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Abstract—Networks and Communications is an essential aspect for simulation modelling. It is required for the potential testing of a real-life environment, to analyze the behavior of a network system. High level simulation is critical in designing and creating different variations of modelling to achieve the best results. It provides advantage to industrial level communication as users can identify different modulations to implement and testing different variations of parameters against noise interference such as SNR. Modulations can aid in the process of developing new ways to achieve an output of positive success, modulations such as Amplitude Shift Keying, Phase Shift Keying and Quadrature Amplitude Modulation.
Index Terms—Networks, Communications, Simulation, Modelling, Industrial, Noise interference, SNR, Amplitude Shift Keying, Phase Shift Keying, Quadrature Amplitude Modulation.
I. INTRODUCTION
T
HIS paper introduces the fundamental concepts and principles of Networks and Telecommunications systems. The author shall present the ideologies of simulation modelling in relation to potential real-world environments. The concepts of networks and communications have both become the invention of correlation, this means the two have technologies that utilizes each other’s field of applications to create new standards of working environment. The principles of simulation techniques have become an element of relevancy to develop new ideas of interest within the field of telecommunications, by utilizing simulation and emulation modelling can aid industrial populace to create new technologies of communication system as it allows users to mimic real-life environments[1]–[6].
II. Related Work
A. Digital Modulation

The term digital modulation refers to concept of modulating carrier signals over a carrier wave or a medium. The idea that voice data can only exceed over a certain distance, to increase the distance, it needs to be transmitted over a medium. This process of transmission of conversion is known as modulation. The typical analog radio signals are known as Frequency Modulation (FM) and Amplitude Modulation (AM). In terms of digital modulation schemes, the most common types are Frequency-Shift Keying (FSK), Phase-Shift Keying (PSK), Amplitude-Shift Keying (ASK) which the author shall discuss further in the report. The carrier signals may be known as sinewave or sinusoid; this refers to variation in the magnitude of the oscillation, each technique carries a parameter for these digital modulation techniques, this being amplitude, frequency and phase, each sinewave differs depending on the scheme[7]–[10].
B. Amplitude-Shift Keying (ASK)
In reference to Amplitude Modulation, the Amplitude-Shift Keying technique is a type of signal transform which signifies the deviation of the amplitude of a signal extracted from binary data. The digital to analog modulation process involves the transmission of bit values to discrete messages, the amplitude signal is then modulated amongst the variation of discrete bit values to transfer an output. The carrier signal is diverse to characterize the binary values of 0 and 1, although the factors of frequency and phase persist unaffected whereas the amplitude fluctuates. The modulation of ASK is relatively used for Fiber technology for the transmission of digital data[11]–[14].
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Figure 1 - ASK Mathematical Formula
The above image is a representation of the formula of the Amplitude Shift Keying expressed in the most basic form.
[image: image2.png]Quadrature axes.
[C)

rprase aves
aeeh)

ASK




Figure 2 - ASK Constellation Diagram
The above image displayed is a visual illustration of the amplitude-shift keying constellation diagram. The diagram represents the information expressed which means that whether the amplitude levels correspond to both 0 and 1 levels, the phase shift remains constant.
C. Phase-Shift Keying (PSK)
In this modulation technique, the factor of the phase carrier signal is altered to meet the representation of the binary or bit value of 1 and 0 at certain periods of time, with a finite number of phases. The mechanism of PSK is widely utilized within the area of communication systems, preferably suited for data communications as it allows the conveyance of radio transmission effectively over other methods such as frequency-shift keying. The essential form of transmission of digital data from analog has become an important area for data communication, the use of carrying data can be achieved through these modulation schemes. The most common phase shift keying technique involves the varying of the binary shift, the preceding bit values determine if the phase shift remains the same or constant as 0 or 1, if the phase shift conveys a 180-degree state of flux, the carrier signal deviates from 0 to 1 or vice versa[15]–[20]. Below the author provides the formula expressed as a calculation of the Phase Shift Keying;
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Figure 3 - PSK Mathematical Formula
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Figure 4 - PSK Constellation Diagram
D. Quadrature Amplitude Modulation (QAM)
Quadrature Amplitude Modulation is a multi-combination of ASK and PSK, this is due to the modulation scheme utilizing both variations of amplitude and phase in relation to the carrier signal. In this modulation scheme, the user utilizes a method to create a quadrature effect by merging two amplitude modulated signals and directing these signals through one carrier channel, this in turn, produces a dual bandwidth. Commonly used alongside pulse amplitude modulation within radio communications.in technical terms, the signal is defined as the two carriers maintaining the constant frequency with a differentiated phase shift of 90 degrees, this is turn allow the user to gain outputs of phase and amplitude variations[21]–[26]. 
Quadrature Amplitude modulation may cease to occur within analogue and digital transmission. QAM in an analogue transmission allows the user to implement numerous analogue carrier signals to transmit on a single carrier transmission signal. The concept of QAM modulation technique has been used in many applications such as Wi-Fi technology, WiMAX, Digital Video Broadcast (DVB) and many other technologies that are designed for future communication systems such as Long Term Evolution (LTE) and WLAN standards of 802.11ac.
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Figure 5 - QAM Formula
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Figure 6 - QAM Constellation Diagram
III. The function of modulation in a communication SYSTEM
As already established, the function of modulation itself is to extract a certain data in form of a translated output, in this case, a signal or sinusoid taken as an input to create a new carrier signal. The author has produced an interpreted definition of the different types of modulation schemes and the methods of transmission utilized for various components. The use of modulation has proven a beneficial mechanism due to its nature of illustration, a modulated signal is far effective to elucidate than an unmodulated signal. The function of modulation within telecommunication systems and electronics has been a useful operation as it allows users to use multiple transmission signals and channel these through a single medium[27]–[30]. 
Both analog and digital modulated transmission provide the user with an output of translation. An analog transmission signal such as a low frequency band, used for signals such as an audio traffic or TV carrier signal, is transferred over a higher frequency band for example a radio frequency. Indeed, digital modulation appears more advantageous over analog transmission due to its nature of available bandwidth, resilience to higher noise frequency, reduced distortion and the ability to multiplex signals. Encipher and decipher mechanism becomes productive due its security reliability. These transmission mechanisms have been utilized in the production of various communication systems such as public switched telephone networks (PSTN), wireless communication systems (Radio, Satellite and Mobile technology), electromagnetic wave transmission, remote operation systems, data communications and many other standards of communication-based systems[31]–[34].
IV. How the concepts & Principles of computer networks relate to communication systems
The concept of computer networks has become increasingly predominant within the field of communication systems as they interrelate with each other, most communication system would not cease to exist if not for the principles of computer networks. Computer Networks itself belongs to a group of telecommunications standards which allows the division of resource sharing. The exchange of these resources can exist to classify as aspects of video and voice data through nodes such as computers, therefore this concept itself revolves around the idea of communication systems being implemented, these types of networks can relate to topologies such as Local Area Network (LAN), Wide Area Network (WAN), Metropolitan Area Network (MAN) and many other network infrastructures. There are many variations of communication systems which utilize the concept of internetworking principles. Radio communications systems is quite widespread as the use of radio technology can provide essential benefits to an industrial level, with radio communication, a user is able to transmit data signals over long distances similar to the same technology as wireless networking. With the aid of computer networking communication system are able to utilize satellite technology to communicate via radio signals, thus creating a channel of transmission[3], [6], [35]–[37]. 
Optical communication systems have been more extensive in the field of telecommunications due to the demand in the optical technology needed in various standards of networks such as Fiber Optic technology, widely utilized for transmission of signal channeling for telephones, television cabling and other standards of communications. This has provided industries with the advantage of transmitting signal at a much higher speed and distance over other methods of transmission with minimal interference, therefore computer network principles relate to communication systems. Other relations to optical communications provide benefits to a wide range of signaling such as Dense Wavelength Division Multiplexing (DWDM), with this concept companies are able to transmit large volume of data while maintaining its integrity state, this is beneficial for highly populated concepts such as data centers and other popular telecommunication systems[38]–[42].
V. Comparison of the three modulation techniques including advantages and disadvantages
The modulation techniques in which the author has explained are classified as digital modulation schemes, however, analog transmission may also exist to operate within if required. The author has illustrated a clear understanding on the way each modulation technique is presented when demonstrating the process of modulation. This section below will provide the reader with a more in-depth knowledge of the modulation schemes considering the benefits and drawbacks along with points of comparison.
A. Advantages and Disadvantages of ASK

Although ASK is not utilized often, there have uses for the modulation scheme such as the transmission of signals within telephones lines. It was also utilized in for early radio technology such as amateur radio and also used for amplitude modulation signals which required a long-distance travel, therefore of the advantages of ASK is that is provides a user with higher bandwidth coherence. In relation to its intelligible design, the modulation provides a user an ease of usability for implementation for both modulation and demodulation. Another advantage of ASK is that it is commonly utilized for optical fiber technology, therefore provides a scheme for transmission of digital signals for fiber optic. The simplest technique used for ASK is On-Off-Keying (OOK), which is commonly used for the transmission of Morse code over radio technology and also applications such as industrial, scientific and medical purposes (ISM). As well as its simple design and ease of usability, the process of modulation and demodulation is relatively inexpensive to implement[43]–[46]. 
Although this is modulation scheme has its pros, there are some cons which the author outlines. The main disadvantage of ASK is the underlying sensitivity to noise along with a reduced amount of efficiency of power. The modulation scheme appears to regulate an influence of noise distortion due to the effects on the amplitude, this is turn, produces more errors, a user could utilize a more susceptible method of modulation which is not highly influenced by noise distortion such as BPSK. 
B. Advantages and Disadvantages of PSK
The digital modulation of PSK has proven to provide the representation of digital binary data in relation to analog phase carrier modification. There are different variations of PSK which illustrate the difference in signal channeling, including both amplitude and phase as opposed to a single variation of phase, two level PSK or four level PSK which is also known as 16 QAM, 64 QAM, 256 QAM and many others forms of phase shift keying which are relevant to the operation required.
 Although phase modulation schemes are utilized for the transmission of analog signal channeling, it is more extensively utilized for digital transmission modulation for wireless communications, Radio Frequency technology and Bluetooth technology. The process of providing a carrier mechanism for Radio Frequency signals is one of the advantage phase modulation introduces, compared to other forms of digital modulation, PSK becomes more efficient at signal channeling for RF at providing a higher power competence. The bandwidth utilized for phase shift keying may possess the same power as other digital modulations such as ASK but still exist to be liable to errors. Other forms of PSK possess a much higher transmission rate such as Quadrature Phase Shift Keying (QPSK), this provides the user to signal channel twice the binary data in relation to the designated phase shifts. QAM is also similar to QPSK modulation in the sense of providing a much higher data input although is not a variation of phase shift keying, it does however provide a modification 4 level PSK and so forth[45]–[48].
As well as the advantages of PSK are mentioned which provides a substantial amount of success for digital modulation techniques, there are some drawbacks of phase shift keying. A common drawback of phase shift keying is the amount of bandwidth required to regulate minimum error rate, therefore the PSK does possess a lower efficient level of bandwidth. As a result of utilizing different variations of phase shift, each signal carrier may be encoded within the bits of data which is known as Gray Coding, these encoded signals can be quite complex to detect whether placed before the binary data or after, this is known as Differential Phase Shift Keying (DPSK), this requires a great deal of signal-to-noise ratio for the purpose of reaching a common perspective of bit error rate (BER) compared to QPSK. The process of implementing allocation of Gray Coding can become complex to the extent of not knowing what the phase shift may produce as an outcome, this is one of the complications of multi-level phase shift keying due to the sensitivity of the phase variations.
C. Advantage and Disadvantages of QAM
As the author discussed the concept of Quadrature Amplitude Modulation in which the scheme utilizes both variations of amplitude and phase techniques. This does benefit the user in terms of the amount of data capacity as opposed to other modulation schemes such as QPSK. The ability to implement both variations of amplitude and phase provides the modulation of QAM an increased amount of success for radio communications due to its capacity of bandwidth. Each carrier is different for each variation of QAM, as 16QAM provides a user to implement a carrier signal with 4 bits per signal and a carrier signal of 256QAM where the number of bits per signal resides to 8 binary bits, the advantage of a much larger bandwidth usage comes into a beneficial operation. 
As the symbols are all closer due to the number of binary data being represented, QAM is increasingly vulnerable to noise. Because of this, QAM receivers are increasingly compound in contrast with other modulation schemes. This is one of major drawbacks of QAM, power consumption comes into consideration when handling a high volume of binary data representation, the higher the power, the easier it becomes to produce linear amplifications in relation to using amplitude variations, which QAM fails to provide unlike other modulations which use phase or frequency schemes that utilize the amplifiers to limit or remove noise. Even though the advantage of allowing multiple bits on a carrier signal, this requires a great deal of signal to noise ratio (SNR) for the decryption of binary data received, the mapping of multiple data for maximum data input with minimal error rate has yet to be improved[49]–[52].
VI. Design
The author was instructed to create three illustrations of a conceptual design; these three modulations were based on the research which the author discussed above. The modulation schemes of ASK, PSK and QAM were intended upon production. In order to produce these modulation schemes, the author was given the tools necessary to create an experimental approach while considering specific parameters to test the performance in relation to channel noise. As the author conducted a physical experiment within a simulation model, this is known as Simulink, a visual mathematical tool designed for the purpose of simulation and program modelling, primarily for graphical block modeling. The simulation involved utilizing variations of custom blocks to create the modulation schemes with different parameters of noise, these were parameters such as Bit Error Rate (BER) and Signal-to-Noise Ratio (SNR). To visualize the modulations, the author has produced the constellation diagrams in the literature section of the report to provide the viewer with more information of the concept of each modulation schemes. After completion of the modulation schemes, the author is instructed to verify the validity of the experiment in relation to the research written to cross reference the modulations.
As a second section of the experiment, the author is instructed to create another visual concept in relation to the task description set out in the report. The author was tasked to take the role of an IT consultant and create a network design model of a wireless monitoring system. The network design would include a thorough working model utilizing wireless sensors to justify the concepts of long- and short-range communication, also considering other wireless technologies such as satellite and cellular networks. The author evidently implements certain parameters or metrics to analyze the performance between the networks and provide any justification to the assumptions made. The working network design was produced in the simulation software called NetSim, which allows a user to implement different variations of network standards such as wireless sensor networks, IoT, Cellular Networks, MANET’s and many other internetworks. Within these networking environments, the author is able to test different variations of parameters to test against the wireless network, these are parameters such as Throughput, Delay, Packet loss and other performance metrics. The author was intended to provide a cross section analyze against the modulation schemes produced in Simulink with the experiments within NetSim if possible. The cross section should involve any similarities and differences found from the modulation schemes to the wireless network implementation, which in turn, the author will decide which modulation scheme benefits the user to create a Wireless Network.
A. Matlab (Simulink)
As instructed, the author provides the conceptual design of the first part of the specification, this is the block modelling created in Simulink. By doing this the author utilizes customized blocks instead of built in blocks to gain a more in depth understanding into the various ways of achieving the modulation schemes of ASK, PSK and QAM. The customized blocks utilized for each of the modulation techniques will exist in this section for reference to the reader to gain an insight into the Simulink modelling software.
B. NetSim
Below, the author provides a conceptual blueprint in order to visual a network infrastructure to implement for the experiment, taking into consideration the devices required to operate each system, the protocols required for communication between each area of the network, the sensors needed to measure the relevant components of the network and the IP address scheme for easy communication between IP networks. The reader can view the conceptual blueprint below:
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Figure 7 - Network Blueprint NetSim
The blueprint requirements considered a following of a series of network  devices such as routers acting as ISP’s/Gateway for the whole network to interconnect. Series of switches within the police station as they would have LAN based topology including servers and other end devices used for personel. Below is a list of the devices that were implemented within the network:
· 2 Routers (ISP)
· 2 Routers (Farm)
· 2 Routers (Town)

· 2 Routers (Rail)

· Router (Main City Centre)

· 8 WLAN (Each area)

· Series of IoT sensors (Motion, Light, IP Camera, Alarm System)

· 2 Layer three switches (Network within both stations)

· Series of relevant servers (Both police stations)
VII. Implementation
The author provides the implementation which has been conducted in both the NetSim and Matlab software. The first section of the experiment, the author conducted research into the digital modulations required to produce. After careful consideration on the design concept of the network architecture for the Wireless Monitoring System in NetSim, the author implemented the relevant devices required to create a working environment for the network. 
A. Matlab Results
After designing the building blocks within the Simulink software, the author began to customize each block to create the simulations of ASK, PSK and QAM. After successful creation of these simulations, the author implemented the relevant parameters to measure the correct performance of each modulation schemes. The main component for testing was the modulated signal against various channel noise ratio. The author creates the output of the three modulations in the form of constellation graphs as well as the carrier signal itself, this will provide the reader with a visual aid of how the noise can affect each modulation.
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Figure 8 - ASK Design
Above the author provides the modulation scheme of Amplitude Shift Keying. 
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Figure 9 - PSK Design
Above the author displays the illustration of the modulation scheme of Phase Shift Keying.
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Figure 10 - QAM Design
Above the author shows the overview modulation key for Quadrature Amplitude Modulation.
The author will explain the analysis of the modulation schemes which have been implemented on Simulink. Based on the research provided in the related work, a cross reference shall be clarified to meet any distinctions or acceptance. Below the author justifies the illustrates within the simulation keys. To explain each step within the schemes, the top section of the signal represents the binary data input. The middle section is the modulated signal and the bottom is the demodulated signal.
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Figure 11 - ASK Modulation
The above image displays the output of the running simulation for ASK with noise interference. The input binary sequence resides a low input which provides a zero value on the demodulated signal. 
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Figure 12 - ASK Modulation
The author provides a more in depth view of the ASK modulation scheme. The bottom signal is the output signal, due to the input of noise the output signal retains slight delay.
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Figure 13 - PSK Modulation
Above the author delivers a view of the PSK modulation with the modulated signal containing noise interference. It is difficult to view the analysis from an overview spectrum; therefore, the author provides a more in depth view below.
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Figure 14 - PSK Modulation
Here the author provides the relevant image of the PSK modulation in a wider scope. From the screenshot below, the reader can clearly view the phase shifts in between the binary data input.
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Figure 15 - QAM Modulation
This author provides the implementation of QAM as seen above, the type of simulation is presented as 16 QAM, where there is 16 bits of binary data being represented as shown in the constellation diagram.
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Figure 16 - QAM Modulation
The above screenshot displays the evident information of the modulated waveform of 16 QAM, the binary data has been modulated, therefore this screenshot illustrates the noise interference as it is being sent through the carrier.
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Figure 17 - ASK Analysis
The author provides the analysis of the ASK, as seen from the graph, the reader can clearly view the difference with a negative noise ratio and a positive noise ratio, the difference between the negative and positive reacts more or the less the same in relation to channel throughput. A -40 SNR seems to reacts the same as 40 SNR, where the difference in the modulation resides within the 0 SNR threshold. This shows that no noise interference had a higher Packet Loss than with noise interference, therefore does not abide with the same principles as the research which suggests ASK is more susceptible to noise.
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Figure 18 - PSK Analysis
The above screenshot displays the results of the modulation key for PSK in relation to the implement of noise interference. The reader can visually see that applying a negative noise ratio produces the highest volume of Packet Loss as seen from the graph in relation to a negative SNR of -40 and -20, compared to a positive noise ratio, the modulated signal remains stable. The research does explain the benefits of PSK retaining high processing power as other modulations and is susceptible to noise however, when applied a negative noise ratio, the modulation does not support a great advantage unlike ASK.
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Figure 19 - QAM Analysis
The author produces the explanation of QAM in relation to implemented noise interference where negative and positive figures were tested. As seen from the graph, the reader can visualize the difference between a negative and positive noise ratio, where a negative figure of -40 retains the highest Packet Loss recorded for all three modulation schemes. A positive SNR implemented of 40 produces the results of a positive outcome as seen from the graph. The research suggests that QAM does support the highest volume of bandwidth as opposed to other modulations and retains the least amount of effects when tested against positive noise ratio.
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Figure 20 - Comparison Analysis
The author provides the final results of the Simulink modulation schemes to display the comparison between them. As seen above, the results illustrate the difference in noise ratio using the parameter of SNR, while gradually altering the noise ratio, the user is able to view variations of effect. The author came to the conclusion that ASK managed to retain the least amount of Packet Loss as seen from the graph, therefore ASK is not affected as much with noise ratio as the other modulation scheme. However, QAM does support a higher bandwidth capacity than the rest by providing a higher input, although it depending on the operation. 
B. NetSim Results
After concluding the simulations by running the process with multiple parameters involved, the author provides the results extracted from the working simulation, considering factors such as Throughput, Delay and Packet analysis as the instructions stated, while also considering other factors such as Payload, Arrival Time, Queuing and Error transmission. The parameters implemented were referred to as ‘Applications’, these are connected to designated links while logging a series of parameters such CBR (Constant Bit Rate), Voice Data, Video Data and FTP connections. Following on, the author provides the screenshots from the simulation results:
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Figure 21 - Central Area
The above figure displays the main gateway to all the network areas; therefore, this is named Central City. Within this remains two wireless access points to acts as a gateway for the wireless network infrastructure as seen from the screenshot. Lastly, the two main ISP’s are illustrated between the central city while one ISP connects one side of the network and the second ISP connects the second half of the network infrastructure.
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Figure 22 - WLAN System
As seen above the author create the design for a town area as instructed. There lie two town infrastructures while considering the factors of a WLAN system within both areas as seen above. While one town resides within one location from the ISP, the other town resides from the second ISP, the viewer can display this from the NetSim simulation.
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Figure 23 - WLAN System
Above the author displays another area within the network topology which exists as a public transport of a Rail station, this was a consideration within the assignment brief, therefore the relevant public transport was implemented along with WLAN configuration as seen above. To provide redundancy the author included two public transport technologies, this can also be viewed from the NetSim simulation.
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Figure 24 - Police Server
One of the key aspects of the simulation requirements involved the aspects of security implementation. This was the necessary protocol to create a protection between the Farm and Police as stated within the assignment brief. As seen from the screenshot above, the author creates a small network infrastructure within the police station to provide the viewer with a demonstration of the devices that may exist within the area of network environment, this involves the implementation of networking servers with relevant server implementation as seen above. 
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Figure 25 - WLAN System
The above screenshot provides the viewer with the illustration of the area of the Farm implementation. As this is one of the main concepts for the assignment brief, the author took careful consideration on the infrastructure with the connections between the Farm and the ISP. The main concept of the Farm required a WLAN monitoring system that needed to remain within the Farm to monitor the security performance, therefore as a result any security alerts will be forwarded to the nearest Police station as required. There were two Farms implementation within the simulation, the second one can be viewed within the NetSim simulation.
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Figure 26 - Link Properties
The author provides the screenshot above which displays the physical link properties between each main link between the ISP’s, Routers, Switches and Wireless Access Point. The link mode required a Full Duplex implementation for the transmission to run both directions on a single link. The author accepted the default values for the remaining options due to the sufficient simulation parameters.
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Figure 27 – Application Layer Properties
As mentioned previously, a network requires a routing protocol implementation to allow the production of communication between interconnected routers and the process of distributing information. The author implemented the routing protocol of RIP (Routing Information Protocol) as opposed to OSPF, therefore was due to the limitations OSPF provided to a small network infrastructure. After running the simulation with the routing protocol of OSPF, the results were not quite as expected, there were high levels of packet transmission loss or none altogether, the throughput faltering became unequal to standard throughput threshold.
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Figure 28 - Transport Layer Properties
The author here provides the necessary configuration for the Transport Layer in which is required for successful delivery of data packets. Both the protocols of TCP and UDP are utilized for the production of long-distance communication and also the introduced of low-latency processing. While the recipient may miss a UDP packet, the advantage of efficient communication comes into effect by continuous data transmission and removing all overhead. Although UDP recipients may lose the data received, using it in conjunction with TCP will also the successful delivery of all packets sent.
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Figure 29 - Wireless Standard
As the network simulation required the primary concept of a wireless standard, the author advocates the appropriate standard of an 802.11ac network as opposed to other standards of the IEEE 802.11, this was configured to this standard for the operation of radio, wireless communication on the 5GHz band, this provides the beneficial operation of smooth running for both 2GHz and 5GHz as it frees up the level of bandwidth for the operation within the 2GHz band.
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Figure 30 - Application Metrics
The figure above displays the results for the application metrics that were implemented for the main aspect of the requirements. By illustration, the viewer can clearly see the application type that was run by each connection link viewed on the tab named ‘Application Name’. As stated previously, the author intended to implement the various types of application types such as CBR, Voice, Video and FTP which is clearly shown in the figure above. the author provides the illustration of the data further down in the results.
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Figure 31 - Network Metrics
The above figure displays the Network Metrics of the overall network performance of the running simulation in relation to the physical links connected, therefore these are the links between the ISP’s, central city, farms, towns and public transport system. The information produced explained the type of data that is recorded such as Packet transmission, Error received, and Packet Collision as stated in the figure. This figure displays a moderate amount of data and control units due to the applications running through them, therefore more data, whether low performance or high performance will be remaining active.
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Figure 32 - Network Metrics
The figure above displays the second half of the Network Metric simulation results. As stated from the previous figure, the data recorded proved to exist due to application running through them. The figure displays the most data of Packet analysis due to the most traffic running through them, therefore these are the links within the central city and ISP’s as they are acting as a gateway between each area, it is intended for the central control to contain the most data recorded as seen from the above figure.
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Figure 33 - Throughput Link 2
The screenshot above displays the throughput for a physical link numbered ‘2’. The graph illustrates the disadvantage of low throughput, this is due to the evident high rate of transmission running within this area of the network, therefore will involve collision and overhead and produce low throughput with high latency.
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Figure 34 - Throughput Link 6
Another screenshot the author provides above displays another element of throughput for a physical link, the link resides as ‘6’ as stated within the title of the graph. The data here illustrates one of the lowest throughput recorded. Even though the purpose of a good network is important with high throughput, it is evident to display low throughput to discover where the Packet transmission may cause congestion and overhead along with collision. In this case, the link ‘6’ resides within the Central city where there are a high volume of traffic and applications running through, therefore this results in high latency and congestion as evident from the graph above.
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Figure 35 - Throughput Link 7
The author provides a screenshot with another low element of throughput. Comparing this with the previous figure, this displays a slightly different throughput level, this illustrates the throughput starts of high and begins to become lower, this can be due to the fact that this link ‘7’ resides within the Central city again however, the link adjacent to link ‘6’ which means more application is going through link ‘6’ than ‘7’, the traffic eventually begins to become congested as the source and destination packet transmission become involved at certain points. Also, as the data transmission builds up, eventually the traffic becomes too high, therefore the throughput displays as gradually reducing.
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Figure 36 - Throughput Link 46
The above screenshot above provides the reader with the element of a high-level throughput, this in turn displays a positive outcome of the packet transmission between source and destination on a single carrier. At the beginning of the throughput level, there is a display illustration which shows a faltering for a short time, while after this short period the throughput becomes stable, this could be due to multiple applications running at once at one location which eventually separates after reaching to its destination address. Although multiple traffic can affect this performance, QoS (Quality of Service) can also become a factor of affect, this is due to one of the applications containing a higher priority than the others, only a low latency resides at the start.
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Figure 37 - Throughput Link 48
Here the author provides the screenshot with the highest threshold of throughput recorded within the network infrastructure, this is due to the area of the topology where there is little to none packet transmission involved. Even though the area of the topology is the Central city, the link ‘48’ resides to an access point where there very little traffic, this is the reason for a low latency and low throughput threshold.
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Figure 38 - Throughput Link 54
The author provides another screenshot with a threshold parameter of throughput. Similar to the previous screenshot, the throughput element becomes stable after some faltering, in turn, this displays an effect of stuttering at the start where the throughput levels rise and fall in a small amount of time. The effect of this is because the area of this link ‘54’ resides within an WLAN system where there is multiple traffic using a single carrier, therefore there will exist a high bandwidth usage for multiple connections. However, after the multiple packet transmission reach out of the area and to the designated locations, the throughput should become stable as seen in the graph above, network latency is reduced, and packet transmission becomes fault tolerant.
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Figure 39 - UDP Metrics
The author here provides the network performance metrics for UDP. This metric is commonly used for RIP routing in relation to routing updates and is also utilized in conjunction with TCP, in this case the author implemented both TCP and UDP, this covers both long distance communication as well as bidirectional communication.
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Figure 40 - UDP Metrics
Here the author provides the screenshot of another set of UDP metrics, comparing this set of data to the previous, the viewer can read that the UDP transmission here contains a much higher volume of Packet transmission due to the increased number of applications surrounding the Central city area as opposed to the previous screenshots where the links are further from the Central city. 
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Figure 41 - Delay Metrics
Here the author provides the results of the metric of Delay as instructed in the assignment brief. In Networking, to measure the performance metric of Delay or define the metric, it is the amount of time it takes for data transmission between a source and destination, the common unit of measurement for Delay is Microseconds. There are many types of Delay which companies measure such as Propagation delay, Transmission delay, Processing delay and Queuing delay. A high Delay would indicate a high latency traffic, therefore from the screenshot provided, the author provides the measurement specific to the applications and not the overall network infrastructure, this way the engineer can identify where the effects of latency and delay occur. As seen from the measurements, application ‘4’ contains the heaviest volume of delay, this is due to the link retaining the longest distance for communication.
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Figure 42 - Throughput Metrics
The screenshot above illustrates the measurement of Throughput. This performance metric refers to the represented amount of data that is transmitted within a certain amount of time. It is the transmission rate of success for the delivery of packet messages. The unit of measurement can reside as Mbps or Bps, in this case the author provides the unit of Mbps. The distinction between throughput and bandwidth seem similar, where bandwidth is the maximum capacity of data and throughput is the maximum number of successful deliveries. It is to measure how well a network application is acting. Judging by the illustration above, the reader can view that the application is mostly similar in throughput except application ‘4’, this is due to the maximum amount of data that was transmitted as opposed to the other applications.
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Figure 43 - Packet Transmission
The assignment brief required the author to measure the performance metric of packet transmission, where the packet generation is measured against packet received as seen above. To define the meaning of Packet transmission, it is the data that is sent across the network. The results follow as shown, that the packets generated are almost equal to the packets received, where there is minor loss on application ‘7’. This demonstrates an example of a good network design as there is overall good success for message delivery.
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Figure 44 - Packet Loss
The author provides the results of the difference between the Packet Generated and Packet Received, which in turn produces the Packet Loss as seen above. Some of the results have proven to be unusual in the sense that Packet Received are greater than Packet Generated, this can be due to collision and overhead. There is a high volume of Packet Loss for application ‘7’ and ‘8’ whereas the other application has remained stable.
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Figure 45 - Payload Transmission
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Figure 46 - Payload Metrics
The above screenshot provides the viewer with the measurements of Payload transmission. To define the application performance metric of Payload, it is the actual intended data to be transmitted. From the illustrations above, it is difficult to view the difference between packet generation and packet received, although the difference is more or less in line with each parameter, the author provides the screenshot to view the actual data in figures.
[image: image47.png]200000

150000

100000

50000

Payload Loss




Figure 47 - Payload Loss
The author provides the difference between the results of Payload Generated and Payload Received, which in turn produces the results of Payload Loss as seen above. Where the results for applications ‘2’ to ‘6’ remain stable, the application ‘7’ and ‘8’ retain the highest Payload Loss recorded.
C. Limitations Problems & Recommendations
FTP node link limitation – The author intended to implement a hierarchal network within the police station using switches, although this was sufficient to place within the environment, there was no option to measure any traffic to the switches, therefore the author replaced the switch with a Wired Node for the sole purpose of measuring traffic. NetSim should further improve the software by providing the implementation of Network Devices to also monitor traffic transmission.
Server configuration – Due to the limitations of NetSim, the environment would not allow the configuration of Servers, therefore the author utilized other devices to act as server visually to display the implementation of a network infrastructure. It would be beneficial to create an implementation to allow the configuration of servers to create a real-life environment for testing such as Packet Tracer.
OSPF Routing – The author intended to implement the routing protocol of OSPF however, after configuring the OSPF within the network infrastructure, there were slight problems with receiving data, instead, the author implements the routing protocol of RIP, which in turn, allows the user to receive the data intended. RIP routing was sufficient for this network due to the size and scale. Introducing other protocols would be beneficial due to industries utilizing them such as BGP, EIGRP and MPLS.
VIII. Conclusion
In conclusion, the author introduced the research literature aspect of the report by mentioning the concepts of networks and communication standards. Both the experiments within Simulink and NetSim were successful as the author managed to create ASK, PSK and QAM utilizing the custom blocks, while considering the noise interference of SNR at different variations. Within NetSim, the author managed to design and create a network infrastructure relevant to assignment brief, while considering the factors of Wireless LAN systems, Public transport and Police stations. During the process of simulating, the author managed to come across a few limitations, although these were overcome by alternative methods. Overall, the outcome of both experiments proved to be successful as the simulations that were tested against the parameters, the relevant data received was sufficient to analyze and create a comparison. The modulation schemes proved to be useful for analyzing against noise ratio of SNR as the author implemented within Simulink. The results proved that each modulation keys had different outcomes when embedded with noise interference as shown on the graphs within the implementation. The author came to the conclusion that the modulation key of QAM proved to be the most useful for implementation for communications due to the level of noise resilience, a user is able to input high volume of data to test against the noise and still achieve a good result.
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