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Study on Spaceborne SAR System Performance Improvement Using Antenna

Beam Pattern Optimization Based on an Entropy Minimization
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Abstract

To satisfy the performance requirements of a spaceborne synthetic aperture radar (SAR) system, antenna beam pattern characteristics
should be carefully analyzed and optimized. In particular, the sidelobe level in the elevation direction has a significant influence on
the range ambiguity-to-signal ratio (RASR), which directly affects the quality of SAR images. In this paper, an antenna beam pattern
optimization method based on a new cost function is proposed to improve the performance of a spaceborne SAR system. The proposed
cost function simultaneously considers the excess undesired sidelobe power, which exceeds the upper sidelobe mask limit, and the inner
sidelobe power, which exists within the allowable mask region. The combined sidelobe power was normalized using Shannon entropy
to construct the optimization cost function. Then, the particle swarm optimization algorithm was applied to determine the amplitude
and phase excitations of antenna elements. In the simulation, the initial and optimized beam patterns synthesized using the proposed
cost function were analyzed based on practical spaceborne SAR system parameters. The RASR results show that the proposed method
effectively reduced the range ambiguity and satisfied the required SAR system performance condition.
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Table 1. Simulation parameters.

Targets 11
Clutter scatterers 1,000
Guard regions 65
Center frequency 9.6 GHz
RASR requirement <-21dB
Range beamwidth 24 deg
Azimuth beamwidth 04 deg
Antenna elements 80x80
Satellite altitude 552 km
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