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Abstracet

Digital signal processing which is recently beginning to take shape is characterized by
decentralization. Process microccomputers  have found increasing application in individual
instruments used for measurement and control.  Digital controllers and user-programmable
sequence control systems, based on the use of microprocessors. have been on the market
since 1975.

The use of a digital computer as a conrroller of a system is particularly attractive, since
the implementation of a control law requires only the preparation of a computer prégram.
Digital controllers usually require on analog-digital converter at the input because of the
wide usc of analog senscrs, transducers and signal transmission, and a digital-analog con-
verter at the output to drive actuators designed for analog techniques. They are digital
PID controller, deadbeat controller and minimal pretotype controller, etce.

For these controllers, it is very importent to chocse values of the coefficients and sampling
time because they affect very much on the control characteristics of the syvstem.

The coefficents of the deadbear controller and minimal prototype controller are decieded at
the moment of design.

But, for the PID controller, there is no settled method to decide the coefficients.

In this paper, the author uses the integral square error(ISE) criterion for deciding coeffi-
ents of the controllers. whose controlled object is described by a second-order system, and
proroses a method to design the digital controller in a sense of minimizing it.

By the critericn of the indicial response, the digital PID controller, the deadbeat contr-
ollers and the minimal prototype conroller are compared with cach, and affectation of
coefficients of controllers and the change of sampling time on the performance criteria are
also investigated.

As a result, it is known that the prorosed method can be effectively used for the design

of PID controller and the PID controller has more advantages than other controllers.
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Nomenclature

. transfer function of the controlled system
. gain of the controlled system

- time lag of the controlled system

. time constant of the controlled system

. transfer function of the zero order holder
: sampling time

: signature of the transformed r

. input signal

. error signal

. transfer function of the digital controller
: output signal or response

. input signal of the digital controller

. output signal of the digital controller

. control vector or Input of the controlled system
: open loop transfer function

. signature of the z-transform

- closed loop transfer function

: gain of the digital controller

- derivative time of the digital controller

. integration time of the digital controller

. signature of the transformed e;

: steady State error

- an abbreviated word of dead beat

. an abbreviated word of minimal prototype
. the estimated function
: state vector

. an estimated function of the p-behavior

: unit step function

- an estimated function of the PD-behavior
. an estimated function of the PI-behauior
- an estimated function of the PID-behavior
. an estimated function of the deadbeat Method
. an estimated function of the minimal prototype manner
. transpose of the P matrix

: optimal value of the K,

: optimal value of the ],

: optimal value of the Tp

: optimal value of the J,q

: peak value of the indicial response
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Reference
input  + &

r(t)

Feedback element
H

K is zero or positive integer

Fig.l Block diagram of digital control system
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Fig.2 Block diagram of the discrete 2nd order system
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Where X is state vector
U is control vector.
T is output vector.

A=[——T]5 o} B=[1T$§] D=0 1]
10 0

Fig.3 Block diagram of the controlled system
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+ Keep () (1-67TF)
F 0=t T, K=0,1,2,, K{0;e,K)=0
2.2 viepje] Aet,

1 HAY PID S
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F Zol Hn}, T v} EK AS e (K S RO st

el +{Bi+ Quf ez (K—1)+{B+Q, e, (K=2)+{BstQs} 5 (K—3)+Q e, (K1)
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T __T
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_T -
By = —(eTc+2), B, = 2e‘£‘+1
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Py =Kp A1y Pz =Kp(A1A(+A3), Ps =Kp(AAs+AA+A;s),
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Q1 =Kp Kc A By, Qz = Kp Kc(A;Bs +A,B,),
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T
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% el(KT+t)Kp)= r(KT+t) - C( K’r+r, KP) (Oé t<T’ K=0,1,2, ...... )

r(KT+t)=U((t) : Unit step function.

S22 XRSR, PDEHEY o =
T
JPd(T, Kp, Tp) = E j {el(KT'HvKP’ TD)}z dt( 0=t <T ) e 2.16)
k=o °



2 K Kol gl M oAt B BERGtel e R 499

G oe (KT+t, Kp, Tp) =1 (KT+1t) —C(KT+t, Kp, Tp) (0=t<T, K=0,1,2, )

o7 grslw, PlLE#HEY o=

o . T
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k=0 0
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k=0 o
(0=t
o ey (KTHt, Kp, Ty, Tp)=r(KT+t) —C(KT+1t,Kp, T, Tp 1 (0=t{T, K=0,1,2,- )
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k=0 0
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© gopuleh

1) MP R S
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{
\
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Table 1. The optimal values of the P-behavior controller

T (001 | 01 |05 1 2 4 8 16 | 100

Kp [15.970 | 3.505|1.315 | 0.811 | 0.496|0.299|0160 |0.081 |0.013

Jp 10369 | 0727 | 1.031 | 1279 | 1654 | 2.235] 3.341 | 5624 {29867

Table 2. The optimal values of the PD-behavior controller

T 1001 [ 01 {05 1 2 4 8 16 | 100

Kp | 1012 | 7800| 0:841 | 0654 0.468| 0145 |0143 | 0078 | %104

Td |74.000{ 1.300 | 2.300| 1.700 | 1.248 | 5.668 | 1.220{0.265 |9.620

A 10582

X102 0N0 [0.433[0.716 | 1186 | 2.280| 3134 | 5588 [30.431
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Table 3. Value of parameters and the estimated function
for a controller of the dead beat methcd

T {oo1 |01 |05 | 1 2 L4 | 8 | 16 1100

. | ~0183 |-0335]-0113 |-0.372
PO 1-0990|-0905|-0607 |-0368 | -0135
! !O 61-0 }x]O_1 x10_3 xTO'6 ><1O_l‘3

0.995| 0.952

Q0 1074 | x1072 0197 10632 | 1729 3.927| 7.997 |16.000100000

. 10501 | 0.468|0.902
Q1| o 02 a0 0.264| 0594 | 0.908 | 0.997 | 0.999 | 1.000

0.759] 0.758

Tdb
x1072| x107

0.363| 0688 1.242 | 2115 | 3.556| 6.275{34.323

Table 4. Value of parameters and the estimated function
for a controller of the minimal prototype manner

T 0.1 05 1 2 4 8 16 | 100

y -0.183 [-0.335(-0113 |-0.372
PO |-0905|-0.607{-0.3€8|-0135 - - _ _
8-0 x10 ! x10 3 x10 6 x10 43

10484

o S]OE_‘Z 0107 | 0368 | 1135 {3018 | 7.000 [15.000 [95000
|

. 104680902 ]

g1 0468109021 o 5594 10.908 | 0997 | 0999 | 1000

><TO_2 xlO~1

Jmp 10.246 10429 | 0.648 | 1.064 | 1.832 [3.246 | 5957 |33993
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Fig.4 Sampling time versus performance criterion
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Table5. Sampling time, peak value of indicial response
and sampling number in P-controlier

T |00t |01 |05 | 1 2 | 4 8 | 18 100 |

Mp 11658 | 1478 11388 | 1343|1307 | 1284 1273 1 1.266 [ 1.257 |

15[
QL
7))
-
O 1+
Q.
n
@
I
205
LS

| . I

N N R A | . | L 1 .
0 2T 47 6T 8T 10T 12T 14T 16T 18T
Sampling number

Fig.5 Indicial response according to the change
of sampling time in P-controller
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Table 6. Sampling time, peak value of indicial response
and sampling number in PD-controller

T 1001 |01 |05 1 2 4 8 16 1100

Mp |1.204 | 1.409| 1122 | 1180 | 1237 | 1191 | 1.247 | 1.240 | 1.248

Indicial response

ol 2T 4T 6T 8T 10T 12T
Sampling number

1 i 1

Fig.6 Indicial response according to the change
of sampling time in PD-controller
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Table7. Indicial response of the first sampling time
in the dead beat method's controiler

1
u
N
o~
6 o)

001 | 01 16 1100

0504 | 0508|0541 | 0582 1065710769 08750938 0.990%
|

Indicial response

Sampling number

Fig.7 Indicial response according to the change

of sampling time in the dead beat method's
controller
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Table 8. Sampling time and peak value of indicial response
in the minimal prototype manner's controller

T 0.1 0.5 1 2 4 8 16 1100

Mp 1484114241362 1.275 | 1175 1100 | 1.054 | 1.009

]
T=100
15 ,
: A
n
-
O 1
; \/
e
K]
O -
§0.5 .
— A — T=01

| 1 i I | ] |

|
0 T 2T 3T 4T sT 6T 77 8T
Sampling number

Fig. 8 Indicial response according to the change of

sampling time in the minimal prototype manner’s
controller
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