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Abstract

In maritime electronic warfare environments, array receiving systems estimate the azimuth and elevation of emitter signals. However,
sea-surface reflections cause direct and multipath components to be observed simultaneously, leading to angular estimates that deviate
from the true direction of arrival. Because these components are strongly correlated, and the sign of the elevation angle is not reflected
in the inter-element phase differences of a uniform circular array, the two paths cannot be sufficiently separated, degrading the estimation
accuracy. To address this issue, a direction-of-arrival estimation method based on a double-layer uniform circular array is proposed.
The proposed structure employs two circular arrays with identical vertical separation radii. The nonlinear phase structure is transformed
into a linear beamspace representation, and forward - backward spatial smoothing is applied to enhance the separation performance. The
simulation results demonstrate improved estimation accuracy compared to a conventional single-layer uniform circular array.

Key words: Electronic Support Measures, Direction of Arrival Estimation, Double-layer Uniform Circular Array, Sea-Surface
Multipath Mitigation, Subspace-Based Estimation
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1. AEHA HFE

Table 1. Simulation parameters.

Parameters Symbols Values

Carrier frequency S 1 (Ghz)

Wavelength A 0.3 (m)

UCA radius 7 0.21 (m)

Antenna height h, 10 (m)
Number of elements per layer N 10

DUCA layer space d 0.15 (m)
Snapshots L 100

Complex permittivity €, 54.65~j37.38

Surface roughness factor x 1.62

# 2 Ao AEdold AvEe 3 SNR 24
Table 2. Signal simulation scenario and SNR condition.

Parameters Symbols Values
Direct path elevation a, 30 (°)
Direct path azimuth b4 45 (°)
Multipath elevation a,, ~28.8 (°)
Multipath azimuth b 45 (°)
SNR - 30 (dB)
AN WAz B S FAsk e, Azt sl o
42 UCA 23 WY 54202 8 27t Fo Jr7}
SAEE F2A AE 7T o= g s whAbE
P88t B2 ALl AH BEk AR 1zt AUz
< 7H A%, F ARl 37 2 EFAA BEEHA X
S df=rd ¥ A7} Aol A4k 4 LA BT
1% 5(b)= DUCA 714+ RB-MUSIC 7|¥ 9] 27+ 29
EFS Uehlin], 17t Fo JR7F g Eo A4 A=
o the A7 A7 MR B2 939 Jar ReHe
A% Bk Iy T ARl FE AN 719
3l coherent A S O|H 2 FEAL | rank H3| 7} WA
st Al F7h FE7F SRS o] FoAA Pk I
A3 937} 9350 DOA 4 L2171 & UCA 714t
At vlaf 238 Frkete A ST F Atk
Ate 7149l I9 5(c) 37 2HERS AH F29
% A% A3 dgohe A7t A3k A A T8
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Fig. 7. Emitter trajectories according to flight scenarios.
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