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In this assignment I will be researching, creating and testing different modulation models ASK, FSK and PSK. I will be doing the majority of my research by using websites to try and gain a better understanding of each model individually, and the error correction and detection for AWGN.
I will be using Simulink on MatLab to create my models, and use a scope to compare how the AWGN is effecting the output signal when noise is added. I will also be looking at some of the error codes that can be used to detect and correct error in signals.
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In this assignment I will be researching different modulation methods. These methods will be ASK, FSK and PSK. I will be researching further what the different models do and how they are meant to react when a signal is added to the filter. I will also be researching AWGN and error correction and detection. AWGN simulates interference that could be come across in everyday life, so is an important part of the assignment.
I will be creating models for ASK modulation, PSK modulation and FSK modulation and comparing the effects of AWGN on the output signal as the noise increases. This is simulating interferences that are experienced everyday.
I will then be looking at the error correction and detection codes that can be used to rectify some of the problems that are experienced, and how certain codes work.
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[bookmark: _Toc501736415]ASK (Amplitude Shift Keying)

ASK is a digital modulation that represents digital data as variations in the amplitude of the carrier wave. The amplitude of the carrier signal varies with the modulating signal while the frequency and phase stay constant. The carrier signal can be thought of as an on off switch, in the modulated signal 0 is represented by the absence of a carrier, this would give the on/off keying. The level of amplitude is used to represent binary logics 0’s and 1’s. [1]
[image: ]








[2]

Above is an example of ASK modulation. When the data bit is 1 the wave is transmitting and at data bit 0 there is nothing.
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PSK is a digital modulation where the phase of a transmitted signal is varied to convey information. There are numerous methods to accomplish PSK.
“The simplest PSK technique is called binary phase-shift keying (BPSK). It uses two opposite signal phases (0 and 180 degrees). The digital signal is broken up timewise into individual bits (binary digits). The state of each bit is determined according to the state of the preceding bit. If the phase of the wave does not change, then the signal state stays the same (0 or 1). If the phase of the wave changes by 180 degrees -- that is, if the phase reverses -- then the signal state changes (from 0 to 1, or from 1 to 0). Because there are two possible wave phases, BPSK is sometimes called biphase modulation.”[3]
There are more complicated forms of PSK such as Multiple Phase Shift Keying (MPSK), Quaternary Phase Shift Keying (QPSK) and Octal Phase Shift Keying (OPSK).
[image: Image result for psk modulation]
[4]
Above is an example of PSK modulation. When the data bit changes the signal changes phase.
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FSK is a digital modulation method where the two binary states, logic 0 is low and 1 is high, are each represented by a analog waveform. Both logic 0 and 1 are represented by their own specific frequency. A modem converts binary data to FSK for transmission over various sources such as cables, optical fiber and telephone lines. It also converts FSK signals to digital high and low states that the computer can understand.
FSK was introduced in the mid 1900s for use with teleprinters, as the speed wasn’t bog enough for large text transmission. The basic principle of FSK has not changed in over half a century.[3]


[image: ]
[2]
Above we can see an example of FSK modulation. The data bit 1 represents the high frequency and data bit 2 represents the low frequency.
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AWGN is a simulation of disturbances in the channel that the signal is trasnmitted. There are various reasons for this such as the thermal noise that is caused by the movement of electrons in the electronic circuit that is being used, the disturbance (noise) is modelled as Additive White Gaussian Noise.[5]

Additive: The additive is there because the noise will get added to the signal and not multiplied.[5]

Gaussian: Thermal noise is random in nature, if you could determine the noise you would subtract the exact value as soon as it is received, so the random thermal noise has Gaussian distribution with 0 mean and variance as the noise power. Gaussian has a normal distribution in the time domain, with an average time domain of 0. Gaussian is useful to represent real valued random variables whose distributions are not known.[5][6][7]

White: Meaning same power for all of the frequencies, meaning that the noise is equally present with the same power at all of the frequencies. [5]
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Error Control Coding (Channel Coding)

Error or noise effects the reliability of a communication system. Error control coding or channel coding is the procedure that controls how often errors occur. These techniques then help in error detection and error correction. There are numerous different codes, which all depend on the mathematical principles applied to them.[8]

[bookmark: _Toc501736420]Linear Block Codes

The parity bits have a linear combination with the message bits in linear block codes. This means that the code word it has resulted in is the combination of any two code words.[8]
“Let us consider some blocks of data, which contains k bits in each block. These bits are mapped with the blocks which has n bits in each block. Here n is greater than k. The transmitter adds redundant bits which are (n-k) bits. The ratio k/n is the code rate. It is denoted by r and the value of r is r < 1.”[8]
The (n-k) bits added are called the parity bits. The parity bits help in error correction and detection, it also helps locate the data. In data being transmitted, the message bits correspond to the left most bits, whilst the right most bits correspond to the parity bits.[8]
[bookmark: _Toc501736421]Hamming Codes

Hamming codes are a type of linear error correcting codes. Extra parity bits are used to identify single bit errors while using hamming codes. To change the bit pattern, bits of the data are to be changed. Such number of bits are termed as hamming distance, if the parity has a distance of 2, on bit flip can be detected, but can’t be corrected, but also any two bit flips cannot be detected. Hamming code is one of the better procedures to others used in error detection and correction.[8]
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Simulations

[bookmark: _Toc501736423]Building the Model

There are 4 different stages to the complete model. The generator, modulation stage, de-modulation stage and the math stage.
[bookmark: _Toc501736424]Bernoulli Binary Generator
[image: ]
Above is the Bernoulli Binary Generator, this is a random data source that generates binary numbers using bernoulli distribution. The generator uses and initial seed of zero[9]
[bookmark: _Toc501736425]Modulation
[image: ]
 




This is the modulation stage, this is where the information is added to the signal. The information is added by varying its amplitude, frequency, phase or polarization.[10]
[bookmark: _Toc501736426]De-Modulation
[image: ]
The de-modulation process is the exact opposite of modulation. It extracts the original signal from the modulated carrier wave. It recovers the original wave.[11]
[bookmark: _Toc501736427]Math 
[image: ]
The math stage is used to make the output signal the same as the input signal on the scope. This can change the parameters of the wave so that we can get the same output signal as we have input.
All three models have the same process as each start with a generator, modulation, de-modulation and the math stage.
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ASK Modulation
[image: ]

Above we can see ASK modulation model with no errors and without any AWGN. This modulation is working fine, and the output signal is the same as the input signal which is correct. I had to change the transport delay in the circuit to get both signals the same on the scope.
[image: ]
As the AWGN is added to the filter, then our signal becomes worse and errors begin to occur.
[image: ]
As we can see from the screenshot above, this is with 0dB of AWGN. Our output signal looks unidentifiable, which in real time would cause many problems. The output signal seems to jump between logic 0 and 1 at a much faster rate and with no particular pattern.
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[image: ]Above is the circuit i made on simulink for PSK modulation. As we can see there are no errors on the display without any AWGN in the circuit which is correct. Below we can see that both the input and output signals are the same again which is correct. The signal in the middle isn’t very clear, but is correct as there aren’t any errors in the modulation.
[image: ]
Below we can see that the signal is acting in the correct way as it is changing phase as the input signal changes bit from logic 1 to logic 0.
[image: ]
[image: ]
Above we can see PSK filter with added AWGN. The input and output signals now look completely different again, when the signal is at logic 0 both signal seem to be reacting the same way, but when the input signal is at logic 1, the output signal is jumping up and down between logic 0 and 1 many times until the input signal changes again.

















[bookmark: _Toc501736430][image: ]FSK Modulation
[image: ]Above we can see FSK modulation circuit that was created on simulink. There are no errors in the circuit without any AWGN which is correct. I had to change the transport delay again to get both input and output signals looking the same.

Above we can see that both the input and output signals are correct with no added AWGN. This is correct and is what we would want to see everytime.
[image: ]
Above we now see the signals with added AWGN. As we can see the output signal has changed significantly, it is following a similar pattern to the input signal but is going between 0-0.5 when the input signal is at logic 0 and between 0.5-1 when the input signal is at logic 1.
[bookmark: _Toc501736431]Errors

	FSK
	
	
	

	Noise (dB)
	Num. of Errors
	Error Rate
	Num. of Signals Transmitted

	20
	0
	0
	200

	10
	0
	0
	200

	0
	11
	0.055
	200

	-10
	80
	0.4
	200

	-20
	132
	0.66
	200

	-30
	141
	0.705
	200

	-40
	145
	0.725
	200

	-50
	142
	0.71
	200



	PSK
	
	
	

	Noise (dB)
	Num. of Errors
	Error Rate
	Num. of Signals Transmitted

	20
	0
	0
	201

	10
	0
	0
	201

	0
	17
	0.08458
	201

	-10
	61
	0.3035
	201

	-20
	79
	0.393
	201

	-30
	103
	0.5124
	201

	-40
	101
	0.5025
	201

	-50
	100
	0.4975
	201



	ASK
	
	
	

	Noise (dB)
	Num. of Errors
	Error Rate
	Num. of Signals Transmitted

	20
	0
	0
	10

	10
	0
	0
	10

	0
	3
	0.3
	10

	-10
	4
	0.4
	10

	-20
	8
	0.8
	10

	-30
	7
	0.7
	10

	-40
	8
	0.8
	10

	-50
	7
	0.7
	10



The three tables above show the effect that AWGN has on the signal for each modulation. The number of signals transmitted varies for each model as it depends on how many number of signals it is checking for errors. As the noise decreases the number of errors begin to go up. Looking at the figures in the graphs, we can see that ASK is the worst model for errors. At -40 db and -20 db, 80% of the signals being transmitted have got errors, there is also a big leap from 40% at -10 db up to 80%. While with the other models at -20 db there are only 66% of error for FSK that rises again as the noise increases but never has 80% worth of errors, and PSK that only has 39% of errors from the signal transmitted, and the highest number of errors that can be found is 50%.

Above is a graph that shows the error rate plotted against the noise. We can clearly see that the PSK filter is the best compared to the other two. The ASK model seems to be behaving more erratically while the FSK filter raises quickly from 0 db to – 20 db but then seem to get consistent from then onwards.
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There are numerous error correcting codes, the basic idea of is that is adds redundancy (extra bits) to make the communication more robust. It doesn’t allow all bit patterns only a subset. Rather than transmitting the data with its original number of bits, it adds extra bits which gives a longer ‘code word’, which is then decoded by the receiver to retrieve the desired information. Error coding is a way of providing reliable data transmission, when the communication system used has a low SNR (Signal to Noise Ratio) or a unacceptable BER (Bit Error rate).[12][13]
“In ECCs is to find mathematical schemes that allow time- and space-efficient encoding and decoding, while providing high communication rates and low bit error rates, despite the presence of noise”[12]

Hamming codes are the most efficient way of detecting and correcting errors. Every message is given a certain binary number, these set of numbers are chosen so that they are different, so that every pair of codes are different to a point. This is called hamming distance, the hamming distance between two numbers is the number of bits they differ at.[14]

For the hamming codes to work, any pair of encodings must be a decent distance apart in terms of hamming distance, so that errors can be detected and corrected by seeing which codeword is the closest in the transmitted message. If there is a minimum distance of two between encodings, it means that single bit errors can be detected.[14]

“If a single bit is flipped during transmission of a letter, it can be determined that an error was made. It cannot, however, be determined what the original message was; for example, a transmitted message of "010" could have been a single-bit error resulting from sending an "A", "B", or "D".”[14]

Depending on the Hamming Distance between encodings, the hamming codes can predict up to k bit errors as long as the hamming distance is greater than k.[14]














[bookmark: _Toc501736433]Conclusion

[bookmark: _GoBack]In this assignement, i have looked at the effects of AWGN on a signal. I have shown that the more noise that is being added the worse signal that we woukd recieve as an output. PSK is the best model as it has the lowest error rate, while ASK has proven to be the worst, with the highest error rate of the three.
I have also discussed methods that can be used for error detection and correction and certain methods that are used for this. The research i had done at the start of the assignment was benifical to myself and helped me gain a better understanding of the model that i was creating on simulink.
To conclude from the research and tests i have done, PSK is clearly the better modulation for less errors, while ASK is the worst for the amount of errors that were showing.
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