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FPGA-Based Acceleration of Range Doppler Algorithm for
Real-Time Synthetic Aperture Radar Imaging
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Abstract

In this paper, an FPGA-based acceleration scheme of range Doppler algorithm (RDA) is proposed for the real time
synthetic aperture radar (SAR) imaging. Hardware architectures of matched filter based on systolic array architecture
and a high speed sinc interpolator to compensate range cell migration (RCM) are presented. In addition, the proposed
hardware was implemented and accelerated on Xilinx Alveo FPGA. Experimental results for 4096x4096-size SAR
imaging showed that FPGA-based implementation achieves 2 times acceleration compared to GPU-based design. It was
also confirmed the proposed design can be implemented with 60,247 CLB LUTs, 103,728 CLB registers, 20 block RAM
tiles and 592 DPSs at the operating frequency of 312 MHz.

B =FolAE A2 SAR (synthetic aperture radar) 973 A4S 913t RDA (range Doppler algorithm)2] FPGA 7|4k
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Fig. 9. SAR imaging results for point target by Nvidia GPU
and Xilinx Alveo FPGA.
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Table 1. RDA-based point target execution time according to the number of kernels on Xilinx Alveo FPGA.

i 1. Xilinx Alveo FPGA Ui 7{d ol wh2 RDA 7|8t MEX A7t
) FPGA Execution Time (sec) GPU Exe.
Image Size Time (sec)
1-kernel 2-kernel 3-kernel 4-kernel 5-kernel 6-kernel 7-kernel
256%256 0.112 0.063 0.045 0.036 0.032 0.029 0.028 0.153
512x512 0.228 0.126 0.097 0.075 0.064 0.062 0.060 0.294
1024x1024 0.441 0.238 0.198 0.156 0.140 0.137 0.134 0.556
2048=2048 1.092 0.686 0.483 0421 0.392 0.377 0.368 1.069
4096x4096 2752 1.993 1.662 1511 1.379 1.342 1.321 2.612
Table 2. Synthesis results of the proposed matched filter ¥ 2= Aeord A "y Z2ZA A9 RCMC =

processor and RCMC processor.
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CLB LUT 100,263 3,465
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Fig. 10. SAR imaging results for RADARSAT-1 SAR data

based on the proposed RDA hardware.
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