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[bookmark: _Toc149816118]Abstract 
In this report shift keying methods are modelled in Simulink and messages are transmitted in the presence of increasing noise levels. Model approximations of Amplitude Shift Keying, Binary Phase Shift Keying, Quadrature Phase Shift Keying, and Quadrature Amplitude Modulation have been produced to provide a data set from based on the Signal to Noise ratio and the Bit Error Rate.
The Signal to Noise ratio was increased for each model and the Bit Error Rate was recorded to establish which modulation method was most effective in the presence of increased noise levels – the QPSK model performed best under test. The QAM model produced failed to generate valid comparable results.


[bookmark: _Toc149816119]Introduction
In this report the aim is to compare digital Signal processing methods in the presence of noise; each of the methods detailed in this report consist of digital data and an analog carrier wave.
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Figure 1 – Modulation Techniques[1]
[bookmark: _Toc149816120]Amplitude Shift Keying
ASK is a “digital modulation technique in which the amplitude of the carrier wave is altered according to the modulating signal”[2] in this report the model will be the simplest form of ASK, often referred to as On-Off Keying, utilising a two level amplitude key.
ASK is phase and frequency constant and only the amplitude is varied in accordance with the binary modulating signal. ASK is used for low-speed data transmissions as it is a very simple technique.[3]
[bookmark: _Toc149816121]Phase Shift Keying
PSK is much more complex than ASK and more so than Frequency Shift Keying, allowing it to be used for very high-speed data transmission.[3] PSK is used for “wireless LAN, bio-metric, contactless operations, along with RFID and Bluetooth communications”.[4]
PSK is a “digital modulation technique in which the phase of the carrier signal is changed by varying the sine and cosine inputs at a particular time.” [4] It is more efficient and can be simply implemented using a phase-locked loop. The simplest PSK is Binary Phase Shift Keying using two phase states – one in-phase and the other is antiphase from it.[5]
[bookmark: _Toc149816122]Quadrature Phase Shift Keying
QPSK is a more advanced PSK technique utilising two carrier waves take four phase reversals such as 0°, 90°, 180°, and 270°. If this technique is further extended, PSK can be done by eight or sixteen values. [4]
“QPSK is very spectrally efficient since each carrier phase represents two bits of data. The spectral efficiency is 2 bits/Hz, meaning twice the data rate can be achieved in the same bandwidth as BPSK.”[3] This allows for much faster data rates. 
[bookmark: _Toc149816123]Quadrature Amplitude Modulation
QAM uses multiple phases and amplitudes to transmit more bits per symbol as there are more combinations. 8QAM uses four carrier phases and two amplitude levels to transmit 3 bits per symbol. 16QAM, 64QAM, and 256QAM, all transmit 4, 6, and 8 bits per symbol respectively. 
QAM is incredibly efficient, but it is more difficult to demodulate when affected by noise. QAM is used in cable TV, Wi-Fi wireless LAN, satellites, and mobile phone systems.[3]

[bookmark: _Toc149816124]Simulation Models
The simulations performed for this report required a message signal to be recovered from a received signal in the presence of additive white gaussian noise. The Bit Error rate was to be calculated for each signal to noise level and this figure was to be compared with other modulation techniques.
Data Parameters:
Bernoulli Binary Generator – 0.5 probability of a zero, sample time 1, samples per frame
Carrier – 7Hz frequency, sample time 1/1000
PSK Carriers 7Hz frequency, I wave and Q wave (pi phase difference)
QPSK Carriers 7Hz frequency, I wave and Q wave (pi/2 phase difference)
Filter Parameters:
Sample Frequency – 1000Hz
Pass Frequency – 6.5Hz
Stop Frequency – 7.5Hz
Pass Insertion Loss – 1dB
Stop Insertion Loss – 60dB
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Figure 2 – Digital Filter Design Parameters
[bookmark: _Toc149816125]Additive White Gaussian Noise
This type of noise is additive in nature, the received signal is equal to the sum of the transmitted signal and noise. This noise is statistically independent of the signal. 
White refers to the fact that it has uniform power across the whole frequency band. The Power Density of white noise is constant for all frequencies, and noise power is directly proportional to the equivalent temperature at the receiver (thermal noise).
The probability distribution of the noise samples is Gaussian with a zero mean; using this distribution values close to zero are more probable, while the values further from zero are less probable.[6]
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Figure 3 - Additive White Gaussian Noise Channel
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Figure 4 – Amplitude Shift Keying Simulink Model
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Figure 5 – Binary Phase Shift Keying Simulink Model
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Figure 6 – Quadrature Phase Shift Keying Simulink Model

[bookmark: _Toc149816129]QAM
[image: A diagram of a computer

Description automatically generated]
Figure 7 – Quadrature Amplitude Modulation Model
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The following graphs are to display the Bit Error Rate for each Shift Keying method in the presence of Additive White Gaussian Noise.
[image: ]
Figure 8 – ASK BER against SNR Graph
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Figure 9 – BPSK BER against SNR Graph
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Figure 10 – QPSK BER against SNR Graph
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Figure 11 – QAM BER against SNR Graph
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Figure 12 - All BER Trends
Also included are the following graphs which display the Total Symbol Errors for each Shift Keying method in the presence of Additive White Gaussian Noise.
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Figure 13 – ASK Symbol Errors against SNR Graph
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Figure 14 – BPSK Symbol Errors against SNR Graph
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Figure 15 – QPSK Symbol Errors against SNR Graph
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Figure 16 – QAM Symbol Errors against SNR Graph
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Figure 17 – All Total Symbol Error Trends
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The Error Rate Calculation block produces three data values against the timestamp of the simulation, the three values are Bit Error Rate, Number of Errors, and the Total Symbols sent (a cumulative value). The BER is a value between 0 and 1 to give a percentage error for each symbol transmitted and the Number of Errors is a cumulative integer total which increases for each error identified.
The simulation was set to run for 50 seconds so that it produces a large number of data points to ensure the data collected is representative. Due to running the simulation for 50 seconds each run produces 51 data points therefore, in order to utilize the data from the Error Calculation Block an average was produced from the 51 data points so that a single data point could be used with the single SNR Value.
The simulation was run 5 times so that an average could be produced for each modulation method. The Signal to Noise ratio values chosen were 10, 0, -10, -15, -16, -18, -20, and -25dB; these values were chosen because the modulating signal is digital and therefore less susceptible to noise. In this report a failed transmission is considered to be a BER of 0.5 as the modulating signal is digital, this is because 0.5 BER is effectively the same as guessing the transmitted signal.
Both the ASK and BPSK graphs display a dip in BER at -16dB – from 0.32 to 0.3 and 0.28 to 0.24 respectively – which is not present in the QPSK graph as at the same SNR the results lie at ~0.24. All of the methods started with a BER of 0 at 10dB, at 0dB the BER for each method rises to above 0 – ~0.06 for both ASK and BPSK, and ~0.01 for QPSK – from -10dB SNR the variation in the methods becomes more apparent with ASK rising to almost 0.27 BER, BPSK rising to ~0.08, QPSK rises to ~0.13.
At -25dB ASK has a BER 0.435 compared with BPSK at 0.423 and QPSK at 0.412 which suggests that each modulation method breaks down similarly from this SNR onwards. Between -15dB and -25dB each graph trends differently, however ASK & BPSK both display a sudden dip in BER between -15dB and -16dB.
The QAM graphs that I had produced indicate that the model was not working as the BER was consistently above 0.32 even though the results should have followed a similar pattern to the other Shift Keying Techniques. Despite QAM failing between -20dB and -25dB it still produced the rise and fall in data that is present in the ASK & BPSK graphs.
I have included the total number of symbol errors for each technique to show another metric from the error calculator function in Simulink. As shown in the graphs above the ASK & QPSK techniques have a similar typical progression while BPSK & QAM have very irregular progressions which is likely due to the stochastic nature of the Binary Generator; the zero probability of the binary generator was set to 0.5.
The total symbol error value shows the average error for each technique at each SNR value. Based on the total number of symbols transmitted and the number of errors identified the more effective techniques can be isolated from the less effective more quickly. Once again, the QAM data is not representative of the technique due to errors within the Simulink model.

[bookmark: _Toc149816132]Conclusion
In this experiment, it has been determined that QPSK is the most effective Shift Keying Modulation technique as it has the lowest Bit Error Rate and generally has the lowest Symbol Error for each SNR. This is due to the method of modulation used to produce QPSK, by having each element represent two bits of data the system is able to use part of the data to check the incoming signal.
The QAM model did not work and therefore failed to produce data that aligned with the other techniques. This method should have been the most effective due to its much more robust modulating method. ASK can be considered to be the worst technique to transmit the symbols due to the trend displayed in figure 8 and the fact that the BER was consistently higher than BPSK & QPSK.
BPSK varied much more than QPSK throughout the simulations the BER sat either side of the QPSK trendline the whole way along the and the total symbol errors were typically higher than the values for QPSK with a much more varied trend than ASK and QPSK.
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