
Computational Methods for Inverse Problems

and Applications in Image Processing

Project 4: Nonlinear Image Deblurring

In this project, we consider an image deblurring problem where we know the blurred and noisy
image, and we know that the point spread function is a Gaussian, but we do not know the specific
parameters that define the Gaussian function. The goal is to find the Gaussian parameters, and
an approximation of the true image.

The forward problem is modeled as:

b = A(y)x+ η

where, for this simple problem,

y =

[
y1
y2

]
We will set this up as nonlinear least squares problem:

min
x,y

F (x,y)

where

F (x,y) =
1

2
‖b−A(y)x‖22 +

α2

2
‖x‖22

There are many ways to solve this problem; let’s try a simple block coordinate descent approach:

y(0) = initial guess
for k = 0, 1, 2, . . .

• x(k) = min
x
F
(
x,y(k)

)
• y(k+1) = min

y
F
(
x(k),y

)
end

1. To get started, you will need data: Specifically, go to

http://www.mathcs.emory.edu/~nagy/Padova/

and download the file Project4 Data.mat (this should also be available in the course repos-
itory). When you load this data, you should have b, the blurred and noisy image, as well as
x true, the true image.



2. To write code to evaluate the function F (x,y), you need to know that the blurred image was
created as follows:

[PSF, center] = psfGauss([256,256], [y1, y2]);

A = psfMatrix(PSF, center, ’zero’);

b_true = A*x_true;

where psfGauss is a function in the HNO package, and psfMatrix is a function in the
RestoreToolsLight package.

3. In case this information is helpful to you, Gaussian white noise was added to the data, with

‖η‖2
‖b true‖2

= 0.001

4. Note that, in the block coordinate descent algorithm, solving for x(k) should be fairly straight
forward, and you already have many approaches to do this.

5. Solving for y(k+1) is a bit trickier; I suggest starting with a simple approach, such as a
nonlinear conjugate gradient method; for good MATLAB software for this, see:

https://software.sandia.gov/trac/poblano

You will need to write code to compute the gradient (with respect to y) of F (x,y); since
there are only two unknowns in y, I suggest using a finite difference method.


