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ANSWER ALL QUESTIONS

1. A message is PCM coded by the system below:

[image: ]
(a) How many bits per second are actually sent in this coding schema?
[2 Marks]




(b) What is the bandwidth of the PCM data stream?
[2 Marks]
Bandwidth of PCM stream is given by difference between lowest and highest frequencies permissible. Lowest frequency permissible is 0 Hz. Highest frequency is produced from a repeating string of 1,0,1,0 etc. hence highest frequency is half the bit rate. 32 kHz. Therefore the bandwidth of the PCM data stream is 32 kHz.

(c) If this PCM coded stream is encoded using a Manchester code, what is the new bandwidth of the PCM coded data stream and why?
[4 Marks]
When a data stream is encoded using Manchester code, each bit period will have a positive pulse and a negative pulse. A high level signal would be encoded as a positive pulse followed by a negative pulse, and a low level signal would be encoded as a negative pulse followed by a positive pulse in the same bit period.  This will double the highest frequency seen in the PCM stream and hence double the required bandwidth for the signal, from 32 kHz to 64 kHz.

(d) Explain why using a Manchester code is useful for transmitting digital data over a DC decoupled wire transmission line.
[6 Marks]
A Manchester code is useful for transmitting data over a DC decoupled line, such as a line coupled with transformers, as the average voltage for the signal as a whole will always be zero.  This zero average is achieved through having both positive and negative going pulses to represent a high and a low level signal.   This has the effect of eliminating DC build up within the transmission line caused by the successive transmission of several high bits reducing the transformer’s ability to transfer the signal and reducing the possibility of errors at the receiver.

(e) Explain the benefits of employing HDB3 instead of Manchester code for this PCM data stream when transmitting over a DC decoupled wire transmission line.
[6 Marks]
HDB3 provides a zero mean signal amplitude thereby eliminating any DC voltage on the transmission lines.  This is achieved by transmitting zero volts for a low level input and sequentially alternating between positive and negative outputs for each high level input transmitted.  This method of line coding maintains the zero mean voltage on the transmission line without increasing the bandwidth of the signal as seen in the Manchester coding method.  To ensure clock synchronisation is not lost during transmission of multiple low levels pulses, violation pulses and balance pulses are inserted in the transmitted data.

2. 
(a) Explain the operation of cyclic redundancy checks (CRCs) and comment on their effect on the transmitted information. 
[5 Marks]
Any reasonable description, five main points:  
Operation:
· Divide payload data by known binary sequence
· Remainder is attached to payload in FCS
· Adding the FCS results in a total sequence exactly divisible by the CRC sequence
· An n bit FCS will detect up to n bit errors within a data block
Commentary:
· Part of larger EDC family known as Cyclic block coding 
· More reliable than parity checking alone
· Adds redundant information to the transmitted data
· Improves ability to detect and correct errors at the receiver
· Increases the time to transmit the data or increases the bandwidth requirement

(b) A system proposes to transmit a data word 11001 using the CRC generator polynomial G(x) = x3 + x2 +1.

Using the frame to be transmitted, M(x), the generator or divisor, G(x), and the remainder, R(x), calculate the transmitted codeword, and prove that it would be correctly decoded at the receiver if it were using the same CRC generator G(x).
[10 Marks]
Calculation and 0 remainder on received check:
Transmit data 11001 with CRC polynomial G(x) = x3 + x2 +1 
Data to transmit 11001	M(x) = x4+x3+1
Generator polynomial x3 + x2 +1 is 3rd degree
Multiply M(x) by x3 and divide by G(x):
x7+x6+x3 / x3+x2+1 =  x4+x, remainder x
We transmit the shifted data plus remainder.
Transmission is, therefore:   x7+x6+x3+x
The transmitted codeword is:  11001010

At the receiver, decoding is checked by dividing the received codeword by the generator polynomial:
x7+x6+x3+x/ x3 + x2 +1 = x4+x with 0 remainder, confirming correct reception.

(c) Explain the uses of go-back-n and selective repeat in ARQ processes with logical link control (LLC) protocols.
[5 Marks]
LLC ARQ Methodology
A frame error is detected by the failed CRC check
The frame is discarded and not passed to upper protocol layers
An Automatic Repeat Request (ARQ) is generated
This requests retransmission of a frame or the sequence of frames after the one in which the errors were detected
Two types of multiple frame protocol:
· Multiple frames – Go-back-N based protocol uses the frame sequence number for a missing frame and retransmits all frames in the sequence window from that point onwards
· Selective repeat – uses the frame sequence number for the missing frame to request retransmission of that frame alone.  The protocol requires the receiving station to buffer unacknowledged good frames while retransmission occurs.
3. The output from a receiver contains the following series of values when digitised with an 8-bit digitiser:

	n
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	x
	62
	68
	65
	255
	66
	68
	97
	106
	101
	104



(a) What would the output be from passing this sequence through a moving average filter of window size 3 (3rd order moving average filter)?
[7 Marks]
x(0) – unchanged, 62
x(1) – unchanged, 68
x(2) – (62 +68+65)/3 = 65
x(3) – (68+65+255)/3 = 129
x(4) – (65+255+66)/3 = 129
x(5) – (255+66+68)/3 = 130
x(6) – (66+68+97)/3 = 77
x(7) – (68+97+106)/3 = 90
x(8) – (97+106+101)/3 = 101
x(9) – (106+101+104)/3 =104

(b) What would the output be from passing the same input stream through a median filter of window size 3?
[7 Marks]
x(0) – unchanged, 62
x(1) – unchanged, 68
x(2) – med(62 ,68,65) = 65
x(3) – med (68,65,255) = 68
x(4) – med (65,255,66) = 66
x(5) – med (255,66,68) = 68
x(6) – med (66,68,97) = 68
x(7) – med (68,97,106) = 97
x(8) – med (97,106,101) = 101
x(9) – med (106,101,104) =104

(c) Explain the effect of  increasing the window size for windowed filters on
 Any reasonable description, two main points each:
(i) Noise reduction
[2 Marks]
Noise necessarily appears “randomly”.  Provided its occurrence within the signal is affects less than half the samples in the window, the median filter will remove the noise.  A moving average filter smooths the signal more with the increase in window size.

(ii) Delay (latency)
[2 Marks]
The minimum delay for any windowed filter is determined by the size of the window (the number of samples required to “fill” the filter).  In practice, for a window size of N the delay will be N-1 sample periods.

(iii) Detecting step transitions in the input data stream (e.g. “1/0” or “0/1” symbol changes in digital data).
[2 Marks]
Increasing the window size increases the smoothing effect for moving average filters, making the transition less sharp or “steep”.  This can adversely affect edge detection.  The same effect does not occur with median filters, but they can produce false positives on slowly changing edge signals.

4. 
a) Draw a constellation diagram for a quadrature phase shift keying (QPSK) system and allocate binary codes to each phase. Using your allocation of codes indicate the phases used to transmit the following sequence of digits.


[6 Marks]


QPSK
Q
I
11
01
00
10

Code allocation to phases is as follows:

11 = pi/4
01 = 3pi/4
00 = 5pi/4
10 = 7pi/4

The sequence x(k) would therefore be translated into the following set of phases:




Constellation diagram 2 marks, Gray code allocation 2 marks, correct phase allocation 2 marks

b) State 'Shannon's Noisy Channel Coding Theorem' and use your answer to calculate the required bandwidths necessary to achieve a 1 x 103 bits/sec data rate when the signal to noise ratio (S/N) is 1, 3, 15, 255 and 1023 respectively.

[4 Marks]
'Shannon's Noisy Channel Coding Theorem' is:
 bits / sec
Where S is average signal power, N is average Noise power, B is channel bandwidth and C is capacity of channel:

For S/N = 1:
bits / sec
B = 1kHz
For S/N = 3:
 
B = 500Hz
For S/N = 15:
 
B = 250Hz
For S/N = 255:
 
B = 125Hz
For S/N = 1023:
 
B = 100Hz
1 mark for stating the theorem and 3 marks for the calculations

c) 
A set of transmitted data is to be encoded using a (7,4) Hamming code with the parity check matrix,  given by equation Q4c.

	Equation Q4c

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 un-coded 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
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