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Problem 1: SVD

Load the file image1.mat into your workspace. This will load a variable A which is a 2D array describing a
grayscale picture.
(a) Compute the singular value decomposition (SVD) of this image. (I will explain SVD in class).
(b) Reconstruct the image with 10, 20, 50, 100, and 200 principal components found using the SVD.
(c) The original image has 459 x612 variables. How many variables are present in the representations of the
image using n principal components?
(d) Now add white gaussian random noise to the image with increasing values of variancle. Reconstruct the
image as before. What do you observe? Interpret your results.

Problem 2: Weiner filtering

Construct at 512 point colored Gaussian noise (between t = 0 sec to t = 1 sec) whose spectral density is
given by a Gaussian function (I will teach how to do this in class). We will call this our signal. Add additive
white Gaussian noise to this signal. Since the signal is coloured and the noise is not, they will have different
correlation matricies. Contruct a Weiner filter to recover the signal from its noisy version. Overlay the
signal, corrupted signal, and reconstructed signal in a plot.

Problem 3: Matched filter

Load the file heart beat.mat to your workspace. You will find three variables in this file: (i) ecg is a
time-domain recording of a human heart beat (electrocardiogram), (ii) beat profile is the time-domain
profile of a heart beat, (iii) fs is the sampling rate. In the previous problem, we only knew the correlation
matrix of the signal. Here we know the signal itself, and hence, we will implement a matched filter.
(a) Write down an expression for a matched filter to detect the heart beats in the cardiogram.
(b) Plot the cardiogram as a function of time. Is it possible to clearly discern the heart beats in this noisy
plot? Now implement the matched filter in MATLAB. Can you now discern the heart beats?
(c) Compute the heart rate.

Problem 4: Matched filter

Load the MATLAB file fish sensor.mat. This file containes the observations made by a sonar fish sensor.
The sensor sends a sound pulse with amplitude profile s(t) and listens to reflected echos from fish, r(t).
The transmitted amplitude profile is given in the variable org signal at time t org (in milliseconds). The
received signal at time t rec (in millisecond) is given in the variable rec signal. The received signal is
corrupted by additive white Gaussian noise with variace σ2 = 0.09. We will disregard propagation losses
here, and assume that sound propagated in water with a speed of 1500 ms−1

(a) Write down an expression to detect the presence of fish in the river with optimal signal to noise ratio.
(b) Plot the received data as a function of target (fish) distance. Can you tell the presence of fish from this
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plot?
(c) Implement the filter from (a). Compute the number of fish seen by the sonar and their distance from
the sonar.
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