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[bookmark: _Toc99552273]Abstract
In this report I will detail how I designed modulation and demodulation models using Simulink. These simulation models are used to determine the bit error rate at various signal to noise ratios, this is done using additive white Gaussian noise levels, starting from a positive ratio and moving towards negative. Numerous readings have been taken at each noise level and an average obtained, this is done at increasing noise levels until system failure occurs, which is when the bit error rate reaches 0.5. The different simulation models used are an ASK, PSK and QPSK models. The results I found are that ASK has a steady decline from 0dBs to -20dBs where it reaches failure, PSK is more resistant to noise and QPSK is most resistant to noise, where it doesn’t fail until -30dB.

[bookmark: _Toc99552274]Introduction
This report will show how the simulation models are designed as well as how each part of the models work. The results of the simulation models will be displayed as well as the conclusion of my findings.
The main aspects of the simulation models are the random signal generator, modulation, demodulation, communication channel and bit error calculation. 

[bookmark: _Toc99552275]Random Signal Generator
To achieve random binary inputs for the simulation models, a Bernoulli binary generator was used, this produces random binary output using the Bernoulli distribution.

[bookmark: _Toc99552276]Modulation
Modulation is where digital information is encoded into the amplitude, phase, or frequency of the signal that is transmitted. Modulation encodes several bits into a symbol, the bandwidth of the transmitted signal, is determined by the rate of symbol transmission. As the symbol rate determines the signal bandwidth, a large number of bits per symbol will usually result in a higher data rate for that bandwidth. Although, the larger number of bits per symbol, the greater the signal to noise ratio needs to be in order to obtain a targeted bit error rate. For digital modulation, its techniques can be linear or nonlinear. The amplitude and/or phase of the signal varies linearly with the digital modulating signal in a linear technique, for nonlinear techniques, the signal amplitude is constant.

[bookmark: _Toc99552277]Demodulation
The process of demodulation is where the original signal is reconstructed from a carrier wave. 

[bookmark: _Toc99552278]Communication Channel
The communication channel is where the noise enters the simulation model, in the case of the chosen models, a white Gaussian noise channel was used, this allows the signal to noise ratio to be altered to simulate the increasing levels of noise into the system.

[bookmark: _Toc99552279]Bit Error Calculation
Bit error calculation is where the bits that are received are compared to the bits that are transmitted, the number of discrepancies is measured and given as a decimal output
[bookmark: _Toc99552280]Amplitude Shift Keying (ASK)
Amplitude Shift Keying (ASK) is a method of digital modulation that increase a binary signals amplitude. An ASK system is commonly used in low-frequency RF applications, industrial network devices, wireless base stations and home automation systems. 
Advantages:
· Offers bandwidth efficiency 
· Simple receiver design
· Relatively inexpensive
Disadvantages:
· Low power efficiency
· Susceptible to noise

[bookmark: _Toc99552281]Phase Shift Keying (PSK) 
Phase Shift Keying (PSK) is a method of digital modulation that is used in the data transmission by altering the phase of the carrier signal. It is used in various applications such as Bluetooth and RFID communications, optical communications and multichannel WDM transmission. 
Advantages:
· Allows more efficient carrying of information with radio communications
· Less vulnerable to faults compared to ASK at the same bandwidth
Disadvantages:
· Less efficient than ASK in terms of bandwidth efficiency
· Non-coherent reference signal
· Can generate wrong demodulations as the reference signal is not fixed, meaning it can combine with the fault

[bookmark: _Toc99552282]Quadrature Phase Shift Keying (QPSK)
Quadrature Phase Shift Keying (QPSK) is a type of modulation where two bits are modulated at once with one being 90 degrees out of phase with the other. It can carry twice as much information as PSK while using the same bandwidth. 
Advantages:
· Good noise immunity
· Low error probability
· Bandwidth is twice as efficient in comparison to BPSK modulation
· More utilisation of available bandwidth
Disadvantages:
· Not as power efficient as other modulation types
· More complex than other modulation types

[bookmark: _Toc99552283]Quadrature Amplitude Modulation (QAM)
Quadrature Amplitude Modulation is a combination of ASK and PSK systems.
Advantages:
· High data rates
· High noise immunity
· Increased bandwidth 
Disadvantages:
· A linear amplifier is needed to maintain linearity of binary data, hence more power is consumed



[bookmark: _Toc99552284]Simulation Models
In each of the models, I am simulating a communications system that is being exposed to noise and how the level of noise affects the demodulated output of the system, this is being done on various models to determine the best systems to use. The systems are ASK, PSK and QPSK which will be shown and explained.

[bookmark: _Toc99552285]ASK
The ASK system is shown below:
[image: Diagram, schematic
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Parameters:
Sample time: 1s
Carrier wave frequency: 5Hz
Filter order: 25th order low pass
Delay block: 0.26s
In the model above there are various aspects to be considered. Firstly, the parameters that have been used throughout the model, the Bernoulli Binary Generator parameters which are a 0.5 probability of 0 and a sample time of 1, which is the sample data rate. The next parameters are for the sine wave, which has a frequency of 5Hz, this is the carrier wave frequency. The filter design used is a 25th order low pass filter which allows for the output to be reasonably smooth without giving too much of a delay. The transport delay and signal specification blocks are to allow the comparison of the original input compared to the output, the delay block is to match the start point of the original wave with the output of the demodulated signal, in this particular model, the delay is 0.26 seconds. 
The way the model works is that the random generated signal is sent from the generator to a switch, that when the Bernoulli output is 1, it sends a signal from the sign wave generated. And when the output is 0, it sends a 0 from a constant input. This part of the model is the modulator.
From the switch, the modulated signal is sent through a channel that adds white Gaussian noise at a determined signal to noise ratio. The output from that channel is multiplied by a sine wave that is identical to the generated one used in the switch. A filter is then used to clean up the signal, in this case a 25th order filter, the reasons explained above. The cleaned-up signal is then sent through a demodulator that is again made up of a switch with two inputs, a 1 and a 0. By looking at the amplitude of the wave from the filter, a mid-point can be determined that is used as the switching point. This means whenever the signal is above 0.25, in this case, it gives a 1, and whenever it is below it gives a 0, this squares the wave and allows for direct comparison to the original.
The delay block is used to line up the start point of the original signal to that of the newly demodulated signal, the signals can then be directly compared to each other at the bit error calculation block. This will determine the differences between the two signals and give a reading for every time the signals don’t match, the output is given on a display that shows the ratio of the error reading as well as the number of incorrect bits, and the number of bits sent.
[bookmark: _Toc99552286]PSK
[image: Diagram, schematic
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Parameters:
Sample time: 1s
Carrier wave frequency: 5Hz
Filter order: 25th order low pass
Delay block: 0.26s
PSK is not dissimilar to ASK in how the circuit works apart from one thing, the 0 constant in the modulator is replaced by another sine wave that is identical to the first apart from that it is 180° out of phase, so binary 1 is represented by  and binary 0 is represented by . The parameters for ASK and PSK are the same apart from the 0 constant being replaced by the sine wave. In this model, demodulation is achieved by detecting the sign of the wave at each interval, hence detecting phase. Where ASK detects change in amplitude, PSK detects change in phase. 
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[image: Diagram, schematic
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Parameters:
Sample time: 1s
Carrier wave frequency: 5Hz
Filter order: 33rd order low pass
The QPSK system is created by using a Bernoulli binary generator to give a random output of data, it feeds into a serial to parallel converter which creates two streams, each having a symbol bit rate. A demux is used to split the streams and send them to two separate lines. Each line is made up of subtract block and a 0.5 constant, which takes each binary signal and subtracts 0.5 from it, meaning a binary 1 becomes 0.5 and a binary 0 becomes -0.5. Each signal is then sent though a sign block which changes the signal so that each peak is 1 instead of 0.5 and each trough s -1 instead of -0.5. Each signal is then multiplied by a sign carrier wave, the top line having a standard phase, the bottom one being 180° out of phase. The signals are then added together, and the signal goes through the AWGN channel where noise is added. After exiting the channel, the signal is sent down two channels again, one being multiplied by a sine wave in the same way as before, one being a normal sine wave, the other being the same but out of phase. Each of these then goes through a low pass filter which is to clean up the signal and limit its power spectrum, this is to prevent spill over into adjacent channels and remove out of band signals caused by the modulation of the signal, a 33rd order was the best choice that was automatically built by the simulator. After the filters, the signals are sent through switches, each having two constants of a 1 for high and a 0 for low, any time the signal is above a 0 it is high, and anytime below a 0 it is low. The two signals go through a mux which then recombines them into one signal, the signal is then sent through a parallel to series converter. The output is then compared to the original signal and the bit error rate is measured using the same method as before. One of the differences of this model is that the simulation time is done over 30 seconds instead of 10 in order to allow enough bits to be processed to give a good reading of the bit error rate, this means 27 bits are measured instead of the 11 of the previous two models.



QAM
[image: Diagram, schematic
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Parameters:
Sample time: 1s
Carrier wave frequency: 5Hz
Filter order: 33rd order low pass
The 16 QAM system shown above, is not that different from QPSK. Its main variations are the extra outputs coming from the demux, this allows variation of both amplitude and phase at the same time. Using the above system, we are able to encode 4 bits of data per symbol period. The additional switches in the modulation section, are used to multiply the signal using the addition demux outputs. The demodulation side of the circuit uses the same idea, the original switches are used to determine positive or negative signal and the additional switches are used to determine high or low amplitude in order to multiply the positive or negative signal to add variation.
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[image: Chart, line chart
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As can be seen in the graph there is a reasonably steady rise from 0dB up to the point of failure at 20dB.
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The graph shows a sharp rise from -5dB up to the point of failure at -20dB.
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The graph shows a sharp rise at -3dB that becomes a steady increase up to the point of failure at -32dB.
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The graph shows how the bit error rate slowly increase to failure at -21dB. It also starts much earlier than the other systems at roughly 8dB.

[bookmark: _Toc99552289]Discussion
From the graphs above it can be seen that ASK is the most affected by modulation, this is made clear by the constant rise in bit error rate from 0dB down to roughly -20dB where the system fails. This is due to noise having an effect on the amplitude of a wave.
As it can be seen with PSK, it is more resistant to noise than ASK, this is due to PSK working by determining phase and not amplitude of each bit of the signal, while still occupying the same bandwidth as ASK. 
For QPSK, it has the same resistance to noise as PSK but due to transmitting twice the data, it appears to take longer to fail, this is seen on the graph as it doesn’t fail until the -32dB mark. In QPSK it is possible to increase the bit rate without increasing the bandwidth whereas this isn’t possible in PSK.
In the 16 QAM system, the failure point is at around -21dB, this is expected to be less than the QPSK system as the QAM system partially relies on amplitude changes in order to work, and since amplitude is affected by noise more than phase, this would also explain the reason that the system starts to encounter errors earlier as there are more amplitude variables. It starts to encounter errors earlier than ASK for the same reason, there are more amplitude variables than that of ASK, but does allow the transmission of much more data. 

Conclusion
In this experiment, it has been determined that ASK is quite susceptible to noise and is not suitable in environments where noise can interfere with the transmission of the data.
PSK is determined to be more resistant to noise than ASK and is more suitable in applications where a low amount of noise can be encountered, such as in Bluetooth communications.
QPSK is a more complex version of PSK and is more beneficial version of PSK where more data is able to be transmitted by splitting and then using phase shift keying on a carrier frequency to increase the bit transmission to 4. It shares the same resistance to noise as PSK.
QAM is a combination of ASK and PSK, this is because it is essentially an adapted QPSK system where amplitude is used to increase the number of bits transmitted by adding amplitude variations into the model. It essentially shares a failure point with ASK and PSK systems and also encounters errors earlier, although with error correction, this form of modulation would be ideal for high data rate requirements, such as modern wireless communication systems and is used in some WLAN technology. 
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