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Abstract
(TPBVP), and a numerical method is proposed based on the dual variational principle. The nonlinear Hamiltonian TPBVP

The nonlinear optimal control problem is transformed into the Hamiltonian two point boundary value problem

is transformed into a system of nonlinear equations by using the dual variational principle and by taking the left costate
and the right state as independent variables. The proposed algorithm has the feature of both “direct method” and “indirect
method” for solving optimal control problem, i.e., it satisfies the first-order necessary condition of optimal control theory,
and it needs no precise initial guess for costate variables and avoids the solving of large scale nonlinear programming
problem. The accuracy and efficiency of the proposed method are discussed by numerical simulations in aerospace control.
Comparison between the proposed algorithm and the famous Gauss pseudo-spectral method in aeronautics and astronautics

control shows that the proposed algorithm has obvious advantages on accuracy and efficiency.
Key words Nonlinear optimal control, two-point boundary value problem, dual variable, variational principle, Hamil-

tonian system
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Table 1  Precision comparison between the proposed method and Gauss pseudospectral method

m = 2N N=5 N=6 N=17 N=8 N=09
x 0.0056 0.0042 0.0041 - -
N z 0.0044 0.0032 0.0023 - -
T Ly i
u, 0.0617 0.0491 0.0375 - -
u. 0.0579 0.0389 0.0268 —~ -
x 1.3546E—7 9.8949E—8 7.1131E-8 5.0717E—8 3.6012E—8
o z 7.3552E—8 5.3337E—8 3.8201E-8 2.7188E—8 1.9288E—8
AICEL
Ug 1.3952E—6 1.0148E—6 7.2791E-7 5.1842E—-7 3.6790E—-7
U 3.3374E—6 2.3838E—6 1.6945E—6 1.2014E—-6 8.5068E—7
S fte = ML S A A A 327 L s " N W, NI
R 2 RIS S G AV AR LR (s) BKERE. 4 B, ARSI, A b 5

Table 2  Efficiency comparison between the proposed 1%?%%&%%:7555’ BN RE T VEAE N = 7 BT
method and Gauss pseudospectral method (s)

m = 2N N=5 N =6 N=7 N=8 N=9

e T Dy il 2.24 4.01 18.99 - -
AXHE 010 0.21 0.41 0.83 1.72 . X
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Table 3  Precision comparison between the proposed method and Gauss pseudospectral method
m =2V N =5 N =6 N=17 N =28 N =9
T 9.3683E—5 6.7637TE—5 4.7728E—5 — —
7.3384E—5 4.1069E—-5 3.2860E—5 - -
e 0 il
Uy 8.7263E—5 6.3790E—5 4.3620E—5 — —
Uy 0.1579 0.1126 0.0800 - —
T 3.0948E—-8 1.3925E—-9 6.2369E—11 2.9193E—-12 2.3337TE—13
Y 3.2104E—-8 1.2685E—9 5.2497E—-11 1.8607E—12 3.7007E—13
ARHE
Uy 4.2707E—-8 1.8290E—9 7.9661E—11 3.5368E—12 2.1264E—-13
Uy 4.4033E—-7 1.9510E—8 8.5846E—10 3.7624E—11 1.5214E—12

H 4 A ROV SRR R (5)
Table 4

method and Gauss pseudospectral method (s)

Efficiency comparison between the proposed

m=2Y N=5 N=6 N=7 N=8 N=9

e L i 5.96 24.85  146.60 - -

VNS A S 0.47 0.88 1.75 3.46 7.19
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