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1. Filtered backprojection and Tikhonov regularization

(a) Choose or generate a 2D image from MATLAB (or from any other sources). The image
resolution is at least 64 × 64.

(b) Generate tomographic data sets (i.e. sinogram) of your chosen image by using radon command
in MATLAB with dense (360 angles) and sparse angles. Do not forget to add noise to the
data.

(c) Compute reconstruction images from both data sets using

i. filtered backprojection by using iradon command in MATLAB

ii. Tikhonov regularization using analytical solution ((AᵀA + µI)−1Aᵀm) and using a nu-
merical method (conjugate gradient method). Try different regularization parameters and
pick one or two to show a good result.

Hint: the tomographic matrix A has a size M ×N , where
M = the number of rays × the number of projection angles/directions and
N = n× n (the image resolution).
One way to generate the matrix A is using this step:

%Construct columns of A one by one

for i = 1:n2

%Construct current "unit phantom"

tmpim = zeros(N);

tmpim(i) = 1;

%Compute sinogram

tmpsino = radon(tmpim,d-90); % where d is the angles/directions

%Insert the result into the matrix

A(:,iii) = tmpsino(:);

end

(d) Compute the relative error and the PNSR or SSIM for each of the reconstruction image.

(e) Plot the original image and the reconstruction images, analyze and compare the results.

(f) Apply L-curve method to find an optimal value for Tikhonov regularization parameter. Find
a good range of the regularization parameter and plot the L-curve. Show which parameter is
optimal.

2. Choose real data sets from https://www.fips.fi/dataset.php. Repeat step (b) – (f) from task
number 1 above (Recall that step (d) is not available for real data sets and for step (e) you can
replace the original image with the photograph or dense reconstruction if available). Please do only
for the sparse angles/directions.

If you missed the first meeting, please also do task 3 below.

3. ADMM for Lasso

(a) Do the simulation for the lasso problem that we mentioned in the class. Show all the ADMM
steps and the convergence graph.

(b) Apply the code to CT application using simulated and real data sets.
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