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RCGA-Based Tuning of the 2DOF PID Controller
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Abstract : The conventional PID controller has been widely employed in industry. However, the PID controller with one
degree of freedom(DOF) can not optimize both set-point tracking response and disturbance rejection response at the same time.
In order to solve this problem, a few types of 2DOF PID controllers have been suggested. In this paper, a tuning formula for
a 2DOF PID controller is presented. The optimal parameter sets of the 2DOF PID controller are determined based on the
first-order plus time delay process and a real-coded genetic algorithm(RCGA) such that the ITAE performance criterion is
minimized. The tuning rule is then addressed using calculated parameter sets and another RCGA. A set of simulation works
are carried out on three processes with time delay to verify the effectiveness of the proposed rule.

Keywords : 2DOF PID controller, tuning rules, real-coded genetic algorithm
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Fig. 2. EBquivalent block diagram of the 2DOF PID control system.
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Fig. 4. Optimal parameter sets of C,(s").
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Table4. Performance comparison for system I.

Set-point tracking Disturbance rejection

M, b & M tpk ty

GA-ITAE | 738 | 025 | 067 | 020 | 023 | 040
ZN 6431 | 017 | 099 | 019 | 022 | 0.67

Cc-C 8430 | 016 | 123 | 019 | 022 | 0.1

Methods

Methods K, T Ty o B
GA-ITAE| 5.768 0.196 0.041 0.689 0.673
ZN | 6000 | 0200 | 0.050 x X
cC 6.917 0.227 0.035 X X
L-ITAE | 6230 0.181 0.038 x x
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Fig. 6. Set-point tracking responses for system L.
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Fig. 7. Disturbance rejection responses for system I.
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Table 5. Parameter lists tuned for system II.

Methods | K, 7 T a g
GA-ITAE| 1.206 2.704 0.844 0.496 0.495
ZN 1.054 4.946 1.237 X X
CcC 1.422 4344 0.745 X X
L-ITAE | 1.201 2.839 0.942 X X
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Fig. 8. Set-point tracking responses for system II.
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Fig. 9. Disturbance rejection responses for system IL
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Table 6. Performance comparison for system II.

Methods Set-point tracking Disturbance rejection
MP t 1A Mpk tok ty
GAITAE| 302 | 415 | 1248 | 051 | 485 | 1855

Z-N - 6.72 | 1663 | 0.51 | 497 | 2588
cC 941 | 229 | 11.09 | 050 | 478 | 18.81
L-ITAE | 1204 | 237 | 1274 | 050 | 483 | 10.98
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Table 7. Parameter lists tuned for system III.

Methods Kp 7 Tq « B

GA-ITAE | 0.614 4.795 1.917 0.353 0.283
Z-N 0.421 13.556 | 3.389 X X

Cc-C 0717 | 9292 1.623 x X

L-ITAE 0.503 6.116 2.569 x x
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Fig. 10. Set-point tracking responses for system IIL.
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Fig. 11. Disturbance rejection responses for system 1.
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Table8. Performance comparison for system ITL.

Set-point tracking Disturbance rejection
M, L3 & M b by
GA-ITAE| 1.62 | 928 | 20.15 | 087 | 1230 | 24.60

Methods

ZN - 7094 | 138.58 | 0.87 | 1226 | 149.51
c-C - 579 | 54.50 | 0.87 | 1228 | 64.43
L-ITAE - 1562 | 3413 | 0.87 | 1229 | 46.84
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