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[bookmark: _Toc9068830]Abstract
This report explores modulation in communication and examines QPSK. An experiment has been done to evaluate the Signal to Noise Ratio and the corresponding Bit Error Rates. 
A case study is made of a wireless sensor network in a farm and experiments are run to establish the best placement schemes.
[bookmark: _Toc9068831]Task 1A: Introduction
[bookmark: _Toc9068832]1A.1	What is the function of modulation in a communication system?
Communication systems are used to transmit information or message signals (also known as baseband signals[footnoteRef:1]). The wave may be continuous (sinusoidal or sine wave) or in the form of pulses [1]. [1:  “baseband signals … designate the band of frequencies representing the original signal as delivered by the source of information” [1]] 

[image: Image result for analogue waveform]
[bookmark: _Toc9068933][bookmark: _Toc9069136][bookmark: _Toc9070198]Figure 1: Analogue Wave Form [2] 
All radio waves are analogue and are represented as shown in Figure 1. The analogue waveform is smooth.
[image: ]
[bookmark: _Toc9068934][bookmark: _Toc9069137][bookmark: _Toc9070199]Figure 2: Digital waveform converted to analogue [3]
Figure 2 shows the digital waveform converted to analogue. There is no continuous flow. Instead where the signal attempts to get the discrete values there are tiny steps [3]. 
There are 3 characteristics in a waveform: Amplitude, Frequency and Phase. 
[image: Amplitude Graphic]
[bookmark: _Toc9068935][bookmark: _Toc9069138][bookmark: _Toc9070200]Figure 3: Amplitude [5]
Amplitude is the maximum measure of deviation from its equilibrium position as shown in Figure 3 [4].
[image: Image result for frequency]
[bookmark: _Toc9068936][bookmark: _Toc9069139][bookmark: _Toc9070201]Figure 4: Frequency [7]
Frequency is the number of times a cycle passes a given point over time. It is measured in Hertz (“Hz”) and the number of Hertz equals the number of cycles per second [6].
[image: ]
[bookmark: _Toc9068937][bookmark: _Toc9069140][bookmark: _Toc9070202]Figure 5: Phase [3] 
Phase is the distance between the first and second zero-crossing points [8]. The blue dots on Figure 5 represent one phase.
[bookmark: _Toc9068833]1A.2	Modulation
To transmit data via a communication system it needs to be attached to a high frequency signal known as the carrier wave. Once data has been added to the carrier wave it is considered to have been modulated [9].
Before being attached, the original low-frequency baseband message or information signal needs to be converted into a high frequency wave. This needs to be done in such a way that the translated signal continues to possess the information that was in the original signal [1]. Once received, the signal will need to go through a demodulation process. 
[image: ]
[bookmark: _Toc9068938][bookmark: _Toc9069141][bookmark: _Toc9070203]Figure 6: Amplitude Modulated Signal [10]
Figure 6 shows a signal that has had the amplitude modified to carry the data.
[image: Image result for frequency modulated wave]
[bookmark: _Toc9068939][bookmark: _Toc9069142][bookmark: _Toc9070204]Figure 7: Frequency Modulated Signal [11]
Figure 7 shows a signal that has had the frequency modulated to carry the data.
[image: Image result for phase modulated wave]
[bookmark: _Toc9068940][bookmark: _Toc9069143][bookmark: _Toc9070205]Figure 8: Phase Modulated Signal [7]
[bookmark: _Toc9068834]Figure 8 shows a signal that has had the phase modulated to carry the data.
1A.3 What are the pros and cons in using simulations over other method such as testbed, mathematical, etc.?
Simulation based approaches allow for problems to be solved without the cost or time of performing the operations in a real-life scenario. More variations can be tested with any amount of detail included to verify which theoretical designs would be best utilised in any given situation. However, the computation burden can be quite large. Performance evaluations are based on simulation results to allow wireless sensor network solutions to be found as corrective measures once the sensors are in place can be extremely time consuming, disruptive and expensive. Real testbeds are complex, costly and difficult to implement [12], [13], [14]. 
[bookmark: _Toc9068835]1A.4	Fundamentals of QPSK
Quadrature Phase Shift Keying (“QPSK”) was chosen as the researcher is using Netsim as the simulation tool. Netsim uses Offset QPSK (“OQPSK”) as its modulation system.
To understand QPSK it is first necessary to understand Phase Shifts. 
[image: Image result for offset phase waves]
[bookmark: _Toc9068941][bookmark: _Toc9069144][bookmark: _Toc9070206]Figure 9: Phase Shifts in Waves [15]
Figure 9 illustrates the differences between two waves that have shifted phase.
Binary Phase-Shift Keying (“BPSK”) is where the signal phase is varied between zero (binary one) and 180 (binary zero) [16],[17]. BPSK sends a digital signal by splitting the wave and using one phase in its original form and reversing the second phase. 
[image: https://uk.mathworks.com/matlabcentral/mlc-downloads/downloads/submissions/36072/versions/1/screenshot.png]
[bookmark: _Toc9068942][bookmark: _Toc9069145][bookmark: _Toc9070207]Figure 10: Change of Phase [18] 
Figure 10 shows the moment that the phase shifts from zero to 180 degrees by the vertical lines for example at 100 seconds.
[image: ]
[bookmark: _Toc9068943][bookmark: _Toc9069146][bookmark: _Toc9070208]Figure 11: BPSK Constellation Diagram
Figure 11 shows a constellation diagram of BPSK.
[image: Image result for qpsk phase shift]
[bookmark: _Toc9068944][bookmark: _Toc9069147][bookmark: _Toc9070209]Figure 12: QPSK phase shifts [22]
QPSK allows for two bits of digital information (00, 01, 10 and 11) to be sent by using four phase shifts, that is 45, 135, 224 and 315 as shown in Figure 12 [19] [20],[21].
[image: QPSK Waveform]
[bookmark: _Toc9068945][bookmark: _Toc9069148][bookmark: _Toc9070210]Figure 13: Phase shifts of QPSK [19]
[bookmark: _Toc9068836]Figure 13 shows the various phase shifts of a QPSK wave.
1A.5 Advantages and Disadvantages of QPSK
The advantages are that QPSK can be used to either maintain the data-rate of BPSK and halve the bandwidth or double the data rate with the same Bit Error Rate (“BER”). The phase shift does not need a reference signal [23],[24].
The disadvantages are that the inter channel interference is high and QPSK is more sensitive to phase variants [23],[24].
[bookmark: _Toc9068837]1A.6 Implementation Examples
Current examples for QPSK is video and satellite transmissions and video-conferencing.
[bookmark: _Toc9068838]Task 1B: Experiment
A QPSK block was built and can be found in Appendix 1. 
[bookmark: _Toc9068839]1B.1 Problem Formulation
To ascertain how noise affects transmission, an experiment will be run using Additive White Gaussian Noise (“AWGN”) to vary the Signal to Noise Ratio (“SNR”) to ascertain the Bit Error Rate (“BER”). The amount of data transmitted will vary when this interference is included.
[bookmark: _Toc9068840]1B.2 Signal to Noise Ratio
Noise in physics is defined as electromagnetic or electrical energy that adversely interferes with the quality of a signal. The sources can be as diverse as other appliances in the area sending data or from outer space [25].
“In general, noise originating from outside the system is inversely proportional to the frequency, and directly proportional to the wavelength.”[25]
Signal to Noise Ratio (“SNR”) is the difference between the signal strength and the noise which is usually measured in decibels (dB) described by this formula [26].
S/N = 20 log10(Vs/Vn) 
[image: ]
[bookmark: _Toc9068946][bookmark: _Toc9069149][bookmark: _Toc9070211]Figure 14:Noise in QPSK block during experiment
Figure 14 shows the noise generated during an experiment which simulates real noise interference.
[bookmark: _Toc9068841]1B.3 Bit Error Rate
BER is the amount of errors that occur when data is transmitted through a system by looking at what was sent and received. Performance can be monitored using this technique to see how many errors occurred [27].
BER = 
[bookmark: _Toc9068842]Implementation
Simulink/Matlab will be used to simulate waves travelling through a QPSK block and the SNR will be altered in varying degrees to determine the BER.
[bookmark: _Toc9068843]Results
An experiment was run 20 times with different percentages of SNR on a standard QPSK modulated block and a standard QPSK demodulation block with and AWGN filter creating the noise.
[image: ]
[bookmark: _Toc9068947][bookmark: _Toc9069150][bookmark: _Toc9070212]Figure 15: SNR simulation results
[bookmark: _Toc9068948][image: ]
[bookmark: _Toc9069151][bookmark: _Toc9070213]Figure 16: SNR chart
[bookmark: _Toc9068844]It can be seen from the results that the average percentage of data received is as follows:
· 0% SNR is 0.736
· 25% SNR is 0.690
· 50% SNR is 0.687
· 75% SNR is 0.687
· 100% SNR is 0.669
Conclusion
The interruption to the signal sent and received from 0 to 100% was only 0.067 which is not very significant. With more packets being sent this could create some issues but the results do not seem to indicate that this would have a huge impact.
[bookmark: _Toc9068845]Task 2: Wireless Sensor Network Design & Evaluation
[bookmark: _Toc9068846]Assumptions
Whilst security would be a part of the requirements this is not within the scope of this report and will be covered in the experiment by using AES and a Firewall. The battery life of the sensors is not within the scope of this report.
There was also an assumption that the author would have access to NetSim during the Easter break and the following fortnight to run the experiments. Unfortunately, NetSim was not available for any of this period so the experiment was run 5 times rather than 20 times and for shorter periods of time which may impact the results. 
[bookmark: _Toc9068847]Introduction: Farm Design and Layout
The Internet of Things has been introduced into agriculture to create smart farms [28]. This experiment farm is in South Glamorgan and was set up as shown in figure 17. The strawberries and blueberries are to the right of the house and the pastures for the cattle and sheep are to the left.
[image: http://molnarfarms.com/images/molnar_farms_arial_photo.jpg?crc=4159382409]
[bookmark: _Toc9068949][bookmark: _Toc9069152][bookmark: _Toc9070214]Figure 17: Farm Buildings and Land [29]
[image: ]
[bookmark: _Toc9068950][bookmark: _Toc9069153][bookmark: _Toc9070215]Figure 18: Overview of Farm Layout
Key
	Dark Green = cows
	Light Green = sheep

	Blue = buildings/
network backbone
	Red = strawberry field


	Purple = blueberry field
	



In this farm, the livestock needs to be tracked to establish their whereabouts. The farmer will also need some devices so that he can be alerted to any potential issues whilst he is outside in the fields. The farmer also has a sheepdog and will needs to know its location, so it has a sensor on it.
The farmer has put wireless sensors in the ground to monitor soil humidity (as South Glamorgan can be quite rainy) to work out whether more irrigation is required. 
[bookmark: _Toc9068848]Experiment Definitions
[bookmark: _Toc9068849]Throughput
Throughput refers to the amount of data that is actually transmitted in a set amount of time [30], [31].
[bookmark: _Toc9068850]Packet Loss
Packet loss is when packets do not arrive at their destination, which is often caused by congestion [32], [33].
[bookmark: _Toc9068851]Path Loss
Path Loss may occur from various sources [34]:
· Scattering: reflected signal scattered in all directions.
· Diffraction (also known as shadowing): usually from no line-of-sight path.
· Reflection: when a signal hits a smooth surface [35].
NetSim definitions:
“Path loss is the reduction in power density of an electromagnetic wave as it propagates through space. Path loss may be due to many effects, such as free reflection, aperture medium coupling loss, and absorption.[36]”
Shadowing:
“Slow shadowing in wireless network is the attenuation caused by buildings or any obstacles between a transmitter and a receiver.[36]”
Fading:
“In wireless communications, fading is deviation of the attenuation affecting a signal over certain propagation media. The fading may vary with time, geographical position or radio frequency, and is often modelled as a random process. In NetSim, the Rayleigh Fading, which follows Rayleigh Probability Distribution with mean of 1, is used.[36]”
Mobile communications are characterised by large- and small-scale fading. Large scale fading is the average of path loss or signal attenuation over prominent terrain, for example, buildings, hills or forests [35]. Small-scale fading is usually time-variant changes when the sender moves in relation to the receiver. 
Small-scale fading is known as Rayleigh fading [35]. 
As livestock moves, the Rayleigh Fading system will be used during the experiment at 0 for a baseline, then at 5, 7, 9 and 11.
[bookmark: _Toc9068852]Delay and Jitter
Delay (often referred to as latency) is the amount of time it takes a bit to reach its destination over time. Some of the causes of this are congestion or distance [37], [38].
Jitter is the variation in delay caused by the deviation of the signal usually caused by electromagnetic interference or crosstalk from other signals [38], [39].
[bookmark: _Toc9068853]Constant Bit Rate
Constant Bit Rate (CBR) means a constant bit rate of data is sent instead of having bursts of intermittent data being sent.
[bookmark: _Toc9068854]Backbone Network
Backbone Network is the infrastructure that is hard wired and forms the main structure/link to the rest of the local area network [40] where the server will be housed. The wired installations include a router for the Internet Service Provider, a switch to connect the router to the access points and the server. A Firewall would be set up on the router for security.
[bookmark: _Toc9068855]Advanced Encryption Standard
Advanced Encryption Standard (AES) is a symmetric encryption algorithm using cryptographic keys with both sender and receiver knowing the same keys [41] was used to protect wireless data on all the sensors. 
[bookmark: _Toc9068856]Experiment Setup
An experiment was set up in NetSim as shown in figures 19-22. This experiment will attempt to show the best placement of the access points on the farm.
Sensors were put on livestock and a sheepdog to monitor whereabouts (20 cattle, 5 sheep); 
A wireless sensor network was set up in strategic positions on both the strawberry and blueberry beds.
The information from the sensors on the livestock does not need to be large so the experiment was run with 100 packets of data whilst the possible amount of data required for the farmer would be a lot more, so this was run with 1460 packets. 
[image: ]
[bookmark: _Toc9068951][bookmark: _Toc9069154][bookmark: _Toc9070216]Figure 19: Farm layout in NetSim
A Backbone Network was set up as shown in figure 19 comprising a router, switch and server. The farmer uses his tablet to access any data he requires.
The blue lines show how the wireless sensors were attached to the access point, between the access points and the switch, and then back to the server. Access points were used because NetSim would not allow a sink node to be introduced. 
There are 3 access points, one for the fields, one for the livestock and one for the farmer and his sheepdog. It was decided that the farmer have one of his own so that he would be able to access the data on the server without any potential overload (collision) issues.
[image: ]
[bookmark: _Toc9068952][bookmark: _Toc9069155][bookmark: _Toc9070217]Figure 20: Access point for farmer
Figure 20 shows the access points with the farmer and sheepdog highlighted in red.
[image: ]
[bookmark: _Toc9068953][bookmark: _Toc9069156][bookmark: _Toc9070218]Figure 21: Access point for livestock
Figure 21 shows the access point for the livestock.
[image: ]
[bookmark: _Toc9068954][bookmark: _Toc9069157][bookmark: _Toc9070219]Figure 22: Access point for produce fields
Figure 22 shows the access point for the strawberry and blueberry fields.
The purple lines show where applications have been created that will simulate sending packets randomly from the sensors to the server.
[bookmark: _Toc9068857]Results 
[image: ]
[bookmark: _Toc9068955][bookmark: _Toc9069158][bookmark: _Toc9070220]Figure 23: Throughput baseline with all sensors
As shown in figure 23, the throughput for the farmer is higher because of the number of packets sent so will be taken out of future equations.
[image: ]
[bookmark: _Toc9068956][bookmark: _Toc9069159][bookmark: _Toc9070221]Figure 24: Throughput
Figure 24 shows the baseline throughput with no packet loss is evenly spread although the rest of the throughput is difficult to see in comparison.
[image: ]
[bookmark: _Toc9068957][bookmark: _Toc9069160][bookmark: _Toc9070222]Figure 25: Throughput excluding baseline
When the baseline figures are excluded it becomes much more apparent the effect of the pathloss with some servers (cows 4, 9 and 18 having no data arriving) at pathloss 11.
[image: ]
[bookmark: _Toc9068958][bookmark: _Toc9069161][bookmark: _Toc9070223]Figure 26: Delay
The baseline delay is very high as there is a lot of collision and resending of packets.
[image: ]
[bookmark: _Toc9068959][bookmark: _Toc9069162][bookmark: _Toc9070224]Figure 27: Delay excluding baseline
With the baseline excluded it becomes easier to see that cow 17 is experiencing a lot of delay at pathloss 7 in getting packets through. There does not appear to be a reason for this as they are not further away from the access point and the author would expect to experience this problem with cow 24 that has the maximum distance from the access point. Cow 5 has a lot of delay on pathloss 11 and because of this does not have much throughput.
[bookmark: _Toc9068858]Conclusion
The author was expecting the delay to get higher as more packet loss was introduced and this was not the case. One reason for this is that there are fewer collisions as they arrive at the access point and therefore less re-sending of data.
Subsequent experiments would be conducted using the same data rate so that the results could be interpreted differently.
From the above data the changes to the access points should be that the farmer should use the same access point as the produce fields and sheepdog and use the freed-up produce access point to alleviate the burden on the livestock access point.
[bookmark: _GoBack]Future work would include more experiments to analyse different aspects of throughput and delay using Transmission Control Protocols and User Datagram Protocols.
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[bookmark: _Toc9068860]Appendix 1: QPSK Build

1. A random integer block was selected which allowed one of 4 integers to be sent. As the title suggests, the integer is selected randomly between 0 and 3 inclusive (allowing for the quad binary function: 00, 01, 10 and 11).
2. The data-stream was taken from a serial input and transformed into a parallel input using an integer to bit converter. 
3. The wave was split into two sections using a ‘demux’ and put through a unipolar to bipolar converter to ensure a plus or minus voltage for the wave.
4. The wave was split into two sections and converted from unipolar to bipolar ready for the phase shift. The two streams are (In-phase (“I”) and Quadrature (“Q”).
5. The bottom wave, Q, is then put through a phase shift (π/2). 
6. The two waves are put back together to send through the AWGN to add noise.
7. The data is then demodulated using the reverse action. A ‘mux’ puts the bipolar to unipolar converted signals together
8. A low frequency filter was used to filter all the added paths[footnoteRef:2]. [2:  Having built the QPSK block and encountered issues, more research was necessary. Upon inspection it was found the filter was the issue. Nicholas Jones changed the parameters on the filter to enable the QPSK block to work.] 


[image: ]
[bookmark: _Toc9068960][bookmark: _Toc9069163][bookmark: _Toc9070225]Figure 28: QPSK Block
References for the QPSK build [42]–[46].
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