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Abstract – Network simulation is seen as a more efficient way to test a network within a given environment, with said environment being defined by the person or team that is running the simulation. This ease of testing allows for any network to be configured without the necessity of physically being at the location or having the hardware. For this report the simulation is being used for a network designed for a Caribbean island, to be tested on how the network can handle interference using difference modulations and come to a conclusion that not always the most recent forms of technology is the best suited for any circumstances. 
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[bookmark: _Toc5808833]Introduction
The use of network simulations is an efficient method to construct and test any form of network, the purpose of this report is to research into the different modulation types used within wireless communication to design and evaluate a network system within a simulation environment. To meet the criteria this report contains three key sections, the first is research in the core aspect of modulation and its function within communication systems, as well as its association with network systems. While there are many forms of modulation this report will be focusing on the comparison of the Digital Modulations of Amplitude Shift Keying (ASK) and Phase Shift Keying (PSK) along with Quadrature Amplitude Modulation (QAM).
The second part of this report will be the modulation experiments, these will be done for each type to test and monitor how interference effects signal strength when passing through the medium, it will also be used to determine how this will impact the final experiment when testing on a fully configured network system simulation. Finally, the network systems simulation of this report is comparing the modulation types within a simulation environment that is based on a real-life scenario. The given scenario is to show how a Wireless Sensor Network (WSN) can be used to discourage criminal acts including knife crime and theft within a city located in the Caribbean, the outcome of the simulations will then be evaluated and related to the research of the report in its entirety.           
[bookmark: _Toc480742361][bookmark: _Toc5808834]Modulation Functions in Communication Systems
When it comes to Communication Systems[1], [2] the data is transported using waveforms which are called Carrier Signals, the terminology Modulation[3] is the process that changes the properties of a carrier signal to that of a signal that can transport information over a medium. 
There are a few reasons as to why modulation is required, an example is to allow signals to be sent over greater distances by converting high frequency signals to low frequency. Another example is to allow for multiple signals to be sent over carrier waves, from a single physical medium simultaneously using Frequency Division Multiplexing[4], [5].
There are two types of Modulation used within communication systems, the first and the original is Analog Modulation[1] which uses low frequency signals to send information. A few examples of Analog Modulation include Amplitude Modulation (AM)[2] and Frequency Modulation (FM)[6], which were highly used as the default carrier wave modulation for broadcasting specifically radio waves used for  television and citizen band radio systems starting from the early 20th Century and is still currently used.      
[image: ]  
[bookmark: _Toc5808802]Figure 1. Diagram of Modulation Types and Techniques.
The second modulation type is Digital Modulation, which is the transference of a digital stream of Binary code consisting of 0s and 1s over an Analog carrier wave. A better method to view Digital Modulation is to see it as a technique to convert Digital to Analog and vice versa. This type of modulation is widely used due to it being the most recent form of modulation as such, examples of its uses include the Public Switched Telephone Networks[7], which is likely known by most due to it being the system that allows for worldwide communication, due to the assortment of intercontinental networks that provide links  that deliver telecommunication. 
This aspect led to the techniques of communication using Digital Modulation to be integrated into computer networks to provide a system that allows variable forms of information to be transmitted between different machines. This collaboration between these two aspects of technology allows devices to communicate globally by modulation, the core technology behind this relation is a device called a Modem[8]. The name of this device comes from combining the words Modulation and Demodulation, this merger was so the device can both convert a digital bit stream to an analog signal ready to be transmitted and convert an analog signal to a digital bit stream once received. This device would then forward the digital bit stream to any computer system able to process the signal.
[image: ]
[bookmark: _Toc5808803] Figure 2“Basic elements of a digital communication system”[2]. 
Figure 2 demonstrates a flow diagram presenting each of the steps a digital communication system uses, the source output can be either an analog signal such as an audio signal or a digital signal such as a computer output.                      
[bookmark: _Toc5808835]Modulation Techniques 
There are many Modulation Techniques from the basic Analog Techniques of AM and FM. To the Digital Techniques of ASK, PSK and QAM, it is these forms of digital modulation techniques that will be the forthcoming focus discussed in this report. 
For any communication system modulation is a necessary block within the structure, as it is this that allows for information to be communicated through wireless carrier channels. The creation of different forms of modulation allows for information to be transmitted with little to no loss of data within different requirements including bandwidth, throughput and objects that can create delay through interference also called noise (White Noise)[9].   
Demodulation does the reverse of what the modulation technique does depending on the type used for the carrier wave, the fundamental principle is as the binary information is converted using modulation to send over the medium. The receiver will use demodulation to revert the carrier wave back in to the original binary information that was sent by a transmitting modulator device. Not all demodulators are alike and depending on the technique used additional information will be needed for the demodulation process, an example of this are devices that use Frequency Division Multiplexing meaning that the devices can receive multiple signals and know how to covert using identifiers for each signal[10].    
[bookmark: _Toc5808836]Amplitude Shift Keying
The basis of digital modulation starts out the same as its analog counterpart, Amplitude Shift Keying (ASK)[11] is the straightforward form of modulation with the change coming from amplitude. ASK uses an unlimited number of amplitudes to signify digital data, in the form of the binary[12] values of 0s and 1s. As the modulation uses variations in amplitude the Frequency and Phase of the signal must remain constant. In its simplest for ASK is known as On-Off Keying (OOK), which uses the binary value of 1 to show the presence of a signal and the value of 0 to show an absence.
[image: ]
[bookmark: _Toc5808804]Figure 3 Illustration of ASK Baseband and Modulated signal
More than likely a well-known use of the ASK modulation is its OOK variant[13], that is used to transmit Morse Code over radio waves. This was a simple communication language that used a series of different electrical currents, these changes in amplitude allowed a signal to be present or absent in set pattern defined by the telecommunicator to represent letters and numbers. 
While this modulation is basic, in being so it provided a number of advantages including having high bandwidth efficiency, a simple design and capable of transmitting data over optical fibre cables. But this efficiency and value comes at the drawback that the modulation technique is vulnerable to interference while in transit examples include atmospheric noise, circulation conditions and distortion[14].
[bookmark: _Toc5808837]Phase Shift Keying 
Much like the previous modulation technique, Phase Shift Keying (PSK)[1] also uses unique patterns to define binary values. How it differences from ASK is that with this modulation the Phase of the carrier wave signal is altered to note the changing of the binary values of 0s and 1s. For PSK the binary values are set to equal number of bits, these symbol patterns represent a phase. 
The Demodulator is calculated specifically for that given bit pattern symbol that is encoded by the PSK modulator. For data transmitted over the carrier wave to be recovered the Demodulator must receive a reference symbol pattern prior to the data so that the patterns can be compared the demodulation process can be done correctly.
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[bookmark: _Toc5808805]Figure 4 Illustration of BPSK Baseband and Modulated signal, QPSK would be double the Baseband data.
The used form of PSK modulation is Binary Phase Shift Keying (BPSK)[15], for this the values of 0 and 1 are signified on the same carrier wave but as two phases. This change can be seen in Figure 4, the phase change on the signal looks like an M or W shape depending on the wave frequency. This use of binary modulation improved the signals efficiency and increasing bandwidth, but improvement to the technique can still be made. One of the more advanced versions of PSK is Quadrature Phase Shift Keying (QPSK)[15], which to describe this simply is essentially two PSK modulations used together in unison to increase the volume of the signal. This provides a major advantage over the other modulations that simply use the binary set of 0 and 1, adding to them so QPSK can use 00, 01, 10 and 11 which is shown below in Figure 5[15], [16].
[image: ] 
[bookmark: _Toc5808806]Figure 5 Phase Constellation Diagram for QPSK[16].
Being a 4-level modulation technique QPSK is highly efficient in bandwidth, among any of the digital modulation technique. But as previously noted the precise phase reclamation becomes a significant factor for the demodulation design, failure in this can give increasing odds to flawed detection of the signal. This factor of the modulation technique has a heavy impact and increases the design complexity of the receiver[17]. QPSK is also a well-used modulation technique, being used for Bluetooth, Radio Frequency Identification (RFID) and Wireless LAN standard IEEE 802.11 especially within network systems such as Modems[18]. 
Having the features of a constant Bit Error Rate and Bandwidth also enables it to be used within military communication and commercial forms of communication, such as the NASA Space Network which provides communication within the vicinity of Earth for satellites and spacecraft[19].  As to the advantages of PSK is not as vulnerable to the problems of interference as the other modulation techniques and as well as its higher rates of transmission of BPSK and QPSK. There are issues with the modulation through limitation in bandwidth efficiency, coming from its complexity of demodulation. The equipment needs to compensate these changes of phase states by utilizing complex detection and recovery algorithms to able to distinguish the data within the carrier signal.   
[bookmark: _Toc5808838][bookmark: _Hlk5719777]Quadrature Amplitude Modulation
Unlike the other modulation techniques, Quadrature Amplitude Modulation (QAM) is a hybrid that utilises both amplitude and phase mechanisms to deliver its unique method of modulation[20]. This being a hybrid provides itself with higher level of efficiency of the spectrum usage. QAM is a signal type that has two carriers shifted in phase through 90 degrees are modulated and combined. As a result of the 90 degree phase this modulation is in a quadrature state which is where the name derives from. 
QAM uses two signals within its carrier wave, one being in-phase called the “I” signal and the other being the quadrature or “Q” signal. The combination of these two carriers of both amplitude and phase, it can be considered that the variations in the signal present more of a mixture of the both types over just a simple side by side combination. The reasoning behind QAM comes from the fact that a modulation signal that uses amplitude occupies high bandwidth, which is wasteful taking in to consideration the available frequency spectrum. QAM restores the equilibrium of the signal by using two independent sideband carrier waves within the same frequency spectrum as an ordinary sideband signal[21].       
The existence of QAM can be found in both analog and digital communication, typically the analog versions allow for multiple signals to be transmitted on a single carrier wave. Example of this implementation include the AM stereo and the colour encoding system of PAL and NTSC for television devices[22], using QAM with its different channels to transmit the components for picture chroma and colour.
The digital presence of QAM sometimes referred to as Quantised QAM is noted for its increased use for digital data communication, these include the cellular technology of Long-Term Evolution (LTE) as well as through wireless systems using one of the IEEE standards of 802.11. 
[image: ]  
[bookmark: _Toc5808807]Figure 6 Bit Constellation Diagram for 16QAM[20].
From the examples mentioned previously QAM is used mostly for digital transmissions this is due to the modulation providing high-speed communication to any system it is used on. Applications are able to carry higher data rate when compared to individual modulations of amplitude and phase, this is due to basic signals only exhibiting two positions which represent binary of 0 or 1. While using QAM there are many different values that can be defined by mixing phase and amplitude, these points can be noted in the constellation diagram seen in Figure 6. From the diagram above it should be distinguished that constellation points are arranged in a square grid with equal horizontal and vertical layout. Being that QAM is used for binary values the constellation diagram is always in the power of 2, typical examples are 16 and 64 QAM. 
By using a greater QAM format it is possible to transmit more bits per symbol, however the downside to packing more points in to the modulation is it becomes more acceptable to noise and interference which contributes to errors in data. For this reason, the higher version of QAM are restricted to use when only a sufficient high signal to noise ratio is guaranteed. Although QAM gives a greater performance from its increasing of binary values, it does come with some notable disadvantages. As stated previously QAM is highly susceptible to noise due the points of states being so close together the larger the modulation is, so 64QAM is incredibly vulnerable to noise when compared to 16QAM. A second limitation comes from the amplitude element of the signal, for when a modulation strengthens its phase or frequency of a signal within a radio transmitter. A linear amplifier is not needed while when it comes to QAM that does contain an amplitude component, linearity has to be a constant. This led to being further hindrance as linear amplifiers consume more power and are less efficient, this makes them less attractive when it comes to use for mobile applications[23].   
[bookmark: _Toc5808839]Comparison of the Modulation Types
When it comes to the comparison of the three modulation in this report it comes down to installation, the performance is terms of bits per signal and the level of interference tolerance. Starting with ASK it is the simplest modulation and easiest to implement, it is also least likely to have errors in transmission. The cost of ASK being low bandwidth and being efficient in linear regions only, this meaning it can’t be utilised for wireless communication. While PSK is basic much like ASK, its other versions of BPSK and QPSK are widely used within communication systems due to its increased capacity of data while bandwidth is unaffected.  The modulation family of PSK is that of an intelligent one as it can be used for high demanding applications, it can be implemented relatively simple making it a sturdier technique over others. Due to this it has enforces it use in situations that require reliability and compatibility on a large scale an example of this is global communication via satellites links. When it comes to QAM it seems the have the largest variety of version, such as 2QAM and 4QAM, but these are essentially are represented by the PSK and provide no advantage by choosing it over PSK. The reason for this is how impactful interference is to QAM over the other modulation techniques, due to one of the components of the modulation being amplitude. While receivers that use phase or frequency are both able to use limiting amplifiers that can remove any amplitude noise which improves signal reliance. This is not the case with QAM, that does have to use amplitude as half of its carrier. Then when looking in to the higher end of QAM with its binary of 32 and 64 bit, the points in constellation are so compacted that its acceptable to noise making it practically unusable in many places where this form of communication system would be installed. 
[bookmark: _Toc5808840]Simulation of Modulations 
This chapter of the report will consist of the modulation techniques within a simulation environment. Simulink contained as part of Matlab will be used to experiment with ASK, PSK (QPSK) and QAM. Each of the modulations will be tested using 60 symbols in the transmission to evaluate an Error Bit Rate (EBR), as 1 symbol is transmitted a second this will represent 1 minute of transmission. The Error Bit Rate of the simulation will compare the symbols and note any that occur as an error, this then evaluates the errors to the total to produce the Error Bit Rate. To provide a professional level of comparison between the modulations each will be simulated with signal to noise levels of 10, -10 and -30 decibels (Db) Figure 7. Using this simulation software, it provides an environment that allows for testing each modulation where the author is fully aware of the condition and can properly evaluate the simulations after. When using other ways of testing than simulation other consideration will need to be noted or assumed, for example modulation can be tested with mathematical formulas but that would be heavily founded on the knowledge of the tester.
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[bookmark: _Toc5808808]Figure 7 White Gaussian Noise Generator used to implement interference on channel. 
[bookmark: _Toc5808841]Amplitude Shift Keying
The screenshot below Figure 8 shows the block code layout of ASK within the environment of Simulink.
[image: ]
[bookmark: _Toc5808809]Figure 8 Image of ASK modulation and demodulation block layout.
As for all the experiments the first for ASK has to generate interference of 10DB, within Figure 9 on the next page it shows for four scopes. Each one of the scopes is a stage throughout the process of ASK, with the first scope displaying the start, the last scope displaying the end of the signal and the third scope displaying the carrier wave affected by noise. The second scope is there to simply show the modulation being converted from the binary values to a carrier wave. From the third scope it is evident even with setting the noise to 10 decibels that there is still some naturally occurring interference, but this has shown to affect the signal in any way with the bit rate error show all 60 symbols and no errors (Figure 10). Only item to note is that there is a slight delay between the signal in the first scope and the last.   
[image: ]
[bookmark: _Toc5808810]Figure 9 Screenshot of Scope for ASK at 10Db.
[image: ]
[bookmark: _Toc5808811] Figure 10 Screenshot of Display for ASK at 10Db.
The next experiment for ASK is shown in Figure 11 that increases the noise to -10Db, this is where any vulnerability to noise will be seen. It can be seen from the third scope that once the carrier wave is pushed through the noise generator, that the definition of the wave to note the binary of 0 and 1 are not unique in any way. Furthermore, when returning the signal to binary due to the 33%-bit error (Figure 12) rate there are errors showing up on the return with the extra values of binary. This would mean that any data sent on this path would be unreadable though not to the point where recovery isn’t possible but will be difficult.
[image: ]
[bookmark: _Toc5808812]Figure 11 Screenshot of Scope for ASK at -10Db.
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[bookmark: _Toc5808813]Figure 12 Screenshot of Display for ASK at -10Db.
The final experimentation for ASK just further evidences the vulnerability to high levels of interference with the noise being set to -30Db. In Figure 13 on the next page the noise has been increased to the point that almost half of the 60 bits sent have been resulted in error. It can be seen again in the third scope the effect on the carrier wave, the last scope is also displaying this fact as there is no way to separate the original binary value from the interference. The Bit Error Rate shown in Figure 14 is showing that the increase of 20Db, has almost doubled the error rate for the signal going from 20 to 34, this supports the research from before that ASK is highly affected by noise.  
[image: ] 
[bookmark: _Toc5808814]Figure 13 Screenshot of Scope for ASK at -30Db.
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[bookmark: _Toc5808815]Figure 14 Screenshot of Display for ASK at -30Db.
[bookmark: _Toc5808842]Phase Shift Keying
Moving on to the PSK experiment, the screenshot below presents the block code layout for PSK modulation within the Simulink environment.
[image: ]
[bookmark: _Toc5808816]Figure 15 Image of PSK modulation and demodulation block layout.
Once the research was untaken for PSK it was discovered, as mentioned previous section that the most practical aspect of this modulation technique is QPSK as network layer simulation also used QPSK within their wireless communication standard. So, as to get the best comparison of these types, a QPSK block layout was made as tested with the same parameters as the others.
[image: ]
[bookmark: _Toc5808817]Figure 16 Image of QPSK modulation and demodulation block layout.
Much the test with ASK when providing a perfect environment with no interference, there are no errors within the signal. The only point of notices is the delay between the signal being send and then being received by the scope. The evidence for this is shown in Figure 17, it is also clear to tell this scope is from PSK as the W shape of the phase change can be seen within the second scope that shows its carrier wave.
[image: ]
[bookmark: _Toc5808818]Figure 17 Screenshot of Scope for QPSK at 10Db.
The next, Figure 19 on page 10 shows QPSK when used with the signal to noise set to -10DB. On the third scope the interference is now visible in the carrier wave and even more so when the signal is returned to binary values. The Error Bit Rate for this environment is 17 (Figure 17), being lower when compared to the ASK equivalent. This supports the research of QPSK being the better choice of modulation and as to why it is so widely used within communication systems, though some minor adjustments are needed to make the received signal as clear as it was when sent. 
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[bookmark: _Toc5808819]Figure 18 Screenshot of Scope for QPSK at -10Db. 
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[bookmark: _Toc5808820]Figure 19 Screenshot of Display for QPSK at -10Db.
The final QPSK experiment was to have its noise generator set to -30Db, now while phase changing in the carrier wave is visible. The amount of generated has servery distorted the signal, which can be seen in the third scope (Figure20). Additionally, it can be seen that the number of bit errors is 36 of the 60, with almost two thirds of the bits returning to as errors it would be difficult to recover the signal. Though when comparing this to ASK it doesn’t seem the show the guard to interference as it does in the research, this could be due to the random nature of Simulink and the more complex layout of QSPK. The error of bits in the signal is 36 which doesn’t clearly show that is an improvement over ASK but enforced with the research, it is safe to assume that with further testing with Simulink the bit error rate can be lowered to prove QPSK as the improved modulation that it is. 
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[bookmark: _Toc5808821]Figure 20 Screenshot of Scope for QPSK at -30Db.
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[bookmark: _Toc5808822]Figure 21 Screenshot of Display for QPSK at -30Db.
[bookmark: _Toc5808843]Quadrature Amplitude Modulation
The screenshot below shows the block code layout for 16QAM, this part of the experiment proved challenging due to the hybrid mechanism behind QAM. There seemed to be no definitive way to go about setting up the modulation technique each guide and expert had their own way about it. To ensure that the testing was fair to the other modulation experiments, the focus of the testing was solely to observe how interference effects the signal.   
[image: ]
[bookmark: _Toc5808823]Figure 22 Image of 16QAM modulation block layout.
Figure 22 illustrates the first experiment with 16QAM, like the previous ones the prime experiment is tested in a faultless environment with little interference. To test out QAM like it was in the research section, constellation diagrams are used. As seen on the lift diagram the constellation is clearing showing the 16 bits of 16QAM, the diagram on the right shows how interference effect the 16bits. The collections of yellow show the aspect of how clear the signal is in transmit, going from the diagram it confirms how easily acceptable QAM is to noise. With even a small amount of native noise effecting the modulation.      
[image: ]
[bookmark: _Toc5808824]Figure 23 Screenshot of Constellation Diagram 16QAM at 10Db.
On the next screenshot (Figure 24) the 16QAM modulation has been introduced to noise by setting the decibel to -10, the left diagram is still showing how the signal should look like. The right diagram with the interference has drastically changed the grouping of the 16 bits is gone, showing only a disorder of points within the constellation. This would mean that there is so much interference that there is no way to define the original signal and would take linear mechanics mentioned previously to fix this. At this point more interference would be added to match the other experiments, but for this test it would be meaningless as the results would be much like this with no way to differentiate the original signal.     
[image: ]
[bookmark: _Toc5808825]Figure 24 Screenshot of Constellation Diagram 16QAM at -10Db.  

[bookmark: _Toc5808844]Evaluation 
To evaluate what the experiments have revealed, the simulations do overall enforce what is shown in the research. That being QPSK is more resilient the interference and poses itself to be as widely used as it is, as well as QAM being highly influenced by interference. Assuming that do to Simulink unpredictability when it runs the simulation there is no way to confirm any of these outcomes as by running the modulations again will most likely reveal different results. these results could show the technique of modulation to be better or worse than shown in this report.   
[bookmark: _Toc5808845]Wireless Network Experiment
The final part of this report is a network simulation based on a scenario presented to the author, for this report the scenario was to create a wireless sensor network for farms to deter thefts that have been targeting as of resent. It was also asked that communication would be set throughout the city to allow for anonymous system communication, as well as the same the aspects of security as the farmlands outside the city.
The network simulation software used for this experiment is a program called NetSim, this is due to the basic understanding of software. Using NetSim the experiment will be able test the different modulation techniques by changing which wireless standard of IEEE is being used as well as apply interfere. This allows us to observe how interference is process on a network layer compared to the physical layer of Simulink. It is worth noting before starting the simulation that NetSim, natively used the QPSK modulation technique.

   
[bookmark: _Toc5808846]Design for Wireless Monitoring System
Before starting the design of the network some background research was needed to see the right way about designing it, as the core of this network was centred around wireless sensors the first protocols looked at was ZigBee[24] and LoRA[25]. Both of these standards are modulated and improved by their own alliances which is a group made of professions that work on implementing these standards in different environments. Both standards are used for communication between small low powered devices, with one that is more focused on its range. LoRa coming from combing the words Long range, is used more for exceeding the limits of how far apart these devices can be while still communicating. This can be noted by the Alliance recently introducing LoRaWAN for national network system communication, most recent is the Lacuna satellite that uses a LoRa gateway for communication to the onboard sensors as well as global communication[26].
[bookmark: _GoBack]When it came to the design of the network with NetSim there were a number of limitations, most concerning for this was that only a single ZigBee network could be set up. The decision to overcome this was to change the communication protocol to the version of IEEE 802.11, QPSK is represented by 802.11b and 802.11a/c is representation of QAM.     
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[bookmark: _Toc5808826]Figure 25 Network infrastructure for the Smart City network.
Figure 25 shows the network structure of the design including the backbone hierarchy design for the city-wide communication, as well as the individual networks for the requirements. This being a farm, police station, public transport station and city hall. To increase the deterrent of crime and theft in the area, key wireless sensors have been installed at the farm and public transport station. These being motion and cameras using both of these sensors to notice when someone is around will trip lighting which will illuminate the surrounding area and make it less likely of someone committing a crime when seen. As it was stated the nature of the crimes at the farm need extra devices including trip sensors on the fences and doors. 
If either of these were set off the system would automatically report this to the police station over the network. The police station was also set up as a hub for the network where all the sensors and cameras can be monitored, the network was also set up to allow the police to use smart devices to view camera feeds and if needed communicate to other police officers through the wireless network. City hall was set up as part of this network to be a backup server for the wireless sensors in the event the police station is compromised, it also served as a router location within the city’s network.    


[bookmark: _Toc5808847]Wireless Monitoring System Simulation
When it came to test the simulated network practically every device was configured with application that best suited that given device. This application included the following;
· HTTP – Hypertext Transfer Protocol used to transfer data over the internet.
· CoAP - Constrained Application Protocol designed for machine to machine (M2M) applications.
· FTP – File Transfer Protocol for files between a client and server.  
· Database – Simulates large data transfer over a network. 
While a number of applications were tested on the simulation a sample covering the spectrum of protocols used within the network were taken for comparison between the modulation types. These sample applications were separated in to the modulation type and compared with the network having interference and not.
The 802.11b standard uses QPSK modulation as part of direct sequence spread spectrum (DSSS), for the test a sample of each application from across the network was taken and compared to itself when experiencing interference.  
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[bookmark: _Toc5808827]Figure 26 802.11b Packet Loss comparison.
The comparison was done for packet loss seen above in using the colour blue for no interference and orange represents the application with interference. For the packet loss graph overall, it is showing a similar rate even when affected with interference. The exception for this is the application for HTTP where packet loss seemed to be more extremely affected with noise, this could be due to the distance between the devices.  
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[bookmark: _Toc5808828]Figure 27 802.11b Throughput comparison.
Next is Throughput which is the amount of data that can be pushed through the devise at one time, for this there is nothing to note as any difference between them is too minor to show on the graph the only exception is CoAP which as it only uses M2M the data used isn’t measurable on this graph. The graph below shows delay in microseconds between the two devices in the application. From this the only piece of information is that it increased delay for the database application, most likely due to the large amount of information being transferred.   
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[bookmark: _Toc5808829]Figure 28 802.11b Delay comparison. 
When starting the testing for QAM it was discovered within the guide for NetSim that the 802.11a/c standard does not necessarily use 16QAM, its possible for it to be 64QAM or even QPSK. But for the purpose of this report it will be assumed that the results gathered represent QAM, the test for 802.11a/c follows the same pattern as the previous test. 
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[bookmark: _Toc5808830]Figure 29 802.11a/c Packet Loss comparison.
Starting again with packet loss the graph is supporting the research of how susceptible QAM is to noise, with the video losing its application completely due to interference. The throughput for QAM is following the same pattern as QPSK where the differences are too minor to show on the graph.
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[bookmark: _Toc5808831]Figure 30 802.11a/c Throughput comparison.
The same again goes for delay shown in Figure 31 where any introduction of noise hinders the delay by increasing it, this is especially highlighted for CoAP where the delay is three time more than without which is highly impractical for an application that sends so little data.
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[bookmark: _Toc5808832]Figure 31 802.11a/c Delay comparison.
[bookmark: _Toc5808848]Conclusion and Future Work
To conclude when it comes to the modulation techniques the most practical is QPSK, it being the most widely used as well as supporting the factors of performance and better tolerance from interference. Factors that where supported both in research and the simulation testing, for QAM its only benefit comes in its high performance, in a limited area with little to no interference it would be the better of the two. But having that level of control of an environment cannot be guaranteed in the real world.
For the future it would be beneficial to look more towards the future trends of wireless communication and computer networking. While ZigBee has been a defining protocol for wireless, its advancements seem to be slowing down compared to what is being done with LoRa and its advancements in WAN and space communication.  
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NetSim window for added noise to network simulation.  
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NetSim window for changing modulation type through IEEE 802.11 standard.  
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