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Real-time generation of optimal guidance commands for
range-extended missiles by pulse motor
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Abstract; Regarding range-extended missiles by pulse motor, in order to meet the needs of deciding optimal time
for pulse engine ignition and the real-time generation of optimal overload commands, a nonlinear optimal guidance
method is studied and a real-time generation method of optimal guidance commands is proposed in this research.
First, a nonlinear optimal control problem model for the missile is established. Optimality conditions are then
derived by fully differentiating the augmented objective function. Subsequently, a parameterized method which
constructs a set of parameterized differential equations based on the optimality condition is proposed for the fast
generation of pulse optimal trajectory datasets, allowing for generating datasets of optimal trajectories through
numerical integration. Finally, based on the datasets containing the pulse engine optimal ignition timing and
overload commands, feedforward neural networks are trained to decide the pulse engine optimal ignition time and
generate the optimal overload commands in real time. Numerical simulations demonstrate that the proposed method
can decide the pulse optimal ignition timing and generates the optimal overload commands within 1 ms. Moreover,
the range of missile trajectory achieved is either superior to or comparable to that obtained through conventional
optimization methods. Thus, this method has the capability of generating optimal guidance commands for range-
extended missiles by pulse motor.

Keywords: optimal guidance; pulse optimal control; range-extended missiles by pulse motor; parameterization of
Hamiltonian trajectories; feedforward neural network
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AR SCTT 0.000 15
NLP J5k 520 15 30 000 5.116 20
(45T HE 2.264 21
AR SCTT 0.000 15
NLP J5ik 500 -30 40 000 5.490 06
(B4 THE 1 3.672 07
AKIT5 0.000 15
NLP J5: 500 10 50 000 3.739 50
[ T 32 4.717 20

RT3 [ TARMOIRIREASONESEG A, WO ASONE LR AT E 205, (T AT
PACTTENRACG RIS, T UL AR SO R RIS AR R 5 20 0 45 HE BTG, B2 ) R A 1) 54 2
TS TR AR 0 Hbrei %, BASC 8L,

TR AL GE AL 7 1 TH A5 2 A4 28 i 1 22 S AR A
®3 ARFEHMLE R

Tab.3 Comparison of the optimization results that are obtained from different methods

ik BIRIRES A Lk A2
Vo/(mes™") Yo/ (°) hy/m ' AV/(m-s™") Ah/m
AR5k 65.579 0.000 84 0.051 6
NLP 771 936 -80 125 56 56.377 0.000 05 0.002 8
[E] 454 T 12 56.377
AR5 155.622 0.021 80 1.344 7
NLP J5i% 450 0 500 00 155.765 0.000 02 0.001 5
(B4 THE 1 155.765
AR5 130.325 0.020 33 1.244 7
NLP J5i% 520 15 300 00 130. 405 0.000 12 0.010 9
(B4 THE 1 130. 405
AR5 125.363 0.022 69 1.389 2
NLP J5i% 500 -30 400 00 125.629 0.000 09 0.005 7
(42 THE 125. 628
AR SCTT 172.235 0.019 90 1.218 4
NLP J5ik 500 10 500 00 172. 482 0.000 01 0.000 4
(B4 THE 1 172. 488
Ny i — 2 AR ST 2% 09 1R g, A Bl B 2B B R4 SEHFERHEVERE
1 000 HWIIEIRESIE N T 4T T 545K B oL Tab.4 Initial state in the Monte Carlo test
B (WIEIRSBCEINE IR 4) o SRRSO H T AR AR W(mesT) /(°) h/m /m
BCAFRIE DL 11, 12 25 SRR s 07 EL S I i fie/ME 800 -10 10 000 0
1529 P17 PR AR 12 R iT 1, 2R 37 40 i 35 BORM 1100 0 2000 0

ZARME 0.025 m/s, L E IR E AN 1.5 m, AT W = B3 7 TR o= ) o IR Vo s o ]




55 4 ]

FIATT,AF A kbR A R A ] 4R AR A T - 29 -

15 B /km

0 50 100 150 200 250 300
HF2/km
11 FEEFFEHEXIREERE

Fig. 11 Monte Carlo simulation experiment trajectory diagram
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Fig. 12 Error histogram of Monte Carlo simulation experiment
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