
Math 77A, Project-SigPro (Due Mar. 20, 2011)

J. Xin (jack.xin@uci.edu) and E.J. Esser (eesser@uci.edu)

Instruction: you may turn in the project electronically to us with results and MATLAB

programs attached.

I. Type load(’splat’);. This loads in an audio signal sampled at 8192 samples per second

(or Fs = 8192 Hertz). By default the signal is loaded into a vector y in MATLAB, while

the sampling rate is loaded into a variable Fs. Execute the MATLAB command whos to

verify this.

1. Play the sampled signal with sound(y).

2. Plot the sampled signal. Based on the size of y and sample rate of 8192 Hertz, what

is T , the length (in seconds) of the sampled sound?

3. The audio signal was sampled at frequency 8192. We can mimic a lower sampling

rate 8192/m by taking every mth entry of the original vector y; this is called down-

sampling. In particular, let’s try m = 2. Execute y2 = y(1:2:10001);. The down-

sampled vector y2 is the same sound, but sampled at frequency 8192/2 = 4096 Hertz.

Play the downsampled y2 with sound(y2,4096). The second argument to the sound

command indicates the sound should be played back at the corresponding rate (in

Hertz).

4. Comment: why does the whistling sound in the original audio signal fall steadily in

pitch, while the downsampled version seems to rise and fall?

You may visualize the difference of y and y2 by plotting their spectrograms with 256

point windowed FFT at 50% overlap:

figure(1); spectrogram(y,256,128,256,Fs);

figure(2); spectrogram(y2,256,128,256,Fs/2).
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II. (a) Let Z = (N1, N2), where N1 and N2 are independent zero mean unit Gaussian

random variables. Let S be an invertible 2 × 2 matrix, show that X = ST Z is jointly

Gaussian with zero mean, and covariance matrix ST S.

(b) Write a MATLAB program to generate a pair of Gaussian random numbers (X1, X2)

with zero mean and covariance E(X2
1 ) = 1, E(X2

2 ) = 1/3, E(X1X2) = 1/2. Generate 1000

pairs of such numbers, evaluate their sample averages and sample covariances.

III. (a) Let A = [1, 0.9; −0.8, 1], and mix two speech utterances S(t) = (s1(t), s2(t))
′ by

X(t) = A S(t). Find two sound signals (on class website or icamp website), and load them

into MATLAB with ‘wavread’ to form the two rows of S(t). Use ‘soundsc’ to play out the

two rows of X(t), and compare with those of S(t).

(b) Recover A and source signals from X(t) by the second order decorrelation method with

time shift. Evaluate the separation result by hearing.

(c) Let Ã be the recovered A, compute Ã−1 A, what matrix structure appears ?

(d) Plot and visualize (s1(t), s2(t)), (X1(t), X2(t)), and recovered source signals in (b).
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