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[bookmark: _Toc9012349]Introduction
The purpose of this report is to look at wireless sensor networks and the modulation schemes that can be used within a wireless network. 
It begins with taking a looking at the function of modulation in communication systems, how the concepts and principals of network simulation relate to communication systems. Following up with a look at the most appropriate modulation scheme for the task with a choice of Binary Phase Shift Keying (BPSK), Quadrature Phase Shift Keying (QPSK) or Quadrature Amplitude Modulation (QAM). At this point examples will also be provided of actual real-life implementations of the chosen modulation technique. Finally covering the pros and cons of using simulations over other methods of testing. 
Once a modulation scheme has been chosen Simulink will be used to build a model of the chosen modulation scheme. Which will then be tested for performance while altering the level of noise through the model with each simulation. Bit error rate (BER) against signal-to-noise ratio (SNR) is the metrics that will be used to evaluate the performance of the chosen modulation scheme. 
Lastly, we will look at a design for a Wireless Sensor Network for the farming industry. This sensor network will link into the backbone network to enable remote monitoring of real-life data. This will be built within Netsim with documentation for the network covered within this report. Once this network is built, we will be evaluating the performance of the Wireless Sensor Network using the modulation scheme chosen earlier. Based on the results a recommendation will be made as to which modulation scheme would be best fitted for a Wireless Sensor Network based on several features like complexity to implement and bandwidth availability. 

1. [bookmark: _Toc9012350]Modulation in Communication Systems
1.1 [bookmark: _Toc9012351]Function of Modulation in Communication Systems
Modulation is an incredibly useful technique for the transmitting of communication signals. According to S. Haykin and M.Moher [1, p. 14]
“Modulation is a signal-processing operation that is basic to the transmission of an information-bearing signal over a communication channel, whether in the context of digital or analog communications.”
Modulation essentially is the modification of communication signals, the reason for this is so the signal can be transmitted across the chosen communication network. For example, cable networks on DOCSIS 3.0 tend to use 256-bit QAM for each downstream channel from the headend to the modem, whereas in reverse each upstream channel tends to use 64-bit QAM from the modem to the headend as the chosen modulation technique. In cable networks each upstream and downstream channel is assigned a space within an RF frequency band and the modulation allows for the transmission of the data within this frequency band.

1.2 [bookmark: _Toc9012352]Principles of Network Simulation
According to S Kristansen, T.Plagemann and V. Goebel simulation of networks is frequently used in modern times to evaluate performance attributes of distributed systems, however the current approach used does not account for performance impacts that protocol execution on nodes has on the overall performance of the network, this can have a significant impact on the overall network performance [2]. 
Essentially what this means is while network performance can be analysed including to some aspect the use of distributed systems. Routers and switches tend to share a lot of information with network protocols. For example, if a network is configured with Open Shortest Path First (OSPF) the routers will share updates with each other using specially designed protocols. While these protocols may not have massive overheads. This can still affect network performance.  
The main principal of a simulation network is to get it as close as possible to the real thing, so any experimental data taken can be considered accurate. This includes modulation techniques used. Which is why for the purposes of this report Simulink is going to be used in combination with Netsim. Simulink allows for the creation of a desired modulation scheme with which to run an experiment on. Netsim is an incredibly powerful network simulation tool that even allows the inclusion of protocols to get an accurate view of any network overheads, Netsim also allows the integration of modulation designed in Simulink so the network can be fully tested. 

1.3 [bookmark: _Toc9012353]Choosing a Modulation Scheme
To understand the difference between BPSK, QPSK and 16-bit QAM the best place to begin is to look at the constellation diagrams for the modulation techniques in question. 
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[bookmark: _Toc9012368]Figure 1- 16-bit QAM Constellation Diagram [3]
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[bookmark: _Toc9012369]Figure 2- QPSK Constellation Diagram [4]
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[bookmark: _Toc9012370]Figure 3- BPSK Constellation Diagram [5]
According to L. Frenzel QPSK is a better choice than BPSK if you need higher bandwidth as twice the transfer rate can be achieved using the same bandwidth, this is because the spectral efficiency of QPSK is 2 bits/Hz [6]. However 16-bit QAM is even more efficient providing              4 bits/Hz however this increased speed comes at a drawback with QAM being less tolerant to noise than QPSK and BPSK [6]. Based on the above the chosen modulation scheme to investigate for the wireless network will be QPSK due to its faster rate of data transfer than BPSK and greater tolerance to noise than QAM.

1.4 [bookmark: _Toc9012354]Real Life Examples of Modulation Techniques
In Hybrid-Fibre-Coax (HFC) networks, these are used for the transmission of Cable TV and providing cable broadband. QAM is used as the modulation technique for both upstream and downstream communications. However, some Cable Modem Termination Systems (CMTS) have features to account for noise issues. The most common fault on HFC networks comes from the form of noise ingress. For example, consider the following about noise ingress on cable networks. [7]
“Inside noise sources are a part of the network, such as CATV-network equipment and terminals at the subscribers premises. Many sources can be indicated such as noisy switched power supplies, amplifiers, TV-sets, etc. But also bad connecters leading to common mode distortions in the network can be a source of noise”
Essentially within a cable network noise can come from anywhere at any time, this is the reason it is the most common form of fault seen. As previously mentioned QAM is much less tolerant to noise than other methods of modulation and issues will crop up. Some CMTS manufacturers allow configuration of the CMTS so that when a noise fault happens the modulation for the upstream will shift from its starting point of 64-bit QAM all the way to QPSK depending on bad the source of noise ingress is. The reason for this is to allow the subscribers to stay connected to the network albeit at lower speeds due to the slower modulation techniques being more tolerant of noise. 

1.5 [bookmark: _Toc9012355]Benefits of Using a Simulation
Benefits of using a simulation instead of using a live environment or building a lab are numerous. Using a live environment especially in the case of this simulation where the intention is to introduce noise could possibly cause data loss and issues for people using the live environment. If this was being conducted for a business and the live environment was used for testing this could cause a significant loss of earnings. 
Lab environments can be incredibly expensive to setup based on how much equipment is required and the grade of equipment required. Simulation allows the use of software to conduct experiments so while you may have to pay for a licence this is generally considered cheaper than building a full lab environment for an experiment. 
Simulations are also designed to be as close to the real environment as possible. Therefore, if the experiment is run enough times it can be relatively safe to consider the data gathered as accurate, providing the experiment with a degree of validity.



2. [bookmark: _Toc9012356]Modulation Experiment
2.1 [bookmark: _Toc9012357]Expected Outcome
With the introduction of noise to the QPSK modulation scheme that is going to be built in Simulink it is expected that as the noise level is increased the error rate of bits is also going to increase. However, it is expected due to QPSK being used a decent amount of noise should be able to be introduced before any major issues start to happen. 
2.2 [bookmark: _Toc9012358]Experiment Data
	Experiment Number
	SNR (dB)
	Percentage of Errors
	Number of Errors
	Transmitted Packets

	1
	5
	0.102
	51
	500

	2
	5
	0.098
	49
	500

	3
	5
	0.096
	48
	500

	4
	5
	0.082
	41
	500

	5
	5
	0.086
	43
	500

	6
	10
	0.002
	1
	500

	7
	10
	0.002
	1
	500

	8
	10
	0
	0
	500

	9
	10
	0.002
	1
	500

	10
	10
	0
	0
	500

	11
	3
	0.184
	92
	500

	12
	3
	0.16
	80
	500

	13
	3
	0.172
	86
	500

	14
	3
	0.152
	76
	500

	15
	3
	0.16
	80
	500

	16
	1
	0.26
	130
	500

	17
	1
	0.266
	133
	500

	18
	1
	0.28
	140
	500

	19
	1
	0.24
	120
	500

	20
	1
	0.272
	136
	500

	21
	0
	0.308
	154
	500

	22
	0
	0.32
	160
	500

	23
	0
	0.32
	160
	500

	24
	0
	0.28
	140
	500

	25
	0
	0.304
	152
	500

	26
	-1
	0.392
	196
	500

	27
	-1
	0.364
	182
	500

	28
	-1
	0.348
	174
	500

	29
	-1
	0.35
	175
	500

	30
	-1
	0.332
	166
	500

	31
	-3
	0.432
	216
	500

	32
	-3
	0.416
	208
	500

	33
	-3
	0.444
	222
	500

	34
	-3
	0.428
	214
	500

	35
	-3
	0.424
	212
	500



As can be clearly seen from the above table as the level of noise is increased the error rate of the packets increases. However, QPSK is very resilient as also suspected as even when the SNR is around 10dB there are very few errors. Given the specific reason QPSK was chosen was for its noise tolerance these findings support the initial research.

3. [bookmark: _Toc9012359]Wireless Sensor Network Design
3.1 [bookmark: _Toc9012360]Network Design
Given the farm is open to public one part of the network design will be bracelets. These bracelets will be given to the visitors allowing the farm to track the number of visitors on any given day. This will allow the farm to capture an accurate picture of visitor levels per day of the year and allow planning for staffing levels also showing where visitors have been on the premises. 
Also, sensors in the soil will be implemented for the strawberry and blueberry crops. Measuring the soil pH, Phosphorous levels, Potassium levels, organic matter and Cation Exchanged Capacity and Base Saturation levels [8]. While all of this is important there will also be sensors in place for the moisture levels of the soil connected to a sprinkler system to allowed for automated watering whenever it is needed around 20 sensors will be placed throughout the soil within the crop areas. 
As well as a system for tracking the visitors a similar system can be implemented for the sheep, cows and a shepherd dog to allow tracking of the animals providing an alert in the farms monitoring systems if any animal has entered an area where they should not be. 
Another consideration of the setup of the wireless sensor network is a health monitoring system for the dairy producing cattle. Consider the following on dairy farming [9]
“Milk is considered to be the major source of income over several decades among all dairy products.”
Milk being the largest source of income for dairy farming means the health of the herd of cows is vital. Given that cattle health will directly affect milk production and food quality and safety a sensor network setup that allows the live tracking of animal health will provide early warnings where something is wrong and allow for quick intervention. This will provide high levels of welfare for the animals and prevent a loss of earnings. Whilst also hopefully preventing things like diseases spreading through the herd. Ideally the same s

3.2 [bookmark: _Toc9012361]Network Implementation
With the implementation of the network within Netsim the performance metrics that are going to be looked at will be packet loss and delay. Concern given to these metrics as packet loss could cause the data transmitted to be corrupted meaning accurate information is not available. Delay because the delay of information with something like the health of the herd could be the difference between preventing a disease spreading and the disease affecting the whole herd. 
We are going to be using QPSK as the modulation scheme for the network with varying degrees of noise passed through the network like the previous experiment. It is expected that as the noise level increases the packet loss and delay are going to increase.
Due to the limitations of Netsim at present it was not possible to run the created modulation scheme through Netsim. What was done however is the experiment was run three times through Netsim using the standard modulation available and the results shown below.
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[bookmark: _Toc9012371]Figure 4- Experiment One Data
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[bookmark: _Toc9012372]Figure 5- Experiment Two Data
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[bookmark: _Toc9012373]Figure 6- Experiment Three Data
As can be seen from the experiment data even without being able to run the modulation scheme from Simulink and vary the levels of noise there is still some issues with errors on packets and even packet collisions. 

[bookmark: _Toc9012362]Conclusion
In conclusion QPSK could be useful within a Wireless Sensor Network however it would be more prudent to use QAM for faster data transfer rates with it dropping the modulation to QPSK where noise issues happen to prevent loss of data. This is entirely possible as explained within the report CMTS within cable networks can do this to keep modems online. This would benefit the wireless network as it would allow faster data rates during the absence of noise, but no sacrifice to lost data where a noise issue occurs allowing time to fix to prevent data loss. 
Even though it was not possible to run the Simulink data through Netsim. Even without the introduction of noise there was still packet loss due to collisions and other factors of wireless. Some links were more saturated than others so it would be advisable to have a carefully planed network with more access points to prevent oversaturation of wireless signals to the access point.
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