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MIDTERM EXAMINATION
ECE431H1F, Digital Signal Processing

October 13, 2023
Examiner: D. Hatzinakos

Time: 4:10-5:00 pm, Room BA2195

This is a Type C exam. You may use non programmable calculators.
Exam questions

A DC signal generator of nominal output 10 Volts is subject to a small sinusoidal error,
that is, the generated signal is x(#) =10+ 0.5cos[10z -¢], t =0, ..., = sec. The signal is

observed over T"sec and sampled with a period of 7, sec.

1. What is the Nyquist rate for this signal? Assuming that you sample the signal at
above the Nyquist rate, and obtain x/n], n=0,1,..., N-1, what is the minimum
number of samples N you need in order to achieve sufficient spectral resolution
for detecting the sinusoidal component? (3 points)
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2. Can you describe a process or design a filter to remove only the DC component
from the x[n]. (Hint: the DC component corresponds to frequency zero) (3 points)
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15 sec , and assuming that the DC camponent has been removed,  obtain

30 using U, =0
)= 0 Seosie - T n=07,25 and celedate the 4-DFT Vik). Plot the magnidude

Yikyh & — 0123, Does ths DFT provide a good estimate of the real frequency F and the
magnitude A of fhe sinusoidal component? [Hint To tind A recell that tha corresponding
value at the DET domain s 0.5 4. 707 1 [ not what is the problem?

) )

. . SR
' | TS T PR WS B o e =] ¥ (w3
i Lw ! 3 "”‘6‘:, 2,088, “if Flw N R Y Fed =l ¥ _i
",i - 4 i~ oy " q
b el !
: s, K 2 bom oyl —
PR {fr,\g\ oo GO P S e ¥
Howe oy R A ) o P A S
Tl el Rk Too b=y o oo# {
) . A ST Tpice
St e (s gRAL Fabhkricy )

g P AT A TbE o

[N
o
|

0

4. Repast the previous step with § samples of el = and calouiste the 4-DFT
Vi A= 0020, Plot the magnitude | Y06 4 =003, Compare the estimates af the
sinueoidsl comeonant in the two cases and commeni abost he influence of aliasing
cpaciral laakage or any olher tactor that aifecis the estimation )
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{ 5. Gwuan the 4-DFT of step 3 and pronpmm af the DFT calculgfe the 1024-DFT of
Ml =05eos[10-n-T ) n=0,1,..., 1023, where 1, is as befl _ i
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S AsSuming that th suropled pencratar auipul 1[1.-' is qlmnlw:d with @ wniform quantizor,
hune would vou choose lhe dynamie range and number of bits of the quammcl g0 that the
sinusoidal component is eru»ql trom x/u/? What is the signal {o quantization noise ralio,
SONR, in this case?
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