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Study of Two-Target Elevation Estimation Techniques
Using Refined ML in a Multipath Environment

AN - BEY U - ol ges”

Ji-Won Kim - Jong-Sung Kang - Jachyun Park - Minkyu Park* - Wooyong Yang*

Q@ o

AAEE Hgete B4 Z4eE Jgs] FA5] fsirE, ARHOZTE] o Mo E4HoE g8
olojok g}, o AR 71518t #AE B43h= Refined ML(maximum likelihood) 712 T A2 59 wWa) 84
BRE AU H R 538 17 A% 24 ASE Bty 484 dot sA 71E 17 24 /HEL s o]
FAoIg 7 As7E EAY A, A7 FA AT Ash HAE e 7 EAo] EAE W Refined ML 7]WH&
S F4ske gErHY AFTE gd@TE, AMEE VA oE STkt 9] EAdth £ =rdAE
Fhe ®AHo] EAY W, ML F4 42 Fdt, A4 s A Az 71skets dAI S HagdAw A NS
o] &3 B4 ¥ FAA AHE FESH F E4 17 FHS AT Refined ML 71 A Qbghe}, Egh 23He) &4
H4L 3)987] 9t AL Wha(iterative) Refined ML 7] & AIFgte}. 7] Refined ML, BDML(beam domain ML),
AlQFstE HHE Refined ML 71" €] B+t Ay 2k HwE Fall AlRtsle ¢xF9) 455 A58tk

Abstract

Active adaptation to various types of interference from the ground surface is critical for accurately tracking the angles of objects
flying at low altitudes. Among the angle-estimation algorithms used in multipath environments, the refined maximum likelihood (ML)
technique has been actively investigated. However, it suffers from performance degradation when multiple targets or interference signals
exist. In addition, computational complexity increases exponentially as the number of parameters estimated using the refined ML techni-
que increases when multiple targets exist. In this study, we derive an ML estimation formula when two targets are present and propose
a refined ML technique for estimating the angles of the two targets by combining the geometric relationship between direct and specular
paths with the results of complex envelope estimates using the minimum mean-square-error method. Furthermore, we propose a
low-complexity iterative refined ML technique to avoid a two-dimensional grid search. The performance of the proposed algorithm is
verified by evaluating its root mean square error and comparing it with those of the conventional refined ML and beam domain ML
(BDML).
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Table 1. Simulation parameters.

Parameter Value
Number of antennas (/) 60

Operation frequency 500 MHz
Target range 1 () 2~20 km
Target range 2 (R,,) 30 km
Target height 1 (h,;) 50 m
Target height 2 (h,,) 25 m
Antenna height (h,) 15 m

SNR [dB] 0~50
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