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[bookmark: _Toc8211417]Introduction
In this section of the proposal, it will include the undertaking of what the project is going to be about and state the aims and objectives that are going to be achieved on project completion. It will take in to consideration previous literature and research done by the author and other academic specialists relating to the proposed topic, as well as the conditions for how the project will be carried out. The title for the research project is Monitoring Environmental Effects on Timber Framed Structures with Wireless Sensors.
[bookmark: _Toc8211418]Project Target 
The aim of the project is to develop a Wireless Sensor Network to monitor how environmental IoT sensors perform in a real-world location.
The aim is to be achieved by carrying out the subsequent objectives: 
· Undertake comprehensive research investigating the fields of Wireless Sensor Networking and environmental monitoring within structures.
· Gather an understanding of Down to Earth and come to an understanding of what they want to achieve.
· To design and develop the experimental wireless sensor hardware. 
· Run the experiment in the real-world location to determine viability and gathering vital data.
· List recommendations to improve sensor network performance and reliability for expansion.
At the end of the project, it is expected that the Wireless Sensor Network will be designed and constructed to the agreed purpose and it will be successful in its deployment on site and fully operational. Providing the necessary information needed for the future projects using this system, with UWTSD and Down to Earth. 
[bookmark: _Toc8211419]Down to Earth
[image: ]Due to this project being done as part of a collaboration between UWTSD and Down to Earth at one of their sites, this section will briefly provide information on the company and why it is seen as a meaningful venture. Down to Earth is a social enterprise that has been the recipient of many awards over its 13-year existence, the purpose of  Down To Earth is the training and support to various community groups[1]. With all proceeds and funding gained by the company going towards sustainable construction methods in Wales, and the further improvement of its community reach to assist those who are considered ‘hard to reach’.  For Down To Earth Eco-building is one of the main projects, they currently have two sites located at Little Bryn Gwyn and Murton which is their main site[2]. Both of these sites have eco-friendly structures made from Welsh materials and built using traditional methods. The purpose of eco-building is to provide sustainable building methods, to construct reliable structures that use natural and renewable sources for heating, water and power.    [bookmark: _Toc8211436]Figure 1 – Little Bryn Site


[bookmark: _Toc8211420]Project Site
The project site will be at Little Bryn, this site was constructed to BREEAM[3] “Excellent” rating. Meaning this building accomplishes high commercial sustainable construction, relying on designs from the 12th century. The building uses a timber frame made from Welsh conifer species including Larch and utilises sheeps’ wool and wood fibre for the wall insulation[4].   
[bookmark: _Toc8211421]Wireless Sensor Network
The concept of Wireless Sensor Networks was developed in parallel to Internet of Things (IoT)[5], both schemes were developed with the idea of having an “internet-like” structure applied with every day devices and objects. Wireless Sensors Networks have been employed across the spectrums of commerce and is thought of as one of the most significant advancement within technology in recent years[6]. This technology was conceivable with the advancement in microelectronics and wireless communication, these small and intelligent sensors can be deployed in any physical locations worldwide. 
The structure of Wireless Sensor Network with the integration of internet connectivity provided incomparable opportunities for application in the areas of both industry and the military. Though its major development came from the military as with most advancements in technology, it provided the perfect means of surveillance at locations that were considered unsuitable for personnel. Other examples of its use include environment monitoring and industrial process control. Distinguished from at the time normal wireless communication networks such as cellular systems and mobile as hoc networks (MANET), WSNs relies on having a uniqueness to the development, consisting of harsher levels of node deployment, advanced unreliability of sensor nodes, as well as energy, processing, and storage limitations[7]. 
Wireless Sensor Network is still regarded as a key field of research in the networking technology industry, not reaching the limits of the technology is still promoting researchers and developers to explore and solve its restriction in design and deployability. The applications of WSN has revolutionized the everyday life of humanity, both within the workplace as well as interaction with the physical world[8], such as automated lighting. Wireless sensors have the primary design of communicating over short distances using a wireless medium depending on the standard it can be much farther. The purpose of the nodes is to work together to complete collective tasks, for example environment monitoring in nuclear power plants the network would be used to monitor radiation, this is for safety any indication that the radiation is in areas that it shouldn’t would put the staff on high alert. With the effect of the earlier warning the personnel are given more time to evaluate and control the situation[9].  
[image: ]WSN are typically created with the use of sensor nodes, these are efficient and multi-functional sensor that can be deployed in a scalable formation. The senor nodes within a Wireless Sensor Network all follow the same form factor as the foundation in both design and construction, which is show in Figure 2. These sensors typically having a propriety small form factor that is proficient in computational calculations and wireless communication, utilizing the embedded sensors, transceiver and microprocessor.[bookmark: _Toc8211437]Figure 2 – “Hardware structure of a WSN sensor node”[12].


Wireless Sensor Networks have several points of individuality and restrictions when compared to the other network mentioned previously, these differences are[7]:
· Dense Node Deployment – Sensors are usually deployed in several fields of interest compared to MANET, the number of sensors contained within a network are proficient of being numerous times higher in scale.
· Battery Driven Sensors Nodes – Most of the nodes are powered by an internal battery, due to this portability the sensors are deployed in situations considered harsh or dangerous. This provides advantages in flexibility but is problematic when the batteries need to be replaced or utilise an unreliable source for recharging.
· Self-Configurable – Sensors nodes have the ability to be deployed randomly without any predetermined plan or user engineering knowledge, once deployed the sensors will configure themselves autonomously integrating in to the communication network.                        
· Application Specific –Are specific to the application they are running, this requires the network that connects the sensor nodes to be designed with this factor in mind and when any changes within the application and the network, alterations in the design will be needed so the sensor network can still complete its tasks. 
· Data Redundancy – Within most networks that use sensor nodes they are deployed in sectors of interest to work together so that common tasks are completed. Therefore, the data that is picked up by multiple sensors will have a level of link or redundancy depending on the principles of the situation. 
Wireless Sensor Networks gain its highest demand from commercial organisations, according to a Whitepaper written by the International Electrotechnical Commission. “The Freedonia Group, the global market share of sensors for industrial use is 11 billion USD, while the cost of installation (mainly cabling costs) and usage is up to more than 100 billion USD. This high cost is the main issue hindering the development of industrial communication technology”[8]. WNS technology allows for use of a network to have ubiquitous sensibility, over the entireness of an industrial procedure, as well as the security of relied parameters which are not given by other deployable monitoring tools due to the costs that was mentioned in the statement. 
[bookmark: _Toc8211422]Sensor Hardware
In the initial research it was known that there were two options that can provide the foundational circuitry for the sensor nodes, providing the sensors with wireless communication, power and computational processing. Arduino[10] is an open source prototyping microcontroller, that has a simplistic design allowing for connection of generic input/output components on to the main board. The limitation of Arduino is its processer only having a clock speed of 16Mhz as well as it not having an operating system making it only able to process a single script or program. These restrictions make the microcontroller board great for beginners and projects that require only a small number of processes.    
The Raspberry Pi[11] was first designed to be a tool for programming education, but the capabilities of its microprocessor and other features quickly allowed it to be implemented in projects undertaken by developers and engineers. The Raspberry Pi is a single board computer, meaning that its capable of many basic PC features including a dedicated operating system, USB ports for connecting input/output devices and built-in Bluetooth and Wi-fi connectivity.          
[bookmark: _Toc8211423]Wireless Sensor Network Deployment 
As stated, a Wireless Sensor Network consists of a number of nodes, a gateway or hub and an interface to allow for interactions with the nodes. On the first deployment of a Wireless Sensor Network it always follows a specific procedure, firstly the placed nodes will broadcast their current status to all available devices as well as receive connection from other available devices. Secondly, the sensor network will establish autonomously a converged network based on a predetermined topology, such as Star, Tree and Mesh. Lastly, appropriate data paths vectors are recognised on the network ready for data transmissions of the data[12].                 
Wireless Sensor Networks as with most technology with examples such as GPS and radio, was motivated for improvement by its military application, similarly as with most technology it is adapted from its military use to be used in commercial and civilian fields[9]. When compared to the wired counterpart WSNs have visible advantages, not only does the network provide a reduction in cost and deployability time scale. They also have the flexibility to be deployed in any environment reachable by humans or machinery, especially in situations where the harsh terrain cannot provide the nodes with cabled power supply or communications. 
[image: ]  
[bookmark: _Toc8211438]Figure 3 – Deployment stages of a Wireless Sensor Network[13].
It can now be considered a part of modern society the use of Wireless Sensor Networks has been implemented within homes and offices, as part of the Internet of Things initiative and it being seen an inclined trend. Due to how simplistic and inexpensive it is to implement WSN many smart devices such as lighting, heating and security are monitored and controlled with the use of sensors, this has proved to be a sufficient way to lower costs, energy and human resources[14]. The technology of wireless communication is currently one of the top used pieces of technology, with Internet of Things adding more devices that are being given the upgrade to have it be connected to the internet. This project lies in the field of computer networking, which is the foundation at which Wireless Sensor Networks are implemented with. This field of networking is an interesting field that is necessary for the development of Internet of Things and other fields that require modernisation. 
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It has been outlined the research that needs to be undertaken as well as the initial research on the technology and approaches that is Wireless Sensor Networks, while briefly detailing Internet of Things. In combination to the research the aim has been set of designing and constructing the network, being divided into specific objectives that will ensure the project from commencement to completion and finally to its stage so future students can then improve on it.
[bookmark: _Toc8211425]RESEARCH AND DEVELOPMENT METHODS
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In the first section of this proposal, it was anticipated the research that will be commenced, in this section will be considered the research methodology and the development method that will be employed. It will be taken in to consideration any ethical and legal issues that are connected to this project as well as calculate any risks and limitations that could affect the project and plan steps to prevent them. The final part of this section, it will be considered how to evaluate if the aim and objectives have been accomplished.     
[bookmark: _Toc8211427]Research Methodology
For this project of designing and building a Wireless Sensor Network, the philosophy that best fits with the project aim is positivism[15]. Due to it highlighting that positivism generates a hypothesis that can be researched and tested, which can then be used to produce data capable of being measured as adequate knowledge in terms of its credibility and quantifiable. Positivism also covers the architypes of objectivist, experimentalist and research that is based on facts rather than impressions and provides a build of research that can be replicated by others to generate the same results[9]. As this project aim is to show that a wireless sensor network can be used within a structure to monitor environmental effects the finding of the experiment should be the same for every test.
Now with an appropriate philosophy, a fitting approach to deal with the research demands of positivism needs to be decided. The two opposite ends of research within approach them being deductive and inductive. The inductive approach is on the basis to create a theory, taking an emphasis on what the researcher has as a working title over that of already existing theories. In understanding the research of this approach, it progresses from the research question to observation to analysis and then to the final theory. Consequently, if diminutive research exists on a topic then the inductive approach is the way to proceed. The Deductive approach is the contradictory, it is based on analytical using questions and sets on the research to answer those questions. The aim of this approach is to conclude with the direct response of yes or no, the query can be statements or speculations about a topic that the researcher has confidence of it being able to be answerable[15]. The process of this approach goes from the research question to data collection to results of findings in terms of confirmation or rejection of the research question. This can then lead onto revisions of the research and then allowing the process to be recreated[9].
[bookmark: _GoBack]Moving on to the next part of the methodology, this leads to the options of strategy in which the research of the project will follow. The project being undertaken can be considered an explanatory study as the aim is to set specific variables to produce quantitative data. The section of research strategy is the most populated of the Research Onion due to the strategies being used solely or combining a few of them together. For the project proposed the strategy that seems most appropriate is experiment, with the support of archived research to assist with expanding the knowledge base of the author in this topics background. Experimental design is understood as the more inflexible and logical structure this would allow the project to be repeated, this strategy is designed to generate data and have it been statistically analysed[15]. 

The aim of this project is to physically build a WSN to monitor a timber framed environment to determine if there is an environmental effect within said structure, which is why this strategy has been chosen. Stated previously archive research is a strategy that will be used as a secondary strategy, the research in to wireless sensor networks and Internet of Things have been done over the past decade. So, this would allow for exploratory, explanatory or descriptive analysis of changes tracked over this period of time. However, the accuracy and extensiveness of information available may be an issue, depending on the resources available to the researcher and as it is currently an experimental strategy is possible with the time and resources at hand.  
The time horizon that will be employed during the course of this project is longitudinal rather than using cross-sectional. This is to ensure that the testing can be done over a longer period of time, this would allow production of more data collection and allow the analytic results of the project to be more accurate[15].
The data collection methods that will be used for this project is mixed method, this research makes use of both quantitative and qualitative methods in the study, data collection and analysis. It is well-known that using this method can be used to counterbalance and resolve any restrictions in data by sustaining or predicting what could be missing[15]. 
In order to identify that an experiment needs to be undertaken as part of the project, the requirement of how to perform the testing and collect the data will need to be planned first. Firstly, this project has been undertaken due to the authors experience in this field of network technology with any further knowledge coming from studying documentation on the chosen subject as well as discussions with persons of the industrial society of wireless technology. This can be done either online through forums and conference postings or attending events and conferences that cover this field of industry such as IP Expo. Furthermore, is observation as mentioned Wireless Sensor Networks have been around for decades with many organisations and corporations implementing their own network that rely on or are integrated with wireless networks. This observation and discussion will generate an initial understanding and motivate ideas that can be used to build of the WSN.      
After the concepts have been created on how to go about wireless sensor networks and how it can be used to monitor environmental factors. The experiment can be built and using structured techniques and software that will allow the data to be gathered from the wireless sensors and network hub.  The quantity data can then be used to generate results, these results can help find and determine conclusive statistical data that can be used to recommend a course of action. As the project is going to be an experiment the course of action after the results could require the author the necessity to undertake further discussion and observation and make any changes that are seen as necessary.           
Research reliability is the product of the results being consistent, whilst the process of data collection is taking place. Though, no matter the circumstances there is always the chance that even consistent results with reliability can be undermined. Taken from the book Real World Research, there are four factors that can impend reliability these being subject or participant error, subject or participant bias, observer error and observer bias[16]. Validity is the fear of whether the data that has been collected is accurately represent what had taken place in the project. Likewise, as with reliability there are a number of reasons on why the validity of data can be threatened taken from the same source material as before, they are history, testing, instrumentation, mortality, maturation and the ambiguity about casual directions[16]. 
Altogether the stated threats can affect the results that are returned, and a loss of validity would not only threaten the data collected but the credibility of the project in its entirety and what is planned for the future. Having determined previously to use the mixed method of using both qualitative and quantitative data, any possibility that the reliability and validity of the result are less than what is required is prevented. So even in the event that the experiment fails the research and documentation of the project can be used to adapt and overcome the problems allowing the project to be undertaken another time. 
There are several issues that have been identified and will be resolved either before the project starts or during depending on the circumstances. There are few risks that are directly connected to the planning of the project and also the build of the wireless sensor network. 
The risks are as followed;
· Limited access to test environments  
· Not achieving all the project requirements
· Time restriction for development
· Poor time management throughout the project
With the assistance of Microsoft Project in using its feature to produce the Gantt chart and provide the PERT analysis, it should assist in decreasing the dangers that surround time management through the setting of impractical targets. By using a Gantt chart for the project, it will be possible to identify a critical path through the project progression and with the assistance of PERT to calculate the negatives, this should allow for a more productive time scale to be anticipated.
The most important limitation for the project would be the lack of having the knowledge and the ability to actually develop the wireless sensor network and program them to accurately communicate within the network. It is in all likelihood possible to attain the skills and knowledge based on previous projects taken by the author, never the less uncertain factor of the missing skills could have an effect on the timescale of the project. So, the best option with the current circumstances is to self-learn the necessary skills before the proposed start date of the project.
The evaluation that will be done at the completion of the project will be done using a number of methods, this will be in order to gain the most out of the collected data. The first analyzation will come from research and design of the wireless sensor network after, notable after a prototyping experiment and a number of proceeding testing will be done to see if the aim and all of the objectives of the project has been achieved. In the situation that the experiments are successful, a final analyzation will be done with the test data to conclude the discovered results and note upon any recommendations of future work.    
[bookmark: _Toc8211428]Conclusion
In this section, it has been discussed and chosen the specific research and development methods that will be used throughout the project. Any risks and restrictions that can occur during the project have been identified and reflections have been made on how the data collected and the results formed will be evaluated.

[bookmark: _Toc8211429]RESOURCES AND PLANNING
[bookmark: _Toc8211430]Introduction
This section of the proposal will cover, the areas of project recourses and the preliminary time planning, it will be noted the list of primary resources that are required to complete the project as well as the initial planning of how the project will happen in terms of time frame and management.
[bookmark: _Toc8211431]Required Resources
In order to successfully complete the Wireless Sensor Network project, the following resources will be necessary;
· Academic library – Used to write the research and literature review of Wireless Sensors Networks.
· Laptop/Computer – To be used to program and monitor the wireless sensors network.
· Gateway/ Hub – To be used as a way to communicate with the wireless network. 
· Wireless sensor nodes – To be used to collect the necessary data.
· Miscellaneous electronic items – For the construction of the wireless sensors.
· Access to work space – Due to size of project a workspace will be required for the construction of the wireless senor network. 
· Access to test environment – This will be the test location of the wireless sensor network.       
[bookmark: _Toc8211432]Expected Time Scale
In order to plan and manage the project a Gantt chart has been created using the Microsoft Project software, the project design has been divided in to three sections. The section are Research, Design and Testing, each of the sections have been given a number of tasks, these tasks have been assigned and listed in order under the appropriate section. 
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[bookmark: _Toc8211439]Figure 4 – preliminary dates for project time frame.
Due to the notion that this project is being undertaken as a collaboration between UWTSD and Down to Earth, as well as with other students. The tame frame in figure 4 is all preliminary dates, as a time scale with team members and the companies involved is scheduled for the first week after the project start date.   
[bookmark: _Toc8211433]Conclusion
Having to initially plan out the project and the resources that are necessary, there is a high possibility to the factors surrounding this project that the design and implementation of the experiment will rely on the resources and equipment needing to be considered beforehand. In this situation, it is hopeful that anything be it hardware or external resources be unattainable and leading to the project not being able to progress or fail. Even with past knowledge and the reuse of planning tools and available support from team advisors and fellow members, the timescales for the project plan has been set theoretically. Only once the project is under way will it be known if the planning was completed successfully or if changes will need to be made to ensure the project completion and inevitable success, it is due to this mind set and mentioned past experiences that the author must ensure of some learnt leadership skills to ensure success.                          
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