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Angle Estimation Technique Using Multi-Frequency Multi-Beam for
Low-Altitude Target Tracking
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Abstract

When tracking low-altitude targets using radar, significant multi-path interference occurs because of their proximity to the sea surface
or ground, leading to substantial errors in the monopulse angle estimation. To address this issue, this study proposes the multi-frequency
multi-beam (MFMB) technique that combines the multi-frequency and multi-beam approaches. First, an optimal frequency combination
is derived using linear regression to ensure that the interference patterns at different frequencies cancel one another out. Subsequently,
the received signals at each frequency are synthesized, and multi-beam processing is applied to enhance the angle estimation accuracy.
The simulation results confirm that the proposed MFMB method significantly reduces angle estimation errors compared with monopulse
techniques, thereby contributing to improved detection and tracking of low-altitude targets in maritime and complex terrain environments.
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Fig. 1. The scenario of radar and low-altitude target.
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Table 1. Radar parameters.
Parameter Value Unit
P, | Transmit power 20 W
Number of
nelemeut et © 5a760 -
elements
G, Transmit gain - dB
G. Receive gain - dB
A Wavelength - m
o RCS 1 m’
d, Dlr.ect path i m
distance
d, IndJ.rect path i m
distance
Bolt .
k otamann 1.380649 % 10~ JK
constant
7 Standard 200 K
temperature
F Noise figure 3 dB
B Bandwidth 1 MHz
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Table 2. Radar and target position.

Initial position (m) Final position (m)

T, (0,10,000,50) (0,30,000,50)

Radar (0,0,0) (0,0,0)

Target Ty

Direct range

z(m)
- o

o5

15000 o |
— - L ’ 05

a8 2. 24 7, vHA A9 Alsdold el L

Fig. 2. Simulation scenario at the target 7)’s final position.
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Table 3. Multi-beam steering values.

(up,vp)
B, (—0.011, —0.01)
B, (—0.011, 0)
B, (—0.011, 0.01)
B, 0, —0,01)
B, (0, 0)
By (0, 0,01)
B, (0.011, —0.01)
By (0.011, 0)
B, (0.011, 0,01)
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