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Abstract: The generation of the phase compensation factor, the range compensation factor and the azimuth compensation factor
are the key in the real-time CS (chirp scaling) algorithm of synthetic aperture radar. An existing CS algorithm featured by the
invariance of compensation factors in a region is improved. For the unified compensation factor in units inside the update step size,
the compensation factor corresponding to the average frequency of all units in a region is used to replace the compensation factor
corresponding to the first unit, which makes the final compensation result using the improved algorithm is more uniform than that of
the original algorithm. The computation load of the improved algorithm is equivalent to that of the original algorithm. Through
Matlab simulation, the imaging performance of the improved algorithm is improved. In order to facilitate the generation of FPGA
code, the Simulink tool is used to build a model for generating three compensation factors used in the improved algorithm. The
output code of Simulink model was loaded into Vivado software. The compensation factor outputted by Vivado is compared with the
accurate compensation factor outputted by Matlab. The output generated by Vivado meets the accuracy requirement, which verifies
the correctness of the built Simulink model.
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Table 1  Variation of maximum phase error of chirp
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Fig. 6 Imaging results of point targets with original

and improved compensation factor region invariant
CS algorithm(An=16)
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Table 6 Imaging performance performance of a point target's result(An=8)
AR W 55 L (dB) U553 1L (dB) 3 HE% (m)
) BEEgm Jrfim g W i BEE ) JrLm
AMEETR P X AR A CS vk -13.2358 -13.5350 -10.3184 -10.8114 26955 1.6753
PR A AR P X R A CS 3k -13.2624  -13.5557 -10.3462  -10.8316 26742 1.6744
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Table 7 Imaging performance of a point target's result(An=16)
kAR W 55 L (dB) U553 1L (dB) PR (m)

) BEEgm Jrfim BEEgm Jrfim BEES ) JrLm
MR T XN AR CS Bk -13.2206  -13.5112 -10.3047 -10.792 3 26964 1.6762

Pk ) M2 R XA CS Bk -13.2612  -13.5508 -10.3441  -10.828 2 26947 1.6748
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(b) #MEEHE T XIS AAECST

(b) The CSalgorithm featured by
invariance of compensation factors
in a region

(¢) HUtkrYAMER F XA CSTTE
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Table 8 Mean root squares of the previous and the
improved CS algorithms featured by invariance of

compensation factors in a region
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Fig. 8 Structure diagram of the designed module for

calculating compensation factor
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Fig. 9 Timing diagram of the designed module for

calculating compensation factor
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Fig. 10 Three Simulink models for calculating compensation factors
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Fig. 12 Partial simulation results by Vivado software
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