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Real-Time Estimation of Missile Debris Predicted Impact Point and Dispersion
Using Deep Neural Network
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Inha University

ABSTRACT

If a failure or an abnormal maneuver occurs during the flight test of a missile, the missile is
deliberately self-destructed so as not to continue the flight. At this time, debris are produced and
it is important to estimate the impact area in real-time whether it is out of the safety area. In
this paper, we propose a method to estimate the debris dispersion area and falling time in
real-time using a Fully-Connected Neural Network (FCNN). We applied the Unscented Transform
(UT) to generate a large amount of training data. UT parameters were selected by comparing
with Monte-Carlo (MC) simulation to secure reliability. Also, we analyzed the performance of the
proposed method by comparing the estimation result of MC.
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X, =[Viy1h, s A, 7] T (1) where, w : Rotation Speed of Earth

where, 17 : Missile Speed

v : Flight Path Angle

1 Azimuth Angle

¢ : Latitude

A : Longitude

r : Distance from Earth Center
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Dy, : Drag of Speed Component
D, : Drag of Flight Path Angle Component
D, : Drag of Azimuth Angle Component
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Table 1. Boundary of Debris Explosion Velocity
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Fig. 2. Drag Vector Decomposition
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Table 2. Debris Properties

Table 4. I/O of Neural Network

Clli)ss Description AF}Z:?;(];Q](: d
1 Nozzle, aft dome of Orbus 0.004
2 3rd stage skin 0.015 ~ 0.034
3 Dodecagon with components | 0.003 ~ 0.005
4 Spent orbus motor 0.011 ~ 0.021
5 Yaw TVC actuator 0.014 ~ 0.037
6 Pitch TVC actuator 0.014 ~ 0.037
7 TVC electronic box 0.023 ~ 0.063
22 A5 MHY
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where, ¢ : Layer Index
p : Number of nodes (Previous layer)
¢ : Number of nodes (next layer)
¢ : Activation Function
Activation Function Rectified Linear Unit
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Table 3. Hyperparameter

Parameter Value
Learning Rate 0.005
Epoch 2,000
No. of Hidden Layer 5
No. of Nodes 30/50/100/50/30

I/O State units
Speed m/s
Flight Path Angle deg
Azimuth Angle deg
Input Altitude m
Drag Coefficient -
Wind Speed m/s
Wind Direction deg
PIP (Latitude) deg
Outout PIP (.Long|.tude) deg
Falling Time sec
CEP Radius m
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W g<F HolHe AEE FRHE 98 He £ Table 5. Tendency Analysis Scenario
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where, X : Sigma Points
n : Dimension
f : Mean of Sigma Points
A : Scaling Parameter
XY . Covariance Matrix
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Fig. 3. CEP Radius (MC Simulation)
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Table 9. FCNN Calculation Error

Relative Error
0.93 %
1.60 %
1.47 %
2.10 %

Absolute Error
170.96 m
6.71 m
229 m
1.07 sec

Variables

PIP (Down Range)
PIP (Cross Range)
CEP Radius

Falling Time

Table 10. Computation Time

Method
M-C
FCNN

Computation Time [sec]
1225.48
< 0.001
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