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Intended audience: 
 
This class is aimed at advanced students and radar professionals interested in the physical 
principles and signal processing and analysis needed to understand and work with radar remote 
sensing data.   
 
Course goal:  
  
The material presented here enables aQendees to derive most proper&es of radar 
echoes from first physical principles, and to be able to design and implement processing 



code that generates high-resolu&on images from the raw measurements. In addi&on, 
you will be able to use mul&ple channel systems to produce higher order data products 
such as interferometric and polarimetric analyses. Finally, you will be able to apply these 
products to a diverse set of geophysical applica&ons.   
  
Course descrip&on:   
  
Radar has evolved from a largely military detec&on system into a sophis&cated three 
dimensional imaging tool with hundreds of applica&ons ranging from commercial 
avia&on to fundamental research in the earth and planetary sciences. The ability to 
measure and map surface topography and crustal change at unprecedented levels 
over large areas is fundamentally altering the way in which we can measure and model 
the processes, natural and man-made, that effect our environment.  The interac&on of 
EM waves with different surface types provides a basis for analyzing echoes to discern, 
for example, the structure of vegeta&on canopies or surface roughness.  In this course 
we will inves&gate how radar images are formed and manipulated, as well as 
applica&ons of the systems. We will be presen&ng radar as a signal processing 
problem, rather than the tradi&onal approach as an instrumenta&on problem, 
acknowledging the importance of digital computer algorithms in modern radar 
systems. The first half of the course will be largely devoted to radar image forma&on, 
and topics will include system design, range and azimuth processing algorithms, and 
processor design. In the second half of the course we examine scaQering from natural 
surfaces, polarimetric radars-- which are par&cularly suited to the study of vegeta&on 
cover--, plus the increasingly important field of radar interferometry. Interferometric 
radar techniques, which have formed a large part of radar-related research over the 
past 30 years, provide a means to characterize very small changes or mo&ons on the 
Earth over large areas.   
  
The course will be presented in a lecture/seminar style. Mornings will consistent largely 
of interac&ve lectures, while the aXernoons will entail a computer exercise to give 
experience with implementa&on of the material presented in class. The aXernoons will 
be augmented with guest lectures from senior radar scien&sts and engineers in order to 
present diverse ways to look at the problems.   
 
Our approach will be to have students create their own codes to solve each day’s 
problem, building on the previous days’ exercises to create a full data flow. Lecture 
notes will be available online, and special handouts will also be distributed from &me to 
&me. Coopera&on on the exercises is encouraged, with TA support to help with 
debugging problems quickly. We can grade you if you like but we want everyone to 
earn an A+ grade(!) 
 
 
 



Day Topic Lectures Handouts Homework 
1 Basic Concepts and 

Notation 
What is an imaging 
radar ? 
 
System design 
principles 
 
Radar equation 

Handout 0 

Handout 1 

Handout 2  

Handout 3  

Handout 5  

Handout 6 

 Homework 1 
 

2 Range modulation 
processing 

Radar as a signal 
processing problem 
 
Range 
processing and 
matched filters 
 
Pulse 
compression 
 
System impulse 
response  
 
FFT 
implementations  

Handout 7  

Handout 10  

Handout 11  

Handout 12  

 Homework 2 

"ersdata" data file 

3 Doppler viewpoint Image formation 
 
Real aperture 
and unfocused 
processors 
 
Range-Doppler 
system design 

Handout 14  

Handout 14a  

 Homework 3 

"ersdata.hw3" data 
file 

4 SAR Processing Synthetic aperture 
technique 
 
System impulse 
response 
 
Azimuth 
correlator design 

Handout 15  

Handout 17  

Handout 19  

Handout 20  

  

 Homework 4 

"ersdata.hw3" data file 
(same as hw 3) 

file:///Users/parosen/Courses/ZebkerEE355/course_settings/$IMS-CC-FILEBASE$/handouts/handout3.pdf
file:///Users/parosen/Courses/ZebkerEE355/course_settings/$IMS-CC-FILEBASE$/handouts/handout14a.pdf


5 Range migration 
processing  

Focusing and 
autofocus 
algorithms 
 
 Doppler tracking 
and filtering 
 
Multilook 
processing 

Handout 22  

Handout 25  

Handout 27 

 Homework 5 

"simlband.dat" data file 

6 Back projection 
methods 

Coherent summation 
viewpoint 

Motion compensation 

Geocoding 

Handout 45  

Handout 46 

Handout 49 
 

 Homework 6 1-d 

"alossim_1d.dat" data 
file 

--------------------------- 

Homework 6 Advanced 

"alosraw.dat" data file 

"alos.position" data file 

"alos.dem" data file 

"alos.dem.rsc" data file 

"alos.xyz" data file 
 

7 Radar/surface 
interactions 

Scattering mechanisms 
and models 

Kirchhoff facet models 

Bragg scattering 

Volume scattering 

Handout 28  

Handout 31 

Handout 50 
 

 Homework 7 

"hw7prob1a.txt" table 

"hw7prob1b.txt" table 

"hw7prob1c.txt" table 

8 Polarimetry Polarized radar waves 

Polarizations signatures 
and diffuse scattering 

Scattering from 
vegetation 

Handout 51   Homework 8 



Radiometric calibration 

Geometric distortion 
9 Interferometry Interferometric radar 

Image registration 

Baseline determination 

Surface topography 

Surface velocities / ocean 
currents 

Crustal deformation 

Handout 32 

Handout 33  

Handout 34  

Handout 37 

Handout 38 

Handout 39 

Handout 40 

Handout 42 

Handout 43 

Handout 44 

Handout 52 

 Homework 9 

"slc1.dat" data file 

"slc2.dat" data file 

"slc.dem" data file 

"slc.baseline" data file 

10 Application examples Ecosystems 

Cryosphere 

Solid Earth 

NISAR applications 
community 

Handout 47 

Handout 48 
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