[image: smu_logo_copying]
	FACULTY OF APPLIED DESIGN AND ENGINEERING
SCHOOL OF APPLIED COMPUTING
EXAMINATION SOLUTIONS: SESSION 2011/12



	Programme:
	BEng Computer Systems and Electronics
	Year/Level:
	Year 2, Level 5

	Module/Unit:
	Digital Signal Processing and Digital Communications

	Author:
	Dr Ian Wells
	Page:
	   1      of  9



Question 3

a) Figure Q3a shows the magnitude and phase response of a digital filter. What can you say about the characteristics of this filter?
[image: ]

Figure Q3a
 (4 marks)

(a) 
The filter has the following characteristics:

· The sample frequency was at 28000Hz
· The linear phase response in the pass band indicates that it’s probably FIR
· It is a low pass filter
· Its cut off using a -3dB cut off is a little less than 2000Hz
1 mark each
Total=4 marks
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Question 3

a) 


Design an N=7 finite impulse response (FIR) filter (use the frequency transformation method) that is band pass between  Hz and  Hz and has a sampling frequency of  Hz.

Use a Hamming window (equation Q3b) in your design.

     Equation Q3b
(16 marks)
Answer

Step 1:

Draw a sketch of the analogue filter response 

 (
Magnitude
)


 (
1
)



 (
Frequency (Hz)
)

 (
6000Hz
) (
4000Hz
)

0.5 marks
Step 2:

Convert any frequencies to normalised frequency




1 marks
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Step 3:

Redraw the sketch using normalised frequencies
 (
Magnitude
)


 (
1
)


 (
Normalised Frequency
)


 (
0.2143
) (
0.5
) (
-0.2143
) (
-0.5
) (
-0.1429
) (
0
) (
0.1429
)

0.5 marks
Step 4:

Refer to Frequency Transformation Method Tables and insert values for filter design

 (
l
0
1
u
-
u
-
0
-
l
)





Calculate the Low Pass Prototype response:


Calculate the centre frequency:




Calculate Alpha



2 marks
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Step 5:

Using data from step 4 draw a sketch of the prototype low pass filter

 (
Magnitude
)

 (
1
)

 (
B=0.0714
)

 (
Normalised Frequency
)


 (
0.0357
) (
-0.0357
) (
-0.5
) (
0.5
) (
0
)


Determine the filters total bandwidth B from the rectangle width

1 mark
Step 6

Calculate the set of filter values for the low pass prototype




Substitute calculated values:




	k
	


	0
	0.0661

	1
	0.0690

	2
	0.0708

	3
	0.0714

	4
	0.0708

	5
	0.0690

	6
	0.0661


3 marks
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Step 7

Calculate the transformation equation values and apply to the low pass prototype




	k
	

	

	


	0
	0.0661
	-0.2245
	-0.0148

	1
	0.0690
	0.8674
	0.0599

	2
	0.0708
	1.6934
	0.1199

	3
	0.0714
	2.0000
	0.1428

	4
	0.0708
	1.6934
	0.1199

	5
	0.0690
	0.8674
	0.0599

	6
	0.0661
	-0.2245
	-0.0148


4 marks
Step 8

Calculate the window coefficients and apply to the filter by multiplying the window coefficient column with the filter column.







	k
	

	

	

	

	


	0
	0.0661
	-0.2245
	-0.0148
	0.1256
	-0.0019

	1
	0.0690
	0.8674
	0.0599
	0.4376
	0.0262

	2
	0.0708
	1.6934
	0.1199
	0.8268
	0.0991

	3
	0.0714
	2.0000
	0.1428
	1.0000
	0.1428

	4
	0.0708
	1.6934
	0.1199
	0.8268
	0.0991

	5
	0.0690
	0.8674
	0.0599
	0.4376
	0.0262

	6
	0.0661
	-0.2245
	-0.0148
	0.1256
	-0.0019



The design is now complete!
4 marks
TOTAL = 16 marks
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Question 4

a) Describe the system of figure Q4a in terms of its difference equation. Also find its z-transform and z-domain transfer function.


Figure Q4a
(4 marks)


TOTAL = 4 Marks
Difference equation:

1 mark
Z Domain

1 mark
Rearranging


1 marks
Giving the transfer function


1 marks

TOTAL = 4 Marks
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Question 4

b) 
Figure Q4b 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.


	x(0)
	
	
	
	
	
	
	
	X(0)

	
	
	
	
	
	
	
	
	

	x(2)
	W40
	
	
	
	
	
	
	X(1)

	
	
	
	
	
	W40
	
	
	

	x(1)
	
	
	
	
	
	
	
	X(2)

	
	
	
	
	
	W41
	
	
	

	x(3)
	W40
	
	
	
	
	
	
	X(3)


Figure Q4b
 (16 marks)

Firstly we need to realise that the data to be analysed needs to split into 2 parts in order to analyse it:


Frame 1: 

Frame 2: 
	1 mark

Frame 1: 


	x(0)=1 
	
	
	
	1+4=5
	
	
	
	X(0)

	
	
	
	
	
	
	
	
	=5+5=10

	x(2)=4
	W40
	
	
	1-4=-3
	
	
	
	X(1)

	
	
	
	
	
	W40
	
	
	=-3- W41

	x(1)=2
	
	
	
	2+3=5
	
	
	
	X(2)

	
	
	
	
	
	W41
	
	
	=5-5=0

	x(3)=3
	W40
	
	
	2-3=-1
	
	
	
	X(3)
=-3+ W41




4 marks
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Frame 2: 

	x(0)=3 
	
	
	
	3+1=4
	
	
	
	X(0)

	
	
	
	
	
	
	
	
	=4+7=11

	x(2)=1
	W40
	
	
	3-1=2
	
	
	
	X(1)

	
	
	
	
	
	W40
	
	
	=2+3 W41

	x(1)=5
	
	
	
	5+2=7
	
	
	
	X(2)

	
	
	
	
	
	W41
	
	
	=4-7=-2

	x(3)=2
	W40
	
	
	5-2=3
	
	
	
	X(3)
=2-3 W41



4 marks

Calculating W41 to interpret the results:


  The definition of the term W is as follows 
In our case N=4 and so the term will give us:




This can be expanded by the Euler formula



2 marks

So the W41 terms can now be substituted for in the answers developed for frames1 and frame 2. We can also calculate the magnitude of  the numbers (some of which are complex) and plot the graphs of the relting specta for frame 1 and frame 2.

To calculate the magnitude of a complex number we use:




	Frame 1
	Magnitude Frame 1
	Frame 2
	Magnitude Frame 2

	X(0)
	
	X(0)
	

	=5+5=10
	10
	=4+7=11
	11

	X(1)
	
	X(1)
	

	=-3- W41= -3+j
	

	=2+3 W41=2-3j
	


	X(2)
	
	X(2)
	

	=5-5=0
	0
	=4-7=-2
	2

	X(3)
=-3+ W41= -3-j
	

	X(3)
=2-3 W41=2+3j
	



2 marks
Continuation Sheet

	Module/Unit:
	Digital Signal Processing and Digital Communications
	Page:
	        9    of  9




We can then plot the spectra separately:

[image: ]
1.5 marks
[image: ]
1.5 marks

TOTAL = 16 marks
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