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     Abstract— Communication from the 60’s to the 2000’s has evolved massively and the reason for that is technology. Digital communication methods are adapting fast and soon most of the communication that takes place around the world will be digital. This report will discuss the concepts, the principles and analyse the BPSK modulation technique. An implementation of Binary Phase Shift Keying (BPSK) using the Matlab software, along with the advantages and disadvantages of the modulation technique. The report will also include an implementation of a wireless sensor network design & evaluation for intensive and mixed farming. At the end of this report, an evaluation of the performance of the wireless sensor network will be compared to the BPSK modulation scheme. 
I. Introduction 
Communication through entertainment media like internet, radio broadcasting, newspaper and television is so important these days because it gives people awareness of what goes on around them. These communications work by transmitting signals from one location to another.
Modulation is the key process for these communications because they strengthen the signals which are transmitted from one location to another over a long distance. There are many digital modulation schemes, but only one will be discussed during this report. 

This report reviews and justifies the Binary Phase Shift Keying (BPSK) modulation technique, giving examples of the advantages and disadvantages, examples of implementations, how the concepts of computer network simulations relate to communication systems and the pros and cons of using simulations instead of methods like test-bed and mathematical.
II. Related Work
What is the function of modulation in a communication system? Within the modulation process, there are two signals. First is the modulating signal which is the information signal and the second signal is the carrier, which is a high frequency sinusoidal signal. Inside the modulation process, a parameter of the carrier wave like frequency for example is mixed in correspondence with the modulating signal. The signal is then transmitted by the transmitter. The receiver demodulates the modulated signal and retrieves the original information signal. [1] 	Comment by Simon Downes: 
Paragraph layout, if the report starts justified keep the same throughout. Don't change part way through as this may effect the reader.

How does the concepts and principles of computer network simulations relate to communication systems? Both computer network simulation and communication systems relate to each other because in network simulation, computer network is formed with applications, devices, and links for example. The most popular networks and technologies these days such as WLAN’s, wireless sensor networks, cognitive radio networks, Internet of Things for example, all support the use of network simulators. This is where communication systems apply to the network simulations. The communication systems allow these technologies and networks to communicate with each other by transmitting signals from one source to another. An example of a communication system is ‘Radio Communication System’ and this works with the benefit of a transmitter and a receiver both supplied with an antenna. [8] 	Comment by Simon Downes: 
Expand the scope of reference sources consulted to improve the quality of research based tasks.

The fundamentals of BPSK
BPSK stands for Binary Phase Shift Keying and it is a digital modulation technique. It is a two phase modulation scheme where the sine wave carrier takes two phase reversals such as 0° and 180°. [2] The 0’s and 1’s in binary are expressed by two different phase states in the carrier signal, binary 1, θ = 0° and binary 0, θ = 180°. [3] These two are represented as: 

[image: C:\Users\p151758\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Binary 1 and 0.PNG]
Figure 1 [3]	Comment by Simon Downes: 
The figures need labels also to identify what is being displayed

To breakdown these two functions, Ac represents the amplitude of sinusoidal signal, Fc is the carrier frequency, t is the instant time in seconds, and Tb is bit period in seconds. [3] s0(t) is the carrier signal when information bit ak = 0 was transmitted and signal s1(t) indicates the carrier signal when information bit ak = 1 is transmitted. [3] 

BPSK modulator, which consists of the carrier wave generator as one input and the binary sequence (data) as the other input. See figure 2. 


Figure 2 [2]
In figure 2, two signals are multiplied at the input by a balance modulator. If there is a zero binary input, the phase will be 0° and if there is a high input the phase reversal is 180°. [2]

Figure 3 represents a BPSK modulated output wave along with its given output. The output sine wave of the modulator is the inverted (180° phase shift) input carrier, which is the data signal function. [2]


Figure 3 [2]

The first stage of BPSK demodulator begins by recovering the band-limited signal, whilst acquiring the help of the mixer circuit. Then the base band signal (band limited) is collected and this signal is used to reestablish the binary message bit stream. [2] The second stage of the demodulation begins when the bit clock rate is required at the detector circuit to produce the initial binary message signal. Assuming that the bit rate is a sub-multiple of the carrier frequency, then the bit clock transformation is simplified. As seen in figure 4, in the 2nd stage of the detection a decision-making circuit has been added to make the circuit easily understandable. [2]


Figure 4 – Diagram of a BPSK Demodulator




BPSK advantages and disadvantages
BPSK has many advantages and disadvantages over the other modulation techniques. Some of BPSK’s advantages are: [6]

· Binary 1 and 0 are detached by 180° phase shift of the carrier, therefore data can travel longer distances when transmitted from places such as base station
· Most cellular towers operate off BPSK for long distance communication or transmission of the data
· BPSK receiver is more simplified compared to other modulation techniques because the demodulator only needs to make two selections in order to regain the initial binary information
· BPSK is power competent because less power is required to transmit the carrier with fewer number of bits

BPSK’s disadvantages are: [6]

·  Only one bit is carried by one single analog carrier in BPSK modulation technique. This is the reason why data rate in bits per second (bps) is equal to the symbol rate. Compared to other modulation techniques like QPSK, its half in comparison and much less in comparison to greater modulations such as 16QAM for example
· BPSK is not bandwidth competent like other modulation techniques

Matlab/Simulink Experiment
In this part of the report, we will be using Matlabs Simulink to create a simulation model of BPSK and calculate its performance whilst progressively increasing the level of noise affecting the channel. 

First off, we created BPSK simulator model using blocks on Simulink. The blocks used were Bernoulli Binary Generator, which generates random binary sequence of 0s and 1s for transmission. A BPSK modulator and demodulator. An AWGN channel which is used to mimic random processes that can occur during transmission. An error rate calculation which calculates the error rate by comparing the transmitted signal (Tx) and the received signal (Rx). We also used a scope block which generates a graph that displays the noise affecting the channel and finally a display bloke which displays the bit error rate, number of errors and total number of transmitted bits. See figure 5 for overview of the modulation.


Figure 5

Here are the results (3 results) for performance whilst gradually increasing the level of noise affecting the channel. 

Display Block as follows:
· Bit Error Rate (BER)
· Number of Errors
· Total number of transmitted bits

1. Signal to noise ratio = 5

In figure 6, the result of inputting a signal to noise ratio of 5 has a bit error rate of 0.0071942446043165, 36 errors, and 5004 in total of transmitted bits. 

Figure 6

In figure 7, this is where we change the signal to noise ratio on the block AWGN to affect the channel of noise. In this case, the signal to noise ratio is set to 5.


Figure 7
In figure 8, the input and output data are very similar which indicates hardly any packets were lost during the process. The middle graph shows the level of noise affecting the channel.


Figure 8

2. Signal to noise ratio = -9.4

In figure 9, the result of inputting a signal to noise ratio of -9.4 has a bit error rate of 0.30864197530864, 100 errors, and 324 in total of transmitted bits. 

Figure 9



Figure 10

Figure 11

3. Signal to noise ratio = 1

In figure 12, the result of inputting a signal to noise ratio of 1 has a bit error rate of 0.050100200400802, 100 errors, and 1996 in total of transmitted bits. 


Figure 12


Figure 13



Figure 14

To conclude on Simulink, the creating of BPSK modulation was nice and simple, cost effective and learned more about how BPSK works whilst creating the modulation rather than research about BPSK. 
Some pitfalls whilst creating the modulation was failure to collect good system data when inputting a large signal to noise ratio. Also the verification of the correctness of the simulations implementation was hard to achieve. 

Pros and Cons Using Simulations
Some of the pros of using simulations is that you can test the behavior of a simulation before creating. For example, you can create a product in simulation before building it to see if the product would succeed in the real world. This is an advantage for engineers that use simulation. The use of simulation allows you to analsye the system if the mathematical results are incorrect. Simulation produces accurate results and it can also be used by teachers in class/lecture to teach students. Places such as industries and businesses also use simulations as a first stage in testing new products and services. Simulation is easy to build and affordable to create. 
Simulation has its disadvantages, such as it takes a long time to create a simulation, especially if the simulation doesn’t work and ends up as a waste of time. Simulation can be expensive. Simulation can be problematic when trying to read the data back. Even though data gets displayed in graphs, when large amounts of data get put into a simulation, some information may be misplaced. When a simulation is extremely large, it causes computational complexity. 

Comparing simulation to other methods such as test-bed for example, test-bed has an ease of making adjustments to the production system and has space limitations. On the other hand, test-bed needs dependable data and doesn’t have any no hands on understanding and experience to expedite learning. [9]

Comparing simulations to a mathematical method, mathematical offers a simplified situation and help develop a better understanding of the real world because some variables can be altered. On the down side the model does not include all aspects of the problem and the model may only function in some situations. [10]

III. Implementation
The final task of the assignment was to design and simulate a sensor network for intensive and mixed farming. NetSim was the software used in order to create this design. 

Here is an overall view of the wireless sensor design network. See figure 15.


Figure 15

Within NetsimNetSim, the first task was to create a wireless lan so that the farmer could connect his PC to the internet to monitor his farm. The network includes 1 router, 1 access point, 1 wired PC, 1 wireless laptop and a gateway. After connecting these devices up using wired/wireless connections, the next step was to deploy an Adhoc Link, which is used to connect wireless nodes and sensors. Using the wireless sensor tab, 35 wireless sensors were plotted into separate groups all over the design. 1 group consisted of 20 cows, another group consisted of 5 sheep, another group for 3 strawberries, another group for 4 blueberries, another group for 2 tractors and 1 more wireless sensors for the farmer’s shepherd dog. Each of these sensors were connected to the Adhoc Link, icons and sensor names were changed to the appropriate names and pictures. 	Comment by Simon Downes: 
Spelling mistake, Local Area Network (LAN)

After the initial design is setup, the next step was to use the application traffic generator to allow users to model traffic flow between two nodes of the network. For example, cow 1(wireless sensor number 11) is connected to the Farm PC. See figure 16. 


Figure 16

This process was done for at least 2 of every group to determine whether the Farmer can monitor each group. So once all the farm was set up and connected to each other for monitoring, the design was put through run configuration in order to redeem the simulation results. 

In figure 17 below, we can see the application metrics results after running the configuration. As seen in the results, every application sensor has been successfully generated, with 100 packets being generated each application sensor. We can also see the packets received by every sensor, which depend on the sensor and the level of noise coming through the channel. The megabits per second(mbps) throughput, and they delay in microseconds for every sensor. 


Figure 17

Figure 18 shows the full simulation results tables.
	Comment by Simon Downes: 
This image is too small to aid the reader in this report, export the data an utilise MS Excel to produce a simply graph, bar chart or line chart.
Figure 18

IV. Results/Findings and Discussion
After evaluating the performance of the wireless sensor network across the BPSK modulation scheme tested in task 1, its fair to say that BPSK is a reliable digital modulation technique for a real life situation, for example a smart farm as established in task 2 because it is simplified and power competent. 

On the other hand, BPSK only contains two constellations and can only transmit one bit per burst, and also has low bandwidth reach which might not be suitable for a bigger smart farm.
V. Conclusion
In this assignment, we have researched Binary Phase Shift Keying (BPSK) and its fundamentals, created a BPSK modulation in MatlabMatLab Simulink and created a wireless sensor network diagram for a smart farm. 

BPSK is the simplest and most power efficient, but for future reference, different modulation techniques such as QPSK, 16QAM will be implemented instead because BPSK is the most standard and basic modulation technique which doesn’t offer much when it comes to implementing the modulation. Also BPSK is not bandwidth competent like other modulation techniques such as QPSK, which carries two bits of data for every carrier and therefore offers a lot more bandwidth.

To conclude, a future recommendation about the wireless sensor network and communication system needs to be in more depth, in terms of more sensor devices connected to the Farmers PC and Farmers Laptop, this would’ve give the network a much bigger outlook. When receiving the results from running the network, more data should’ve been displayed such as graphs to visually illustrate the data. 



























































































VI. References

[1] Explain the need for modulation in a communication system, by SASMITA, January 2016
Available: https://electronicspost.com/explain-the-need-for-modulation-in-a-communication-system/

[2] Digital Communication – Phase Shift Keying, Tutorials Point, 2019
Available: https://www.tutorialspoint.com/digital_communication/digital_communication_phase_shift_keying.htm

[3] Binary Phase Shift Keying (BPSK) – modulation and demodulation, by Mathuranathan, April 2010
Available: https://www.gaussianwaves.com/2010/04/bpsk-modulation-and-demodulation-2/

[4] Digital Modulations using Matlab: Build Simulation Models from Scratch, by Mathuranathan Viswanathan, June 2017 (Book)

[5] Digital Modulation Techniques – Artech House Telecommunications Library, Fuqin Xiong, January 2000 (Book)

[6] Advantages of BPSK | Disadvantages of BPSK, RF Wireless World, Available:
http://www.rfwireless-world.com/Terminology/Advantages-and-Disadvantages-of-BPSK.html

[7] Wireless Communication Systems in Matlab, Mathuranathan Viswanathan, September 2018 (Book)

[8] Different types of communication systems, Management Study Guide, by Prachi Juneja
Available: https://www.managementstudyguide.com/different-types-of-communication-system.htm

[9] Test Bed Architectures, Research Gate, by Christian Eliasson Lijia
Available: https://www.researchgate.net/figure/Advantages-and-Disadvantages-of-test-bed-structures_tbl1_328433222

[10] Advantages and Disadvantages of Mathematical Models, by nuttyk, January 2017
Available: https://getrevising.co.uk/grids/advantages-and-disadvantages-of-mathematical

	
                 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 making justifications and analysis slightly more difficult. However, a number of diverse sources from journals and conferences are used sources. Task one is very well discussed and shows the authors knowledge this flows through to the second task. for future try to utilise more sources to obtain further references (Grade mark: 86.67%)
	[bookmark: totalRIL]15
	[bookmark: markRIL]13

	
	
	

	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 Modulation and MatLab software is shown within the report, it is evident you understand the subject. The breakdown in task one for the modulation technique is done well. in both tasks justification is made based on the findings. Overall the knowledge shown is more than sufficient to produce both simulations. (Grade mark: 86.67%)
	[bookmark: totalKUS]15
	[bookmark: markKUS]13

	
	
	

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

	[bookmark: feedbackANA]The analysis in both the simulations and in general throughout the report is good to obtain further marks for the future link back discussions to research and other similar experimental reports. (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]The practical solution for MatLab is basic and the testing shows knowledge of the necessary elements required for the assignment. NetSim implementation shows the required elements to deploy a WSN, the evidenced testing on part one and two could have been more visual for the reader, although this doesn't prevent the production of a final conclusion drawing in both tasks. (Grade mark: 62.86%)
	[bookmark: totalPAD]35
	[bookmark: markPAD]22

	
	
	

	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). The report was easy to follow, it may have been improved by the use of bar charts to break up the text. The overall appearance looks okay and the relevant IEEE referencing is utilised.  (Grade mark: 80.00%)
	[bookmark: totalSPP]5
	[bookmark: markSPP]4

	
	
	



	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]72%

	
	Up to four weeks late
	[bookmark: fourWeeksLate]
	

	
	First Attempt?
	[bookmark: firstAttempt]
	



[bookmark: _GoBack]
Page 9 of 9

image1.png
51(t) = A, cos(2nf.t), 0<t¢<T, forbinary 1
s0(t) = A, cos(2nft +m), 0<t<T, forbinary0




image2.png
BPSK Modulator

Balance PSK
Modulator wave

Carrier wave WW

generator

[1_ Binary

sequence
(data)





image3.png
1v

Ov.

BPSK Modulated output wave




image4.png
BPSK Demodulator

DESK < »>| | Detector
é BPF I
Carrier Bit
clock
Stage 1 Stage 2




image5.png
Barmoui
By

>|

ey

T

™ emor et

E

AwGN

Bpsk

Caicuaion
o

O
—





image6.png
0.0071942446043165]

5004]

@
&





image7.png
AWGN Channel (mask) (link)

‘Add white Gaussian noise to the input signal. The input signal can be real or
‘complex. This block supports multichannel processing.

When using either of the variance modes with complex inputs, the variance
values are equally divided among the real and imaginary components of the
input signal.

Parameters

Initial seed:

Mode: [Signal to noise ratio_(SNR) -
SNR (dB):
[s

Input signal power, referenced to 1 ohm (watts): [1 |
Cancel || wep | awly

Block Parameters: AWGN Channel X

[Erro
Calc





image8.png
R

RN TRE AR





image9.png
0.30864197530864]

100]





image10.png
Block Parameters: AWGN Channel x
AWGN Channel (mask) (link)

‘Add white Gaussian noise to the input signal. The input signal can be real or
‘complex. This block supports multichannel processing.

When using either of the variance modes with complex inputs, the variance

values are equally divided among the real and imaginary components of the
input signal.

Parameters

Initial seed:

Mode: [Signal to noise ratio_(SNR) -
SNR (dB):
[o4

Input signal power, referenced to 1 ohm (watts): [1 |
Cancel || wep | awly





image11.png
8|

8|

4|

2|

8|

8|

4|

2|

1000




image12.png
0.050100200400802]

10¢

!I





image13.png
AWGN Channel (mask) (link)

‘Add white Gaussian noise to the input signal. The input signal can be real or
‘complex. This block supports multichannel processing.

When using either of the variance modes with complex inputs, the variance
values are equally divided among the real and imaginary components of the
input signal.

Parameters

Initial seed:

Mode: [Signal to noise ratio_(SNR) -
SNR (dB):
B Ji

Input signal power, referenced to 1 ohm (watts): [1 |
Cancel || wep | awly





image14.png
HATERFHE





image15.png
"App1_SENSOR_APP

-
Bluebery2 - /f

Farmers Laptop.

i App2 SENCOR AP
sy O PRz

Blueberry T

Strawbery 1

-3 .
L *

Tractor2




image16.png
¥ Configure Application

Application | + | | -

v APPLICATION
Application Method
Applcation Type
Application ID
Application Name
Source_Count
Source 1D

Destination_Count

UNICAST

SENSOR_APP

1

App1_SENSOR_APP

1

1

Destination_ID 5
Start Time(s) o
End Time(s) 100000
Src_to_Dest Show line:
Encryption NONE
Random Startup FALSE
Qos BE
Priority Low
PACKET SIZE
oK Reset





image17.png
Application_metrics [] Detailed View

Application 1d_ Application Name  Pacet generated  Packet received _ Throughput (Mbps)  Delay(microsec)
1 App1_SENSORAPP 100 s 0000228 20460682807
2 App2_SENSORAPP 100 52 0000208 53208104615
3 App3_SENSORAPP 100 36 0000144 61426115556
n App4 SENSORAPP 100 3 0000156 46883636923
5 AppS_SENSORAPP 100 u 0000136 64280580412
5 App6_SENSORAPP 100 a5 0000180 eTaTIT
7 AppT_SENSORAPP 100 “ 0000176 35757241818
s App8 SENSORAPP 100 a5 0000180 20476.626667
9 App9_SENSOR APP 100 a0 0000196 52192047755
10 AppTO.SENSOR AP 100 3 0000172 34438815814





image18.png
&% Simulation Results -

¥ Simulation Result: Queue_Metrics Detailed View Application_metrics Detailed View

Queued packet | Dequeued packet Dropped_packet Application 1d_ Application Name  Pacet generated  Packet received _ Throughput (Mbps)  Delay(microsec)
0 0 0 1 App1_SENSORAPP 100 57 0000228 20460682807
a4 a4 0 2 App2_SENSORAPP 100 2 0000208 53208194615
10 10 0 3 App3_SENSORAPP 100 36 0000144 61426115556
0 0 0 4 App4 SENSORAPP 100 ) 0000156 46883636923
s AppS_SENSORAPP 100 u 0000136 64280580412
5 App6_SENSORAPP 100 5 0000180 eTaTIT
7 AppT_SENSORAPP 100 “ 0000176 35757241818
s AppB SENSORAPP 100 5 0000180 20476.626667
9 App9_SENSOR APP 100 r 0000196 52192047755
10 Appl0.SENSOR AP 100 ) 0000172 4438815814

Network_Metrics Detalled View TCP_Metrics Detalled View
[Facket ransmi [Facket crore | [Facket coliied = estition | Sooret semt S et el ek e e et B it oo
e e Data Control Data Control Data Control FARMERS LAPTOP  ANY_DEVICE 0 0 0 0 0
IR we oswr 0 0w e RoUTER ANVDRVICE 0 0 0 0 0
Tom o o o o o o ateway ANYDRVICE 0 0 0 0
PR e o o o o o FARM P ANVDRVICE 0 0 0 0 0
5 m o o o o o o cow 1o ANYDRVICE 0 0 0 0
PR e 2 o o o o cow? ANVDRVICE 0 0 0 0 0
s om s6 s 0 0w cows ANYDRVICE 0 0 0 0
cow2 ANVDRVICE 0 0 0 0 0
cows ANYDRVICE 0 0 0 0
cow ANVDRVICE 0 0 0 0 0
cows ANYDRVICE 0 0 0 0
cow's ANVDRVICE 0 0 0 0 0
cow 14 ANYDRVICE 0 0 0 0
cows ANVDRVICE 0 0 0 0 0
cows ANYDRVICE 0 0 0 0
cow anY.pevcE 0 a a a a





