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Abstract

This study investigates the impact of ground-reflected multipath on low-altitude target height estimation and proposes a novel
approach that exploits multipath as an auxiliary information source rather than treating it solely as interference. While conventional
dual-frequency avoidance reduces the root-mean-square error, it still suffers from residual bias and instability in the tail region. To
overcome these limitations, we introduced Multipath-Assisted Radar Sensing (MARS), which learns spectral features to generate
auxiliary corrections and fuses them with avoidance-based estimates through an uncertainty-weighted combination. The simulation results
demonstrate that the proposed method consistently outperforms the baseline, avoidance, and auxiliary-only schemes in terms of the
RMSE, bias, and CVaR95. In particular, MARS significantly improves estimation reliability under worst-case scenarios, thereby
enhancing the operational robustness of low-altitude radar systems.
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Table 1. Simulation baseline specifications.

Parameter Value / Distribution

Radar installation height 20 (m)

Target altitude (per dwell) Uniform (5, 200) (m)

Slant range (per dwell) Uniform (10, 40) (km)

Carrier frequencies 9.50, 9.85 (GHz)

Per-channel bandwidth 60 (MHz)

Tones per channel 256

Tone-level SNR Norma 1(1=8,0=4) (dB)

Inter-dwell phase drift Normal (1=0,00=0.1) (rad)

Reflection model Fresnel coefficient

Reflection phase Uniform (0, 2 ) (rad)

Two-path
Propagation paths (direct+single specular
reflection)
Antenna gain 30 (dBi)
Antenna HPBW (az/el) 3, 3 (deg)
Polarization Linear
Target RCS Swerling case 1

(mean 1 (m?))
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Table 2. Summary of analysis result (unit: m).

RMSE Bias CVaR95
BASE 69.25 2.20 186.24
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