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GA-Based Tuning of a PID Controller Incorporating an

Anti-windup Scheme
Dong-Jin Park

Department of Control & Instrumentation Engineering,

Graduate School, Korea Maritime University

ABSTRACT

Many practical processes in industry have nonlinearities of some forms. One
commonly encountered form is actuator saturation which can cause a
detrimental effect known as ntegrator windup. The integrator windup problem
often leads to inconsistency between the controller output and the process
input. As a result, the tuning of the process based on its linear model may
exhibit a strikingly different behaviour from its implementation as soon as an
actuator saturation affects the operation and even the stability can be lost.
Therefore, a strategy of attenuating the effects of integrator windup is
required to guarantee the stability and performance of the overall control
system.

In this thesis, a strategy in tuning a proportional-integral-derivative (PID)
controller with an anti-windup scheme is presented to enhance the tracking
performance of the PID control system in the presence of the actuator
saturation. First, existing anti-windup schemes are investigated and an
effective anti-windup scheme is adopted. Then, the parameters of the PID
controller incorporating the anti-windup scheme are optimally tuned by a
genetic algorithm (GA) such that the integral of absolute error is minimized. A
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set of simulation works on three high-order processes demonstrates the

benefit of the proposed method.
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 Step 1: Tune {K, 7, 7;} of Cls) without saturation
« Step 2: With fixing {A}, 7}, 7}, add an additional feedback loop or

switching logic for anti-windup
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Fig. 4.1 PID controller with a modified-AW method
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A A MAEY AF=e wet Adgste] wagdes AT, wnf At
A= ALY ARE wEEFH, Sl A4As Mg S dFHA ®
& AYE wAE A HolEth. 17 428 FHEnEFY V8 GAE B

o=t
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Initialization

Mutation

Selection

Crossover

y
Termination

a7 42 AL EY 7|2 9
Fig. 4.2 Basic steps of a GA

Overall procedure of the GA

Set k=0,
Initialize population P(0) of size N randomly;
Evaluate fitness fi(k)(1=<i=<N) and select the best {x,(k), fp(};

While <termination conditions are not met>
Select chromosomes based on individual fitness;
Crossover parent chromosomes to generate offsprings;
Mutate chromosomes;
Apply elitism if necessary;
Evaluate fitness fi(k+D(1<i<N) and select the best {xy(k+1), fu(k+D};
Set k= k+1;
End while
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B Rl o] A71E N=40, AeAe] oAb 9=18, LueE
g, Bauole PSR p =005 =45 AEHAT
FH, Az"e] Aol Fn e AW A 4 UDY AheAnE

(Integral of Absolute Error: IAE)S H7}1g+=2 AME3I T
t
J(¢)=ff I (t) —y ()l dt “.D
0
A7 ¢= K, T, Tpal"e R' = PID Aoj7]9} ¢tE|eI=E] detvlEE 4
B dEola, HAEAZL v olFY HEWC] FAHE F& BAEE FEI

2 @olth. & GAE Algalel 4 (D] g4t Hart HEs Fala
AAs AAE res aopsiE thest 2o,

e Step 1: Add the feedback loop of Eq. (3.5) as an integrator
anti-windup scheme to the PID controller of Eq. (2.3)
« Step 2: Tune {K, T, T} simultaneously using the GA such that

Eq. (4.1) is minimized
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Table 5.1 Tuning rules based on the S-curve response
: Parameters
Tuning
Remarks
method K i g3
1.27 L
Z-N = 2L 5 open-loop
L
T+
2 1L
IMC R T s ST T A>0.8L
KQ+5)
L
. 1 37T
Cvejn 4K(1+7) T+ — 3+£
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[12].2 FOPDT =22 ZASE T FOPDT Zdo] dojxH A #HES
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ol FAHES mE A (329 ‘&El@rde%i SRR ¥ 7,=1
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Fig. 5.1 Parameter tuning using the GA
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Table 5.2 Tuned parameters for Process I

<
T

Tuning Parameters
method K s I o
Proposed 4.429 2.227 0.705 2.129
Z-N 1.765 3.100 0.775 -
IMC 1.408 3.055 0.578 -
Cvejn 1.353 2.797 0.421 -

2]
AANZE t, BNt =ty by, 2% BRI (9} 22k AU AEE
A 2] sk 7—]o]q.

Collection @ kmou



= 05r Proposed ||
fffff Z-N
—IMC
— ~Cvejn
0 L L L
0 5 10 15 20
t[sec]
2
Proposed
fffff Z-N
—IMC n
— ~Cvejn
0.5 : : :
0 5 10 15 20
t[sec]
a9 52 Z2A 2 19 g A4 FFSH vl

Fig. 5.2 Comparison of set-point tracking responses for Process [
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¥ 5.3 ZEA 2 [ i A%
Table 5.3 Performances for Process |

. Performances
Tuning
method M t . ‘ IAE
Proposed 0.651 5.280 2.667 4.450 1.239
Z-N 8.290 6.260 2.665 11.054 1.422
IMC 6.387 6.200 2.734 9.3%4 1.361
Cvejn 9.597 5.980 2.635 9.003 1.385
£& el SetulE s BA6 SRk £ ows sz I F4
A Zar7) Qe ASlE AzEdA K, 7, T8 A 523 F o] g
ZMA I A oF FZ3E F3 2 Suboptimalel 59t AenlnE 9 AE
dolds AAstRT 1 A K,=2.720, 7;=3.289, 7;= 0.910, a= 1.161& A%
I SES 1" Ao I¥ 5.30]H, M= 1.096, t,=2.949, 2% ¢, =5518& A52o
2 Atk ¥ 5.2¢ 4% nuwdta ® SEE HF aPelA BE B ow
o) B e A9sFn gtk
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Fig. 5.3 Optimal and suboptimal set-point tracking responses for Process I
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T oRA modder 4 (.22 FoAA= 3A Az AHESITIL]. =

719 AT ARG A A4S g3t FYs,

P(s)= T (5.2)

E}
=

=

g5t A3 Aoz gErHES & 549 2o 9 4 (5.2)
2 A & o O gerEe K=1.00, ¢= 24, L=

ZEA| e ARl Hls AIRZEAAe] Ba &, 5 Lir= 255130 A 2=H
siuoltt. FOPDT 2dg tifoz x5 7[££ HHES 483 24
5.40 Folxitt.

¥ 5.4 ZEA A 19 3 5x9 g2v) g

Table 5.4 Tuned parameters for Process Il

TS 0< K, T, Tpas 1022 sho] gko] 299 ko] Aty why
A=R=))

o

of

Tuning Parameters
method K, T, T, a
Proposed 0.600 4.918 2.077 0.902
Z-N 0.480 12.000 3.000 -
IMC 0.643 5.400 1.333 -
Cvejn 0.550 4.400 1.091 -
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Fig. 5.6 Comparison of set-point tracking responses for Process Il
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Table 5.5 Performances for Process II

Tuning Performances
method M, t, t, t, IAE
Proposed 3.055 16.160 5.809 31.930 4.848
Z-N - 80.000 52.467 - 11.776
IMC 21.709 15.760 4.580 36.510 5.571
Cvejn 25.083 18.060 4.941 34.510 5.943
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5.3 ZEA 2 1M

A AR 2o ddor 4 0.38 FojA= 33 A=Ee ARESHAH. E37)

o A%z Auge dA A8 @ TUsTh
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T, Tyos 10 9% dha] ool 793t o] Add THL
&% Ay dojzl s E S & 559 k. ¢ 2] (5.3)S FOPDT =¥
A & o O sepr(Ee K=1.00, ¢= 238, L= 6.782 FAHHAUH. ©]
IZZA2E AASF vlE AR Aol A 2, & Lir= 285 >1 o]ojA] Ao
31717 Aot E S A 2~® F shvbolth FOPDT RaS o g2 Fx3 7|29
YHES 483 43 &

3 5.6 Z2A|2 M ik 21 vt

Table 5.6 Tuned parameters for Process Il

Tuning Parameters
method K, T T, a
Proposed 0.580 5.119 1.589 0.610
Z-N 0.421 13.560 3.390 -
IMC 0.608 5.770 1.398 -
Cvejn 0.513 4.640 1.159 -
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Table 5.7 Performances for Process Il

Tuning Performances
method : t, t, t, IAE
Proposed 2.896 16.960 6.335 18.572 4.768
Z-N - 80.000 70.929 - 14.308
IMC 6.537 16.080 5.557 28.864 5.008
Cvejn 10.844 18.060 6.051 24.924 5.308
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