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[bookmark: _Toc503558737]Introduction 
This report is about investigating the systems of the modulation and demodulation of Amplitude Shifting Keying (ASK), Phase Shifting Keying (PSK), and Frequency Shifting Keying (FSK), finding the Error Rate Noise Control, and adding Addictive White Gaussian White Noise (AWGN), and Hamming Code theory. The investigation is about how the simulation works on each of the systems. For the ASK it started off with a simple design a binary generator, one sine wave and one constant for the modulation, then it became a little more complex with components added such as another sine waveform, filters, constants, products and signs, for the demodulation. 
The next up was to build simulate of PSK with more frequencies that are the same but one has a phase in it, this is why it’s called Phase Shifting Keying. This started off with a binary generator but instead of a constant it had two sine waveforms but with the same frequency just one with a phase in it, this is how the modulation was built. The demodulation was the same way built as the ASK was.
When it came to the last system to build which is the FSK, the system was a bit harder than the other two was, again it had two sine waves but this time they both had different frequencies but no phase involved which made the modulation, but the demodulation had more stuff added to it than the other two had, there were more sine waves involved and two filters for each side as there was two more inputs on the scope to take more measurements then was able to align the binary square wave with the FSK waveform so that it look the same for the demodulator. 
Then the Error Rate Control had to be placed to read any errors that is giving off from the signal Noise from the AWGN that plated a part of the Error Rate Noise into the display. Each display gives different readings, ASK had error rates at -30, the number of errors were 21dB and got smaller all the way to -10 until -5 the readings cleared away to zero and then stayed zero right up to +30. PSK error rate went from -30 with many 23dB errors and got smaller to -5 before the readings cleared, the readings stayed to zero right up to +30, when investigating FSK was completely different from ASK and PSK as the Error Rate Noise give unusual readings. The readings of FSK started when the AWGN was fixed at -30 the number of errors were higher than ASK and PSK, and this didn’t stop there, the errors carried on from 0 to +30.
[bookmark: _Toc503558738]Amplitude Shift Keying Modulator 
The ASK on the methods simulation coming out from the Binary Generator which worked with one Sine Waveform at 2*pi*10 at a time of 1/1000, and one constant at zero. They all then all go through a switch at half of second of 0.5, and straight through the scope, this gives a waveform that looks like in screenshot below, this is showing that the ASK is going from 0 to 1 and then down to -1 then back up to 1. The waveform looks like it trying to do digital square waveform like, as it acting on what the Binary generator would produce. “Amplitude Modulation which represents the binary data in the form of variations in the amplitude of a signal [1].”

[bookmark: _Toc503558739][image: D:\Year 2 Univesity\ALL ASSIGNEMTNS\Ian Assignment\ASK Frequency with Binary generator.PNG]ASK Frequency [bookmark: _Toc503555237]Figure 1 - ASK Frequency Modulator

In the two of the ASK frequency that is showing how the sine wave is following the binary square waveform from above by aligned and it amplitude is going up and down then making a fine line when the binary generator is going from 1’s to 0’s. 

[image: H:\Year 2 Univesity\ALL ASSIGNEMTNS\Ian Assignment\ASK\ASK frequency close in.PNG][bookmark: _Toc503555238]Figure 2 - ASK Frequency Close up Modulator

The ASK picture above is showing how the frequency is transmit as the ASK is the Binary Generator in a sine waveform is showing 1’s and 0’s, the big gap, that is showing it is on zero and the sine waveform peeking upwards and down into the minus is telling it’s on one. 

[bookmark: _Toc503558740]ASK Modulator Generator 
[image: ]
[bookmark: _Toc503555239]Figure 3 - ASK Modulator Generator

This is what the simulation looks like for a Modulator ASK, Binary generator in the middle that does the o’s and 1’s and the sine waveform that produce 2*pi*10 and time of 1/1000, and a constant that is on zero which contains the values, then all these functions go straight through a switch that connects them all up and gives out an output at the end straight into a scope that displays diagrams of what the simulation shows. 







[bookmark: _Toc503558741]Phase Shift Keying Modulator

The modulator for PSK is similar to ASK, the only difference is there are more Sine Waveforms, instead of one there are two and no constant. Waveform one has frequency 2*pi*10 with time of 1/1000, Waveform two has a different numeral and it not the same as the waveform one. 
Its waveform two is frequency 2*pi*20 with phase of Pi and time of 1/1000, this gives the frequency a different pattern. The frequency pattern has changed with a shift of 180’ degree as it can be seen on the PSK frequency picture below. “This is also called as 2-phase PSK or Phase Reversal Keying. In this technique, the sine wave carrier takes two phase reversals such as 0° and 180° [2].” This is showing that the frequency is jumps down and then jumps up and carries on. 
[bookmark: _Toc503558742]PSK Frequency 
[image: D:\Year 2 Univesity\ALL ASSIGNEMTNS\Ian Assignment\PSK Modulator switch with binary generator display.PNG][bookmark: _Toc503555240]Figure 4 – PSK Modulator Frequency

 
The waveform of PSK that is showing a binary Generator waveform on the top and the PSK waveform on the bottom, as there can be seen as the PSK waveform creating a sine wave in the beginning and then it does a “W” shape of 180’degree, then it carries on as normal and then does a “M” shape at 180’ degree and then goes back to normal, this is called a phase and it’s jumping. The waveform is jumping each time the binary generator waveform changes from 1 to 0. 
[image: ][bookmark: _Toc503555241]Figure 5 - PSK Modulator Frequency close up


The PSK waveform above in a closer look is showing what has happened as it switched phase from 180’ degree as it jumps down and jumps up rather going normal like the others. This is the binary generator forming.
[bookmark: _Toc503558743][image: D:\Year 2 Univesity\ALL ASSIGNEMTNS\Ian Assignment\PSK Modulator with two scope signs.PNG]PSK modulator generator[bookmark: _Toc503555242]Figure 6 - PSK Modulator Generator


The PSK Generator uses two sine waveforms, they are both separate one waveform values are: Sine Wave 1 - (Frequency) 2*pi*10 and (time) is 1/1000 and the other Sine Wave 2 - (Frequency) 2*pi*10 and the (time) 1/1000 with a (phase) of pi. But they both have the same frequency which is why it’s called “Phase Shifting Key”. Because only one of the sine waves has a phase in it.
The way this generator works is by the binary generator and the two sine waves gives an input into the switch which the switch has half of second (0.5) and the switch gives the output which is connected to the scope to give a reading, from what is being input from Binary generator and sine waves.

[bookmark: _Toc503558744]Frequency Shift Keying Modulator
The FSK is a sine waveform has two different frequencies, sine wave 1 has a frequency 2*pi*10 with time of 1/1000, sine wave 2 has a frequency of 2*pi*20 with time of 1/1000. Frequency one is low and frequency two is high, this is because of the frequency is following the Binary Generator input from what is coming out from the switch into the scope. 




[bookmark: _Toc503558745][image: ]FSK Frequency[bookmark: _Toc503555243]Figure 7 – FSK Modulator Frequency


The frequency of FSK in the picture displaying above, shows two different waveforms, but are the same frequency from the same generator. The FSK frequency which is the sine wave has two different frequencies, one is low, and the other is high. The low frequency is described by looking open and longer, while the high frequency is closer and small. This is showing that the two frequencies are following the frequency above which is called the Binary generator, but the frequency are still the same as they were before they went through the switch. The FSK waveform has an “output of a FSK modulated wave is high in frequency for a binary High input and is low in frequency for a binary Low input. The binary 1s and 0s are called Mark and Space frequencies [1].” 





[bookmark: _Toc503558746]FSK Modulation Generator
[image: ][bookmark: _Toc503555244]Figure 8 - FSK Modulator Generator

As the Simulate here is showing what is FSK look like. The components on here are simple design but very tricky, there are a Binary Generator which produce 1’s and 0’s, two sine waveforms with two completely different frequencies. 
Sine wave 1 has frequency of 2*pi*10 with time of 1/1000
Sine wave 2 has frequency of 2*pi*20 with time of 1/1000
Then the Binary generator and the two sine waves are connected to a switch which runs at half of second (0.5) these all are then connected to a scope, which gives a reading of a FSK Modulation Generator. 


[bookmark: _Toc503558747]Amplitude Shift Keying Demodulator 
The ASK demodulator is the opposite of ASK Modulator, the reason to have a demodulator is to receive the frequency of the ASK that was sent in the waveform in the first place. The demodulation decipher the message that was modulated. 






[bookmark: _Toc503558748][image: ]ASK demodulator Frequency[bookmark: _Toc503555245]Figure 9 - ASK Demodulator Frequency with Sign


The frequency above is giving an example of what it looks like demodulated. The top trace is the Binary Generator, the second is the filter design which is part of filtering modulator signal and turning it back into what it was before it was modulated. The third trace is what the signal is fully demodulated and this is the final stage of it. 
[bookmark: _Toc503558749]ASK demodulator Gen
[image: ]
[bookmark: _Toc503555246]Figure 10 - ASK Demodulator Generator
This is the demodulated ASK Generator, as this can be seen, the first part over by the Binary generator is the first part of the Modulator with the sine wave and the constant, these are connected to the switch. Next up is connected to a product with two inputs, there is another sine wave as the same as the sine wave from the beginning and are both the same. The one output of the product is connected to the digital filter, which filters the modulator signal and starts demodulating it, then the voltage starts to go out of amplitude of 0.25+ which giving small errors. To fix the out of amplitude voltage a constant is added at -0.25 to bring it back down to start off from 0 again.  Once the amplitude is fixed an add simulate is added to connect the digital filter and the -0.25 constant so it can specify the number to be summed. Then a sign is added to change the demodulated frequency into a digital square wave, this causes the square wave to start off at -1 amplitude which is not what it should be, to fix at amplitude this must be done by adding a constant and add to sum 1 by adding mathematically -1+1=0, which bring the amplitude back to 0, all this is then connected to a product which is connected to a scope to take it readings. 



[bookmark: _Toc503558750]Phase Shift Keying Demodulator
The PSK modulator and demodulator is the same as the ASK, what is only different is that PSK is called Phase because there a phase involved. There the same constant values and same frequency, just what different is there just three sine waves in the phase with a phase, while the ASK has only two sine waves. 


[image: ][bookmark: _Toc503555247]Figure 11 - PSK Demodulator Frequency with Sign


[bookmark: _Toc503558751]PSK demodulator Frequency
Here the in the phase frequency as all binary generator is in the first section while the second and third are the same. The second section is a post-demodulation as it just got filtered out, the third section is the demodulator that has been through the “sign” to make it a square waveform. 




[bookmark: _Toc503558752]PSK demodulator Gen
[image: H:\Year 2 Univesity\ALL ASSIGNEMTNS\Ian Assignment\PSK\PSK Demod gen.JPG]
[bookmark: _Toc503555248]Figure 12 - PSK Demodulator Generator

This is the PSK system, the modulator is the binary generator with the two sine waves, sine wave 1 frequency 2*pi*10 with time 1/1000 and sine wave 2 frequency 2*pi*10 with time 1/1000 and phase pi, which are connected to the switch. The demodulator is where another sine wave, sine wave 3 2*pi*10 is connected to the product which are then connected to the filter, this will cause a post-demodulator looking wave with small sine waves on it. The constant at -0.25 is placed because the filter has caused the frequency to be out of altitude of +0.25 voltage which specify why +0.25 - 0.25 = 0, this brings the altitude back to 0, once constant connected to an add this is connected to a sign which turns the filter post-demodulator into a demodulator, but this has cause the voltage altitude to go -1 which then another constant is placed by +1 so that -1 + 1 = 0 again. Another add was placed which causes the altitude to go down
 -0.5, so another constant at 0.5 was placed to bring the altitude back to 0 again, then a product was placed as the final piece of the simulate. 


[bookmark: _Toc503558753]Frequency Shift Keying Demodulator
FSK demodulation is when a message is received and is about to be decipher from what the modulation has sent in the first place. It is like reversing from what was giving out in the beginning.  The only difference is that there are two different frequencies to be reversed back into the message. The frequency is “low-pass filtered to remove the double frequency element. The remainder is a signed integer value representing the original bit value transmitted [2].” What that means is that the frequencies are put through two separate filters and when they both come out of the filter they are giving two different messages that are not the same.
[bookmark: _Toc503558754][image: ]FSK Frequency from both sides Demodulator[bookmark: _Toc503555249]Figure 13 - FSK Demodulator Frequency with Sign


Here shows demodulator of FSK from two sides, all of them are in line with the binary generator. As this cannot go unnoticed on the fourth section, and the third section is the same as the fourth just the fourth is switched. Both fourth and third has been filtered out of Modulator and has been post-demodulator which will then next be signed into a square waveform which shows in the second section, the second section is the same as the third and fourth section but it the ending of the output where it has been aligned and squared. The first section is the binary generator which is the beginning of message and the second section is the ending of the message which been transferred from modulator into a demodulator. 
[bookmark: _Toc503558755][image: ]FSK Demodulator Generator [bookmark: _Toc503555250]Figure 14 - FSK Demodulator Generator


FSK simulate of modulator and demodulator, the beginning is the modulator where the binary generator, the two sine waves which all connected to the switch and then to the scope. The demodulator is where it is split into two demodulators. The one of the top which is called “Digital Filter Design Demodulator” follows the same as the binary generator, while the other one called “Digital Filter Design 20 switched Demodulator” has switched it frequency the other way. Both filters are the same, after being filtered this makes the demodulator waveforms that are not yet square waveforms, so to ensure that no altitude hasn’t moved, constant on both sides were added at a value of “-0.25” then an add was placed before the sign were placed make them square. Once a sign must be added to form the square after that both frequencies were to be connected by an add and subtract and then a constant of “2” to stop both waveforms from going negative and an add was placed so that the constant could be connected along with it. On the end a product and another constant of “0.25” were placed this is how a demodulator is built and works with both systems as a square and other one switched square. 
[bookmark: _Toc503558756]Error Rating Noise

Error rating noise is when the features of the ASK, PSK, FSK and Hamming Code are giving out random noise that is either needed or not needed or caused by Addictive White Gaussian Noise (AWGN). 
This can also cause unwanted errors that can ruin the frequencies of the summaries.
The error rating noise is detected by an ‘Error Rating Calculation’ and then it is displayed into display scope that shows three of the outputs elements: percentage of failing in Errors, Error rating bit, and number of symbols. 
As this can be seen on the simulation, on the ASK there are 41 symbols, no error rate bits and no chance of it failing, this is because the waveform is corrected and the Addictive White Gaussian Noise (AWGN) is at a level where the noise is not cutting in. 
On the PSK there are 41 symbols, no error rate bits and no chance of failing, even with Addictive White Gaussian Noise (AWGN) running at 30dB, there no problem with it. 
On the FSK there is a slight 20% chance fail and 1 error rating bit but 41 symbols, this is because there must be noise coming from the Addictive White Gaussian Noise (AWGN) that must be causing the problem. 
This is also stated that error rate noise only detect the noise when “works well for analogue voltage or current inputs. If a large change in the feedback is detected, the Noise Error bit will be set [3].”








[bookmark: _Toc503558757]Error Rate Bit Graph 
Each of the Graphs tells how the error rate bit works with the three different systems. Each tells what happens each time Noise is added, the noise was tested at -30dB on each and all the systems give different errors, such as ASK gave 21 errors, PSK gave 23 errors and FSK gave 34 errors. When the noise interference dropped down from -30 to -15 the errors became smaller, such as ASK had 9, PSK has 9 twice from -20 and -15, and FSK had errors all the way from 0 to +30, while ASK and PSK had little errors from -10 for PSK until -5 but ASK had no error from -10 all the way up to +30. This shows interesting readings that when two different frequencies on FSK are giving out an error while PSK had two frequencies but didn’t suffer from errors all the way, but ASK didn’t, this means there will always be some noise in the frequencies when in modulation or demodulations to AWGN is either up or down. 
[bookmark: _Toc503558758]ASK Error Rate Graph


[bookmark: _Toc503558759]PSK Error Rate Graph


[bookmark: _Toc503558760]FSK Error Rate Graph	



[bookmark: _Toc503558761]Hamming Code
[image: ]
[bookmark: _Toc503555251]Figure 15 - Hamming Code
In theory of the Hamming code is many 1’s and 0’s that gets crunched in the simulation and “Hamming codes can detect up to two-bit errors or correct one-bit errors without detection of uncorrected errors [4].” These 1’s and 0’s played a part in the 1950’s as the first early computer that used Hamming7,4 code. These were also used in telecommunication. When the message was sent off through hamming code, the “data transmission, the ability of a receiving station to correct errors in the received data is called forward error correction (FEC) and can increase throughput on a data link when there is a lot of noise present [5].” 
Here on the simulate above it shows a Hamming code Simulate it showing that a binary Generator and sine wave with a  constant connected to the switch before it connects to the Buffer, this takes the data of 1’s and 0’s through the Hamming Encoder this then transfer it through the AWGN through the subsystems and through the product that has a constant of 0 all the way to the Hamming Decoder then through the unbuffer, this gives the readings on what is really going on thought the frequency and gives a reading through the scope and error rate calculation to the display. 





[bookmark: _Toc503558762]Conclusion
MATLAB and Lab Report on the investigation of ASK, PSK, FSK, AWGN and Error Rate Noise. The task on finding out what to investigate on each of the systems and how they work and their purpose. Each of the systems did different frequencies, phases, noise and errors. 
The idea of this investigation was to research as much as possible to find information that relevant to the work on what others has found. The highest Error Rate Noise came from the FSK, while the lowest as possible was AFK, the average was PSK. This shows that FSK is high risk of noise error while PSK is like a balance, ASK has a chance of less errors.
The information on the data to seek for the research was very limited and wasn’t easy to find dual to time and understanding. The task that was given out should have been simple if the time and correct resources were used properly and at a purpose instead of leaving to last minute. 
What I found about the assignment was very interesting and average to understand, it took time to work things out with the lecture help on the simulate that was not responding and working properly. 
If the time to do the assignment was used at the right moment rather leaving it at the last minute, this would have been easier to write up with plenty of research and plenty of relevant information that could have been interesting to write the story. 
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