Concepts
· Creating a private git repository, sharing the repository, committing, pushing, ssh keys, git submodule
· High level use of the radar equation to develop a link budget and choose system parameters
· Create time and space (slow-time) vectors
· Discrete Fourier transform (DFT) for time and space
· Generate frequency and wavenumber vectors associated with time and space vectors
· Aliasing and sample gates/windows for SAR fast-time and along-track dimensions
· Chirp signal generation
· Develop a SAR point target simulator
· Develop a SAR pulse compressor


Problem 1: Git Setup
1. Create an account at https://github.com/ or https://gitlab.com/ if you do not already have one.
2. Create an “eecs800” private repository. Under “Settings  Collaborators”, add me to your repository. My handle is @jpaden.
3. Your branch should be called “main”. This is the default.
4. Install git
a. https://git-scm.com/install/ 
5. Install VS code and open the repository file in VS code.
a. https://code.visualstudio.com/download
6. From the bash terminal (“git bash” from windows), create a ssh key pair in your user .ssh directory using “ssh-keygen.exe” and call the key pair called something like id_github (e.g. C:\Users\USERNAME\.ssh\id_github). Generally, no pass phrase is used.
a. Add the public key file (e.g. id_github.pub) to your ssh keys at github/gitlab (which ever one you are using)
b. Edit your C:\Users\USERNAME\.ssh\config file and add an entry to use the key. For example:
Host github.com
  IdentityFile ~/.ssh/id_github
7. From bash, clone your repository on your local workstation. For example:
a. git clone git@github.com:jpaden/eecs800.git
8. Create a file in your repository called hw1_problem1.m
Use this same naming convention for all future problems
9. Put one line of text in the file:
fprintf('My first eecs 800 git commit.\n');
10. git add this file, git commit the file, and then git push the file.
11. Next add the class repository as a submodule to your repository (run this command from within the root of your eecs800 repository):
git submodule add https://github.com/jpaden/eecs800helper.git eecs800helper
12. git commit and git push this new submodule linking.
13. Email me as soon as you do your first commit and I will let you know that it is working well by making an edit to the file in a feature branch and submitting a git pull request.
14. Merge the git pull request and push to the main branch.
Your main branch will always be where you submit your homework


Problem 2: Link Budget
Use the X-band 9.65 GHz Capella first generation side-looking radar system parameters for homework problem 2. Use the eecs800helper/hw1_problem2_template.m  or the eecs800helper/hw1_problem2_template.mlx file (whichever you prefer). You will eventually turn in hw1_problem2.m (convert from mlx file by choosing save as *.m file) by committing it to your repository. Complete the notebook by replacing “% HERE” everywhere with the correct Matlab command. The first few are done for you so you can see what this should look like.
Radar Parameters (The template loads these parameters for you.)
 GHz
 MHz
: 45º (incidence angle or look angle for the cross-track beam center)
Altitude: 525 km
 W (transmit power)
 Hz
 µs (pulse duration), linear FM chirp
 dBi
º (along-track beamwidth)
º (cross-track beamwidth)

1. What is the expected received power, , from a point target at the cross-track beam center with unit radar cross section (i.e. ) for a single pulse?
a. Include pulse compression gain where the transmitted FM chirp is 20 µs and is compressed with a matched filter so that all the energy lies within a thin pulse of duration  ns. Hint: .
2. Same as problem 1, except this time replace the point target with an area distributed target with (area) normalized backscatter coefficient  dB/m2. Now you need to compute the area of the pixel subtended by the pulse-limited ground range, , and the beam-limited azimuth beam, .
3. What is the expected noise power, ?
4. What is Capella’s orbital velocity for a circular orbit? Slower/faster velocities produce elliptical orbits. Much slower and it would crash into the Earth. Must faster (over the escape velocity) and it would leave orbit. Circular orbital velocity is fixed for a particular radius and is given by  where
 m3kg‑1s‑2 is the Gravitational constant
 kg is the mass of Earth
 is the orbit radius,
 m is the Earth’s radius, and
 is the altitude above the Earth’s surface in meters.
See physical_constants.m in the eecs800helper submodule.
5. What is the noise equivalent sigma zero, ?
a. Questions for thought (you do not need to turn this in): Given the results from problems 2 and 3, does this result make sense (i.e. do you see the relationship)? What value of  would show up for pixels with a perfectly specular lake surface?
6. What is the along-track spacing, , given the  and platform speed ?
7. Assuming a zero squint angle (i.e. the cross-track beam center is orthogonal to the SAR aperture), what is the minimum and maximum wavenumber at the center frequency? Hints: (1) remember to consider that both the transmitter and receiver move at the same time which effectively halves the wavelength; (2) the minimum wavenumber is negative and the maximum is positive; and (3) see the figure below.
8. Given the wavenumber range, what is the Nyquist sample spacing in along-track, ? Hints: (1) the movement forward by this  should produce a  relative phase difference change between the forward most angle and the backward most angle; (2) the relationship between  (units of m) and the maximum spatial frequency (units of 1/m) is reciprocal; (3) wavenumber is related to spatial frequency as .
a. Question for thought (you do not need to turn this in): Is the result for question 6 Nyquist sampled?


Problem 3: Simulator
This notebook will walk you through the creation of a basic radar simulator. There are some extra steps which generate outputs that are not used in the simulator, but that will be useful for debugging and future SAR processing homework. Update the template as in problem 2 and then commit hw1_problem3.m.
Problem 4: Pulse Compression
This notebook will walk you through the pulse compression step of the data generated by the radar simulator. Update the template as in problem 2 and then commit hw1_problem4.m.
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