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ABSTRACT

This thesis presents a Pl Controller design method for SISO process by Coefficient
Diagram Method (CDM). The designer can design the characteristic polynomial of the closed-
loop system which has response as desired, stability and robustness by using the equivalent time
constant and the standard stability index. This design method can also easily be designed for
obtaining the faster response by adjusting the stability index. The PI controller designed by CDM
is applied to control the level process in laboratory. The expérimental results show that the
controlled system has less overshoot without steady-state error and is robust when the parameter
of the process has changed. Furthermore, the controlled system can reject the effect of the

output disturbance.
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M15197 4.1 NUBIDINDIA A/D 1Az D/A

188 H A/D 8 bits start A/D Och~3ch
189H A/D 4 bits & busy

18AH A/D A/D address

18BH D/A start D/A ch A,B

18CH D/A D/A ch A 8 bits

18DH D/A D/A ch A 4 bits

18EH D/A D/A ch B 8 bits

18FH D/A D/A ch B 4 bits

-
-
-
-
-
-

17 41 mapuniszasnulasdyao A/D uaz D/A
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Abstract

This paper presents a PI controller design method for SISO
process by coefficient diagram method. The simulation results
comparing to the PI controller designed by Zeigler-Nichols method

show that the performance of the control system has less overshoot and

um‘nm‘:n:ﬁmmommanuuuﬁ'xmuqu Pl R0 uny
FardnszAni ( coefficient diagram method : CDM ) [1.2]  dmsy
AURUNIZUIUNSAUNARYAOWHARYY (single-input single-output
process : SISO) "J‘inuoonuuuﬁ’tﬂu")ﬁ'ié'nanummmm‘lﬂums
vonivudanun i iuszuuaIuguldedniilssiniam aly
AmnuiinBosan wonouTuea UBTATIRINIVEISTILAIAY
Taovi inisnamsuaussouzvesszuunlug wal3 ouidi oudu
mussouzvesTUUmUqUAldRIAgE  PI #a3Ens Zeigler-
Nichols Wuidanuguihwe i amusonuguIfszuudg
NI (statdy state) 1432 HamoUAUBIVEITTULAIRNTIATHY
(i (overshoot) laisnmin uonmm":t‘immunaunuuuﬂ'zmuquw
15uunIug uill HonBurueud 24 Uk 20015105 Uk oA 13 ¥l
(efflos MM (stability index :%) eV ldRIAIEIIMmIYaTadnag

(equivalent time  constant : 7) nAI0

‘

2. mseonuuuiImUglae I usuiadinlssang

et -~ .l
nsesnuuufamuguAdTuRuddlszdng [12)

the robustness of the control system when the parameter of the plant has  1139DNIUUNAINIVANIINTUMIAUANYUE  (characteristic equation)

changed, are also shown. Furthermore, this design method can easily ~ TAoRnsENANUNT uazduduvssinuguadsetoonidudy
be designed for obtaining the required performance by adjusting the YoINAUA 4!0:11111791@51‘1’11610‘[01&1«719! (open-loop transfer function)
stability index. G,(5) G,(s) WInaunnidTs (strictly proper) lumseeniuudiniugu
&3 cDM 11y wivanlaslassadwvesszuunauguluplii 1 Wog

: d. 1 e
TugdTasaadn COM inmsgrunmgil 2 Taoszuondrdauazdmisves

1 unmi
o 4 - v o -
’ . WafidudwTowvesdnugy unzwarudesnvindudarunsd (1) uaz

1uﬂ1fﬁ0nllllui3UUH’)'Uﬂu\lulﬂ'l"u'lﬂ“!qﬂﬂﬁﬂ'“ﬂ;’l‘l o 2
» & v \ - (2) 9
fmuguiansanuquszuu i ldedwmineay Aeilua

- < 4 -
ApUMIOIHA (eBoTnM unzaINsonURUITUYRdemTined . B_(s)

$) =
o P . €

Yoanmud (plant) Wasumlaameldveuwaidnual3oramhld A_(s)

' wadd . o = s
DUNHUTTU qmﬂwnuﬁun'n UTUUAANUAINU (robustness) klsl + k‘t_‘s/l "o+ k,

VOITTUVAIAN l ls" +1 z-.’H +. 41,
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; _ (2)
_ q_s' + q__ls' "t +gq,

p‘s' + p‘_ll‘_l +..tp,
: - o
Taof A < kunz m < k AnTusz@oununsquinuuranlasadn

V83 CDM umsgm'lﬁé'qﬁ'
P(s) = A ()4, (s)+ B (s)B,(s) = 0

" i
=as +a_s +.tasta

8 (3)

i
- as

=0
P ‘ < Y '
Tao a,a,...a, Wuirdlsz@nsvesaunsquinyezuaziius

) - -
minnlddmivesnuuudiniugudsis CoM

dmiy B, VuiluniNamed (prefilter) voIIzUVAIY
" ' - A M
au Faiiraaounuesvesszuumungy LifimAanaaiinauseg

A (steady-state error)
Controller D9 Plant Df9
+ * -
R "“”S?—’ G @ " G, ——J' L——o C(
UG

2l 1 Tassaduvesszuuniuguinl

Contreller b9 Plant LIt
oy -<l.> ' —J}—
R B PO+ G mOP am [ 59 [T0T* @
Us
B.(

-
317 2 Tasaadrs COM wmsgm

. v
mseenuuudInuRUEmMIunuguszun Taoi ihiv

da & "y .
uenvnvz I fimussouziiansludunamsnounueasing unzan
aouauBITANzEgAMd) dedesdmiilafundosnmyesszuuuns
. « a < s o
anuaamuasmsndsulaansiiineiveanniuddae Tasaunia

. Y 'Y -
1ununa'urmmuﬂmd’aumnm')nm«ugn 7 AuMsn (4)

8

N
I
l

(4)

- ' -
dmivad osnmvesszuunazanunamudsnsnlasunloanis
- 7 v ' - -
limesveanmununasdounaa1dd20 AassyiiiaBosnm (stability
index ) ¥, unzAr$raie@osnIN stability limit) ¥ * Aecunisdl (5)
uaz (6)

O ()
LY
Y = +— YorV g =R (6)

}'IH 7i-l

4 o ' - o v -
e i=1..a-1 Taom q Tudarmaudissduiuiiuninds
- -
OAANYAAITUAITA (7)
\= 257 )

o -
dwiumassyiliafesnmunasguives COM [ 1,2 ] 118 lumsesn

-
uuuns

y._|=...=7,=7:=2.}"=2,5 (8)

DInuMEi (4 ), (5) uaz (6) sx'ldnnudiing
3 . J ~ -~ i -t
ssvinadulsziing g, vesmunuqudnuuz  Aufiassyil
- . - 'Y -
@losnm 7, uazfnshonimuyn 7 Asaumsi(9)

a’=aT"

‘' ° -t

Y, .- X7}
y i l
=a, T ];:'I G_'Yl—l (9)

v
fnturnnsadioaunsquanvazlieglumenves a,, T uax ¥,

Waail

&) =a4Y H%,, () p+zs+1| (10)
) L

i=2 J=]

Saoumsit (10) ﬂ’n:ﬁﬂ\ﬂ'ﬂum:oonuuui")muqu Pl #2073
cpM el

3. MINAae
TwirdeilszumamsnFoudfiouransaeumiessvesis
fAuAY PI fivonuuug163s CDM fudanaunu Pl Aeonuuudaois
M3 ZeiglerNichols Tauns$imesszuuniuquironouiumediite
auguwa i Tue§iiRn1sesa [ 3 ] &r0Tusunsy MATLAB &1



mMaazgEArInTIimnTaEinih a¥oft 21 .. 2541

fidunndndeegiszdnh 35 wuAwas 40 wuRms oy 50

- -~ J
udms 1 Tasandredegai 3

CV ~ Comtrol Valve
FT ~ Flow Tramsmlitter
LT ~ Level Tramsmitter
TANK-
V-4 |
cv H v-3 Fv-s
¥Tr-1 e pd
D & e —
— | B
v-7
T B ¥r-2 LT g
P V-2 V-6 AN
= o o, 5t 1l
el |
rOUMP [

ol s |

o o &
U7 3 Tnsserdwveanszuunanuguszduh

Amuald Minimum dlunaneurussvesszurnseuila
- - |J - : -
fildunndrdaegiszauii 35 uAuns Nominal (lunaneumies
daa a ol Y g -

vesszuunsouianidugndwdiegiszavniy 40 wufins uay
‘ot - -

Maximum (Hunaneuguesvesszussulaiiiduyadndegh

- o o &
45 uAns utraaRamINanesdagli 4 HaddudiwTouvesszuy

daua 9 o, o
nsoudaniiunyaismuszdmiiudsil

: 7
‘Juuwnhqmommun A\ D - 1.48
i 15005 + 1155+ 1

s
NOMUANIZY 158
Cum(®) = 330057 + 1405 4 1

vouwAguRAvEINANA » 19
=% = 390057 + 1605 + 1

o 4____,__’4»"—'

70 /

o - —
& V. i

o |

20 //I

Lo //

Tine(secn)
it 4 wanmoumuBavesszULIOUlAvEINIZYIUNT
Fufndunaduiiniening

55

3.1 eenuuuAInIUgY PI A28 CDM wovifIoumounn
2 "
Yuneumseenuuuiiudail

. e 4 " d
1. dAmuadanuguiltmnzeud mivwawdissynieszuy

¥
oo

o - - od -

'N:lomﬂa’nﬁmunouuﬂ614040qmznuu1 40 IFUAINT
| 4 dd v o o o

nnz’d‘n 4 o luntiwamdidududy 2 BUAVVEIN

v
-~ -~ - ™ -~ J
muquasiiududy 1 dnfudinuguiléne

Yirwaruguit 1 uni W udrnwgy Pl lau

fmuald /=1 waz =0

ks+k
G.($)= 1 0
s

2. fwnmiiimed £, uaz &, veadanunu Pl Tasadnaums
quénvaznnmunsi (3) Taoldnuquends () udr
idulsz@nivesnunsnudnuas i umnuduiug
fudulszAnivesmununudovuzlumunsit (10) A%
vInfnsssilindosnmnas purunsi @) Ae

¥, =20

3. mAmINnned B, fimnzemuvesszuy dwmiuludtiin

Y, =25,

fivmnzaufe Bafs) = k0 =0.016

v
v -

-~ A
aniudnuguildde

1232540016
UL (o

=1232 +———0'216

- - - v o -
ihdnawguR 1A I uaswanaasudauFoufeududaniugu Pl A
2ONUUUAWITNT Zeigler-Nichols o)

dmivdnrugy Pl ivenuuud03Tns Zeigler-Nichols
o - 4
fezuaawanansaniioudonil 1Rnimivewansneunusives
o o [ v W -
wowdnszywuRnudnuge Pl feenuuud1ds COM i

a1 K uaz K, 9218 K, = 0.97/L = 0.9x18525 = 0.6
T,= L0.3 = 250.3 = 83.33
G (s) =K, (I+ITS) = K +K/s
fnuny PI fie

G (s)=6.66 +0.08/s

‘li’v‘u")muquﬁeﬂfh K, = 6.66 unz K, = 0.08 muRuNaRsTY

Gyoo®) uBNIUM K, = 7.1 w0z K, = 0.045 e WnnnomIea]

smjuiuhidu 25 % unh lunuguwaudiiszy G, () wodd



mMatszpArnaneimnsailii afel 21 wa. 2541

'lmmmimn G unznn‘mﬂ‘v‘wuunmqaqn G, (5) awdwy

4 a v 'Y s
FnsnanewfTouiiouFidnovuaaslddanrsei |

$ -
AN 1 AUITTOUTVOITTUUAIAY P AvoniuudIeiTag
o -
Zeigler-Nichols fiuszuunlugu Pl fivenuuudiuisnis CDM

' afladomougu| T Ts | Ess | Os
nrzuunYe

Pl (secs) | (secs) | (%) | (%)

148 CDM 183.33 | 330.64 | 0.00 | 0.00

" 15007 +115,+1 N 2682 | 164.10| 0.00 | 10.58
158 CDM 143.44 | 238.50 | 0.00 | 0.46

o T

3300,° +140:+1 ZN 3138 | 183,70 | 0.00 | 24.10
1.90 COM 13540 | 220.72| 0.00 | 183

0 (')-ﬁ_——
! 3900,° +160.+1 ZN 3030 | 22.10 | 0.00 | 27.79

wnomg z-N fAen1seenuuudinds Zeigler-Nichols

1INHANIINARBINIIATUAUNSTZUIUMT SISO s il
I nama Wity waneumusvesdinungy P eeniuudieding
coM didmuduliinmin hiifawaiafinonizegds uozmunsa
muguszuuRinsiimedu/dounlod 143 udvzi¥Nn I

" e - 4
yanudhidnidInangy Pl ieoniuukie3s Zeigler-Nichols

3.2 HomBUIMeIVEIITULAILAN PI TeenuuudandE CDM i
Yumassyiiedosmmunasgiu
- A4 o 3
norannansslumsni 2 diedfumassnadosnm
wmsguen ¥=2 i Y= 175 uazy= 15 swiwhszuuil
dad a4 a. 4 s da & ar 1 -
aussousiavu AelivranaWunersnnnuding Wy Tanjuiu

< & - -y (XY
ddunn@udnios uoz LifidAanmafinomzegin

- A o
ATHN 2 unmmnnowms:uumuqmuaﬂsumnswﬁ«ﬁusmv«

>, ol
AU ﬁ'msuwmunm:u

7, 7. T Tr Ts Os Ess
(secs) (secs) (secs) (%) (%)

2.5 20 117.50 | 143.44 238.50 0.46 0.0
2.5 1.75 103.12 116.87 191.42 1.66 0.0
25 1.5 88.125 | 102.18 168.10 1.51 0.0

. s J -~ J - -
ihfdinlszing a, veswumsquinvuzifanndiniy
~ J -
qu Pl fioenuuudaedi coM dmumandnssylndunuds
- - oA '
wil-fenszuanaslddagUin 5 nuduliefwssvii@osnm y, Iim

euna Masdanmauya Tezfeuasdie ildidulhuuulinn

56

J -
drenniuduraszuunuquilinandiflidu
(o—0) 2=2 ,(—) 2=1.75, (%) @2=15

2l s usudsmdinlszdng

4. vnayy

nnnsnAneINUIRINIIgY PI Teenuuudiw CDM
awsanauguidszuuniugul mussouzawi dAmuaunziinngs
imnfosnnlachifen/funsadn Tuvaziidaniugy pr feenuuy
Tho Zeigler-Nichols szdonliuusian & unz &, wanonfuiolvis
aussouzawitdesms dlewindinesveanszurunisnlfenluun
asuTuesvaeszyymugu lindsuaunmin wensiniinuh
amnsoeentuuimngy PL Wikaneumieaddudomsilium
assyficdosnm ¥, Wilrannsdaduanliindnnmya 7
Wilanievnadae e IManjuiunazdwounu & wndu &
1T'ummnnuuuohmuqm:‘oehﬁqﬂqdwe«nu K idlusisdan

rﬂtmmm:oonuuuﬁ'm’mqué"w’x‘i com i Anuny
'uouzuuu:qnoommunnﬁuﬂ:zﬁnﬁae'lwi'lmﬁunqm‘\'numz
(characteristic polynomial) 'ﬁqnﬁmuamnm:ﬁmﬁosmmmzrh
nIAAINAYD Fafu SarwnsnoonuuudnuguitenIugy
nszuumsatiielifinm Bronounueald

5. 1onens §1984

[1] Manabe, Analytical weight selection for LQ design, g" Workshop
on Astrodynamics and Flight Mechanics, Sagamihara, ISAS, July
23-24,1998, to be bublished.

[2] S.Manabe, Coefficient Diagram Method, to be presented in the 14"
IFAC Symposium on Automatic Control in Aerospace, Aug. 24-28
1998, Seoul.

3] qus wihe “seeniuudinugulnied Heo" mnden
Franssuszuuniugy auzimnssumend coniumaTulad
nszeoundudigumuisnianszala 2540



i o i e s e P

~
Y

4

e

e SR TRLESS IR AR

@y

£

oy

rol Confer

2

®

»




Proceedings of the 3rd 58
Asian Control Conference
July 4-7,2000,Shanghai

Application of CDM to PIDA Control

Patu Photong*, Danupon Kampanya*, Noriyuki Komine **
Hiroshi-Hirata**, Jongkol Ngamwiwit *

*Faculty of Engineering and Research Center for Communications and Information Technology
King Mongkut»* Institute of Technology Ladkrabang, Bangkok 10520, Thailand
(E-mail: knjongko@kmitl.ac.th)

**School of Engineering, Tokai University, Hiratsuka Shi, Kanagawa Ken 259-1292, Japan
(E-mail: komine@keyaki.cc.u-tokai.ac.jp)

Abstract

This paper describes the design of PIDA controller to
be used to control the first-order lag plus dead-time plant
by Coefficient Diagram Method (CDM). The factor of the
dead time of the plant is first approximated to be a
second-order by the Pade Approximation. Hence the first-
order lag plus dead time plant becomes a third-order plant
that suits for the structure of the original PIDA controller
to be designed so that the transient and the steady state
performances of the PIDA control system can be
obtained. The responses of the system for the dead time
varied from 0.1 second to 1 second with time constant of
the plant equal to 1 second, dre also investigated.

1. Introduction

Most of the plants or processes in the industry are type
0 with three to five first-order lags or one first-order lag
plus dead time. Type 1 plants with one or two first-order
lags are also found in the industry {1]. Most of the plants
are designed and to be controlled for obtaining the

.desired performances by using the PI (Proportional- .

Integral) controller and PID (Proportional-Integral-
Derivative) controller with well tuned parameter {2).In
the case of PID controller, it has also been traditionally
applied to the typical second-order plant. But for the third
or higher order plant, it is quite difficult to get the desired
performances because the order of the plant is greater
than the number of zeros provided by the PID controller.
S. Jung and R.C. Dorf have proposed a structure of PIDA
(Proportional-Integral-Derivative-Acceleration) - controller
for the third-order plant without dead time by locating
two dominant roots and one root on the real axis just
below the dominant roots with one negligible root located
far from the origin of the real axis to meet the desired
transient response. The desired characteristic equation is
obtained and equated to the characteristic equation of the
dosed-oop transfer function of the controlled system.
Then the values of the parameters of the PIDA controller
can be obtained. But the step response does not satisfy the
desired transient spedfication due to the effect of the
zeros of the designed PIDA controller. However, the
controller gain can be adjusted to obtain the desired
spedifications {3].

The study of controlling the first-order lag plus dead
time plant has also been reported. When the plant is first-
order lag plus dead-time model and once the PI controller
parameters are obtained, W. K. Ho, C. C. Hang and J. H.

Zhou[4] have proposed the formulas that can be used to
give a good approximation for the gain and phase margins
of the system designed without having to solve for the
equations using numerical method. Hence, their study
gives the graphs for gain and phase margins varied by the
ratio of dead time to time constant when the formulas
have been substituted by the well-known PI tuning
formulas.

This paper describes the design of PIDA controller to
be used to control the first-order lag plus dead-time plant
by Coefficient Diagram Method (CDM), which is
proposed by Shunji Manabe [5],{6]. According to the
design methodology of the CDM, the factor of the dead
time of the plant is first approximated by Pade
Approximation. Since the PIDA controller design
technique has been proposed for the third-order plant, a
second-order approximation of the Pade Approximation
is required in this paper. Hence the first-order lag plus
dead time plant becomes a third-order plant that suits for
the structure of the original PIDA controller to be
designed. Then the PIDA controller parameters can be

- designed based on the stability and the speed .of the

oontrolled system. Stability and speed are designed from
the standard stability index and the equivalent time
constant respectively. However, the equivalent time
oonstant of the controlled system using PIDA controller
can directly be obtained from the CDM design without
assigning the settling time. Thus the speed of the
controlled system has been automatically selected. The
stability index and the equivalent time constant specify
the coeffidents of the characteristic polynomial. These
coefficients are related to the controller parameters
algebraically in an explicit form. Therefore, the transient
and the steady state performances of the controlled
system can be obtained.
It is known that the dead time of the controlled system
is an important factor for system stability. This paper has
also investigated the performance of the controlled system
using the designed PIDA controller designed by CDM for
the dead time varied from 0.1 second to 1.0 second when
the time constant of the plant is 1 second. It is found that
the PIDA control system is stable and
(1) the transient responses for the dead time of 0.1, 0.4,
0.8 and 1 second have small percent overshoot and
small dead time gives rise time of the system shorter
than large dead time

(2) the steady state responses reach to reference signal
without steady-state error
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(3) the rejection of the effect due to the process
disturbance for small dead time is faster than the
large dead time

the settfing time of the PIDA control system for each
dead time gives approximately 2.5 times of the
equivalent time constant which coresponds to the
condition given in [S],[6]

the curves of the coefficient diagram with the
variation of dead time are left-end curves which have
the similar nature as the variation nature of the
equivalent time constant stated in {5],6]

the phase margin varies from 43 to 65 degree for the
dead time varies from 0.1 to 1 second while the gain
margin does not greatly change which means that the
controlled system is robust

can also be conduded.

@

®

()

2 CDM

The CDM is used to design the controller so that the
step response of the controlled system satisfies stability,
fast response and robustness requiremenits. Generally, the
order of the controller designed by CDM is less than the
order of the plant.

Centroller

A )

: X7 C(s)

Plant
56 | e |

nw—-l

Fig. 1 CDM standard block diagram for the SISO
system

The standard block diagram.of the CDM design for the
SISO (Single-Input Single-Output) system is shown in
Fig. 1, where D(s) is the process disturbance. The transfer
function of the plant in the polynomial form in each block
is

A, ()= pes* + pras*™ + -+ o (1a)
B,(s)=gns" QpyS™ .t g (1b)

and the controller polynomials are
A:(5)=lls‘+14_,ts’z"+. o+, (2a)
B (s)=k st +ky s v 4k (2b)
B,(s) =k (20

where A< kad m<k. B,(s) is a pre-filter and has to be
set o k, so that the step response has zero steady-state
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error. Since the transfer function of the controller has two
numerators, then it is called as a two-degree-of-freedom
(2DOF) system.

The charaderistic polynomial of the controlled system
shown in fig. 1 is given in the following forms

P(s) = 4. (s)A,(s) + B, (5)B,, ()

n-1

n
=a,s +a,,5 +..+as+a, 3)

= f:ais'
i=0
where ay,q;...,a, are the coeffidents of the characteristic

polynomial. The stabllity index , the equivalent time
constent rand stability limit 5 are defined as follows

a‘.
N = : @
Q418
r=2L (5)
o
. 1 1
nE——+t—— 5 JorVln =% (6)
Yiel i1

where i = 1,..,n-l. To meet the specifications, the
equivalent time constant 7 and the standard values of the
stability index y; are chosen as follows

t,=2537 0

Yo == p3=0THNn=25. (9
In general, settling time ¢, = 2.5 7, and stability index #
= 25, 5= = 2 are stongly recommended due to
stability and the step response requirement. However, it is
not necessary to make £ =2.5 r and Y4~ Ynr = 2. The
condition for the stability index can be relaxed to

7i > 15y, 1. )
The standard values stated in (8) can be used to design
the controller if the following condition is satisfied
Pl Pit > o/ s Vumz i) (10’
where p;and py., are the coeffidents of the the plant at kth
and (k-1)th. If the above condition is not satisfied, we can
first increase ., then .2 and so on, until (10) is satisfied.
From (4)-(6), the coefficient a, can be written as

; |
a, = aof —_—

=2 _i-1
Yie)-l2 N
. (1)
=ayr' [1

1
J=l i;l__/j '



Then the characteristic polynomial to be used to design
the parameters of the PIDA controller for a first-order lag

plus dead-time plant is expressed as

AS) =aoH > ,l. /Vr’,} }MH} (12)

3. PIDA Control System

In this section, the structure of the first-order lag plus
dead-time plant, the structure of the PIDA controller and
PIDA controller designed by CDM are described

respectively.

3.1 The Structure of a First-Order Lag Plus
Dead- Time Plant

The transfer function of the first-order lag plus dead
time plant is given by

e~ (13)

G,(s) =
s) Ts+1

where Tand L are the time constant and the dead time of
the plant respectively. According to the design
methodology of the CDM, the factor of the dead time of
the plant must be approximated by Pade Approximation.
Since the PTDA controller design technique has been
proposed for the third-order plant (3], a second-order

. approximation of the Pade Approximation is required In.

the paper. Hence the first-order lag plus dead time plant
becomes a third-order plant as shown below

8—4Ls+L’s?

14
(Ts+D)(8+4Ls + I*s?) i

GP (s)=
and this structure suits for the original structure of the
PIDA controller.

3.2 The PIDA Controller Structure
The struciure of the standard transfer function of the

PIDA controller for a third-order plant proposed by Jung
and Dorf [3]is given by

G(s) =K +E K oy ,K" 52
Prs (s+d) (s+d)s+e)
=K(.«;+a)(s+b)(s+z) (15)
s(s+d)(s+e)

Since d e>> a, b, z, then the poles d and e can be
neglected. Hence
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kys® +kys® + ks +k,
s

G.(5)= (16)

where k;=K=K k; = Ky = K(a+b+2), k;=K,=K[(a+b)
z + ab] ad k, = K;=K(abz). The polynomial forms for
controller (16) are A(s)=s and B,(s) =kss* + ks® + k;s
+k,. By comparing with (2a) and (2b), the coefficients of
A[(s) in the controller (16) are ;=l,=l,=0and ;=1 or
A(s) = s, while the coefficients of B,(s) remain the same.

Since A/(s) is specified as s, this restriction virtually
makes the plant to be a third-order plant. Thus a second-
order controller, one order less than the plant, is
sufficient.

3.3 The PIDA Controller Design by CDM

The design steps for PIDA controller by CDM are

summarized as follows.

1) Determine the proper values of the stability index
7 from the standard stability index stated in (8).

2) Find the characteristic polynomial (3) with the
PIDA controller (16) and equate to the
characteristic polynomial obtained from (12) with
7 and y found from 1) and 2). Then all the
parameters of the polynomial B/(s), that is &, 4,
k; and ky which respectively correspond to K, Ky,
Kpand K are obtained.

3) SetB/(s)=k,.

4) Fine the equivalent ime constant rfrom 2).

* 4. Simulation Résults

The simulation results of the controlled system with a
PIDA controller designed by CDM for the first-order lag
plus dead-time plant are shown in this section. The time
constant T of the plant is assumed to be 1 second while
the dead time is varied as 0.1, 0.4, 0.8 and 1 second,
4.1 Design of PIDA Controller

The PIDA controller for the first-order lag plus dead-
time plant is first designed for dead time L = 1 second or
L/T =1 s first designed. When L = 1 second, the seconds
order Pade Approximation is

— 0.1255*—0.55 +1
0.12552 + 0.55s +1

and the first-order lag plus dead-time plant becomes a
third-order plant as

1 0.125s* —0.5s+1
(s+1)0.1255 +0.5s+1

G,(s)=

2075 |



Since the equivalent time constant 7z has been
automatically defined by the structure of the of PIDA
controffer and the plant with the standard stabilitys index
givenas

YVe=0s=y,=2,5,=25,
then the parameters k;, k;, k; and k, of the PIDA

oontroller shown in (14) are obtained by equating the
following characteristic polynomial

P(s)=A.(5)4,(5)+ B.(5)B,(s)
=0.125k,s® +(0.125— 0.5k, +0.125k, )s*
+(0.625 + k,~ 0.5k, + 0.1 25k,)s* +
(15 + &, — 0.5k, + 0.125k, )57+
(- k, —0.5k,)s + k,

o the standard form of the characteristic polynomial

P(s) =0.014s° + 0.133 Is* + 0.6335s°
+1.50763s% + 1.7946s + 0.8543

derived from (12). Therefore, the controller polynomials
for PIDA control system are

A.(5)=0.1125+0.5125* + 1.2225 + 0.854

B.(s)=s
and the pre-filter is
B,(s) = 0.854.

When L changes from 0.8, 0.4 to 0.1 second, or L/T =
0.8, 0.4 and 0.1, the parameters of the PIDA controller
with the same design procedure stated in sub-section 3.3
can be obtained and summarized in Table 1.

Table 1 Parameters of the PIDA Controller and 7

LT K | K& | K& | K 7
0.1 [ 0.013 [ 0.535 [ 11.766 | 42.949 | 0.247
04 | 0.048 | 0518 | 2.930 | 3.482 | 0.929
0.8 | 0.091 | 0.511 | 1497 | 1.171 | 1.732
1.0 [0.112 | 0512 | 1.222 | 0.854 | 2.101

4.2 Step responses of the PIDA controller system

Step responses of the PIDA control system when the
unit step reference signal and the constant process
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disturbance with the magnitude of 0.5 are applied to the
system, can be shown in Fig. 2. It is found from the Fig. 2
that the fast response and small effect of constant
disturbance can be obtained when L/T is small while the
control signal » at the transient state is large as shown in
Fig. 3. When the value of L/T is large, the speed of the
step response is slow and the effect of the constant
process disturbance is large.
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Fig. 3 Control signal u

Table 2 is the performance of the PIDA control system
for each value of L/T. It is found that the rise time ¢, and
the settling time 1, of the system for small value of L/T is
shorter than the system for large value of L/T. The PIDA
control system has small percent overshoot (Os) with zero
steady-state error (E,,).

It can be seen from Table land 2 that the value of the
equivalent time constant 7 for each value of L/T is nearly
2.5 times of the settling time ¢,. This means that the speed
of the PIDA control system has been automatically
assigned.

Fig. 4 is the coefficient diagram for L/T varies from 0.1
to 1 for the standard stability index given as y, = 2.5 and

Y.=7,=7,= 2. The aurves of the coefficient diagram

with variation of L/T are left-end down curves. The small
value of L/T gives larger end-down aurve than the large
value of L/T. This means that step response of the PIDA
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control system is fast when the value of L/T is small (see
Fig. 2) and the equivalent time constant 7 is small (see
Table 1 and 2).

Table 2 PIDA Contro! System Performances

LT t, 4 Es | Os
(sec) | (sec) | (%) | (%)

0.1 0.311 { 0.644 | 0.00 | 0.222
04 1.081 | 2.197 | 0.00 [ 0.055
P08 2.063 | 4.125 | 0.00 [ 0.001
? 1.0 2.400 | 5.018 lo.oo o.o1ﬂ

curnm ) b ertnn

......

Fig. 4 Coefficient diagram for L/T=0. 1, 0.4, 0.8and 1
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Fig. 5 Open-loop frequency response of the PIDA
ocontrol system
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The paper also has investigated the effects of dead time
in the frequency domain. Fig. 5 and Fig. 6 show the open-
loopﬁequemymandﬂwegahmarghandphase
margin of the PIDA control system for L/7=0.1, 0.4, 0.8
and 1, respedtively. It can be observed that the phase
margin varies from 43 to 65 degree for L/T varies from
0.1 to 1 while the gain margin does not greatly change.
This means that the PIDA control system is robust.
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Fig. 6 Gain margin and phase margin of the PIDA
oontrol system

5. Conclusions

The PIDA controller designed by CDM technique for
afirst-order lag plus dead-time plant has been proposed in
this paper. It has been shown that the parameters K, K, Ky
and X, of the PIDA controller can be designed according
to the variation of the dead time of the plant by CDM
technique. Speed of the PIDA control system has also
been automatically assigned by the CDM technique
without setting the settling time. Small percent overshoot
and zero steady state error of the system responses can be
obtained for dead time varied from 0.1 to 1 second. The
PIDA control system can also reject the effect of the
constant process disturbance entering to the system.
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Program OPEN _VALVE.CPP

#include <stdio.h>
#include <stdlib.h>
#include <dos.h>
#include <conio.h>
#define I0_BASE 0x0100
#define ADC I0_BASE+0x88
#define ADC_CH ADCH0
#define ADC_LOW ADC+0
#define ADC _HIGH ADC+1
#define ADC_START ADC+2
int adc_in(int);
void main(void)
{

while(!kbhit(){

outportb(0x18C,0x666 &0xfT);
outportb(0x18C+1,(0x666>>8)&0xff);
outportb(0x18B,0);

}
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Program OPEN_LOOP_DATA.CPP

#include <stdio.h>

#include <stdlib.h>

#include <conio.h>

#include <dos.h>

#include <time.h>

#define
#define
#define
#define
#define
#define

10 BASE
ADC
ADC_CH
ADC_LOW
ADC_HIGH

ADC_START ADC+2

ADC+1

0x0100
I0_BASE+0x88
ADC+0
ADC+0
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/***** DEFIND DATA PART*****************************************************/

int adc_in(int);
void main(void)

{

FILE *openloop;

int i,dift;

float n;

openloop = fopen("openloop.dat”, "w");

printf{("\nStart process

getch();
time_t t,t1;

t = time("\0");

while ('kbhit())

{

tl = time("\0");

\n");



delay(250);
dift =tl-t;
n = adc_in(0)/409.5;
printf("%d%10.2f\n" dift,n);
fprintflopenloop,"%d%10.2f\n" dift,n);
}
printf("\nFinished process.....");

fclose(openloop);

int adc_in(int ch)

int result;
outportb(ADC_CH,ch);
outportb(ADC_START,0);
while(inportb(ADC_HIGH)&0x80);
result=256*(inportb(ADC_HIGH)&0x0f)+inportb(ADC_LOW);

return(result);
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Program PI_CDM_CONT.CPP

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>

#include <dos.h>

#include <time.h>

#define 10_BASE 0x0100

#define ADC 10_BASE+0x88
#define ADC_CH ADC+0

#define ADC_LOW ADC+0

#define +  ADC HIGH ADC+l

#define ADC_START ADC+2

/***** DEFIN’D DATA PART******************************************#*********/
int adc_in(int),v_out;

float €0=0,e1=0,e2=0,m0=0,m1=0,b0=0,c0~0,d0=0,d1=0;

float ke, ti,td,k1,kO0;

main(void)
{
int i,ts,tn,to=0;
int adc_in(int),v_out;
float a=0,b=0,g=0,set_point=0,set=0;
float n,nl,nn;

FILE *pi_cdm;

//set reference input
printf("ENTER SETPOINT :\n");
scanf("%f",&set_point);



set= (set_point*4095)/100;
printf{"%10.2f\n" set);

// input K1

printf("ENTER K1 :\n");

scanf("%f",&k1);

printf("%10.2f\n" k1);

ke=k1;

printf{("%10.2f\n" kc);

// input KO ,get ti

printf("ENTER KO :\n");

scanf("%f",&k0);

/getch();

printf("%10.2f\n",k0);
ti=k1/k0;

printf("%10.2f\n" ti);

//set Td=0

Td=0;

printf("%10.2f\n" td);

// Open file for collecting data

pi_cdm = fopen("pi_cdm.dat", "w");

printf{"\nStart process.....");

getch();

time_t ttl;

t = time(\0");

while (Tkbhit())
{ delay(1000);
t1 = time(\0");
tn = tl-t;
// set sampling time ts

ts=1;
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n = adc_in(0);

if(n>4095)
n=4095;

if (n<0)
n=0;

printf{("ts :%d m0:%10.2f\n",ts,n/10);

b0=(k0*ts)/(k1+(k0*ts));
printf("b0:%10.2f\n" ,b0);

c0=k1/(k1+(k0*ts));
printf("c0:%10.2f\n",c0);

dO=(b0*set)+(c0*d1);
printf("d0:%10.2f\n",d0);

nn=d0;
d1=do;
printf("ts:%d set:%10.2f n:%10.2f nn:%10.2f\n" ts,set,n,nn);

e0=nn-n;

printf("e0 :%10.2f\n",e0);

a=kc*(1+(ts/ti)H+(td/ts));
printf("a :%10.2f\n" a);
=-kc*(1-+(2*(td/ts)));
printf{"b :%10.2f\n",b);
g=kc*td/ts;
printf("g:%10.2f\n",g);
mO=m1+(a*e0)}+(b*el)+(g*e2);
printf("m0 :%10.2f\n",m0);
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if (m0 > 4095 )
m0=4095;

if (m0<0 )
m0=0;

e2=el;
el=e0;
ml=m0;
v_out=mO0;
// show to screen
printf("t :%d y :%10.2f u :%10.2f r :%10.2f\n",tn,n/10,m0,set);
// collect to file
fprintf{pi_cdm,"%d%10.2f%10.2{%10.2f\n" tn,n/10,m0,set);
printf{"v out 0x:%x\n",v_out);

outportb(0x18C,v_out&0xff);

outportb(0x18C+1,(v_out>>8)&0xff);
outportb(0x18B,0);
}
printf{"\nFinished process.....");
f close(pi_cdm);

nt adc_in(int ch)

it result;
outportb(ADC_CH,ch);
outportb(ADC_START,0);
while(inportb(ADC_HIGH)&0x80);
result=256*(inportb(ADC_HIGH)&0x0f)+inportb(ADC_LOW);

return(result);
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