
Principles of Magnetic Resonance Imaging.

Exercise session 4

Exercise 1: Fold over effect from regular undersampling

Prove the fold-over effect in case of a regular 4-fold undersampling (assume that the total number of sample
points, N , is a multiple of 4).
Can you do it also for a regular R-fold undersampling?

Exercise 2: Least squares and noise perturbations

Solve the least squares problem
argmin

x
‖Ax− b‖2

with

A =





4.5 3.1
1.6 1.1
3.2 2.0



 , b =





7.6
2.7
5.2



 .

Now, suppose the vector b is polluted with some small noise perturbations given by the vector ∆b =
(−0.04, 0.01, 0.06)T . Solve the perturbed least squares problem

argmin
x

‖Ax− (b+∆b)‖2.

Compare the solutions to the two least squares problems and denote by ∆x the difference between the two

solutions. What do you notice? Calculate the relative changes in the data and in the solutions, that is, ‖∆b‖
‖b‖

and ‖∆x‖
‖x‖ where x denotes the solution to the original unperturbed problem.

Give an expression for ∆x in terms of A and ∆b. The small perturbations in b cause a large change in x

due to the ill conditioning of the matrix A
T
A. We will study this phenomenon in the next lecture.

Exercise 3: Cartesian SENSE

Download the files brain.mat, SynthCoils.m, generate_folded_data.m and sense_recon.m in the attach-
ment of the email you received (if you did not receive it, please let me know and I will send it to you).
Run generate_folded_data.m and the cartesian SENSE reconstruction function
[recon]=sense_recon(imfold,cmap,af);.
Try to understand how the code works:

� What kind of data is stored in cmap? How is it generated? What does the parameter variance

represent?

� What does imfold represent? How is it generated?

� How is the unfolding step (least squares problem) performed?
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� what do you notice in the unfolded images?

Compute the (relative) error between the reconstructed image and the reference image.
Change the parameters corresponding to

� number of coils

� acceleration (reduction) factor (this should always be a power of 2)

� noise

What do you expect to see? Will the image quality improve or deteriorate? What is the relative error in the
reconstructed image?
What happen if you change the coil sensitivities, for instance setting Sp(~r) = cp with p = 1, . . . , P and
cp ∈ C? Or by making them spatially varying only along one dimension, i.e. Sp(~r) = fp(x) or Sp(~r) = fp(y)?
Change also the position of the coils and the width of the sensitivity function. Explain what you see.
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