:i. BT 7 T 0 7\ O | §
5 P BiAA LIl WiAg
s ) i A i
i a0 0% S |
v i RESPACK3 ~—0 ;
DIPE |

31N 4.9 29930 URmRTIe
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Tuziii 4.9 209sBumesimlszneuday

- oo 8255 imihiiiluBuna / i0ninaAnen (input / Output Port)

-lodes 74245 @it 1 hndhitlumsiu - dedoya

-loded 74245 daii 2 hmdhitlumsdedyapainiugulodwed 82ss

- loFuod 74688 imihit lunsnSvuifouninoavwedn

Fyanunniniosmouiunesildlumsmugneesdumesiaie ¥ lumsu - da
Joyatlsznoudisdyanuiiadeya (D0 - D7), Vaueawsa (A0 — All), IOR, IOW uag
AEN

dyaIuuoaAsa A0— Al ﬁ1m’f1~?i‘1umsaﬂuﬁ‘mvm1mﬂmf]u (A0 — A1) Tumsiden
woinves 8255 iflumedn A, woin B, woin ¢ nio noinniugu

Foygoueaiasa A4 — AL i lumsidenmnumunesn Tasiimnoaunein
i $300 - $31F _

dygnu 10R wmihiilumsdaliasessudeyn Tavdedaygaldnn DIR ves
o 74245 671 1 ioviims3udenyn wovy RD vesled 8255 e l¥sudeyaningunsel su
W

dyanu 10w dmhiilumsdsliaesdumediad doynsenludegqunsel
nina Taomhmadedaana’luiinn WR wesladiues 255 tiedwmualyl 8255 auihii
Whinesmemyamodsdeyaliigunsalioning uadyana 10w hisududesds i
DIR vos'lod 74245 #7ft 1 msizanzinAvesnt DIR iy “17 «‘ﬁmmuﬁqmsdqﬂaganan
910 Al - A8 o B1 - B8 uathanazilu “0” sxminefamssudoyanin B1 - B8 ian A1
- A8

dygna AEN imdhilumsaugunisila - Davesiadeya ietlesinhililed
74688 Y1MIAIAA (Decode) 3¥MT19NIZUINMS DMA Tyl AEN 92msnauguns
amveslod 74688 Taveziianmuily “1» iehanizuanms DMA Favziald 74688 i
Mo uadilimsem - Weudeyauunein dyanm AEN seiiannzily “0” vl 74688
i udnhdgyanaueninaverasss ildnnn P=qQ lawgumsida - Javadeyai
1 E vo'lod 74245 #aii 1 Auoninaves 74688 i “0” sviflumsdalfillaneinves 74245
uaduilu “17 1o 74245 az'hivhan Taofileninaves 74688 iy “0” IdAdedledyan

] L
HOMATH (Ad — A11) AsaUdRyeIuIN DIP - SW 1 1dme 13 uazdayana AEN i “0”
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v
Tuineiinus ez ldwesn $300 - $303 Taodmualsd
HINUIRYNDIN $300 1unein A
NINIDYNDIN $301 1WuNDIN B
Wsavnein $302 unesin c
nuwaYwein $303 Wunesnalugy
o 3
wazimmualv
o d o
woin A Hunesnduna
o o r's
woin B iluneinioning
s o o -
woin ¢ vuiduweinemivanldlumsniuguies A/D Converter
o " o o -
woin ¢ muilumeineninanldlunsniuguases D/A Converter
Control Word 7119110 8255 luneuilamiesie $90

0 w v v
ieannvIemyne Iy $300 - $303 AU A TR DIP - SW 1881

A11 A10 A9 A8 AT A6 AS Ad A3 A2 Al A0
WuuaINDIN $300 0,8 153 00 0 0 0000
MUNUIDUWES N $301 oy 5 0000 0001
NUWRYNDIN $302 0.0 1 1 000 0 0010
MUUAINBIN $303 0.0 1 1 000 0 & i1 )

L ] ¥
auiumndesnslieshanuiimnuaunedn $300 - $303 sedoelidganain
o & 1 [ 748 [ o
v0alod 74688 1y “0” 11 Q1 - Q4 1Az Q7 — Q8 WA Q5 < Q6 1M “1” dauN3Ra DIP - SW
° v 5 { o v
Aosimuali 1 —4unz 7 - 8 agluannz oNieldams ey <" uagdi 5 - 6 ogly

A -
#1722 OFF e Muamaziiy «17

4.3.1.1 MIAMTINIVAN (Control Word) ¥l 8255

nouh lod 8255 sxvhamdestimsdadyanalyvnou el 8255 nsrwmsviau
" b4 ' "
voaweina Tavlumsdedrdenugniudeslin Ao uoz A1 egluaniay “17 iedald
3 ¥ v
lod 8255 Sumrdsmuguualuinoiinusiidmualivein A hmhiidunesnsuna
¢ p o ¢ ' s ¢ v & @ ae &

woin B iluneimoning uazwein ¢ vunazaaduneimenina dniudaiisidinugy

ilu $90 msdafmdanrunuesnliSanein $303 sxldiida Port [$303): = $90 Taviimda
} 4
Ty IuaAl

¥
doyanuueanIa A0 — A1l umnoayneinie $303 Antudagiauonnasd A0

3 1 A 1 U o l:l
uaz A1 ity “17 viag ieiunsueniled s255 nswiudlumsdadrdanunuuonnse
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" ' b4
A4 - A1l wldmenSsuifisunanoiaanesndy DIP - sw Masafunldds Bnsely Taoil
doyaau AEN udyanadaliled 74688 v Smnoimanesnasafunas ey AEN
i 0" sz iowinmiilu 0" ievh lilanesndoyavesled 74245 aii 1 lumsdsdoya
s90oonlulds lod 8255 Taudygm 10w Wudyanandalfive WR veeled 8255 ey
dyanuvesmidedeyainvled 8255 iiedeya $90 gnaauniled 8255 uda lod 8255 a2
o o o s ¢ 4 ¢ & '

anwoin A Miilunesnnduna, wein B Wuneineniwmuazwoin ¢ vuuavdraiiu

s ¢ s U
wasmamwmmnmmmmuau

4.3.1.2 mssuveyasngnsaineuen

msiudeyanngunssinsusninindunlszuaananioluneufiunese: 14mda
x: = Port [$300] Tagneuiunessydadynnuoninse $300 oon lidwenmsaia Faozvild
A0 uaz Al figuiu “o” wolhdifinn A0 iay A1 vealed 82ss Fuiunmsdaliled s2ss
Mnuiunedn A dyansupamse A4 s Al dudnSoudsuaweiniu pip - sw Tae
fidyan AEN iusadaliled 74688 e Sumnuaumesmas ifuioe uas doyae
AEN iihi 07 ez Iioniymilu <omerir Tiilane fndeyavesenina led 74245 daii 1 Taw

or

» —_— - —_— y o -
fidyapa I0R szdmnTv1 RD veeled 8255 meldsudeyadunmdmmanesn A uaz
L

3/ ar - o ar ] o - §_ar o
dwloyn lifuneuiuaeiiumaiadeya wudeyanawoin A fisuiiiy ses szl

aunls x Tawdu $66 A

43.1.3 msaateyaliglniainouen

msdedeyalifugunsaimouenldmida Port [$301]: = $88 Taunouiiumoiazds
dyanuueamsa $301 son lulfuoamsaia vl Ao uaz A1 Fadidwirdy “1” uag “0* A
v Tidhiian Ao uaz A1 vealed 8255 edsWhiausmedn B Ay IuLOAATH A4 -
A1l wiiludanSouiisumnuawweindy pip - sw Tasiidyanu AEN iudyanudald
lod 74688 Yiaru Srmnoinywosnassiuiiae 13z AEN dhi <0 sxlfioninmiiu «o” il
dalilod 74245 Mot 1 Wameindoya Tavfidanm ow i WR vesled 8255
el hiimsdadoyamnld dnfudeya sss vesnlugmesn B voalod 8255

lunsdifidesmsdedoyasenlldamein ¢ Aavisudodufowudezdoumng

o
@ywoIMiu $302 unu



4.3.2 dugUnsaidunn/ie1yA (Input/Output Unit)

4.3.2.1 A/D Converter

100pF 0.01uF
LAY IT LAY
R6 & +% THR g Cvolt
IKF | &
L DIS 555 TRIG
vee
R7 ¢ 8
68K Q & R
5|
/\ 3 L vCC
ool B vee 8% CLOCK
START /)
gjgg " )’ 2| ENABLE “ﬁ?
10 b 2 el
0| AR apcosos 1
®) R ADD-C
O I | ADD - B BN
:Ié? N ADD-A 10 1T NI
oﬂfoi—;—f N el EOG IN-§ H—]
Ol—mojz_/Q 1SB2-8 IN-4 2
00l 27 Nl
0,0;—\ 15 IN-2 »ﬂ——\
o= 24 N1 L
2:3 IN-0 \Ji_\
DB25 MSB2-1

SPIN

LI

317 4.10 2995 A/D Converter
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LEVEL

TEMPERATURE

¥
&
112995 A/D Converter 1119 10% AD0809 ¥uiluled A/D 8 uruuva Innuazidua

¥
255 32AY LAZEVNIOAUITIAUDINDININYY Ref+ 1Az Ref- lasmunsmAonusuuualdnin

MIAIANYI ADD - A 13 ADD - € Tasiimsniunuasil

ADD-C | ADD-B | ADD-A Channel
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
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as : a o 1
dyapanldlunsaugumsidenusuuuaiudyapunnmein ¢ dufe Pco -
PC2 Tnu PCO gneviiniuv ADD - A dau PCI gnaeidhiuv ADD - B uag PC2 gnaoidh
@ [ @ { o o o ar 0 &
A1 ADD - € dawudgapanldlumsdusuhaufedyaaunnwesn ¢ dude Pc3 &
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x IFUSDURAvBUILUUAN 3 1Ay 2 Taad dauls x vedl
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¥ o 4
68K, R, = 1K 18z C, = 100 pF Asriuanudiinaa ldseiiniiiiy

sl 14
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»
o ar

wiunmnlFlumshaugagaluudazsevvoslod ADcosos fie

1
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o
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4.3.2.2 3997 D/A Converter

+12V
3K 3N
L)
e e e
i as §1M 2 > T
-5V A B e P
oM Ve
IOM
—————— ————— e z._. 7. -
—241A1 11 - 2.15BA8 2 vee WBR
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gﬂﬁ 4.11 2993 D/A Converter
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woin B uneinlunmsiudideoyauazdyanuannwein ¢ uuvesled 8255 iilu
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Foyana cs Wudgenaildlumadenusununvesled 74138 Tavdeidhiuw ¢
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4 C6 c5 C4 Channel
0 0 0 0 YO0
0 0 0 1 Yl
0 0 1 0 X2
0 0 1 1 Y3
0 1 0 0 Y4
0 1 0 1 X5
0 1 1 0 Y6
0 1 1 1 Y1

omnavesled 74138 Aom Y0 - Y7 udazusedaidhiu LK voeled 74374 ud
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4.3.3 299smlasnsesuihnszualvlvh (VI Converter)

+15V
g &
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+12V
- $50K . R =27
33l UA741 o T
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SV M Zs DIODE ‘
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gﬂﬁ 4.12 2993 V/I Converter
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fuannsen VR, uaz R, Salldmiin Fufunszuai naknidalis iy v, /250 Q e
A VR, vhiy 50 Q ilefinssnamudnmmiiinidensendiueslaTen wny
hifHadeAnizud uazluasesiigiannsonomnaudnmuld 650 @ F91duen
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= A



45
VAN (4-4) wuhnszuanneedueniiiiufive 1.852 LA udmmITOnILgY
ASZUAOMNA 1404 20 mA
= o { @ - 4 Q' J
niuFanesives 3 fie 251815 vimihitlumsilostunszumdn Wonszuaiiniu
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Application of Personal Computer as a Self-Tuning PID Controller

L. Tanachaikhan, W. Sriratana, P. Pannil, A. Chaikla, P. Julsereewong and K. Tirasesth

Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang,
3 Moo 2, Ladkrabang, Bangkok 10520, Thailand
(Tel: 66-2-326-7346-7; Fax: 66-2-326-7346-7 Ext. 103; E-mail: kjprasit@kmitl.ac.th)

Abstract

Controlling the process by PID controller is widely used in
industry by applying Ziegler-Nichols method in analyzing
parameter of the controller. However, in fact, it is still necessary
to tune parameter in order to obtain the best process response.
This paper presents a Self~Tuning PID controller utilizes the
personal computer to synthesize and analyze controller parameter
as well as tune for appropriate parameter by using Dahlin method
and Extrapolation. Experimental results using a Self~Tuning PID
controller to control water level and temperature, it is found that
the controller being developed is able to control the process very
effectively and provides a good response similar to the controller
used in the industry.

1. Introduction

Today technologies have created principle and theory of new
control that can be used to control complicated process
effectively, but the PID control system remains its popularity as
the PID controller contains simple structure, including
maintenance and parameter adjustment being so simple [1].
However, in order to tune various values suitable for the best
response of the process it takes time and may cause a mistake if
user lacks skill and sufficient experience. To solve this problem,
there are many developed methods of PID controller that can
analyze and tune parameter suitable for the process automatically,
but it is still expensive and is designed for this particular
assignment. This paper presents an idea of using personal
computer as PID controller, which can analyze and tune
appropriate parameter for the process automatically by showing a
graph of response and important parameter of the process on the
monitor. Thus, it is very easy to use and a good response of the
process can be shown.

2. Principle and Theory

A. PID Controller
PID controller has a fundamental equation 2]

1 de(t
v,0=K, [e(t)+}; [e(t)dt+Ty %] %)

and e(t) = sp(t)- pv(t) @
when  Fj(t) = controller output

e(t) = error

5p(f) = set point

pv(f) = process output

K, = controller gain

T; = integral time (sec.)

T; = derivative time (sec.)

The Discrete Differential Equation of the above Eq. is

AT
V,= V"n-l + Kp Koy - ) ¥,

T;
> . (3)
+ é (e, -2¢, 1 +e,_9)]
when AT = the sampling period
V"n ~ controller output at the nth sampling instant

e(n) = crrorat the nth samplicg instant

B. Process Characteristics Analysis

Transfer function of the process used for characteristic analysis
will be in form of a process called First-Order Lag Plus Dead
Time (FOPDT), that is,

Kelo®
Cla) 75+l

@

when T = process time constant

The testing of the process characteristic can be done by unit step
input signal [m(f)] into the process. The response obtained in
regardless of disturbance signal is S-shaped as shown in Fig. 1.
This method can use 1o test with second or higher-order process
with Damping Ratio equal to or higher than 1.

mi1) 3

e(f)

Fig. 1. Process reaction curve or open—loop step response.

With the step change of m(f), the output response of the FOPDT
process is

Ac(ty= Kdm u(t-tg)1-e C10)/ %) (s

At the steady—state,

Ac, = lim Ac(f) = KAm )
{—yoo

The steady-state gain of the process can be obtained from Eq. (6) as

Ac
et &
& Am M

Dead time of the process (1) is derived from checking time from
the beginning until there is a response of the process about 3%,



while the time constant of T is obtained from a calculation by
replacing time #; and #; in Eq. (3) by setting

T
l|=lo+5, h=th+T ®)

Obtain  Acy=Ac(ty +§)=0.283KAm= 0.283Ac,
Acy =Ac(ty +7)=0.632KAm= 0.632Ac,

So, T= %(fz -4) 9

B. PID controller Parameter Synthesis

To consider parameter synthesis of PID controller, it is made
from Close loop control principle as stated in Fig. 2.

R(s)

E(s) M(s)

(o))

Fig. 2. Block diagram for PID controller synthesis,

Theoretically, the most suitable response to feed back control
system is the control system which provides the response in form
of First Order Lag, but dead time of this control system remains
negative, making this controller becomes unreal. So, it is
necessary to consider the control system, which provides First
Order Lag response with dead time #yas in Eq. (10).

t 1
G.()=—=—|14+4& 10
() K(-r,+r,,)[ rs] 10
Which is the PI controller that has value,
T

K =——— and T, =1 11

P K, +1p) - g
When the PID parameter controller is synthesized by Dahlin
method [3] and the parameter is

T

e, % o
POK(r +1)

,I;-=f and Td-'—"z

(12)

when 7, = the time constant of the closed—loop response

With the process used for PID control, it should have f; more than
74 and T, should be similar & in changing set point value to
create overshoot not over 5 % [4].

C. Extrapolation

Extrapolation is an estimation of future data by analyzing data
obtained from various samplings. A suitable method of numerical
analysis is Newton’s Divided-Difference Extrapolating
Polynomial, in which this paper uses to calculate Ac, advance.
The value obtained from this calculation method has a slight
error, by using equation

f(x)= flxg)+(x-x9) fx,xg ]+

(x-xg Xx-x)fTx2, %, %9 ] +... + a3)
(= 20 Xx = 3 ).ec(% = X ) 1% s Xy s X0
when SIx.%]= M
X =X,
f[x;nx,,_],u.,xo] = 'f[x"""'I]]_f[I,_l,-..,Iﬂ]
X, =X

X, = data from each sampling
f(x)= value from extrapolation
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User is able to select suitable size of the sampling period. In this
paper uses 3 sampling data, that is xo Xx; and X3, to calculate
future data x; and x4 that shown the tendency of process response.
If x4>x; then it will calculate x4 and x5 again from sampling data
X}, X3, X3 until future data x,2 x,+; because the response result
becomes stable. Once the data is obtained, that is x,=Ac,,
computer will analyze data and figure out parameter from the test.

3. Design and Operation

The developed system uses personal computer as PID controller
that can analyze :nd tune appropriate parameter for the process
automatically by using Delphi program. The response signal from
the process (1-5 Vdc.) will be transmitted by A/D converter to
the computer to analyze and send out a suitable value (4-20
mAdc.) by D/A converter to control the process. In analyzing
characteristics of the process there is a test by unit step input
signal into the process and user is able to select appropriate size
of the signal. In addition, dead time value of the process can also
be obtained from this test. Once the resulting response becomes
stable, take Ac, to calculate steady—state gain and time constant
of'the process. Since the test of analyzing the Ac, takes long time
until the response becomes stable, therefore in this paper, the
numerical analysis is used to estimate value of Ac, by comparing
data from sampling while the unit step input signal during the
test, that is the extrapolation. The estimation by this method will
help the process characteristic analysis take shorter as we do not
have to wait for a response to be stable and there is just a slight
error. Once the data is obtained, that is K, T f,, computer will
analyze data and figure out parameter from the test and shows
them on the monitor so that user can decide whether he wants to
tune parameter of PID controller. If the user agrees to, the said
data will be transferred to the operation part of the PID controller

promptly and the response of the process will be shown on
computer monitor as stated in Fig. 3.

Calculate and display P1
parameter KT,

Fig. 3 Operation flow chart.



In Fig. 4 computer will apply unit step input signal into the
process to analyze and find out suitable parameter of each process
or if the user just wants to control the process, it will operate as
the PID controller and the user is able to input parameter to
control the process on the computer monitor.

Process variable (pv)

Fig. 4. Block diagram of experiment.

4. Experimental Results

In this paper, experiments for the water level and temperature
control process by computer and compare the result with the
method of using Auto-tuning PID controller of TOSHIBA
(model: AC201) are done. Fig. 5 shows use of computer in water
level control yrocess and Fig. 6 is the extrapolation to obtain Ac,
value before the system becomes stable “about 5 minutes and the
error is about 3 %. However, it affects a little bit towards
parameter used in analysis. Parameter of the water level process

is K=7.039, 1=107.735 sec. and #,=5.235 sec..

Fig. 6. Estimation of Ac, of water level control at Am=10 %.

The most suitable parameter analyzed for the process control will
be K,=1.5 and T;=107.735 sec., as shown in Fig. 7.

61

1
s
y i
1
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Fig. 7. Experimental result of water level control at
50% setpoint with feed rate of 360 mm./cm..

Fig. 8 shows the experimental result by using parameter obtained
from using Auto-tuning system in PID controller of TOSHIBA
model AC201 with K,=0.6, T; =7 sec. and T, =2 sec.. And the
response of the process has the maximum overshoot about 27 %.

—

Y
u

Fig. 8. Experimental result of water level control with setpoint
at 50 % and feed rate at 360 mm./cm. by using
TOSHIBA controller model AC201.

Fig. 9. Temperature control process.



Fig. 10. The Ac; estimation of temperature control process
at Am=25 °C.

From Fig. 10, the extrapolation will give the value of Ac, before
the system becomes stable about 15 minutes while error from the
estimation is about 2 °C only. Parameter of the temperature
control process is K=1.018, 7= 1618.2 sec. and 7,=89.327 sec..
And the analysis for the most suitable parameter in control
process will be K,=9.0 and 7/=1618.2 sec.. Fig. 11 is the test of
using parameter obtained to control the process.

Fig. 11. Experiment result for temperature control at setpoint
50 °C with feed rate at 100 mm./cm..

TLLLLL

NG
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Fig. 12. Experiment result for temperature control at setpoint
50 °C with feed rate at 100 mm./cm. (AC201).
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Fig. 12 shows the experimental result of temperature control by
using parameter obtained from Auto-tuning system with K,=1.7,
T=42 sec. and T,~11 sec. The response of the process has the
maximum overshoot about 7 °C.

5. Summary

PID controller development by applying personal computer as the
PID controller that can analyze and automatically tune the
appropriate parameter of the controller and takes less time while
avoid any error or damage that may occur due to insufficient skill
of user. This method is very accurate and provides a good process
response. According to experimental results of water and
temperature control process, it is found that a Self~Tuning PID
controller can operate very effectively and accurately and save
expenses with easier works. In addition, the result obtains is good
because computer works faster than the Auto-Tuning controller
normmally used in industry.
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LeftAxis.Maximum = 100
Legend.Color = -1
Legend.Font.Charset = DEFAULT CHARSET
Legend.Font.Color = cIWhite
Legend.Font.Height = -11
Legend.Font.Name = 'Arial'
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Legend.Font.Style =[]

Legend.Frame.Color = cIWhite

Legend.LegendStyle = IsSeries

RightAxis.Axis.Color = clRed

RightAxis.Grid.Color = cIWhite

TopAxis.TickOnLabelsOnly = False

TopAxis.Ticks.Color = clWhite

View3D = False

Align = alClient

BevelOuter = bvNone

BorderStyle = bsSingle

Color=-1

TabOrder = 0

object Seriesl: TFastLine¢Series
Marks.ArrowLength = 8
Marks.BackColor = cIWhite

Marks.Font.Charset = DEFAULT CHARSET

Marks.Font.Color = clWhite
Marks.Font.Height =-11
Marks.Font.Name = 'Arial’
Marks.Font.Style = []
Marks.Frame.Color = cIWhite
Marks.Visible = False

Title = "PV'

LinePen.Color = clAqua
SeriesColor = clAqua
XValues.DateTime = False
XValues.Name ='X'
XValues.Multiplier = 1
XValues.Order = loAscending
Y Values.DateTime = False

YValues.Name ='Y"
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Y Values.Multiplier = 1
Y Values.Order = loNone

end

object Series2: TFastLineSeries
Marks. ArrowLength = 8
Marks.Visible = False
Title ="'MV'
LinePen.Color = clRed
SeriesColor = clRed
XValues.DateTime = False
XValues.Name =X’
XValues.Multiplier = 1
XValues.Order = loAscending
Y Values.DateTime = False
YValues.Name ="'Y"
Y Values.Multiplier = 1
Y Values.Order = loNone

end

object Series3: TFastLineSeries
Marks. ArrowLength = 8
Marks. Visible = False
Title = 'SP
LinePen.Color = clYellow
SeriesColor = clYellow
XValues.DateTime = False
XValues.Name = "X’
XValues.Multiplier = 1
XValues.Order = loAscending
Y Values.DateTime = False
YValues.Name ="Y"
Y Values.Multiplier = 1
Y Values.Order = loNone



end

end

end
object TPage

Left=0

Top=0

Caption = 'Predict’

object Chart2: TChart
Left=0
Top=0
Width = 767
Height = 635
AnimatedZoom = True
BackWall.Color = 5921326
BackWall.Pen.Color = clWhite
Gradient. EndColor = cIWhite
Gradient.StartColor = 8421440
Gradient.Visible = True
LeftWall.Pen.Color = ¢cIWhite
LeftWall.Size = 1
Title.Text.Strings = (

"TChart')

Title.Visible = False
BackColor = 5921326
BottomAxis. Axis.Color = cWhite
BottomAxis.LabelsFont.Charset = DEFAULT CHARSET
BottomAxis.LabelsFont.Color = cIWhite
BottomAxis.LabelsFont.Height = -11
BottomAxis.LabelsFont.Name = 'Arial'
BottomAxis.LabelsFont.Style = []
Frame.Color = clWhite

LeftAxis.Automatic = False
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LeftAxis.AutomaticMaximum = False
LeftAxis.AutomaticMinimum = False
LeftAxis.Axis.Color = cIWhite
LeftAxis.Grid.Color = clSilyer
LeftAxis.Maximum = 100
Legend.Color =-1
Legend.Font.Charset = DEFAULT CHARSET
Legend.Font.Color = cIWhite
Legend.Font.Height = -11
Legend.Font.Name ="Arial'
Legend.Font.Style = []
Legend.Frame.Color = cIWhite
Legend.LegendStyle = IsSeries
Legend.Visible = False
RightAxis.Axis.Color = clRed
RightAxis.Grid.Color = clWhite
TopAxis.TickOnLabelsOnly = False
TopAxis.Ticks.Color = cIWhite
View3D = False
Align = alClient
BevelOuter = bvNone
BorderStyle = bsSingle
Color = -1
TabOrder = 0
object Series4: TFastLineSeries
Marks. ArrowLength = 8
Marks.BackColor = clWhite
Marks.Font.Charset = DEFAULT CHARSET
Marks.Font.Color = cI|White
Marks.Font.Height = -11
Marks.Font.Name = 'Arial'
Marks.Font.Style = []
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Marks.Frame.Color = c]White
Marks.Visible = False
Title ="PV'
LinePen.Color = clAqua
SeriesColor = clAqua
XValues.DateTime = False
XValues.Name = 'X'
XValues.Multiplier = 1
XValues.Order = loAscending
Y Values.DateTime = False
Y Values.Name ="Y"
YValues.Multiplier = 1
Y Values.Order = loNone

end

object Series5: TFastLineSeries
Marks.ArrowLength = 8
Marks.Visible = False
Title ='MV'
LinePen.Color = clRed
SeriesColor = clRed
XValues.DateTime = False
XValues.Name = 'X'
XValues.Multiplier = 1
XValues.Order = loAscending
Y Values.DateTime = False
Y Values.Name ="'Y"
YValues.Multiplier = 1
Y Values.Order = loNone

end

object Series6: TFastLineSeries
Marks. ArrowLength = §
Marks. Visible = False
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Title = 'Predict’
LinePen.Color = clYellow
SeriesColor = clYellow
XValues.DateTime = False
XValues.Name = 'X'
X Values.Multiplier = 1
XValues.Order = loAscending
Y Values.DateTime = False
Y Values.Name ="'Y"
Y Values.Multiplier = 1
Y Values.Order = loNone
end
end
end
end

end
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