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Development and Distribution of an Educational
Synthetic Aperture Radar(eSAR) Processor

Hoonyol Lee
Department of Geophysics, Kangwon National University

Abstract : I have developed a processor for synthetic aperture radar (SAR) raw data compression
using range-doppler algorithm for educational purpose. The program realized a generic SAR focusing
algorithm so that it can deal with any SAR system if the specification is known. It can run efficiently on a
low-cost computer by selecting minimum size out of a whole dataset, and can produce intermediate
images during the process. Especially, the program is designed for educational purpose in such a way that
Doppler centroid and azimuth ambiguity can be determined graphically by the user. By distributing the
source code and the algorithm to public, I intend to maximize the educational effect on understanding and
utilizing SAR data. This paper introduces the principle of SAR focusing algorithm embedded on the eSAR
processor and shows an example of data processing using ERS-1 raw data.
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Fig. 1. Flow Chart of eSAR Processor. The output (a)-(h) and
the final output are shown in Fig. 2 and 3 in sequence.
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Fig. 2. An example of SAR focusing by eSAR Processor. (a) ERS-1 SAR RAW Data. 1024 x 4096 pixels in (f, s)
coordinates. (b) After FFT in range direction. (f, s) coordinate. (c) After range matched filtering. (f, s) coordinates.
(d) After range compression. (f, s) coordinates. (e) After FFT in azimuth direction. (f, s) coordinates. (f) After
range migration. (f, s) coordinates. (g) After azimuth matched filtering. (£ s) coordinates. (h) After azimuth
compression, i.e., SLC(Single Look Complex). (i, s) coordinates. All images shown are amplitude only. ¢ is
range (fast) time, s azimuth (slow) time, ffrequency in each coordinates. Additional grey bars along the axis of
each image indicate the axis is in frequency domain.

-166-



I~
T

27 w40 188

A7) g AEHOE wje AFsl At §
Atk ERS-1 RAW zge] thet tiEAHQ W
71%, 293 e dHe F

Table 19]

dAstin. ol

Table 1. Typical Parameters for eSAR Processor(ERS-1 SAR raw data).
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Variable Value Description
fhame_in /DAT_01.001 input SAR data file name
thead gra head of output files
nrange_whole 5616 number (n.) of range, whole scene(w.s.)
nazimuth_whole 28000 n. of azimuth, w.s
nbyte_per_record 11644 n. of byte per record, w.s
nskip_record 1 n. of record to skip, w.s
nskip_byte_per_record 412 n. of byte to skip per record, w.s
range_start 1500 start range of sub-scene(s.s)
range_end 2523 end range of s.s
nrange 1024 n. of range, s.s
azimuth_start 18000 start azimuth of s.s
azimuth_end 22095 end azimuth of s.s
nazimuth 4096 n. of azimuth, s.s.
nrange_fft 1024 FFT size in range
nazimith_fft 4096 FFT size in azimuth
carrier_frequency 5.3¢9 carrier frequency, f;
chirp_rate 4.17788el1 range chirp rate, K
chirp_duration 37.12e-6 pulse duration, 7,
range_sampling_frequency 18.962468e6 range sampling frequency
pulse_repetition_frequency 1679.902 pulse repetition frequency (PRF), f,
nominal_mean_I 155 nominal mean of 5-bit in-phase data
nominal_mean_Q 15.5 nominal mean of 5-bit quadratic data
DC bias I -0.2 bias of in-phase data
DC_bias_Q -0.115 bias of quadratic data
range_first_time 5.5410340e-3 delay time of first range sample
range_centre_time 5.6891160e-3 delay time of centre range sample
range_last_time 5.8371980e-3 delay time of last range sample
satellite_radius 7159154.98 radius of satellite orbit {m]
satellite_velocity 7552.00924246 velocity of satellite [m}, Vy
satellite_squint_radian 0. squint angle in radian, 6,
antenna_azimuth_length 10. length of antenna in azimuth [m], L,
nominal_incidence_degree 23.737 nominal incidence angel in degree, 6;
Doppler_centroid0_1 -373.0. Doppler centroid Hz, Hz/s, fp,
Doppler_rate 0. Doppler rate, f;
maverage_nx_ny 15 multilook in range and azimuth
multilook_azsample 1 azimuth resampling rate
output 1 output index
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3) Range-Doppler SAR Focusing
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