ECE 405 - BASEBAND TRANSMISSION - INVESTIGATION 22
NOISE IN CENTER POINT DETECTION

FALL 2005 A.P. FELZER

Todo "wel" on thisinvestigation you must not only get the right answers but must also do nest,
complete and concise writeups that make obvious what each problem is, how you're solving the
problem and what your answer is. Y ou also need to include drawings of all circuitsaswell as
appropriate graphs and tabl es.

In the previous I nvestigations we showed how raised cosine pulses can reduce intersymbol
interference and we showed how equalizers can reduce the distortion caused by the nonideal
frequency responses of real communication channels. The objective of this and the next two
Investigationsis to develop amethod for minimizing the affects of the channel noise n(t) that gets

added to and as aresult distorts the transmitted signal s(t) asfollows

CHANNEL
t r(t) = s(t) + n(t
Transmitter i) @\ © S()) © Recever
n(t)

The objective of this Investigation in particular isto characterize the channel noise and see how it
affects the ability of the receiver to distinguish 1's from 0's when center point detection isused

1. Suppose we're transmitting a baseband signal of rectangular pulses of duration T with
amplitudes 1 and —1 asfollows

bit | amplitude
0 -1
1 1

Assuming the 1'sand O's are equally likely sketch atypical signad if there's

a. No noise
b. A smal amount of zero mean noise
c. A larger amount of zero mean noise

2. Suppose we're transmitting raised cosineswith r =1 and bandwidths f, = /T and that the

noise in the channel, as usual, can be approximated as zero mean white Gaussian noise. This
means that the power spectral density of the noise is constant as follows

S(f)
N,/2

and the probability distribution of the amplitudes is Gaussian with zero mean
a. Sketch the frequency response of an ideal lowpass filter that just passes the pulses



b. What's the advantage of putting alowpassfilter like the onein part (a) at the input of the
receiver. Hint - sketch the power spectral density of the noise that makes it through the
lowpass filter

c. Find the average power of the noise that makes it through the lowpass filter in terms of

N,and T

. Once the high frequency noise has been removed from the received signal r(t) asfollows

r(t) y(®)
— > | Lowpass [y

the receiver then hasto decide - every T seconds - whether y(t) isthesignal of a1l or of a0.
L et us suppose our receiver isusing acenter point detector asfollows

Center
r(t) = s(t) + n(t) y(t) Point Oorl
> Lowpass | —y» | Sample/Hold —3»— Detector —3»—

with a detector that makes its decision asfollows

y(nT) | Decisior
<0 0
>0 1

a. Explainin wordswhy we call 0 the threshold of this detector. M emorize your
definition
b. Draw acircuit for implementing the detector

. Explain how the noise can cause the detector to make a mistake. Illustrate with adrawing of a
received baseband signal with noise that has caused at least one error

. Tofind the probability that the detector makes a mistake we need to review the Gaussian
distribution as follows

fx(X)z\/Z__lpc e 2 dx

which can be graphed as follows
fx(X)

d—f"ﬁf | X

a Sketch f, (x) for u>0
b. Describein words what the graph of f, (x) looks like
c. What isthe areaunder the curve f, (X)



d. What does p1tell us about the graph

What does the variance o tell us about the graph

Sketch on the same graph two Gaussian density functions with the same variances but

different means

g. Sketch on the same graph two Gaussian density function with mean zero but different
variances. Labd the curve with the larger variance

h. Describe the differences between your graphsin part (f)

"o

. Given the following probability P

P = Qfx(x)dx :Q\/Z)G e dx

a. Describein wordswhat P is the probability of
b. Show the region being integrated under the Gaussian density curve

. Make use of thefact that

) (x-m)? b-m
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where f,(2) = %p e ?1? isthe normalized Gaussian distribution to find P(2E x£5) fora
Gaussian distribution with p=3 and s = 2.
. Find P[x3 7] for arandom variable X with aGaussian distributionwith u=5 and o =25

. Assuming the 1's and O's being transmitted in Problem (1) are equally likely and the noiseis
zero mean Gaussian, sketch the probability densitiesof y[T] if thereis

a. Nonoise

b. A littlenoise

c. A fair amount of noise

10. Given agraph of the probability density of y[T] like the onesin Problem (9) asfollows

f (VT])

: —1 - : yT]
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a. What isthe area under each curve
b. Usethese curvesto explain in words when the detector is making an error
c. Shadein the region corresponding to when errors are being made

11. Find the probability of an error in Problem (10) if the variance of the noiseis ¢* = 0.2

12. The probability of an error in acommunication system istypicaly expressed in terms of Q(a)

asfollows
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a Findawhenb=5, u=27ando =12
b. Find Q(a) in part (a)

13. Now suppose we have a baseband signal of equally likely O'sand 1's made up of pulses of
duration T and amplitudes A and - A asfollows

bit | amplitude
0 -A
1 A

a. Sketch the probability density of the amplitudes

b. Find the probability of error in terms of Q asafunction of the pulse amplitude A, N,
and T assuming the bandwidthis 3/ T. Note that the variance of zero mean noiseis
equal to its average power



