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Analysis of Radar-Detection Range Based on Parabolic-Equation Method
Considering Antenna-Radiation Pattern
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Abstract

This paper presents a novel approach for analyzing the detection range of radars using the split-step Fourier transform-based para-
bolic-equation (PE) method, which interprets the boundary conditions as perfect electric conductors. The proposed method overcomes
the limitations of conventional PE methods, which primarily employ a Gaussian single-beam pattern, by enabling -electro-
magnetic-wave-propagation analysis based on the effects of antenna-radiation patterns. To verify that it can appropriately account for
the antenna-radiation pattern, the path losses in the elevation-angle directions of the main and side lobes were analyzed and compared
with the free-space path loss. Subsequently, the PE method, which accounts for the antenna-radiation pattern, was used to calculate
the received power for a target with a specific radar cross-section under free-space and duct situations based on the atmospheric re-
fractive index. The results showed that the proposed method enables an accurate detection-range analysis reflecting the actual operational
environment of a radar. Additionally, it can be applied to the PE method based on the actual radar-antenna pattern by considering in-
homogeneous atmospheric conditions and the curvature of the Earth.
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Fig. 1. Antenna radiation pattern.

F(6)

F99 °I5 8 -3 dB WHo| 47 15 dBi, 2°
A ZH7t 455 dBi, 3°9] o] 53 W 5 7
157

& £7.500] T

ol ek

st Agl-15d A= {te‘%k—.% ﬁléé}a’iﬁ} 1%
2 29 A W vt A2 &4 7 A
A & vnsath I9 28 AR-axd 4=
O A AL AT FES IHS FE A
o3 BZA ME FY T AE77.5°% %99

# 1. SSPE #&HH
Table. 1. SSPE parameters.

2 1] e A2 A O Uk ol o F
sl 27] WE ZHe 7T & AT AL Y
o Bza7] A4, T8 19 et 24} el

e} B AL

= max (mainlobe(8), sidelobe, (0), sz'delobez(ﬁ))
0

©)
o), &
299

Variables Value
Frequency f 300 MHz
Maximum range 100 km
Maximum height 4,000 m
Antenna height 1,500 m
Antenna elevation angle 0°
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Fig. 2. Path loss by distance-elevation.
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Fig. 3. Path loss along the direction of the main lobe.
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Table. 2. Radar detection range calculation parameters.

Variables Value
Frequency f 300 MHz
Maximum range 100 km
Maximum height 4,000 m
Antenna height 1,500 m
Antenna elevation angle 0°
VM 157
Transmit power 70 dBm (10 kW)
Target RCS 25 m’
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