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Efficient Recognition Method for Ballistic Warheads by the Fusion of
Feature Vectors Based on Flight Phase
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Abstract

It is very difficult to detect ballistic missiles because of small cross-sections of the radar and the high maneuverability of the missiles.
In addition, it is very difficult to recognize and intercept warheads because of the existence of debris and decoy with similar motion
parameters in each flight phase. Therefore, feature vectors based on the maneuver, the micro-motion according to flight phase are needed,
and the two types of features must be fused for the efficient recognition of ballistic warhead regardless of the flight phase. In this
paper, we introduce feature vectors appropriate for each flight phase and an effective method to fuse them at the feature vector-level
and classifier-level. According to the classification simulations using the radar signals predicted by the CAD models, the closer the
warhead was to the final destination, the more improved was the classification performance. This was achieved by the classifier-level
fusion, regardless of the flight phase in a noisy environment.
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Fig. 1. Elements and flight stage of the ballistic missile.
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Table 1. Characteristics for warhead, decoy, and debris.
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Drag coefficient 0.21 0.21 0.45
Height [m] 1 1 1
Diameter [m] 0.75 0.75 0.75
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Table 3. Simulation parameters for maneuver'*.

Gravity acceleration [ms] 9.81

Radius of earth [km)] 6.378
Initial angle of fire [deg.] 45

Total maneuvering time [sec] 421.75
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Table 4. Simulation parameters for micro-motion.

Carrier frequency [GHz] 10
Observation time [sec] 0.5
Sampling frequency [kHz] 2
Wave length [m] 0.03
Aspect-angle [deg.] —90~90
Coning frequency [Hz] 56,7
Coning angle [deg.] 6, 8, 10
Wobbling frequency [Hz] 5,6, 7
Wobbling angle amplitude [deg.] 0~90
Polarization HH
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