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Introduction

This assignment will look to cover BPSK and will also see a BPSK model created in MATLAB. As well as creating BPSK in MATLAB this assignment will look to analyse the features off BPSK. For the second part of this assignment a simulation will be created in netsim to produce results from a farm.
1.Modulation 

Modulation is the process of converting data into radio waves by adding information to an electronic or optical carrier signal [1]. Modulation as mentioned will convert data into radio waves, by converting data into radio waves this will provide different ways to acquire results from simulating with modulation techniques. By using radio waves the results can be measured by simulating the module that has been created. Once the module has been created successfully and the user selects the module to run then the software will run the simulation. Once the simulation has been completed it will then display results in a radio wave format. This is a beneficial way to measure results as this method is effective for measuring sound waves as the data is being transferred into radio waves. 

Another way that modulation is effective for measuring results in computing. Is that the user can alter the settings in the module such as frequency, phase, polarisation [1]. Once the original settings have been altered and the new settings have been simulated then new results should display compared to the original settings. So not only is modulation good for analysing sound waves but it is also good for comparing/measuring data. The reason it is good for comparing and measuring is that by altering the settings and new results displaying. Then a new outcome will be met and can be analysed.
2.Simulations and other methods 

Simulation

Simulation is an imitation of a situation or a process [2].  Once a model has been designed and produced in a software. A simulation will be run to predict and analyse the desired outcome that was aimed for from the projects simulation. By running a simulation this will give the creator an idea of how the end project will operate or what results will appear once the module is fully built. Visualisation is important for presenting results, as when it comes to presenting and analysing results and findings [3], it is always much simpler to analyse and explain visual results.

As a model needs to be designed and built for the simulation. The simulation is a virtual representation of testing the impact of any changes and it can also be used for what if scenarios, by using simulation this can greatly increase the chance of the user finding the best outcome [4]. As mentioned having a virtual representation of an outcome, is what can be the difference in making decisions. As having a virtual representation on results and outcomes could show the user what can happen. By showing the user an outcome that can be achieved or will be met then this can help the user to make the right decision before making a real world change to a company [3].












Simulation  is also proven to be cost effective, it is cost effective as by making a model it is proven to be the cheaper option as well as being cheap creating a model also takes less time than a real life experiment [3].  This is a benefit to any situation because this can be a key factor to any company and creator. as when creating anything in a company an important factor is to consider the cost and the time it will take to produce the model. So by reducing time and costs by creating a model and simulating, then this can open up more time and money to be spent on other projects.

An example of simulation being used would be for this assignment in MATLAB, a BPSK model will be created. once the model has been created then a simulation will be used to gather results. Once the results have been gathered then these results can be used for analysis. 
BPSK simulation will gather wave forms as result. By simulating the model results will be represented as radio waves. The radio waves will represent the noise level that has been produced, although the signal can be interfered with which will heavily affect the signal. This is where visual representation will come into play with analysing the produced results. As by having visually represented results it will allow the user to explain their findings a lot easier and simpler. 

Although it is a beneficial way to have visual representation results, it is also important that the user who has been tasked with analysing the results understand their findings as results. As it is difficult to explain results without understanding them as well as understanding these results could also lead to a decision-making stage based on the results. Which is why it is vital the person analysing their results understand what is going on with their represented results and findings.

Mathematical

With a mathematical approach this will be theorised.  By using formulas and calculations this how an answer would be approached by using a mathematical may. This method is not considered better than simulation, as with a mathematical approach yes, it is made up of calculations and formulas but there is no actual visual representation that will display the results and the findings like simulations does. Whereas with a mathematical approach the only visual representation that will be displayed will be the calculations and the formulas. This is a big disadvantage because when compared to a visually represented result in simulation. the data and findings can be accessed even without fully understanding the results as they will be visually represented by graphs or in radio waves. Whereas a mathematical approach will represent the data as calculations and formulas, the calculations and formulas will need to be understood fully in order to explain the end result of the calculations. So, using mathematics will be much more difficult to analyse as there is no visual representation such as graphs, data readings or radio waves.
Test bed

Test bed is a testing environment that will be used for testing hardware, software, operating systems and any network configurations [5]. as mentioned, test bedding is the environment that will be used to test nay hardware, software or network configurations. By testing these features in an appropriate environment, it will be more beneficial for the tester as the test environment is relevant to what is being tested. As well as the environment, this testing method is also used to gather data of the hardware and software specifics. So, to successfully analyse the hardware and software specifics the analyst will need to have good knowledge on the hardware or software that is being tested.
3.Communication systems and network simulation

In communication systems there are 5 types of communication system and they are.

· Optical communication system Optical communication system depends on light as the medium for communication [6].
· Radio communication systems the information will transfer via a radio, this system will operate with the aid of a transmitter and a receiver which both have an antenna [6].
· Duplex communication will allow two devices to communicate with each other at the same time [6].
· Half duplex communication will only allow one device to communicate at a time  so two devices will not be available to communicate  at the same time, so this means that only one device can send  a signal to the receiver  and then once the receiver  receives the signal, the receiver can then respond [6].
· Tactical communication will be affected by environmental conditions as well as other situations [6].

The reason these communication systems were mentioned briefly, is that these communication systems have a relation to Network simulations. The relation lies in what these communication systems use to transfer or send data. For example, these systems use transmission signals and radio waves E.g.





The connection between these two is that network simulation is what is used to analyse the signals and transmissions. As mentioned earlier when a module has been created results will be displayed in a radio wave format measuring the amplitude of the signal. So in order to analyse the communication systems on whether they are operating efficiently. Then the signal strength will be analysed and reviewed to see how strong the signal is. As well as the signal the amplitude and the frequency will also be measured to help analyse the signals, radio waves.

4.BPSK (Binary phase shift keying) 

The chosen simulation technique is Binary phase shift keying (BPSK). To focus on the phase shift keying (PSK), PSK stands for Phase Shift Keying, this means that the phase of the wave changes depending on whether the binary bit is a 0 or 1. During transmission noise can interfere with the signal. If this happens it can corrupt the data, this means that the signal could fluctuate or could stay stable based on the signal to noise ratio. As changes could happen at any time and with this type of result reading changes are expected. As the variables will not always be the same. Hence why the variables can be altered and can be important when analysing the end results. By altering the variables, the comparison can be made between the changed variable. Even though the variables could be kept the same, the same simulation should happen to see if the same results have displayed with the same variables or whether the results have changed with the same variables.  An example would be the image below, in the image below it displays that the waves can change at any point throughout the wave reading. 
[image: Phase Shift Keying]
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BPSK is a digital modulation technique that uses binary 1 and binary 0 which will be represented by different carrier phases which are 180 degrees apart, BPSK method simply uses two different phases to represent two binary digits which is known as binary phase shift keying [8]. An example of BPSK being represented Is in the above image, it is displaying binary 1 and binary 0 above the radio waves. This is showing that the waves will be produced by using binary 1 and 0, as well as being represented by binary 1 and 0 it is also displaying that any change in the wave is represented by binary 1. So this is displaying that binary 0 is the stable frequency and if the wave was made up of binary 0 then the wave will be stable all the way through, when a 1 is involved with the wave then that is where the wave, frequency will be affected.


















The reason that BPSK was chosen as the modulation to be utilised and simulated is that BPSK is well known for withstanding severe amount of channel conditions or fading [8]. By withstanding severe channel conditions this means that BPSK will be more noise tolerable. By being noise tolerable this will allow BPSK to not be affected by a lot of unnecessary noise. This will allow for better wave analysis as BPSK being noise tolerable will be likely that BPSK will only be affected by the relevant noise it is trying to analyse. Although it is noise tolerable BPSK is also known for being the slowest when trying to deliver the required result from the simulation. By being the slowest is a hindrance it will make up for with being noise tolerant, which will allow for better accuracy of results. 

By being noise tolerant BPSK is used in cellular towers for long distance communication and transmission of data [8]. To be used in long distance communication and transmission this is where noise tolerant will be important. As in long distance communication and transmission there will be a lot of signal interference in order for the communication and transmission to be successful there must be no signal interference, or the signal interference should be kept at a minimum. For the signal to be sent and delivered successfully then it is important to choose a reliable modulation.

Where BPSK lacks is bandwidth modulation efficiency [8]. As BPSK is used for radio transmissions such as relay stations, antennas e.g. BPSK is usually carried from a signal source to another source, meaning it goes from one antenna to another, from relay to another, So the signal is carried one way to its destination. 




Physical layer

A binary signal is modulated into a BPSK waveform through using a three-way switch. This switch has two pins connected to two sine waves that are put of phase by 180 degrees (pi radians). The graphs below demonstrate the two sin waves that are connected to the switch. The first graph is the normal sine-wave and the second graph in the sine-wave is out of phase by 180 degrees. These graphs were created in excel, by entering the data and the graph was then produced from the data which was entered.
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The third pin of the switch is the trigger pin. When the trigger pin is at 0 volts the normal sine-wave is connected to the modulation circuit. When the trigger pin is at 1 volt the sine-wave that is out of wave by 180 degrees is connected to the modulation circuit. the binary code connected to this trigger pin which will then modulate the code into a phase shifting waveform that correlates to the binary code where 0 equals sine-wave and 1 equals out of phase sine-wave. The graph below demonstrates the change in signals from 0 to 1. This graph was also created using excel.
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5.BPSK MATLAB modulation
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Above is a BPSK modulation that was produced in Matlab. This was created to display BPSK as a simulation. once the modulation was created then the simulation was ran in order to produce results from the produced modulation. 

EB/No (db.) signal to noise ratio

For the modules simulation to be assessed and analysed the eb/no ratio was tested 5 times at different rates. The first simulation was -10, second simulation was -20, third was -30, fourth was -40 and the last one was -50. It was important to set the eb rate at different levels to see how the increase of the noise would affect the signal. Not only is it efficient to change the rate but by having different results this would allow easier analysis of the simulations that have ran. To edit the Eb the awn box had to be accessed and, in this box, here is where alterations can be made to eb/no. EB/no is related to SNR, but it is not the same thing. SNR directly compares the size of the signal that is being sent to the ratio of the noise that is corrupting it. Most modulation models struggle to transmit error free signals without additional error detection code, such as hamming code, if the noise is larger than the signal. 
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Time scope

Once the eb was set and the simulation was run the first window that will pop up is the time scope window. This window is what will display the results in a wave format, this is where visual representation will be used to analyse data. As well as visualisation it is important to understand that as the eb drops by -10 there is more interference occurring with the waves signal which is present in the screenshots below.

Time scope -10
[image: ]

Time scope -20
[image: ]





Time scope – 30
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Time scope -40
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Time scope -50
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Constellation diagram

Below is a constellation graph of the phase for BPSK, QPSK and QAM. The BPSK has only two constellation points and the points are 0 and 1, QPSK and QAM have multiple constellation points. The BPSK constellation will be displayed below from the matlab simulation. 

BPSK, QPSK AND QAM

[image: ] [9]


Constellation -10, -20, -30, -40, -50

For constellation diagram it was only necessary to include the 1 diagram as even though the simulation was run 5 a=times at different EB/no. this will not affect the constellation points, the constellation points will remain the same without change.

[image: ]

Error check 

Error check is the last box in the BPSK module. This box will display how many times the simulation was ran, during the simulation time it will also display the amount of errors and the error percentage that occurs over the simulation. Once the simulation has been simulated successfully the display box will display the data it has gathered from the simulation. This part of the simulation is important as this is displaying to the user how many times the simulation was ran and how many errors occurred over the simulation. The same error checking method will apply to all 5 eb simulations. By error checking the user can see whether errors have increased or dropped over the simulations from -10 to -50. For example, as displayed in error check -10 there is 40% of errors r=that occurred during 101 simulations whereas in error check -20 54% of errors occurred during 101 simulations. This information displays that the lower the eb rate goes the more errors that will happen during the simulation.

Error check -10
[image: ]Total number of errors that occurred.
% of errors that occurred. 


How many times the simulation ran.












Error check – 20
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Error check -30
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Error check -40
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Error check -50
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Graph results 

[image: ]


To help analyse the data from the simulation. Eb and % number of errors was entered into a spreadsheet document. By creating this spread sheet, a graph was able to be produced, by utilising the graph function it is a beneficial way to represent and analyse the data that has been gathered.  By looking at the graph it displays that -10 had the least amount of errors sitting at 40%, whereas -50 had the most errors at just over 60%. Just by looking at the graph it visually displays the data which allows the data to be understood and be explained clearly. 

Average 

The average amount of errors over the 5 simulations was 55.2%. This was calculated using excel the average was worked out just to give an overview of the average amount of errors that was picked up over the 5 different simulations.
[image: ]






6.Netsim Farm

[image: ]

Above is a modulation that was created in netsim. This netsim modulation is supposed to represent farm.

· Farmers laptop which connects to the server and to the access point.
· Access point which connects to the router.
· Router which connects to the server and to the gateway.
· 20 Cows 
· 5 Sheep 
· 1 Dog
· 1 Strawberry crop
· 1 Blueberry crop
· An Adhoc link to allow the farm animals and crops to connect.















This modulation was tasked to replicate a farm. The point for this modulation to represent a farm is so that the data can be simulated, by simulating this modulation data will be displayed on how networking on a farm would work. the data that would be retrieved is the total number of packets sent, packets received, and packets dropped. This is good data to analyse as this can determine how many packets will be dropped over the transfer of data. As well as retrieving how much packets were dropped, by analysing the gathered data an assumption can be made from where or why packets are being dropped.  Not only an assumption can be made but also the user can use this data to determine if there is any signal interruption or signal disturbance when the packets are transferring.

The reason for using a farm as an implementation is that farms need to develop with the modern world. As there is always an increase in where technology Is used, Farms are usually still developing and adapting with the modern world.

A way that farms can adapt with the modern world is by including technology in their farms. Farms can utilise technology is by using technology to monitor the farms vehicles, crops and animals. 

By using technology this will allow the farmer to more efficiently manage their farm. As they can include livestock sensors, by having livestock sensors farmers can use this too help keep track of their animals. By keeping track of their animals, the farmers can make sure that no animal goes astray from the herd, which is a big issue in a farm is keeping the animals together. 





Another way that technology can help farmers manage their farm. Lies with the crops, crops are vital to a farmer. They are vital because crops are what farmers grow these crops can be any fruit, vegetable or plants. For this simulation strawberry and blueberry crops were used for just an example. The way technology can help the crops is by reporting to the farmer any change in the conditions. The weather and conditions of the crops is what is vital to grow the crops. So, any change in any conditions the farmer should be notified about as soon as possible. As if crops were growing in a unhabitable environment, then the crops will not grow and will die. So, any change to the conditions is vital information to the farmer in order to grow their crops and to grow them in the right conditions.

simulation time

The screenshot below is displaying the simulation time. The simulation time is just displaying how long it will take the simulation to run and produce results. The simulations that were run was 10 seconds and 60 seconds. So, this just means that the first simulation took 10 seconds to run and the second simulation took 60 seconds to run.

10 second simulation time

[image: ]




60 Second simulation time

[image: ]



10 second and 60 second simulation results

Below are screenshots of the results that were produced from the netsim simulation. the first screenshot simply displays the data as shown below. Whereas the second screenshot is the detailed view of the results. In the detailed results view it displays data with graphs. 

Graph 1 10 second simulation

First of all, in the queue metrics result box 517 packets were queue and there was 0 dropped packets over the course of the simulation. in application metrics it is displaying that application 1 had generated 10 packets but 6 of those packets were delivered, which means that the remaining 4 packets were terminated or failed to reach their destination and were dropped due to not reaching their destination. 

In application 2 there were also 10 packets that were generated but this time 8 packets were received, so unlike application 1 where there were only 6 packets received and 4 4 packets dropped in. in application 2 8 packets were received out of the 10 generated packets. This is displaying that the packet drop rate was reduced from 4 to 2 when comparing application 1 to application 2. 

Whereas with application 3 a total of 5o0 packets were generated and all 500 packets were received without any of the packets being dropped or terminated.
 
By looking at this information it is clear that there was a signal interruption/interference with application1 4 packets were dropped, application2 only 2 packets were dropped. so, this is displaying that there was a signal interference or there was a problem within the network causing these packets to be dropped or to not be delivered successfully.

[image: ][image: simulation udp and tcp]


Graph 2 Detailed view 10 second simulation 

[image: net sim 10 speed]





Simulation 60 seconds graph 1

In this simulation there were no packets dropped from the queue metrics over the 4 different devices. Moving onto the application metrics.

Application 1 had 60 packets generated and 5 packets received.  So out of 60 packets only 5 packets were received so this is displaying that only 5 packets were received and a total of 55 packets were dropped and terminated. So, there is a big signal interference that is clearly harming the network and causing it to drop a high number of packets.

Applictaion2 had 60 packets generated and only 6 were received.  This is showing that a total of 54 packets were dropped.

Application3 had 300 generated and all 300 were received. This displays that there was no signal interruption or interference.

60 Second simulation time graph 2

[image: ]

7. Conclusion 

Across this assignment the task was to create 2 modulations and to select a modulation a modulation method. Earlier in this assignment simulation, mathematical and test bed were methods that were explained. Out of these 3 methods it was discovered that simulation had a lot more advantages when compared
[bookmark: _GoBack]to mathematical and test bed approach. The first modulation was in Simulink MATLAB and the second modulation was in netsim. In MATLAB the modulation that was created was BPSK. Once the BPSK modulation was created 5 different simulations were simulated from -10 to -50.  The 5 simulations were running to analyse the results, the analysis was able to be improved by having a high number of simulations to compare too. By altering the EB to a lower rate from -10 to -50. It was clear that the result readings had an increasing amount of errors. These errors were then used to be analysed. Once the BPSK modulation was completed a modulation was created in netsim. The netsim modulation used a farm as a modulation example. A farm was used as it is in need of using more technology to help manage the farm which was justified. Once the modulation was created then it was simulated to retrieve results.
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9. Appendix 

Here are screenshots of the excel spreadsheet that was used to create the sine-wave graphs and what was used to create % no of errors graph.
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