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[bookmark: PointTmp]Abstract—Wireless communication has played major role in changing the way we are living today, the field of digital data transmission has seen lots of research and improvement, all aiming to improve the quality of results. This paper focus on two elements; first one is analysing the performance of different techniques of modulation used by different designs and applications such as BPSK, QPSK and QAM. Running different simulations using NetSim to study the effect of Noise interference (SNR) on the Bit Error Rate (BER), second element is designing Smart Factory utilizing Wireless Sensor Network (WSN) to control and manage different elements such as access, fire alarm, light control and security, and testing and analysing the results to check if the modulation technique chosen proven to be the appropriate one.	Comment by Carlene Campbell: 
Let the reader know what the assignment is about. 

Keywords: 

BPSK: Binary phase-shift keying
QPSK: Quadrature phase-shift keying 
QAM: Quadrature amplitude modulation
BER: Bit Error Rate
SNR: Signal to Noise Ratio
CNR: Carrier Noise Ratio
WSN: Wireless Sensor Network
NetSim: Network simulation software
AWGN: Additive white Gaussian noise
Rayleigh: statistical model of noise effect over wireless                   communication.

[bookmark: _Toc511736355]Introduction	Comment by Carlene Campbell: 
Could give more background info on the key concepts that will build the premise of the report.
The world we are living in today is evolving fast, thanks to all technological inventions, almost everything humans use in daily basis become smart and wireless. With this evolution communication has become key to allow all these devices to be connected in an efficient way, with all this change, wireless communication also has evolved fast in past two decades, most analogue methods been replaced by digital systems (examples; TV, Satellite and GSM).
Wireless digital communication uses different modulation techniques like Binary phase-shift keying (BPSK),  Quadrature phase-shift keying QPSK and Quadrature amplitude modulation QAM to transmit digital signals throughout channel and recreate the same signal using the process of demodulation, however as the signal degraded and sometimes distorted because of noises effect, the transmission is not always 100 percent accurate, therefore certain modulation techniques may suit certain applications and designs and there is no one solution for every application.
The aim of an efficient and reliable transmission is always transmitting the maximum amount of data measured by bit/second in limited frequency available (Hz) with minimum error possible also known as Bit Error Rate (BER) [1]. 

[bookmark: _Toc511736356]research and evaluation of modulation schemes
[bookmark: _Toc511736357]BPSK modulation research
Binary phase-shift keying (BPSK) is one of the most reliable and widely used modulation techniques thanks to its low Bit Error Rate (BER) and simplicity in implementing it to a design or application comparing to other more complex modulation techniques such as 8QAM, 16QAM or 64QAM [2]. 	Comment by Carlene Campbell: 
This terminology is not ideal in these context of academic writing.  You use it in a number of area. You could say with its low...
Before going into the details of how this modulation technique works, it is important to explain what is modulation in the wireless communication;  the primary function of any modulation technique is impressing the digital data so it can be transmitted signal carrier [3]. The concept of how it function is very simple, it shifts the sine wave of the carrier 180° every time the digital signal change state from 0 to 1 and vise verse as shown on figure -1. 

[image: ]
Figure -1: BPSK phase shift key modulation [4]

    In terms of efficiency BPSK is considered as one of the robust modulation techniques thanks to its low BER, the simple functionality of its phase shifting helps in transmitting the data accurately even when with presence of some level of noise interference.
In real life scenarios, noises factor and the complexity of some modulations such as QPSK and QAM, they both play major role in increasing the Bit Error Rate even if they allow high rate of data transmission [5], some studies shows that some modulation techniques are more susceptible  to noise comparing to others, 
figure 2 shows good example of what been mentioned, BPSK modulation is less effect by noise comparing to QPSK and QAM, this comparison was done using the Carrier Noise Ratio (CNR) [6].

[image: ]Figure -2: Modulation techniques comparison using BER versus CNR [3]

It is also important to check the spectral efficiency [7]of BPSK and its comparison to other modulation techniques, this element can be considered as key when choosing the modulation, this efficiency shows the how quickly data can be transmitted in the given bandwidth, always measured by bit/second/hertz (b/s/Hz), figure -3 shows the spectral efficiency of different modulation techniques.

[image: ]
Figure -3: Spectral Efficiency of different modulation       techniques [3]

     From the previous points discussed earlier regarding the efficiency of BPSK modulation when it comes to Bit Error Rate, the noise resistance and low amount of data needed to be transmitted in WSN [3][6], it become clear that this modulation technique would suit in theory the design of Smart Factory WSN.
[image: ]It may appear as best solution but in modern communication modulation the only way to find good answer would be running simulation test, some useful software such as NetSim, OMnet and MATLAB allow the engineer to test their designs to an extreme level and find some good results after analysis. This can have some major effect when it comes to quality of service, cost and time management when running the project. The second benefit of simulation would be allowing the system designer to study any problems from different levels and helps understand all issues before starting building any real system [8].
Testbed approach use to be very popular in the past with wireless communication compering to simulation, however due to the hardware constraint and the cost involve with producing testbeds environment, simulation techniques start to take over and become major player in developing protocols, system performance and start to offer accurate analysis of the wireless networks.	Comment by Carlene Campbell: 
Take care with similar sounding words/phrases.

Reference(s):http://www.grammarbook.com/homonyms/confusing-words-letter-b.asp
http://www.oxforddictionaries.com/words/commonly-confused-words
https://copywriterscrucible.wordpress.com/2009/09/01/41-commonly-misused-english-words/
http://www.scholastic.com/parents/blogs/scholastic-parents-raise-reader/top-20-most-commonly-confused-homophones
Simulation may have many advantages over testbed approach such as the ability of modeling large scale scenarios without any costs involve, the ability of modifying data and collecting real-time results in very short time, however when it comes to modeling the physical layer the results are not always adequate, this is where the limitation of this technique shows [9].
In terms of mathematical modeling, this is may be considered as second pillar of engineering and science research, at the back of every new technology or scientific discovery there is mathematical support and backing, however experience shows that mathematical modeling can be very rigid and highly iterative process [9].	Comment by Carlene Campbell: 
This sentence is not very clear and needs to be restructured.
To summaries we can say that BPSK can be used in any design that require low speed data transmission, high power efficiency optimum and good noise resistance [10]. All this can only prove that this should suit well our Smart Factory WNS design.

[bookmark: _Toc511736358]Experimental study of BPSK modulation technique 
Using MATLAB Simulink, BPSK modulation system was designed to perform some experiments to show the effect of different level of noise interference on the wireless communication, the analysis of the performance was focused on two elements; Bit error rate (BER) and Signal to noise ratio (SNR). The Author also performed good comparison of the behavior of the three models BPSK, QPSK and QAM simultaneously using the same level of noise to prove previous finding from the research section [3].
[image: ]

[image: ]Figure -4: BPSK modulation design including noise factor and output display for BER.
Figure -5: BPSK Conditioning block and filter
[image: ]     After building the BPSK modulation system that allow the transmission of digital binary signal randomly generated by the Bernoulli block, the modulator and demodulator sections guaranty the accuracy of our signal transmitted via the signal carrier.
To complete this system, white Gaussian noise [11] (AWGN), noise generator was added to help with the experiment of noise effect over bit error rate (BER), This experiment could be taken to another level by studying the performance of the WSN with presence of different noise type such as Rayleigh fading statistical model [5].
The test was run on the transmission of 100 bits at different levels of signal to noise ratio to see when the system accrues maximum BER, the lowest BER and no effect level over BPSK data transmission. Figures 6,7,8,9 and 10 will show the clear difference of results when noise level (SNR) was changed from (-5 dB) to (-16.5dB) to (-25 dB).

[image: ]     Both figures 6 and 7 shows that when the SNR was (-5 dB) the input signal and output one is the same, the transmission is unaffected by this level of noise, the BER is 0 percent.
[image: ]Figure -6: BPSK under (AWGN) noise with SNR of (-5 dB)
Figure -7: BPSK under (AWGN) noise with SNR (-5 dB),
(1st graph input signal, 2nd graph output signal, 3rd graph is the noise)

    
     From figures 8 and 9, the results show that when (AWGN) level of noise was (-16.5 dB) the BER is 3 percent, and the output signal start to show some errors comparing to the input signal. 
This is the point where the signal start getting affected by noise but still at transmitting fine.











[image: ]Figure -8: BPSK under (AWGN) noise with SNR of (-16.5 dB)
Figure -9: BPSK under (AWGN) noise with SNR of (-16.5 dB)
(signals input/output)

Figures 10 and 11 shows clearly that output signal have great deformation and the binary data transmitted suffer great distortion, the results show that at this high level of noise the BER was almost 25 percent, and this can be considered in wireless data transmission as major failure.
[image: ]
Figure -10: BPSK under (AWGN) noise with SNR of (-25 dB)
[image: ]
Figure -11: BPSK under (AWGN) noise with SNR of (-25 dB) (signals input/output)
    This three experiments carried demonstrates that BPSK modulation used to transmit digital data clearly that the quality of this transmission suffers when operating at high level of noise, however if we would like to see how robust is comparing to other well-known modulation schemes such as QPSK and QAM, the three modulations need to be built and tested at this level of noises (SNR -2dB, -5dB and -10dB).

[image: ]    After building simulation scenario with the three modulations BPSK, QPSK and QAM using the prebuilt modulators and demodulators as seen on figure -11, by changing the level of (AWGN) each time and after plotting the results in graph, we could clearly see that our results seen on figure -12 confirm the findings of our research, BPSK proves again that it is more rebuts than QPSK and QAM when under substantial level of noise.	Comment by Carlene Campbell: 
Take care with similar sounding words/phrases.

Reference(s):http://www.grammarbook.com/homonyms/confusing-words-letter-b.asp
http://www.oxforddictionaries.com/words/commonly-confused-words
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Figure -12: Test comparison design between BPSK/QPSK/QAM


[image: ]

Figure -13: Test comparison results of BER when BPSK/QPSK/QAM affected by (AWGN) noise.

Data Analysis	Comment by Carlene Campbell: 
This could be improved by cross referencing your background research and demonstrate more of your understanding.

    From the graph result, we could clearly see the increase of BER every time we increase the noise level throughout the three modulation techniques BPSK, QPSK and QAM, and also this results show clear evidence that BPSK is the most resilient to the noises effect and stay efficient enough when high noise level such as (-10dB).



[bookmark: _Toc511736359]Designing the smart factory based on wireless sensor network.	Comment by Carlene Campbell: 
This section covered satisfactorily but could analyzed and critiqued more using knowledge from the research aspects.
[bookmark: _Toc511736360]Simulation and evaluation of performance
[image: ]The full design of this Smart Factory presented bellow on Figure – 14.
Figure -14: Full design of the Smart Factory using WSN

 	This design was created using NetSim, one of the leading products used in simulation by academics and experts. In this scenario it is assumed that the factory is composed of three major areas; 
· Reception area (in blue).
· Main office and Corridor (in Orange).
· Factory area, (in red) as per figure -15 bellow.
[image: ]
Figure -15: The three major parts of the Smart Factory

In each area the channel and noise factor will be different, this will have great effect on the quality of the data transmitted, as per the quantity we could say that in general the amount of data transmitted in this types of networks (WSN) is small. 
Some sensors would be set on idle and only will transmit data when there is change of status, some would be set to transmit periodically, and this should have great effect in terms of energy efficiency.
All types of sensors such as Door RFID, shutter contact, PIR, Light switches, temperature and Fire sensor been carefully placed in their appropriate places so that data collision is minimum and data transmission to the LoWPAN is effective.	Comment by Carlene Campbell: 
Write abbreviations out in full on first use.	Comment by Carlene Campbell: 
Write abbreviations out in full on first use.
[image: ]Local Server for this WSN is directly connected to the backbone router linked to the ISP, this should allow only secure encrypted remote access for the contractors “Warehouse Secure”.
The LoWPAN [12] was placed in an intersection between the three areas to provide better connection for all the sensors.
Most of the local PCs including the manager and security are wired to keep interference signals and data collision at minimum between WiFi system and data send and received by the sensors.
Three access points for WiFi been placed in factory section for the maintenance and management team, the main office section for the staff use and the reception are for all guests and visitors.



[bookmark: _Toc511736361]Performance comparison based on Noise interference
	This simulation was done based on three different areas in terms of noise effect and channel quality;

Reception Area: In this area we assume that the maximum noise level could affect the transmission would be equivalent to (Office Indoor) Rayleigh -5dB with no path loss due to the open space and, lack of windows and mirrors.

Main offices area and corridor: In this area we assume that the walls separating them from the factory part will have some effect on the transmission, the maximum noise level would be equivalent to (Office Indoor) Rayleigh -5dB with shadowing, fading and path loss due to thickness of this walls and existing of other objects that could cause reflections and refraction of signals.

Factory Area: In this area we assumed that the maximum effect of the noise factor would vary between the equivalent of (Factory Indoor) Rayleigh -5dB, -10 dB and -12 dB as top extreme level with shadowing, fading and path loss.

the results show great difference between the 3 areas specially in terms of Packets Error, we run three comparison tests between the Metrics produced by simulation of;

· No path loss.
· Path Loss only – Office indoor.
· Path Loss only – Factory indoor.
· Path loss, fading and shadowing – Office indoor.
· Path loss, fading and shadowing – Factory indoor
· Noise equivalent to Rayleigh -5dB factory indoor with path loss, fading and shadowing.
· Noise equivalent to Rayleigh -10dB factory indoor with path loss, fading and shadowing.
· Noise equivalent to Rayleigh -12dB factory indoor with path loss, fading and shadowing.

The results of the four simulation carried using the above different noise levels shows that there is major difference on terms of packets errors, but not much difference in terms of data transmitted, overhead transmitted and packet collided with exception of when the level of noise is raise to high level of -10dB and -12dB. The results shown on figures 16 ,17 and 18 demonstrate the impact of level of noise interference on the entire performance of the WSN, the amount of packet error shown when the noise level was set at 10dB and 12dB factory indoor was extremely high, indicating big failure in data transmission.







Figure 16: Packet transmitted - comparison of all simulations


[image: ]

[image: ]Figure 17: Packets Error - comparison of all simulations

Figure 18: Packet collided - comparison of all simulations


When analysing the data transmitted, the results shows significant part of overhead data, this type of data doesn’t represent the message transmitted, but the all the data synchronizing the transmission and protocols exchange. We could say that this significant amount of overhead data represents fundamental limitation to the network performance and heavy cost. 	Comment by Carlene Campbell: 
Avoid using contractions (shortened form of a word combination using the apostrophe (') e.g. don't, isn't)!

Write " not" instead of "n't".

Reference(s):http://grammar.about.com/od/words/a/EnglishContractions.htm
Networks performance should always be measured by the quality and quantity of data transmission, experiments in this field proven that there is no perfect protocol and modulation technique in the wireless communication, this is why the author believe that there is always room for more research and improvement to the current used systems [13]. As per the throughputs graphs (please see the Appendix), they all show an increase of data at the start of the simulation and after few microseconds the graphs appear to slow down and stabilise, all this can be explained by the amount of overhead data exchanged between the devices before the actual data start to be transmitted.

[bookmark: _Toc511736362]Performance comparison based on modulation techniques

Due to lack of Software limitation, it was not possible to run different simulation using different modulation techniques, the software only allow QPSK modulation set as default on the LoWPAN [12].

[bookmark: _Toc511736363]Justification of  the best modulation technique chosen for WSN.
In terms of difference between the two modulations techniques BPSK and QPSK. We are confident, and research and simulation also proven if the amount of data transmitted is low (as per our WSN design), the noise effect not raising to an extreme level and all sensors if correctly configured to be energy efficient, BPSK modulation would be perfect for this design.
In general, BPSK is good with power consumption, its simplicity to transmit data made it very efficient in low data rate designs [14].
[bookmark: _Toc511736364]Conclusion	Comment by Carlene Campbell: 
Conclusion could summed up more all section of the report and highlighting key aspects and/or findings.  

This paper has highlighted the importance of modulation techniques and their effect on the wireless communication, it become clear that some modulations would only suit certain type of data transmission, certain designs and applications it only depends on the environment where it will be used the amount of data intended to transmit and type of networks used. This research allowed us to see the links between all these elements, as per the WSN best modulation technique, the results of simulations and research shows that BPPSK would be the ideal one however we could not exclude QPSK from this, because it could bring some great results also. Finally, it is important to highlight also that there is no perfect data transmission protocol that is hundred percent efficient, and more research and innovation could be done to overcome data errors and delays.






















































































[bookmark: _Toc511736365]Appendix
 
Results of the simulation 1 (No path loss, no fading signal).

[image: ]
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Results of simulation 2 (Rayleigh noise 5dB, path loss, fading and shadowing effects).

[image: ]
















Results of simulation 4 (Rayleigh noise 5dB, Factory Indoor, path loss, fading and shadowing effects). 

[image: ]

Results of simulation 4 (Rayleigh noise, 10dB Factory Indoor, path loss, fading and shadowing effects).
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                 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]Good referencing but more up to date articles and more references could be used. (Grade mark: 60.00%)
	[bookmark: totalRIL]15
	[bookmark: markRIL]9

	
	
	

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

	[bookmark: feedbackKUS]More background research could be done to strengthen your arguments. (Grade mark: 60.00%)
	[bookmark: totalKUS]15
	[bookmark: markKUS]9

	
	
	

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

	[bookmark: feedbackANA] Your evaluation of your experiments could be analysed and critiqued more. Try to improve upon your conclusion; see more feedback in your report.  Overall, this is a well-written paper and shows a sound understanding of the principles behind WSN. (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][bookmark: _GoBack] A great review of BPSK and the extra work to validate against 2 additional techniques are very well done.  (Grade mark: 85.71%)
	[bookmark: totalPAD]35
	[bookmark: markPAD]30

	
	
	

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

	[bookmark: feedbackSPP]Well presentable report. Some spelling and grammatical errors. See report for more feedback. (Grade mark: 60.00%)
	[bookmark: totalSPP]5
	[bookmark: markSPP]3

	
	
	



	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]71%

	
	Up to four weeks late
	[bookmark: fourWeeksLate]
	

	
	First Attempt?
	[bookmark: firstAttempt]
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