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Analysis of Sea Clutter Radar Cross-Section for Anti-Ship Missile Radar
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Abstract

Anti-ship missiles used for destroying warships are significantly influenced by sea clutter. Accurate sea clutter information can be
obtained from data that vary with variables, such as sea temperature, wave height, wind direction, and wind speed. In this study, we
obtained the sea clutter radar cross-section (RCS) for a ship using a radar mounted on a high-level anti-ship missile for various flight
techniques. The radar equation was used to analyze the effect of the surface clutter RCS on the signal received by the anti-ship missile
radar antenna.
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Fig. 1. Sea clutter area definition.
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Fig. 2. Geometry for cruise missile radar clutter (side view
and top view).

kv 2~ 2 ] w 2=
E1. 49 3 54 2% 4%

Table 1. Constants for horizontal and vertical polarizations.

Polarization
Constant Horizontal Vertical
G —73.00 —50.79
G 20.78 2593
G 7351 0.7093
Cy 25.65 21.58
Cs 0.00540 0.00211
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Table 2. Sea states for different wind speeds.

Sea state Wind speed kt Wave height, ft
1 (smooth) <7 1
2 (slight) 7-12 1-3
3 (moderate) 12-16 3-5
4 (rough) 16-19 5-8
5 (very rough) 19-23 8-12
6 (high) 23-30 12-20
7 (very high) 30-45 20-40
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Fig 3. Geometry for ballistic missile radar clutter (Side view
and top view).
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Table 3. DSTO IRSG-LIN model coefficients.

Polarization| Wind direction bo b by
Upwind —60.03 23.39 22.65
Vertical Downwind —67.80 28.58 23.92
Crosswind —67.09 23.12 2471
Upwind —50.18 12.41 25.15
Horizontal | Downwind —50.16 12.30 23.92
Crosswind —52.60 12.30 22.09
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Fig. 4. CNR versus range between antenna using the Gaussian
beam pattern and clutter.
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Table 4. Parameters for radar detection environment of
cruise missiles.

Descrption Value Units
Antenna 3 dB elevation beamwidth 3 Degrees
Antenna 3 dB azimuth beamwidth 10 Degrees
Antenna sidelobe level —100 dB
Range (slant range) 5to 70 Km
Missile (radar) height 10 Meters
Ship height 5 Meters
Radar peak power 10 KW
Radar operating frequency 10 GHz
Bandwidth 200 MHz
Effective noise temperature 290 Kelvins
Noise figure 6 dB
Radar losses 8 dB
Polarization (in Table 1) Horizontal
Sea state (in Table 2) 7
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Table 5. Parameters for radar detection environment of
ballistic missiles.

Descrption Value Units
Antenna 3 dB elevation beamwidth 5 Degrees
Antenna 3 dB azimuth beamwidth 15 Degrees
Antenna sidelobe level —100 dB
Range (slant range) 15 to 250 Km
Missile (radar) height 9,000 Meters
Ship height 5 Meters
Radar peak power 10 KW
Radar operating frequency 10 GHz
Bandwidth 200 MHz
Effective noise temperature 290 Kelvins
Noise figure 6 dB
Radar losses 8 dB
Wind speed (in Table 3) 10.3 m/s

Wind direction (in Table 3) Crosswind
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