ECE 544 Exam 2 (Three Hour Take Home) 11/11/13

Academic Honesty Statement: I am aware of the course policies concerning academic honesty
for Professor Krogmeier’s section of ECE 544 and for this take home exam. Furthermore, I
promise that the work I am submitting with this exam is my own work.

Signature: SQ( u-'(' ‘\ oYL

Name Printed:

General Instructions:

¢ You have 3 hours to complete the exam.

e Write your name on every page of the exam. Order your answers and number the
pages. Do not write on the backs of the pages.

The exam is open book, notes, calculator, computer, Internet. You may need to use
Matlab to solve some of the numerical questions.

Your work must be explained to receive full credit.

Point values for each problem are as indicated. The exam totals 100 points.

The dates and times available to take this exam are:

— Monday, Nov. 11 from 6 - 9 pm
— Tuesday, Nov. 12 to Friday, Nov. 15 from 8 am - 5 pm
— Monday, Nov. 18 from 8 am - 5 pm

Times are arranged by appointment.

(Date / Time Start)

(Date / Time End)
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Problem 1. [30 pts. total] A binary communications problem with AWGN N(¢) is illus-
trated above. Under Hy no signal is transmitted at all. Under H; a white Gaussian random
process X (t) is transmitted for T seconds. That is, both N(¢) and X (¢) are zero mean
Gaussian random processes with flat power spectral densities of heights Ny/2 and N;/2,
respectively. We assume that X (¢) and N(t) are statistically independent. The waveform
part of the receiver is a simple integrator with output Z as indicated. Assume that the two
hypotheses are equally likely.

(a) [10 pts.] Using the tools of hypothesis testing find the minimum probability of error
detector, with observation Z, as indicated in the block diagram. Simplify and explain.

(b) [10 pts.] Find the minimum average probability of error as a function of the basic
problem parameters Ny, N1, and T'. Explain.

(c) [10 pts.] Plot the minimum average probability of error as a function of o > 0 where
N; = alNg and Ny corresponds to a noisy resistor of temperature 300 K. Explain the
resulting curve.
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Problem 2. [40 pts. total] Consider the 4-ASK system with transmitted signals
si(t) = uiV2AB(t) cos(2m fut + )

for 0 <t <Tandi=0,1,2, 3. The pulse 5(¢) is defined as shown above, f, > 1/T', and
uyg = —3, up = —1, uy = +1, and us = +3. The signals are received in AWGN of power
spectral density height equal to Ny /2.

1—.0 — I 0

si(t) Waveform Z Jze r, | [—=H
Processor Ty —H,

FS —» H. 3

N(t)

4-ary Decision
AWGN No/2

Device
The optimal receiver has the structure of a waveform processor followed by a 4-ary
decision device as shown above.

(a) [5 pts.] What is the form of the information lossless waveform processor? Give reasons
though you do not need to derive the result from first principles.

(b) [8 pts.] For the proper choice in (a) find the statistical models of the random variable
Z for each of the four hypotheses.

(c) [10 pts.] Assuming equally likely signals, find the minimum average probability of error
decision device (i.e., specify the decision regions), the value of the minimum average
probability of error, and plot it versus SNR. Be clear on your choice of SNR parameter.

(d) [12 pts.] Find the minimax receiver for this problem (i.e., specify the decision regions),
the value of the resulting average probability of error, and plot it versus SNR. Be clear
on your choice of SNR, parameter.

(e) [5 pts.] Compare the two receivers from (c) and (d).
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%% Problem 2 of Exam 2

trho dB = 0:0.1:15; %Range of SNR parametere

rho tilde

trho = 10 ." (trho dB / 10);

% Symbol error probability for the minimum probability of errore
receiver

Pe part ¢ = 1.5*%(1 - normcdf (sqrt(0.8*trho))) ;

figure (1)

hold off
semilogy(trho dB,Pe part c,’'r’)

grid

xlabel (' SNR parameter E b/N 0 in dB’)
ylabel (' Probability of a Symbol Error’)

(=)

% Setup for calculation of the minimax threshold for part (d)

etaprime = ones(1l,length(trho)); $Initializing
for k = 1l:length(trho)
f = @(x)evaluate probs(x, trho(k)); %$Used to send SNRe
parameter
etaprime (k) = fzero(f,2); %$Solve for thew
threshold
end
figure (2)
plot (trho dB,etaprime)
grid

title(’Plot the minimax threshold parameter etaprime vs. SNR’)
xlabel (' SNR parameter E b/N 0 in dB’)
ylabel (' Threshold’)

figure (1)

hold on.

Pe part d = normcdf ((etaprime - 3) .* sqgrt(0.8*trho));
semilogy (trho dB,Pe part d,’'b’)

title(’Symb. Error Prob., Equally Likely Symb.: Part(c)-red, Parte
(d) -blue’)

xlabel (' SNR parameter E b/N 0 in dB’)

ylabel (' Probability of a Symbol Error’)



11/13/13 4:45 PM _/Users/jvk/JVK/cour. . ./evaluate probs.m 1 of 1

function £ = evaluate probs(x,y)
f = normcdf ( (x-1)*sgrt (0.8*y)) + normcdf ((x-3)*sgrt (0.8*y)) +x

normcdf (sgqrt (0.8*y)) - 2;

F:an C}Ttawa <1\/4414<LL<1: (:i:) £;‘cnvs ?. ég-
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Problem 3. [30 pts. total] The block diagram above represents a BPSK transmission system
where there are two transmission paths from transmitter to receiver. The signal received on
the direct path is

s(t) = Abpr(t) cos(2m fot + 0)

where b = +1 or —1 represents the (equally likely) binary data and f, > 1/T . The signal
received on the secondary path is

p(t) = RAbpr(t) cos(2m fet + 6 + @)

where ® is uniform on [0, 27), R is a Rayleigh random variable!, and ® and R are independent
of each other and of the noise N(t).

(a) [5 pts.] Find an expression for P(r, $) the conditional error probability given R = r
and ¢ = ¢.

(b) [10 pts.] Give an integral expression for the unconditional error probabilty P =
E{F(R,®)}.

(¢) [15 pts.] Evaluate the expression to simplify to something expressible in terms of Q(-).

IThe Rayleigh probability density function is

fr(r) = { &/ A?) exp(—r/2X%) r20

where ) is a parameter.
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