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Abstract: Several complex processes that are employed in industries, such as shipping, power plants, and the petrochemical in-
dustry, involve time-varying behavior as well as strong nonlinear behavior during operation. The fixed-parameter propor-
tional-integral-derivative (PID) controllers have difficulty in dealing with control problems that occur in such processes. In this
paper, we propose a method of designing a nonlinear PID controller for industrial processes that exhibit a large number of non-
linearities and time-varying behavior. The gains of the nonlinear PID controller are characterized by a simple nonlinear function
of the error and/or error rate depending on the process set-point and output. We tune the user-defined parameters using a genet-
ic algorithm by minimizing the integral of time absolute error (ITAE) index. We verify the effectiveness of the proposed method
by performing a comparison of the proposed method and two other nonlinear and adaptive methods that are employed for refer-
ence tracking, disturbance-rejection performances, and robustness to parameter changes on a continuously stirred tank reactor.
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Figure 13:Responses comparison to parameter changes

(D, =0.072— 0.05, H=8—>"7)

Table 5: Comparison of robustness to step-wisely parameter
changes

D = 0.072—0.09, H= 89D, = 0.072—0.05, 7= 8—7
Method
tpeak ]l/éeak tz'cy IAE tpcak A/{)eak trcy IAE
Proposed | 0.32 | 0.06 [2.86 |0.06 |0.35 |0.06 |3.15 | 0.06
Korkmaz | 0.32 {0.10 {1.91 | 0.08 |0.34 |0.09 |2.45 |0.09
Chen |1.71 [0.97 |6.64 |2.36 {0.80 |0.33 |7.69 |0.81
Table 6: Comparison of computation time
Methods Cf)mputatlon Remarks
time[msec]
Proposed 0.3463 Intel(R) Core(TM)2 Duo
N 34.4842 CPU 3.00GHz
Korkmaz ) Windows 7(32bits)
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