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Design of PSO-based PID Controller for Time Delay
Systems

Jin-Gi Jeong

Division of Marine Engineering,
Graduate school of Korea Maritime and Ocean University

Abstract

In recent years, with the development of digital computers/semiconductor devices
and the establishment of various control theories, control technology has grown
remarkably. However, for controllers on the industrial sites, economic feasibility,
performance, reliability, and easiness of maintenance need to be essentially
considered, and thus, PID controllers, which are based on a classical control

technique, are still widely used, accounting for more than about 90%.

A PID controller basically has a simple structure that consists of three parameters,
and has relatively superior control characteristics even in a nonlinear system and a
system where an accurate mathematical model cannot be obtained. Also, an engineer
on the sites can easily tune controller parameters, and the establishment and
maintenance of a system are convenient. However, the performance of a PID
controller, which is widely used on general industrial sites, varies significantly
depending on the degree of optimization of parameter tuning. On the sites, the
parameters of a controller are mostly tuned based on the experience of an engineer,
rather than an analytical method for a system, and it is inevitably vulnerable to the

changes and uncertainties of a system.

In this situation, the development of a PID controller parameter tuning technique
that has superior performance and can be applied to various types of systems is

required, rather than a controller design based on the experience of individuals.

_Vi_



A number of tuning rules have been suggested until recently, and the most
representative PID tuning method is the Ziegler-Nichols tuning method, which is
widely used on the sites. Also, there are the Cohen-Coon method, the IMC method,
and the Lopez ITAE method, which tune parameters by simplifying a hight-order
system into a First-Order Plus Time Delay(FOPTD) system with a time delay.
Recently, controller design methods that introduce behavioral patterns found in the
natural world into an optimization technique have been studied. The representative
method includes a Genetic Algorithm (GA), which has been implemented using natural
selection and evolutionary mechanism. Also, a Particle Swarm Optimization (PSO)
algorithm, which has recently been suggested, simulates social behavior patterns found
in the communities of insects, birds, and fish. This introduces a concept, where a
number of individuals find an optimal solution in a search area based on the
information on each individual and the entire community, into an optimization search
algorithm. Despite the relative simplicity of the algorithm, many studies have been

performed based on its superior control performance.

In this study, a PSO-based PID controller that optimally tunes the parameters of a
controller using a PSO algorithm that is based on the social behavior patterns of
organisms was proposed. To appropriately tune the three kinds of gains of the
proposed PID controller (proportional gain, integral gain, and derivative gain), IAE was
used as the objective function so that the sum of the absolute values of errors,
which are the difference between the input and the output, could be minimized. Also,
to strengthen the global search of particles in the early stage of search and to
strengthen the local search in the convergence stage, the inertial load was linearly

decreased as the generation number increased.

To examine the validity of the proposed tuning method, simulations were performed
by applying the proposed method to three kinds of systems (first-order, second-order,
and fifth-order systems with a time delay); and the superiority of the proposed
PSO-based PID controller was demonstrated by comparing its response characteristics
with those of the Z-N tuning method, the Cohen-Coon method, the IMC method, and
the Lopez ITAE method, which have frequently been used.
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Fig. 2.2 Update concept of particle velocity and position
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Table 3.2 PID tuning rules by the open-loop method

of d& Al o7 4ol

Controller e £ E K
p <0 - -
PI 0.9K—TL 3.3L -
PID 1.2K—TL 2.0L 0.5L
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Table 3.3 PID tuning rules by the closed-loop method

Parameter
Kp Ti Td
Controller
p 0.5 K, - _
PI 0.45 K, 0.83 T, -
PID 0.6 K, 05 T, 0.125 T,

EES RS
=
-

o] FxYWE Fig. 3.9% do] FAES NTZ $HFHoERY /&7 Y 2
2 Jo] A7 %3 gHel mWAHE HohRL, ofF goErE PD
2 Nz $gol

=
FOPTD A2®lo2 2As} sojof akn), wglAwgwte 1= raju} 14e] %=
o

2 5xad. 58 Z-N F2UA ABAADL] ARFORT 2 Aol A4
Sgo] 2)7] i o8 meE T Ao

N7 23 gae] wAHA ARARD FSLE SHetm, W2HH} 22 Aol
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Fig. 3.9 Response curve for the unit step input
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Table 3.4 PID tuning rules by the Cohen-Coon method

Parameter
Kp Ti Td
Controller
T 1
P KL ' 3K ] -
L1 30+3%
-
PI 0.9+ —=2) L -
KL 12 9420
-
L
324 6— 4
T 4 1L T L
PID (=) L L
KL '3 41 1348 1142
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Table 3.5 PID tuning rules by the IMC method

Parameter
K, T, T4
Controller
27+ L L
27+ L L 7L
PID IKOA+1L) 5 (2r+1)

G AT H e SHFANA o5& K AGFE 7, AAALE L, 23 AE
ARt ok ol UR 2 AE ARgSH HW whE 3HE d& 5 dou
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Table 3.6 PID tuning rule by the Lopez ITAE method

Parameter
Kp Ti Td
Controller
0-586 T \0.196 ( B L ) ~
PI X (L) 711.030 0.165(7_)
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K L T T
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Fig. 4.1 Fitness and PID parameters based on PSO for system I

Table 4.12 At¥ PSO 7]%ke] PID Alo}7] setw|E ¢} 7]E2) WHEE Fx49
grHES A3 Aol

Table 4.1 Tuned parameters for system [

Parameters
Tuning Method
Kp Kj Ky
PSO(Proposed) 3.5047 0.5620 1.0556
Z-N 6.0000 3.0000 3.0000
Cc-C 6.9167 3.0417 2.4269
IMC 4.4000 0.8000 2.0000
Lopez-ITAE 3.7901 0.5607 1.3087
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Fig. 4.2 Comparison of set-point tracking responses for System I
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Table 4.2 Performances for system I

Performance M, [%] t, [s] t, [s] ts [s]
PSO(Proposed) 0.57 3.61 1.38 2.97
Z-N 60.53 2.55 0.60 9.35

C-C 81.90 1.82 0.54 9.35

IMC 5.94 2.73 0.94 9.83
Lopez-ITAE 0.00 100.00 1.25 2.75
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2 W2y JAE SMFEMYF 21 AFAZHY Aok MCHE HAE 2%
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Lopez-ITAEM & SM#E7L 1o AR AZH2%o] AE 7 Ench tha FUAT A
g 5 gle AERA A4kl A9 FEFS HAY S glom, WAB(t)e] 100[s)2
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Fig. 4.3 Verification of FOPTD estimation model for system II
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Fig. 4.4 Fitness and PID parameters based on PSO for system II

Table 4.3 A|¢td PSO 7|¥ke] PID Aloj7lef 71&9 WHERE 28 JHrHES
2 Az Aot

Table 4.3 Tuned parameters for system II

Parameters
Tuning Method
Kp Kj Kq
PSO(proposed) 0.5492 0.0368 0.7878
Z-N 0.8488 0.1321 1.3628
C-C 0.9930 0.1401 1.1030
IMC 0.6458 0.0498 0.9086
Lopez-ITAE 0.5647 0.0362 0.6110
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Table 4.4 Performances for system II

Performance M, [%] t, [s] t, [s] tg [s]
PSO(proposed) 4.72 9.23 3.39 15.35
Z-N 69.53 8.29 1.93 36.46

C-C 96.17 8.25 1.72 62.84

IMC 20.00 8.77 2.70 21.41
Lopez-ITAE 11.01 9.43 3.24 18.71
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Table 4.5 A|¢td PSO 7|¥ke] PID A|oj7]ef 7]&9 WHER 28 JHrHES
Ak Aol
Table 4.5 Tuned parameters for system III
Parameters
Tuning Method
Kp Ki Kq
PSO(proposed) 26.6762 0.7562 87.8628
Z-N 22.5568 2.3776 53.5013
C-C 26.3419 2.5058 43.2970
IMC 17.0839 0.8626 35.6675
Lopez-ITAE 14.9223 0.6241 23.9131
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P

HAE HFEM)E C-CHol 64.55%% 7b4 A, Z-NW, IMCH, Lopez-ITAEH
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it

Table 4.6. Performances for system III

Performance M, [%] t, [s] t, [s] ts [s]
PSO(proposed) 8.15 16.81 7.08 23.81
Z-N 57.77 17.89 5.70 75.12

C-C 64.55 16.38 5.11 81.65

IMC 22.89 20.72 8.07 44.96
L-ITAE 16.57 21.82 9.08 50.38
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