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[bookmark: _GoBack]Abstract – The author performed an analysis of three modulation techniques (ASK, PSK and QAM) focusing on how they work and the advantages and disadvantages of the method. The author also designed a network around current security issues in a Caribbean city and the surrounding farm land. The author experimented with these techniques in MATLAB using Simulink and tested a working network based on a smart city in a simulation program using said modulation techniques. The results of the experiments were inconclusive as MATLAB shows ASK would perform the best whilst the simulation shows QAM performed better in terms of delay, packet loss and throughput.  
I. Introduction
Wireless networks have recently received a lot of attention within the last few years due to their mobility and ease of use. In more recent years wireless technology has made its way into different areas of industry from large factories and fabrication facilities to even a simple farm. With the development of the Internet of Things (IoT) and Wireless Sensor Networks (WSN) companies small and large can install monitoring and production systems into their workplaces. For example, a farm growing crops could have a system that monitors the weather and the moisture of the soil. When the moisture level gets too low the system could activate some IoT operated sprinklers. This has led to a new way of thinking about how business operate and how they achieve their goals as a company.
IoT has become a popular technology in the past 5 years with many tech companies such as Philips, google, nest and even amazon developing technology that can be controlled wirelessly such as thermostats and lighting. In the case of amazon and google they developed home assistants that allows the users to control certain functions of their home or small business with voice commands, thanks to their google home and amazon Alexa personal assistants. 
In this report the author plans to highlight the aspects of wireless technologies that most users never interact with. The author will detail and experiment with 3 modulation techniques that are commonly used within wireless networks using simulation software MATLAB and Netsim. The author will then develop a network suitable for a city and a small business to ensure the security of their products and their citizens, giving justifications for all the decisions made in the development of the network.
II. Modulation
For wireless signals to send binary data, modulation must be used. Modulation is performed by impressing the data into a carrier wave which is usually a sine waveform which is then transmitted through a wireless transceiver and picked up by the wireless receiver[1]. Once the data has been received the waveform goes through the process of demodulation which extracts the data from the sine wave back into binary digits. Most modulation techniques focus on three main factors of the sine wave. The first being the frequency which is how often the wave will repeat itself, the second being amplitude which is how much power is used and how strong the signal is. The Third and final is the Phase which relates to the point of the wave form cycle the signal is in at a given time[2]. 
a. Amplitude Shift Keying (ASK)
Amplitude Shift Keying is a common but out of date modulation technique, commonly used in communications. Amplitude Shift Keying or ASK is a basic modulation technique also known as on – off keying. ASK works by converting binary digits of 1 and 0 into a sine wave[3]. when the binary digit of 1 needs to be transmitted its is sent as a sine wave thus when a 0 needs to be transmitted it is sent as no sine wave or a sine wave with low amplitude which results in the wave from seen in figure 1.
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	Figure 1 – ASK Waveform [4]


 
ASK modulates based on the amplitude which is the size of the wave based on signal strength. Where there is no amplitude there is a zero and where there is for example an amplitude of 50% then there is a 1[5]. This is illustrated in figure 2 
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	Figure 2 – ASK Constellation Diagram [6]


ASK has many advantages, one being that because of the very simple nature of the modulation it is very easy to implement with very little cost overhead for the implementation. ASK requires power but it is negated under some conditions One major disadvantage to ASK is that it is very sensitive to noise and distortion thus requiring the bandwidth to be higher over longer distances to get a clear signal[7], this negates the advantage previously mentioned earlier.
A common use of ASK is in Near Field Communication (NFC) cards where the data transmitted at a close range and therefore is not likely to be susceptible to interference[8]. One form of ASK is used in AM radio but analogue radio usage has recently been on a decline since to introduction of digital radio.
b. Phase Shift Keying (PSK)
Phase Shift Keying or PSK is very different from ASK as it is slightly more complex. PSK comes in 2 forms Binary Phase Shift Keying (BPSK) and Quadrature Phase Shift Keying (QPSK)[9]. For the purposes of this report the author will focus primarily of BPSK. The way PSK works is instead of representing 1s and 0s as one wave on or off like ASK, it represents it as one wave in 2 different phases. The Phase is defined as the progress of the sine wave since it first started and until it reaches the start point again. With PSK 1s are represented as a wave form starting at one point and then 0s are represented as the same wave form starting a different point in the cycle. This method ends up with a signal like the one seen in figure 3. 
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	Figure 3. – PSK Waveform [10]


From figure 4 the two points which represent 2 binary digits are at the same amplitude but in different phases. What this means is that if a circle was placed within the diagram one of the points would be 0 degrees whilst the second would be at 180 degrees[1]. 
	[image: ]

	Figure 4 – PSK Constellation Diagram[11]



PSK boasts many advantages, one such advantage is that it is very resilient when noise is introduce which makes it more robust and a popular modulation techniques for wireless communication[12]. A major problem with PSK is when the signal is received, it is difficult to determine which phase the signal began with thus make demodulation a bit more complex and more difficult to implement[13].
PSK is commonly used in 802.11b Wireless Local Area Networks (LAN) but has recently be updated with the more up to day Quadrature Phase Shift Keying (QPSK)[14].
c. Quadrature Amplitude Modulation (QAM)
Quadrature Amplitude modulation is very different and more complex than the other modulation techniques the author has researched so far. QAM is unique in the sense that it doesn’t just transmit single bits of binary data but instead transmits groups of 4 bits. QAM also uses phases but depending on the version they can range between 16, 64, 128 and even 256 bits per symbol. The best way to explain this is to look at the constellation diagram on figure 5.
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	Figure 5 - 16-Bit QAM Constellation Diagram [15]


In figure 5 illustrates the numerous points on the constellation diagram. QAM takes aspects of both ASK and PSK, this mean that not only does the modulation change amplitude but also phase. With the variation of the phase and the amplitude the modulation method can send a lot more data at one time this increasing the bandwidth. With numerous symbols able to be modulated with variances in the amplitude and phase, as signal can be generated like the one in figure 6
	[image: ]

	Figure 6 – QAM Waveform[16]


 
Since QAM has numerous symbols depending on the method, it can supply more efficient bandwidth as it can represent 4 bits at a time. As mentioned previously QAM uses both amplitude and phase, the increases the power consumption on both ends to modulate. This also makes it harder for to implement due to the complexity of QAM. QAM is often used in both wireless and cable television especially in digital television due to its transmission rate[17], it is also used in Cellular technology as it provides better data rates for edge-cell users[18]. QAM has terrible signal integrity due to the numerous variances in the sine wave making it susceptible to atmospheric noise.
All three modulation techniques researched have different uses and all vary in performance, this makes it difficult to compare the 3 fairly. When looking at performance the most suitable modulation method is QAM as it allows the transmission of a minimum of 4 bits per symbol on the sine wave. ASK and PSK can only send one bit per symbol and one symbol per sine wave reducing efficiency. When it comes to the signal resilience against noise then the most capable modulation technique would be ASK as the low amplitude for the 0 symbol of the sine wave would allow the ability to easily differentiate the 0s and 1s. For the best range then PSK would be the most suitable as it requires no change in the power of the signal as the only metric changing is the phase, mean the power can be at 100% and reach it maximum range.
It is the Authors opinion that QAM is the best as it boasts a speed and can send date at a rate of 64 Symbols per Second (in QAM64). It is also the Authors hypothesis that ASK will perform the best in the Experiment on Simulink. As the test will mainly focus on the Signal to Noise ratio and Bit Error rate.
III. Experiment
To test the modulation techniques mentioned previously the author has created several Simulink labs to tests the robustness of the modulation techniques. The author will test all 3 modulation techniques with and without background noise at different levels to understand which modulation techniques can handle the most amount of noise without the Bit Error Rate (BER) going to high. The author will then compare the results to the research conducted in this report and conclude on which technique is the most suitable for the network that is being developed later in this report.
The noise in the simulation will be added using a module in Simulink called Added White Gaussian Noise (AWGN)[19], this adds the standard background noise commonly found in wireless communications. The main aspect of this module that the author is focusing on is the Signal to Noise Ratio (SNR) this is ratio of power to noise power. The author will test all 3 modulation techniques at -25dB, 0dB and +25dB this gives a wide section of results to analyse.
The Author shall first start with ASK as can be seen in figure 7. To begin the simulation will generate a series of binary numbers depending on the length of the simulation. The ASK simulation works by generating a sine wave which enters a switch, depending on the binary digit the switch moves between the sine wave and the constant 0. Once the signal has been modulated, AWGN is applied to the signal to simulate the background noise commonly found within wireless signals. 
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	Figure 7 – Screenshot of ASK Modulation in Simulink


Demodulation of the signal is a bit more complex, the signal is multiplied by the original sine wave and then placed through a filter. The filtered signal is then placed through another multiplication with a constant of 0.25, the wave is then shaped and pushed through a sub component that further cleans and shapes the signal to be read. 
The results of ASK are what is to be expected of this type of modulation. As can be seen in figure 8, where the SNR is +25 due to there being more power than the noise the signal comes through clearly with No loss in symbols at all, this is the best result possible within the simulation. This is further supported by the scope as seen in figure 8, the first binary signal is mimicked in the output of the signal with the very little amount of noise generated within the AWGN. The end signal is exactly as expected with a small amount of delay within the final signal.
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	Figure 8 – ASK with +25dB


 
As Seen in figure 9 with 0dB added to the simulation also produces no loss in the symbols transmitted, but an interesting event occurs. The Signal still experiences some noise and the end signal that is picked up by the error rate calculator is very distorted but looking carefully at the end signal it can be said that the original binary signal is still viewable thus giving a good binary signal at the end. The author believes this occurs because of the way SNR works, the signal power of the waveform and the signal are equal, but some noise interferes with the transmission though not enough for it to be unreadable.
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	Figure 9 – ASK with 0dB


 With the final test of -25dB, the author can see that the noise has begun to distort the signal and thus causing symbols to be lost. With an error rate of 45%, just over half of the symbols were readable through the noise. When looking at the third row in the scope it can be seen that the noise has overcome the wave making it illegible. 
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	Figure 10 – ASK with -25dB


These first three experiments were as expected with larger amounts of noise within the transmission massively effecting the overall quality, this supports information found earlier on in the research as ASK is often very susceptible to interference.
The Second simulation the author created was the PSK modulation technique, the design is shown in figure 11
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	Figure 11 – PSK Simulink


PSK is created by taking 2 sine waves in different phases and then forwarded into a switch which represent the binary digits as different sine wave phases. Next the AWGN is added the and the demodulation begins with the modulated wave being multiplied by another sine wave, pushed through a wave shaper and then through a bipolar to unipolar converter, this converts the different phases back into binary.
In figure 12, PSK has be simulated with +25dB noise and the signal faces no inference as all the symbols transmitted were successfully received. Figure 12 also shows that the modulation is working as intended as the phase shift can clearly be seen in the second row of the scope. Interestingly there is a lot more delay within the modulation because of the phases shifts.
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	Figure 12 – PSK +25dB


 When PSK faces a SNR of 0dB the modulation picks up some interference, but it does not cause any issues with the transmission of symbols as all 60 symbols made it through the simulation. Again, the phase shift has caused some delay, but it also doesn’t affect the outcome of the simulation
	[image: ][image: ]

	Figure 13 – PSK 0dB


When an SNR of -25dB is placed in the AWGN only a third of the symbols make it through the simulation, this is highlighted in figure 14. The figure also shows the massive amount of the noise interfering with the signal, thus making the binary output incorrect the transmission unstable.
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	Figure 14 – PSK -25dB


 So far when comparing both ASK and PSK, ASK performs better as 45% of the packets made it through AWGN with the same level of interference as PSK which only managed to gain 33% of the symbols transmitted. This is understandable as PSK is even more susceptible to noise than ASK.
The Author found the creation of QAM in Simulink very complex and thus was unable to create the simulation in the same way the other experiments were. For QAM the author used premade blocks that modulate and demodulate the signal. QAM is very different and instead of using a Bernoulli binary generator, the author used an integer generator as each symbol represents a 4-bit integer. To monitor the flow of the experiment scopes would be ineffective, it is for this reason that the author used constellation diagrams to display the modulation. 
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	Figure 15 – 16-Bit QAM Simulink



The QAM Experiment is highlighted in figure 16 below, from this with a SNR of +25dB the modulation holds very well as is the case with the previous 2 experiments. From the constellation diagram it can be overserved that the symbols were properly modulated and demodulated with very little interference as there was no error rate and the constellations match up to a degree with a little bit of obscurity which is to be expected.
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	Figure 16 – 16-Bit QAM +25dB


Figure 17 on the other hand shows result that are a lot worse with an error rate of only 22% of the symbols being correctly demodulated. This is supported by the constellation diagram which shows a clustered mess of symbols with no pattern and no mirroring of the modulated sign pre-AWGN. In previous experiments the SNR of 0dB produced some noise but not enough to influence the signal to cause loss of symbols. 
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	Figure 17 – 15-Bit QAM 0dB


In Figure 18 it can be seen that the SNR of -25dB has made the QAM signal even worse with the constellation diagrams not even closely resembling the original modulated signal. With 91% of all symbols being lost, the modulation experiment has proven that QAM is highly susceptible to noise 
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	Figure 18 16-Bit QAM -25dB



With all three of the experiments completed the Author can conclude that ASK is probably the most suitable when it comes to how resilient it is against noise with QAM being the least resilient. This supports the authors hypothesis stated at the beginning of this section that QAM would be the worst and ASK the better option.
IV. Wireless Network Design and Evaluation 
The Author has been asked to develop a network for a city within the Caribbean, the city has numerous farms within its jurisdiction and as of late there has been an increase in the amount of theft of livestock and of sellable goods. The author has been asked to develop a security system that can be implemented to ensure the security of the farm and help identify anyone who enters the area unlawfully. The author has also been asked to develop a smart city of sorts that help the citizens feel safer and allows the police to react to crimes within the city as well as gather evidence of crime and prevent crimes from occurring. This is largely in part due to the increase likely hood of robberies on public transport as well as the increase in knife crimes and gun crimes within the area. Finally, the author has been asked to implement a way for the farm network to be connected to the police station for quick communication to the emergency services.
The author must consider many factors that could affect the implementation of the system. The first being the landscape of the area, some farms might be located with a valley or across hilly terrain making the transmission of Cellular signals difficult. The author must consider that most farms are raided at night and most of the farms have high fences which still aren’t enough to keep the intruders out. 
The figure below is a screenshot of the proposed network topology. The farm consists of numerous sensor both for the security and for the running of the farm. To start the farm and the city is connected over an internet connection from the ISP, this is done through 2 connections the first being wired for farms within a valley or untenable terrain and the second being through a cell tower using 3rd generation LTE (3G) or 4th generation LTE (4G) for farms within range of a cell tower with an unobstructed signal. A Satellite could have been used but that would have increased the cost of the farms running unnecessarily. This allows the farms to communicate with the emergency services over the internet and enjoy the other services the internet provides.
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	Figure 19 – Smart City/Farm Netsim


The Farm contains several security measures from trip alarms to floodlights and cameras all of which are connected to a server which send data to the police in the event an intruder attempts to enter the property and steal or damage live stock or the harvest. The City also has plenty of security from body scanners which detect objects such as knives and guns to security camera and lights at all public places such as the bus station. All these security measures link over the internet to the police station which is also sharing data with police in the field through the internet either through hotspots found in the city or cell towers in the more rural parts of the country.
Netsim is a commonly used network simulation program, the author has access to an academic version that allows for almost any network to be simulated. The author had planned to use a simulation model within Netsim designed specifically for the Internet of Things, unfortunately this has some restrictions that prevents the author from making the network a size large enough to fully implement the design.
Unfortunately, Netsim has no native ability to change the modulation technique within the simulation, but fortunately the program allows for the changing of the 802.11 standard which depending on the version changes modulation type. For the purpose of this experiment the author has decided to use the 802.11b and 802.11ac standards which within Netsim. 802.11b commonly used BPSK and 802.11 commonly uses some variants of QAM[20], this will allow the author in some way to test the differences of the modulation, sadly there is no way to test ASK yet.
The author tested numerous applications for the purpose of this experiment. The applications are as follows:
· Video – For camera feeds.
· Voice – For Police radios.
· CBR – For door status updates. 
· FTP – For file transfers between servers.
· CoAP(Constrained Application Protocol) – For IoT applications, this is commonly used in IoT in Industry[21].
The simulation ran 4 times, 1 time for each wireless standard with and without noise. The author opted for 3 types of noise within the simulation, the first being pathloss which is just the overall loss of power as the wave propagates, this noise technique uses the Friis equation for Noise. The second is fading which is understood as the natural noise that occurs when a wireless signal is pushed through a certain medium, this is also related to how long the signal is being transmitted and the general geographic area. The fading model used is the classic Rayleigh fading which is the random distortion that occurs during signal transmission[22]. The third and final element of noise that has been selected is shadowing, this simulates the obstacles a signal might face such as buildings or geographic obstructions. 
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	Figure 20 – Noise added to the Netsim experiment


The experiment was run for 100 seconds, the author would have preferred to run the simulation for longer, but the program failed to last that long due to a bug in the program. The author will focus mainly on 3 metrics to measure the performance of the network, they are as follow:
· Delay
· Throughput
· Packet loss 
The results of the experiment in Netsim were placed into a graph in excel to make the data more readable.
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	Figure 21 – Netsim throughput Results


Figure 21 shows the throughput of the network. The results from these graphs are very unpredictable and inconsistent. As can be seen numerous times especially when looking at the farm alarm trips, sprinkler sensor updates and the body scanner alarm. The throughput on of the applications increase when noise is applied, this could be due to the way the author configured the network. Overall the throughput of the network does not seem to improve with the changes in modulation techniques, and if they do change it is a negligible increase.
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	Figure 22 – Netsim Delay Results



Figure 22 shows the delay that was detected in the network. From the results it can be seen that when comparing AC which uses QAM and B which uses PSK AC experiences less delay overall both with and without noise. In some cases, the delay decreases after the noise has been added, this is another anomaly that has occurred within the experiment. From the results it is easy to say that the police security door experiences a lot of delay in comparison to the rest of the applications this could be due to the distance that has to travel between the source and destination nodes. 
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	Figure 23 – Netsim Packet Loss Results 



Figure 23 shows the packets lost within the network as a percentage, overall the packet loss remained consistent. From the figure 23 it can be seen that B loses a lot more packets that AC both with and without noise. Again, with these results another anomaly occurred where more packets were received than sent at the end of the simulation, this occurs in 2 applications the first being the police camera feed under 802.11b where 200% of the packets sent were received this is most likely due an error within the application. The second occurrence is in the same application under 802.11ac, the packet loss percentage was at 200% after the introduction of noise this could be due to the noise creating what appears to be more packets in the application than what was originally sent 
From these results, the information shows that AC performs marginally better than B. it could be said that QAM performs better than PSK under most scenarios. This conflicts with the authors research as it stated that QAM would perform worse under noise, but this appears to not be the case. 
V. Conclusion
In this report the author has done plenty of research into 3 modulation techniques, ASK, PSK and QAM. From the research the author found that all the techniques have their advantages and disadvantages, from high resistance to noise to high bandwidth. The author simulated the modulation and found that QAM has difficulties maintaining signal integrity when noise is applied, whilst PSK and ASK kept and suitable level of integrity. Over all ASK proved to be the most resilient when it came to noise as shown in the Simulink experiments. The author also designed and simulated a network to test the modulation techniques but due to the limitations of the program the author was only able to test PSK and QAM. The results in the authors opinion were inconclusive as it shows that 802.11ac (QAM) performed the best, which is contrary to both the research and the Simulink experimentation performed earlier on in the report. In future the author would like to add more robust noise to the Netsim simulations by linking MATLAB and Netsim. The author also believes that research into new simulation tools could have be done prior to this report, this is something the author will investigate in the future. Finally, the author would like to have run the simulation for longer periods of time to gather a real understanding of how the network would perform over an extended period.
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