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ABSTRACT/SYNPOSIS
This project is about designing and implementing a wireless sensor network that can monitor and control temperature. The main outcome of the project is a small physical build that can monitor and control temperature on its own and is battery powered. This was used to gather data with and without the fan to compare the two. With the fan included the temperature dropped a couple degrees Celsius since the fan was only small. However, there were some anomalous results dues to external heating that caused the temperature to spike. After this was taken away the temperature returned to normal and continued decreeing. A simulation was created to show an example of how the devices can connect and how you can employ an IoT server to monitor and control the sensors. The IoT server allows for monitors where ever on the network and allows for the creation of conditions that can control the devices connected to the IoT server.
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Chapter 1 
1.1 Introduction

This project is about wireless sensor networks and how they can be used to control different aspects of the home or office building to make them more economical. The main subject that this project centres around is the use of wireless sensor network that check and control the temperature of a room to increase energy efficiency and to save money.  
For this project the author will need to either create a simulation of the wireless sensor network or create a physical wireless sensor network to demonstrate how wireless sensor networks can be utilized to save money on heating costs. For a wireless sensor network to work optimally there need to be enough sensors to gather enough data to get an accurate representation of the temperature in the room. If there are not enough sensors utilized the reading may be inaccurate and it might end up costing more money than less.

The data then collected by the nodes in the network is then sent to a base station which holds all the information collected by the sensors. This allows for easy analysis since all the information is stored in one place it can be easily sorted into graphs for analysis.

The purpose of this project is to reduce cost and energy usage of home or office heating since heating a whole home can cause a lot of extra costs since the heating will be turned on and off manually and will be heating the entire house instead of just one room. With a wireless sensor network, it is possible to detect when a room gets to hot or cold and only change the temperature in that room using air conditioning units.

This project is going to be carried out using a simulation of a wireless sensor network that way it is possible to change the parameters on how the units in the room are affected and what temperature would need to be reached to initiate a change in temperature. A simulation also allows for quick changes and stores all the information gathered in one place that make it easy to access. A small physical model will also be built in order to test a temperature sensor and the ability to control a fan in different environments.
For this project the initial install of a wireless sensor network in a home or office is a large initial cost, however over the long-term use of the network monitoring and changing the temperature it is possible to make the cost of the installing the network back.
1.2 Aim

The overall aim of this project is the design and implementation of a wireless sensor network that monitors and controls temperature in a room.
1.3 Objectives

The objectives of this project are to:
· Gain an understanding on what a wireless sensor network is and how one operates

· Research into temperature sensor networks and optimal setup for the sensors

· Design a wireless sensor network simulation to show the full design and create a small scale single sensor to show it operating in the real world 
· Test Simulation by using the environment setting in simulation to show the system working and test the physical build with and without the fan
· Review the demo WSN to explain functionality and list possible improvements
1.4 Structure Of The Project

This project is going to be split into 7 different chapters, this section will briefly cover what will be in each chapter.

· Chapter 1: This chapter goes over the project as a whole its aims and objectives and provides an introduction to the project.

· Chapter 2: This chapter is the main background research for the project

· Chapter 3: This chapter covers the research methodologies used during the initial research for the project as well as and future research.

· Chapter 4: This chapter cover the design of the project and how it is going to be implemented

· Chapter 5: This chapter covers the testing of the project and its results

· Chapter 6: This chapter covers the conclusion to the project and goes over each chapter.

· Chapter 7: this chapter is a reflection back on the project and how it could be improved as well as what went well.

Chapter 2 - RESEARCH & REVIEW OF LITERATURE
2.1  Introduction

This section of the reports will cover a critical analysis of different pieces of academic literature that relate to the project. The analysis of these literature pieces has influenced the project and have given insight on how the project will be carried out as well as insight on different aspects of wireless sensor network and the different application they can be used in.
2.2 Wireless Sensor Networks

The first research topic of this report is into wireless sensor network structures and how they can be used in various areas. As stated by Yang Ning [1] there are two types of wireless sensor network topologies, the first being flat. A Flat topology is a simple multi-hop system where each node is connected to other nodes in the network, this allows for multiple routes to the base station which helps increase the resiliency of the network in case one node goes down it will have another route to the base station. However, there are problems with the flat topology, since there are large groups of nodes in the WSN it is hard to find and maintain the multiple routes for each node as, in flat topologies the nodes must also be paying constant attention to any changes in the network to always have a path to the base station.
The other topology is the hierarchical topology, in this topology the nodes in the WSN form into clusters with one node acting as the main node in the cluster. The other nodes in the cluster than send the data they have gathered to the main node; the main node then aggregates the acquired data before sending it out to the base station. 
As stated by Zahra Eskandri [2] there are aggregation algorithms that can be employed to reduce the amount of redundant data with the reduction in volume of data the energy consumption of the WSN can be reduced. In a paper by Abhilash et al [3] a simulation was run using 40 randomly distributed wireless sensors to test data aggregation in a multi-hop WSN. The simulation ran with 5 different sets, the first set was with no aggregation and each set increased the aggregation of the data. The results of the simulation show that with the aggregation in use the larger the network the larger the energy saved.

Another aggregation method that can the used is the shortest path tree as written by Dorottya and Attila [4] the STP method has each node send its data to the base station and any overlapping paths are combined to form an aggregation tree. Another simulation dome by Krishnamachari et al[5] shows similar results to the simulation mentioned above showing using aggregation in WSN reduces energy consumption and more so in larger WSN.
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Figure 1: Diagrams of a flat and hierarchical WSN [1]

When comparing the two topologies they each have their own advantages and disadvantages, the advantages of using a flat topology are the reliability of the WSN is increased because of the multiple routes for each node this also helps with load balancing for traffic. However, the disadvantages of a flat topology are that it’s not very scalable and there is a lot of effort in setting up and maintaining the connections. The advantages of the hierarchical topology are that is easily scalable because the WSN has a backbone network it is always possible to attach different sub networks to the backbone as well as less redundant data. The few disadvantages of this topology are its reliability and its stability.
2.3 Internet of Things (IoT)

Internet of things is incorporated into everyday life and has become a part of society, IoT allows for WSN and other devices to be connected to the internet either by themselves or through another device to be able to make smart decisions about the functions assigned to them. This allows for smart homes or offices to be designed using IoT.
In a paper by N. Vikram et al [6] they create a home control and monitor system using WNS and IoT together with an application that monitors the entire house from temperature to gas leaking. Another example for internet of thing from smart homes is another full smart home system by Wang Yifeng [8] that allows for manual control by logging into a web page to change the temperature of the rooms. The system also allows the user to enable and disable the alarm systems in the room from the same web application.
Another smart home system that takes full advantage of wireless communications and access points written by S. Karaca et al [8], this implementation has each node connected to a wireless access point which allows the data gathered by the nodes to be accessed by various devices over the internet. The image bellow is network structure diagram given in the paper.
[image: image3.png]



Figure 2: Structure diagram of the smart home system [8]

2.4 WSN Security

The last section of the literature review is going to be covering security issues on WSN. Attacks to WSN can potentially be very dangerous since they can lead to false information being reported or all your information being stolen, for example the sink hole attack, as described by S. Baraković et al [9], is where the attacker pretends to be the base station and tricks the sensor nodes to send all their information to it instead of the actual base station. The attacker’s node will then forward the data to the real base station to make it seem like nothing is wrong. Other attacks that take advantage of the routing like the wormhole attacks are only really threat when talking about WSN that cover large distances and therefore are not a problem for a small-scale home WSN.
Another attack that is a threat to WSN is the hello flood attack, as described by S. Ahmad Salehi, M. A. Razzaque, P. Naraei and A. Farrokhtala [10], this attack is a type of DOS attacks that floods the nodes with hello packets making them believe that the attackers node is the best route to the base station and causing congestion in the network. A simple way to defend against both of those attacks is to add authentication to the nodes when communication with each other.

Another form of DOS attack against WSN is jamming, as described by I. Tomić and J. A. McCann [11], this is where an attacker releases a powerful signal with the purpose of disruption communication through the WSN.

2.5 Related Works
The first paper that will be covered in this section is Data centre temperature monitoring with ESP8266 based Wireless Sensor Network and cloud based dashboard with real time alert system by S. Saha and A. Majumdar [12]. The paper used a physical implementation to test the sensor network using DHT11 sensors to detect the temperature and humidity in the room, an ESP8266 Wi-Fi module and a micro controller running a firmware written in C that interfaces with the sensors, processes the data from the sensors and then finally uploads it to the cloud. The system uses two sets of data gathered from different sensors and compared to see if they match, if there is an unusual mismatch in the data set the data is discarded and the next set is compared. The processing for the data comparison is done by a microcontroller along with supporting components on the ESP8266 board, once a data set is a similar enough of a match the data is sent to the cloud where it can be viewed in a dashboard. The platform also has features that can send alerts either through text, email or both if the temperature in the room gets too high. It is also possible to set up multiple alerts for differing temperature levels.

The hardware used in the system was briefly touched upon in the section above covering who they system worked in gathering and sending data to the cloud this section will cover the hardware used in the system starting with the DHT11 sensors. The sensors have a range of 0 to 50 degree centigrade that they can detect, and they have a response time of anywhere between 6 to 30 seconds and with a maximum transmission range of 20 metres makes the sensors perfect for the application. The other hardware device is the ESP8266, this device comes with many built in features such as general-purpose input and output, a built in Wi-Fi transceiver, a universal asynchronous receiver and transceiver (UART) and pulse-wave modulation. In order to get the ESP to perform the way they wanted to they had to connect they had to connect the ESP to a Arduino IDE(Integrated Development Environment) running on a laptop through the UART pins using a UART to USB adapter and flash the memory of the ESP using a compiled binary version of the C program.
There are only 2 software programs used in the system to make the whole thing work and they are the C program on the ESP8266 and the cloud application. Starting with the C program it was written including the required header files to allow the ESP to communicate to the DHT11 sensors and to the cloud platform the Arduino IDE helps write and compile the C program before it was flashed in the memory. The cloud platform that the authors of the paper decided to use is called Ubidots, the cloud platform provided clean and simple UI elements to track the data gathered by the sensors and provided the authors with the ability to set up alerts according to the data gathered.
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Figure 3: Custom event set up on Ubidots cloud platform [12]

The image above shows the Ubidots cloud platform interface for the event system. The authors of the paper set up 2 events, on sends a text alert when the temperature goes over 30 degrees centigrade and the other sends an email alert when the temperature goes over 36 degrees centigrade.
The test that the authors ran on the system tested to see if the data of being reported correctly and to see if the pre-set alerts are working as intended. First they adjusted the cooling system to make the temperature raise itself above the limit on the alert to trigger a message, then they return the cooling system to normal and monitor the temperature as it return to a more normal reading.
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Figure 4: Live data from the Ubidots cloud platform [12]

The graph above shown the live data gathered from the sensors that was sent to the Ubidots cloud platform. The High temperatures at 37 degrees was when the authors turned the cooling system down to make the temperature higher than normal to test the alerts, after testing the alerts the cooling system was returned to normal witch matches with the falling temperatures on the graph back to the normal operating temperatures. The authors conclude by noting that the cloud based monitoring allows for data centre management to remotely monitor the temperature of the data centre remotely and that the email and text alerts add an extra layer of monitoring allowing management to take immediate action.

The next paper that is going to be covered is Design of the temperature monitoring system based on ZigBee wireless sensor network by Wang Qing Hui, Bian Li Juan and Pang Yu Jun [13]. This paper is using Zigbee technology to create the WSN. Zigbee is a low power consuming protocol that runs on the 2.4GHZ band and under normal circumstances two 1.5 volt batteries can sustain a Zigbee network for 6 months to 2 years. 
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Figure 5: Zigbee monitoring network [13]

As shown in the above picture the network proposed in the paper is based around a star topology design with the coordinator node as the centre. The coordinator node is responsible for creating the initial network and once that has been set up the sensor nodes can be automatically associated and join the network. The nodes will then send all the data gathered to the coordinator node which then sends it to a PC via a serial interface.
The nodes that make up the network tested in the paper are made up of 4 modules they are the data acquisition module, the microprocessor module, a wireless communication module and a power module as shown in the image bellow.
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Figure 5: Structure of the nodes [13]

The data acquisition module purpose is gathering the temperature data, converting it to digital then passing it to the microprocessor module. The microprocessor module along with data processing is responsible for network synchronisation, network security and reliable communication protocol. Finally the wireless communication module is responsible for collecting the data from the microprocessor module to transmit.
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Figure 6: Node software flow chart [13]
The flow chart on the previous page shows the process the nodes go through when joining the network after successfully joining the network the node will attempt to bind to the network, if the binding fails the node will attempt again until it is successful. The node will then send temperature and voltage data to the coordinator node, if the node does not receive a response from the coordinator node the gathering node will begin to unbind from the network and start the whole process again.
The next two flow charts will show how the nodes send and receive data.
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Figure 7: Send program flow chart [13]

The sending node after joining the network will send it address to the coordinator then begin to gather temperature data. When the sending not then receives a transfer request from the coordinator node it will then send the data.

[image: image10.png]Initialization

~.

Sensor request

Store  address

Send data

request

Receive  data

Data to the PC





Figure 8: receiving program flow chart [13]

This flow char covers the other end of some aspects in the sending flow chart, after receiving the address of the node the receiver will send out a data request letting the sender know it is ready to receive the gathered data then delivering the data to the PC. After successfully building the network the coordinator will regularly send out data requests.
The authors conclude with that the proposed network design makes it easy to scale up and down for larger or smaller rooms and makes it easy and reliable to carry out remote network monitoring and control.
The third paper that is going to be covered is Temperature, humidity and luminescence monitoring system using Wireless Sensor Networks (WSN) in flowers growing by C. A. L. Garzón and O. J. R. Riveros [14]. This is a different application that this type of WSN can be used for however growing flowers or other plants requires a lot of different factors so just monitoring temperature isn’t enough. 
The design for the WSN used in the paper uses 3 different phases, the first phase being data acquisition. This phase is where the sensor nodes pick up the data for example the temperature of a green house. The example given in the paper states that the flowers should be kept between 17 and 25°C the sensor they chose to monitor temperature is the NTC 10k thermistor, these sensors were chosen because of their high degree of accuracy. The other two aspects that are being monitored are humidity and light since some flowers and plants can be sensitive to certain condition making sure these are monitored is a very important aspect of growing plants.

The second phase of the network is data transmission, the WSN design in the paper is using the ZigBee protocol to transmit the gathered data around the network. The image bellow shows the proposed topology for the network.
[image: image11.png]oring center

flowers

owing

greenhouse for gre




Figure 9: Proposed network topology [14]

The network design shows that each node is connected to its neighbours in a mesh network to transmit the data back to the base station. The data gathered by the nodes is sent to the the gateway node which is attached to the base station. Which lead on to the final phase which is data visualisation. For this the authors of the paper used two different monitoring programs to test the network to see if the WSN was operating as normal the two programs used were labview and moteview. The labview programs was made by the authors and the moteview was used to test the effectiveness of the program at displaying data.
The authors conclude by saying that the monitoring system helps understand growingconditions better can can help increase production without losing any quality in the flowers and that further monitoring can help reduce the amount of pests and diseases that can kill the flowers.

The fourth paper that is going to be covered is A Design of Temperature and Humidity Remote Monitoring System Based on Wireless Sensor Network Technology by Z. Gao, Y. Jia, H. Zhang and X. Li [15]. This paper proposes a temperature sensor WSN using nRF905 communication modules and a communication protocol designed by the author to be self-organising. The image bellow is the system structure for the proposed network.
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Figure 10: proposed system structure [15]

The nodes in the network have 2 different modules in them a data sampling module and a wireless module. The data sampling module is what picks up the data and the wireless module then sends the gathered data to the convergence node. A computer on the internet can then monitor the data gathered by the convergence node as well as control it to get remote data when needed.
The protocol designed to operate on the network was set up so the nodes can organise themselves and see if they need to output data or enter a low power mode and wait until they receive another request. The flow chart below if the full protocol that was designed.
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Figure 11: self-organising network flow chart [15]

To test the network the authors of the paper place every 2 nodes 300 metres apart and sets the maximum hop count to four. The network operates as normal and data shows up in the monitoring program as shown in the image below.
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Figure 12: results gathered [15]

The author concludes by saying that the network designed in the paper has been able to overcome the range limitation of existing WSN as well that power consumption on the network can be reduced by taking advantage of the sleep function no the different nodes.

Chapter 3 - RESEARCH METHODOLOGY
2.6 Introduction
This chapter is going to briefly cover the different aspects of the research onion that relate to the research done for this project and data collection in the future. The section of the research onion that are going to be covered in this section are archival research, experiment and deductive.

2.7 Research Onion
The image below is the research onion. This covers all the different aspects of information gathering that can be used during research, not all of the different aspects are useable during research, and for example experimentation might be used over surveys. The research onion helps with finding out the best ways to gather information for the chosen topic.
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Figure 13: The research onion
2.8 Deductive
A deductive approach with to a project or a paper means that you start with a statement or a question and the aim of the project is to then try and prove or answer the question. This fits to the project because the aim for the project is a statement on creating a WSN that can monitor and control temperature.

2.9 Archival Research
This is about collecting and analysing data already existing this allows for analysis of various differing papers as well as long term analysis for topics. This fits to the project because the literature review is all archival research of other people’s papers and allowed for a long-term analysis of lots of different WSN and different uses.
2.10 Experiment
This is about collecting data through testing; experimental papers allow the tests and the results to be replicated by documenting the process of creating and testing another person may wish to emulate the same test to prove that it work or to further research the topic to make improvements and can use the paper as a base. This fits into the paper because the project is an experimental project and the author has decided to make the WSN in packet tracer to collect data.
2.11 Conclusion
The few topics covered above are the main research methods that have been used in the literature review, the experimentation part of the research onion is going to be used during the data gathering section of the report since the main purpose of this report in an experiment.

Chapter 4 - DESIGN & IMPLEMENTATION
4.1 Introduction

This chapter is going to cover the aim of the project in detail and what the author aims to do and go over the different tools used in the project. The tools used in this project are Cisco packet tracer and an Arduino starter kit. The cisco packet tracer section is going to cover the program itself and the items used in the simulation and the section on the Arduino starter kit is going to cover the parts used in the creation of the project.
4.2 problem formulation
With this project the author plans to create a wireless sensor network that monitors and controls temperature in a simulation, the simulation is only going to be small scale consisting of a few sensors and heating and cooling units.

Originally the author was planning to only do a simulation for the project to gather data, however decided on making a small physical build for the project. The simulation will be done in Cisco Packet Tracer. This simulation software has all the components needed to make the network and includes a simulation and real time modes, so you can see the system working as well as simulate packets traveling the network. The physical build is a single sensor and fan using an Arduino board to control everything. The author purchased a small starter kit for Arduino to create the build the kit did not include a wireless module, so the build does not communicate to a PC to send data. The following sections will discuss the components used in the simulation and the physical build as well as go over the environment setting used in the simulation to test the system.
4.3 Arduino Components
All the components used in the small build were taken from an Arduino starter kit purchased from Amazon. The first components that will be discussed is the DHT11 temperature and humidity sensor.
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Figure 14: DHT11 Temperature and humidity sensor

The DHT11 sensor included in the kit is a good sensor for small builds or just for good testing since as discussed in the literature review they have a temperature sensing range of 0 – 50 degrees and can detect the ambient temperature in a 20-metre radius around them. This sensor was easy to include into the build because 3 pins were needed to operate the sensor when using a small board that doesn’t have a lot of available pins, the 3 pins were the data pin, the power pin and the ground pin. When retrieving data from the sensor having 1 data pin made it fairly easy since you would only have to define one pin as the data pin, to use a DHT sensor in Arduino a library is needed to use the sensor correctly the library use in the program is simpleDHT. This library comes with pre-existing programs for simple data retrieval from the sensor, a basic pre-existing sampling program was used as the foundation to build the rest of the program onto because it already had temperature variables set up.
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Figure 15: Uno R3 controller board
This is the board that the program coded in the Arduino IDE has been uploaded to, the finished program uses 16% of the board memory to store it and 16% of the board dynamic memory for the variables. At the end of the build there were only a few slots left over for additions since most them are taken up by the LCD screen. This board was good for the build since it responds quickly when uploading code to it and it completes the process quickly. Other Arduino board would work just as well as this one since they are all similar however because only a few parts needed to be run at the same time this board had enough pins to cover everything. The 6 unused pins next to the power pins are for analogue data and the build is using digital only.
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Figure 16: Breadboard, power supply module, LCD screen and L293D chip

In the picture above there are 3 different components a breadboard for wiring, a LCD screen and a power supply module. Starting with the breadboard this component is needed for the whole system to work because there are not enough pins on the main board to connect everything as it is, the LCS screen also used a variable resistor in its wiring and including that without a breadboard would be difficult. Using a breadboard like this also allows for future expansion since it’s possible to add more components to the board however a larger board and main processing unit would be needed to add more components. Moving on to the LCD screen, this is being used to display the temperature read by the DHT11 sensor, the variable resistor mentioned earlier in the in the wiring is there so it’s possible to adjust the brightness of the display otherwise the display will be unreadable.
Finally, the power management module is there so it becomes possible to turn the system on and off with a switch otherwise the system will be powered all the time. The system is a low power system so if it was left on it would drain much power however if left on over time it will drain a lot of power so having the ability to turn it off will help.
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Figure 17: 3v fan

The final 2 pictures of the components are the fan being operated and the battery. With the battery it just adds another way of powering the systems since you can plug it into a PC and have it powered through USB, the battery connection and the power supply module allow for this system to be remotely with only a battery powering it. The small fan was included in the starter kit this system is made out off, the small fan is enough for a short demo of the system if using this system on larger devices if a larger fan or heating units can plug directly into the pins on the board changing the coding to work with the larger fan would be relatively easy.
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Figure 18: Battery connection
4.4 Packet Tracer Components
This section will be going over the componets used in the packet tracer demo some of the componets are simmilar to the physical build and had to be coded in order to work using a simmilar language to the Arduino IDE.
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Figure 19: Temperature sensors

The picture above shows the temperature sensors createdin packet tracer for the simulation, they are very simmilar to the physical sensor using Arduino however the temperature sensor used in here is a analog sensor not a digital sensor. There are 4 of the sensors in total in the simulation and each is connected to the registration server to reports the temperature read. Each sensor is then connected to a wireless acces point in order to communicate with the registration server.
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Figure 20: Wireless Access Point
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Figure 21: Thermostat and Heating and Cooling Units

The thermostat included in the simulation is what allows the heating and cooling units to be controlled, the thermostat unit can be used completely separate from the sensors to controll the temperature but with the use of the registration server conditions can be set up to do the same thing that the thermostat does by its self. The thermostat has no wireless options so it if directly connected to the netwsork through ethernet. The registration server mentioned is where each IoT device reports its reading and allows for easy monitoring andcontroll through a webpage. Conditions can also be set to automate the proccess.
[image: image24.png]



Figure 22: Registration server for the IoT Devices
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Figure 23: PC for monitoring and controlling devices

Lastly this pc is on the network for accessing the registration server webpage, the page can also be accessed through the server itsself this pc just shows that the webpage can be accessed from anywhere on the network making it quick and easy to check the data and make any changes if needed.

4.5 Implementation
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Figure 24: Full system design Logical Topology

The above picture shows the logical topology of the network and how everything connects together, at this point outside of the Wi-Fi modules on the MCU boards and the registration server nothing has been configured fully, below are the flowcharts that cover how the physical model work and how the temperature sensors work in the simulation. The physical model has no Wi-Fi module so instead of sending to a PC or server it will print its reading to a small LCD screen. The first flow chart is for the physical build.
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Figure 25: Flow Chart for Physical Temperature Sensor

The intended program to run on the Arduino board is fairly simple, since it doesn’t have to do much. This program will run on a loop when writen and will constatly read and controll the fan as long as it has power. Starting from the top the program will first read from the sensor and store it in a variable, this variable is then used in all other aspects of the code to determines what the LCD screen prints and how the fan operates. For the simulation code its slightly different, the program will still start out reading from the sensor however instead of operatingthe heating and cooling units itsself it sends its data to the registration server. The operation of the 2 units is then done through conditions on the registration server.
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Figure 26: Flow Chart for Simulation Temperature Sensors

4.6 Conclusion

This chapter covered the different components and the design of the project, the physical build is only small and only contains a few components however it will operate as intended without a PC to send its data to. The simulation will show a full-scale example of the WSN and will show how it will operate in a room. The physical model will be tested in different rooms in a house to see what temperatures its reads and how it differs from room to room.
Chapter 5 – Testing and Evaluation
5.1 Introduction
This section is going to cover the testing of the network simulation and its results. This section will also briefly cover the code running on the physical model before covering the tests in different environments. The simulation will run in real time to show how it’s going to operate.

5.2 Program for Physical Model

For the program on the physical build the first thing the author made function was the DHT11 sensor. Getting this to work and output data first was the most important task since with this created a temperature variable is created that can be used with the other components.
[image: image29.png]void loop() {
/7 start vorking...
Serial.princln(
Serial.println("Sample DETLL...");

// read without samples.
byte temperature = 0
byce humidicty = 0
int err = SimpleDHTErrSuccess;
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Figure 27: DHT11 sensor code

The second components that was installed was the LCD display screen, this was easier to implement in the code however the wiring was more complex than the sensors. A small problem came up while testing the code for the LCD screen, if the program wasn’t told where to start printing on the screen the writing will be placed next to each other and completely fill the small screen. 
[image: image30.png]led.secCursor (0, 0);
led.print("Temp "); led.print((int)temperature); led.print{ " *C");




Figure 28: LCD screen print code

The set cursor line tells the LCD screen to start printingthe text in the same spot so it does not fill the screen. The final thing to be coded to in the program was the fan, the fan can run in a few different ways within the code. It can be fast or slow or spin in different directions, the code for the fan was fairly simple and getting it to work with the temperature readings was just using them in a if statement.
[image: image31.png]if ((int) emperature > 20){
digicaldirice (ENABLE, HIGH) ;
digitalirice (DIRA, HIGH) ;
digitaldirice (DIRB, LOR); }

else |
digitalirice (ENABLE, LOW) ;




Figure 29: Fan if statement

The above picture is the if statement for operating the fan, when testing the code to see if it works the fan turned on as expected but didn’t turn off again. After examiningthe code the author realised that the else statement for turning the fan off was missing.

5.3 Physical Model Testing
For testing the physical model two tests were run, one with the fa disconnected from the board and one with it connected. Each test was run over 2 hours, the graphs below show the results of the tests with the data being presented in 10 min intervals. Since the model had no wireless transmitter to send its data to the PC it was connected to the pc using a USB cable and reported its data in the Arduino IDE environment. The physical model here is similar to the small sensor that was created in the paper Data centre temperature monitoring with ESP8266 based Wireless Sensor Network and cloud based dashboard with real time alert system by S. Saha and A. Majumdar [12]. In this paper they used a small Arduino board to create a wireless sensor to report data to a pc, unfortunately the author did not have access to a Wi-Fi module so the model does not have any wireless functionality.
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Figure 30: Serial Monitor for the physical model

The above picture shows the serial monitor that the model was reporting its data to throughout the tests. Since the sensor was a temperature and humidity sensor the output shown gives both of those, however only the temperature is needed for the tests.
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Graph 1: Results without Fan

The graph above is from the test with no fan, this was done to get a base example of the temperature to use it as comparison to the test with the fan. As you can see the temperature slowly declines over time as this was done from 8-10pm on a hot day. Next the same test was carried out with the fan connected to the board the results are shown below.
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Chart 2: Results with Fan

As you can see the temperature starts out lower than the test with no fan, although only by 1 degree this shows the model is working as intended and it continues to go down until 1 hour into the test. The temperature suddenly shoots up to 24 degrees, at first the author thought something could be wrong with the model and it wasn’t reading correctly however the author soon discovered that the heating had been turned on which caused the temperature to go up. After half an hour the heating was turned off again and the temperature started to drop again. If the heating hadn’t been turned on the temperature would have continued its natural steady decline like in the first test and would have been aided by the fan and gotten to lower temperatures.
5.4 Simulation Testing

The simulation that was created shows how devices like the physical model could act when connected to a network, the sensors used in the network are similar to the physical model in that it’s a small sensor connected to a micro controller. However the code running on them is different. In the case of the physical model, the code monitors and controls everything its self and can operate entirely on its own. With the sensors in the simulation they report their sensor data to an IoT server that you can access to monitor them from anywhere on the network. The conditions that control the heating and cooling units are also controlled by this IoT server.
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Figure 31: IoT server Web Page

The above picture shows the webpage of the IoT server, it has each of the 4 sensors that read temperature data and the thermostat that controlls the heating and cooling units. A problem with this is the temperature sensors originally report the temperature as a number from 0 to 1023 each equaling anywhere from -100 to 100 degrees. So when reporting this to the IoT server the micro controller has to convert the number into a deadable temperature first so the dat ais a little behind the thermostat which can read and display the temperature in degrees immediately.
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Figure 32: Micro Controller code

The above picture shows the code that is running on each of the micro controllers for the sensors, fist part of the code tells the IoT server what the board is and what data it is going to be sending. It also tells the IoT server what unit to use for the sent data. The part during the loop reads the temperature andreports it to the IoT server at a delay of 1000 each time. The getTemperature function is what reads the temperature sensor and converts the reading into a normal unit.
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Figure 33: IoT server conditions

 The above imag eshows the conditions tab of the IoT server. This page can be used to set up the heating and cooling units to turn on and off at different temperatures. In this example the heating will turn on at lessthan or equal to 10 degrees celcius and the cooling unit will turn on at more than or equal to 20 degrees celcius. Using this tab it is easy to add more heating and cooling units that can be controlled through here. It is also possilbe to wire detailed code to run on and use the readings from the sensors on the IoT server through the editor tab, the tab is shown in the picture below. No code was made on the IoT server in this example everything was operated through the conditions.
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Figure 34: IoT server editor window

5.5 Conclusion

This chapter covered the testing and the results for the physical model. The test with the fan had some anomalous results after the first hour of testing due to the heating being on, if the heating was not turned on the temperature would have been a similar downward line like in the first test and maybe dropping to 20 degrees Celsius which is the cut of temperature for the fan. The simulation incorporates similar sensors and micro controllers and uses an IoT server to control everything. Since it is difficult to get data from packet tracer the simulation is being used and an example of how a network could operate.
Chapter 6 - CONCLUSIONS AND RECOMMENDATIONS

6.1 Summary

To summarise the project, the small physical sensor build worked as intended and reported the temperature correctly. The sensor reads data once every second so testing for 2 hours got thousands of data sets, making a graph out of these would take a very long time so the author condensed them into 10-minute chunks. The results from the test with the fan were anomalous after the first hour due to the heating being put on and causing the temperature to spike.

The simulation was an example of how a whole network could connect and operate the heating and cooling units. The coding needed to get the sensors to work with the IoT server was different than with the physical build, and the operating statements for the temperature control units was done on the IoT server instead of directly on the device. The physical build can be implemented into homes as a standalone unit in a house since it can be either battery or main powered. Larger fans or heating units can be attached to the board if data pins are available.
6.2 Conclusion

The initial research in chapter 2 allowed the author to get a good understanding of wireless sensor networks and how they operate as well as the security issues related to WSN. Chapter 2 also gave the author ideas on possible components to use for a small physical example and how the author can use it to gather data. Chapter 3 allowed the author to investigate the research that was already completed, and the future research and data gathering and see how they fit into a methodology called the research onion. This gave the author a better idea on how to go about gathering data in the best way to suite the project.
Chapter 4 allowed the author to cover the plan for the physical build and what components the author decided to use in the build as well as how they will all work together. It also allowed the author to go over the plan for the simulation WSN and how the components in there will operate. Chapter 5 is where the author went over the results of the tests on the physical model as well as cover how the simulation works as an example of how a temperature controlling WSN would work.

Overall the author feels that each chapter was completed to its fullest and has allowed the author to complete the project optimally.
6.3 Recomendations for Further Research

The author feels that the project could be improves with the inclusion of a wireless module on the physical build and having it report its data to a PC wirelessly instead of through the Arduino IDE with a cable. Including the wireless chip would allow the author to get a better knowledge on how these systems operate and how to set them up. More research could also be done into small scale WSN and how they operate as well as commercial sensors that are available and easy to install. 

Another area for improvement would be the testing of the physical build. Ideally it would be better to gather test results over a day however due to personal matters the author was only able to test the network for two hours at a time.

Chapter 7 – Reflections 
Overall the author feels the project went well but could be improved in some parts. Some of those aspects were discussed above in chapter 6 for example adding a wireless module to the physical build. In relation to the aims and objectives the author feels that they were met well, the simulation could be improved to include more sensors and heating and cooling units for different rooms to further expand on it, however to just show an example of a temperature WSN working was great for this project.
In relation to how the author handled the project and time management the author feels this could be improved a lot as there were some week during the initial research and during chapter 4 that the author did little to no work at all causing the project to fall behind schedule and forcing the author to work later into the night or to rush more work over the weekend in order to catch up. During the testing of the physical build the wires broke of off the fan and had to be re attached by the author. The physical build went well and operated exactly as the author wanted. The testing went smoothly and gave the author good results to work with, the anomaly in the second test was alarming at first but allowed for good results since it shows that the sensors can detect sudden change in temperature weather it’s a sudden rise or fall.
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Chapter 9 - Appendices
9.1 Project Management

Original Gantt chart
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Updated Gannt chart

[image: image41.png]Task

Mode v Task Neme v Dumtion v Stat v Finish v Predecessors v ResourceNames -
» Research for Project 135days  Fri 20/10/17 Thu IEEE,PC.
26/04/18
# < introduction 6days Fi20/10/17 Fri27/10/17 pC
> Aims and 6days Fri 20/10/17 Fri 27/10/17
objectives

» Literature Review 50 days Mon 30/10/1 Fri 05/01/18 2 IEEE,PC
> Methodology Sdays Mon 08/01/1 Fri 12/01/18 4 PC
» Intermim Viva lldays  Mon15/01/1Mon29/01/15 PC,Powerpoint
» Design experiment 35days  Tue 30/01/1¢ Mon 19/03/16 rc
» Runexperiment  1adays  Tue20/03/1t Fri06/04/18 7 rc
> Analyse gathered  11days Mon Mon 8 PC

data 09/04/18  23/04/18
> Conclusion Sdays Tue 24/04/1¢ Mon 30/04/1 9 PC
> Recommendations 5 days Tue 01/05/1¢ Mon 07/05/1 10 IEEE,PC.
> Final Viva Sdays Tue 08/05/1¢ Mon 14/05/1 11 Microsoft Project,PC,PowerPoint
> Presentationday 16 days Tue 08/05/1¢ Tue 29/05/1¢ 11 PC,PowerPoint



[image: image42.png]| November 2017 | December 2017  January 2018  February 2018 | March 2018  April 2018  May 2018 ' June 2018
1520 25 30 04 09 1419 2420 04 09 14 192429 03 08 13 1823 |28 02 07 12|17 22 27 04 0914 19 24 29 0308 13 18 232803 08 13 18 2328 @2 07 12 17

IEEE,PC

IEEE,PC

- PC

PC,PowerPoint

IEEE,PC
Microsoft Project,PC, PowerPoint
PC,PowerPoint





9.2 Logbook

