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The title for this project is going to be "Harry Potter make it yourself wand” and aims to create a gesture recognition kit for control of IoT devices. The kit would be available to anyone around the world that wishes to make their own want gesture recognition system using existing hardware (f.e. Raspberry Pi, sensors, cameras, etc.) The device would be controlled by a machine learning algorithm capable of recognising several waving gestures of the want using the images/videos captured with the camera. The wand could be used to control a device as part of an interactive smart-home application, however there are numerous other possible areas of application such as supporting independent living by elderly or disabled people, security, etc. Time permitting, the project could include an IoT proto-call to activate the IoT device with the wand.

[bookmark: _Toc8340937]Literature and background to the subject area of study
This project encompasses two broad fields of study - the Internet of Things (IoT) and the smart-homes connectivity of embedded devices, and image/video recognition and machine learning algorithms for the development of a suitable software for the kit.
The term IoT is used to describe interconnected devices that communicate with each other and send data over the Internet where a ‘thing’ can be “any object with embedded electronics that can transfer data over a network – without any human interaction” [1]. Other closely interlinked concepts are those of ubiquitous computing, originating from Mark Weiser’s 1991 vision of the computer for the 21st century in which “the most profound technologies are those that disappear” and become “an integral, invisible part of people’s lives” [2, p.94]. Quarter of a century later industry representatives such as Hewlett Packard still consider this idea of converging technologies at the forefront of development trends by talking about the intelligent edge. They describe it as the place where “everywhere everything is, and it is where the ‘things’ are in the IoT” and technology is smart, connected, computational and controlling [3]. It is clear therefore that IoT holds a pivotal status in the current trends of technological development.  
The application and impact of Iot into everyday life is growing and is recognised by the industry. Van ‘T Hooft & Swan talk about it as the “third wave in the evolution of computing” [4, p.275] and industry-backed white paper calls it the “era of ‘connecting the unconnected” [5, p.2]. The same source claims that IoT “continues to fundamentally transform economies worldwide”, it is a mandatory component for “firms to thrive in a digital economy” and predicts that the real impact of this new generation of technology is yet to come with an estimated number of IoT devices growing up to 28.1 billion by 2020 [5, p.2]. Businesses see IoT as a drive for economic growth and managing connectivity as crucial to their success [6]. 
The advancement of Iot have been facilitated by other technological developments that allow improved connectivity and data accessibility. The cloud computing for example, has been instrumental in providing the backbone or the physical framework for ubiquitous computing. The term suggests that the infrastructure is in the cloud, from which data and software becomes available to users as a service, rather than being physically confined to individual computers [7, p.599]. This has a direct and positive impact on the availability, reliability and scalability of the system. The emergence of new connectivity technologies (see figure 1) is another factor that facilitates the IoT’s growth. 
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Figure 1: Types of connectivity technologies (Source: Northstream AB, 2018 [8], p.10)
Al-Fuqaha et al. list ZigBee, Bluetooth LE, NFC, RFID, Z-Wave, and LTE-A “among the most attractive technologies to use in IoT and M2M environments” [9, p.2371]. 
The wide range of fields where IoT has already been deployed can be seen in the diagram below. 
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Figure 2: Internet of Things Schematic showing the end users and application areas based on data (Source: University of Melbourne, Australia [10, p.1646])
In that effect the IoT already permeates almost every aspect of everyday live and has achieved Weiser’s vision of technology so profound that it has become invisible.
The implication of the above said for the proposed project is that IoT as a technology is not confined to commercial and data-driven enterprises only. Its application in the context of day-to-day living and creating smart-homes is equally valid. In addition to embracing technology for entertainment and socialising, people are using them to reduce living costs, increase green living, improve home security and save time spent on mundane tasks by increasing automation. The US Atlantic Council confers this by stating that “the smart homes have the potential to provide for consumers’ growing expectations of convenience, sustainable living, safety, and security” [11, p.1]. They also warn, however, of the potential challenges to fully embracing IoT technology in terms of privacy and security concerns. “The challenge for smart homes seems not a race for features, but to build trustworthy devices that reliably deliver the promised benefits; credible security is a big part of the solution to that problem [11, p.3]. It seems that such decisions would have to be made by the individual consumer in the context of their own values, beliefs and perceived understanding of the issue. 
The second area of study - image/video recognition and machine learning algorithms for the development of a suitable software for the kit, is considered the more challenging of the two chosen fields. Javidi explains that “a central problem in machine learning is identifying a representative set of features from which to construct a classification model for a particular task [12, p.5]. In essence, the challenge stems from translating into practice the requirement that the kit and the software would be able to recognise a certain gesture within a range of its acceptable variations (for example the movement pattern, source of the movement, background, light readings, duration of the movement, speed of the movement, etc.) in an environment that may potentially hold an endless number of variables. This creates the need for machine learning and “teaching” the kit how to distinguish and recognise what is a valid input. Javidi warns that
“while there have been signiﬁcant advances in image recognition and classiﬁcation technologies, major technical problems and challenges face this ﬁeld. These include large variations in the inspected object signature due to environmental conditions, geometric variations, aging, and target/ sensor behaviour (e.g., IR thermal signature ﬂuctuations, reﬂection angles, etc.) [12, p.5]
Machine learning is used to develop computer programs that “learn” by accessing and analysing data [13]. It generally relies on finding patterns in the data and making decision based on algorithms. Figure 3 provides an overview of the main types of learning algorithms.
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Figure 3: Machine Learning techniques and algorithms (Source: MathWork [14, p.7]}
At this stage it is envisaged that the wand-kit project would make use of a supervised learning algorithm for its solution, although a definitive decision would be made at a later stage.
Something to consider, as clarified by Javidi, is the danger of using algorithms with a “limited available training data set, which may not accurately represent the actual ﬂuctuations of the objects or the actual scene representation [12, p.5]”. 

[bookmark: _Toc8340938]Similar Projects
Several projects have been identified that share similar concept, purpose or field of study.
1. Kano Harry Potter wand and coding kit [15] is very similar to the proposed project. It allows the user to build a “coding wand” that responds to movement. Not much details are revealed on the website advertising the kit; however, the wand seems able of changing the behaviour of a program (i.e. moving objects on a screen or changing their colour) by detecting movements. This is not exactly the objective of the wand proposed here - the outcome has a different focus and the context of the application is completely different. It is worth investigating The Kano Coding Kit however, because of the type of audience it seems to target and the way it is being advertised in terms of accessibility, simplicity and ease of use.  
2. ‘SignAloud’ gloves [16] are developed by Navid Azodi and Thomas Pryor, two American student that won the MIT Lemelson Student Prize. This project is interesting from a solution point of view both in terms of hardware and sensors used, as well as software and algorithm. Despite the media noise that accompanied this development, it is not very clear at this stage if any information would be available for further investigation for the purpose of this project.
3. University of San Diego ‘The Language of Glove’ [17] – a solution from 2017 similar to the ‘SignAloud’ project above. Advertised as a low-cost solution, it may provide a possible line of investigation due to a few articles written about it that give some more detail about the nature of the solution. 
4. ‘Re-Voice’ gloves designed and being created by British PhD student from the Goldsmiths department of the University of London. Not much details are available for her project; however, she is British based, therefore could be of potential interest [18].
5. ‘KinTrans Hands Can Talk’ [19] is a start-up business from the USA that advertises a software that translates sign-language into text and vice versa using a 3-D camera. The target user is businesses that may want to provide an inclusive service with the aid of an assistive technology. The information provided on their website about the solution is not very detailed, however, being advertised as a bespoke solution suggests an expensive development. Although this ‘kit’ could be of interest in terms of how the 3-D camera and the software work together to provide an image recognition, the application context, the target audience, the lack of detail and the purpose of the KinTrans Hands Can Talk tool is not seen as suitable for investigation by this project. 
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The aim of the project is to create a gesture recognition kit for control of IoT devices that is made available to anyone around the world that wishes to make their own. 

[bookmark: _Toc8340940]Objectives:
· Research available hardware and identify suitable tools for the kit
· Research existing machine learning algorithms for image/video recognition and create one for the wand
· Research similar projects and possible application areas/devices for the wand as part of IoT smart-home application
· Prototype, test and develop the wand (hardware and software)
· Publish the results of the project / make the toolkit available to everyone wishing to create their own

[bookmark: _Toc8340941]Research Methodology
The nature of the project requires both exploratory and descriptive research as it will investigate existing image-recognition technologies as well as will create an original solution. The overarching philosophy of the proposed methods is positivistic as it relies on knowledge deduced from existing theoretical solutions and results produced from experimentation and testing. The primary focus of the solution would the kit’s operational functionality and measuring that the requirements criteria have been met. 
The main research method would be a document review. The purpose of the document review will be to identify key theoretical and practical developments in the field which will be then used as a platform for the building of the solution. In that respect the approach will be deductive as existing theory and practice will be collected and their suitability for the project accessed. Some elements of the document review may overlap with the experimental part of the project as solution will be sought based on broad functionality requirements. This will be reflected in the development plan for the project. 
The experimental part of the project will be primarily concerned with evidencing the operational functionality of the kit thus producing quantitative tests results. The approach here would be inductive as the outcome of the project would be assessed in terms of functionality and suitability for the task.
The strategies to be used in the proposed project would be: 
Document analysis: This will take place in the initial stages of the project where document review is conducted to identify existing trends and solutions that will inform the practical solution at the later stage. This strategy will help identify one or more existing solutions that will be investigate in more detail as part of a case study.
Case study: One or more existing algorithms and solutions for image recognitions will be studied in more detail and compared for positive and negative elements in regard to its relevance to the wand kit. This will inform the next strategy.
Software development: This strategy will ensure that the kit and its relevant software is designed, developed and tested against a set of features or requirements. This is crucial for ensuring the proposed project produces the desired outcome. Although the focus of the testing will be on functionality, other criteria deemed important for the successful outcome of the project will be considered too – f.e. availability of components, accessibility of instructions and choice of language and overall ease of construction of the kit. In that respect, possible solutions for user feedback will be investigated. 
A possible challenge of the chosen research methodology is finding sources of information with similar or matching fields of study and with enough detail. Another consideration is the time limitation such project poses. 
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The preferred development methodology for the project follows the agile principles of software development and in particular the feature-driven development (FDD) process. The agile approach is considered relevant to the project because of its focus on the customer and providing a working solution. FDD is a flexible and adaptive approach that can respond to change, follows interative development process, and allows for reflection and re-evaluation of outcome [20]. Please see figure 4 for more detail on FDD and its five main activities. 
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Figure 4: The FDD project lifecycle (Source: Scott W. Ambler [21])

The data used and produced as part of the study will be performance test data only. The requirements and features designed for the product will determine the test schedule and its content.

[bookmark: _Toc8340943]Risks and considerations
The proposed research does not anticipate the participation of any individuals other than the investigator itself. Due to the nature of the project, there is no risk to the personal safety or danger of physical harm to the project developer. A possible consideration within this context would be ensuring that the physical components of the kit are kept safe and access is restricted to ensure they maintain their functionality for the duration of the project. The components will have to be purchased specifically for the purpose of the project and therefore treated as a financial investment.  Similarly, any information concerning the project, any software developed, and other electronic data is kept protected and securely backed-up. If any copyright information, source or software package are used for the development of the image-recognition algorithm, this would be acknowledged and recognised following the legislative requirements and standards applicable to the industry. The University of Wales Trinity St. David research ethics & integrity code of practice and the British Computer Society code of conduct are to be observed. The proposed research will operate within the copyright and plagiarism legislation. 
The kit is to be developed and tested by the project investigator and there is no anticipated handling of any sensitive data, no risk of disclosure or conflict of interests. 
In terms of risks related to the management of the project itself, the biggest threat is lack of organisation and poor time-management. Linked to this is the concern that the investigator will manage to maintain a balance between the time spent on researching and investigating the subject matter of the project theoretically and the time spent on experimenting and developing a working solution. Both concerns will be addressed with the design of a timeline for the implementation of the project, outline of which is available in Appendix 1. 
The compliance to the risk management measures listed above will be verified by the proposal’s director of studies or supervisor.
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[bookmark: _Toc8340945]Outcomes
The primary aim of the project, i.e. the development of the wand kit, will have two main outcomes – an overview of existing image recognition technologies suitable for IoT smart home applications and a working solution that has gone through the standard stages of software development and this process has been evidenced with a suitable documentation.
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The project management deliverables would be: 
· The project plan
· The project report, including a summary of the document review and the relevant findings from the two main fields of study investigated as part of the document analysis and case studies. 

The product deliverables would be: 
· An operational kit is created – physical components and software elements have been tested for functionality.
· User documentation is written (i.e. “how-to-do-it-yourself” type of instruction manual) and distributed/made available physically and online.
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The following physical resources would be needed for the successful completion of the project: 
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A device with access to internet and suitable software to perform the document review (i.e. desktop or laptop)
Physical and online access to printed and digital sources of information and research materials.
Components for the building of the kit – i.e. Raspberry Pi /Arduino kits, sensors, boards and components. 
Storage for the kit (i.e. box, designated area, physical security features)
Back-up media for the digital element of the project – both physical and online storage.

[bookmark: _Toc8340949]Software 
The software needed for the project would be word-processing software, browser, OS, a programming language with its relevant IDE (depending on the choice of hardware it could be Python or other). 

[bookmark: _Toc8340950]Human Resources
The investigator will be only person taking part in the development of the kit. 
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The project is expected to take a calendar year to develop. The details of the planned activities are outlined below. 
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Figure 5: Timeline of the proposed project
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