


Table of Contents
Table of Figures	3
1. Research Introduction and Background	4
1.1. Research Background and Working Title	4
1.2. Background Literature	5
1.2.1. Background Literature Introduction	5
1.2.2. Paper 1 – ‘Monitoring and control of a reptile terrarium’ – 2014	6
1.2.3. Paper 2 – ‘Greenhouse Climate Control and Monitoring System’ – 2017	7
1.2.4. Paper 3 – ‘Application of Wireless Sensor Networks for Indoor Temperature Regulation’ – 2014	8
1.3. Aims and Objectives	9
1.4. Outcomes and Deliverables	10
1.5. Research Background Conclusion	10
2. Research and Development Methods	11
2.1. Research and Development Methods Introduction	11
2.2. Research Philosophies	12
2.3. Research Approaches	12
2.4. Research Strategies	13
2.5. Data Collection and Analysis	14
2.6. Project Risks, Scope, Limitations and Legal / Ethical Issues	15
2.7. Development Methodology	16
2.8. Research and Development Methods Conclusion	17
3. Resources and Planning	18
3.1. Physical Resources	18
3.2. Electronic and Software Resources	19
3.3. Human and Knowledge Resources	19
3.4. Timeline	20
3.5. Resources and Planning Conclusion	21
4. Research Proposal Conclusion	22
References	23



[bookmark: _Toc8742739]Table of Figures
Figure 1 - Proposed sensor network	10
Figure 2 - Saunders' Research Onion [16]	11
Figure 3 - The V-Model, as illustrated in [22]	16
Figure 5 - Timeline GANTT chart	20
Figure 4 - Timeline tasks	20



1. [bookmark: _Toc8742740]Research Introduction and Background
This section discusses the proposed project background, giving it a research title and reviewing background literature in the research area. This section also provides an overarching aim for the project and five objectives to meet this aim, along with detailing expected outcomes and deliverables of the project.

[bookmark: _Toc8742741]1.1. Research Background and Working Title
The proposed research title is: 
‘Improving captive reptiles’ quality of life by monitoring and controlling environmental variables using internet of things devices in a wireless sensor network.’
Currently, control of environmental variables (primarily temperature and humidity) are either done manually or with electronic devices which control bulbs, sprayers etc. These devices are expensive and, in many cases, very limited in functionality. The aim of the project is to increase consistency in vivarium humidity and temperature while being less expensive and more feature rich than alternative systems on the market.
Wireless sensor networks (WSNs) have been implemented in a wide variety of scenarios, including industrial and hobbyist applications, along with less conventional solutions such as apiary environment monitoring [1] and an aquaculture monitoring sensor network [2] . A wireless sensor network would provide the benefit of only needing one server, with many nodes attached.
The primary purpose of this research project is to develop a system suitable for use in a pet shop environment. However, due to the similar requirements of other scenarios, it would also be useful in a zoo setting or for controlling incubator environments.
The project will involve collaboration with World of Aquatics to gather data. World of Aquatics is a family-run pet shop located in Swansea, specialising in reptiles, birds and tropical fish.


[bookmark: _Toc8742742]1.2. Background Literature
[bookmark: _Toc8742743]1.2.1. Background Literature Introduction

This section critically reviews three of the most relevant academic papers to inform the proposed research. These papers are:
· ‘Monitoring and control of a reptile terrarium’ [3]
· ‘Greenhouse Climate Control and Monitoring System’ [4]
· ‘Application of Wireless Sensor Networks for Indoor Temperature Regulation’ [5]

See below a list of other relevant literature to be further considered in the L6 Major Project.
· ‘Controlling Smart Green House Using Fuzzy Logic Method’ [6]
· ‘Study and Development of Temperature & Humidity monitoring system through Wireless Sensor Network (WSN) using Zigbee module’ [7]
· ‘An Adaptive Fuzzy Hierarchical Control for Maintaining Solar’ Greenhouse Temperature’ [8]
· ‘Indoor Temperature Prediction in an IoT Scenario’ [9]
· ‘Wireless Weather Monitor Using Internet of Things’ [10]

Additionally, the system developed for this project will be based on a fuzzy logic principle. The concept of fuzzy logic and fuzzy sets was first proposed by mathematician Lotfi A. Zadeh in his paper simply titled “Fuzzy Sets”. Fuzzy sets and by extension, fuzzy logic, is a form of logic where conditions are not considered to be true (1) or false (0), but to have a degree of truth, with a value ranging between 0 and 1. Zadeh defines fuzzy sets in his paper [11, p. 339]: 
‘Let X be a space of points (objects), with a generic element of X denoted by x. Thus, X = {z}.
A fuzzy set (class) A in X is characterized by a membership (characteristic) function fA(x) which associates with each point 2 in X a real number in the interval [0, 1], ~ with the value of fA(x) at x representing the "grade of membership" of x in A.’
Fuzzy logic is becoming increasingly popular in sensor-based systems, especially those monitoring environmental conditions [6], [8], [12]. As it can be used to gain finer control of hardware, the author intends to follow this approach.


[bookmark: _Toc8742744]1.2.2. Paper 1 – ‘Monitoring and control of a reptile terrarium’ – 2014 

This paper outlines the importance of temperature conditions for reptiles in a zoo setting. It describes a system which was developed to monitor and control temperature using an Arduino Uno, a thermistor and relays to allow power to pass to a cooling fan and heating lamp as necessary. The thermistor was set up and calibrated for temperature readings, which is an interesting choice. A DHT sensor such as the DHT11 or DHT22 could have been used instead, which are already calibrated and are inexpensive.
The paper is well-structured and makes good use of diagrams to explain the data and control elements of the system. A graph is provided to display the gathered data from the pre-condition of the enclosure; however, no data is provided for the new system, and thus no comparison can be made to the pre-condition. Although discussed in the conclusion, there is no evidence of the efficacy of the system developed as part of the research.
The paper outlines security measures taken, in the form of a login system. This is significant as internet of things devices are notorious for lacking security [13]. The system also allows the user to input parameters, which are saved into a MySQL database using the PHP programming language. This is particularly useful as it allows for the device to be used in different settings with different parameters. However, this would be expensive to set up as each system would need a full web server and database, along with the hardware to run it.



[bookmark: _Toc8742745]1.2.3. Paper 2 – ‘Greenhouse Climate Control and Monitoring System’ – 2017 

This paper, by authors based in India, discusses the development of a greenhouse control system based on the Texas Instruments MSP430 microcontroller board. The paper justifies its purpose and objective, with good background discussion on the state of agriculture in India and its significance, and the use of smart devices to improve agriculture.
Though not focused on captive animal health, this paper fits in very well with the research area of the proposed project as it involves environmental monitoring and control, using microcontrollers and sensors.
The paper is well illustrated, using diagrams to show hardware setup, images of components and graphed data.
Appropriate sensor hardware was used, including an LM35 thermocouple and DHT11. The accuracy of these sensors is 0.5°C [14] and 5% relative humidity [15] respectively, which for use in a research paper as a proof of concept is appropriate. It is interesting to see that a DHT11 sensor was used alongside a standalone temperature sensor, when the DHT11 is capable of both temperature and humidity sensing. This means that more hardware was used than necessary, and the system could be simplified.
The paper has a strong conclusion, recapping on the functionality of the developed prototype system and its benefits, as well as describing the scope for future work.
Although future work was discussed, the choice of microcontroller limits the possibilities for improvement to the system. Had the authors implemented a more typical platform such as an Arduino, software support would be superior because of its popularity, as well as allowing for more freedom in development.



[bookmark: _Toc8742746]1.2.4. Paper 3 – ‘Application of Wireless Sensor Networks for Indoor Temperature Regulation’ – 2014

This paper discusses the design and development of a wireless sensor network for monitoring and controlling internal temperature, and reducing communications between devices to decrease energy usage. The paper has very strong background research, with the authors informing their own work based on many other WSN research papers and citing them throughout. 
The proposed system architecture is viable and appropriate, consisting of a controller connected to many temperature regulator devices per room, communicating with a central server and database.
The paper gives a good explanation of components in a wireless sensor network, and provides detailed information about the proposed system architecture and the setup – with one exception. The specific sensors and actuators used are not named. This is understandable, however, as the paper focuses more on the concept of implementation rather than specific hardware used. Ideas are well explained throughout, using both textual information and high-quality diagrams and graphical illustrations to aid the reader in understanding.
Although the paper gives a good explanation and shows the proposed system in appropriate environments (a classroom and a shopping centre), there is little discussion of the results or efficacy of the system at controlling temperature, and no visualisation of results. There is, however, in-depth discussion of data transmission reduction techniques to reduce power usage, including visualisation in the form of graphs. 
The paper has a good discussion of potential future work, pointing towards light intensity and air humidity controls, along with implementation of machine learning and fuzzy logic into the software system.



[bookmark: _Toc8742747]1.3. Aims and Objectives

The research has been broken down into a single aim accomplished through five objectives:

Aim:
To improve the consistency in environmental conditions of reptile vivariums using internet of things devices.
Objectives:
· Interview a pet shop owner and undertake a case study to determine current problematic areas of reptile care, or areas which could be improved
· Gather temperature and humidity readings from manually controlled enclosures in a pet shop. Analyse this data to determine the current ranges. 
· Develop a system to better regulate and monitor environmental variables using smart devices
· Develop hardware to monitor and control temperature and humidity: A Raspberry Pi 3B+ as a central server, with at least two NodeMCU or Arduino Nano type devices as part of a wireless sensor network.
· Design and develop a web application to view sensor data for each vivarium
· Gather data to test the efficacy of the system and compare to the pre-condition
· Interview the pet shop owner again and discuss the system’s functionality and compare this to the first interview




[bookmark: _Toc8742748]1.4. Outcomes and Deliverables
The deliverables for the project consist of:
· A control system:
· A heat mat’s temperature and humidity sensor logging data
· A heat lamp’s temperature and humidity sensor logging data
· The heat mat and heat lamp will be regulated by being provided variable power based on their respective temperatures compared to targets
· Humidity being regulated with a pump acting as a sprayer based on overall humidity compared to its target
· An ultraviolet bulb being controlled based on its power-on time range
· A monitoring system:
· A responsive web application to display an enclosure’s temperature and humidity readings, as well as the state of the ultraviolet bulb, heat bulb and heat mat
· A sub-page to display data logs and graphs for the readings
[image: ]The system will be able to monitor and control many enclosures by incorporating a wireless sensor network. This would involve the central server sending each device their target properties as the user makes changes (e.g. target temperature) and then regulating environmental modifiers based on these variables. Each sensor-connected device would then send their data readings back to the central server. This configuration is visualised below:[bookmark: _Toc8742401]Figure 1 - Proposed sensor network


[bookmark: _Toc8742749]1.5. Research Background Conclusion 
This section has outlined the research background and briefly discussed background literature relevant to the research area. This section has also discussed the aim and objectives to successfully complete the project and described its expected outcomes and deliverables.
The next section discusses the proposed project’s research and development methods.

2. [bookmark: _Toc8742750]Research and Development Methods
2.1. [bookmark: _Toc8742751]Research and Development Methods Introduction
The previous section set the scene for the project and gave a background to the relevant literature. This section considers the research methodology, data collection and analysis, and the development methodology of the project.
[image: ]Research can be viewed as a hierarchical or layered approach, as shown below. This proposal states the project’s research philosophies, approaches and strategies.[bookmark: _Toc8742402]Figure 2 - Saunders' Research Onion [16]



[16]
The research purpose will be primarily descriptive research, as it aims to provide a better understanding of an issue and propose a solution. 
The proposed project will be a mixed-methods research project. Mixed methods research is defined as research which combines quantitative and qualitative data, and uses appropriate methods when working with both types of data, to contribute to the breadth and depth of understanding [17], [18]. 


2.2. [bookmark: _Toc8742752]Research Philosophies
The research philosophy for this project will be a combination of positivism and phenomenology, leaning towards positivism. Subjective, qualitative data will be gathered, analysed, and will be used to generalise from one setting to another, providing a phenomenological approach. However, the project contains a significant development component and also involves gathering quantitative, specific and precise data in large samples. This project will focus primarily on the positivistic approach, however, some of this will rely on findings from the phenomenological aspect.
Phenomenology is based on perceptions and ideas, which focus on trying to understand behaviours and thoughts. The advantages of choosing a phenomenological approach, in this case, are that the data it produces is valid, and it generalises from one setting to another. A phenomenological approach implies that the setting is natural, which is beneficial for this specific case.
However, choosing a positivistic approach as the primary philosophy of the project also has its advantages. Positivism focuses on observations, facts and figures rather than impressions and ideas, and while its validity is low, its reliability is high. In combination with results from a phenomenological approach, this should provide the benefits of both approaches. A positivistic approach involves an artificial environment or setting which in itself is not useful, however, this allows for precise and accurate data. 

2.3. [bookmark: _Toc8742753]Research Approaches
The research approach is again mixed. There are aspects to this research area which have not been found in academic papers. This project also involves the collection of qualitative data, and thus there is an inductive element. There are aspects of both inductive and deductive research, however, which suggest an abductive research approach. However, this is not suitable for this level of study. This would, however, be suitable if this project were to be expanded and developed further at master’s or doctoral level. Because of this, and as the research philosophy is primarily positivistic, the research approach will be primarily deductive. This is because the main purpose is to propose a hardware and software system that is more suitable than current systems, and this research strategy is developed in order to test this theory.
Similarly to the phenomenological approach, as discussed in 2.1.1, induction is advantageous as it provides an understanding of the research context and a flexible project structure.
Deduction is advantageous as it allows for generalisations due to large sample sizes, and is highly structured. It also emphasises scientific principles and involves explaining relationships between variables and observations. For these reasons, this project will take a mixed, yet primarily deductive approach.


2.4. [bookmark: _Toc8742754]Research Strategies
There is a wide variety of research strategies involved given this project’s mixed-methods nature.
A case study of the World of Aquatics pet shop will be used to determine how the proposed system could be developed to best benefit those caring for reptiles.
Unstructured interviews will be carried out, one before and one after the development of the system. The initial interview will be used to find out the specifics of how a pet shop handles humidity, temperature and ultraviolet control of reptile enclosures, as well as discuss any issues faced when doing so. This will also provide an opportunity to discuss potential solutions to these issues and how they could be implemented in the proposed system.
As discussed in 1.2, document review will be used to research current developments in the internet of things, environment monitoring and control, and wireless sensor networks. A range of sources will be used, primarily academic, governmental and industrial. The research undertaken will be used when designing and developing the system.
Software development and experimental strategies will be used during the development and implementation stages, and will be influenced by the previously undertaken research. An experimental method is involved as the project aims to prove the efficacy of the system.


2.5. [bookmark: _Toc8742755]Data Collection and Analysis
This research will be cross-sectional as opposed to longitudinal as it focuses more on several data samples from one point in time, giving a ‘snapshot’ of a given point in time. This will be true for both qualitative and quantitative data gathered throughout the project.
Data gathered to analyse and graph will be primarily numerical, continuous data (temperature, humidity and time). Other data will be gathered in the form of unstructured interviews and observations.
The primary goal of the system to be developed is to produce more consistent environmental variables, this equates to less variance. Several tests will be run with and without the proposed system in place, producing two data sets. This will be done using temperature and humidity sensors in a controlled room with consistent ambient conditions. These can then be represented graphically to visualise spikes and represent extremes in environmental conditions.
Additionally, ANOVA tests would be carried out for two purposes. Firstly, to ensure variance between test runs is reasonably low, proving that the data gathered is valid. Secondly, this would allow for a benchmark comparison between variance before implementing the system versus afterwards – with the intent being that variance is reduced.
These tests will be carried out using the Microsoft Excel ‘Data Analysis ToolPak’ [19], however, if this project were to be expanded at a higher level, tools such as IBM SPSS Statistics [20] would be useful for more advanced statistical analysis.


2.6. [bookmark: _Toc8742756]Project Risks, Scope, Limitations and Legal / Ethical Issues
This project has several minor risks and limitations:
The primary risk is that the staff at World of Aquatics withdraw participation or are unable to help with the project. The project would still be able to go ahead if this happened, however, though gathered data would not be as useful.
There is an ethical concern regarding testing on animals, which will be avoided by simply testing the proposed system on empty enclosures. This will, however, limit data comparison as it will not be comparable to the tests done on enclosures with reptiles in, using no computer system. Because of this, additional testing on empty enclosures may be required in order to make fair comparisons.
The level of study and student technical ability are among the most significant limitations – the project will be a learning experience. The main anticipated difficulties are configuring networked sensor nodes to communicate with a server, and database interfacing. Time is also an expected limitation, however, an early start to the project should mitigate most time concerns.
Finances and resources are not anticipated limitations as the majority of the project’s physical resources are inexpensive.
Health and safety are concerns of this project as it involves dealing with mains electricity. As discussed with the project supervisor, this will be discussed with other SOAC staff who may be able to aid in safely setting up the hardware.


2.7. [bookmark: _Toc8742757]Development Methodology
The overall development process will use a combination of the traditional V-Model and other agile approaches, as discussed by McHugh et al. [21]. This allows for the benefit of the very structured nature of the waterfall-based V-Model, along with the freedom and iterative development of agile methods. The initial and final steps are likely to be undertaken in a waterfall manner, however, the centre or bottom sections of the V-Model, primarily design, programming and testing will be undertaken in an agile manner.
[image: ][bookmark: _Toc8742403]Figure 3 - The V-Model, as illustrated in [22]


[22]

The specific agile development which will be adopted for this project is extreme programming, despite primarily being a team-based approach. This method was chosen as it focuses on continuously iterating through testing and improving code, leading to many small releases. It also focuses on frequent code refactoring and simple design and planning [23]. Though it is most suitable for teams of developers, it was chosen because its core values line up well with this project, and are still suitable for development by an individual.
 A database will be required to store sensor information. This will be initially designed using entity relationship diagrams in crow’s foot notation, and expanded if needed, in line with the agile approach. While less structured, as discussed above, this method allows for more freedom during the design and development phases.
Software development will primarily consist of Python, C++, and PHP development. For each of these, pseudocode will first be written, along with programming flowcharts to show program structure. This will simplify the development process as the programming and the logic development will be undertaken separately – logic will be planned first, then implemented in code.  

2.8. [bookmark: _Toc8742758]Research and Development Methods Conclusion
This section has justified research and development methods and strategies to be used throughout the research and development process. This section has also identified potential risks, limitations, ethical and legal issues of the project.
The next section discusses project planning and project resources required, along with the project timeline.

3. [bookmark: _Toc8742759]Resources and Planning
The previous section discussed research and development approaches and strategies and identified project risks and limitations. This section considers the resources required for the project and proposes a project timeline.

3.1. [bookmark: _Toc8742760]Physical Resources
The physical resources required for this project consist of hardware to create the proposed system and test it.
Environment modifying hardware changes the temperature, humidity and ultraviolet exposure of each enclosure:
· A vivarium to monitor and control, and test the system on
· Heating elements:	
· A ~40 watt bulb for ambient heating
· A lamp holder for the heat bulb
· A ~15 watt heat mat
· Humidity elements:
· A 5 or 12v water pump to spray water
· Tubing and a reservoir
· A ~25 watt Ultraviolet A + B bulb

Physical controller hardware determines environmental states for each enclosure and controls the above described environment modifying hardware. This hardware is required per enclosure:
· One NodeMCU [24]  / Arduino Nano [25] microcontroller to collect and send data
· Two combination temperature + humidity sensors: the specific sensor model is currently undecided. A DHT22 (AM2303) [26] sensor is a good candidate, or potentially the more specialist AM2315 [27]
· Heat mat control: Ideally, dimming / variable power circuitry. If this proves difficult or out of the scope of the project, a relay will be used instead.
· Heat bulb control – the same hardware as above for the heat mat
· One relay to turn on and off the Ultraviolet A + B bulb
· One relay and 5 / 12v power source for the water pump
The central server communicates with each enclosure’s hardware, sending and receiving data, and consists of:
· One Raspberry Pi 3B+ [28] running server software, as described in 3.2
· One OLED (SSD1306 [29] or similar) display to show data 


3.2. [bookmark: _Toc8742761]Electronic and Software Resources
Electronic and software resources aid in the development of the system software and control the hardware described in 3.1. 
The software libraries and packages required for this project include:
· Appropriate sensor access libraries (sensors undecided)
· Adafruit_SSD1306 library for the OLED display [30]
· MySQLdb Python library [31] and MySQL server [32]
· Apache web server for Raspberry Pi [33]
· Google Charts for web data visualisation [34]

The software packages used for development will include:
· Visual Studio Enterprise 2017 for front end web development [35]
· Adobe Dreamweaver CC 2018 for back end web development [36]	
· Adobe Illustrator and Photoshop CC 2018 for user interface asset creation [37] [38]
· Arduino IDE to develop for the NodeMCU / Arduino type boards [39]
· Python IDLE IDE to develop for the Raspberry Pi [40]
· VNC Viewer server and client to remotely access the Raspberry Pi [41]

Additionally, a desktop PC or laptop will be required for development use.

3.3. [bookmark: _Toc8742762]Human and Knowledge Resources
Along with physical and electronic resources, the project will also be reliant on knowledge resources. These include:
· Online access to research papers and journals in the area of smart devices, the internet of things and wireless sensor networks
· Access to books in the same area from the University library
· Knowledge and guidance from University staff regarding electrical safety
· Knowledge of reptile care requirements, and project input, from staff at World of Aquatics


3.4. [bookmark: _Toc8742763]Timeline
[image: ][image: ]Project planning was undertaken, making consideration for the time required for each task, as well as the order and predecessors of each task. See in the below two figures the time scale and predecessors for the project, along with a Gantt chart to illustrate the timescale. Some tasks were allocated two or three weeks while they would only take up to one day – the intent is that this day will fall anywhere within the time scale. Initially, the Gantt chart was to be split into two sections – the summer break and the academic year. However, the plan was kept as one continuous timeline for simplicity. The intended start date is early in the summer break between academic years, with the end date being late March to provide headroom to the May deadline in the event that the project does not go as planned. [bookmark: _Toc8742404]Figure 5 - Timeline GANTT chart
[bookmark: _Toc8742405]Figure 4 - Timeline tasks

3.5. [bookmark: _Toc8742764]Resources and Planning Conclusion
This section has described required project resources and defined a project timeline. It is possible, however, that the project may experience requirements inflation, where additional requirements are found to be necessary, thus altering the required resources and timeline.


4. [bookmark: _Toc8742765]Research Proposal Conclusion
To conclude, this document has discussed the background area, relevant literature and purpose of the proposed Major Project, along with its research and development methodology, resources, timeline and objectives.
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