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A Target-Characteristic-Based Structural Design Framework
for an AESA Antenna in an Engagement Multifunction Radar
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Abstract

This paper proposes a framework for deriving the structural and performance parameters of an AESA antenna in an engagement
multifunction radar from target characteristics. The proposed method defines the final required aperture as the larger of the
detection-based aperture and the beamwidth-based aperture lower bound, and sequentially derives the required channel count, peak
transmit power, boresight gain, and 3-dB beamwidth. In the reference scenario, the beamwidth requirement determines the final required
aperture for the aircraft case, whereas the detection requirement determines it for the ballistic-target case, confirming that differences
in target characteristics are reflected in the structural and performance outputs of the AESA antenna. The derived results are further
verified against the design signal-to-noise ratio (SNR), 3-dB beamwidth, and grating-lobe-free spacing conditions.
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Table 1. Reference input parameters.

Parameter Reference value
Aircraft target RCS (o) 2.0 m
Aircraft target detection range (&) 150 km
Ballistic target RCS (o) 0.3 m’
Ballistic target detection range (%) 200 km
Center frequency (f.) 2.8 GHz
Peak Tx power per channel (Prg ) 150 W/ch
Pulse width (z,.) 250 ps

Beamwidth (Opyy req) 2.5°
Search coverage (Az/El) +45°/0°~60°
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Table 2. Required aperture sizing results for target and
lattice conditions.
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Table 3. AESA antenna structural and performance pa-
rameter results.

Nieq B G Oy an
(EA) | kW) | (dB) ©)

Rect. | 2,543 | 381 | 3715 | 250
Tri | 2202 | 330 | 3715 | 250
Rect. | 3,99 | 599 | 3912 | 199

Tri. 3,631 545 39.32 1.95

Category | Lattice

Aircraft

Ballistic
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Table 4. Requirement compliance verification results.

Aircraft Ballistic
Verification item | Requirement target target
Rect. | Tri. | Rect. | Tri.

Calculated SNR
(dB)
3-dB beamwidth
°)

>1251 19.86 | 19.23 | 12.51 | 12,51

<2.50 250 | 250 | 1.99 | 1.95

Element spacin; <0559
()\)p & (Rect.) 0.500 | 0.577 | 0.500 | 0.577
<0.645 (Tri.)
Verification result Pass | Pass | Pass | Pass
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