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Abstract
[bookmark: _GoBack]In order to assess the performances of the signal modulations methods Amplitude Shift keying (ASK), Phase Shift Keying (PSK), and more complex, Quadrature Amplitude Modulation (QAM) and Quadrature Phase Shift Keying (QPSK); Simulink models were designed and created. For the purposes of the experiments outlined in this report Added White Gaussian Noise (AWGN) was introduced to the communication line between the modulator and demodulator sections of the systems, in order to produce noise on the line. The signal to noise ratios were adjusted until system failure occurred. These findings were then recorded and compared to the Bit Error rate of the design.  
[bookmark: _Toc59287838]Introduction
Digital signal communication typically needs four main parts. Firstly the data being put into the system, in the case of this experiment this was be a Bernoulli random noise generator. This data then needed to be modulated with a carrier wave to allow it to travel any significant distance, this distance was represented by the channel line. This main line was separated by an added white Gaussian noise or AWGN component in order to introduce noise to the signal, this was progressively increased until system failure occurred. Once passed through the main channel line the signal then required demodulation in order to read the original data sent. For the purposes of this assignment a bit error calculator (BER) was used to measure the error rate of the designs output with respect to its input, when progressively more AWGN was applied to the system. Due to the use of a random number generator every run was repeated 10 times with the average bit error rate determined and graphed. In order to ensure a relatively large quantity of random numbers were sent, the model was run for 100 samples.   There are two types of signal, as there are channels, these are base-band or band pass. A base-band is a signal that’s spectrum is centred on the zero point such as speech, it is low frequency and so its centre is around the zero point on the spectrum. Band pass signals are signals whose spectrum are centred around another region, not zero. They have upper and lower frequencies available, such as standard home broadband wireless signals. Base-band channels only allow through signals that themselves are baseband, this is because a base-band channel is centred on the zero point, so the signal sits within its response region. A base-band channel will not respond to a band pass signal because the signal is outside of the channels response, so the channel effectively can’t see the signal.  Base-band signals can only be transmitted wirelessly through modulating a carrier wave with the signal, otherwise an oversized, and impractical, antenna would be required to output the low frequency of the spectrum. [1]
[bookmark: _Toc59287839]Background Information
[bookmark: _Toc59287840]Amplitude Shift Keying (ASK)
Amplitude Shift Keying, specifically On – Off Keying for the purposes of the experiment, is a basic signal modulation technique that transmits binary information by either sending a carrier wave when a binary 1 is input or not transmitting to send binary 0. This produces an output with pulses of carrier wave, denoting 1, and no data, denoting 0 [2]. This can be achieved through the use of a switch whose output condition is dependent on its input data i.e. when binary 1 is input the switch outputs the carrier wave. When binary 0 is input the switch outputs a constant zero. 
[bookmark: _Toc59287841]Phase Shift Keying (PSK)
For the purposes of this experiment binary phase shift keying modulation uses two sine waves of the same amplitude but of different phase, in this case 0 and Pi radians, to represent either a 1 or 0 output. [3] These carrier waves are then passed through a switch with its condition being set by a binary data stream. This produces a modulated output that switches between either a 0 phase waveform or a Pi phase waveform. 
[bookmark: _Toc59287842]QAM and QPSK 
Both QAM and QPSK designs were researched and Simulink models were attempted however a working system was never achieved.
Quadrature Amplitude Modulation is a more bandwidth efficient amplitude modulation design that uses aspects of phase shift modulation to transmit bits of data. Quadrature refers to 90 degrees indicating that phase shifting characteristics are present with its simplest form being 2-QAM or QPSK [4]. QAM and QPSK are best explained through the use of constellation diagrams, with each point representing a bit of data, its distance from the centre, its amplitude and its location in any given quadrant, its phase. See Figure 13 QPSK Constellation Diagram [3] [4]. Adjusting amplitude and phase allows the system to transmit more data, for example 8 QAM which uses four phases and two amplitudes to transmit 3 bits at a time. While this greatly increases efficiency it also become more difficult to demodulate in the presence of noise,  CITATION End20 \l 2057 [5]with more information in each quadrant of the constellation diagram the less room there is for noise before the bits become overlapped.  
[bookmark: _Toc59287843]Bit Error Rate (BER)
Bit error rate best defined as the number of bits that have errors when compared to the total number of bits received from the sampled transmission  CITATION Rob02 \l 2057 [6]. In the case of the experiments conducted on ASK and PSK systems, 101 bits were received by the bit error rate calculator on each run. The calculator also provided the number of bits it received with an error’s as well as a percentage of this error compared to the 101 received bits. See  REF _Ref59187015 \h Figure 3 - PSK - BER Calculator where the top number is percentage, second is bit errors and third total number of bits received.    
[bookmark: _Toc59287844]Signal to Noise Ratio (SNR)
Signal to Noise Ratio (SNR) is the measurement of a signals size to the size of the noise present  CITATION Wil13 \l 2057 [7].  Typically measured in decibels (dB), a negative value indicates the noise being larger than the signal, see  REF _Ref59187736 \h Figure 4 - AWGN Parameters Example. This is a primary contributor to BER as noise within the signal results in the demodulator being unable to extract the carried data. 
[bookmark: _Toc59287845]Filtering 
An ideal filter will have zero oscillations from zero to the point where is it turned on, a sharp rise to the top value set and minimum oscillations at its band pass for the duration of its activity. The oscillations at the band pass, or the peak of the rise where the filter begins to effect the waveform is named the Gibbs effect and it always present to some degree. 
For the purpose of the experiments a low-pass FIR, or finite impulse response, filter was selected with a Kaiser window applied in both ASK and PSK Simulink designs, the f-stop function was then adjusted until a suitable order was found. A low pass filter was selected because the signal is coming from zero and increasing, so the base band that is required.


[bookmark: _Toc59287846]Simulation Models
[bookmark: _Toc59287847]ASK 
The system was designed with a Bernoulli random number generator set to have a 50% chance of exporting a 1 or 0. This was fed into a basic switch with a sine wave generator and a constant generator set to 0. This switch exported either the sine wave input of constant input depending on number produced by the Bernoulli generator. This output was fed into a scope for review to ensure the system was working as intended. 
AWGN was then added to the transmission line, the line transferred the modulated signal to where it was then demodulated.  Demodulation was achieved by first multiplying the transmission with an identical sine wave to that used in the original carrier wave form. The resulting signal, as seen in the top pane of  REF _Ref59202645 \h Figure 9 ASK Pre-Filtered vs Post-Filtered, carried a considerable amount of noise, so required filtering in order to produce a usable signal for data extraction. The filter design, as seen in  REF _Ref59195969 \h Figure 6 - ASK Filter Design, was designed and applied to the waveform producing the signal depicted in the bottom pane of in  REF _Ref59202714 \h Figure 9 ASK Pre-Filtered vs Post-Filtered. The waveform was then passed through a switch set to export 1 when the positive value was applied and 0 when negative. This was required as the filtering of the signal, while removing the noise, resulted in a substantial decrease in the original signals square wave output. At this point the signal was considered demodulated and was passed through an error calculator to analyse the signals bit error. This was done by referencing the demodulated signal to the output of the Bernoulli random number generator.
[bookmark: _Toc59287848]PSK
The PSK signal utilised two sine waves, one of which was set to be “Pi radians” out of phase with the other, and a Bernoulli random number generator. The modulation was achieved through use of a switch set to export the first sine wave, with zero phase shift, when the number generator produced 1 and the opposing sine wave when 0 was produced. The resulting scope outputs can be seen in  REF _Ref59201361 \h Figure 8 PSK Binary Input vs Modulated Output. As with the ASK design, AWGN was then applied to the transmission line and the resultant signal multiplied by the initial sine wave, specifically the sine wave with zero phase shift. As viewed from the top scope output in  REF _Ref59202032 \h Figure 10 PSK Pre-Filter vs Post-Filter the transmission carried noise, this was then filtered using the designed filter as shown in  REF _Ref59202459 \h Figure 11 PSK Filter Design to produce the bottom scope output in  REF _Ref59202032 \h Figure 10 PSK Pre-Filter vs Post-Filter.
[bookmark: _Toc59287849]Results 
All the graphs (as figures), Tables (BER and WGN) 


[bookmark: _Ref59261049][bookmark: _Toc59287854]Figure 1 BER vs SNR of ASK and PSK

[bookmark: _Toc59287855]Figure 2 BER vs BER of ASK


[bookmark: _Toc59287856]Figure 3 ASK BER vs SNR




	SNR
	BER AVG

	5
	0.00

	0
	0.00

	-5
	2.20

	-7.5
	6.80

	-10
	14.80

	-12.5
	23.00

	-15
	25.90

	-17.5
	30.40

	-20
	32.40

	-25
	39.60

	-30
	45.60

	-35
	47.60

	-40
	47.60

	-45
	46.40

	-50
	48.40
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	SNR
	BER AVG

	5
	0.00

	0
	3.70

	-5
	17.00

	-7.5
	22.80

	-10
	25.20

	-12.5
	33.00

	-15
	36.20

	-17.5
	40.20

	-20
	45.90

	-25
	46.10

	-30
	46.70

	-35
	50.10

	-40
	49.40

	-45
	49.70

	-50
	48.70
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[bookmark: _Toc59287850]Discussion
ASK - The problem being that the sine wave produced when 1 is output has a negative component, it is much easier to transmit and decrypt the data when all values are in the positive region. Therefor the outputted signal from after the ASK switch is multiplied by another sine wave. This signal is then further filtered in order to recover the original square wave of binary data. 
Whilst widely used in low cost, simple appliances, the design is highly susceptible to noise and cannot transmit large amounts of information quickly, or high bit rates. Amplitude shift keying can be adjusted to allow for a higher bit rate, this is done through the use of more than two power levels as used in On-Off Keying. Using multiple levels within the same main carrier frequency allows the transmission of two bits at a time and therefore doubles the bit rate.CITATION Aut10 \l 2057  [2]   
PSK appears to be less susceptible to noise as it is added to the signal. This is most evident on the second run of the experiment when the SNR was set to zero. This is where the first bit errors we encountered on the ASK system, the PSK system did not produce an error until an SNR of -5 was reached. Throughout the experiment PSK consistently produced less bit errors and appears to have reached system failure later than ASK. As seen in  REF _Ref59261049 \h Figure 1 BER vs SNR of ASK and PSK, both traces appear to flatten at a SNR of approximately -45, however the ASK values reached this limit with a BER of -20 whereas the PSK model required an SNR of -30 before its BER reached 45.    
This may be because amplitude is effected more by noise than frequency shift therefore the change in amplitude necessary in an ASK system is at a greater risk of bit error when compared to a PSK system.
It is also noteworthy to point out that the AWGN generator was placed on the main data line connecting the modulating and demodulating systems. This transmission line is, in effect, the space between the sent signal and the receiver and may well be many miles of atmosphere and/or differing qualities or cable or antenna.  While adding the AWGN generator to the transmission line will somewhat replicate the noise a signal may pick-up through the above mentioned mediums, it can only do this from one fixed location. Adding multiple noise producing blocks onto the Simulink models may provide a more realistic signal to noise relationship. 
QPSK and QAM, whilst comparatively difficult to build, run and operate, are more efficient systems due to their inherent ability to transmit much more data per cycle. This results in fast transmission speed and a reduction in “lag”. 
[bookmark: _Toc59287851]Conclusions
The analysed results gathered from the experimentation indicated that PSK is a modulation less susceptible to noise. This appears to be due to its defining characteristic of using the phase of a carrier wave to denote data, in this case 1 or 0. ASK appears more at risk from BER as a result of noise increase, largely due to its design that uses amplitude adjustment to send data. Noise appears to affect the amplitude of a signal before its phase becomes indistinguishable from the background of the waveform.
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