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QUESTION 1:

(a) [bookmark: _Hlk498538777]For the codewords shown below, find the 'Hamming Distance' dmin and hence determine:
 
i. How many errors are detectable 
ii. How many errors are correctable.

a = 000000
b = 011100
c = 101010
d = 110110
e = 110001
f = 101101
g = 011011
h = 000111
(10 marks)
ANSWER

First consider ca compared to every other codeword
Distance between a and b, dab=3
Distance between a and c , dac=3
				dad=4
dae=3
daf=4
dag=4
dah=3

Next consider b compared to every other codeword
Distance between b and a, , dba=3
dbc=4
dbd=3
dbe=4
dbf=3
dbg=3
dbh=4
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Then c compared to every other codeword
dca=3
dcb=4
dcd=3
dce=4
dcf=3
dcg=3
dch=4

Then d compared to every other codeword
dda=4
ddb=3
ddc=3
dde=3
ddf=4
ddg=4
ddh=3

Then e compared to every other codeword
dea=3
deb=4
dec=4
ded=3
def=3
deg=3
deh=4

Then f compared to every other codeword
dfa=4
dfb=3
dfc=3
dfd=4
dfe=3
dfg=4
dfh=3

Then g compared to every other codeword
dga=4
dgb=3
dgc=3
dgd=4
dge=3
dgf=4
dgh=3
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Then h compared to every other codeword
dha=3
dhb=4
dhc=4
dhd=3
dhe=4
dhf=3
dhg=3


dmin is the largest distance that you find which is 4 for this example

4 marks for dmin calculations 

You then use this for the next calculations

· How many errors are detectable  (D)
Use D≤dmin-1
Test various possibilities to see if they match the above equation
Try D=4;  is 4≤4-1 the answer is yes
Try D=5;   is 5≤4-1 the answer is yes
Try  D=6;  is 6≤4-1 the answer is NO

This means that up to 5 errors are detectable

3 marks

How many errors are correctable (t)

Use 2t+1≤dmin≤2t+2

Test  various possibiites to satify the equation
Try t=5; 2x5+1≤4≤2x5+2 is 11≤4≤12 doesn’t make sense so reject
Try t=4; 2x4+1≤4≤2x4+2 is 9≤4≤10 doesn’t make sense so reject
Try t=3; 2x3+1≤4≤2x3+2 is 7≤4≤8 doesn’t make sense so reject
Try t=2; 2x2+1≤4≤2x2+2 is 5≤4≤6 doesn’t make sense so reject
Try t=1; 2x1+1≤4≤2x1+2 is 3≤4≤4 does make sense so we can correct only 1 error

3 marks
TOTAL = 10 marks
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QUESTION 1:

b) 
A set of transmitted data is to be encoded using a (7,4) Hamming code with the parity check matrix,  given by equation Q1b.


	Equation Q1b


		Find the generator matrix,  to produce the coded data and calculate the codes 				produced by the sequences .
(10 marks)

The generator matrix  is given by:

1. 
For the uncoded word  the transmitted code is given by:







2. 
For the uncoded word  the transmitted code is given by:








3. 
For the uncoded word  the transmitted code is given by:








1 mark for generator matrix and 3 marks each for the codes
TOTAL = 10 Marks
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QUESTION 2:

a) [bookmark: _Hlk498538925]Using the block diagram of figure Q2a showing both the modulation and demodulation stages of a coherent Amplitude Shift Keying (ASK) modem, explain the function of each component and illustrate your answer with sketches of typical waveforms and or spectral diagrams that you would expect to see at each stage.
[image: ]









 
Figure Q2a

 (8 marks)



· In amplitude shift keying, the carrier wave amplitude is changed between discrete levels (usually two) in accordance with the digital data. 

[image: ask]


The signal x(t) is the digital stream of 0s and 1s which must be multiplied by a carrier wave given by Accos(2fct)
In order to produce the ASK signal.
2 marks

In the frequency domain this has the effect of frequency shifting the data to be centred around the carrier frequency.
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[image: ]
2 marks


It is this signal that then is able to travel through the channel and at the receiver/demodulator the received signal (plus noise) is multipled by an in-phase copy of the carrier frequency.

2 marks

As a result of these processes a high frequency copy of the original signal, at twice the carrier frequency will need to be removed and so a Low Pass Filter is used to recover the baseband/ original signal

2 marks

TOTAL = 8 MARKS
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QUESTION 2:

Question

b) [bookmark: _Hlk498539011]If the following message M(x)=10001 is to be transmitted, and the chosen polynomial for Cyclic Redundancy Check (CRC) generation is G(x)=x3 + x2 + 1, show how this error checking mechanism works by calculating a transmission with no errors and then with one error in the third transmitted bit from the right.

12 marks

Solution

At the Transmission end:

	
	
	
	
	1
	1
	1
	0
	0
	
	
	

	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0

	
	
	
	
	1
	1
	0
	1
	
	
	
	

	
	
	
	
	
	1
	0
	1
	1
	
	
	

	
	
	
	
	
	1
	1
	0
	1
	
	
	

	
	
	
	
	
	
	1
	1
	0
	0
	
	

	
	
	
	
	
	
	1
	1
	0
	1
	
	

	
	
	
	
	
	
	
	0
	0
	1
	0
	

	
	
	
	
	
	
	
	0
	0
	0
	0
	

	
	
	
	
	
	
	
	
	0
	1
	0
	0

	
	
	
	
	
	
	
	
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	1
	0
	0



Transmitted code is 10001100

4 marks
At the receiver end with no error:

	
	
	
	
	1
	1
	1
	0
	0
	
	
	

	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	0
	0

	
	
	
	
	1
	1
	0
	1
	
	
	
	

	
	
	
	
	
	1
	0
	1
	1
	
	
	

	
	
	
	
	
	1
	1
	0
	1
	
	
	

	
	
	
	
	
	
	1
	1
	0
	1
	
	

	
	
	
	
	
	
	1
	1
	0
	1
	
	

	
	
	
	
	
	
	
	0
	0
	0
	0
	

	
	
	
	
	
	
	
	0
	0
	0
	0
	

	
	
	
	
	
	
	
	
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	0
	0
	0



The remainder is 000 which indicates no errors

4 marks
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At the receiver end with the 3rd  bit from the right in error:Error Here


	
	
	
	
	1
	1
	1
	0
	1
	
	
	

	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0

	
	
	
	
	1
	1
	0
	1
	
	
	
	

	
	
	
	
	
	1
	0
	1
	1
	
	
	

	
	
	
	
	
	1
	1
	0
	1
	
	
	

	
	
	
	
	
	
	1
	1
	0
	0
	
	

	
	
	
	
	
	
	1
	1
	0
	1
	
	

	
	
	
	
	
	
	
	0
	0
	1
	0
	

	
	
	
	
	
	
	
	0
	0
	0
	0
	

	
	
	
	
	
	
	
	
	0
	1
	0
	0

	
	
	
	
	
	
	
	
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	1
	0
	0




The remainder is 100 which indicates an error

4 marks


TOTAL= 12 marks
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QUESTION THREE

(a) [bookmark: _Hlk498539084]Figure Q3a 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 sequences  

(4 marks)

	[image: ]
	
	
	
	
	
	
	
	

	
Figure Q3a
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ANSWER

Calculate the twiddle factor




 1 marks


7



1-2W41 = 1+2j
5
9
1
2
2
3
4

1+2W41= 1-2j

2
0


























2 marks


Calculate the magnitudes of each of the spectral points



1 marks
TOTAL = 4 Marks
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QUESTION THREE

b. 
[bookmark: _Hlk498539266]Find the spectrum of the sequence  by using the discrete Fourier transform (DFT).
(16 marks)

The equation for the DFT is (since N=4)






1 marks

Solving when m=0








2 marks

Solving when m=1


















4 marks

Continuation Sheet
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Solving when m=2














4 marks

Solving when m=3

















4 marks

The magnitude of the unadjusted spectrum is therefore given by:



1 marks

TOTAL= 16 Marks
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QUESTION FOUR

a) 


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

(4 marks)


This is a convolution between the two functions:
For setting up the convolution correctly
0.5 marks


	x(k)
	
	
	
	2
	3
	2
	1
	
	
	
	y(k)
	

	
	3
	2
	1
	2
	
	
	
	
	
	
	
	0.5 marks

	
	
	3
	2
	1
	2
	
	
	
	
	
	
	0.5 marks

	
	
	
	3
	2
	1
	2
	
	
	
	
	
	0.5 marks

	
	
	
	
	3
	2
	1
	2
	
	
	
	
	0.5 marks

	
	
	
	
	
	3
	2
	1
	2
	
	
	
	0.5 marks

	
	
	
	
	
	
	3
	2
	1
	2
	
	
	0.5 marks

	
	
	
	
	
	
	
	3
	2
	1
	2
	
	0.5 marks
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[bookmark: _Hlk498539343]4b) 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.  

(12 marks)

Step 1:

Draw a sketch of the analogue filter response 

Magnitude



1




Frequency (Hz)




3300Hz
1700Hz

1 marks
Step 2:

Convert any frequencies to normalised frequency






1 marks
Step 3:

Redraw the sketch using normalised frequencies
Magnitude




1


Normalised Frequency





-0.275
-0.5
0.5
-0.1416
0
0.275
0.1416

1 marks
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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:



1 marks
Calculate the centre frequency:



1 marks
Calculate Alpha




1 marks
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Step 5:

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

Magnitude


1


B=0.1334


Normalised Frequency



0.0667
-0.0667
-0.5
0.5
0



Determine the filters total bandwidth B from the rectangle width

1 marks
Step 6

Calculate the set of filter values for the low pass prototype




Substitute calculated values:




	k
	


	0
	0.1009

	1
	0.1183

	2
	0.1295

	3
	0.1334

	4
	0.1295

	5
	0.1183

	6
	0.1009


3 marks
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Step 7

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






	k
	

	

	


	0
	0.1009
	-1.4151
	-0.1428

	1
	0.1183
	-1.7316
	-0.2049

	2
	0.1295
	0.5180
	0.0671

	3
	0.1334
	2.0000
	0.2668

	4
	0.1295
	0.5180
	0.0671

	5
	0.1183
	-1.7316
	-0.2049

	6
	0.1009
	-1.4151
	-0.1428



2 marks

TOTAL= 12 MARKS
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[bookmark: _Hlk498539471]4c) Apply a Hamming window (equation Q4c) to the design of Q4b.


     Equation Q4c
(4 marks)

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







	k
	

	

	

	

	


	0
	0.1009
	-1.4151
	-0.1428
	0.1256
	-0.0179

	1
	0.1183
	-1.7316
	-0.2049
	0.4376
	-0.0897

	2
	0.1295
	0.5180
	0.0671
	0.8268
	0.0555

	3
	0.1334
	2.0000
	0.2668
	1.0000
	0.2668

	4
	0.1295
	0.5180
	0.0671
	0.8268
	0.0555

	5
	0.1183
	-1.7316
	-0.2049
	0.4376
	-0.0897

	6
	0.1009
	-1.4151
	-0.1428
	0.1256
	-0.0179



(2 marks for h(k) calculation and 2 marks for applying it)

TOTAL =4 marks
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