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Abstract - Just a few years ago, it was inconceivable that devices such as lights and thermostats would connect to the internet, but with the ‘Internet Of Things’ becoming more and more common, wireless connectivity is becoming a way of life. 	Comment by Carlene Campbell: 
It lets the reader know what the assignment is about.   But this should be the last thing you write after completing an assignment or a project recapping key outcomes.

[image: ]This report will give an overview of how digital signals are transmitted through the airwaves, the challenges faced when transmitting data wirelessly and explore the limits of noise that can interfere with the signal received. Software simulations will recreate wireless transmissions. 	Comment by Carlene Campbell: 
Why is this figure here after the abstract?	Comment by Carlene Campbell: 
Which ones?
[bookmark: _Ref511744800][bookmark: _Toc512023858]Figure 1 - The circuit was designed using Simulink simulation software.

INTRODUCTION 	Comment by Carlene Campbell: 
This section lacking background research.  The organisation with your figures make reading confusing as well.
For this research, ‘Simulink’ was used running inside ‘Matlab’ to design a simulation of the digital circuitry needed to convert the binary signal into an analogue wave that can be transmitted through the air. This allows mobility within a network, laptops, tablets and smart phones can all connect wirelessly. This Wifi signal is subjected to the conditions that the medium has, which are often less than perfect:
· Obstacles can block the signal 
· Changes in air density can cause scattering or refractions
· Hard surfaces can cause reflections
· Soft surfaces can cause absorption
· Interference or noise can disrupt the signal. 
The electromagnetic spectrum is tightly regulated and only a narrow band is available for transmission. Receiving this signal after all of the possible challenges listed above, it can benefit from some re-adjusting to make it identical to the signal that was sent [1]. Figure 2 illustrates this circuit:
[image: ][bookmark: _Ref511908701][bookmark: _Toc512023859]Figure 2  - The Conditioning Circuit shown in Figure 1 is expanded here for clarity (taken from the design in Simulink). 


MODULATION
There are several ways that a binary signal can be converted into an analogue one, and a handful of industry standards have emerged, such as On-Off Keying (OOK), Amplitude Shift Keying (ASK), Frequency Shift Keying (FSK) -shown in Figure 3:
[image: ]
[bookmark: _Ref511747956][bookmark: _Toc512023860]Figure 3 – A diagram showing different ways to convert between binary signals and analogue – (image courtesy of [2]).
Looking at a more detailed view of FSK – there are several methods of making a binary digit change from a 0 to a 1 such as Binary Phase Shift Keying (BPSK ) – see 
Figure 4:

[image: ]
[bookmark: _Ref511908762]
[bookmark: _Toc512023861]Figure 4 – Shows how BPSK changes the carrier between 2 phases
This can be taken a step further with Quadrature phase shift keying (QPSK) because it transmits two bits per symbol instead of one. This is achieved by the carrier changing its phase instead of frequency [3], so there are four possible phase shifts, see Figure 5:

[image: ]
[bookmark: _Ref511908819]
[bookmark: _Toc512023862]Figure 5 – QPSK can transmit twice as much data as BPSK 
Even though QPSK can transmit twice as much data per second [4], BPSK has the advantage that it is less prone to errors. This means that BPSK has  wide reaching uses from satalites [5] to the defence industry [6]. A disadvantage of BPSK is that it has half of the bandwidth of QPSK so data transmission is slower. Therefore the circuit design in Figure 1 was designed with this in mind, and the scope shows the BPSK phase shift when magnified – see  Figure 6. 

[image: ]
[bookmark: _Ref511668034][bookmark: _Toc512023863]Figure 6 - Shows how the analogue signal changes (a no phase jump), which gets interpreted as a binary change in state. This was BPSK signal was created in Simulink.

Part of the circuit design in Figure 1 is the ability to simulate noise (interference) during the wireless phase. It can be shown by varying the amount of noise (known as ‘Signal to Noise Ratio’ or SNR) the point at which the digital signal can no longer be recreated accurately. This is useful for real world applications because knowing the limitations of a wireless system can ensure that when designing a network, wireless nodes are close enough together, there isn’t too much machinery or too many walls blocking signals, antennas are situated correctly etc so that interference is minimal.


RESULTS	Comment by Carlene Campbell: 
What or which modulation technique (s) your result is discussing.  You did not make this clear.
The scope that was connected to the circuit displays three graphs– the top being the initial binary signal, the middle is the wireless sine wave, and the bottom displays a binary signal which has been recreated by reading the phase shifts in the analogue signal.  When no noise is added, the bottom line should appear identical to the top, but when some kind of interference is introduced to the analogue wave – the bottom line starts to show a different digital signal to the top. 

From 0db to -10db of noise, the square graphs were perfectly recreated, after -11db of noise, the regenerated signal started to show signs of the interference affecting the digital information as shown at the left side of Figure 7:
[image: ]
[bookmark: _Ref511682127][bookmark: _Toc512023864]Figure 7 – The scope display showing a small inaccuracy after recreating the binary signal with -12db of noise. 
Often small errors can be corrected with software, [7] but reaching -15db of noise created too many errors for simple error correction. 
[image: ]
[bookmark: _Toc512023865]Figure 8 –A lot of Errors Can be Seen at -15db of Noise, Which Causes an Inaccurate Recreation of the Signal.

Figure 9 shows that at 20db of Noise, The Original Signal is Unrecognisable. This is because the interference makes it impossible for the circuitry to accurately recognise the phase shift (like the one shown in Figure 6).
[image: ]
[bookmark: _Ref511745510][bookmark: _Toc512023866]Figure 9 – At -20db of noise there is very little hope of understanding what the original transmission was. 
The benefit of knowing this information gained from simulations can assist the costly, labour intensive job of installing the network in real life. The network design can take into account the likely places where wireless interference will occur and plan to avoid problems by using more wired connections around machinery for example, or by placing wireless nodes closer together when transmitting through thick walls etc.

One of the disadvantages is that it is almost impossible to recreate the real environment perfectly. In the real-world walls have different thicknesses and are made of a variety of materials – some interfere with wifi more than others [8]. It’s very difficult to recreate the amount of noise a group of factory machines will generate – essentially, it’s hard to be very accurate. There are also limitations to the simulation software used, for example Netsim only allows the same amount of fade to be added to every connection, whereas in the real world some nodes would have more than others.


TASK 2

Abstract - With simulation software becoming more and more sophisticated, it can now be used for planning complex, large scale installations such as offices and factories. This is helpful to provide network designers with feedback about the network before any installation has started. Any required shortcomings of the network can be addressed, altered and retested during the design stage.	Comment by Carlene Campbell: 
No need for abstract here.  You only need to write one abstract for this report.

INTRODUCTION
This report will focus on the software ‘Netsim’, specifically used for designing a smart factory to control lights, heating, computers etc and then analyse the traffic travelling through the network, then test the effect that interference has on the data travelling across the network.

FACTORY DESIGN
Starting with a simple layout – the smart factory has walls that separate the warehouse, distribution and an office as shown in Figure 10.

[image: ]
[bookmark: _Ref511946351][bookmark: _Toc512023867]Figure 10 – The layout of the factory walls
The design of the building has to be taken into account when designing a network –
· The wireless access points need to be positioned so that the entire area is covered 
· Walls and machinery need to be taken into account when calculating wifi ranges
· Doors and windows can be a source of heat loss, so position of thermostats should be carefully placed. 
· Motion sensors need to be placed near every door so that the lights will turn on when someone walks into that room.
When this layout was created in Netsim, the network could be tested, with various amounts of noise / interference introduced.

[image: ]
[bookmark: _Toc512023868]Figure 11 – Factory design layout in Netsim with all devices connected
Once the layout of the factory was designed, the applications that run on each device were then configured – see Figure 12 :

[image: ]
[bookmark: _Ref511946390][bookmark: _Toc512023869]Figure 12 – The applications that run on all devices
RESULTS 
The network design required all of the nodes to connect to a registration server (with each connection being encrypted) resulted in a lot of network traffic – see Figure 13
[image: ]
[bookmark: _Ref511946534][bookmark: _Toc512023870]Figure 13 – The network displaying the lines of communication between all devices
This traffic was analysed and delay and throughput recorded. All of the nodes were running and generating traffic, but the next few graphs just show one aspect of the network, but varying the amount of noise each time.
[bookmark: _Hlk512439359]By just focusing on one section, and only changing one variable, it makes it possible to compare and know that the results are definitely a direct result of the change. In this case the amount of pathloss and shadowing was increased, focusing on the RFID reader and warehouse door – see Figure 14:


 



[image: ]
[bookmark: _Ref512439247][bookmark: _Toc512023871]Figure 14 – Only the warehouse door and RFID reader were analysed for this comparison - shown with the green and purple lines
GRAPHS OF FIRST EXPERIMENT
The first experiment was run with no noise to see the delays and throughput that can be expected without any interference – see Figure 15:
[image: ]
[bookmark: _Ref512116490][bookmark: _Toc512023872]Figure 15 – Results showing throughput and delay with no noise
The same experiment was run again, but this time with 5db of pathloss and shadowing added on the line – see Figure 16:
[image: ]
[bookmark: _Ref512024102][bookmark: _Toc512023873]Figure 16 – 5db of ‘Pathloss and Shadowing’ introduced to the experiment


This was the only variables changed and the simulation was run again to compare – see  Figure 17
[image: ]
[bookmark: _Ref512379035][bookmark: _Toc512023874]Figure 17 – 5db of noise introduced.
Immediately it can be seen that the throughput is lower on all three connections. This was tested again at -10db - see Figure 18
[image: ]
[bookmark: _Ref512022580][bookmark: _Toc512023875]Figure 18 – 10db of noise lowered the throughput significantly
This was tried one more time, but this time with -12db of noise- see Figure 19.[image: ]
[bookmark: _Ref512348386][bookmark: _Toc512023876]Figure 19 - 12db of noise resulted in losing the signal from 2/3 connections
Again, the throughput was lowered for the connection from the server to door (a wired connection). The RFID sensor (which connect to the LoWPAN gateway) lost connection completely. This agrees with the results of Task 1 where above -10db of noise caused signal degradation beyond recovery. 
The total amount of throughput varied with noise, but not as much as the graph appears at first glance, only ranging from 5.839805Mb/s to 5.839645Mb/s – see Figure 20. This is because the connection from server to door is a wired connection (so very consistent), and the amount of data being sent from the wireless sensor is very small.
[image: ]
[bookmark: _Ref512203870]Figure 20 – Throughput decreased as the amount of noise increased
GRAPHS OF SECOND EXPERIMENT
This test was repeated but this time focusing on the warehouse motion sensor and light, because if there is too much delay in the real world, or if too much noise causes a loss of signal - someone ends up walking around in the dark, thus the need for simulations. 

[image: ]
Figure 21 – A different section of the network was focused on for the next experiment
Everything was kept exactly the same except for the amount of noise between the two connections shown. The noise on the WH sensor and WH light was 0 to start with as a control – see Figure 22:
[image: ]
[bookmark: _Ref512116453]Figure 22 – No fade to start with
This time the noise was changed to ‘Pathloss, Shadowing and Fading’ -  see Figure 23:
[image: ]
[bookmark: _Ref512201109]Figure 23 – Pathloss, Shadowing and Fading
This was increased to -5db which decreased the throughput, and increased the error rate and delay – see Figure 24:
[image: ]
[bookmark: _Ref512201093]Figure 24  -5db of noise was introduced
This was then increased to -10db, see Figure 25:
[image: ]
[bookmark: _Ref512201155]Figure 25 – throughput, delay and error rate at -10db
Then finally at -12db of noise: 
[image: ]
[bookmark: _Ref512120546]Figure 26 – results shown at -12db of noise
Because this experiment has one wired connection, and one wireless sensor the results appear the same as Figure 20 (even though fade has also been introduced this time). 

DELAY 
Throughput is a great way to measure the ability to transfer data as it measures the maximum capacity possible, but for the employees of the factory – they will notice delays between walking in and the light coming on (or not at all if the connection is lost). 

The amount of delay plotted against noise can show that it varied between 0.37seconds (s), and 0.58s. These totals were calculated by adding the delay from the wireless sensor to the server, and from the server to the node see Figure 27:

[image: ]
[bookmark: _Ref512462348]Figure 27 – The total amount of delay at varies noise levels
It was expected that the delay would gradually increase as the noise increased but looking at Figure 28, it shows that there is a dip when the interference first starts. This can be explained by the wireless protocol used waiting for a contention window or contention period. This causes nodes to 
wait for random amount of time before retransmitting the packet to avoid collisions [9]. When the noise increases, packet collisions and errors increase so the wireless protocol sets the nodes to have a random back-off timer to prevent multiple nodes transmitting at the same time. This improves the reliability but can increase delays slightly. 

ANALYSIS
Two aspects of the network have been shown, with two different types of noise introduced – both giving very similar results. This is because as the noise increases, the data cannot be perfectly recreated (as seen in Task 1) and some errors are introduced (Figure 7). The protocols used to send the data across the network will often have the ability to request data to be resent if an error is detected. This explains the shape of the graphs (such as the bottom right corner of Figure 26 for example). Before Data is sent, a ‘handshake’ is first established for example:
· A request to establish a connection is sent first 
· Then an acknowledgement is usually returned 
· Then some data is sent
· Then a confirmation of the receipt of the data
In other words, a ‘conversation’ may be established between sender and receiver so the drops in throughput on the graphs are most likely waiting for replies from the recipient. 
This is one example of network overhead [10]– extra data included in the transmission which aids the delivery including error correction, source and destination addresses, transport data, session information, encryption information etc. All of which means the amount of data sent ends up much larger than the original file. 
As expected, as the interference increased, the amount of errors detected also increased – as seen in Figure 29 :

[image: ]
[bookmark: _Ref512121628]Figure 29 – Graphs showing the ‘packets errored’ as noise increased from all nodes 
All of these factors should be taken into account when designing a network, such as 
· Keeping short distances between wireless nodes – especially when travelling through walls and near electronic equipment
· If possible check the amount of noise in the area – less than -10db is ideal for optimal wireless transmissions
· Use wired connections when possible as they are less likely to be affected
· Testing systems like this is essential for projects like factory design both simulated before the install, and also after the network is installed in real life.
· Error correction is something that can be monitored and affects the reliability of a network 
· Overhead transmitted bytes can add extra data to the transmission, but if there isn’t too much interference, the throughput should be able to easily carry the extra information and this can be the difference between a split-second delay and no data received.
· There are limitations to simulation software but they can help to highlight possible shortcomings with the network and these can be planned for and more thoroughly tested during installation. 

CONCLUSION
All of the data shown in the graphs agrees with the limitations of noise on wireless connections demonstrated in Task 1. As noise becomes higher than -10db, the number of errors become very high. A best-case scenario means that the information is resent (resulting in a delay) worst case means that the information could be lost altogether. Because QPSK has a higher bandwidth (therefore a smaller gap between the data transmission) this can mean that BPSK may be slightly less affected by noise – even though the changes in the graphs are slight, they are clearly faster, more reliable and have less errors than the experiments with -12db of noise. The first experiment used ‘pathloss and shadowing’, and the second experiment used ‘pathloss, shadowing and fade’, varying the amount of noise each time. It can clearly be seen that as the noise increased, the number of errors increased, and the bandwidth decreased. This is because of the analogue signal becoming less reliable for the receiver to recreate the original binary signal. Research shows that even though BPSK doesn’t have the highest bandwidth, it is the most reliable – therefore if a network was to be installed in a noisy environment, this would be the best choice, yet as seen here it can still be affected by interference.
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[1]	A. A. Giordano and A. H. Levesque, “Digital Communications BER Performance in AWGN (BPSK in Fading),” in Modeling of Digital Communication Systems Using SIMULINK, Wiley Telecom, 2015, p. 416.
[2]	L. Frenzel, “Understanding Modern Digital Modulation Techniques,” 2012. [Online]. Available: http://www.electronicdesign.com/communications/understanding-modern-digital-modulation-techniques. [Accessed: 20-Mar-2018].
[3]	U. H. Rizvi, G. J. M. Janssen, and J. H. Weber, “BER analysis of BPSK and QPSK constellations in the presence of ADC quantization noise,” Commun. 2008. APCC 2008. 14th Asia-Pacific Conf., no. c, pp. 1–5, 2008.
[4]	G. Bosco, V. Curri, A. Carena, P. Poggiolini, and F. Forghieri, “On the performance of nyquist-WDM terabit superchannels based on PM-BPSK, PM-QPSK, PM-8QAM or PM-16QAM subcarriers,” J. Light. Technol., vol. 29, no. 1, pp. 53–61, 2011.
[5]	H. Nawaz, “Implementation of a simple BPSK Modulator for onboard satellite telemetry transmitter,” RAST 2015 - Proc. 7th Int. Conf. Recent Adv. Sp. Technol., pp. 343–346, 2015.
[6]	Y.-T. Toh Ali Niknejad and E. Borivoje Nikolic, “BPSK Demodulation for RF Applications,” 2017.
[7]	F. M. Gardner, “A BPSK/QPSK Timing-Error Detector for Sampled Receivers,” IEEE Trans. Commun., vol. 34, no. 5, pp. 423–429, 1986.
[8]	R. W. Middlestead, “PHASE SHIFT KEYING (PSK) MODULATION, DEMODULATION, AND PERFORMANCE,” in Digital Communications with Emphasis on Data Modems:Theory, Analysis, Design, Simulation, Testing, and Applications, Wiley Telecom, 2017, p. 824.
[9]	B. M. Khan, F. H. Ali, and E. Stipidis, “Improved Backoff Algorithm for IEEE 802 . 15 . 4 Wireless Sensor Networks,” pp. 1–5, 2010.
[10]	M. Rahnamay-Naeini, N. Ghani, and M. M. Hayat, “On the interplay between resource-management overhead and performance in sensor networks: An information theoretic approach,” GLOBECOM - IEEE Glob. Telecommun. Conf., pp. 1564–1569, 2013.
































	
                 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]More peer reviewed articles could be used.  More background information/lit review could be done. (Grade mark: 46.67%)
	[bookmark: totalRIL]15
	[bookmark: markRIL]7

	
	
	

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

	[bookmark: feedbackKUS]Evidence of basic knowledge and understanding demonstrated.  More depth of research could improve this area. (Grade mark: 46.67%)
	[bookmark: totalKUS]15
	[bookmark: markKUS]7

	
	
	

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

	[bookmark: feedbackANA][bookmark: _GoBack]Your report lacks well thought through discussions.  See report for more feedback.  Your abstract, introduction and conclusion need improvement; see comment given in your report. The abstract in an IEEE article should contain keywords and use a smaller font size than the report. A secondary Abstract isn’t needed for task 2 this can be discussed during the beginning. (Grade mark: 50.00%)
	[bookmark: totalANA]30
	[bookmark: markANA]15

	
	
	

	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]Strong implementation with varied application connectivity utilising connections between devices as well as a central server. This has helped with the evaluation and reasoning behind the assumptions made. When using graphs within a report try to focus however on the results in one format i.e. using a chart or graphical view. (Grade mark: 82.86%)
	[bookmark: totalPAD]35
	[bookmark: markPAD]29

	
	
	

	5. Skills for Professional Practice 
Attributes in professional practice: individual and collaborative working; deployment of appropriate media; presentation and organisation.
	
	

	[bookmark: feedbackSPP]Organising and flow need improvement but look presentable.
 (Grade mark: 44.00%)
	[bookmark: totalSPP]5
	[bookmark: markSPP]2.2

	
	
	



	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]60%

	
	Up to four weeks late
	[bookmark: fourWeeksLate]
	

	
	First Attempt?
	[bookmark: firstAttempt]
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