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Abstract: A CSTR (Continuous Stirred Tank Reactor) is a highly nonlinear process with varying parameters during operation.
Therefore, tuning of the controller and determining the transition policy of controller parameters are required to guarantee the

best performance of the CSTR for overall operating

In this paper, a methodology employing the 2DOF

(Two-Degree-of-Freedom) PID controller, the anti-windup technique and a fuzzy gain scheduler is presented for the temperature
control of the CSTR. First, both a local model and an EA (Evolutionary Algorithm) are used to tune the optimal controller
parameters at each operating region by minimizing the IAE (Integral of Absolute Error). Then, a set of controller parameters
are expressed as functions of the gain scheduling variable. Those functions are implemented using a set of “if-then” fuzzy rules,
which is of Sugeno's form. Simulation works for reference tracking, disturbance rejecting and noise rejecting performances show

the feasibility of using the proposed method.
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Fig. 1. Temperature control process of a CSTR.
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Step 2: With fixing {Kp, 'fp'fd}, tune {a, B} of CZ(S)

such that the set-point response is optimized
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Overall procedure of the EA

Set k=0;

Initialize population P(0) of size N randomly;

Evaluate fitness fi(k)(1=<i=<N) and select the best {xu(k),
fik)};

‘While <termination conditions are not met>

Assign a new vector xi(k+t1)(1<i=N) to each
individual using the attractor;

Apply non-uniform mutation;

Apply other strategies if necessary;

Evaluate fitness fi(k+1)(1=i=N) and select the best

{xp(kt1), fu(kt1)};
Set k= k+1;
End while
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Table 1. Data for simulation.
Parameter Unit Value Remarks
Density © kg/m’ 1,000
Specific heat capacity c J/kgK 4,200
Liquid volume V m 0.2
Inlet temperature T, K 293 20[°C]
Mass flow w kg/s 12~-24
Constant K, w/% 800
Constant K kg 40
Saturation limits % 0~100
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Table 2. Local model parameters obtained at three operating

regions.
Plant parameters
w(t) K . L Remarks
16 0.714 750 150 T =20[°C]
20 0.571 600 120 _ 5o
24 0476 | 500 100 y=30PC]

gt CSTRel 2% Mo 843

F 3 A FHFYHNA T A A 0171 ¢] vt E.

Table 3. Controller parameters tuned at three operating regions.

Tuning Controller parameters

method Kpj Ti Td al Bl
Proposed | 7.210 | 393.017 | 70.480 | 0.266 | 0.228
7Z-N 8.400 | 300.000 | 75.000
16 IMC 5.133 | 825.000 | 68.182
5.600 | 800.000 | 46.875 tracking

6.055 | 387.652 | 43.353 disturbance
Proposed | 9.427 | 295.770 | 55.263 | 0.310 | 0.156
7Z-N 10.500 | 240.000 | 60.000
20 MC 6.417 | 660.000 | 54.545
7.000 | 640.000 | 37.500 tracking

7.569 | 302.921 | 34.682 disturbance
Proposed | 11.604 | 247.262 | 44.122 | 0.332 | 0.090
Z-N 12.600 | 200.000 | 50.000
24 IMC 7.700 | 550.000 | 45.455
8.400 | 533.333 | 31.250
9.083 | 252.434 | 28.902
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