ELEC 431
Digital Signal Processing
Homework 6

Due Friday, October 27, 2006

1. By hand, calculate the 2d convolution of the image
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and the lIter (point spread function)
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What does toperation does this Iter accomplish? Also calcuate the 2d circular convolution
of the image with the lter.

2. Use Matlab's built-in conv2 function to compute the convolutions between the imagecamera.mat,
which can be downloaded from the course website, and each di¢ PSFs below. Plot, discuss,
and interpret the action of each.
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3. This problem investigates crop circles and their 2D Fouriertransforms. Four crop circle images
are depicted below on the right, along with their four Fourier transforms on the left. The
images and transforms are in a random order. Decide Fourierransform matches with which
image and explain your answer.
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4. This problem investigates image deblurring. An ideal sattdite image is depicted below (This
is an image of Nimes, France). A blurred version is shown nexto it. The blurring could
be caused by a number of factors including atmospheric distbions. Typically the blur is
not this signi cant, but in adverse conditions it can be quit e severe. Both images can be
downloaded from course website. The le containing the idehimage is callednimes.mat and
the blurred image is in nimes_b.mat.

ideal image blurred image

The point spread function (PSF) h[m; n] of the blurring operator is known in this case, and

is contained in the le blur.mat . The inverse PSF can be derived fromh[m; n]. The inverse

PSF is in the le blurinv.mat . Both PSF les can also be downloaded from the course
website.

a. Verify that the inverse PSF is indeed the inverse of the bluring PSF h[m; n] by convolving
the two together (in Matlab).

Using the Matlab conv2 function, apply the inverse PSF to the blurred image. Use the
Matlab commandstic and toc to determine the run-time of this convolution operation.

. Apply the inverse PSF to the blurred image in the DFT domain using the 2D FFT (Matlab
commandfft2 ). Compare the run-time in this case with the speed oftonv2 determined
above.
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. In order to obtain the regular convolution from the FFT-based procedure, we must zero
pad the original image. What amount of zero-padding is requied? How signi cant is
the \wrap-around" e ect of circular convolution if zero-pa dding is not performed?
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. Another blurred version of the Nimes image is contained in tre le nimes_bn.mat. A small
amount of noise was added to this image, which could be due tanstrumentation noise,
atmospheric e ects, and quantization. The noise is impercetible to the eye, but has
a dramatic e ect on the deblurring process. Apply your FFT-b ased deblurring process
to this image. Comment on the result. Can you come up with an inproved deblurring
process that deals the noise more e ectively?



