
Computational Methods for Inverse Problems

and Applications in Image Processing

Project 2: Atmospheric Image Deblurring

Here we build off the first project to learn the basics of removing blur from astronomical images.

As discussed in the first project, light reflected off of objects in space is distorted as it passes
through the atmosphere, and causes images viewed by ground based telescopes to be blurred.
Removing the blur using computational techniques is an example of an ill-posed inverse problem,

g = Kf + η .

The matrix K is defined by a point spread function (PSF). The Fourier optics model of the PSF
resulting from atmospheric turbulence is

PSF(x, y) =
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{
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where F−1 is the inverse Fourier transform, P (x, y) is the pupil mask function (a characteristic
function, with 1 inside the region defined by the pupil aperture, and 0 outside), i =

√
−1, and

φ(x, y) is the wave-front phase. Note that (as in the problem we consider in this project) the pupil
mask is sometimes pre-scaled so that the blurring operation preserves energy.

In Project 1, we described a simplified approach to reconstruct the wave-front phase, φ. In this
project, we use that phase to do some image deblurring. In particular, we use some of the structured
matrix based filtering (TSVD and Tikhonov) approaches described in the lectures. These may not
be the best approaches, but they are very efficient, so we will see how well they work. In a later
project, we will try iterative methods.

1. To get started, you need to download some data and software.

(a) First go to http://www.imm.dtu.dk/~pcha/HNO/, and download the HNO.zip file, and
uncompress. This contains some filtering methods (TSVD and Tikhonov based methods)
that are efficient for large scale, spatially invariant image deblurring problems.

(b) Now go to http://www.mathcs.emory.edu/~nagy/Padova/ and download the file
Project2 Data.mat. This data should also be in the course repository.

(c) Load the data Project2 Data.mat, and you will see:

• Data used in project 1, and

• Three blurred images: g1, g2, and g3, with different levels of additive noise.

• A scaled pupil mask function.

If you want to display the images you can use either of the following commands:

imagesc(g1)

imshow(g1,[])

and if you want to change the colormap, you can use, for example



imagesc(g1), colormap(hot)

imshow(g1,[]), colormap(hot)

See doc colormap for other options.

2. The following MATLAB command can be used to construct a PSF from the given data:

PSF = ifftshift(abs(ifft2(pupil_mask.*exp(sqrt(-1)*phi))).^2);

phi can be the given phi true, or it can be the phi obtained from your code in project 1
(you should try both to make sure your code from project 1 is working correctly).

3. You can visualize your PSF using any of the following MATLAB commands:

imagesc(PSF), axis image

mesh(PSF)

imshow(PSF,[])

When visualizing PSFs using imagesc or imshow, it is sometimes helpful to adjust the con-
trast. One simple approach is to do the following:

imagesc(sqrt(PSF)), axis image

imshow(sqrt(PSF),[])

You can also change the color map, as discussed above.

4. Now you are ready to use some or the HNO functions. For example, you can do an FFT-based
TSVD reconstruction of g1 as follows:

[f_tsvd_fft1, tol_tsvd_fft1] = tsvd_fft(g1, PSF, [128,128]);

After you try this, consider trying the following:

(a) The third input parameter is the “center” of the PSF. What happens if you change this,
to, for example, [110, 110]?

(b) As with the blurred image data, you can display your results using either of the following
commands:

imagesc(f_tsvd_fft1)

imshow(f_tsvd_fft1,[])

and, if you like, use colormap.

(c) There is a fourth, optional input, that you can give to tsvd fft. What is this? How is it
related to the second output parameter? Do you think it would be helpful to explicitly
specify the fourth input for this data?

5. Now run similar tests with tik fft.

6. How do the reconstructions change if you use the data g2 and g3?

7. You can also try the functions tsvd dct, tsvd sep, tik dct and tik sep, but they probably
won’t work well for this data. Do you know why?


