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Maritime Target Image Generation and Detection in a Sea Clutter
Environment at High Grazing Angle
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Abstract

When a free-falling ballistic missile intercepts a maritime target in a sea clutter environment at high grazing angle, detection
performance of the ballistic missile's seeker can be rapidly degraded by the effect of sea clutter. To solve this problem, it is necessary
to verify the performance of maritime target detection via simulations based on various scenarios. We accomplish this by applying a
two-dimensional cell -averaging constant false alarm rate detector to a two-dimensional radar image, which is generated by merging
a sea clutter signal at high grazing angle with a maritime target signal corresponding to the signal-to-clutter ratio. Simulation results
using a computer-aided design model and commercial numerical electromagnetic solver in various scenarios show that the performance
of maritime target detection significantly depends on the grazing and azimuth angles.
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Fig. 1. Sea clutter components.
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Table 1. Wave height and wind speed by sea state.

Sea Description Wave height Wind speed
state [m] [mys]
1 Smooth 0~03 0~3.1
2 Slight 03~0.9 3.1~6.2
3 Moderate 09~15 6.2~7.7
4 Rough 1.5~24 7.7~103
5 Very rough 24~37 10.3~129
6 High 3.7~6.1 129~154
7 Very high 6.1~122 154~257
8 Precipitous 122 ~ 257 ~
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Fig. 6. Radar image of sea clutter.
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Target ISAR image with clutter
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Table 2. Simulation parameters.

Carrier frequency(f.) 35 GHz
Frequency bandwidth 1 GHz
Observation angle(S2) —0.8°~0.8°
Polariztion H-H
Wavelength( 1) 0.0086 m
Grazing angle 30°~60°
Azimuth angle 0°
Sea state 3
Unambiguous range(Xix) 100 m
Unambiguous cross range(¥max) 100 m
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Fig. 13. Radar images at grazing angle 30°, 60° for sea

state 3.
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Fig. 14. Example of maritime target detection using 2D CA-
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Table 3. Example of maritime target detection.

Grazing angle| Azimuth angle Mean Sea | Detec-
[deg] [deg] backscatter o | state | tion

0.0001

@)
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0.0027

30 0
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0.0068
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X | N | NN || WIND =N B WDN

0.7427
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—_
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