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Many signals in real life applications are described by complex models and often contain unknown per-
turbations. These signals are usually studied in a probabilistic way, i.e., they are seen as realizations of
a random process.

Gaussian signals. Let x ∈ R2 be a random vector that follows a normal distribution N (02×1, I2×2),
i.e., a two-dimensional (2D) Gaussian with zero mean and identity covariance matrix.

1. Generate N = 1000 independent samples of x and visualize the 2D points in the plane. {randn}

2. Compute the sample mean and the sample covariance of the generated data and compare them with
the actual expected value and covariance matrix. {mean}, {cov}

3. Repeat 1. and 2.. Are the sample mean and sample covariance always the same? Why?

4. Compute and visualize the 2D histogram of the samples generated in 1., using histogram bins of size,
e.g., 0.5× 0.5. {hist3}, {bar3}

5. Consider a new random variable y ∈ R2, related to x through

y =
[
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]
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]
.

Using the samples of x generated in 1., generate the corresponding samples of y and visualize them in
the plane. Comment, comparing the samples of x and y.

6. Compute the sample mean and the sample covariance of the samples of y generated in 5. and compare
them with the actual expected value and covariance matrix.

Temperature estimation. Imagine you work at a refrigerated goods company, being responsible for
the temperature sensing devices in the freezer chambers. The readings of the temperature sensor are
transmitted through a wireless channel to your control station, where the received signal is stored as t.

1. Load the MatLab c© data file temperature.mat, which contains three sequences of readings covering
a few seconds. Plot the signal t. What number would you guess to be the temperature at the chamber?
What was your reasoning to get to that number? {load}

2. From the characteristics of the temperature sensor, and since the temperature in a freezer chamber
varies very slowly, we can model the samples in t as

t[n] = T + w[n] ,

where T is the real chamber temperature and w[n] ∼ N (0, σ2) is a noise term that accounts for unknown
measurement and communication errors. What are the random variables in the model above? Write
their (theoretical) expected values and variances. How can these results help you in your job?

3. Use the data in t to complete the knowledge of the model in 2., by estimating σ2.

4. Some weeks later, you start browsing the market for a replacement sensor, since yours is at the end
of its service life. Two manufacturers — A and B — are willing to showcase their sensors and install
them in one of your freezer chambers, so you can compare them. Signals corresponding to the readings
of these sensors are also in the provided data file: sensor A and sensor B. Plot these signals in the same
figure. With this information, can you decide which sensor would you keep? Are there other tests you
would like to perform before buying? Why? What would be your reasoning?

1Parts of this document are based on a lab. assignment authored by Jorge Salvador Marques.


