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[bookmark: _Toc45892640]Abstract	Comment by Carlene Campbell: 
Abstract should be the last to be written to outline the key finding or contribution that would interest key players.  Note it should not be outlining what is expected but rather what was done.

The report analyses fundamentals of both Modulation itself and QAM. Simulators and testbed environments are also compared and evaluated. Part 2 of the report looks at the idea of implementing a smart farm to help protect agricultural crops from thieves. 	Comment by Carlene Campbell: This is more part of the introduction.

[bookmark: _Toc45892641]Introduction	Comment by Carlene Campbell: Can be improved 


The aim of this report is to look into modulation in communication systems and analyse a modulation technique called Quadrature Amplitude Modulation, otherwise known as QAM. The report will give an overview of what modulation is and how it’s useful in communication systems before going into detail on how QAM works to carry information. 

[bookmark: _Toc45892642]Modulation in Communication Systems

Modulation is a process in which the carrier signal is modified by a non-linear input signal. The characteristics of the signal output will change corresponding with the modulated signal when the two are combined. This could be one of three combinations from frequency, phase or amplitude. [1] 

The most common example used to describe modulation is trying to throw a piece of paper. When throwing a piece of paper the weight of the paper is low so it will not go very far, if the paper was wrapped around stone the paper will travel further due to the weight of the stone. When comparing the paper and stone the frequency resembles the weight. Low frequency signals cannot travel over long distance without any loss, so the signal will take the help of a high frequency carrier to travel further. [2]

There are 3 types of basic analogue modulation these are frequency modulation, amplitude modulation and phase modulation Telecommunication technology uses digital modulation techniques such as Amplitude Shift Key (ASK), Phase Shift Key (PSK) and Frequency Shift Key (FSK). Modulation in this respect is used to increase data transfer speed and efficiency but the data speed isn’t high when using these techniques, this is where more complicated methods are used like Quadrature Amplitude Modulation (QAM). 

Looking at basic modulation ASK uses the same frequency carrier for the bits 0 and 1 in the baseband signal, FSK uses different frequencies but the same amplitude for the 0 and 1 in the signal and PSK uses carriers with phase difference of the same amplitude and frequency. [3] These are brief explanations on the three modulations but this report will go into depth on QAM.

[bookmark: _Toc45892643]Concepts and Principles of Computer network simulation relate to communication systems

A computer network is a series of devices interconnected together by a cable or wireless media. The connection allows data to be passed between devices in a form of packets.
Simulation is a fundamental element in network development and simulators are widely used in teaching and researching. Simulators allow the user to view different scenario outcomes and analyse the finding when experimenting with new architecture [4]

The user sets input parameters depending on the scenario and the simulator will then process the inputs and output the data as illustrated in Figure 1.1.
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Figure 1.1 Network Simulator Parameters [4]

One example of a network simulator is Cisco Packet Tracer[5], Packet Tracer is used to create and simulate network topologies. The software is very powerful and allows the user to experiment and create what if scenarios for different networks, the software has a feature that allows users to build a topologies by adding and connecting virtual network devices in its logical workspace. It also has a physical workspace which gives shows how switches, routers and other devices would look in a real environment.[5]

Another key feature is the Packet Tracer Mode, this mode visualises how the network will behave using simulation and real-time modes. Simulation mode allows the user to control the detailing of the network such as control time intervals and propagation of data.[5] This then provides results to be analysed.

A communication system works in a similar way to computer networks but uses data communication to transmit data across physical mediums using signals and processes, the data is transferred through analogue or digital signals. [6]

One example of simulation software is Simulink[7], Simulink provides a graphical interface to create systems using specific tools.
It can be used in wireless communications, control systems and signal processing. It simulates the impact of digital signals, radio frequency and antenna elements to test systems and their behaviour. QAM can be implemented in Simulink to test a system[7]

[bookmark: _Toc45892644]QAM Modulation

QAM is a form of modulation that utilises the amplitude and phase components to provide high levels of spectrum usage efficiently. QAM has been used in stereo transmissions using analogue signals but is now used in a digital concept from cellular phones to WIFI’s and almost every other form of high speed data communication systems. [8]

QAM is used due to the fact that straight amplitude modulated signals occupies twice the bandwidth of the modulating signal, this is wasteful of the available frequency spectrum. Using QAM restores the balance by placing the two carrier signals in the same spectrum.[8]
In this time of modulation ASK and PSK is applied together to two sinusoidal waves of the same frequency but different phase of 90°. The two waves are usually referred to as the I wave (In-phase) and Q wave (Quadrature). [9]

There are variety of formats of QAM these are 8, 16, 32, 64, 128 and 256QAM. These formats can transition into each other so 16QAM can transition into 64QAM etc. This way higher data rates can be achieved but this does affect the noise margin. The difference between each format is the bits per symbol, this means more bits of information can be carried the higher the order of form. 16QAM carries 4 bits, 64QAM carries 6 bits per symbol 256QAM carries 8 bits per symbol.[8]
[bookmark: _Toc45892645]Example of QAM

Figure 1.2 shows how QAM works as compared to other modulation techniques:
[image: qam-diagram]
Figure 1.2 QAM Modulation Comparison [10]

Using 16 QAM as an example, there are 16 dots. These dots represent symbols and each symbol has a unique combination of amplitude and phase. The axis represent the waves, the horizontal axis represents the I wave and the vertical axis represents the Q wave. The axis are also labels up from -3 to 3, these values represent the amplitude. [9]
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Figure 1.3 16 QAM [9]


64 QAM is used for 4G networks and is 6x faster than standard modulation. Rather than the 16 symbols as displayed in Figure 1.3 there would be 64 symbols. In 64 QAM the bits per symbol equals 6 where as 16 QAM is 4. To work out how much quicker 64 QAM is compared to 16 QAM the calculation would be 6 divided by 4, which equals 50% more bandwidth. [11]

[bookmark: _Toc45892646]Advantage of QAM

QAM is able to carry higher data rates than ordinary amplitude and phase modulation, due to this QAM has become popular in wireless communication systems like LTE. LTE stands for Long Term Evolution and is the standard of communication for 4G. It is also used in WLAN technologies, some of these include 802.11n, 802.11ac and 802.11ad. [12]

[bookmark: _Toc45892647]Disadvantages of QAM

One of the disadvantages that come with higher data rates is it requires high signal-to-noise-ratio (SNR) to decode the bits at the receiver end. SNR is calculated by the difference between the received wireless signal and the noise floor. Another disadvantage in relation to the decoding is the algorithms need to be very robust to decode without errors.[13]

Another disadvantages is QAM needs high power amplifier in the transmitter in order to work successfully. [13]
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Testbed are physical builds made up of prototypes and pieces of real system components and are used to find out how a system will work. It is a realistic hardware/software environment to test system without having the complete system. It helps provide understanding of the behaviour of the system and can highlight issues which will need to be evaluated. [14]

A simulator is a program or machine that simulates a real-life situation in a virtual sense. [15] In a computer network environment the simulation software eliminates the need for physical equipment and allows data to be generated and reports can be created on the environment.

Testbeds have their limitations over simulators, the main one being cost. The system is created specifically to test the model, simulators are easier and less costly to amend a system if changes are needed. [14]

Using simulators can also reduce risk, if there is a dangerous task that needs to be created, there is no risk at all in running it inside software where as if it was testbed and tested physically it can be life threatening or equipment could break. 

The main disadvantage of using a simulator over test bed is it isn’t the real thing. Although the outcome may be positive when using a simulator, when the system is implemented there may be other factors that have not been considered that may cause issues.

[bookmark: _Toc45892649]Conclusion

In conclusion of modulation there are many different types of modulation that can work but looking in depth with QAM it is becoming an extremely popular choice due to its higher data rates. The increase in popularity suggests that the advantages outweigh the disadvantage of the effect on SNR. The different versions of QAM provides variety of speeds in which bits can be transferred is useful depending on whether it’s being used in 4G or WiFi etc.

The research in simulators shows how advances the technology is now. Especially in software’s such as Cisco Packet Tracer, the software is programmed to allow the user to set a variety of parameters depending on the situation they are testing and goes in-depth in the respect showing the user what the components of the selected router / switch looks like. 

Same with Simulink, the software allows the user to create the scenario required, change parameters and outputs reports to be analysed. This is extremely helpful to see if the system will work in the environment that is required
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The farm design below is based on factors that were distinguished while planning the new security measures:
· Some farms are highly fenced (but culprits still access them).
· Most farms are raided at night.
· Some farms are located in a valley, on a slop or hilly terrain.
· Limited or no WiFi or Cellular signal in area.

The design of the landscape of the farm is:
· 1.5 miles long.
· 1 mile wide. 
· Six agricultural fields.
· A farm yard which has some barns and house.  

The farm design uses 10 Motion Sensors, 4 Trip sensors, 3 360° CCTV Camera, 16 Spotlights, 1 Alarms and a field of solar panels. The idea was to try to secure as much land as possible and prevent loop holes in which thieves could exploit and find a suitable way to provide energy to these sensors and parameters to create robustness and efficiency. 
 
[bookmark: _Toc45892652]LoRa Technology
The technology which will be used for these sensors is LoRa which is an acronym for Long Range. LoRa is a technology which can transfer data over long range and requires low power. This makes the sensors robust and suitable for this type of environment, the data from the trip sensors will be sent back to a LoRa Gateway, which then uploads the data to the network server whether that be cloud or on premises.[16] This technology can transmit signals from 1km – 10km which is very ideal in this scenario, the battery life is also from 2 to 5 years. [17]

Security is also very important in deploying IoT networks. In LoRaWAN a unique 128-bit Network Session Key is shared between the network server and end device. Another 128-bit Application Session Key is shared end-to-end at application level. [17] This means the data is encrypted twice while being sent.

Other technologies considered were Satellite, it was decided against satellite technology as LoRa was more suited to this environment, Satellite can incur high costs due to manufacturing and installation.[18] 

There is also limited or no WiFi or cellular network or communications on most rural farms so these technologies would not be beneficial. The farms system will run on a local network [19] this is possible using a private LoRaWAN network to interconnect the devices together. [20] The LoRaWAN will also connect the farms system to the nearest police station which will be within the 10km radius LoRaWAN can reach.

[bookmark: _Toc45892653]LiDAR
The area of the farm is long distance so the chosen technology for the motion sensors will be LiDAR. LiDAR stands for Light Detection and Ranging. It is a technology that uses pulses from lasers to collect measurements to create 3D maps of certain environments. [21]
LiDAR uses a system that calculates how long it takes for the beam of light to hit and object and reflect back to the scanner, this can be known as Time of Fight (ToF). [21] It is a technology used for long distances, in some cases up to 500m which is ample for this scenario. [22]

[bookmark: _Toc45892654]LiDAR Motion Sensors
The 3D LiDAR motion sensors will be used around the edge of the fence, this is the first sensor which will be triggered if there is any unusual activity around the premises. The motion sensors will trigger a bright LED spotlight and also return the activity back to the server using LoRa technology. It has been taking into consideration that there may be animals etc around which may also be detected, so the thought behind using lights instead of an alarm means the potential thief knows they have been detected and will hopefully deter from trying to enter the premises. 

[bookmark: _Toc45892655]Trip Sensors (Fence Protection)
The idea of having trip sensors is to combat thieves cutting through the fence, after discussion with the farmer weak points have been identified as the corners of the fences and this is where the trip wires will be placed. These will use LiDAR technology, if the light beam gets interfered with around the fence the system will be alerted using LoRa and the alarm will be set off. This will allow the farmer to be alerted and follow the correct procedure. This technology is based off a perimeter protection video [23].

[bookmark: _Toc45892656]CCTV Cameras
CCTV Cameras will be in place on poles which rotate 360 degrees. This is another implementation to provide full coverage of the farm. Research has found that there is CCTV systems on the market that can cover up to 4 Olympic stadiums[24], which based on the London Olympic Stadium can cover up to 1260m. The cameras implemented will not be as powerful as these but they will be able to cover the key areas needed which are:
· Farm Yard.
· Solar Panel Field.
· Agricultural Fields.
This feature has been implemented to reduce the loopholes in the system for criminals to take advantage of blind spots. The CCTV will be for monitoring purposes only and no footage will be kept.

[bookmark: _Toc45892657]Spotlights
The spotlights are used as a scare tactic, as mentioned above they will be connected to the motion sensors so that the light comes on if something is detected from the LiDAR motion sensors. Another reason for the implementation is the factor of most raids happen at night. If the big LED spot lights go off thieves are likely to re think about trying to gain entry.

[bookmark: _Toc45892658]Alarms
The alarms will be used for the trip sensors to alert the farmer. The farm design is based on a farm that has high fences so it will not be possible to climb over the thieves would have to cut through or find holes.

[bookmark: _Toc45892659]Solar Panel Yard
The implementation of Sensors, CCTV and Alarms requires power and although LoRa is low power, it will be vital that the farms security system always has power to work efficiently. The Caribbean is the perfect place to implement Solar Panels due to its weather and the implementation will make the system robust. This is environmental friendly which is always a good modern approach in recent times. The Solar Panels will also provide enough power to feed the electricity of the farm house etc.
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· Size: 1.5 mile by 1 mile
· Hilly Terrain on one side of farm
· 360 degree CCTV Cameras cover up to 1260m connected to Laptop in Farm House
· LiDAR Motion Detectors which work up to 500m linked to spotlights to scare off perpetrators
· Trip Wire covering blind spots that set off the alarm on the farm and the one at the police station
· Solar Panel field to power sensors and create robustness
· LoRaWAN Gateway complete the set up so data can be transferred 
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Figure 1.4 – Smart Farm Design
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The farmer has stressed the importance of securing the farm due to the amount of money being lost each year from thieves. The budget has been set at £25000.The farmer already has a PC to use for monitoring purposes and the products below are an example of how much this would cost. 
	Sensor
	Amount
	Cost
	Total

	LoRaWAN Gateway
	1
	£314.52
	£314.52

	LiDAR Motion Sensor[22]
	10
	£11999.99
	£11999.99

	LiDAR Trip Wire Sensors[26]
	4
	£139.99
	£559.96

	CCTV[27]
	3
	£2337.74
	£7013.22

	LED Floodlights[28]
	16
	£140.90
	£2254.40

	Alarm[29]
	1
	£27.40
	£82.20

	Solar Panels (Pack of 5)[30]
	3
	£68.24
	£204.72

	Installation + Cabling
	1
	£1400
	£1400

	Total Cost
	
	
	£23774.10



[bookmark: _Toc45892663]Conclusion

The parameters set by the farmer has created some limitation in connections such as cellular and WiFi but these have been overcome by using LoRa technology. If the parameter were different on other farms then the use of WiFi or Zigbee etc may be sufficient, this has all been considered as seen in the report.

Different sensors have also been considered such as thermal, this kind of sensor would also work in this environment but LiDAR was the chosen technology due to its robustness and the way it works better suits the design of spotlights turning on if the ToF is disturbed.

The overall design is robust and within the budget so it has been very successful. The design has ensured the farm is secure and will definitely reduce the amount of thieves that try to enter the premises. It takes into consideration all the factors set by the farmer and overcomes the issues that have been detailed.
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https://uk.farnell.com/the-things-network/ttn-gw-868/the-things-gateway-eu/dp/2675813?gclid=EAIaIQobChMIlKu478-w6gIVBeztCh0w0wO_EAYYBSABEgLQ7vD_BwE&gross_price=true&mckv=swsyOedko_dc%7Cpcrid%7C432141622775%7Cplid%7C%7Ckword%7C%7Cmatch%7C%7Cslid%7C%7Cproduct%7C2675813%7Cpgrid%7C97751758222%7Cptaid%7Cpla-905294573217%7C&CMP=KNC-GUK-SHOPPING-DEVTOOLS-EMBEDDED-COMPUTERS-NEWSTRUCTURE-Test113-MarinBidding
https://www.amazon.co.uk/SN-Laser-Trip-Wire-993569822/dp/B00O9OXZBO
https://www.buythis.co.uk/product/8075/sony-snc-vm772r-20mp-4k-exmor-cmos-outdoor-ir-vandal-resistant-network-dome-camera-12vdc24vac-or-poe
https://www.bltdirect.com/economy-metal-halide-400-watt-black-flood-light-with-photocell?adcid=pla&gclid=EAIaIQobChMIjq_8oNSw6gIVj6myCh3E_wNDEAYYASABEgLPFPD_BwE
https://uk.rs-online.com/web/p/electronic-sounders/5294424?cm_mmc=UK-PLA-DS3A-_-google-_-CSS_UK_EN_Automation_%26_Control_Gear_Whoop-_-Electronic+Sounders_Whoop-_-5294424&matchtype=&pla-407693710074&gclid=EAIaIQobChMImrPYs9Sw6gIVhLTtCh0ZkgQzEAQYAyABEgJkTfD_BwE&gclsrc=aw.ds
https://uk.rs-online.com/web/p/solar-panels/9046153?cm_mmc=UK-PLA-DS3A-_-google-_-PLA_UK_EN_Power_Supplies_%26_Transformers_Whoop-_-Solar+Panels_Whoop-_-9046153&matchtype=&pla-473472922066&gclid=EAIaIQobChMItuLqwdiw6gIVgqmyCh2SeAExEAYYAyABEgLnBvD_BwE&gclsrc=aw.ds




???
[1]  https://www.youtube.com/watch?v=gvJIr1h21Iw
[2]  https://social-innovation.hitachi/en-gb/topics/3d-lidar-tof-motion-sensor/
[3]  https://geoslam.com/blog/2019/07/24/what-is-lidar-and-how-does-it-work/


	
                 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. Engagement with Literature Skills
Extent of research and/or own reading, selection of credible sources, application of appropriate referencing conventions.
	
	

	[bookmark: feedbackRIL]You have used only websites/online sources for your referencing and did not engaged with any academic peer review article to make your work credible. Websites require careful consideration.  Key concept considered.  (Grade mark: 53.33%)
	[bookmark: totalRIL]15
	[bookmark: markRIL]8

	
	
	

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

	[bookmark: feedbackKUS]You have demonstrated knowledge and understanding. However, see comment above which is lacking in this report.  You have used the IEEE report formatting. (Grade mark: 60.00%)
	[bookmark: totalKUS]15
	[bookmark: markKUS]9

	
	
	

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

	[bookmark: feedbackANA]You have discussed QAM.  A Simulink model wasn’t explained or discussed. You were required to do a Simulink creation of a modulation technique. Task 1 was not completed due to the missing Simulink creation of a modulation technique. This was covered in the tutorial by Paul with e.g. of QPSK and QAM 64, along with SNR and aWGN. These were carried out in tutorial by students along with excel line graph.  Your task 2 was discussed and explained in an appropriated manner. (Grade mark: 63.33%)
	[bookmark: totalANA]30
	[bookmark: markANA]19

	
	
	

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

	[bookmark: feedbackPAD][bookmark: _GoBack]Your design was explained, well drawn and labelled. A cost analysis was also proved, very good.  (Grade mark: 85.71%)
	[bookmark: totalPAD]35
	[bookmark: markPAD]30

	
	
	

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

	[bookmark: feedbackSPP]Your work could do with formatting alignment. You should try to spell out all acronym used. (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]69%

	
	Up to four weeks late
	[bookmark: fourWeeksLate]
	

	
	First Attempt?
	[bookmark: firstAttempt]
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