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An Adaptive Pseudospectral Method Combined With Homotopy Method for
Solving Optimal Control Problems
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Abstract
method combined with the homotopy method is proposed. The Chebyshev pseudospectral method transforms the original

Aiming at the weakly discontinuous and Bang-Bang optimal control problems, an adaptive pseudospectral

problems into the resulting nonlinear programming problems. Based on the idea of homotopy method, the homotopic
parameters change the bounds on path constraints to obtain a series of smoother optimal control problems. The nonsmooth
original problems are solved by starting from the smoother problems. The convergence of numerical solutions is proved for
the weakly discontinuous problems. With the help of the convergence and the homotopic parameters, an error indicator is
able to capture the nonsmooth points. Several numerical examples are given to compare the proposed method with other
methods. The comparison shows that the proposed method has obvious advantages in terms of accuracy and efficiency.
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Table 1 The parameters of Algorithm 1 in all examples
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Table 2 The results of Example 1 by Algorithm 1

Tol EAREAX R WA (s)  RZERRE EAE

1x107' 3.372x107° 9.7 2.5452 x 1072 49
5x 1072 2311 x 1071° 11.4  1.2418 x 102 49
1x1072 6.802 x 1071 15.8  3.2392 x 1073 49
5x 1073 5.811 x 1071° 18.0 1.6129 x 103 49
1x107% 2152 x1071° 22.4  4.0097 x 10~* 49
5x107* 2.460 x 107 24.5 1.9961 x 10—* 49
1x107% 1.601 x107'° 31.5 2.5017 x 10~° 49
5x107°% 1.512x 107'° 34.0 1.2464 x 10~° 49
1x107% 1476 x1071° 38.5 3.1159 x 10=¢ 49

# 3 Chebyshev I RG] 1 AYZ5R
Table 3 The results of Example 1 by the Chebyshev

pseudospectral method

ERINEL DO IfIE] (s) [[REE
4.2145 x 1074 0.25 9
5.5397 x 10~° 0.38 17
5.1118 x 10~7 0.80 33
4.2394 x 1077 5.27 65
3.9478 x 10~° 14.73 129
4.631 x 10710 44.59 257

F4 =FONEBO L ER
Table 4 The results of Example 1 by three methods

H eI HAREAIXRZE WA (s)  FE AR
%2 (W 1) 2311 x 10~ 114 49
% 3 (Chebyshev #i#f7:)  4.631 x 10710 44.59 257
ik [8] 7k 2.5054 x 10~1°  19.39 —
ik [8] # 1 1.9742 x 1010 15 —
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m(t) <48l —1.5 < v(t) < 4.5 fl —2 < m(t) <
6.
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Table 5 The results of Example 2 by Algorithm 1

Tol HAREMXIRE W (s)  iREfERE EAK

1x10~" 8.0706 x 10~° 5.7 6.3108 x 1073 49

5x 1072 4.7381 x 10~° 6.4 9.0744 x 10— 49

# 6 Chebyshev i kM6l 2 /9%
Table 6 The results of Example 2 by the Chebyshev

pseudospectral method

HAREAIR 522 HFE (s) P B R
6.0018 x 10—3 0.13 9
1.5119 x 10~3 0.23 17
3.7982 x 10~ 0.39 33
9.7584 x 1075 1.08 65
2.7067 x 10~5 2.62 129
1.8455 x 10~° 6.86 257

KT MR 2 AR
Table 7 The results of Example 2 by three methods

Bk HbrE W (s)  ACE

AXF R 2E R

%5 (1) 4.7381 x 10~° 6.4 49

# 6 (Chebyshev lliff7k)  1.8455 x 1075 6.86 257
ik [18] 2.6492 x 1072 14.88  —
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B 1 381 Tol =5x 1072 SR B L AR
Fig.1 Numerical solutions for Tol = 5 x 1072 in Table 8
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Table 8 The results of Example 3 by Algorithm 1

Tol BAEMEAE R (s)  BERRE AR
1x107'  —26.704709  334.6  5.1952 x 1072 49
5x 1072  —26.704676  423.4  4.4434 x 10~° 41

29  Chebyshev fLi% 5 LG 3 45 R
Table 9 The results of Example 3 by the Chebyshev

pseudospectral method

Hla g H ARE 1] (s) i R
—26.668531 1.7 9
—26.689549 4.0 17
—26.702575 8.0 33
—26.703963 87.4 65
—26.704482 153.2 129
—26.704704 1380.0 257
F 10 =FITIAMRBI 3 14

Table 10 The results of Example 3 by three methods
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56D [ 2 9 ) S R TR 5, i R B 2Ky W
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i SR (NN = B A /NE iR 1585

TR IR ARE AR 2 Y.

3) BfE s, 5HAL LM BE IR I, A
SO RAE I TRIRDRS HE_EAT IS A 45

AP E IR A BB R, A3CH Chebyshev
UTEARAE A AT 5 ] S 4o HAt B, it g
R B SR AT DA AN B B R A AL AR
SRR P A Al 3] 24 SRS R B W AL 1L, S ST
FEAET T AT P A 7 5 9% 55 17 T T 1) BB .
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