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Exam type A
Mon-programmakble Calculatars are allowed

In a frequency coding scheme, symbcls {etters, numbars, sic)) are represemed by a
combinalion o two frequencies £, and £, where [ = F. and sach taking one out of

10 possible valuss, e.g.. 250 Hr, 730 Hz, 1250 Hz. 1750 Hz, 2250 Hz. 2750 Hz, 3250
Hz, 3780 Hz, 4250 Hz and 4750 Hz. In the transmitter  continuous time signals xait)=
[ it 2l )+ sini 20y | =00 T gac are formad and vanemitted conseyguently cvery
T secs. In the recever detection of the transmitied symbols s based on discrete signal
processing techniques. In other werds assuming perfect synchronization is possible, T
sec long signal sagments are extracted from the incoming signal, sach segment is
ideally and uniformly sampled with a period of Ts seca and then a M-point OFT is
computed and plotted to delect the underlying two frequencies and from those  the
transmitted symbol,

a) Let T/Ts=L. Wiite an expression for the discrete signal x(n)=xa{n Ts), n=0....L-
1. Chonose an appropriate valug for Ts and then caloulate the normalized
frequendies [, /=121 corresponding to the regl frequengies .

il

F=Lbd i 00: (& points)
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Sludent Murme; Shdent Mumber:

by What should be the minimum valug of L {or the correspending length T) so thal

el

d)

our freguency detector has sufficient resclution to detect any ftwo of the
frequencies that farm the signal? Assuming that L and Ts have been properly
chozen, draw approximately the DTFT of a signal segment containing the first
two frequencies. (3 points)

What is the relation between the DTFT X0 f) and the N-DFT Nik). k=01,

s N-Tof xin), m=01,. . L-17 In your apinion, what should be the value of N so
that we achieve hest detection of the frequencies that form the signal? What are
the corresponding values of k of the N-DFT that comrespond to the frequencies to
be detected? (4 points)

As Nin part ( ¢ ) increases, one chserves that the maximum valuss of the N-
DFT do not necessarily correspand to those values of k that represent the frue
locations of the sinusoidal frequencies . Furtharmore the estimated sinusoids
seam to be of different powear. Why does this happen? (3 paints)
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Srdent Mame; Sindent Nurmber:

a) Given x(n), n=0,1.... L-1, describe a OSP procedurs to caloulate only those

values of X{F =250Ms=k5000%), k=01,....9 corresponding to the 10 possible
frequencies in the signal

Do you think that this is a more efficient way i
ectimate and datact the trus freguencies in the obsarved sighal? Please explain
explicitly. (§ points)

fi Suppose that in an effort to improve detection fi.e. decide the presence or nat of
a frequency companent), you try an averaging fechnigue as followe,

X k= aX{k-1) Xk + Xk +1)
where ct is a constant of ampiitude less than 1. Averaging in this manner iz

equivalent to multiplying the signal x(n) by a new wincdow win) before computing
the DFT. Derive a simple formula for win). (8 points)
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