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Abstract
This report covers an experiment investigating the properties of amplitude shift keying, frequency shift keying and phase shift keying. The main objective is to examine which modulation technique handles noise interference most satisfactory. 
Three modulation/demodulation systems were built utilising Simulink. An additive white noise channel was added to simulate noise levels in the real world. The three systems were then simulated transferring binary data from a random binary data generator. The results were compared at differing noise levels, and lastly exported into graphs for a visual representation of the noise susceptibility. 
The PSK outperformed the others by a substantial margin, with an average error rate of 11,47% The ASK and FSK had an average error rate of 15,03% and 25,03% respectively.
Forward error correction in the form of Hamming code was discussed, but problems with the Simulink software caused the simulation to produce errors when incorporating the FEC into the modulation systems. 


[bookmark: _Toc503559776]Introduction
Radio noise and other electromagnetic interference is everywhere. It affects all digital and analogue systems, and it can disrupt all signals broadcasted through almost any channel. Signal attenuation can also lead to data loss. Signal modulation and amplification is therefore key to combat these and other issues. Modulation alone can vastly improve the capability of transmitting small signals over longer distances through noisy environments[1].
This report will investigate the impact of augmented Gaussian (white) noise on data signals and the methods to overcome them, namely three different modulation techniques. FEC (forward error correction) will also be discussed.
Matlab 2016 with the Simulink extension was utilised to simulate the different modulation and de-modulation systems. A Gaussian noise channel with an adjustable signal-to-noise ratio was added to simulate a noisy environment.


[bookmark: _Toc503559777]Modulation
A digital signal needs modulation to be broadcasted efficiently and with less errors. This is, among other things, to overcome signal attenuation and distortion when broadcasted over a channel. ASK, FSK and PSK are the three main types of modulation in use, with different varieties and complexities for each of the three. Modulation’s main working principle is to translate the weak original signal into a much stronger, stable waveform which can be broadcasted over larger distances. This will increase the SNR[2] (signal-to-noise ratio).
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[bookmark: _Toc503559779]ASK
ASK (amplitude shift keying) is arguably the simplest modulation technique for a digital signal. It’s main working principle is to shift the amplitude of the carrier wave according the input signal. This was one of the first mainstream modulation techniques, and has since been replaced by better, more effective modulation methods. It suffers from a higher susceptibility to noise, compared to other modulation techniques since different noise amplitudes can alter the amplitude of the signal itself[3][4]. Since it is relatively effective over shorter distances and cheap to engineer and implement, it still sees use to this day. An example of ASK is shown below in fig 1 and 2.

[image: ]
Figure 1 - ASK modulation oscilloscope view (10dB SNR). Legend (descending): Input, output, additive noise
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Figure 2 - ASK modulation block diagram
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FSK’s (frequency shift keying) working principle relies on frequency rather than amplitude. It relies on switching between carrier frequencies according to the input signal. The separation of frequencies makes them easier to detect and de-modulate, as well as making the signal less susceptible to noise since the noise covers a much broader frequency spectrum[3]. A logical 1 on the input side will cause an increase of the carrier wave’s frequency. See appendix 1 for the FSK block diagram[5]–[7].

[bookmark: _Toc503559781]PSK
The principle of PSK (phase shift keying) relies on changing the phase of the carrier wave according to the input signal. This makes it less susceptible to noise, as phase changes are harder to affect by noise alone. It is of a higher complexity design-wise, mainly because altering the phase of a signal requires a higher degree of hardware complexity, and the detection of phase changes on the receiving end requires sophisticated algorithms. The change in phase is carried out by switching between 2 carrier waves of opposing phase. A change in logical state alters the phase (normally by 90 degrees) of the carrier wave. This makes this modulation technique highly bandwidth-effective, as the information is carried in the state of change of the wave. See appendix 2 for the PSK block diagram.
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The demodulation techniques of ASK, FSK or PSK are very similar in principle of operation and composition. Initially, the signal passes through a low-pass filter to remove the unwanted high frequencies of white noise. This narrows down the frequency spectrum drastically, making the following operations more manageable to execute. The signal then passes through a series of math-operations, to alter and filter down the signal additionally. 
In Simulink, this can be visualised as blocks. In fig 2, we see the signal pass through a lowpass filter immediately after being broadcasted over a channel. The following blocks are math functions, and the satisfactory signal ends up in an oscilloscope. The oscilloscope has “probes” on different stages of modulation/demodulation to offer a visual clue regarding the mechanics of the operation. It also includes a comparator system which calculates the error ratio between sent and received waveforms. These numbers will be the basis of calculations in this report. The error-checking system requires a transport delay. The reason for this is the in-built simulation delays in the different blocks in Simulink, making the waveforms synchronise in the oscilloscope.





[bookmark: _Toc503559783]Investigating noise susceptibility
The method for investigating noise susceptibility and signal quality will be the same for all three modulation techniques. Noise will be added gradually, and simulated individually each time. Simulation time is 100 seconds, at a sample rate of 1/1000. This provides 100k samples to calculate error percentage from. The final results will be plotted in a graph, showcasing how the signal performs under differing noise levels. The graphs will then be compared, and a conclusion will be made as to which modulation technique is best suited to broadcast binary information under different circumstances.
[bookmark: _Toc503559784]ASK simulation
Amplitude shift keying shows promising results despite its relatively simple design. The initial error percentage is below 50% with -50dB SNR, and drops off to miniscule levels at circa 2dB SNR. The error percentage after this value is miniscule and easily managed by FEC (forward error correction). At above 20dB SNR, the ASK technique was the only modulation technique with error percentages under 0.1%. 
Figure 3 - ASK error percentage graph
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Despite its complex composition, FSK did not show better results than both ASK and PSK. With an initial error percentage of 74,7% at -50db SNR, the FSK system is not performing as well as intended. It also remains at a higher error level throughout. An attempt was made to correct this, by using a multiplexer and demultiplexer to utilise one AWGN-channel (additive white Gaussian noise) instead of two. This did not solve the problem completely, but instead moved the entire error spectrum down by 3%. The responsiveness and noise susceptibility remained the same.

Figure 4 - FSK error percentage graph
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The PSK modulation system outperformed the ASK and the FSK. The FSK system was outperformed by a substantial margin. Its performance under heavy noise (-50dB) was very similar to the ASK, but as seen in figure 5, the error percentage declines more rapidly, as it drops off at circa -15dB SNR. At 1dB SNR, the signal only has an error ratio of 4%, compared to the FSK’s 14,5% and the ASK’s 7,6%. 

Figure 5 - PSK error percentage graph
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After simulating the three modulation techniques in Simulink, the data was recorded and formed the basis of the graphs in this report. The condensed information for all three modulation techniques is presented in figure 6 below. 
	SNR (dB)
	ASK Error %
	FSK Error %
	PSK Error %

	-50
	49.7
	74.7
	49.6

	-20
	43.5
	69
	40

	-10
	34.3
	56
	21.5

	-5
	23.8
	42
	13

	-2
	15.2
	29.3
	9

	-1
	13.5
	25
	7

	1
	7.6
	14.5
	4

	2
	6
	10.8
	3

	5
	1.5
	2.6
	0.9

	10
	0.1
	0.5
	0.3

	20
	0.07
	0.4
	0.3

	50
	0.06
	0.3
	0.3

	100
	0.06
	0.3
	0.3

	Average %
	15.03
	25.03
	11.47


Figure 6 - Error rate data grid
This offers a more detailed look. As the figure shows, the error rate evens out after reaching SNR>10. This may be a Simulink simulation artefact, making sure there is always some level of error in any system, simulating real life applications. The ASK was marginally better than the PSK at high SNR’s, but the average error rate performance was substantially better in PSK modulation. The scale is a logarithmic 1-2-5 scale, lessening the amount of data points needed for recording while keeping the necessary resolution to generate sensible graphs. A summary graph comparing all three modulation techniques can be seen below in figure 7. 

Figure 7 - ASK, FSK and PSK modulation error percentage comparison
Here, the differences between the three becomes even more clear. The FSK is not satisfactory compared to the three others. The PSK’s drop off is evident at circa -15dB SNR. The ASK is similar in pattern, but the PSK is ultimately preferable overall. 
A more detailed view of the individual modulation techniques with oscilloscope views can be found in the appendices of this report, because of formatting reasons.

[bookmark: _Toc503559788]Forward error correction
An error correction system will decrease the amount of errors on the output to an ideal zero. This is necessary to guarantee a well performing data-flow in a signal broadcasting/transmission system. There are multiple methods of forward error correction, with Hamming code being the method of interest in these experiments. Simulink offers built-in Hamming code error correction. This works on its own, but when it was incorporated into the other simulation blocks, it generated more errors both in the program and the simulation than it solved. 
[image: ]
Figure 8 - Hamming code scope view. Input/output
[image: ]
Figure 9 - Hamming code blocks
In figure 9, we see the composition of Simulink blocks to generate Hamming coding and decoding. This is just a Hamming system on its own, without a modulation/demodulation system providing data. In the oscilloscope, we see the raw input, and on the output, we see the same data. This data has been through the process of adding parity bits to either the start or end of a code block. One of these processes is the (7,4) Hamming. Here, a total of 7 bits is transmitted, with 3 bits being the parity check. 4 bits are part of the actual information flow[8].

[bookmark: _Toc503559789]Conclusion
For transmitting or broadcasting binary data, the PSK modulation produced favourable results compared to the other two techniques. It handles higher levels of noise much more satisfactory than ASK and FSK. It is more complex than ASK, so for smaller applications over shorter distances, the ASK will perform adequately. 
The FSK modulation suffers from a high susceptibility to noise, contrary to previous predictions. This may be solved by adjusting the parameters of the different blocks in Simulink, or transmitting with altered frequencies in the carrier waves. Further research is needed on FSK’s high susceptibility to noise.
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Appendix 2 - FSK Simulink block diagram
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Appendix 3 - PSK oscilloscope view. Phase change visible on 3rd screen.
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Appendix 4 - PSK Simulink block diagram
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ASK vs FSK vs PSK error %
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