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This thesis is concerned with the development of an optimal pole-placement
design of PIDA-controller. Firstly, the work employs an optimal algebraic
computation to obtain the designed PIDA-controller. Secondly, the work utilizes the
genetic algorithms instead. Both approaches are conducted on the s-plane. The
concepts are tested against seven difficult-to-be-controlled plants proposed by Astrom
and Hagglund (2000). The results are very promising. Furthermore, the proposed
approach is applied to practical speed control of a 3-phase induction motor. The

practical results are very satisfactory.
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Magnitude (dB)

Bode Diagram
Gm=Inf dB(at Inf rad/sec), Pm=18.5 deg(at 29.4 rad/sec)
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Bode Diagram
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Magnitude (dB)

Bode Diagram
Gm=-105 dB(at 0.53 rad/sec), Pm=-5.38 deg(at 55 rad/sec)
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Bode Diagram
Gm=26.4 dB(at 2.1 rad/sec), Pm=-180 deg(at 0 rad/sec)
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Bode Diagram
Gm=26.3 dB(at 0.444 rad/sec), Pm=-180 deg(at 0 rad/sec)
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Step Response
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Bode Diagram
Gm=-7.13 dB(at 1.1 rad/sec), Pm=-27.7 deg(at 1.25 rad/sec)
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Imaginary Axis

Bode Diagram
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Convergence curve
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Exp5: Measured Output and Simulated Model Output
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GA-Based PIDA Control Design Optimization
with an Application to AC Motor Speed Control

Sunisa Sornmuang and Sarawut Sujitjorn*

Abstract— PIDA controller has been proposed since 1996 as an
extension to the conventional PID controller. The additional term
“A” stands for acceleration. With this new term, a closed-loop system
can respond faster with less overshoot. Orginally, the design utilizes
the dominant pole concept proceeded in the s-plane. As shown by
simulation, this design approach is not suitable for high-order plants
having delays and complex oscillatory modes. The article proposes
an algebraic design approach which also utilizes the genetic
algorithm (GA) to achieve design optimality. Comparizon studies
among the previous method, the gradient-search based method and
the proposed approach are elaborated. Such studies were conducted
against some benchmark plants defined by Astrom and Hagglund. As
a result, the GA method with heuristically defined solution
boundaries provides superior results. The proposed approach has
been successfully applied to the speed control of an AC motor.

Keywords—Genetic algorithm, gradient search, optimization,
PIDA controller, pole placement, speed control of ac motor,

I. INTRODUCTION

ID controller has been a worldwide solution for an

effective control for many vears. Researchers have paid a
lot of attention to its design as evidenced by a great member of
published patents and articles. For instance, some recent
literatures include but not exhaustive (1) a collection of PIDA
nming rules [1], (i) model-free design method based on
experimental frequency response data [2], (i1} frequency-
domain sensitivity-based design method [3]-[4], (iv) new auto
tuning  algorithms  [5], an adaptive FID control using
knowledge-based method [6], robust PID design wia
evolutionary computation [7], ete. Despite the existing
knowledge, the PIDA controller was introduced in 1996 by
Tung and Dorf [8], and claimed to deliver faster and smoother
response than the PID could. The PIDA controller has been
successfully applied to torsional resonance suppression [9],
and control of an induction motor model [10], respectively.

So far, there have not been published works detailing the
performance studies of the PIDA controller. Design details yet
have not been proposed to achieve system optimality. This
article offers contributions in the following issues: an
investigation of the effectiveness of the Jung and Dorf™s design

Manuseript received September 1, 2010, This work was supported by
Suranarce University of Technology, Thailand, under Grant SUT7-711-52-
12-56.

The authors are with the School of Electrical Engineering, Suranaree
University of Technology, Nakhon Ratchasima, 30000, Thailand.

*corresponding author: {(sarawuli@sut.ac th).
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method, a new optimally algebraic design approach based on
genetic algorithm (GA), a comparison study between the
gradient search (GS) method and the proposed one, and
application to speed control of a 3-phase motor.

II. PROBLEM FORMULATION
To develop a method of control design, a simplified control
system represented by the diagram in fig. 1 is considered. The
plants for benchmarking the design methods have been
proposed by Astrom and Hagglhund [11] as follows:
Gels) Gils)

5)
Rés) . PIDA- Plant » Cls)
= controller

Fig. 1 A closed-loop system.

Plant 1 : G 1 e
(s+1)(as+1Na s +1)a's+1)
3. 1
Plant 2 : Gols)= =
Plant 3 : G.(5) ;:jl‘)} =05
4 | i n
Plant 4 ; G"‘(S)_(TH])“ S T=10
Plant 5 : G"(I):(T,IT)?E CTo10
. 2
Plant 6 : G(9) (s+6)

s(s+1) (s +36)
l‘tl‘lj
Goff) s ———————
#(5) (s+1)(s" + 2ens + ah‘)’w"
The PID'A controller has a practical form of (1) meluding
the low-pass flters. Four parameters of the controller are
KKK, and;{i, respectively, whilst 4 ¢ and [ are filter

Flant 7 : S1£=0.1

parameters. An alternative representation in a polynomial form
results in the following parameters: &, a, b, z, d and e,
respectively. The design objective is to achieve a minimum
response error due to a umt step mput. Hence, the following
performance specifications, i.e. rise-time, percent overshoot,
settling time and steady-state errors, are considered.
K, K K,
Gs) =K =t e

c()=Kp s s+ ) (s+d)ste) ()

_K(s+als+b)(s+2) f=d

s(s+d)s+e)
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111

The design method in [8] 15 based on a pair of dominant
complex poles. Locations of the desired poles are arbitrary.
Thus, to obtain a satisfactory result is a time consuming task if
conducted mamually. Even though with an aid of a computer, a
few to several trials-and-errors to obtain a satisfactory design
are inevitable, The readers may refer to [8] for the design
procedures. The hst below mdicates the obtaned PIDA
controllers for the plants.

DOMINANT POLE BASED DESIGN

Plant1: g 14.175° + 74915 +185.75+175.8

~0.065" +7.645 +23.65+163

5

5- ~83.575" - 564.457 ~ 16035 - 1540
Plant 5 : G(5)= s s s
F

Plant & Gels) = 019" —4.975" — 60835116

¥
35157+ 20557 + 333,654+ 3298

¥

Plant 4 : Ge(s) =

Plant 7 "Gele)=

Fig 2 illustrates the simulated step responses of the closed-
loop systems. It can be noticed that some plants are not well

5 stabilized, some are stable but unable to produce good
Plant 2: ~. . 30225 + 276905 +106900s + 153600 responses. This is due to the difficulty to accomplish optimal
Gels) = 3 : 3
5 design goals manually. Furthermore, only one pair of dommant
Plant 3 - Ge(s) 1.965° +8.495" +14.815+ 10,48 poles may not satisfactonly govern these complex plants.
&
“ T ——
[\ s
. A4 "
3 o i
i i
ol |
L] L] L] o 1 3 d‘l ;} ﬂ‘l 0.4 ¥ L] ; ;‘ ‘I( o8 ot LH ¥ o4 £ L1 ¥
(a) b ©

rptuze
]

oy B

Fig. 2 Simulated step responses (dommnant pole based design)

ik {a)Plant1 (b)Plant2 (c)Plant 3
VRSV (d)Plant 4 (e)Plant5 () Plant 6
. (g) Plant 7
i
to
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IV. OPTIMAL ALGEBRAIC DESIGN

To reach an optimal pole-placement goal, some algebraic
expressions have been derved. Firstly assume that the plant 15
described by a proper transfer fimetion

Mzajf“‘+a|!"]+.._-¢ (2

Gas) =" — =,
s qis) S+psT+ 4p,

, and the closed-loop system possesses the characteristic
equation

e e, =0 (3)

. which m=p+ 3118 the plant order). Closed-loop pole-
placement 1s achieved by solving (4).

(g, 1 0 0 0 a al .
x @
P R 1 0 a a a P
P P4 4 G G tf : )]
% a,
Pn Pei FPra Sy @g G G
. Za
0 p Py gy g, aq 0
Xl | %
0 0 p oa, a 0 0 >
a,
0 0 0 aq 0 o o ]

, where [x]" = (14 ka,)”
|L(d+e) de abzk kiab+z(a+ b)) kla+h+2)) k| (3.
In this case, there are n+3 equations with 7 unknowns.

Secondly, the plant is represented by a strictly proper transfer
function

I - .
Gp(s):&=als rr.r‘.il I""a"‘kn (6)
qis) f+psT o4 p,

, and the closed-loop characteristic equation 15 also expressed
by (3). Equation (7) has been derived for the pole-placement
design

1 0 0 0 0 g
- P
B 1 0 0 a4 a|x “
. 1~ P
oA 0 o g % i (7
7 , @ a HI T |
P 1 et || %2 | a-p,
Po a a, a || %
aﬂl]
Py Pny a, a0 flx 4
0 p oay, a 0 0|x i
= &
0 0 a 0 0 0 .

where [x|" =[(d+e) de abzk k(ab+z(a+b)) k(a+b+z)) k.
In thus case, there are n+3 equations with 6 unknowns. It 1
observed that some numerical approximations are necessary
for solving such overunderdetermined cases. MATLAB has
been wed to solve these equations. Derivation of (4) and (7)
appears in the appendix.

Issue 3, Volume 4, 2010

A. The gradient search
The gradient search (GS) method 15 a classic approach for
optimization problems. The method has been applied for this
particular control problem, and represented by the flow
diagram in fig. 3. In the figure, the e, stands for the
acceptable threshold of the gradienl_|\.f_.r[§, in which the

objective function J can be caleulated using (8)

7= [l ar+ p[min{( PO, ., - PO.... )0} r

1-,r;||n1i|1{{.ﬂ"m,‘,ﬁ_r fr,,m),o} r o
‘p[min{(fsmm r.rmm),l]}:r

+p[min {("“mﬁw —9.#.1.'“,”},[]”?

. where e(t) is the errors between the input and the output of
the system, and p is the penalty factor set to 1,000,
Noticeably, it is constructed from the time-domain

performance specifications.

B. The genetic algorithm

The genetic algonthm (GA) 18 one of the efficient evolutionary
algorithms. The algonithm has been applied to search for
optimal solution for this control problem. The fAlow diagram in
fig. 4 represents the work flow of the PIDA contrel design
based on GA attempting to establish a set of optimal controller
parameters minimizing the objective function J in (9),
constructed under a sumilar concept to (8).

J I [eltt+{ POy = POy J+ Wiy =) (©)

+[.‘-7wﬂn U emeh )ﬂj”‘m = "-'”xm}

TABLEI
SYMBOLS FOR OBJECTIVE FUNCTIONS

Symbols Meanings
PO, percent overshoot allowance
PO pereent overshoot from search
L - rise-time allowance
Foren rise-time from search
15, seftling time allowance
B seltling time from search
S ir steady-state emor allowance
€55, steady-state emor from scarch
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Initialization: heuristically assign values to ay, dy,... .0y (M=n+3).

Construct characteristic polynomial, and algebraic equations
either (4) or (7) according to either proper or strictly proper
case, respectively.

| Solve the equations to obtain [x]. k, a,b, 7z, d and e. |

Simulate closed-loop system using MATLAB
and Control Systems Toolbox (calculate ||V J||}.

(e =0.0001)

| Randomly assign values to 4 sets of @, ta,. .. .0 |

Construct 4 characteristic polynomials based on
the 4 sets of ay,

| Construct 4 algebraic equations. |

Simulate closed-loop systems using MATLAB
and Control Systems Toolbox

Calculate ||V J|| for each set of solutions. Retain

the solution set with minimum gradient, || VI,

[ < e

No

teration=itT . No

(itrng,=5.000)
Yes,

N7 ST

w
=
o
<

Fig. 3 Flow diagram of the GS method.
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&4
I Solve the equations for [x]. k.a, b,z dand e. | Update counter.
Els <

70

START

!

| Construct L sets of initial solutions (k, a, b, z, d, ¢) randomly. |

Simulate closed-loop system using MATLAB
and Control Systems Toolbox.
&

| Compute objective functions J;, i=1,..L. |

J,

Compute fitness functions k=

| Convert real solutions to binary representations. |

Selection of high-quality solutions using
“universal sampling”

| Reproduction: crossover and mutation. |

(offsprings) to real number representations.
&
Simulate closed-loop system using MATLAB
and Control Systems Toolbox.

| Convert new binary-represented solutions ‘

=]

P
couw
Z

date
nter. | Compute nhjgcm‘e ﬁmcrmqs and fitness ‘
< functions for offsprings.
&

| Replace exist

e solutions with the new ones (offsprings). |

&
Simulate closed-loop system using MATLAB
and Control Systems Toolbox

Compute objective functions and fitness
functions for solutions.

Fig. 4 Flow diagram of the GA method.
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V_SIMULATION RESULTS

The optimal PIDA controllers resulted from the GS and GA
based methods are summarized i Table II. Fig. 5 illustrates
the closed-loop step responses. It can be observed that the GA
based method results in the controllers of better performances
for all cases in terms of rapid settling, low overshoot and
stabilization. The numerical results concerning performances
shown m Table 1T also confirm this. In addition, the results
obtained from the GS method are used to aid the formation of
solution boundaries for the GA method. In effect, the GA

could converge to high-quality solutions more rapidly. Fig.6
illustrates the responses to step inputs and disturbances. Notice
that, the systems with the controllers searched by the GA
respond better to the input commands, and recover better from
the external disturbances. The sensitivity (s7) functions are
shown in Fig.7. Both approaches provide very similar
sensitivity characteristics in terms of rapid tracking response,
and effective disturbance rejection, respectively.

Thap Baiporse ey Mt pent e By R e
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o 1
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T P o
(a) i (1]
[ [y e
f/‘\x._
; § "
£ § o
o " F] El £ " m w = ] = W E s 0 0 ] =
waow v -
(d) @ i)
T i Fig. 5 Simulation results (GS and GA methods).
(a)Plant1 (b)Plant2 (c)Plant3
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VI APPLICATION

Bis) PD4 Cis)

cortrolkr

i
e

(&)

Fig & Closeddoop speed control of a 3-phase motor (a) block diagram, (b) experimental setup.

The Gi-based optimal design has been applied to control
the speed of a 3-phase induction motor (a Panasonic MASM-
907, S0W, 4F). A step-transent test was conducted for the
dentification of the motor model at the 600 rpm operating
point. The identification vsing MATLAB and  Systermn
Identification Toolbox results in a 3 order plant model
expressed by (10). The GA search provides the controller

1599 + 240000 )
57+ 548 357 + 778705 + 241000

G,(5)=

of the form (1), in which ¥_-13522 K =79.62,K_ = 45630,
E,=20709, d=42540 and ¢=42549, respectively. Drving
the motor requires a FPWM inverter and the controller
imnplemented. The nverter used 15 a Tostuba VFS11-2002FM.
Itnplementation of the controller uses op-amp RC networks to
ensure teal-time operation The circuit diagram in Fig 9
depicts the PIDA  controller redizing the mentioned
parameters.

10 ke

¥in 4.57MG
42 55k
- 10k
1ouF | D 4
10 k62

10 k&

Fig. 9 Andog implementation of the controller.

It iz necessay to redisicaly investigate the cdosed-loop
system though simulation using PSIM in which the op-amp
saration limits can be taken into account. Fig 10 illustrates

lssue 3, Volume 4, 2010

the PSIM simulation diagram in which the motor is
represented by (10).
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Fig. 10 Simulation diagram for PSIM.,

The PSIM results appear in Fig. 11 including the realistic
control signal (a) and the motor speed (b). The rise-time and
settling time of the simulated speed are about 0.1 and 0.45 s,
respectively. Fig. 12 illustrates the measured speed curves of

vy

Amglitude

the open-loop motor (a) and the PIDA controlled motor (b),
respectively. Noticeably, the actual speed with the PIDA
controller agree very well with the simulated result in Fig.
11(b).

ad
4 600 rpm

Ampiitude (V)

005 0 045 02 A% N3 03 04

(b)

045 05

Fig. 11 PSIM results (a) control signal, (b) motor speed.
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Fig. 12 Experimental speed responses of the motor. (a) without controller, (b) with controller

VIIL ConcLugion

This paper has briefly reviewed the conventional design ofthe
PIDA controller based on the dominant pole concept It
provides the design results tested against some diffieult to be
controlled plants proposed by Astrom and Hagglund for
benchmarking, It is evident that the conventional design
approach fails in most cases due to the use of only one pair of
dominant poles. This does not mean that the root-locus based
method would fail. The authors believe that the method canbe
successfully applied if more complicated pole and zero
assignments are considered with an aid of computing, The
paper offers contributions to optimal design of the PIDA
controller using search methods. The proposed method can be
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viewed as optimal pole placement with an aid of the gradient
search (GS) and the genetic algoritim (GA). The algorithms
are reviewed in the paper. Simulation results indicate that the
GA-based method provide controllers with better closed-loop
performances in comparison with the GS-based method. The
paper also elaborates the control system implementation for an
AC motor speed control. An analog controller has been used to
ensure real-time operation. To obtain realistic simulation
results, the closed-loop speed control of a 90 W-3ph induction
motor is simmlated on PSIM. Experimental results with a
PWM ioverter drive show a very good agreement with
simulations, and indicate that the controlled motor responds
about 2 4 times faster than the open-loop motor does.
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APPENDIX
Dernvations of (4) and (7).
Case I - Proper plant (g, + 0)
. n w1
G,(5)= p(s)_a&f ml.: F..ta, (@l1)
g(s) s"+psT . tp,

Characteristic equation of the closed-loop system is

o {ﬂ+d+e+{nv5+:)kau+.h‘!, ]s""
1+ kay
I [P: +{d+e)p +de+(ab+2(b+ a}_]kaz]
1.|(a b+ z)ka, + ka, | o
14 ka,
p,+{d+e)p, +dep, + abska,
{1 (ab+ z2(b + a)ka, + (a+b+ z)ka, + ka_.J e

E B

"— 14k, J

[p,+(d+e)p,. +dep,,+abika,, L
| +(ab+ 2(b + a))ka, , + (a+b+ 2)ka, +ha, | |
5
14 ka,

[(d+e)p, +dep, +abzka,

|
) | +(ab+ 2(b + )ka, , + (a+b+ 2ha, | rz

1+ka,

i dep, + abzka_, +{ab+ z(b+ a)lka, . abzka, —0 @2
1+ ka, A

Equate {(a.2) with 5™ + ™"+ _+ & =0 (m=1rt3). one can
obtain(a.3a.9)

p“(die)i(a':fu:)ka"}ka,l_al @3)
1+ ka,
[ p,+(d+e)p, +de+(ab+z(b+a)ka,
\+Ha+b+2)ka, +ka, - (a.4)
1+ka, ®
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[P, +(d+e)p, + dep, +abcka,

| +(ab+ 2(b+ a))ka, +(a-+b +2)ka, +kﬂ;j _

1+ka,

J'p_' +{d+e)p, ., +dep,_, +(ab+z{b+ a))kax_._.,l
|+abzka, . +(a+b+z)ka,_ +ka, | _
1+ ka,

((d+e)p, +dep, ,+abika,,

| +ab + 2(b + a))kea, , +(a +b+ 2)ka,
=

H+l

1+ka,
dep, +abzka,_, +(ab+z(b+a))ka, P
1+ka, iR
abzka,
1+ka,

. and hence the followmg equation 1s obtamed

[n 1 0 0 0 a al - 7
B @
P B I s 4 B
X @4
A B P 4 4 & 4 :
o 2
x| a@,
| Bea B @y G &
P Py Poa G, X, a,,
0 p P 0y a4, a 0O %, o
0 0 0o 0
Py Gy 8 lx | e,
0 0 0 a, 0 1 S [ = g

,which 15 (4),
where [x]7 = {1+ ka, )
[l (d+e) de abzk k(ab+ =z(a+b)) kia+b+z)) J:]-

Case 11 - Strietly proper plant (g, = 0)

) aytast+
pLs) _ 45 +a,

gis) s +psT 4 4p,

Gyls)= =4

Characteristic equation of the closed-loop system 15

S H(prdietka)s!

Hp, +(d+e)p, +de+(atb+z)ka +ha,)s
P+ (d+e)p, +dep, +(ab+ z2(b+a))ka, P
t(a+b+z)ka, + ka,

=,

(a.5)

(a.6)

(a.8)

(a.9)

(a.10)

(all)
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+[p“ +(d+e)p, +dep, , +abzka, , :|s3

+ab+z(b+aka, , +(a+b+z)ka,  +ka,

+[(d +e)p, +dep, | +abzka, ,+(ab+z(b+a)lka, 1:|.5'2
+a+b+z)ka,

+(dep, +abzka,_, +(ab+z(b+a)ka,)s +abzka, =0 (a.12)

Equate (a.12) with " +o i v, =0 (m=n+3), one can

obtain (a.13)-(a.19)
(d+e)thka =o, - p, (al3)
(d+e)p, +de+(a+b+2)ka +ka, =0, - p, (a.14)
(d +e)p, +dep, +(ab+z(b+a)ka, +(a+b+z)ka, @15)
+hay =0, - py
(d+e)p, , +dep, , +abzka,_, +(ab+z(b+a)ka,_, @16)
+Ha+b+z)ka, , +hka, =e, - p,
(d+e)p, +dep, , +abzka,_, +(ab+z(b+a)ka,_, @l?)
Ha+b+zdka, =a,,
dep, +abzka, , +(ab+z(b+aYka, =¢, , (al8)
abzka, =, , (@19)
, and hence the following equation is obtamed
[1 0 0 0 0 1
% G=p
1L 0 0 a4 afxn |
om0 a4 4 gl [®TR (a.20)
Y ‘!Az Poag||n P
P & TG 4 (| %
2y
P, P 4y 4 0
[
0 p oa, a 0 0 |x
r’lvﬂ»"
L0 0 a 0 0 0]
, which is (7).

whete [x] =[(d+e) de abzk k(ab+z(a+b)) K(a+b+z) k.

ACKNOWLEDGMENT

The authors” thanks are due to Mr Supachai
Chumwangwapee for his valuable suggestions, and Premier
Automation Center Ltd., Bangkok, Thailand, for supporting
the drive system.

Issue 3, Volume 4, 2010 80

141

151

161

M

[81

91

[10]

1]

REFERENCES
KH. Ang, G. Chong and Y. Li, “PID Control System Analysis,

Design and Technology,” /EEE Trans. Control Systems Technology.
vol. 13, no. 4, pp. 559-576, 2005.

LH. Keel and S.P. Bhattacharyya, “Controller Synthesis Free of
Analytical Models: Three Term Controllers,” IEEE Trans. Automatic
Control, vol. 53, no. 6, pp. 1353-1369, 2008.

T. Emami and JM. Watkins, “Robust Performance Characterization
of PID Controllers in The Frequency Domain,” WSEAS Trans.
Systems and Control, vol. 4, no. 5, pp. 232-242, 2009.

T. Emami and J.M. Watkins, “A Unified Approach for Sensitivity
Design of PID Controllers in The Frequency Domain,” WSEAS
Trans. Systems and Control, vol. 4, no. 5, pp. 221-231, 2009.
B. Sulc and S. Vrana, “Some Observations on Development and
Testing of A Simple Tuning Algorithm for PID Controllers,” WSEAS
Trans, Systems and Control, vol. 2, no. 10, pp. 497-508, 2009,

M. Foltin, J. Murgas and L Sckaj, “A New Adaptive PID Control
Approach Based on Closed-Loop Response Recognition,” WSEAS
Trans. Systems, vol. 5, no. 7, pp. 1738-1742, 2006.

T. Kawabe, “Evolutionary Computation Method of Robust 2DOF
PID Controller Design for Time-Delay Systems,” WSEAS Trans.
Systems, vol, 5, no. 2, pp. 340-346, 2006.

S. Jung and R.C. Dorf, “Analytic PIDA Controller Design Technique
for A Third Order System.” in Proc. 33" IEEE Conf. Decision and
Control, Kobe, Japan, 1996, pp. 2513-2518.

U-Thaiwasin, S. Sujitjom, Y. Prempraneerach and J. Ngamwiwit,
“Torsional Resonance Suppression via PIDA Controller,” in Proc.
IEEE Reg.-10 Conf--TENCON 2000, Kuala Lumpur, Malaysia, 2000,
pp. 498-503.

D-Y. Ha, I-Y. Lee, Y-S. Cho, Y-D. Lim and B-K. Choi, “The Design
of PIDA Controller with Pre-compensator,” in Proc. IEEE Int. Symp.
ISIE 2001, Pusan, Korea, 2001, pp. 798-804.

KJ. Astom and T. Hagglund, ‘Benchmark Systems for PID
Control,” in Proc. IFAC Int. Conf. Digital Confrol: Past, Present
and Future of PID Control, Terrassa, Spain, 2000, pp. 165-166.

Sunisa Sornmuang was bom in 1984, Nakhonsawan,

Thailand. She received her BEng (EE) in 2005 from

Suranaree University of Technology (SUT), Thailand. She is

currently a post-graduate student working towards her

master’s degree in electrical engineering at SUT. Her
h research interests include applied Al and control systems.

Sarawut Sujitjorn received his PhD (EE) in 1987 from the

University of Birmingham, UK. He is a professor of

clectrical engineering at the School of Eleetrical

Engineering, Suranaree University of Technology, Thailand.

His research interests include control and intelligent

4 systems, metaheuristics, power converters, signal processing
| and hybrid power filters.




203

wialulagifAruANNlasia(PIDA-controller) ALNTS
ATLANNALARSNTUARAL

il aowiiea, godo yunnaiil, amd aiaes’
1 aa W a8 woa & P a w - -
anninimngaulih dnindndmnssumand indinmdomaTuTabaiud

Wi s aaTana Sumod $1ia

1.1 UNu

" - . b " v ' o
#apaupuitledvin PID-controllenEuftidn uaslifunislivmiustianiwsalusnsgramngsy
;ﬁv o gl I PP 1% o om v A opy R PR )
admudnfapaurudnSagUTenausses nanatla lEfunniandasaie o el urd g s
" - i PR i
inureadapauAld daullituwelulatiassorqupnAagnilptudeuly vllinaiRngpamnssuet gy
5| + a4 oo - 5 an aln =
Tnepulvediuh/lfen unacnidsjaiisuowaluladfpaupuiaunusurasnuarianas nliswardon
wianldanudviiArnsuaztralnadinhiUiulduemse SlEduauemengeiesnizsenuusaacury
urneala
atialsfinruluile.n. 1996 Dorf uaxpn [1] Wuandliiviudanispausumaudsuduanafansia
= v 2 yyoa e ' R A o a e oty ol -
poupuilaRenaiuman Adilauanail A (dau1a0n acceleration) e Fudnfudapounuiilad uarBen

o o+, . oa 4
FapauRuLdilaRie (PIDA-controller) Tssnudanaiil louasdinaiu Fuduiuarafosummnnlus i 1

o sy el L}
ﬂ"m"}uﬂuwllﬁﬂl,ﬂﬁuﬁﬂwl SUUHLN TN

™~ s .
Alaseasramuvau Fvaliaiu

EaTtien

. RN s w e i wiride o
unn | flanan unh “3 P > v WATRTAN |ﬂ‘h|llﬂ'ﬂ"|ﬂ WITURRS

t s eomwmed | wqfifluBaszatniu wasi

e
A0 EEY QY IR LAY U

RINNITTIHATY IR HRE Y

1 | ssnsiladiinaugu ladie 14AaRUANUEAEHAL HARNET
- sl el e sl sl sl @ ] By
Aatlunanqeiireansfiaufee i fpuruilefdaussmusdrfauardumanlidesiantseouny
. 5 o d g oa8 e z
wauivEanssuaunsuAuge viaRluanlssianan naivdenssuaunismartiliun uemef
. d v
nevuada nezuoumisynaeil sy fialansAnenitlumusnden anunsomaiinanieys e-book(2] 1%

o Bk ; 5 > W
W39 hitp:/www sulac th/enginee nng/electrical/cargfindex.blm WaNSINUUNITEEN wuusapaupuitlafie

_— el w - . . a "
danfuvanuininadniudou AuiedlnsAuanuuueudr Wanseas@oaniseanuuudancuny
. . — , — ——
nasnaullsunsudogeanuuugninsopdulnaninfanliviann  website uvnivensempluladgeus
Vi
Fs a o g wa o w w u w o
dewnasmanuiiwisiedel ululanaurenanausueusasnyioupa i

P ; ool s —_"
luagas AwFunisPnuane components Fa iR mmieef K, K K, uas K, vindeni 3




204

. = i o o m x a_ . '
wameasdaallsunsunien © VIRIRIUAHULLAARDS fidsuiuaundnadinmanfuuuAarieand
"

2 . ol oy — i o)
gndies waclinaaaunisianuds lwisdied 4 tianenliwetulatiimeusuiilofaiioonuuuuacaing

ol a e - . o o da o
U NUNTIFAILANATIHITIETNRIRET (Panasonic ?UMMD-’!-QOY e 90W 4P 3PHASE) viFmmd PWM

a

inverter (TOSHIBA ‘1'”14 VFST1-2002PM ¥irf 3PH - 200/240V — 0.4KW/0.5HP)

1.2 faAILANAIaFAIaLLLLAUEREN

o =l o

FamauAuillaf BuULLELEAeN annsnaiatudaessaseetuenl] R uar © Tassataelendmiiug
il i i G
AaURNT 18 7 uaze uaealiugi 2 (n) (1) (A) uee (@) muay dnansadana g maie iuntsening

Lan d = T i
ABIAT WALAQILIN Fafrenamin d*()/ dt” v

(1) Tnsemdadnvamanuuousan ) Tassaiinaindunla

JUi 2 Tasaaumnuquoue vgaon

g " - v T | 8 e at o
El':ﬂ'll]ﬁ?lﬂﬂﬁﬁ LUy U.ﬁlé:'—ﬂf}rNIF‘?Q“?".Qtﬂﬂ?QHﬂQﬁJV 2(%) Lﬂuﬂﬁ‘.‘u‘u"-mﬂ‘mﬁuﬂ FIAIU ﬁ:-ﬁ.ﬂ k|
at v ' $oa . o A o oau
ATUAHA LAZATIRTILANENINETIUIY qqﬁuhﬂﬂﬂﬂl||.°|'Jf“lT‘.\l'.ﬂ"lmw‘ﬁ‘ﬂ;r.‘fir:GQ?ﬂﬂ‘ULﬂﬁ Wana i“ﬁ’ﬂd TIUALIAN
-l 4w s Ao P “ w ' <
u 'ell.ﬂﬁ\"lqﬂﬁﬂd 'ﬂd'l,'ﬂr.'ﬂ?uﬁ.u'ﬂuutqﬁ“"I"i":?ﬂ?'liﬁﬁ?hull‘.‘ﬂﬁfgfg'ﬁu F!':Fl?'l.l?g:l‘lﬁjﬁdNﬂFEﬁ's"u'ﬂwﬂE«‘l

iy FapquRNRdmaseAgIgR ety inansrauaneaiaiy uaripuAMedIase




205

TNAGIARTBIAT Y MAZ N TaRITR AT YU =ﬁqﬂLiqﬂﬁﬁ?mmsmﬂuauﬂwmwmuﬂﬁﬁ MY

o

= o o ol
‘l]‘ﬂdﬁ’]ﬁﬂﬂ_lﬂﬂﬂ W']T’WNLﬁlﬂi‘ﬁl’Wd’]'luTﬂi‘ﬂm"Nﬁl"lﬂQUﬂMWIﬂﬁLﬂﬂJ‘ﬂ 1(2) Nl finimatl

R ftiiitleaiunszunlwatioundudinsnuon da g R
R, warr,  fwifidunilumsliudadoussdyguled g - Ko
Pl
R WaxC mnmﬂmmufumaé’mmﬂm‘imﬂﬁ !
g g K, B E—
R.C,
g A < d 4 P i 5
R, fuiifdael ¢ Aodszadalu Sedualidyyiosedinaneuaueiaiu luraesin
muauealidnThufiediila winlfeadueuldinezualudam (<1p4)
R, ol ¢, etz low pass filter 92asAuANA i ditlestudtyansuniuanibgs

Tnefl R, =7, @ 7, HuArnsinianataes fiter
R, MecC,  dearennagugpuasdyanm tnedl K =R ,C,
R, ua¥ R,  vusvdeniusmaounud i low pass fiter gamuauie siulinitleafudtyorunau

mm‘ﬁqa Tt R, =7, U8t R, =7, 1 7 udtr, Wumrnaiinanantes fiter
R R,,,C b8z €, daasesuingigaasadiynimuazmamansnasdynn T K,=R.C,R,.C,
aaduand inv ﬁaaaqﬂugﬂﬁl 1(9) ﬁﬁm'hﬁna“mﬂm’zyrmmIﬂaﬂﬁmummquﬁu T(R,=R)
nslamunasimuatipndendn R Tt 1kQ - 50MQ uazmsi@andr ¢ Tughuituannd 0.1 WF gzl
HARAEYNAT

NARDUAIAILANT L RIBULLLBUEREN ﬁami’cynﬁmmﬁu“qmmmfuﬂu”lﬁmmﬁﬁ"mﬁﬂLﬁmﬁ’mmm

wirinedialnnsdenldmuanuminzay fnsnuanmmeaey1fdg 3

b i e y Tok oStk Sample

_‘ g ( Dum\ o (S 2 .._‘/.'.)}'.W' J
6 i s i sl g U e i g
m m‘m i
N r" -‘ T e
LMUJ | A ’/
N Y N
Wl IOV ORI TOOV W0 UM ORT 7 TROMV 13 jun 2004 % jul 2084
i i
(M) anINARBUAIAINALT (v) namsnaaouiannaula
T o s s oy sam
auwﬂ

™ Lﬁ/ auwﬂ it 'AP/ wa.;f..';".’f,.,

m m

T TV W TV MYCBHEONT TR0V 35 un 2008 OO IO WY TR g4 2008
e iy

() Nﬁmiﬂﬂﬁﬂ‘l}ﬁ]ﬂ?ﬂﬂi}ﬁ () ﬂﬁmﬂ‘lﬂﬁ'ﬂ‘lwﬁﬂ]ﬂf‘lmﬂ

‘ 3 T
710 3 nameurueavesdImANA ARy TNy la




206

1.3 AAAIUANNIBALBULLAINDS

o « # w - e o w - . -
CERIL GG CERE LRI RT dlepnapiddau JalsyneulUBaneafsznauit asdilsznenle
84ALsEnaLR wazedAlssnaue Aaunist (1) Wegnlulusuutloundu dlanabaressuudusunm

1 o e
.'Mz'llﬂ T NNENATUHIUGY

() pyre = W (E) 0, (1) + 1 (1) + 1, (1)

de(t) de(t)
(), = Koe()+ K, | e(t)dt + K, —=+ K, (1) ——= (1)
o =Kt )+ K, o= =
1\ E a4 a S unL =l 4 P e d)L -
RET e(!) ﬂﬂﬂkﬂm!lmﬁ’l']ﬁ u'llﬁihl‘ﬂ Bme u(r)_,‘,m ﬁ‘n.ﬂ"lﬂ’.‘“‘ﬂ‘!]ﬂxlﬂfm .'I;ﬁi.l“ AR
oy o e -l 4 d. e
K!, ﬁﬂﬁ"lﬂil‘lf!‘ﬂilﬁﬂ‘l‘:ﬂﬂl_lw Kr P-Eﬂ“.?.wlﬂﬂdﬂl.’:‘itﬂﬂ‘l.l".ﬂ
- a5 = -y =
K o ARANAINEIALSENE LR LA K, REATFINENALIENDLLE

" - P < T - e o
I.u.ﬂ"I‘fﬁ,‘:"MﬂrJﬁr:Uﬂ”ul:UﬁQF‘:ﬂﬂ AUNN (1) q:ﬁﬂqqﬂuﬁ‘lﬁ”qun?tUQuﬂTﬂ'WQﬁmﬂﬁ nanfiineliu
b o= P a o d P A = A d 4 oa w [
TilupdipraniuiuRasTe 191 Jﬂﬂ’l"ll!uTl%ﬂ'ﬁLﬁ‘?}“'}“Tﬂ“f‘!ﬁﬂ’LﬁdQuu AR IMUMIAINRTIUAIATY ANNNT

d A 4 doadon i T
(1) avwaeugU ] dhmunsi (2) Bdupivensausems gl

, i PO
U () = K s () + 1,k 1)1K—2’F[e(ﬁ:) Felk l)]||\;f(;T}[e(k) elk 1)]»[;;; Ju;.(i' )

7 n A4 " - 2
" L‘-"aﬁ 04 [M u,(k-2)
4+ 2dT +2eT +edl” | | 4+2dT +2eT +edl*
+4K [ e(k) - 2e(k -1)+e(k - 2)] (2)

w

VAT Pemuansgudtyqn sampling interval) WisndimedenglusopauRuuaztsng ulunsudl
o F Fl o SO T TR P
K_, K{ K.C- K‘qd UAY e ™ d wUNE0Y T RS e VHTRON 7, ANYINANSN I.I.R‘J'H"I\‘Iﬂ'lli[ldﬂWuﬁ"!'..l"liﬂ%ﬁ“ﬂﬂ?ﬂ
w & - w v v gl d oune o ]
(3) Uszneuragluandl) Teoiilusunsunin © wiesluanaragli 4 5alfenansoufleluialsunsuie
. - > 3 r ) = - , @ - .
sryfvnsfwefiduianld uesianannlunasineutesiapauey A T pesasiiueandi v ey

faaauainvise lulasiund sy




207

#include "stdio.h®

#use drivers.lib

#dlefine KP & #define KI 63
#define KD 70 #define KA 0.5
#define DD 50 #define E 40
#define F 30 #define T 0.5
float kp.kikdkadeft fioat ed,e1,e2;

fioat Up,UiUit,Ud,Ud1,Udx,Udy, Uz, Ual,Ua2;

float Uax,

Uay,Uaz x1d x2d,y1d x1ax2a y1a;

fioat P_section(float,fioat);

fioat |_sectionificat float fioat fioat finat);

fioat D_section{float float float float fioat,float);

float A_section(fioat,float fioat ficat float float,float float fioat

void init(};

void main{}

{

while(1}

int Adcdata; float U;

Jferemaneaas Sel inilial parameler--------

el=l; e2=0; U=

Ud1=0; Ual=l; Ua2=(;

{ffeamsmeans Receive input port BADC) -
Adcdata = ad_rd12(0);

ifladcdata<0f

Adcdata *= -1; iConvent value of ade input

) el=Adcdala;

init);

Up=P_sectionikp,e0};

Ui=l_section{Ui1 kit,e0,a1);
Ud=0D_saction(kd,e0,81 ftUd1};
Ua=A_section(e,d,t,Ua1,Ua2 ka.el e1,e2};
U=uUp; {f P-Controlier
Ho=U; ff 1-Controller
IJ=Ud; il D-Controller
U=Ua; il A-Controller

U=Up+Ui+Ud+Ua; // PIDA-Controller

e Sent data to cutput [DAC -

wdac(U}, hitwa(}:

s Update data
eZ?=el; el=el; Udi=Ud;
uin=ui; Ua2=Ua1, Ual=Uz } |
void init{}
{Kp=KP; ki=KIl,  kd=KD; Ka=KA;
d=0D; e=E: f=F: t=T:
i P section

float P_section(float a1 float a2} {
float P_sec;
P_sec=al*aZ;
return(P_sac}; H

i | section

tfloat I_section(fioat b1 floal b2 float b3 float b4 float b5} {

float |_sec;
I_sec=b1+{b2"b3/2)"(b4+b5});
returnil_sech }

I D section.

float O_section{float c1 fieat ¢2 fioat c3.fioat c4 fioatch float cB}
float D_sec,x1d x2d,y1d,Udx,Udy;
x1d=2"c1;
x2d=2+{c4"co);
yld=2-(c4’cE};
Udx=(x1dx2d} (c2-c3);
Udy=(y1d/x2d)*cB;
D_sec=Udx+Udy;
return(D_sec); )

I A seciion

float A_section(float d1,float d2 fioat d3.float d4,float db,
float db, fioat A7 fioat dB fioat 49} {
fioat A_sec x1a,x2a,y1a,Uax Uay Uaz;
x1a=8-(2'd1"d2°d3 d3};
%2a=4+(2"d2°d31+(2°d1°d 3+ (d1"d2 43 d3);
yla=-4+(2'd2*d3}+(2°d1"d3)-(d1"d2* 43 d3);
Uax=(x1a/x2a)’ dd;
Uay=(yla/x2a}’ d5;
Uaz=4"d* (d7-2*da+da);
A_sec=Uax+Uay+Uaz,

returnii_sech; 1
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