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An Efficient Fast Approximate Control Vector Parameterization Method

LI Guo-Dong' HU Yun-Qing? LIU Xing-Cao"

Abstract The control vector parameterization (CVP) method is currently popular for solving optimal control problems
in process industries. However, one of its main disadvantages is the low computational efficiency, because the relevant
differential equations in solving the generated nonlinear programming (NLP) problem should be calculated repeatedly
with the adjustment of control, which is the most time-consuming part of the CVP method. A new fast approximate
approach with less computational expenses on differential equations, function values and gradients is therefore proposed
to improve the computational efficiency of the CVP method in this paper. The proposed approach is demonstrated to
have marked advantages in terms of accuracy and efficiency, in contrast to mature optimal control softwares, on two classic
optimal control problems.
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Fig.1 The schematic diagram of piecewise linear

continuous parameterization
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Table 1  Results of batch reactor problem with
control saturation
WA R SBEBN  BEsEmET T (s)
10 0.570984 0.1419
Fast-CVP 50 0.573534 1.4929
100 0.573543 3.6859
10 0.573298 6.9178
oy Bk tiEs: CVP 50 0.573536 65.4533
100 0.573543 174.3769
10 0.572242 0.2537
ACADO 50 0.573501 2.1601
100 0.573534 3.9828
10 0.572241 9.2660
DOTcvp 50 0.573500 167.2385
100 0.573533 531.0938
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problem with control saturation
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Table 2 Results of Van der Pol oscillator problem

DR X% SBEN  HirsmfrJ o IHERN (s)
10 2.908619 0.0488
Fast-CVP 50 2.868554 0.1308
100 2.867294 0.3372
10 2.908613 2.5332
B EiEY: CVP 50 2.868554 7.0167
100 2.867294 14.9207
10 2.926195 0.0885
ACADO 50 2.869366 0.3131
100 2.867781 1.1185
10 2.926194 3.3228
DOTcvp 50 2.869367 14.6602
100 2.867782 115.7866
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