Spring 2011, Aaron Lanterman

ECE 6279: Spatial Array Processing
Homework 6
Due date: Friday 3/18/11 for on-campus students, Friday 3/25/11 for distance learning students. Homeworks are due at the start of class; homeworks turned in significantly
later in the hour may be penalized at my discretion.
Late due date (30% penalty): Monday 3/21/11 for on-campus students; Monday
3/28/11 for distance learning students. If you are in the on-campus section and need
to turn it in late, please slip it under my Van Leer 276 office door before 2:05 PM on
Monday, 3/21/11, and e-mail me immediately to let me know you have done so. You can
alternatively scan it and e-mail it to me if you have access to a scanner. Similarly, if you
are in the distance learning section, please scan and e-mail it to me by 2:05 PM, Monday
3/28/11 if you need to use the late turn in option. You can alternatively use the T-square
“drop box.”
You are welcome to discuss approaches to the problems and solutions to difficulties
you encounter with one another and with others outside the class. You can and should
learn from each other as much as, and even more than, you learn from me. However, your
solutions should be your own work and should be written up by yourself; feel
free to discuss things, but don’t be looking at someone else’s paper when you are
writing your solution. It’s too easy to freeload that way and not learn anything. See
the class website for more guidelines.
Looking at solutions to homeworks and quizzes from previous offerings of
ECE6279 is expressly forbidden. Look, here I am expressing how forbidden it
is. Forbidden! Forbidden!!!
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Required Problems
1. Consider this constrained optimization problem: minimize wH Ry w over w, subject
−1
to the constraint that eH (~k)R−1
M U SIC w = 1, where RM U SIC is the modified inverse
correlation matrix used by the MUSIC method when Ns signals are assumed (as
defined in the Lecture 19 slides, and in Equation 7.8b in J&D), and Ry is the usual
spatial correlation matrix.
(a) Starting with the second-to-last equation on p. 355, find the solution w to this
problem. Simplify your answer as much as possible. Hints: 1) after rearranging
sums, it’s good to remember that the eigenvectors are orthonormal; 2) your
answer should look like the weights for the MVDR beamformer (as defined
in the Lecture 17 slides, and Equation 7.3 of J&D), except with the inverse
spatial correlation matrix replaced by the modified inverse correlation matrix
used by the eigenvalue method when Ns signals are assumed (as defined in in
the Lecture 19 slides, and in Equation 7.8a of J&D).
(b) Starting with the last equation on p. 355 of J&D, compute the output power of
this scheme. (Considering the hints above, you should expect that your answer
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should correspond to the eigenvalue method!)
2. In this problem and the next problem, we will further explore the M = 9-element
array from Homework #4; hence, you will be able to reuse a lot of your code from
that homework. (For both this problem and the next problem, be sure to turn in a
listing of your code. Obviously, you don’t need to turn in a separate listing for every
parameter variation given in each problem; just one will suffice.)
In this problem, you will create some example graphs comparing the steered responses of the “power” of the conventional, MVDR, EV, and MUSIC algorithms as
a function of θ. Plot the results of all four algorithms on a single graph. (To get
the conventional result on a similar scale, you will need to divide by M 2 .) For each
scenario given below, present two graphs, one using the “ideal” covariance and one
using an “empirical” covariance from a limited number of snapshots. Use the same
number of snapshots for all the scenarios. Choose enough snapshots that you get
decent results, but don’t choose so many that the ideal and empricial results look
the same. You will need to experiment to find a good number of snapshots.
Consider two sources with power 2 and a noise power of 10. Set the true φ0 angles
for both targets to 70◦ , and plot your steered response as a function of θ for a fixed
look angle φ = 70◦ . You will need to find good example θ0 angles to use in your
demonstrations via experimentation. For the EV and MUSIC algorithms, assume
Ns = 2 (the correct number of targets); we’ll explore the effect of assuming the
wrong number of targets in the next problem.
• Scenario 1: Present an example in which the sources can be resolved by the
MVDR beamformer but not by the conventional beamformer.
• Scenario 2: Now, by slowly separating the sources and looking at the results,
present an example in which the sources are resolved by both the conventional
and MVDR beamformer.
• Scenario 3: Now, by starting with the θ0 parameters you used in Scenario 1 and
slowly moving the sources closer to each other, present an example in which
the sources are not resolved by either the conventional or MVDR methods.
Above, when I say “slowly move,” I intend you to manually experiment with different
values; there’s no need to write any sort of complicated code to automatically find
interesting values. The point of this problem is the intuition you will gain by playing
around with different parameters.
3. Here we’ll keep playing with that same 9-element array.
We’ll now dispense with the business of using the “ideal” covariance matrix. However, to make sure there’s not too much variability from solution to solution, let’s use
100 snapshots to form our covariance estimate. (There will still be some variability,
so you may want to run the experiment a few times to watch overall trends and
make sure you didn’t get just one “lucky” case. You need only turn in one set of
plots, though.)
2

Let’s have two sources, one at φ01 = 50◦ and θ10 = 35◦ , and another φ02 = 50◦ and
θ20 = 60◦ . Let’s let each source have power 1/4 (so you’ll want to multiply your
steering vectors by 1/2 when making the “seen by array” variables), and let’s make
the noise have power 2. Notice we’re really pushing our algorithms hard now; the
signals are pretty weak compared to the noise.
To best show details, please plot everything on a decibel scale (i.e., it’s time to pull
out MATLAB’s log10 function).
(a) Plot the power of the steered response of the eigenvalue method beamformer
and the MUSIC beamformer as a function of θ, for 0 ≤ θ < 360◦ , for a fixed
φ = 50◦ . Do this assuming zero signals, one signal, two signals, and finally
three signals.
To see the effects I want you to see, it will really help to put all the eigenvector
method cases on one single plot, and all the MUSIC cases on another plot.
(Note: In this particular experiment, I wasn’t able to see any big differences
between the EV and MUSIC techniques. If you manage to find some, let me
know!)
(b) What method does EV technique correspond to for the Ns = 0 case?
(c) Does the MUSIC technique give you anything useful for the Ns = 0 case?
(d) For each technique, how big does Ns need to be before you can clearly see both
targets?
(e) What differences do you see between the Ns = 2 and Ns = 3 cases?
(f) Finally, plot the steered response of the Pisarenko harmonic decomposition
beamformer as a function of θ, for 0 ≤ θ < 360◦ , for a fixed φ = 50◦ . Comment
on the usefulness of the results.
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