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Modeling and output consensus of cooperative attack for
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Abstract; As the interception probability and interception efficiency of anti-missile system consistently increased,
the probability for a single ballistic missile breaking the anti-missile system to achieve the attack task is gradually
decreasing, thereafter comes the strategy multi-ballistic missile cooperative attack. The cooperative attack of multi-
ballistic missile during the free flight segment is easy to achieve, with the missile called warhead at this stage. To
solve the problem of modeling and output consensus of cooperative attack for multiple warheads ( hereinafter referred
to as multi-warhead ) in the free-flight segment of ballistic missile, a three-dimension nonlinear state space model for
multi-warhead space motion in the free-flight segment is established. On this basis, the characteristic of the model
and the challenges brought by the nonlinear dynamic of the model to the cooperative attack of multi-warhead
receives detailed analysis. To deal with the above challenges and realize the output consensus of the cooperative
attack architecture for leader-followers multi-warhead, a kind of cooperative acceleration command signal is
designed for the followers by using the input-output feedback linearization control theory, and the effectiveness of
the designed command signal is verified by detailed numerical simulation. The result of simulation shows that the
output consensus of cooperative attack architecture for leader-followers multi-warhead is realized under the given
performance requirement on all axes of the leader’s launch coordinate system. The faster the velocity of leader varies
and the larger the real part modulus value of convergence coefficient is, the faster the convergence speed of velocity
tracking error and the smaller the velocity tracking error will be. Finally, the performance of the output consensus
will be even better.
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Fig. 6 Tracking error of speed in the y -axis direction (A, =-2)
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Tab.2  Minimum velocity tracking error of each instruction moment in each axis 10072(m-s™")

54 . 2 78] 2 g5 1wl 54 2 J 7 1A) 2 77 1)
MR ROTEL e i TR BT e s
. HRERIRZE HUBRIRZE (A =-5) (A =-10) . REFIRZE HBRIRZE (A ==5)(A =—10)
0 -240.00 300.00 -117.42 -117.42 11 0 0.76 -0.03 -0.31

1 -1.98 1.50 -0.27 -0.27 12 0 0.76 0.87 0.81

2 -18.38 18.87 0.92 0.81 13 0 0.76 -5.07 -3.07

3 -5.80 6.49 -0.09 0.20 14 0 0.76 -8.39 -0.83

4 -1.53 2.27 -1.63 -0.18 15 0 0.76 0.87 0.81

5 -0.31 1.06 2.05 0.81 16 0 0.76 -5.07 0.71

6 -0.06 0.81 -5.71 0.07 17 0 0.76 0.29 0.82

7 -0.01 0.76 9.71 2.14 18 0 0.76 2.11 0.82

8 0 0.76 2.05 0.82 19 0 0.76 0.23 0.44

9 0 0.76 -5.01 -0.15 20 0 0.76 0.81 0.81

10 0 0.76 2.47 0.82
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Tab.3  Final velocity tracking error of each instruction moment in each axis
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S HRERIR 2 RERIRZE (A ==5) (A =-10) . RERIRE HRER IR (A ==5)(A =-10)
0 —-240.00 300. 00 -117.42 -117.42 11 0 0.76 0.59 0.81
1 -1.98 1.50 -0.27 0.81 12 0 0.76 0.87 0.81
2 -18.38 18.87 0.92 0.81 13 0 0.76 -5.07 -3.07
3 -5.80 6.49 0.72 0.81 14 0 0.76 -8.39 -0.83
4 -1.53 2.27 -1.63 0.80 15 0 0.76 0.87 0.81
5 -0.31 1.06 2.05 0.81 16 0 0.76 -5.07 0.81
6 -0.06 0.81 -5.71 0.56 17 0 0.76 0.81 0.82
7 -0.01 0.76 9.71 2.14 18 0 0.76 2.11 0.82
8 0 0.76 2.05 0.82 19 0 0.76 0.77 0.81
9 0 0.76 -5.01 0.65 20 0 0.76 0.81 0.81
10 0 0.76 2.47 0.82
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