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Introduction
The aim of this assignment was to create and compare three working forms of modulation and demodulation with additive white gaussian noise in Simulink using ASK (Amplitude shift keying), FSK (frequency Shift keying) and PSK (Phase shift keying) methods. The assignment also asked to investigate two forms of error control coding and to theoretically explain how they work in the system.
     This project will produce the three methods using Simulink before and after modulation and compare the results of each method to see which one is the most effective variant this will be shown in the form of a graph. The two forms of error control coding that will be used in the project will be hamming code and CRC coding.

Modulation and Demodulation
Modulation is the changing of properties of a wave form, called a carrier signal, with a modulating data signal. The most known form of modulation is radio waves, as they modulate a digital signal containing analog audio signals, on to another waveform normally a sine wave so that the wave can be physically transmitted to a receiver. The aim of this type of modulation is so that an analog wave can be transmitted through the atmosphere to a receiver without any loss in data.
     Demodulation is the opposite of modulation which is extracting a data signal from a carrier waveform. For example, extracting a music from a carrier wave sent from a radio station so that a radio can produce sound.
     The most common use for modulation and demodulation are in radio receivers but this can also be used in many other systems for example modems where demolition is used to extract a serial digital team from a carrier wave transmitted through a telephone line or optical fiber

AWGN/Noise
Additive white gaussian noise is a noise model used in simulation to copy the effect of random processes that are found in nature. There are many forms of natural noise that can interfere with a waveform some examples are as followed: the sun, vibrations of atoms in conductors and certain weather conditions.
[image: ]







The above screenshot shows a physical representation of what white noise looks like in a waveform. One solution to combating white noise is to design a filter that will strip noise out of the waveform that is being transmitted. This is normally done by using a low pass filter to strip out high frequencies to make the waveform smoother.
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The screenshot above shows a modulation system in the form of ASK. Amplitude shift keying is a form of modulation that represents data in the form of changing amplitudes of a carrier wave. In ASK when there is a binary 1 the carrier wave is transmitted at an increased amplitude, when there is a binary 0 a low amplitude will be transmitted represented by a straight line.
     The screenshot bellow shows the scope results for the ASK modulation for the Bernoulli binary generator and the resulting modulation between the Bernoulli binary generator and the carrier wave, with the top graph being the Bernoulli binary generator and the bottom being the modulated wave. As can be seen in the screen shot when a 1 is present from the Bernoulli binary generator the amplitude increases on the modulated wave form indicating the carrier wave is being transmitted, it stays like this until a 0 is present then returns to the default amplitude which indicates that the carrier wave has stopped being transmitted. 
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The above screenshot shows the final modulated and demodulated ASK system including an AWGN channel to simulate noise in to the system. As the signal makes its way through the system it passes through varies blocks. Such as the low pass filter which reduces the noise within the signal by stripping out high frequencies. The signal also passes through varies mathematical functions to position the waveform correctly. An error rate calculation block which is found at the end of the system is there to compare the final demodulated signal with the input signal and calculate the percentage in error these results can be found in system results.
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The screenshot above shows the scope readings from varies parts within the system. The graph in the top left represents the signal being produced by the Bernoulli binary generator. The middle left graph represents the ASK modulated wave. The graph in the bottom left represent noise being added to the modulated wave this is true as the waveform contains similarities between this graph and the modulated wave graph. The graph in the top right represent the noisy modulated wave being filtered through a low pass filter. The middle right graph shows the final demodulated wave. As can be seen this graph bares resemblance to the input signal from the Bernoulli binary generator in the top right, just slightly later the time scale this shows that the system works.

FSK Modulation
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The screenshot above shows a modulation signal in the form of FSK. Frequency shift keying is a form of modulation that represents data in the form of changing frequencies of a carrier wave. In FSK when there is a binary 1 the carrier wave is transmitted at an increased frequency, when there is a binary 0 the carrier wave is transmitted at the default frequency which is lower.
     The screenshot bellow shows the scope results for the FSK modulation for the Bernoulli binary generator and the resulting modulated wave between the Bernoulli binary generator and the carrier wave, with the top graph being the Bernoulli binary generator and the bottom graph being the modulated wave. As can be seen in the screen shot when a 1 is present from the Bernoulli binary generator the frequency increases on the modulated wave form indicating that the carrier wave is being transmitted, it stays like this until a 0 is present then returns to the default frequency which indicates that the carrier wave as stopped being transmitted.
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The screenshot above shows the final modulated and demodulated FSK system including an AWGN channel to simulate noise into the system. As the signal passes through the system it passes through varies blocks. As can be seen this system contains two low pass filters, this is because the system contains two carrier signals and both need to be filtered secretly then added together. This is done by the varies mathematical functions found in the system.
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Final Demodulated Wave







The graph in the top right represents the data produced by the Bernoulli binary generator. The middle right graph represents an FSK modulated wave between the Bernoulli binary generator and two carrier waves. The graph in the bottom left represents the noise being added into the modulated wave. The two graphs in the top right and middle right represent the noisy modulated signal going through the two filters, the second graph is also the inverse of the first one. The graph in the bottom right shows the final demodulated signal. As can be seen this graph resembles the shape of the input signal from the Bernoulli binary generator while containing errors within it.

PSK Modulation
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The screenshot above shows modulation system in the form of a PSK. Phase shift Keying is a form of modulation that represent the data in the form of a phase shift, of a carrier wave. In PSK when there is a binary 1 the carrier wave phase shifts 180 degrees and creates an m where this happens, when there is a binary 0 the carrier wave phase shifts 180 degrees again and creates a w where this happens.
     The screenshot bellow shows the scope results for the PSK modulation for the Bernoulli binary generator and the resulting modulation between the Bernoulli binary generator and the carrier wave, with the top graph being the Bernoulli binary generator and the bottom being the modulated wave. As seen bellow when a binary 1 is present form the Bernoulli binary generator the phase of the carrier wave shifts indicating the start of the carrier waves transmission, when a 0 is present from the Bernoulli binary generator the phase then shifts again creating a w which indicates that the transmission of the carrier wave has stopped. 
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The screenshot above shows the final modulated and demodulated PSK system including an AWGN channel to simulate noise into the system. As the signal passes through the system it passes through varies blocks. As can be seen in the system this system also contains multiple low pass filter similar to FSK modulation. Where this system differs from an FSK modulation is the carrier waves, in PSK an inverted second carrier wave is needed for the modulation to work.
[image: ]







	



Final Demodulated Wave










The graph in the top right represents the data being produced by the Bernoulli binary generator. The middle left graph represents the modulated waveform. The graph in the bottom right represents noise being added to the modulated waveform. The two graphs in the top right and middle right represent the wave being passed through a filter, as can be seen the second graph is the inverse of the first graph. The graph in the bottom right represents the final demodulated waveform. As can be seen the final waveform resembles the shape of the input wave but contains anomalies in the form of errors.

Modulation/ Demodulation Results

ASK
	
	0 Noise
	-2 Noise
	-5 Noise
	-10 Noise

	Test 1
	0
	0.1891
	0.3035
	0.393

	Test 2
	0
	0.1891
	0.3085
	0.403

	Test 3
	0
	0.1791
	0.3433
	0.4378

	Average
	0
	0.186
	0.318
	0.411



FSK
	
	0 Noise
	-2 Noise
	-5 Noise
	-10 Noise

	Test 1
	0
	0.2
	0.2
	0.3

	Test 2
	0
	0.1
	0.3
	0.5

	Test 3
	0
	0.2
	0.3
	0.4

	Average
	0
	0.167
	0.267
	0.4



PSK
	
	0 Noise
	-2 Noise
	-5 Noise
	-10 Noise

	Test 1
	0
	0.1
	0.2
	0.3

	Test 2
	0
	0.1
	0.1
	0.2

	Test 3
	0
	0.1
	0.1
	0.3

	Average
	0
	0.1
	0.133
	0.267




The screenshot above shows a graph plotted using the average error rates in percentages against four different noise levels. As the graph above shows the worse system was the ASK. The best performing system was the PSK as its averages contained low error rates.




The results in the tables show on the previous page show that, during there being 0 noise from the AWGN all methods show 0% error rates modulating and demodulating the data well. By adding -2 db of noise into the AWGN channel this starts to introduce errors in all the methods. As can be seen these are quite small error rates but when all three method averages are compared together the results show that PSK has the least amount of errors. By adding -5db of noise into the AWGN channel errors occur again this time rising in rate. As the results show again when all the averages are compared again the PSK has the least amount of errors while ASK has the most amount of errors. Finally, when -10db is added to the AWGN channel larger errors occur again. Again, as the results show when the averages are compared the PSK method has the least amount errors while the ASK still has the most.
     In conclusion to the results on the previous page the worst method for modulating and demodulating a wave containing noise is the ASK method. The FSK method is slightly better than the ASK as it has a high noise immunity rate. While the method as shown in the results by far is the PSK method showing that this method has high noise immunity.

Error control coding
Hamming Code
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The screenshot above shows a hamming code system created in Simulink. Hamming code is a form of error detection and correction code normally coded in 7,4 with a parity check matrix. This system can detect up to a maximum of two errors and correct up to one error. Single bit errors are detected by checking whether the parity bit is correct.

CRC (Cycle redundancy check)
CRC is another form of error detection code it is a hash function used to detect accidental changes in data. When a block of data is entered into this code a check is added to it. The way this check works is by comparing a four-digit binary check value too a generator matrix and a matrix containing the data that has been entered into the check. This type of coding good at detecting errors in noise as it is simple to implement into a binary structure, this is because the check value is at a fixed length.
BER Against Signal Noise

FSK	0	-2	-5	-10	0	0.16700000000000001	0.26700000000000002	0.4	ASK	0	-2	-5	-10	0	0.186	0.318	0.41099999999999998	PSK	0	-2	-5	-10	0	0.1	0.13300000000000001	0.26700000000000002	Noise (db)


Error Rate (%)
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