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ƞ is the azimuth time, A0 is an arbitrary complex constant, ƞc is the beam center offset time, wr(t) is the rectangular 
range envelope function, wa(ƞ) is the sinc-squared azimuth envelope function, f0 is the radar center frequency, Rƞ is 
the slant range at azimuth time ƞ, R0 is the slant range of closest approach, and Vr is the effective radar velocity. To 
correct for this range migration and shift the signal to its proper location, a frequency modulation is applied to a chirp-
encoded signal to achieve a shift or scaling of the signal. Note that the maximum shift or scale change that can be 
implemented by the frequency modulation cannot be too large in order to avoid any problems with the associated 
change in the signal’s center frequency and bandwidth. This restriction is mitigated by applying RCMC in two steps so 
that only the difference in range cell migration (RCM) at different ranges is corrected in the chirp scaling operation and 
the bulk RCM is completed in the 2-D frequency domain along with SRC. Since the energy of a target should align 
along a constant range, the range to a target in this pulse will be the range for which the target energy of all pulses are 
corrected to. In other words, no RCMC will be applied to the pulse corresponding to ƞo. We can also extended chirp 
scaling algorithm and also its analysis [1],[4]. The non-linear way of computation do exist[2]. The fractional chirp 
scaling algorithm (FrCSA) is based on the use of the fractional Fourier transform (FrFT) within the chirp scaling 
algorithm (CSA)[3]. Given phase-history data which is in the range-time/azimuth-time domain, the CSA steps are as 
follows. 
1. The azimuth FFT is first computed in order to transform the received data, sr(t;h), into the range Doppler domain. 
2. Chirp scaling is applied, using a phase multiply to equalize the range migration of all targets. 
3. A range FFT is used to transform the data to the 2-D frequency domain. 
4. A phase multiply is performed with a reference function, which applies range compression, SRC, and bulk RCMC in 
the same operation. 
5. A range inverse FFT (IFFT) is performed to transform the data back to the range Doppler domain. 
6. A phase multiply is performed to apply azimuth compression with a time varying match filter.  A phase correction is 
also required as a result of the chirp scaling in step 2, which can be incorporated into the same phase multiply. 
7. The final azimuth IFFT is computed to transform the compressed data to the SAR image domain. 
 

 
Figure.4 Processing Algorithm Steps 

The received signal from the target consists of several parameters, which depicts azimuth chirp and range migration 
effect. The received signal consists of (i) amplitude range dependence and the elevation antenna pattern, (ii) part which 
reflects 2-way antenna pattern of the sensor, which represents the synthetic aperture length and is proportional to range 
r0, (iii) echo signal envelope and its position in fast time, (iv) the factor, which translates the range trajectory of the 
point scattered into a phase history, it is called azimuth chirp and its frequency is given by 
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It is also called Doppler frequency.  
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The azimuth resolution is given by 

A ൌ 0.866vcosθ/fDC ൎ
L
2 

The azimuth resolution is independent of range, velocity or wavelength. The actual resolution is a function of how 
much of the bandwidth is processed and the combined shape of the beam pattern and the weighting function. The 
received and demodulated radar signal is referred to as the SAR signal space as it is still in its raw form and the two-
dimensional image of the magnitude of the two-dimensional imaginary signal would not allow recognition of targets. 
 

 
Figure.5 Echo returns of azimuthal chirp 

 
Figure.6 FFT of echo return of azimuthal chirp 

 
Figure.7 Range IFFT 

 
Figure.8 Azimuth FFT 
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