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The idea of the task set was to design four types of modulators accompanied by four demodulators for Amplitude Shift Keying (ASK), Phase Shift Keying (PSK), Quadrature Phase Shift Keying (QPSK) and 16-Bit Quadrature Amplitude Modulation (16-QAM) using the block design software Simulink. This report demonstrates which of the four Shift Keying method had the best performance. Overall, it was found that the QPSK modulation technique was the best for transferring data. This was shown by the lowest Bit Error Rate mean over 5 tests at varying levels of noise. 
A baseline design was draw up which would be followed and expanded to create the four simulation methods. Each simulation was conducted under the same conditions creating a fair test when examining the capability of the modulations. Below will be all the measurements used for the required filters which will allow the filter to be both efficient as well as perform to a high degree of accuracy.
Multiple tests were conducted to see which of the four modulation techniques highlighted above has the lowest Bit Error Rate (BER). Each section will have 5 tests done at 8 different noise levels to assess which modulation simulation has the best capability to both transmit and receive data accurately without loss of the transmitted symbols. These tests would then be used to draw up a graph of the BER against the Noise (dB) giving a visual representation to back up the content within the discussion. 
Throughout the report there are multiple oscilloscopes which are used to show the input and output signals as well as what is happening to the signal at various points during the simulation. This includes when the signals would be added together, before and after adding the white Gaussian noise, before and after the filter(s) as well as the end of the demodulation section. This would give an accurate representation of whether the simulation was being tested accurately and the processes that were happening. 
Once the results have been shown there will be an explanation as to why QPSK was the overall best modulation technique and the key aspects associated with why the technique has performed this way. 
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This task was set to demonstrate which of the four main modulation techniques would be able to have the least Bit Error Rate (BER) when adding set levels of Gaussian White noise from the ranges of +10 to -25. The modulations demonstrated within this analysis are Amplitude Shift Keying (ASK), Phase Shift Keying (PSK), Quadrature Phase Shift Keying (QPSK) and 16-Bit Quadrature Amplitude Modulation. The use of modulations reduces the need for wired communication methods and allows the signals to be transported over the air through space [1].
Modulation techniques are used to transfer signals from a transmitter to a receiver which is done through the air. This means the signal is being subject to external noise. The four techniques are used in various day to day electronic technologies such as optic fibre cables, Wi-Fi connectivity and hubs as well as simple phone calls using telecommunication methods  [2]. The aim of this task was to add increasing levels of noise (dbs) to demonstrate these conditions and to test which modulation technique would be the most efficient when transferring this data. The modulations will follow the same processes to keep them as accurate as possible when testing against each other. Each modulation has the same system background build which is shown in figure 1. 
[image: A diagram of a computer system

Description automatically generated]
[bookmark: _Toc148953860]Figure 1 - Modulation System
Shown Below here in figure 2 is the method of data collection. The aim of having both screens open is to allow the analyser to be able to copy data easily ensuring that the data is to the highest degree of accuracy. 
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[bookmark: _Toc148953861]Figure 2 - Data Collection Method
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Each of the four modulation techniques were set up in the same way and with the same stimuli. The reason for doing this was to keep all variables the same to monitor which modulation technique would be the best. The only stimuli that could not be kept the same was the data rate. This is because the design of QPSK and 16-Bit QAM need data rates of 2 and 4 respectively however, for both ASK and PSK only 1 bit per symbol would be sent per second. Whilst doing these simulations, the Sine waves were set to have an amplitude of 1, a frequency of 2*pi*10 (more than 5 times of the data rate) and a sample time of 1/100 seconds. For QPSK and QAM, a 90 degree phase shift was also introduced allowing the modulation to work. 
[bookmark: _Toc149548257]Measurements

Using a display attached to the Bernoulli Binary Generator and the finalised filtered signal, a bit error rate of data transfer can be shown. This is measured to show how many bits which have been transferred are in error as opposed to how many bits were successfully transferred. The binary generator would output a series of either 1’s or 0’s creating the first output signal. These values would then go into the modulator which would be multiplied by a preset sine wave with the values stated above. This new modulated signal would then have a white gaussian noise attached to simulate when the data would be transferred. This new signal would then be filtered using a weighted filter order and finally demodulated to receive the same signal that was originally output by the generator. This system is to show the transmission and receive elements of communication. 
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Each simulation model was run for a total of 40 times with varying levels of noise added. The AWGN block was used to add noise in the range from 10 dBs to -25 dBs. At each noise level the simulation was run 5 times and a mean value was created from this. This was done to ensure that there was an accuracy within the data. To keep this accuracy the filter size and order was kept the same throughout all the simulations which would allow a fair comparison between the modulation techniques. Each test would show a specific percentage of bit errors out of the sent symbols. These Bit Error Rate (BER) values would then be averaged and placed into a graph against the corresponding noise level. These graphs will then determine the most accurate modulation method.
Shown below in figure 3 are the filter parameters that have been used in all the simulation. A lowpass Finite Impulse Response (FIR) filter has been used with a frequency of 100 Hz, Fpass of 0.75, Fstop of 2.25 and a Astop of 80. A lowpass filter is used to filter off all the higher frequencies within the signal [3]. The reason the values for this filter were used was to ensure that the filter could work at a fast rate whilst still having a high level of efficiency whilst filtering out the noise. 

[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Toc148953862]Figure 3 - Filter Parameters
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[bookmark: _Toc148953863]Figure 4 - ASK Simulation Model
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[bookmark: _Toc148953864]Figure 5 - PSK Simulation Model
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[bookmark: _Toc148953865]Figure 6 - QPSK Simulation Model
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[bookmark: _Toc148953866]Figure 7 - 16-Bit QAM Simulation Model
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[bookmark: _Toc148953867]Figure 8 - ASK Oscilloscope
Figure 8 shows the signals from the input of the binary generator, after the filter and then demodulated. 
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[bookmark: _Toc148953868]Figure 9 - ASk Simulation Runs
Above is the data which was collected from 40 runs of the Amplitude Shift Keying modulation technique at the different noise levels as stated in the measurements area.
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[bookmark: _Toc148953869]Figure 10 - ASk Simulation Results Graph
The graph in figure 10 demonstrates the mean values of how many bit errors there were at the set noise levels. The black vertical lines around the mean values are the standard deviation levels and ranges over the five tests. 

[bookmark: _Toc149548265]Phase Shift Keying (PSK) Results

[image: A screenshot of a computer

Description automatically generated]
Figure 11 - Binary Oscillator PSK
Shown in figure 11 is the binary input and modulation section for PSK as well as when a phase shift was introduced by Pi.
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[bookmark: _Toc148953870]Figure 12 - PSK Oscilloscope
The above figure shows the signals at varied steps through the simulation. The red signal is after the binary input has been modulated. It shows that the signal has been timed either by 1 or by Pi which in radians is 180 degrees [4]. This shows above being that the sine wave signal has been flipped at various points by 180 degrees. 
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[bookmark: _Toc148953871]Figure 13 - PSK Simulation Runs
Figure 13 shows the 40 simulation results from using the Phase Shift Keying modulation technique.
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[bookmark: _Toc148953872]Figure 14 - PSK Simulation Results Graph
Figure 14 shows the amount of bit Errors which occurred whilst using phase shift keying. 
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Figure 15 - Binary Oscilloscope
Figure 15 shows the signal coming from the binary generator and at varied points within the modulation section of the simulation. 
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[bookmark: _Toc148953873]Figure 16 - QPSK Oscilloscope
The oscilloscope above starts with the noise being added to the modulated signal. This can be shown as there is no smooth signal. Once filtered and demodulated a clean signal which is that of the input signal can be shown on line 8.

[image: A table with numbers and letters

Description automatically generated]
[bookmark: _Toc148953874]Figure 17 - QPSK Simulation Runs
The data above shows the simulation results from QPSK. 
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[bookmark: _Toc148953875]Figure 18 - QPSK Simulation Results Graph
In figure 18 a steep curve is shown. This means that increasing the noise from -10 to -15 added a lot more errors however compared to the other graphs, overall, this chart shows the lowest mean of errors.
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[bookmark: _Toc148953876]Figure 19 - 16-Bit QAM Oscilloscope
Figure 19 above shows the finalised signal from the mux.
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[bookmark: _Toc148953877]Figure 20 - 16-Bit QAM Mux and Demux Oscilloscope
This oscilloscope (figure 20) shows the signals from before the demux to before the mux. This demonstrates that the signal has been processed successfully. This is shown when signals 1 to 4 are the same as signals 5 to 8.
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[bookmark: _Toc148953878]Figure 21 - 16-Bit QAM Constellation Diagram
Figure 21 is a constellation diagram of the amplitudes which were created from the QAM demodulation technique. The values are not quite on the points as they should be however, they are close to the areas they should be which shows a moderately high degree of accuracy. Each blue point (the data bits) is either on the axis of 0.5, 1 or its respective negative of the previous 2 values. 
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[bookmark: _Toc148953879]Figure 22 – 16-Bit Simulation Runs
Figure 22 shows all the runs of the simulated QAM modulation model. Note that the stop time is 50 times more than that of the pervious simulations. The reason for this is to obtain all the datapoints and to get more of an accurate model more time is needed to simulate. 
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[bookmark: _Toc148953880]Figure 23 - 16-Bit QAM Simulation Results Graph
Show above is the plot of QAM of noise in dBs against the mean Bit Error Rate (BER). The graph indicates that QAM is very inefficient as at -25 dBs the mean value is nearly past the threshold of 50% (0.5).
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Shown by the various oscilloscopes is the starter random binary input and the end signal after the white gaussian noise had been added and filtered. Both the input binary signal and the filtered end signal should show the same binary numbers. If this is the case, then the filter is working efficiently and even with noise the signal can be transmitted and received clearly. 
The data collected shows a clear indicator in which modulation technique is the most accurate and efficient however, it also shows which ones are the worst. Both ASK and QAM had an increasingly high value point when adding -25 dBs of noise. This is shown by the graph in figures 10 and 23 respectively. Both average mean percentages were close to the 50% threshold of failure where as PSK and QPSK had lower than 40% bit error rates at -25 dBs.  The main reason for QPSK being the best modulation technique is because the data rate is 2 times that of ASK and PSK meaning it can process 2 bits per second at each phase instead of just one [5]. In addition to this, QPSK has two filters meaning the process can run faster and more efficiently. 
Looking at the data collected for QPSK adding anything above -5 dBs of noise will cause the modulation to have no errors and simulate effectively to 100% degrees of accuracy. This can be demonstrated by there being no errors from +10 to -5 dBs. Even adding -10 dBs of noise yields less than 6% of errors over 5 test runs. 
All four graphs demonstrate a low mean bit error rate from +10 to 0 dBs and then a steady increase in percentage after -5 dBs. This shows that the more noise added the more errors the simulation will have which is to be expected. This is since the filter has more noise to filter off which in turn means that some of the noise in its high volume could slip through the filter creating the high level of errors shown out of the symbols which have been transmitted. QPSK breaks this steady incline when there was a drop in the mean percentage at -25 dBs, however as shown by the graph there is a high standard deviation range.
One of the main reasons that QPSK is the best modulation technique is that it can represent 4 bits instead of the regular 2 bits. Both ASK and PSK represent 2 bits: 0 and 1, whereas QPSK represents 00, 01, 10, and 11 [6]. This means that it can transfer data at two times the speed of PSK and ASK. This in turn means that more of the symbols can be transmitted within the same period. QPSK also uses 4 phase shifts which is double that of the other modulations PSK and ASK. Phase means that the point where the data is just moved to a different degree, in some cases making it easier to transmit and when it is received the two bits, normal and phase, are added together to produce the final signal [7].
 





[bookmark: _Toc149548269]Conclusion 

From the testing it was determined that QPSK was the most efficient method of modulation due to its significantly lower Bite Error rate than that of the other three modulation techniques tested. In theory due to the high data rate of 16-QAM at 4 bits per second, the QAM modulation should have been the best at modulating. However due to the low volume of tests this theory could not be put into practice and because of this it can be shown the QPSK has the lowest Bit Error Rate over the four types of modulation. 
Using the technical findings from the test conducted, it can be determined that the more bits per symbol can be transferred per second, the more accurate the demodulation will be. In addition to this, adding phase differences also showed an increasing in the accuracy of the modulation and overall efficiency off the specified filters. One way to test if these results were accurate would also be to produce a 4-bit QAM signal which runs at two bits per second and compare that to QPSK. However, from these specified tests, it can still be determined that the QPSK is the best modulation technique in terms of the lowest BER.
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