EECS 455 Problem Set 3

Due: Tuesday, October 6.

1. A communicatyion system uses BPSK modulation to trandatd bitsh;,| =0,1,2,.... In
the transmitter a sequence of rectangular pulses is mixadaorier frequency by multiply-
ing the rectangular pulses ky2P cog2mfyt).

gees

Atthe receiver the received signal is first mixed down to base by multiplying by, /2/T cogq2mfst)
wherefy — f; = Af is the offset of the two oscillators. After the signal is mdx@own it is

filtered with a matched filter (that is(t) = pr(t)). The filter is sampled at time=iT for

i =1,2,.... In addition the signal is mixed down by multiplying Ry2/T sin(2mtfat) . Let

yc(iT) denote the first output and(iT) denote the second output. Then

Vo(iT) = /_ ’ s(r>\/$ cog2mfoT)h(iT — T)dt
yo(iT) = — /_ ) s(T)\/gsin(anzr)h(iT—T)dT

(a) Evaluate the outputg(iT) andys(iT) in terms ofb_1, E = PT, AfT andi. Ignore
double frequency terms in evaluating the output. That isyd@an expression fof(iT) and
ys(iT). Trig identity sifu) —sin(v) = 2cog*3¥) sin(*5Y).

(b) Assume you buy two crystal oscillators at a 10MHz nominatjuency that have:

10 PPM accuracy. That idgctyal= fhnominall = 10/10°). Assume that the data rate is
100kbps T = 107°). Are the double frequency terms negligible? Plot the outgithe
filtersyc(iT) andys(iT) as a function of for 1 <i < 100. Assume that the data bits are alll
positive pj = 1,i=0,1,2,...,500) and thakE = 1.

2. Consider a binary communication system that transmigésairtwo signalsy(t) and s (t)
over an additive white Gaussian noise channel (spectralityedy/2) where

So(t) = Aopr 2(t)
and
si(t) = AlpT/Z(t —-T/2);

that issy is a pulse of amplitudé, from 0 to T /2 ands; is a pulse of amplitudé; from
T/2toT.



T/2

The received signal,(t), is the transmitted signal with additive white GaussiarsaoiThe
receiver shown below in Figure 1 consist of a filtgt) which is sampled at tim& and a

threshold device.

> ydecsy(t)
< 0 decs(t)

Figure 1: Receiver Structure

(@) Ifh(t) = —pr/2(t) + pr/2(t — T/2) find the threshold that will minimize thaverage
of the error probabilitie$ o andPe1. Find the error average error probabilRy =
ToPe 0+ ThPe1. (@SSUMET = Th)

(b) Find the matched filter for the same system and find theesponding threshold that
minimizesPe. Also find Pe.

(c) If the spis transmitted with probabilityy = 1/4 ands; is transmitted with probability
Ty = 3/4 and the filter of part (a) is used find the threshold that miréstheaverage

error probability. What is the average error probabilitytwthis threshold?
(d) Repeat part (c) if the matched filter is used.

. For each signal set below, find the average error probafmli binary communication via an
AWGN channel (spectral densilNy/2). Assume for each signal that the receiver consists of
an ideal matched filter, a sampler which samples at an optimal and a threshold device

with the optimum threshold.



(@)

A 0<t<T/3
So(t) = —A 2T/3<t<T
0 elsewhere

A 2T/3<t<T

—-A T/3<t<2T/3

0 elsewhere
(b)

So(t) = Ajcog2mfot)|
si(t) = Alsin(2mtfot)|

pr(t)
pr(t)
(c)

So(t) = A(1+ cog2mfot))

pr(t)
si(t) = A(1+sin(2mfot))pr

(t)

In parts (b) and (c), assuno@T = 21 for some integen.



