Design and Evaluation of Wireless Sensor Networks
[bookmark: _wbja8cozuj6i]ACCB5004
Dan Wadham (1704227)
Simon Downes
[bookmark: _w5rexdstdxbk]

[bookmark: _Toc9165977][bookmark: _Toc9255610]Abstract
Wireless sensor networks are continually improving and evolving reaching greater distances with greater speed. However, there are many different factors that need to be considered and tested for each use case before being implemented to overcome problems such as noise during wireless transmission. Simulation tools have become an invaluable asset to the prototyping of networks and as such should be fully utilized in the creation of a network to accurately simulate a live network environment.
[bookmark: _Toc9165978][bookmark: _Toc9255611]Introduction
The following report will be investigating into the different types of wireless modulation used in wireless transmission to determine the most optimal technique for a scenario involving livestock monitoring on a smart and connected farm. There are a variety of different modulation techniques commonly used such as Binary Phase Shift Keying (BPSK), Quadrature Phase Shift Keying (QPSK) and Quadrature Amplitude Modulation (QAM) however, this report will be taking a look into the BPSK form of modulation specifically and analyzing its performance within a wireless sensor network. Within a wireless sensor network, there are many factors that impact the performance of the network such as the environment. This can impact a network by increasing the levels of background noise the signal has to operate through potentially causing a loss of data. By utilizing modulation, we can drastically lower the impact the noise will have on the network resulting in a more stable and robust network.	Comment by Simon Downes: 
Expand the scope of reference sources consulted to improve the quality of research based tasks.
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“Modulation is the act of changing a signal to transmit useful data” [1]. When modulating a signal, there are three components that can be altered. These components include the amplitude of the signal, the frequency of the signal and the phase.
AM Modulation
Amplitude modulation (AM) uses a carrier signal at a high frequency to morph the frequency into that of the signal being transmitted. To do this, AM modulation increases the amplitude of the carrier wave to represent the signal the wave will be carrying. An example of this can be seen below.
[image: AmplitudeModulation]
Figure 1 – AM Modulation [2]
FM Modulation
Frequency modulation (FM) uses a similar technique to AM however instead of altering the amplitude of the carrier signal, the frequency is altered instead with higher frequency representing a peak to a wave and a lower frequency to represent the drop of the wave. An example of this can be seen below.
[image: FrequencyModulation]
Figure 2 – FM Modulation [3]
Digital Modulation
These forms of modulation are used to carry analog signals however digital signals consist of 1s and 0s which cannot be modulated using the mentioned methods. In order to use a digital method of modulation, a constellation diagram can be used to represent all parts of an analog wave into data a digital signal can interpret and understand. Examples of this from different techniques can be seen below.
[image: qam-diagram]
Figure 3 – Constellation Diagrams [4]
Computer Networks & Communication systems
Computer networks and communication systems share many similarities between the two. While a computer network consists of end devices networked together to allow data transfer between hosts through routing and switching, a communication system consists of mostly transmission devices such as transmitters, receivers and relays. While the equipment used in each system differs, the way the data is sent and received is very similar both utilizing a send/receive simultaneous system.
[bookmark: _Toc9255615]BPSK
One of the most commonly used and straight forward forms of digital modulation is known as BPSK. This stands for Binary Phase Shift Keying. This method of modulation uses two phase offsets to represent the 1s and 0s in a binary state. BPSK will alter the wave by shifting it a complete 180 degrees every time the digital signal changes its binary state. By doing this, it is possible to accurately map out a digital binary signal in an analog signal using a transmitter and receiver configured for BPSK to be able to transmit and encode the data and then receive and understand how the signal is decoded resulting in a very reliable and robust form of digital modulation. The 180-degree shift can be clearly seen in the figure below.
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Figure 4 – BPSK Phase Change [5]

BPSK has many advantages to using it over other digital modulation methods such as the fact that it utilizes a 180-degree shift of the initial carrier signal. This is a very obvious shift making it a very robust method when it comes to identifying the changes in the carrier. This also allows it to travel long distances from its initial transmission point once modulated making it very useful for any long-distance uses. Another benefit of using BPSK over other techniques is that fact that in order to demodulate the signal, the receiver needs only make two decisions making the process not only faster but also much simpler than other methods This allows a user to identify a problem in the system as the modulation technique is very simple to understand and diagnose. The technique is also very power efficient as the modulated carrier signal has less bits to transmit. However, there are also a few downsides to using this technique. By using a single carrier signal the data rate is identical to the symbol rate which is roughly 50% slower than other forms of modulation such as QPSK and even slower again when compared to QAM. BPSK is also not very efficient when it comes to bandwidth compared to other popular techniques. Regardless of these downsides to BPSK, it still remains the most robust technique and is especially effective at long distance transmission therefor it would be a more suitable choice when compared to the other techniques in digital modulation.
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Due to its reliability, simplicity and robust properties, BPSK is widely used in many different applications. One of the uses is in WiMAX and WLAN on the 802.11a, b, g and n standards. It is used for these purposes as it can withstand a lot of problems such as noise conditions in a very busy environment. It is also widely used in satellite technology thanks to its increased range as well as cable modems due to its strong reliability.
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When creating or prototyping a new idea or creation, testing is essential to find any potential problems that are only noticeable in practice. This can be achieved in many different ways however the most popular are through test benches, mathematical solutions or simulations. For this experiment, the tests will be carried out through a simulation as opposed to any other method as it has many benefits. One benefit of using a simulation program is that the resources required are drastically reduced. The requirements to run a simulation include a capable PC and the appropriate simulation software for the task as opposed to sourcing each individual piece of hardware required. This also means that the simulation is highly scalable with the ability to expand the simulation as far as required even to the point that would not be possible in a real-world test making it an incredibly useful tool. Another benefit of simulating the testing is the cost factor. Although simulation software can be expensive, the cost of running a large-scale simulation massively undercuts the costs of running a full-scale test in the real-world with the correct hardware. A further benefit of using a simulation to test and build a prototype is the fact that it has no real-world effects should something go wrong. By using a simulated environment, if there is an error that could otherwise cause a network currently in use to be adversely affected, the simulated network would not impact any other users where as a real-world test bench could impact anyone currently connected on the network. Another form of testing commonly used is mathematical experimentation. While this is also low cost, it would also require a sound understanding of the mathematics involved in the testing to be able to accurately conduct a test on a prototype. The mathematical method also has little to no visual results where as a simulation or real-world test bench can show the user conducting the research their results in a visual fashion aiding them in understanding the results of their test. A final benefit of using a simulation for testing over other methods is the fact that the simulation can be portable. By saving the simulation the user can transport the save file between PCs as long as the new machine is also running the same simulation software. This gives the user flexibility over where they work being able to start the simulation on their desktop PC and continue it on their laptop given that it is powerful enough to run the simulation. 
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The experiment was conducted using the MATLAB [6] software to simulate a network environment using wireless communications. The simulation investigated how well he BPSK modulation technique can perform under various different levels of noise simulated to the signal. To do this, the Bit Rate Error (BER) was compared to the Signal-to-Noise Ratio (SNR) to determine how the increasing level of noise effected the error rate to determine whether the technique would be suitable for the simulated network task.
Beginning the experiment, a simple model of a basic BPSK modulation was set up using a Bernoulli binary generator as the source data, flowing through a BPSK modulator transmitter. The data is then sent through a white gaussian noise filter to simulate adding levels of noise to the data transmission. A BPSK receiver then receives the data with added noise and demodulates it as best it can to match the source data. A quick error calculation is carried out checking the output data against the source to identify the bit rate error of the transmission. A simple display output then displays, from top to bottom, the BER, total errors and the total amount of data sent. A scope was added to be able to have a visual representation of the binary signal being sent across all three stages of the transmission.
[image: ]
Figure 5 – BPSK Model Setup
To begin with, a noise value of -1.9db was set for a low noise level test with 10,000 bits being sent across the signal.
[image: ]	Comment by Simon Downes: 
Try to utilise graphical approach to ensure that the reader can fully understand as to what is being identified in the figures. Alternatively label each row to identify what it is representing
Figure 6 – Modulation with -1.9db noise[image: ]
Figure 7 – Modulation graph with -1.9db noise

From the display output we can see that the error rate was relatively low with only ~13% of the data sent being received in error.
The same test was then conducted 4 more times with the levels of noise changing to -2.2db, -8.6db, -13.7db and 16.3db for each individual test. The outputs from these simulations can be seen below.
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Figure 8 – Modulation with -2.2db of noise
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Figure 9 – Modulation with -8.6db of noise [image: ]
Figure 10 – Modulation with -13.7db of noise [image: ]
Figure 11 – Modulation with -16.3db of noise

From these results we can see that with a varying level of noise, the bit error rate increases correlating to the level of noise however the error rate manages to remain relatively low. The simulation was set to end once the total number of errors reaches 2000 allowing the simulation to restrict how long it runs for whilst still managing to acquire sufficient data to form an analysis. With the data collected and analyzed, it is clear that the BPSK technique should be sufficient for implementation into a smart farm that would have varying levels of noise throughout the days and still operate as needed.
[bookmark: _Toc9165983][bookmark: _Toc9255619]Wireless Sensor Network Design & Evaluation
The following section will be covering the creation and configuration of an IoT enabled farm. The farm simulation was created within a simulation program know as ‘NetSim’ [7]. NetSim allows a user to create a virtual network solution including IoT devices which makes it very useful for the task. By creating an IoT network within NetSim, it grants the ability to create the wireless sensor networks required for the farm to operate.	Comment by Simon Downes: 
Spelling mistake, in the context of the sentence the correct word is ‘known’
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Figure 12 – IoT Farm Topology

As shown in the topology, the farm will consist of 20 cows, 5 sheep, a sheep dog, a strawberry picking section as well as a blueberry picking section. These all will then link back to the core network located inside the farm house sending data back to the main desktop PC to allow remote monitoring of the farm from within the house. This data can also be collected and stored over night to allow the farmers to keep track of their crops and livestock throughout the night ready for when they wake up the next morning. The sensors will provide data back to the farmer relevant to the object the sensor is attached to. For the livestock, this data will include the tracking of the animal’s movements, the heart rate of the animal as well as any other data the farmer may want to monitor such as the specific sheep’s coat length to determine the best time to trim their coat. The sensors located in the berry sections will be monitoring the soil quality and acidity levels to help the farmer better care for their plants and maximize their harvest potential. The sensors located on the tractors will monitor the tractors movements as well as how often the are sent to tend to the land.
When designing and implementing the design into a real-life application on a farm, the location of each sensor is crucial into how the system will work as noise levels as well as range will need to be considered.
[image: ]
Figure 13 – Packet loss from sensors

As figure 13 shows, in the current topology of the simulated farm, whilst 60 packets were generated by each sensor being tested, the amount received varies from sensor to sensor whereas the laptop connection to the desktop had no issues. This can be due to the amount of noise around the sensor given off by other sensors or devices or even a range problem as the greater distance to travel results in a weaker signal and results in lost packets. From this we can see that the use of BPSK modulation would be the great benefit to help counteract the noise and distance issues from the sensors located further away. Although BPSK does not have the highest bandwidth amongst the other modulation techniques, its is far more robust and reliable for use in a farm environment where the bandwidth requirement will not need very high bandwidth capabilities.
[bookmark: _Toc9255620]Conclusion
To conclude, modulation is used as a form of carrying useful data within a carrier signal. This can be achieved in many ways such as amplification or frequency modulation to transmit analog data as well as a range of digital methods used to transmit binary data within an analog signal. This has been used greatly amongst computer networking and communication systems alike. Through the use of BPSK modulation, an IoT network such as a smart farm can be made more robust and reliable as it helps to combat the noise and distance issues found in wireless sensor networks decreasing their performance.
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Graph Showing modulation at -1.9db[image: ]
Graph showing modulation at -2.2db[image: ]Graph showing modulation at -8.6db[image: ]
Graph showing modulation at -13.7db[image: ]
Graph showing modulation at -16.7db

	
                 MARKING CRITERIA AND STUDENT FEEDBACK



This section details the assessment criteria. The extent to which these are demonstrated by you determines your mark. The marks available for each criterion are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.

	[bookmark: assessmentComponent]Common Assessment Criteria Applied  (Assignment 1)
	Marks available
	Marks 
awarded

	1. Research-informed Literature 
Extent of research and/or own reading, selection of credible sources, application of appropriate referencing conventions.
	
	

	[bookmark: feedbackRIL]A small number of resources utilised throughout the report however, you should try to obtain further sources to back-up your report. Task one is very well researched and shows the required knowledge for allowing a good analysis. IEEE referencing protocols are deployed as required, please ensure that the reference listing at the end is also formatted as IEEE. (Grade mark: 80.00%)
	[bookmark: totalRIL]15
	[bookmark: markRIL]12

	
	
	

	2. Knowledge and Understanding of Subject
Extent of knowledge and understanding of concepts and underlying principles associated with the discipline.
	
	

	[bookmark: feedbackKUS]Good knowledge of Wireless Networks Simulation and the MatLab software is shown within the report. However, the report does need to contain further referencing as it evident you understand the subject. It appears as though task one has been given more priority and if task two had been completed similar more marks would have been given. (Grade mark: 80.00%)
	[bookmark: totalKUS]15
	[bookmark: markKUS]12

	
	
	

	3. Analysis
Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection; organisation  of ideas and evidence
	
	

	[bookmark: feedbackANA]As the previous sections have shown the research and knowledge is evident. Unfortunately the lack of research has limited the mark for this section would have been higher. In analysing the Task one you have shown a good understanding, this is very briefly touched upon in the NetSim simulation more marks would have been awarded if task two had been better analysed. (Grade mark: 66.67%)
	[bookmark: totalANA]30
	[bookmark: markANA]20

	
	
	

	4. Practical Application and Deployment
Deployment of methods, materials, tools and techniques; application of concepts; formulation of innovative and creative solutions to solve problems.
	
	

	[bookmark: feedbackPAD]Both practical solutions are well documented, the MatLab system though basic is well explained, the use of graphical data would have allowed the reader to understand further the results. The NetSim system implements the required elements and demonstrates how the sensor networks operates. Again the results could have been improved by utilising graphs and screenshots. (Grade mark: 57.14%)
	[bookmark: totalPAD]35
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	5. Skills for Professional Practice 
Attributes in professional practice: individual and collaborative working; deployment of appropriate media; presentation and organisation.
	
	

	[bookmark: feedbackSPP]The use of the IEEE structure is good and only has minor errors (see comments), be aware of small spelling errors. The layout and flow works well to aid in the reading of the report, when adding the bibliography ensure the correct format is used. (Grade mark: 60.00%)
	[bookmark: totalSPP]5
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	Assignment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	[bookmark: totalMark]67%

	
	Up to four weeks late
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	First Attempt?
	[bookmark: firstAttempt]
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