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Abstract— This report consists of research about modulation technique used in wireless communication. The research on Quadrature Phase Shift Keying (QPSK), Quadrature Amplitude Modulation (QAM) and Binary Phase Shift Keying (BPSK). Using one of the modulation techniques of BPSK, QPSK or QAM, the modulation technique is simulated using MATLAB Simulink software. The part two of the report is implementation of smart farm using wireless sensor network with selected BPSK, QPSK or QAM modulation technique. This smart farm is implementation simulated using NetSim simulation software. 
Introduction
The communication technology without cables are wireless communication. These communications can take place wireless to computer, network equipment’s, and etc. Wireless communications are performed using frequency radio waves. Modulation is core to all wireless communications. In wireless communication there are two types of transmission, analog and digital transmission. Techonology advancement uses digital transmission. Amplitude Modulation (AM) and Frequency Modulation (FM) are analog type modulation. Development in modulation is focused to compress data as much as possible in less amount of spectrum. [1] [2]  

The report is researched and summarized on digital modulation techniques. This research paper consists Binary Phase Shift Keying (BPSK), Quadrature Phase Shift Keying (QPSK) and Quadrature Amplitude Modulation (QAM). Functions of modulations, Computer Network Simulation concept and principles, advantages and disadvantage of modulation and implementation sample of modulations. The chosen modulation technique is simulated using simulation software at MAC and physical layer. 

The task 2 in this report to build the smart farms using wireless sensor network with simulation software. The smart farm simulated using chosen modulation technique. Analyzing the level of noise affecting the channel, Bit error rate (BER) opposed signal-to-noise ratio (SNR). The smart farm sensor to be implemented Livestock Sensors, Soil Sensors and self-driving machineries controlled remotely. These sensor networks are linked to the backbone of the network for user to remotely manage and monitor the network. This simulated implementation provide research about network performance.

What is Modulation?
[bookmark: _Hlk5871352]The modulation is wireless communication, which convert electrical data to electromagnetic waveform for transmission of data. [3] Two type of modulation used in wireless communications digital modulation and analog modulation. Analog modulation is  three types of modulation Phase Modulation (PM), Amplitude Modulation (AM) and Frequency Modulation (FM) . The digital is transmission of binary data. Digital modulation is categorized as Single  carrier and Multi-carrier Modulation. 

Single Carrier Modulation
· Orthogonal Amplitude Modulation (QAM)
· Amplitude Shift Keying (ASK)
· Phase Shift Keying (PSK)
· Frequency Shift Keying (FSK)


The digital modulation is needed in, communication range is increased, make multiple digital or analog signal combined in one signal, in other words multiplexing, avoiding interference or mixer of signals and Avoid high antenna.

Modulation Process
[image: ]
[bookmark: _Toc8987752][bookmark: _Toc8987864]								Figure 1: Modulation Process [4]
The modulation process is processing of the signal. Three steps of signal modulation, Modulating signal, Carrier Signal and modulated signal. The modulating signal is the original data to be transmitted, in other words baseband signal. Modulating signal should under go process of Carrier Signal and Modulated Signal. Carrier Signal has no information carried but it is high frequency signal which got amplitude, frequency and phase. This carrier signal empty high frequency signal which carries modulating signal. Modulated signal is the process of combining both modulating signal and carrier signal which is ready for transmission. [5] 

The encoding techniques used in modulation for below reason.
· Digital data, digital signal:
This encoding technique is costly than digital to analog modulation equipment’s and it is expensive but less complicated.
· Analog data, digital signal:
Uses switching and digital transmission of new technology.
· Digital data, analog signal:
Some of the transmission media only broadcast analog signals for example unguided media.
· Analog data, analog signal:
Analog data is in the form of electrical, it can be transmitted easily without any complication for example AM radio. [6]  



Analog Modulation

The analog modulation is process of sending analog signal. Analog signal has low baseband frequency signal. Higher frequency is need to effective way of transmission. The analog signal can be processed easily.
Amplitude Modulation (AM)
[image: ]
[bookmark: _Toc8987753][bookmark: _Toc8987865]						Figure 2:Amplitude Modulation
The AM is process that keep changing it amplitude of the high frequency carrier signal. In Amplitude modulation phase and frequency constant and amplitude changes. Amplitude modulation is simplest modulation technique used in wireless communication. The advantages of Amplitude modulation are Low in bandwidth, Amplitude Modulation wave can travel long distance. Amplitude transmitter are less complicated and Detection in Amplitude Modulation receiver is easy. The disadvantages of Amplitude Modulation are wastage in power, Amplitude Modulation Get harmed by noise and Amplitude Modulation needs larger bandwidth.

Frequency Modulation (FM)
[image: ]
[bookmark: _Toc8987754][bookmark: _Toc8987866]						Figure 3: Frequency Modulation
The Frequency Modulation is the analog method of signal processing. Frequency Modulation is process of instantly differing frequency of carrier signal correspondingly with instantaneous amplitude of message signal. Frequency Modulation used in FM radio broadcast. Frequency Modulation does not get affect by any channel noise. With same amount of transmitted power frequency modulation can cover larger area and the transmitted power remains constant. The disadvantage of Frequency modulation is Bandwidth used in very large amount and Frequency Modulation transmitter and receiver are very complicated.

Phase Modulation (PM)
[image: ]
[bookmark: _Toc8987755][bookmark: _Toc8987867]							Figure 4: Phase Modulation
Phase Modulation (PM) is the procedure of transmitting signal. Phase Modulation instantly differ phase of carrier signal. The Phase Modulation is combined principal of angle modulation and frequency modulation. In the PM and frequency carrier signal is maintained in balance. The advantages of Phase modulation are simple compared to Frequency Modulation, using telephone system Phase modulation permits high speed communication in computer, the speed rate can be detected when transmitting signal without any interruption and noise disturbance is reduced in Phase Modulation. The disadvantages of Phase Modulation are Frequency multiplier needed to increase the PM index, for phase difference between them there two signals needed, and Phase modulation phase ambiguity reaches if exceeded in index pi radian modulation. The Phase modulation is beneficial in radio waves transmission. The phase modulation is used in GSM in wireless technology, Television that receives satellite signals and in Wi-Fi. [7] [8] [9] [10] [11]
Digital Modulation
[image: ]
[bookmark: _Toc8987756][bookmark: _Toc8987868]								Figure 5:Digital Modulation [12]
Digital Modulation is converting digital signal such as series of 0 and 1 binary digits as wave form for wireless communication. The Digital Modulation are categorized Frequency Shift Keying (FSK), Amplitude Shift Keying (ASK) and Phase Shift Keying (PSK). [12] Compare to analog modulation and digital modulation, the system capacity increased and it is more efficient modulation. The digital modulation requires low power encryption is used in digital modulation for the purpose of security.

Advantages of Digital Communication:
· Compare to analog transmission digital transmission is cheaper and simpler.
· Digital communication is capable of multiplexing which allows data, audio and video transmitted over same channel.
· In digital communication encryption is used, it will only allow the   receiver to receive the transmitted signal.
· In long distance communication repeater to repeater does not accumulated by noise due to channel encoding.
· In digital transmission the signal in environment does not get affected by noise much it tolerates large amount of noise interference.
· Channel coding is used in digital communication to detect errors.
· Data processing for example data compression, image processing and digital signal processing are adaptive in digital communication.

Disadvantages of digital Communication:
· Synchronization is needed in digital communication.
· In digital communication larger bandwidth is need because of analog to digital change and high in rate of data. [13]

Amplitude Shift Keying (ASK)
[image: ]
[bookmark: _Toc8987757][bookmark: _Toc8987869]						Figure 6: ASK

Amplitude Shift Keying method, only the amplitude of the carrier signal is changed in modulation with ON and OFF keying (OOK). Depending on the input signal 1 or 0 binary digits the carrier wave is transmitted. If binary digit is 1, the carrier wave transmitted else binary digit is 0, nothing is transmitted. [14]
FSK 

[image: ]
[bookmark: _Toc8987758][bookmark: _Toc8987870]Figure 7:Frequency Shift Keying (FSK) [15]
FSK is the method, only changed in frequency of the carrier signal. Frequency Shift Keying modulated output is high in frequency for binary digit 1 and low frequency for binary digit 0. The Binary digits One’s and Zero’s are called mark and space frequency. [16] 
Phase Shift Keying (PSK)

Phase Shift Keying method, only the phase of the carrier signal is changed by deferring the sine and cosine input. Phase Shift Keying is used is Bio-Metric, Wireless LAN’s, RFID, Bluetooth and contactless operation. The Phase Shift Keying is two types Binary Phase Shift Keying (BPSK) and Quadrature Phase Shift Keying (QPSK) [17]

Binary Phase Shift Keying (BPSK)

[image: ]
[bookmark: _Toc8987759][bookmark: _Toc8987871]									Figure 8:BPSK Signal
Binary Phase Shift Keying (BPSK) modulation is two phase schemes. The binary digits are represented in by two different Phase. When the carrier signal is binary digit One’s the wave angle is 0 degree and when binary digit zero’s the wave angle is 180 degree. In digital modulation there are set of basic function orthogonal to each other. [18]

Advantages of BPSK:
· The wave of the BPSK can travel long transmitted from base station.
· Demodulator of BPSK required to make only two decision to recover the binary information’s and BPSK receiver is simple.
· BPSK uses less power to transmit the carrier.

Disadvantages of BPSK:
· The data rate is bits/seconds. one single analog carrier is required to carry one bit. 
· Bandwidth is not efficient in BPSK. [19]




QPSK

[image: ]
[bookmark: _Toc8987760][bookmark: _Toc8987872]									 Figure 9: QPSK Signal

Quadrature Phase Shift Keying (QPSK) is Double Side Band Suppressed (DSBSC) which can send two bits at a single carrier. Instead converting series of binary digits, it converts them in to pair of binary bits. [20]

Advantages of QPSK:
· The bandwidth is double efficient compared to BPSK.
Disadvantages of QPSK:
· QPSK receiver is complicated than BPSK because QPSK transmit two bit per symbol. The receiver needs to recover the received information in four state.
· QPSK technique is not power efficient.
· Need an equalizer because of multipath interference. [21]
 

QAM
QAM is mixture of AM signal into a single channel. QAM uses two carrier with same frequency but different in phase. In mathematical representation one wave is represented as sine and another wave represented as cosine. [22] QAM can be modulated in both analog and digital.

Advantages of QAM:
· Using Amplitude and Phase variation, the transmission efficiency is increased in QAM 
Disadvantages of QAM:
· QAM is easily harmed by noise.
· Linear amplifier is required. Linear amplifier is less efficient and use more power. [23]

QPSK Simulation

[image: ]
[bookmark: _Toc8987761][bookmark: _Toc8987873]                                     Figure 10: QPSK Simulation
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[bookmark: _Toc8987762][bookmark: _Toc8987874]                                 Figure 11: QPSK Constellation



The QPSK modulation and demodulation is done using Simulink software. In this modulation and demodulation, Random Integer Block which generates random integers. Random Integer Block Parameters are set. Set size is 4, sample time is 1 and sample frame is 1 or according to constellation, the sample frame is set to 500.
QPSK Modulator Phase offset is set to pi/4, input type is integer and constellation ordering is gray. QPSK modulator is connected to AWGN which is noise channel. The AWGN channel mode is set to Signal to Noise Ratio 10 dB and initial speed is 20.
The AWGN channel is connected to demodulator, where the waveform is converted back to digital output. The demodulator output type is set to integer, constellation ordering is set to gray and phase offset is set to pi/4. The error display, constellation and scope are connected to visualize the output.
[image: ]
[bookmark: _Toc8987763][bookmark: _Toc8987875]Figure 12: Error Rate
[image: ]
[bookmark: _Toc8987764][bookmark: _Toc8987876]          Figure 13: QPSK modulated And Demodulated Signals
The figure: 13, shows modulated and demodulated signal. The first scope shows the integer generated, the second scope shows the QPSK modulated signal, the third scope shows the QPSK modulated signal is affected by 10dB noise ratio and the fourth scope shows the QPSK demodulated signal.
Smart Farm NetSim Simulation

[image: ]	Comment by Simon Downes: 
Smaller images can be referred to via the appendix which will allow for the reader to be able to actually see the information being discussed.
[bookmark: _Toc8987765][bookmark: _Toc8987877]                               Figure 14: Smart Farm Simulation

The smart farm monitors 20 cows, 5 sheep’s, 1 dog, moisture, humidity, temperature, weather and soil. These are simulated using NetSim simulation software. For analysis purpose in simulation software, out of 36 sensors only 13 sensors created with application to test. The application 1 – 5 is configured with random walk velocity 1 m/s, application 6 is configured with random walk 10 m/s.

Comparison between TCP and UDP, Routing protocol AODV.

[image: ]	Comment by Simon Downes: 
Data visualisation is important what you have chosen is not wrong, consider using bar charts as these can be visually better for the reader than a table. 
[bookmark: _Toc8987766][bookmark: _Toc8987878]                                                   Figure 15: TCP
[image: ]
[bookmark: _Toc8987767][bookmark: _Toc8987879]                                                   Figure 16: UDP
The distance is set to similar as TCP and UDP. The packets received in TCP is higher than the UDP, but the delay is long in TCP compared to UDP. The throughput is higher TCP.  The more analysis going to be done with TCP, because received packets and through is considered in this case. The TCP and UDP test results are done with no path loss channel.

TCP and UDP Channel Path Loss, Fading, and Shadowing, AODV Routing protocol

[image: ]
[bookmark: _Toc8987768][bookmark: _Toc8987880]                                Figure 17: TCP Path Loss

[image: ]
[bookmark: _Toc8987769][bookmark: _Toc8987881]                                       Figure 18: UDP Path Loss

Comparing channel path loss with TCP and UDP. Senor configured with UDP received more packets compared to TCP. Most of the sensor in TCP didn’t receive the packets to the destination.

	Comment by Simon Downes: 
Large gaps in the report are not professional ensure to proove read the report and resolve any formatting issues before submission.









TCP AODV vs RPL routing protocol

[image: ]
[bookmark: _Toc8987770][bookmark: _Toc8987882]                                  Figure 19: TCP with AODV Protocol
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[bookmark: _Toc8987771][bookmark: _Toc8987883]                                     Figure 20: TCP with RPL Protocol


Comparing with AODV vs RPL protocol, the AODV protocol received more packets in each sensor. The Application moving in 10 m/s didn’t receive any packets in RPL protocol. These are compared in channel no path loss.



















TCP with AODV protocol, analysis with different application

[image: ]
[bookmark: _Toc8987772][bookmark: _Toc8987884]             Figure 21: TCP and AODV with different applications

[image: ]
[bookmark: _Toc8987773][bookmark: _Toc8987885]                Figure 22: TCP and RPL with different applications

	Application No
	 Application Type

	Application 1
	CBR

	Application 2
	EMAIL

	Application 3
	HTTP

	Application 4
	COAP

	Application 5
	FTP

	Application 6
	Video

	Application 7
	Voice

	Application 8
	Database

	Application 9
	SENSOR_APP

	Application 10
	SENSOR_APP

	Application 11
	SENSOR_APP

	Application 12
	SENSOR_APP


[bookmark: _Toc8987886]                           Table 1: Type of Applications
Some of the sensor in RPL received more packets than AODC protocol. The HTTP application in RPL routing received the full packets to destination. All the sensor is set to distance 50 to 100 meters.

Conclusion 
This report contains information about ASK, FSK, PSK and QAM. There are many different types of modulation techniques used in wireless communication which is not written in this report. The QPSK modulation technique is chosen to do Smart farm simulation because QPSK modulation technique is most widely used, high bandwidth efficiency, video conference and used in satellite communication, wireless, and cellular. The information carried in QPSK is twice, compared to PSK or BPSK. The smart farm simulation in NetSim, compared with different application and protocols to visualize the performance, bandwidth, delay, throughput and received packets. 	Comment by Simon Downes: 
If a conclusion is utilised ensure that it is used to bring the report to a close. It should demonstrate if the proposed solution met the objectives and aims of the project.
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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]A good number of resources utilised throughout the report making justifications and analysis simple, be careful to not use to many online sources stick to journals and conferences. Task one is very well discussed and shows the authors knowledge this however doesn't flow through to the second task. The research in task two in comparison needs to be stronger (Grade mark: 100.00%)
	[bookmark: totalRIL]15
	[bookmark: markRIL]15

	
	
	

	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. To further improve this report further research and discussion on the WSN simulation is needed. (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]Reviewing the research and knowledge it is slightly disappointing to see very little analysis and this is reflected in the mark. The hard work had been done and the breakdown of experimentation and testing is what's missing for the WSN. (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]The practical solution for MatLab is basic and the testing shows basic knowledge of the necessary elements required for the assignment. NetSim implementation shows the required elements to deploy a WSN, the lack of evidenced testing is what is missing to obtain more marks. (Grade mark: 51.43%)
	[bookmark: totalPAD]35
	[bookmark: markPAD]18

	
	
	

	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). A minor point would be the large gaps between sections be mindful of the reader and the ease to follow the report. The overall appearance looks okay and the relevant IEEE referencing is utilised, when placing the bibliography ensure this is also IEEE numerical. (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]64%

	
	Up to four weeks late
	[bookmark: fourWeeksLate]
	

	
	First Attempt?
	[bookmark: firstAttempt]
	



[bookmark: _GoBack]
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