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1.
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
TOTAL = 6 marks
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1.
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

1mark for stating the theorem and 3 marks for the calculations

TOTAL  = 4 MARKS
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1.
c) 
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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2.
a) If the following message M(x)=11001 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 second transmitted bit from the right.
 (12 marks)
At the Transmission end:

	
	
	
	
	1
	0
	0
	1
	0
	
	
	

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

	
	
	
	
	1
	1
	0
	1
	
	
	
	

	
	
	
	
	
	0
	0
	1
	1
	
	
	

	
	
	
	
	
	0
	0
	0
	0
	
	
	

	
	
	
	
	
	
	0
	1
	1
	0
	
	

	
	
	
	
	
	
	0
	0
	0
	0
	
	

	
	
	
	
	
	
	
	1
	1
	0
	0
	

	
	
	
	
	
	
	
	1
	1
	0
	1
	

	
	
	
	
	
	
	
	
	0
	1
	0
	1

	
	
	
	
	
	
	
	
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	0
	1
	0



Transmitted code is 11001010

4 marks
At the receiver end with no error:

	
	
	
	
	1
	0
	0
	1
	0
	
	
	

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

	
	
	
	
	1
	1
	0
	1
	
	
	
	

	
	
	
	
	
	0
	0
	1
	1
	
	
	

	
	
	
	
	
	0
	0
	0
	0
	
	
	

	
	
	
	
	
	
	0
	1
	1
	0
	
	

	
	
	
	
	
	
	0
	0
	0
	0
	
	

	
	
	
	
	
	
	
	1
	1
	0
	1
	

	
	
	
	
	
	
	
	1
	1
	0
	1
	

	
	
	
	
	
	
	
	
	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 second bit from the right in error:

	
	
	
	
	1
	0
	0
	1
	1
	
	
	

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

	
	
	
	
	1
	1
	0
	1
	
	
	
	

	
	
	
	
	
	0
	0
	1
	1
	
	
	

	
	
	
	
	
	0
	0
	0
	0
	
	
	

	
	
	
	
	
	
	0
	1
	1
	0
	
	

	
	
	
	
	
	
	0
	0
	0
	0
	
	

	
	
	
	
	
	
	
	1
	1
	0
	0
	

	
	
	
	
	
	
	
	0
	0
	0
	0
	

	
	
	
	
	
	
	
	
	1
	0
	0
	0

	
	
	
	
	
	
	
	
	1
	1
	0
	1

	
	
	
	
	
	
	
	
	
	1
	0
	1




The remainder is 101 which indicates an error

4 marks


TOTAL = 12 Marks
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2.
b) Using the block diagram of figure Q2b 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 Q2b

 (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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3.
a) Explain the results of the ‘Sampling Theorem’ and illustrate, using sketches, the result of sampling a sine wave too slowly.
 (4 marks)

(a) 
To produce a digital signal then a continuous time analogue signal has to be sampled. The sampling theorem states at what frequency this sampling should be performed.

This is given by the formula:






Or 

2 marks
i.e. a signal must be sampled at greater than or equal to twice the maximum frequency in a signal

Sampling a signal too slowly results in aliasing as shown below, The sinusoid that is obtained from the slow sampling is actually at the wrong frequency.


Lowpass filter can recover aliased but not true sinusoid























2marks

Total=4 marks
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3.
b) 


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 Hanning (von Hann) 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



0.1462
0.5
-0.1462
-0.5
-0.0897
0
0.0897


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=0.0564


Normalised Frequency



0.0282
-0.0282
-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
	0.0538

	1
	0.0552

	2
	0.0561

	3
	0.0564

	4
	0.0561

	5
	0.0552

	6
	0.0538


3 marks
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Step 7

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




	k
	

	

	


	0
	0.0661
	-1.2143
	-0.0653

	1
	0.0690
	0.1770
	0.0098

	2
	0.0708
	1.4755
	0.0827

	3
	0.0714
	2.0000
	0.1128

	4
	0.0708
	1.4755
	0.0827

	5
	0.0690
	0.1770
	0.0098

	6
	0.0661
	-1.2143
	-0.0653


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
	-1.2143
	-0.0653
	0.0495
	-0.0032

	1
	0.0690
	0.1770
	0.0098
	0.3887
	0.0038

	2
	0.0708
	1.4755
	0.0827
	0.8117
	0.0672

	3
	0.0714
	2.0000
	0.1128
	1.0000
	0.1128

	4
	0.0708
	1.4755
	0.0827
	0.8117
	0.0672

	5
	0.0690
	0.1770
	0.0098
	0.3887
	0.0038

	6
	0.0661
	-1.2143
	-0.0653
	0.0495
	-0.0032



The design is now complete!
4 marks
TOTAL = 16 marks
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4.
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)
	
	
	
	3
	3
	2
	4
	
	
	
	y(k)
	

	
	3
	4
	1
	1
	
	
	
	
	
	
	
	0.5 marks

	
	
	3
	4
	1
	1
	
	
	
	
	
	
	0.5 marks

	
	
	
	3
	4
	1
	1
	
	
	
	
	
	0.5 marks

	
	
	
	
	3
	4
	1
	1
	
	
	
	
	0.5 marks

	
	
	
	
	
	3
	4
	1
	1
	
	
	
	0.5 marks

	
	
	
	
	
	
	3
	4
	1
	1
	
	
	0.5 marks

	
	
	
	
	
	
	
	3
	4
	1
	1
	
	0.5 marks




TOTAL = 4 Marks
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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)=3 
	
	
	
	3+1=4
	
	
	
	X(0)

	
	
	
	
	
	
	
	
	=4+2=6

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

	
	
	
	
	
	W40
	
	
	=2+2W41

	x(1)=2
	
	
	
	2+0=2
	
	
	
	X(2)

	
	
	
	
	
	W41
	
	
	=4-2=2

	x(3)=0
	W40
	
	
	2-0=2
	
	
	
	X(3)
=2-2 W41




4 marks


Continuation Sheet

	Module/Unit:
	Digital Signal Processing and Digital Communications
	Page:
	        15    of  16





Frame 2: 

	x(0)=4 
	
	
	
	4+3=7
	
	
	
	X(0)

	
	
	
	
	
	
	
	
	=7+7=14

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

	
	
	
	
	
	W40
	
	
	=1+3 W41

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

	
	
	
	
	
	W41
	
	
	=7-7=0

	x(3)=2
	W40
	
	
	5-2=3
	
	
	
	X(3)
=1-3 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 resulting spectra 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)
	

	=4+2=6
	6
	=7+7=14
	14

	X(1)
	
	X(1)
	

	=2+2W41= 2-2j
	

	=1+3 W41=1-3j
	


	X(2)
	
	X(2)
	

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

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

	X(3)
=1-3 W41=1+3j
	



2 marks
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We can then plot the spectra separately:

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

TOTAL = 16 marks
oleObject2.bin

image47.wmf
j

j

j

W

-

=

-

=

÷

ø

ö

ç

è

æ

-

÷

ø

ö

ç

è

æ

=

0

2

sin

2

cos

4

p

p


oleObject48.bin

image48.wmf
(

)

2

2

Á

+

Â

=

X


oleObject49.bin

image49.wmf
(

)

(

)

828

.

2

8

)

2

(

2

2

2

=

=

-

+


oleObject50.bin

image50.wmf
(

)

(

)

162

.

3

10

3

1

2

2

=

=

-

+


oleObject51.bin

image51.wmf
(

)

(

)

828

.

2

8

)

2

(

2

2

2

=

=

+


oleObject52.bin

image3.wmf
H


image52.wmf
(

)

162

.

3

10

3

1

2

2

=

=

+


oleObject53.bin

image53.emf
0 0.5 1 1.5 2 2.5 3

Discrete Spectral Values (m)

0

1

2

3

4

5

6

M

a

g

n

i

t

u

d

e

Unmodified spectrum of frame 1


image54.emf
0 0.5 1 1.5 2 2.5 3

Discrete Spectral Values (m)

0

2

4

6

8

10

12

14

M

a

g

n

i

t

u

d

e

Unmodified spectrum of frame 2


oleObject3.bin

image4.wmf
G


oleObject4.bin

image5.wmf
[

]

[

]

[

]

1110

 

,

1001

 

,

1101

3

2

1

=

=

=

u

u

u


oleObject5.bin

oleObject6.bin

image6.wmf
[

]

1101

1

=

u


oleObject7.bin

image7.wmf
G

u

T

.

1

=


oleObject8.bin

image8.wmf
[

]

1001

2

=

u


oleObject9.bin

oleObject10.bin

image9.wmf
[

]

1110

3

=

u


oleObject11.bin

oleObject12.bin

image10.png
3]

Paste

0

1

2

)

0

5

*

2

0

ma-

INSERT  DESIGN  PAGELAYOUT  REFERENCES ~ MALINGS  REVIEW

owe
.
cut Arial < A A Aa-
ER Copy N
Sromatpame B T U wx B ¥ oA
1 g 1 2 3 4 s 6 7

3

5 Paragraph
FRRCRNINE (IS T RAE N )

VEW

i

that is band pass between 3.5x10° Hz and 5.7x10° Hz and has a sampling frequency of

39x10° Hz.

Use a Hanning (von Hann) window (equation Q3b) in your design.

w(k)=0. s[”“’{@)}os k<2a  Equation Q3b
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a) Fora linear time invariant system find and sketch the resultant output »(x) for an input
x(k)={3.3.2.4}. The systems impulse response is given by h(k) = {11.43}.

b) Find the Discrete Fourier Transform (DFT) of x(k) = {5.1.4.2}
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