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Abstract This paper proposes an IMC-based 2 DOF PIDC controller design method for effective
load-disturbance rejection in second-order models with a time delay. The proposed 2 DOF PIDC
controller consists of a set-point filter and a PIDC controller. The PIDC controller was designed based
on the Internal model control principle, focusing on disturbance rejection, while the set-point filter was
introduced to improve tracking performance. The effectiveness of the proposed controller was
demonstrated by applying it to second-order models with a time delay, considering nominal and
uncertain processes, and comparing it with the existing controllers. One notable feature of the proposed
approach was the ability to trade off the control response performance and stability while conveniently

tuning the controller parameters by adjusting a single parameter of the IMC filter.
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Fig. 1. Structure of an IMC system with set-point
filter
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Fig. 2. Structure of a classical feedback control
system
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Where, K,, T, T4 a and b denote proportional gain,

integral time, derivative time of PID controller,

time constants for lead-lag compensator
respectively.
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Table 1. Controller parameters tuning for 4 (s)

X Controller parameters
Tuning )
hod Ms
methods 1\’1, T; T;i A a b €
Proposed|5.1809|7.6607 | 2.1575| 1.85 | 0.5] 0.6057 | 0.6 | 1.742
SIMC  |4.0625(13.0000[3.0769| 1 - - - | 1.609
Luyben |3.5800(25.6652(1.8517| - - - - | 1.471
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Table 2. Controller parameters tuning for A4 (s)

Tuning Controller parameters I

methods | & T T, A | a b € -

Proposed|0.9202{5.7090 | 1.4196 |1.565| 0.5] 0.6080 | 0.6 | 1.591

SIMC [0.9375|7.5000|1.6667| 1 - - - [1.591

Luyben [0.9378|9.1667|0.6614| - - - - 11.882
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Table 3. Performance for nominal process 7 (s)

Set-Point Disturbance

TV, 1., M, JIAE] TV,

s rey peak

Tuning
methods | 7, | og [AE

Ms

s

Proposed |16.75] 9.08 | 4.98 | 7.87 |20.72| 0.18 | 1.48 | 1.69 [1.742
SIMC  |36.13(15.24| 6.77 | 8.71 |45.40( 0.19 | 3.20 | 1.17 {1.609

Table 4% 7 Aol719] 45458 dFa0z et
W@ Aole.

Table 4. Performance for 10% uncertainty process 7 (s)

Tuning Set-Point Disturbance
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v | os JAE| TV, | Ty | Myeu| TAE) TV,

Ms

Proposed |16.77]3.01 | 4.28 | 9.16 |22.34| 0.19| 1.48 | 2.03 [1.895
SIMC  |35.96|13.44| 6.16 |10.89|46.09| 0.19 | 3.20 | 1.66 |1.800
12.08[11.43| 4.40 | 8.73 |104.1| 0.27 | 7.15 | 1.48 |1.518

Luyben

Luyben |14.87|12.08| 5.00 | 8.26 |105.1|0.26 | 7.15 | 1.37 [1.471
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Table 5& Aloi7]9] 45A145 Helstol Yed 2
ol

Table 5. Performance for nominal process 7 (s)

Tuning Set-Point Disturbance
methods | 7, | og |IAE,| TV,| T, | M, ,[IAE| TV,

s s rey | peak

Ms

Proposed |13.62]5.24 | 4.39 | 1.18 |17.53| 0.88 | 6.20 | 1.34 |1.591

Table 6= 7 A|o}7]9] A5A4E Heroe e
W Aol

Table 6. Performance for 10% uncertainty process

Py(s)
Tuning Set-Point Disturbance s
methods [ 7. | o5 [[AE] TV.| T,., [M,JTAE] TV,

SIMC  |21.35]13.00| 4.57 | 1.95 |28.39| 0.81 | 8.00 | 1.09 [1.591
Luyben [19.48|27.55| 4.57 | 2.48 |38.58| 1.01 | 9.78 | 1.73 |1.882
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Fig. 6. Step responses for 10% uncertainty process
Py(s)

Proposed | 6.51 | 0.87|3.811.35(18.81/0.96| 6.20 | 1.53 |1.916
SIMC  [19.16(15.55| 4.35 | 1.95 |25.18| 0.96 | 8.00 | 1.29 |1.784
Luyben (17.77|34.77| 4.61 | 2.88 [37.76| 1.11 | 9.78 | 2.10 |2.234
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