
EE 503

Homework #3
Due: November 10, 2005

MATLAB Problem:
In this problem, we compare the ensemble averages and time averages of a stationary

process. The process x[n] is defined as follows:

x[n] = Acos(won + φ)

where φ is uniformly distributed in [0, 2π] and wo = 2π/(10
√

2).

a) Assume that A and φ are uncorrelated r.v.’s; calculate the mean of process at sampling
points, derive the formula for the auto-correlation of x[n].

b) Ensemble Averaging: In this part, we will verify derived results of part a. Assume
that A = 1 in this part.

Generate 100 realizations of the process, each having 20 samples taken in the interval
[1, 20]. Calculate the mean of 100 realizations vectors, that is the ensemble average for the
ensemble of 100 runs. Compare the calculated mean with its expected value.

We will estimate the auto-correlation of each realization by xcorr command of Matlab.
Use xcorr to estimate the auto-correlation lags between -5 and 5, i.e. rx(−5) to rx(5) (use
unbiased option of xcorr). Calculate the average of auto-correlation estimates found from
each of 100 realizations and compare with the derived formula.

c)Time Averaging: In this part, we will use a single realization to estimate the mean
and auto-correlation lags. Assume that A = 1 in this part.

Generate a single realization of process x[n] in the interval of [1, 20000]. We will segment
x[n] and use the segments of varying sizes for the auto-correlation estimation.

The first segment is formed by taking first 200 samples of x[n], the second segment
contains the first 2000, the third contains the first 4000, the fourth contains first 8000, the
fifth contains first 12000, the sixth contains first 16000, the seventh contains all samples of
x[n], that is all 20000 samples.

For each segment estimate the auto-correlation lags in between -5 and 5 using the xcorr
command as we did in part b.



Calculate the estimation error vector by subtracting the true auto-correlation values
from the estimated ones. Examine the norm (Euclidian norm) of the error vector as the
segment size gets bigger.

Repeat the experiment for different realization of 20,000 samples.

d) Repeat part b) and c) when A is random variable defined as follows: A is independent
from φ and normally distributed with zero mean and has the variance of 2. Comment on
your results.

Paper - Pencil Problems:
The problems are taken from the open courseware content of 6.432 Stochastic Processes,

Detection, and Estimation course given at MIT. The problems are available online at
www.ocw.mit.edu.
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