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Abbreviations

	AWGN
	Additive white gaussian noise

	SNR
	Signal to noise ratio

	ASK
	Amplitude Shift Keying

	PSK
	Phase Shift Keying

	QPSK
	Quadrature Phase Shift Keying

	QAM
	Quadrature amplitude modulation

	BER
	Bit Error Rate

	ERC
	Error Rate Calculation

	LPF
	Low Pass Filter






Abstract

The goal of this report is to show the relationship between AWGN and the performances of different variants of ASK and PSK. This report will contain tests carried out using MATLAB, where ASK, PSK, QAM and QPSK circuit designs will be made to carry out the testing.

With each variant and circuit, we will test the performance while adjusting the AWGN until the circuit reaches its failure which will be shown by an ERC within the circuit. When the BER reaches 0.5 or above it will count as a failure. 

A graph will be plotted to display the relationship between SNR and BER on each of the different circuits created.
All the circuits that are to be made will contain a Modulated version of the carrier wave, then additive white gaussian noise applied, followed by a demodulated version of the modulated wave. 

From the results gathered within this report, we understand how the different forms of modulation to transfer data are best used in different scenarios, and how some of the methods hit their failure rate a lot sooner than others in the presence of AWGN. 














Introduction

Each of the modulation technique’s goals is to transfer digital data as efficiently as possible, to modulate the data to analogue to transfer it before demodulating it back to digital. 

They all have different methods of transferring the data, ASK will be built first. With ASK, we are transmitting our carrier wave when the digital bit is a 1, and we’re not transmitting when the digital bit is a 0. The Modulated wave is multiplied by the same carrier wave before being put through a low pass filter. This method is heavily used in communication techniques, Low-frequency radio frequency applications and Industrial networks devices. Ask is not typically used for voice transfer, it works excellent on optical cable as it’s not susceptible to noise and sudden gain changes so it’s ideal for ASK. [1] [2]

Secondly, PSK will be built, with PSK when the data is being transmitted with the carrier wave, the phase is at one phase, when the data is not being transmitted the phase is at a 180 out of phase to the other carrier wave. Therefore, when the binary data switches from 1 to 0 or 0 to 1 we have a phase shift on the modulated data. We do this by having a switch switching between two different carrier waves that have phases 180 degrees out from each other with each carrier wave representing either 0 or 1 of the Bernoulli binary data. PSK is great for transmitting data with radio communication signals, Local oscillators, Wireless communications like Bluetooth and multi-channel wavelength division multiplexing. This type of data transfer is great with bandwidth sizes and superior to FSK but like ASK but ASK provides better efficiency. PSK is less vulnerable to faults than ASK. [3]

Thirdly QPSK is going to be built and simulated, which is like PSK although it uses 2 bits per symbol as opposed to the one on PSK. Within QPSK 4 phases are out of phase with each other by 90 degrees. When the binary data changes from 0 to 1 the phase is shifted 90 degrees. The binary order is not correct within this modulation and that is so that the bit change is only one change per symbol, this is to minimise the chances of errors. If two bits were to change per symbol, there is a possibility of 2 errors. Each bit combination will be assigned to a different frequency. The transmission rate is two times the PSK transmission rate as they transmit two bits per symbol as opposed to one. It also requires only half of the bandwidth that is needed in PSK modulation and is less prone to errors. They are widely used when high transmission and bit rates are needed. It’s mainly used in radio transmissions. [4]


Lastly QAM allows for 4 bits of data to be transferred per symbol but is not as susceptible to noise as the other mentioned as the points are so close to each other on the constellation. The method is done by having a carrier waveform and another at 90 degrees out of phase added by the digital data received that will be transferred from serial to parallel and put through a digital-analogue-convertor. QAM is widely preferred in wireless technology because of the high data rate it supports. It is used a lot in radio communications and data delivery. QAM is a mixture of PSK and ASK where two signals are sent simultaneously where they have a different phase and can have a different amplitude from each other. It can use the same amount of bandwidth as QPSK and transmit 4 different data bits. [5]


Within Modulation, some trade-offs are important values that can determine better or worse signals with lower Signal to noise ratios. Some important trade-offs are: 

· The Nyquist theoretical minimum bandwidth requirement
· The Shannon-Hartley capacity theorem [6]

Some other trade-offs are also the 

· Data rate to the carrier frequency
· Sample rate to conventional time
· Filter length

It’s important while modulating to ensure that the Nyquist frequency is never exceeded. The Nyquist frequency will be one half of the sampling frequency so if you sample twice as fast as the data, frequency aliasing shouldn’t happen as there will be no crossovers. As said in a book I read regarding digital signal processing “So it makes sense that if we sample a signal very fast compared to how rapidly the signal is changing, we get a pretty accurate sampled representation of the signal, but if we sample too slow, we will see a distorted version of the signal.” [7]

After building and simulating all the techniques, a report will be written where the results will be analysed and discussed, finishing off with a conclusion. 


Background Information

Each method’s bits are plotted differently. Below in figure 1.1 are some constellations of the different methods and where each of the data points would be plotted. 
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					      Figure 1.1 [8]

From left to right in figure 1.1 you have where the points would be plotted on different modulation methods. On the left is ASK, which is either 1 or 0 on the real axis, as their relatively close to each other when the SNR becomes too low the area that the data can fall into overlaps with the other which will then cause errors as the system would not know whether is a 1 or 0 is transmitted. 

In the middle of figure 1.1, you have PSK, which is both points out of phase to each other by 180 degrees, 1 being at 0 degrees and 0 being 180 degrees. As they are more split apart, they are less susceptible to errors than ASK and can handle lower Signal to noise ratios. 

The far-right in figure 1.1 shows the constellation of a QPSK which has four points plotted and 2 bits per symbol. Each point is 90 degrees out of phase with each other and has a nice amount of room between each of the points.

Data is initially as a baseband which is transferred into a passband, before transferring back to the baseband at different steps of the modulation and demodulation process.
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					    Figure 1.2 [7]

The final constellation is the 16-QAM as shown in figure 1.2. This method uses 4 data bits therefore can transfer a lot of data but as the points are relatively close to each other it is susceptible to errors sooner than QPSK.  
Amplitude shift keying simulation


Firstly, simulating ASK within MATLAB. Values had to be chosen to allow the system to handle the lowest SNR before BER was hit.

On the Bernoulli binary generator, the data bit rate sample that was chosen was 1 as shown in figure 1.1, and the carrier wave frequency chosen was 10hz as shown in figure 2.1, leaving the carrier wave 10 times quicker than the data sample rate. The higher the carrier frequency compared to the data bit rate will allow for handling more SNR. The reason for this is that we’re increasing the available bandwidth to our system. 
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Figure 2.1
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Figure 2.2


A sample rate of 0.004 was decided to be used as shown in figure 2.2, which is at least double the Nyquist frequency. It is best to sample the signal a lot quicker than the sample is changing as it will create a very accurate representation of the signal. [7] 

For the LPF, Fs were chosen at 250Hz which was worked out by dividing 1 over 0.004 which amounts to 250 as shown in figure 2.3. The filter order is set to a minimum order of 30 as it allows my filter to have few coefficients. Using a high-frequency sample and as low coefficients as possible will allow me to get a better result out of the filter. With fewer coefficients, it allows the sink function within the filter to be smaller allowing for a more accurate output of the filter. By using a shorter filter my filter output will not be as nice as a longer filter, but my delay will be very short, so I have gone with this type of filter.
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Figure 2.3


A time delay of 0.06 was added to the transport delay as shown in figure 2.4 to notify the error rate calculator of a delay in the original data to the demodulated data. This delay was calculated by looking at the scope. The transportation delay is put in place to compensate for the computing delay caused by the digital filter.



[image: Diagram

Description automatically generated]

Figure 2.4

After all the values were implemented, the system was simulated 6 times per different SNR Decibel size till I got an average of each.















Phase shift keying simulation

Secondly, PSK modulation was built and simulated. A copy of the carrier waveform which is 180 degrees out of phase as shown in figure 3.1 was used over the constant 0. I kept all the same values as previously done. 
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					      Figure 3.1

A transport delay was used to compensate for the delay in the system so that it doesn’t affect the BER. The delay is shown in figure 3.2 which came to 0.08 and the value put in to compensate for the delay in figure 3.3.
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					     	Figure 3.2
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					 	Figure 3.3

Four Level PSK (QPSK) Simulation

Thirdly QPSK was built and simulated as shown in figure 4.1. A demux splits one of the digits to one port and the other to another port. Subtract boxes were used to subtract 0.5 from both bits so instead of going 0 to 1, we are going -0.5 to +0.5. A sign box was then used that gives you an output of 1 for anything positive and an output of 0 for anything negative. A demux is used again at the end to combine the bits into 1 and a Serializer to change the data from parallel to serial to finish the demodulation section. 
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Figure 4.1
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Figure 4.2

As shown in figure 4.2 the values were kept the same as the ASK and PSK modulations. 
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Figure 4.3

The Phase was shifted 90 degrees to the 1st carrier wave therefore I changed the phase angle to pi/2 = 90 degrees as shown in figure 4.3. 


















QAM
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Figure 5.1

QAM is what’s built shown in figure 5.1. It’s like QPSK but we use switches at the start to set the amplitude, I used 1/3 and 1 as the constant as all the points will be set evenly apart. There will be more space between points therefore it could handle a lower SNR. The LPF channels get squared using the multiply box to change data from negative to positive to work out the amplitude of the data. We have 4 possible data points, 1, 0.3, -0.3 and -1.
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Figure 5.3

The time delay was set to 8 to compensate for the delay, the value was found in figure 5.2 and put in receive delay on error rate calculation as shown in figure 5.3.
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Figure 5.4
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Figure 5.5


The threshold of switches for amplitude was set by using the scope as shown in figure 5.4, then put in figure 5.5 was the right value.

Findings in the results
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Figure 6.1

Figure 6.1 is all the results from the modulations done. It clearly shows each modulation under different SNR and the relationship with the BER. As shown QAM is the first to receive errors, followed by ASK then PSK and QPSK. All the simulations float around the 0.4 area already by -20dB, even sooner for ASK and QAM which is at -10dB. The last to reach its maximum error point of 0.5 is PSK. 















Discussion

Errors occur when the Signal to noise ratio is decreased due to noise having a big impact on amplitude. As the ASK relies on changing the amplitude when transmitting to not transmitting errors can occur causing the demodulation stage to output a 1 due to noise as opposed to a 0. When noise increases the signal can be placed within the aliasing zone, as the two points on a constellation for ASK are not as far apart as others the crossover zone can be met with a small SNR. 

Within the PSK modulated results the data can handle a lot lower SNR than the ASK. This is due to the data being switched between two phases when switching between a bit 1 or 0 as opposed to the amplitude which allows the points to be distanced further than ASK. 

With the QPSK the SNR interrupts the signal sooner than the PSK. The areas on the constellation diagram that the QPSK points can land on are nice and evenly spaced like the PSK as shown in figure 1.1 but because the QPSK needs to recover four separate states as opposed to two it’s more susceptible to error in very low SNR scenarios. The QPSK is not as power-efficient as others and with lower power efficiency it can harm the stability and increase the output noise. The cost of the QPSK would be a more expensive option than the ASK + PSK as it can use the bandwidth more efficiently and provides 2 bits per symbol.

QAM reaches failure the earliest while receiving small errors in the positive range even. This is due to the points of the constellation being a lot closer as shown in figure 1.2 as opposed to the others, although it can transmit 4 bits of data per symbol. 

Although 0.5 is the absolute maximum of BER before frequent failures most commercial systems don’t even have 0.1 BER when functioning and have lots of software and techniques in place to handle higher SNRs. 

I kept the sample rates and frequencies of the waveforms the same so that we could see each other in the simulations with the same values and how they perform in the presence of noise. 



Conclusion

The results obtained within this assignment gave a clearer image of what modulating is best used. PSK can handle the lowest SNR although it can only transfer 1 bit of data per symbol, whereas the QPSK can transfer 2 bits per symbol while still being able to withstand a relatively low SNR. This shows that within the presence of noise and compared to data that can be sent QPSK is best used. The QPSK also needs less bandwidth as opposed to the ASK and PSK modulations. The 16 QAM uses similar bandwidth to QPSK while transmitting more bits per symbol but cannot handle SNR like QPSK with errors already had very low SNR levels. QPSK is a good medium between bandwidth and bits per symbol. Also, 16 QAM has 4 bits per symbol so more likely to have errors. With performance in noise, PSK would be the best option to go for although with QPSK following closely behind while allowing an extra bit per symbol it’s superior.
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