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Abstract
Wireless networking communication is knowingly one of the world’s greatest technological advancements that has changed the way activities are being taken out as well as the way we are living in the present day whilst preparing for the future. The Internet of Things and Smart Technology have allowed for simplification and fast processing in the terms of data transmission and performance.
Introduction
This report will provide an understanding and analysis of the technologies required when intending to create a wireless network. The ability to understand the role, concepts and principles of network simulations in regard to a real-world scenario will be tested. The ability to create simulations and test and further analyse the network scenarios will be considered.

The modulation schemes that will be analysed and evaluated include Binary Phase Shift Keying (BPSK), Quadrature Phase Shift Keying (QPSK) and Quadrature Amplitude Modulation (QAM). Data transmission is affected by many factors such as the environment the process is taking place, the noise surrounding the environment, the distance between the source and destination and other devices trying to accomplish the same task creating further traffic and noise.

The technological shift in wireless communication from analogue to digital displays the factors of the need for speed in wireless signal transmission as well as the types of waves that are being produced and transmitted and their responses to noise.

Network simulation and emulation will be analysed by using software such as MATLAB which will evaluate the noise situations within signal transmission and NetSim which provides a visual on the simulation environment.

Task 1 – Research and Evaluation of Modulation Schemes
Research
The function of modulation within communication incorporates the process of changing characteristics such as amplitude, frequency or phase of a signals carrier wave [1].

Modulation works by sending signals with sine waves at a continuous amplitude and frequency to create a whole new signal, affecting the frequency and amplitude by adjusting the signals height and length can display different modulation results, these characteristics are used within both analogue and digital modulation as well as modulation variants; amplitude modulation, frequency modulation and phase modulation [1].

Amplitude Modulation (AM) is used for radio transmissions for broadcasting and two-way radio communication applications, within this modulation the sine wave or the carrier signal that is being transmitted is modified due to data signal because of the perseverance in the signal’s frequency and phase [2].

[image: Image result for amplitude modulation]
[bookmark: _Toc9283139]Figure 1 - Amplitude Modulation


Frequency Modulation (FM) is used within transmissions in applications that provide broadcasting and communications, similarly, the modulation configures very closely as to what AM does [3].

[image: Image result for frequency modulation]
[bookmark: _Toc9283140]Figure 2 - Frequency Modulation


Phase Modulation (PM) can be used within analogue and digital data but is mainly used within the data & phase shift keying characteristics. Within this modulation, phase and amplitude are configured [4].

[image: Image result for phase modulation]
[bookmark: _Toc9283141]Figure 3 - Phase Modulation


Binary Phase-Shift Keying (BPSK) is a modulation technique that uses binary to change the pulse of the carrier wave between discrete values (REF). BPSK provides a simplistic, low Bit Error Rate (BER) in comparison to more complex modulations such as Quadrature Amplitude Modulation (8QAM, 16QAM, 32QAM, 64QAM and so forth).

[image: Related image]
[bookmark: _Toc9283142]Figure 4 - BPSK Modulation
The functionality of the BPSK modulation as shown by figure 4 displays that when the binary changes from 0 to 1, the carrier signals sine wave shifts 180. Within this modulation, data transmission is accurate even when noise is present within the transmission environment due to low BER, the signals strength is still compact to pass the waves regardless of interference [5].

BPSK modulations are used within wireless standard transmissions such as CDMA, WiMAX, WLAN, Satellite, DVB and Cable Modems to name a few. It is used within these transmissions as the modulation will provide a signal regardless of the number of channels the transmission will proceed through or channel fading, hence displaying the robust throughput regardless of interference [5].

The advantages of using BPSK modulation include:

· Robust modulation, BPSK modulated data can travel longer distances when the signal has changed during transmission to end up at its destination
· BPSK modulated signals can travel long distances when required for communication and transmission schemes
· It is the most simplistic modulation type when comparing with other modulations, original data can be recovered when only two decision are made by a BPSK demodulator
· BPSK is power efficient; less power is required when transmitting a data signal

The drawbacks of using BPSK modulation include:

· BPSK modulation transmission is slow in comparison to other modulation variations, one bit is carried by a single analogue carrier throughout the transmission phase
· BPSK has poor bandwidth efficiency, the modulation does not effectively make use of the bandwidth in the terms of speed and signals carried







A simulation is an imitation of an operation of reality process or system, it provides an analytical examination of a systems/process’ behaviour in different situations and scenarios. The output from simulations will allow the user to evaluate data in the forms of graphs and tables and further provide a reported analysis that allow for further recommendations for future implementations. 

The advantages of using simulations as a method to display data include:

· It is a cost-effective method in the terms of cost and timing
· Simulations will provide a real-life scenario visualisation to the user that can be given situational testing’s before actual reality scenario testing
· Analysis for faults and effectiveness can be gathered to perfect any defects

There are also disadvantages of using simulation as a method:

· Creating simulation environments consume a lot of time also when trying to add factors in to different scenarios
· Real-world scenarios can occur at any time and any way, simulations provide similarities with minimal unpredictability’s, making them not very effective
· Simulation software can be very expensive, trial versions will limit the user’s configurations and concepts with minimal features
· Complex software will not allow a beginner user to be able to configure such environments with minimal knowledge and software usage
· Failure to collect applicable system data

Comparing simulation to the test-bed method, it allows for a replicable real-life testing situation within the intended actual environment where testing of the hardware, software, application and other resources related to the simulation are tested. The main problem with this method is time consumption in the terms of setting up equipment for a test situation as well as the cost for the resources and equipment which can be expensive.

Mathematical modelling is a testing method that gives the user quantitative evaluation of what is being tested. Modelling allows the user to compel a strong aid in decision making tactically and strategically whilst working with the user’s strong knowledge of the system. The main problems associated with mathematical modelling include models being a simplification of the real-world problem, which disregards crucial aspects of the problem which in turn only allows the model to work in certain situations.

The principles of computer network simulations relate to communication systems in the terms of design and implementation with the careful consideration of resources and the environment that the real-life implementation will be placed. Transmission technology is vital when considering the design and creation of a communication system that can be IoT related. VoIP is a technology that when implemented into a design, the transmission area should be selected carefully to ensure smooth signal transmission.

   
Experiment

Within this section, simulation of the MAC components from the equipment will be experimented to provide an evaluation of performance whilst considering noise interference which will be tested by the BER and signal-to-noise ratio (SNR) parameters.

The following image displays a BPSK modulation with a noise factor and a demodulator featuring an output that displays BER and a scope that displays SNR.

[image: ]
[bookmark: _Toc9283143]Figure 5 - Configured BPSK Modulation

The following image displays a simulation with a stop time of 100, a SNR noise level of -5dB.
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[bookmark: _Toc9283144]Figure 6 - BPSK Modulation With -5dB Noise













The following image displays the results when configuring the noise level to -5dB and a stop time of 100.
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[bookmark: _Toc9283145]Figure 7 - BPSK Modulation -5dB Results




The following image displays a simulation with a stop time of 100 and an SNR noise level of -25dB.
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[bookmark: _Toc9283146]Figure 8 - BPSK Modulation With -25dB Noise

The following image displays the results when configuring a stop time of 100 and -25dB noise level.
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[bookmark: _Toc9283147]Figure 9 - BPSK Modulation -25dB Results









The following image displays a simulation with a stop time of 100 and an SNR noise level of -50dB.
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[bookmark: _Toc9283148]Figure 10 - BPSK Modulation With -50dB Noise

The following image displays the results when configuring a stop time of 100 and -50dB noise level.

[image: ]
[bookmark: _Toc9283149]Figure 11 - BPSK Modulation -50dB Results

The test runs were configured to ensuring the transmission rate was 100 bits with SNR levels changed to -5dB to       -25dB to -50dB to display minimum and maximum BER.

The modulation with -5dB SNR in figure 7 shows the minimal BER that was produced through the transmission of noise through AWGN.

The modulation with -25dB SNR in figure 9 shows a gradual level of BER that was produced.

The modulation with -50dB in figure 11 shows the highest level of BER that was produced.

The modulation tests that were carried out show that BPSK transmission is interrupted when high levels of noise are in the transmission environment.

In relation to research carried out, the drawbacks can be seen coming into effect during the transmission phase, because BPSK only transmits one bit per single analogue carrier, noise is able to affect transmission because of time consumption taken during the transmission phase, the more noise channelled will cause the signal to deter because the bandwidth is unable to adapt to the noise.




Task 2 – Wireless Sensor Network Design & Evaluation
Farm Design 

The following figure 12 will display a farm design that was created using a simulation software called NetSim, which displays the chosen design of the farm as a whole.

[image: ]
[bookmark: _Toc9283150]Figure 12 - Farm Design
The design incorporates a sectorial design with the consideration of the environments which further relate to the noise in the transmission, the cows are placed on high land where the prediction is there will be high packet loss due to the openness of the land.
The sheep are on low land where the assumption is there will be minor packet loss in comparison to where the cows are placed.
The crops are placed on lower lying, fertile land, here the environment will be considered to affect the transport of packets due to the condition of the land.
The drone is moving in the sky and will be affected by noise in the atmosphere, displaying also a huge loss in packets.
The shepherd dog is roaming across all types of land and again will pick up a whole host of noise from different areas, also displaying a huge loss in packets.

The configured device list are as follows:

· Cow Wireless Sensor
· Shepherd Dog Wireless Sensor
· Sheep Wireless Sensor
· Drone Wireless Sensor
· Tractor Wireless Sensor
· Strawberry Crop Wireless Sensor
· Blueberry Crop Wireless Sensor
· Livestock Wireless Sensor
· Agriculture Wireless Sensor
· Farm Router
· Farm PC
· Farm Wireless Laptop
· Farm Access Point
· Farm LOWPAN Gateway


The following figure 13 displays the farm design a with all its features and the application connections from the source to the destination. The packets are forwarded from the gateway to the router to the wireless laptop which then transmits to the wired PC where both devices form the management system of the farm gathering data from all the sensors that are connected to the network.

[image: ]
[bookmark: _Toc9283151]Figure 13 - Application
The following figure 14 displays results from packet transmission with no packet loss.

[image: ]
[bookmark: _Toc9283152]Figure 14 - Results Without Packet Loss

The following figure 15 displays results with packet loss.

[image: ]
[bookmark: _Toc9283153]Figure 15 - Results With Packet Loss
Concluding the design; livestock have been set to “move” within both applications, the results with packet loss have taken into consideration the potential bad weather that may occur and affect the transmission signal.

Concluding the results, it can be seen that transmission without packet loss has been able to receive more packets that have been sent, whereas, the results with packet loss display more packets were lost due to the environmental conditions of the farm.

Within both applications, TCP and UDP were enabled to provide results and display parameters such as delay and packet loss.




In relation to the modulation scheme tested in Task 1, a link can be associated with BPSK and the farms application design. The different environments on the farm are related to the noise that is channelled, also when considering bandwidth, the range of each sensor and the movement of the livestock can display the conditions that affect the transmissions bandwidth. Overall, BPSK can relate to this design the higher the noise level created, the increase in packet loss is parallel when implemented in to the network.


Conclusion

To conclude, wireless network simulations provide an aid in the configuration of communication systems. Modulation and simulation provide the user with an effective breakdown in testing of potential situational application to real-life environments. Analysis and evaluation of these schemes are beneficial to provide a smooth transmission, communication and receipt of data with minimal interruption and problems. Overall, the modulation scheme that would be seen as the ultimate after testing would be BPSK in the terms of the results provided to the user and the research that was undertaken.
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