DSP Tutorial Sheet
1) 
Figure Q1 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.


	[image: ]

	Figure Q1

	 (16 marks)




2) Design an N=11 finite impulse response (FIR) filter (use) that is band pass between 1200 Hz and 2500 Hz and has a sampling frequency of 10,200 Hz.
Use:
(i) the Impulse Invariant Method and a Hamming Window, Equation Q2(i)
(ii) the frequency transformation method and a Blackman Window, Equation Q2(ii)


     Equation Q2(i)



 Equation Q2(ii)

(16 marks for each part)



3) Figure Q3(i) shows a typical signal processing system. Explain what is happening to the input waveform (figure Q3(ii)) and its spectrum (figure Q3(iii)) and also the output waveform (figure Q3(iv)) and its spectrum (figure Q3(v)).
	



	Figure Q3(i)
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	[image: ]

	Figure Q3(ii)
	Figure Q3(iii)

	[image: ]
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	Figure Q3(iv)
	Figure Q3(v)


 (6 marks)

4) 

Find the spectrum of the sequence  by using the discrete 	Fourier transform (DFT).
(12 marks)
5) [bookmark: _GoBack]Design a finite impulse response (FIR) filter that is able to achieve a -90 degree phase shift on the incoming data (let N=15). Apply a Hamming Window (Equation Q5) to your answer.

     Equation Q5
 (12 marks)
6) 


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


Frequency Transformation of Ideal Fourier Series Coefficients

	Type of Filter
	Transformation equations
	Ideal Frequency Response

	Lowpassc
-c
1

	



	

	Highpass0.5-c
-(0.5-c)
1
-0.5
0.5

	

	

	Bandpassl
0
1
u
-u
-0
-l

	



	

	Band-stopl
0
1
u
-u
-0
-l
-0.5
0.5
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