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Outline 

�  Radar Bands 

�  SAR Image Formation 
◦  Range Compression 
◦  Range Migration 

◦  Azimuth Compression 

�  Length of Synthetic Aperture 

�  Precise orbit 



Radar Bands 
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How is the radar image focused? 



How is the radar image focused? 

�  Demodulate and Digitize 

�  Range Compression 
◦  Deonvolve a known chirp function 

�  Range Migration 
◦  Shift known Doppler in frequency domain 

and shift a known distance in range. (Orbit) 

�  Azimuth Compression 
◦  Deconvolve a known illumination chirp 

function 

SAR processor à



Range Compression 

�  Ideal detection radar pulse (Delta Function), E = P(A)*dt . 

�  Questions: Why not use a real delta function? 

�  Convolution between a pulse and a chirp function.  

 Pulse duration à ~ 10 km 

�  Range Compression: De-convolve the range chirp from each row of data.      
(Focusing in Range) 



Range Migration 

�  A range shift based on Doppler and Range 



Azimuth Compression 
Azimuth compression

Azimuth compression or azimuth focusing involves coherent summation of echos at a

constant range from the point reflector. The geo metry of the strip-mode acquisition is

shown in Figure B6

Figure B6.  Geometry of radar passing over a point reflector where
V – the effective speed which is about equal to the ground track speed
s – slow time along the satellite track
so – time when the center of the radar echo passes over the point reflector
Ro = Rnear + n * (C / fs)  minimum range from the spacecraft to the target
Rnear – near range to first data sample in the swath
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Azimuth Compression 

�  aaa 
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phase history of point reflector 

parabolic approximation to range history 

Least-squares fit of range history for each point in DEM provides both 
the accurate position in range azimuth               space and the Dopper 
centroid and rate parameters needed to focus the image.  This analysis 
only needs to be applied to the master image. 

Ro, so[ ]

 
fDC =

−2 R
λ  

fR =
2 R
λ

Orbit!!! 



Azimuth Compression 

�  De-convolve an azimuth chirp (Focusing in Azimuth) 



Example 



More Examples 



More Examples 



More Examples 



Precise Orbit 

�  Proper focus requires accurate estimates of Doppler centroid and Doppler 
rate. 

�  Transformation from geographic to radar coordinates without ground 
control. 

�  Accurate initial estimates for image alignment.  TOPS requires geometric 
alignment to 1/200 pixel = 7 cm. 

�  InSAR baseline estimation – Removal of topographic curvature phase. 
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Questions? 





HW2 

 B21 

the squint angle of the spacecraft.  Data acquired after this date may have a Doppler centroid 

outside of the acceptable range and thus may be useless for interferometry.  The squint angle for 

the ALOS satellite is well controlled and the Doppler centroid is usually less than 100 Hz so we 

commonly focus the images at zero Doppler. 
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Problems 

1) Explain why the raw signal data are provided as complex numbers.  Why are the numbers 

restricted to the range 0-31? 

 

2) Why is the SAR processing done in patches rather than all at once?  What is the minimum 

possible patch size?   

 

3) Most SAR instruments emit a frequency modulated chirp rather than a short pulse. Why?  

Write a Matlab program to deconvolve the FM chirp for ERS and reproduce the impulse 

response function shown in Figure B4. 

 

4) Make a plot of the real and imaginary parts of the function given in (B5) for a time interval of 

-2 to 2 seconds.  Use 
 
Ro = 850km,   !Ro = 0,   !!Ro =

V 2

Ro
 where V = 7125ms−1 . 

5) Derive equation (B12) 

 

6) Derive equation (B13).  (You may need to look back at Appendix A.) 

 

7) Explain qualitatively how a SAR antenna should be squinted (turned) to keep the Doppler 

centroid of the return echoes close to zero for the following three cases:  (A) an elliptical 



Demodulation and Digitization 

�  Carrier Frequency (GHz) & Band width (MHz) 

�  Hermitian Symmetry of Real Fourier Transformed signal 

�  Shift Theorem of Fourier Transform 

�  Real à Complex 


