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Cooperative scheme trajectory rapid trajectory programming
for guided projectile

WANG Qinghai, CHEN Qi, WANG Zhongyuan, YIN Qiulin

(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To solve the complex problem of multi-projectile-multi-phase cooperative trajectory programming, an
augmented centralized collaborative trajectory programming method ( AC-CTPM) is proposed. Firstly, a five-phase
trajectory programming model is established based on the characteristics of each phase in the flight process of guided
projectiles. Then, the five-phase trajectory programming problems of n  guided projectiles are combined and
extended to a more complex 5n phases optimal control problem (OCP). The multi-phase Radau pseudo-spectral
method is used to discretize the infinite-dimensional OCP into a finite-dimensional nonlinear programming problem
(NLP), which is finally solved using the mature NLP solver SNOPT. To improve the efficiency of solving the
complex 5n, phases OCP, in AC-CTPM, we propose an initial guess value acquisition method (IGVAM) for
converting 2D scheme trajectories into 3D predicted trajectories in cooperative lrajectory programming problem.
Each guided projectile establishes a new ground coordinate system with its own launch point as the origin. Within
this new coordinate system, 2D scheme trajectories of the projectile are rapidly programmed. Subsequently, by
expanding and transforming the coordinates, the programmed 2D trajectories in the new coordinate system are
transformed into the 3D scheme trajectory. The 3D scheme trajectories of each projectile are combined to form the
initial prediction of the cooperative trajectory programming problem. By applying the AC-CTPM algorithm, we
conducted simulation-based solving for the scenario of simultaneous impact tasks with single-gun multiple-firing and
multiple-gun salvo. We obtained cooperative trajectory solutions that satisfy the projectile self-constraints and
cooperative constraints, which verifies the effectiveness of AC-CTPM algorithm. Simulation comparisons with
distributed collaborative trajectory programming algorithm ( D-CTPM ) and traditional centralized collaborative

trajectory programming algorithm ( TC-CTPM) shows that the objective function of the cooperative scheme trajectory
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programmed by AC-CTPM algorithm is on average 5. 07% better than that of TC-CTPM algorithm and 32. 98%
better than that of D-CTPM algorithm on average, while the solution time of the AC-CTPM algorithm is reduced by
86.48% compared with TC-CTPM algorithm and by 82.36% compared with D-CTPM algorithm, which verifies the

superiority of the AC-CTPM algorithm.

Keywords: guided projectile; cooperation of multiple projectiles; initial guess acquisition; rapid trajectory

programming ; Radau pseudo-spectral method
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Fig. 1 Gliding extended range guided projectile trajectory
diagram
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Fig.6  Optimization results of single-gun multiple-firing hit simultaneously
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Tab.6 Optimal solution of firing angle (°) Tab.7 Optimal solution of time nodes s
o 6o Yo Kt (" f? i i i’
1 71.834 5.527 1 25.259 39.327 44.327 166.736 187.358
2 69.453 -5.067 2 35.088 49.156 54.156 167.818 187.358
3 67.004 2.317 3 44.420 58.488 63.488 168.948 187.358
4 62.564 -1.994 4 52.760 66. 828 71.828 170.018 187.358

5 52.963 0 5 52.436 66.504 71.504 170.550 187.358
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Tab. 8 Cooperative simulation parameters of multiple-gun
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Tab.9 Optimal solution of time nodes by D-CTPM s Tab. 11  Optimal solution of time nodes by AC-CTPM s
H i) i 1 i o H i i 1 t® o
1 23.536 37.604 42.604 129.740  145.009 1 25.146 39.214 44.214 136.046  151.791
2 7.303 21.371 26.371 127.926  145.009 2 18.959 33.027 38.027 135.010  151.791
3 6.412 20. 480 25.480 128.097  145.009 3 14.650 28.718 33.718 134.895  151.791
4 23.369 37.437 42.437 129.604  145.009 4 24.990 39.058 44.058 135.942  151.791
5 7.752 21.820 26.820 127.870  145.009 5 20.283 34.351 39.351 135.023 151.791
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Tab. 10  Optimal solution of time nodes by TC-CTPM s

HIEL 7 #1529 ~ 3 11 ATA0,3 R R Si i T
A 2 PR ) 22 B A ] S SR b R ety o X HE T
PAKER,3 FhRTE AL B9 RAT B AR LB 5 g, X

A S S SO NS T 3 R R RE B 09 S LR ) — 1
1 20.365 34.433 39.433 136.430  153.043 i@gﬁﬁz’;@o EE 8 ﬂ%ﬂ,?;z%ﬂ”—ﬁ?’fk%ffﬁﬁﬁ%ﬁ
2 20.365 34.433 39.433 136.430  153.043 1jﬁX¢/ET B$ﬁ,%7§%ﬂ@i@§$2€§j}§é$§g§lﬁﬁﬁ
3 20.365 34.433 39.433 136.430  153.043 % %anl‘n ’mu{ﬁ%%&B%T%yggi’ﬁﬁ;w:":;g}mﬁﬁ:ﬂ
4 20.365 34.433 39.433 136.430  153.043 ﬁgi%ﬁ:o E(’%’f'ﬂ& %ﬂ?fiﬁ]"] EF&{R:E%@EI&ﬁ E%’J
5 20.365 34.433 39.433 136.430  153.043
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Tab. 12 Target function value and problem solving time
ik 2 il A g 3 ki S 4 ] I 5 Kl A B
Jeal FERT/s Jeol FERT/s Jeol FERT/s Jeol FERT/s
D-CTPM 4.393 435.413 9.404 115.055 734.884 132.125 13.819 834.670
TC-CTPM 3.504 74.739 5.936 133.597 7.448 180. 020 9.505 414.679
AC-CTPM 3.301 10.322 5.691 38.283 7.044 32.770 9.036 41.083
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