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PID Controller for Disturbance Rejection of PIPTD Processes
Using Simple Pole Placement Method
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Abstract This paper proposes a 2-DOF PID controller based on a simple pole-placement method to
eliminate disturbances effectively in a first-order pure integrator model with time delay. The proposed
controller consists of a parallel PID controller and a set-point filter. The parameters of the parallel PID
controller are determined from the model information and the desired characteristic time constant of
the equation. Stability is ensured using the maximum sensitivity function when tuning the parallel PID
controller. The set-point filter comprises the controller parameters and a weighting value between 0 and
1, which reduces overshoot in set-point tracking responses. The proposed controller was applied to a
first-order pure integrator process model with time delay and parameter uncertainties, and its validity
was confirmed by comparing it with conventional controllers. The first-order pure integrator model was
inherently unstable because of the pole at the origin in the transfer function in the plant, and the time
delay term made control extremely difficult due to its nonlinearity. One notable feature of the proposed
method was that it reduced the number of adjusting parameters by fixing the weighting value of the
set-point filter. This allowed for an adjustment of the three parameters of the controller by varying only
a one-time constant of the desired characteristic equation, making it convenient to use. Furthermore,
a proper trade-off between the response performance and stability is possible, ensuring the desired
stability the user requires.
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Fig. 1. Structure of 2-DOF PID control system
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Where, & and Z denote the gain and time delay

of process, respectively.
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Table 1. Controller parameters tuning for 4 (s)

Tuning Controller parameters

methods K, T, T, A w MS

Proposed| 8.5327 | 2.0179 | 0.1803 | 0.5893 | 0.44 | 2.0

Lee 5.3862 | 2.1415 - 0.4283 | 0.50 | 2.0
SIMC 5.0000 | 4.0000 - 0.5000 - 1.7035
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Table 2. Controller parameters tuning for A4,(s)

Controller parameters

Ty |G e __{

Proposed| 1.7063 | 10.090 | 0.9015 | 2.9468 | 0.44 | 2.0
Lee 1.0771 | 10.710 - 2.1420 | 0.50 2.0
SIMC 1.0000 | 20.000 - 2.500 - 1.7035

5. AlEZo]d X 95 1&

Al ol
APttt

AE|2(a)e Z2AAeE Bdo] AA|5h= 324
o] 7ol Ayl e(b)e ZEA|20] miEtu|E e} Bl
9] ﬂ%ﬂ}ﬂl‘ﬂﬂ OE = metvy EEAdE e
Zolch. gytEog mIAAY] AZEX| AT} o] 5o] FA

chewt 2L A Adeleo] wet



AFSH71 &85 =82 A25d A7E, 2024

3]
&

AZ w| Aof7} o HYAEZ olES A7 20% S7HAI
2 el A AlgFoldS S%tT. BE Aol
22 =Z Q] MatlabS 0|85l m-otdE TGSt
tH15,161.

5.1 T2 MA B2 47 (s)

Fig. 4= AU Q(a)ll E}% SHoZ =022} t=30
Z Ao 212t S 9AE A8AE T G 9AD A o
go| 7k A% S8 ‘/}E}ﬁ oJt}.

1.5
> NI N
5
g
8 0.5 Proposed | -

————— Lee
---------- simc
0 . . . . n
0 10 20 30 40 50 60
Time [s]
(a) Step responses

6 T T T
5 Proposed
-4k == Lee
2 0 e simc
f=4
-2
[
kS
3O \

2 1 L I L I

0 10 20 30 40 50 60

Time [s]
(b) Control inputs

Fig. 4. Step responses for nominal process model
M, (s)
Table 3& Zt Aloj7]0] thet BB/ HAFE AFH
o= Aesiel el Holet

Table 3. Performance for nominal process model
]lfl(s)

Ao17]17} Leed] T SIMC HPHRETH A% 232
g 2 oA oA 953 e & 4 Utk

Ao1719] R3S Lotr7] sl Eq. (15)F Ay
2(b)oll wet AlEH o)A AlFsH Fig. 5+ +20%2
etolg B8] tigh Z Alelr]e] SES vERd
Zo|tt.

1.5 T T
> 1 | \ /\A """""""
= X
=]
3
0 05 Proposed | 4
————— Lee
.......... SIMC
0 | | | . I
0 10 20 30 40 50 60
Time [s]
(a) Step responses
6 T T T
5 Proposed
4= Lee
F= S 12 N S simMc
£,1
s [t
2 M.
8 0 HYes
2 | 1 | | 1
0 10 20 30 40 50 60

Time [s]
(b) Control inputs

Fig. 5. Step responses for 20% uncertainty process
P1(3>

N2
5 JFE

Table 4% 7} Ao}7]o] that A5B7HA
o= Aeste] ekl ol
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PI(S)

Disturbance Rejection

IAE, | ITAE,

Set-Point Tracking
ITAE, | M,

Tuning
methods | %0S | IAE,

s

Proposed| 11.95 1.27 1.26 0.17 0.24 0.48
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Table 5. Performance for nominal process model Py(s)
M,(s)
Tuning Set-Point Tracking Disturbance Rejection Table 6. Performance for 20% uncertainty process
methods | %0S | IAE, | 1TAE, | M, | IAE, | 1T4E, Py(s)
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