Digital Signal Processing B.Eng. June 2002	Ian Wells

 (
0    Frequency
0     Frequency
Time
Time
)1a Figure Q1a shows the result of sampling a sinusoidal waveform too slowly. With reference to the Sampling Theory, explain why this should occur.

4 marks




















Figure Q1a

1b Figure Q1b shows the magnitude and phase response of a digital filter. What can you say about the characteristics of this filter?
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Figure Q1b



1c Find the discrete Fourier transform (DFT) of .
12 marks

2a Analyse the filter of figure Q2a by calculating its z-domain transfer function and comment upon its frequency response if (i) a=-2 and b=1 and also if (ii) a=2 and b=1.





Figure Q2a
8 marks




2b Design an N=5 finite impulse response (FIR) filter, using the Impulse Invariant method, that passes signals between Hz and Hz and has a sampling frequency of Hz. Use a Blackman window in the filter design.

Note: A Blackman window function is given by:



12 marks


3a Figure Q3a shows the pole zero diagram of a digital filter. Draw a sketch graph of the approximate magnitude response of this filter and subsequently comment upon its type and characteristics.
3 marks
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Figure Q3a



3b Explain why the Internationally adopted sampling rate of Hz for audio CD's initially caused a problem with regard to filter design. Also explain how this problem was solved.
5 marks




3c Figure Q3c shows the butterfly diagram of a radix 2, decimation in time (DIT) FFT, calculate the final equations for the spectral outputs, X(0) to X(3), in terms of the time domain inputs, x(0) to x(3). Find the spectrum of the input sequence  where there is no overlap between frames.


Figure Q3c
12 marks





4a For a linear time invariant system find and sketch the resultant output  for an input . The systems impulse response is given by .
4 marks

4b The diagram of figure Q4b shows a block diagram of a Texas Instruments TMS320C6000 series central processing unit core, explain the functions of the blocks labelled .L1, .S1, .M1 and .D1.
4 marks

[image: ]


Figure Q4b



4c Write a C program for an N=7 lowpass finite impulse response (FIR) filter that has a cut off frequency of Hz and a sample frequency of Hz.
12 marks


Frequency Transformation of Ideal Fourier Series Coefficients
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