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[bookmark: _Toc503544960]Introductions: What Is Modulation?
[bookmark: _GoBack]Modulation is a process where data is transmitted over a certain distance via electronic methods. It is mainly used in telecommunication technology, and is very often used when doing anything that involves sending a signal, phone calls, emails, internet etc. Three aspects of the signal can be modulated, the amplitude, the phase and the frequency [1]. 
Once that is done the signal is transmitted to where it needs to go, where the process is reversed and the original data is extracted. This process is called demodulation.
[bookmark: _Toc503544961]What Will Be Done
Referring back to how the amplitude, phase and frequency can be modulated the methods used in this assignment and what they are generally used for are as follows:
· Amplitude Shift Keying (ASK), used for fibre optic data transmission [2]. 
· Phase Shift Keying (PSK), there are many types of PSK methods, and these methods are generally used in radio communications [3].
· Frequency Shift Keying (FSK), used in modems that run ‘up to a maximum speed of 1200 bps’ and avoid signal overlap via he use of guard bands [4]. 
During this study the signal will undergo these modulation and demodulation methods will be tested to see how they cope with varying amounts of Additive White Gaussian Noise (AWGN). There will also be some discussion regarding error correction codes, such as hamming code.
Some circuits possess a Bernoulli Binary Generator (BBG) with a Sine wave and a switch, as well as the components used to simulate the modulation method. The switch possess a threshold of 0.5, meaning when the BBG switches from 1 to 0 the switch will use signals from the top and bottom inputs to create the modulated outputs that will be shown below. The simulation stop time will be set to 10.

[bookmark: _Toc503544962]ASK
[bookmark: _Toc503544963]Modulated
[image: ]The first modulated circuit is the ASK. The ASK circuit uses a sine wave and a constant with the value of 0 connected to the BBG. Figure 1 is an example of a circuit that uses ASK. The circuit will switch between having a sine wave to no signal at all depending on the BBG’s signal output. Note that the constant attached to the switch is not a necessity, instead all that is required is a product connected to the sine wave and the BBG, testing has proved they produce the same result.Figure 1: Modulated ASK Circuit

[image: ]
Figure 2: Modulated ASK Circuit Signal. Top signal is ASK, bottom signal BBB.

[bookmark: _Toc503544964]Demodulated
[image: ]The primary method of demodulation involves the use of a low pass filter and adding a constant set to -0.25. After this the signal made is added to a constant set to 1, which is then filtered into a sign, which makes the signals digital. Afterwards the signal is added to a constant set to the value of 0.5. All this is to set the final signals in the manner seen above, it is meant to ensure that all the signals above, save for the modulated signal, are set to the value of either 0 or 1. Refer to Figure 4 for the demodulated ASK circuit.
Figure 3: Demodulated ASK Circuit
The circuit above is the demodulation circuit, and the scope results below are the results of this circuit. From left to right are the results: the BBG, the ASK modulation, the time delayed signal, and the demodulated signal. The time delay is set to 2.53 to ensure that the [image: ]modulated signal and the original signal are in sync. The modulated signal is the second signal from the top while the time delayed signal is the third one down.






Figure 4: Demodulated Circuit signal results from top to bottom: BBG, demodulated signal, time delayed signal, modulated signal.


[bookmark: _Toc503544965]PSK
[bookmark: _Toc503544966]Modulated
[image: ]Figure 3: PSK Modulated Circuit

PSK has a somewhat different method of modulation compared to ASK, as it does not use a constant at the beginning, but another sine wave with the phase set to the value of pi. The frequencies of both sine waves are set to 2*pi*10.

This results in a somewhat bizarre result that either resembles the letter M or W whenever the BBG switches values. This is due to a 180 degree change of phase within the waveform when the BBG signal changes [5]. 
[image: ]
Figure 4: Modulated PSK Circuit Signal. Top signal is the modulated signal, bottom signal is the unaltered signal.

[bookmark: _Toc503544967]Demodulated

[image: ]Demodulating this circuit uses the same method as the ASK. A low pass filter, followed by adding the signal to a -0.25 constant, followed by a sign, then adding the resulting digital signal with a constant of one. Afterwards the signal is sent into a product along with a 0.5 constant before going into the scope. Figure 5: Demodulated PSK Circuit


The demodulated signal is slightly different compared to the time delayed signal. The demodulated signal does not stay as active as the delayed signal. The reasons for this are unknown, perhaps it is an error in the modulation method or one of the initial frequencies is making the signal act strangely. From the looks of things it is not because of a time delay issue, but rather the signal itself, the time delayed signal has a very tiny slope when it switches from 0 to 1, which is the cause for the signal issue. 
The signal anomaly is shown below in Figure 6.

[image: ]
Figure 6: Demodulated PSK Circuit Signal. From top to bottom the signal is as follows: the BBG, the modulated signal, the delayed signal, and the demodulated signal.
[image: ]
[bookmark: _Toc503544968]FSK
[bookmark: _Toc503544969]Modulated

The Modulation method for the FSK in this case is different from the other modulation methods, in that the switch’s threshold is 0.1 instead of the usual 0.5 as seen in Figure 7. This does not necessarily have to be the case, although changing the switching threshold does effect the final result by making the intervals between the condensed sine waves shorter. The sine wave at the bottom (sine wave 3), possesses a frequency of 1, while the sine wave at the top has a frequency of 12*pi*10.Figure 7: FSK Modulation Circuit


[image: ]









Figure 8: Modulated FSK Signal, top signal is the BBG signal while the signal on the bottom is the modulated signal.


[bookmark: _Toc503544970]Demodulated

[image: ]Unlike the PSK there are no issues with the signal waveforms during demodulation. The circuit uses the same demodulation method as the two circuits prior. The circuit has acted as expected, the frequency becoming extremely high when the BBG is sending a value of one, and lowering when the BBG is sending a value of 0, see Figure 10 for a show of the waveform.Figure 9: Demodulated FSK Circuit

[image: ]
Figure 10: Demodulated PSK Signal, from the top to the bottom as follows is the BBG signal, the delayed signal, the demodulated signal and the modulated signal.















[bookmark: _Toc503544971]Graph Results

[bookmark: _Toc503544972]PSK Error Test
	Tests
	SNR (Signal to Noise Ratio
	Error Rate
	Mean

	1
	-10
	0.09091
	0.0606

	2
	-10
	0
	

	3
	-10
	0.09091
	

	1
	-20
	0.2727
	0.3

	2
	-20
	0.5454
	

	3
	-20
	0.1818
	

	1
	-30
	0.3636
	0.3939

	2
	-30
	0.4545
	

	3
	-30
	0.3636
	




Figure 11: Graph of Bit Error Rates in PSK


[bookmark: _Toc503544973]ASK Error Test
	Tests
	SNR (Signal to Noise Ratio
	Error Rate
	Mean

	1
	-10
	0.09091
	0.2124

	2
	-10
	0.1818
	

	3
	-10
	0.3636
	

	1
	-20
	0.5455
	0.4546

	2
	-20
	0.2727
	

	3
	-20
	0.5455
	

	1
	-30
	0.4545
	0.3636

	2
	-30
	0.1818
	

	3
	-30
	0.4545
	



[image: ]
Figure 12: ASK Bit Error Rate Graph




[bookmark: _Toc503544974]FSK Error Test
	Test
	SNR (Signal-to-Noise Ratio
	Error Rate
	Mean

	1
	-10
	0.3636
	0.2727

	2
	-10
	0.2727
	

	3
	-10
	0.1818
	

	1
	-20
	0.2727
	0.3333

	2
	-20
	0.3636
	

	3
	-20
	0.3636
	

	1
	-30
	0.6364
	0.54546

	2
	-30
	0.5455
	

	3
	-30
	0.4545
	



[image: ]
Figure 13: FSK Bit Error Rate Graph
According the graphs and charts above it can be determined that when it comes to dealing with errors via modulation the PSK is the most efficient method. Considering that this is the method used most for general communication this does not come as a surprise.


[bookmark: _Toc503544975]Hamming Code

Hamming Code was developed by Claude Shannon and Richard Hamming in 1940. It was a time where parity was being used for error checking but Hamming discovered a more efficient method could be used, which corrected single errors and detected double errors [6]. Hamming code is an efficient and simple method of dealing with errors, which is why we still use it to this day despite it being invented seventy years ago. 
All bit positions which are powers of 2 are used as parity bits, such as 2, 4, 8 and so on, while all other bit positions are used for encoding. Hamming code uses even parity. Here is a brief example of its workings: ‘Position 1 (n=1): skips 0 bits (0 = n-1), check 1 bit (n), skip 1 bit (n), check 1 bit (n), etc...’ this happens with parity bits 2, 4, 8 and so on [7].
So far there are no better methods of checking for errors than Hamming. It’s an easy and effective method and won’t be topped by another error checking method too easily.
[bookmark: _Toc503544976]Conclusion

Each method of modulation has its uses, and all of them deal with errors to varying degrees of success, but while they are moderately capable of attending to errors, they do not vanquish them entirely. Error correction methods such as Hamming have been very useful in this regard. It is doubtful that there will be any improvements on these methods for a long time. For now the methods we use work sufficiently.
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