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A highly efficient GPU-based signal processor of Synthetic Aperture Radar
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(Department of Electronic Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: With its extending applications, Synthetic Aperture Radar(SAR) is required to process more
and more data. The processing speed of traditional SAR processor turns out to be a bottleneck of the
extension of SAR applications. Highly efficient SAR signal processors need to be explored towards these
challenges. Recently, Graphics Processing Unit(GPU) is developing at top speed, which is a novel and
promising computation platform for efficient SAR processors. A GPU-based SAR signal processor is
introduced in this paper. The implementation of this processor takes full advantage of GPU s computation
capability, using general purpose computations to implement the SAR imaging based on CUDA
programming model. As the result shows, this processor is more than ten times as fast as traditional
CPU-based SAR processor. It provides a promising way to solve the problems of SAR signal processing in
the future.
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Fig.2 Block diagram of implementation of the GPU-based SAR processor
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Tablel Airborne SAR parameters in the simulation

parameter name

value

radar centre frequency

transmitted pulse duration

range FM rate

signal bandwidth
range sampling rate
Doppler bandwidth

PRF

1.27 GHz
2.5 us

8 MHz/us

20 MHz

30.8 MHz

250 Hz
469.5 Hz

Fig.3 Positions of the three targets used in the simulation
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Table2 Imaging results of the simulated targets

range resolution(samples) azimuth resolution range PSLR/dB azimuth PSLR/dB
1.393 1.035 -13.98 -14.12
1.390 1.027 -13.89 -13.98
1.392 1.032 -13.92 ~14.10
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Fig.4 Imaging results of the simulations
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Fig.5 Range profiles of imaging results
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Fig.6 Azimuth profiles of imaging results
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Fig.7 Imaging results of actual airborne SAR data
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Table3 Comparison of processing time for SAR processors based on CPU and GPU

. data size
condition
2 048x2 048 4 096x2 048 4 096x4 096 8 192x4 096 8192x8 192
1 9.296 19.471 39.089 81.056 164.997
2 2.652 5.484 10.296 23.851 47.908
3 0.065 0.124 0.636 1.299 2.556
4 0.013 0.024 0.392 0.813 1.566
. data size
condition
16 384x8 192 16 384x16 384 32 768x16 384 32 768x32 768
1 336.978 670.497 1347.226 2 702.689
2 96.127 190.378 378.684 764.176
3 5.298 11.467 21.346 44.962
4 3.275 6.872 12.718 25.711
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