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1. Image denoising In PCA, a set of observations X can be reconstructed by UdU
T
d x,

where Ud is a matrix consisting of the top d eigenvectors of the covariance matrix of X.
If x ∈ RD is a noisy observation generated from a low-dimensional structure f whose
dimensionality is d < D, then intuitively the first d eigenvectors should contain most
of the information about f and the remaining eigenvectors should just contain noise.
Therefore, PCA can be used as a data denoising technique. Suppose the observed data
are noisy. If one finds the correct intrinsic dimensionality of the data d and reconstructs
the data by using only the first d significant eigenvectors, one should expect to be able
to filter out the noise while still capturing the important information in the data. As
an experiment, we use the data set ”noisy.mat” available at the course web site. The
data set consists of 1965 20-pixel-by-28-pixel grey-scale images distorted by adding
Gaussian noises to each pixel with s=25.

a) Apply PCA to the noisy data. Suppose the intrinsic dimensionality of the data
is 10. Compute reconstructed images using the top d = 10 eigenvectors and plot
five original and reconstructed images (select five images randomly).
If original images are stored in matrix X (it is 560 by 1965 matrix) and re-
constructed images are in matrix X̂, you can type in colormap gray and then
imagesc(reshape(X(:, 10), 20, 28)′

imagesc(reshape(X̂(:, 10), 20, 28)′ to plot the 10th original image and its recon-
struction.

b) Repeat part a with d = 2 and d = 30.
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c) The eigenvectors serve as basis images for the reconstruction. Plot the first 30
eigenvectors. Compare the first 10 and the last 20 basis images (the first 10 and
the last 20 eigenvectors) and comment on your observation.
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