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[bookmark: _Toc39261907]Introduction/ Background to the Proposed Research
[bookmark: _Toc39261908] Research Title
Smart Patient Tracker using IOT
[bookmark: _Toc39261909]Subject Area
The subject area of study is smart patient tracking. The patient tracker would track patents located at home, hospitals, care homes and in public. There is some current technology that would compete with this such as the system that they use in Blackpool Victoria Hospital. Some research found that “the system which has been developed in-house by a team of both clinical and non-clinical staff will help reduce potential errors and can get patients out of hospital quicker because it ensures staff can communicate more effectively” [1] which shows some potential benefit the project would have and it also shows the need for the project. The following project emerged following a discussion between a University lecturer and the maternity service director for Hampshire. Lost time and money are often due to poor organization due to miscommunications in between wards. Another problem highlighted was unconscious and conscious patients return to wrong wards or departments. Locating patients again is stressful and expensive. 
Whilst conducting some research to find other related systems that would be used in order to track patients, there was a gap and a lack of systems that are currently used. There are currently some similar products, however they are not implemented in all hospitals and there is just not a widely used system that is used across health boards to crack patients. By solving this problem, it would reduce time and cost across health boards.
Another similar system for the project would be patient tracking system. “PTS is a cloud based patient and practice management application / software that allows a health provider – individual, small team or large organization, to maintain medical records relating to all patient activity securely. the application can be accessed from any device / platform and is user friendly.” [2] The system was designed by clinicians for other clinicians to use as its simple, flexible, customizable feature packed and access from anywhere and from any device which makes it easy to use for health professionals. It can be used to track appointments, patient notes, custom forms and custom letters. The system was developed by clinicians and using frontline experience. The system was created due to previous consultants finding it impossible to find a cheap and fit for purpose application to support independent practitioners the application has a lot more features however it is not used across all health boards. This research shows that there are some similar systems out there, however they are typically created for individual healthcare organisations or practices. There is not one broadly used system across the health board. This could potentially result in miscommunications between different health boards if the patient were to be transferred and increases the chances of data being lost during the process.
Overall, there have been similar studies and projects created to aid patient tracking, it is still not implemented in all hospitals. There is a gap and a need for this project to help create more efficient patient tracking.
[bookmark: _Toc39261910]Field of Work
The chosen study fits into Computer networking, and links to medical field. The study will be focusing on computer networking. The aim of this study is to find out what information is being transmitted using a smart patient tracker using Internet of Things. Another aim of the study is to find potential for data loss or delay in transmission and highlighting what protocols to use. The study will be also highlighting the type of network used and alert system for patients in distress and lost.
The information that would be transmitted would be the patient’s location, medical history of the patient and patient medical ID. The information being transmitted would be sensitive data due to this, it would need to be protected and the chances of potential data loss should be minimised.
A potential way smart patient tracker could experience data loss is that Internet of Things devices can be targeted by hackers which could be a potential threat. A way that data loss like this could be prevented would be by building IoT solution on top of the “General Data Protection Regulation” [3] compilation of IoT platform. By using such solution, it protects data from unauthorised viewers, provides end-to-end data protection and helps achieve GDPR compliance. The GDPR set out seven principles to outline lawful procession of personal data. These principles include “lawfulness fairness and transparency, purpose limitation, data minimization, accuracy, storage limitation, integrity and confidentiality, and accountability.” [4] This research shows that by following these given guidelines the chance of data loss would be minimised. This also gives a reason to carry out the project to conduct further research on the amount of data that would potentially be lost using a patient tracker using IoT.
One of the protocols that could be implemented is message queuing telemetry transport. This is widely adapted in industrial Internet of Things. “MQTT responds well to the following needs: minimum bandwidth use, operation over wireless networks, low energy consumption, good reliability if necessary, letter processing and memory resources.” [5] These highlight some of the factors MQTT includes and works well with. This protocol is also mainly used for apps and text-based messaging.
Another protocol that could be used is constrained application protocol. This is an internet utility protocol for restricted gadgets. Clients can send requests to the server and the server can send back a response to the client in HTTP. “CoAP protocol is used mainly in automation, mobiles, and microcontrollers. The protocol sends a request to the application endpoints such as appliances at homes and sends back the response of service and resources in the application.” [6] This research shows that this protocol would be useful to consider as it is suitable for mobiles and microcontrollers which would be ideal to use in a patient tracking system.
The following section discusses the types of networks that the system could potentially use. There are currently several different types of networks using IoT. One of these categories would be wired and short-range wireless networks. These networks use Wi-Fi and Bluetooth however as it is short range, it would not benefit patient tracking. Another category is machine to machine which includes 2G, 3G, 4G and 5G networks. The solution provides global geographical coverage which would be beneficial in order to track patients whilst they are located at home, hospitals, care homes or out in town. These types of networks are expensive to equip, they have a very high energy consumption that requires permanent power or a powerful battery, leaves a large footprint and it also needs subscription cost for connectivity. These disadvantages make it difficult to connect small objects and it is undesirable for health to carry a connected object in 3G over a long period of time. Another network type would be low power wide area networks. Some advantages of the network are it being “cheap, small sizes, can operate on battery and optimize to communicate for very small data rates.” [7] This research shows some of the advantages LPWA networks have. Upon conducting further research, it was also concluded that LPWA are used in offices, factories, warehouses, schools, elderly homes and to alert natural disasters.
In conclusion the best network that the system could use would be LPWA as it is known to be used for remote maintenance, control operation optimization, staff management, elderly and children tracking and smart meter. This network offers enough coverage needed for a patient tracking system. The network is used for natural disaster warnings, which would also make it suitable to create an alert system for patients distressed or lost.
Upon conducting research, it was found that there is no system in use across all hospitals that accommodate for all the required needs. Further research should be carried out in order to find a solution to fix the problem to allow safe and less time-consuming patient tracking. When conducting the following research, no similar studies could be found which indicates a gap and further research should be carried out to see how the problem should be solved.
[bookmark: _Toc39261911]Aim and Objectives
The aim of the study is to develop a network that can be used to monitor patients. In order to achieve the aim, there are some objectives that need to be met. Implement the network in a physical or virtual environment. Another objective is to analyse the information transmitted. Another objective is to analyse potential data delay or loss and prevent it. Another objective is to develop CoAP. Another objective is to develop LPWA network for the system. The final objective is to develop an alert system for lost or distressed patients. The objectives meet SMART criteria, which is specific, measurable, attainable, relevant and time bound. Using SMART criteria allows the project to keep on track and allows user to complete one goal at a time.
[bookmark: _Toc39261912]Expected Outcome
The outcome of the project is a system that can be used to track patients. Patient information should be transmitted. Data delay and loss to be prevented and minimised and where located the problem should be resolved immediately. Patients and staff should be notified of appointments. Patients location should be easily located. Patients should be able to alert if lost or in distress.
[bookmark: _Toc39261913]Research and Development Methods
[bookmark: _Toc39261914]Identify and Justify Research Methods
The following section discusses methods used in order to gather data and to evaluate results some of these include research philosophy and approach, research strategy, generalisability, reliability and validity.
When talking about Positivism in project management, “Positivism is the term used to describe an approach to the study of society that relies specifically on scientific evidence, such as experiments and statistics, to reveal a true nature of how society operates.” [8] Positivism would be used in the project if for example, all patients were monitored to see how their location effects the tracker. After some time, the evidence could be looked at to see how the living environment effects how effectively the tracking system works.
In the project both deduction and induction could be used. Deduction includes theory, hypothesis, observation and confirmation. Induction includes theory, hypothesis, pattern and observation; however, it works the other way. Both deduction and induction could be used for the project. In order to achieve the project goals, it is required to know what information is being transmitted, potential data loss or delay in transmission and tract patient. In order to achieve these objectives, deduction would be used. Deduction would also be used for protocols, networks, alert system for patients in distress and lost, and to monitor patient location. Deduction would be used for theory, hypothesis, observation and confirmation. The above objectives have a theory and hypothesis however, the outcome would need to be observed before it is confirmed.
The following section discusses some of the strategies to take in order to gather data for the project. One of these strategies would be experimental research. “The goal of experimental research strategy is to demonstrate cause and effect relationships between variables. In an experiment we accomplish this by showing that changes in one variable are directly responsible for changes in another variable.” [9] This research highlights the goal of experimental research which includes manipulation, measurement, comparison and control. Another way to gather data for the project would be to constructs interview surveys which could be completed by both staff and patients. These surveys could be reflected upon and findings could be implemented in the project. Another way to gather data per project would be to carry out constructed questionnaire surveys which could also be completed by both staff and patients. Due to the project being an experiment-based project, it will be focus on conducting experiments in order to meet the project goal and objectives. 
The following section discusses research reliability and validity. These are two theories used to evaluate the quality of research and indicate how well the method, technique or test measures data. Reliability is the point that research method produces stable and consistent results. Measures are reliable if the application on the same object of measurement produces the same results if measured same number of times. When talking about validity “the extent to which the results really measure what they are supposed to measure. By checking how well the results correspond to established theories and other measures of the same concept. A valid measurement is generally reliable: if a test produces accurate results, they should be reproducible.” [10] This research shows the definition of validity. By having high reliability, it is and indicated that the measurement is valid however if the method is not reliable then the research is most likely not valid.
[bookmark: _Toc39261915]Data Collection Methods
The following section is discussing data collection methods for each objective. Some of the methods that can be used to collect data would be interviews, questionnaires, observation and document review. One of the objectives of the project is tracking patient location. In order to achieve the following objective interview method could be used. This could be done formally or informally, the question should be focused, clear and encourage open ended responses. These interviews should be carried out on both staff and patients to find a way that the location of patients can be monitored successfully. Interview methods could also be used to analyse data loss and delay. Staff and patients could be interviewed to find out if they have previously experienced such error. Following this, information could be gathered and put in use to how improvements could be made. Interviews could be used to find out what information should be transmitted and the system, however there are better data collection methods to use. Interviews could also be used in order to create an alert system for lost and distressed patients. Staff and patients should be asked for an input on what they would like in a system. Another way to collect data would be to carry out questionnaires. These questionnaires would be completed by both staff and patients and the findings could be put in use for the system. The questionnaire can be used both before and after the project is completed. This will give a clear view if the system was successful or a failure. Another method that could be used to collect data would be observation. Staff and patients could be monitored. This could give an insight to show what users do and what events take place during the day. By doing this, it would give an insight to where improvements could be made and where errors have occurred. Another method to collect data would be to carry out document review. “Documents maybe hard copy or electric and may include reports, program logs, performance ratings, funding proposals, meeting minutes, newsletters, and marketing materials.” [11] This research shows a variety of ways document reviews is used. The data collected is found by reviewing existing documents. By carrying out a document review to collect data, past mistakes could be reviewed for patients who had issues being located or were in distress. By reviewing documents, information that would need to be transmitted can be analysed and it provides an insight to how to make the system safer. By doing this it would also reduce data loss and delay. 
[bookmark: _Toc39261916]Development Methods and Techniques
In the following section the development methods and techniques of the project are discussed. The project is going to be cloud based with IoT devices as they are small, cheap and disposable. A prototype of the system should be made, staff and patients should test it and give feedback for improvements before completing the final product.
[bookmark: _Toc39261917]Identify Risks
In the following section the risks of the project will be identified. Commonly seen risks in project management are budget, resources, disputes and time. The first risk factor that the project would be facing is budget risk. “The risk of budget control issues such as cost overruns. Budget estimates are based on forward looking estimates that typically involves some degree of uncertainty.” [12] This research shows that the project needs to consider the budget that is allocated for the completion of the system. Plan of action should be considered for if the project runs out of the budget. 
Another risk the project could be facing is lack of resource. The project must ensure that sufficient resources are available which include skilled workers and budget to complete the project. In order to avoid this risk, the project should allocate the appropriate resources that are needed prior to the project. Another risk the project would see is disputes. These disputes delayed project and could also lead to litigation. In order to overcome these risks all aspects of the project should be discussed as a team and the project should be focused on the audience and usability. Another risk that the project would be facing is time. The project could be delayed by numerous factors. Some of these factors have been previously ones mentioned above however, there are many more to consider when building a patient tracking system. 
The project would also face legal risks. These would include risks of future litigation that relate to the project. One of the major legal risk the project would be facing his contract risk. “The potential for partner, customer or supplier to fail to meet the terms of a contract resulting in losses. Contract risk can also result from your failure to meet the terms of a contract resulting in penalties or legal disputes.” [13] This research shows what risk the project would be facing if the terms of the contract were not met. This would result in penalties or legal disputes. In order to avoid these risks, stick to the user requirements, focus on the project budget, and keep to the deadline.
[bookmark: _Toc39261918]Analyse Data/Evaluate Results
The following section outlines how the data and results are analysed and evaluated. One method that could be used is “SPSS Statistics” [14], which can be used to analyse and understand the data and solve complex business problems using a user-friendly interface. By using SPSS, it is quicker to understand complex and large amount of data. Another way the results could be analysed is by reviewing content analysis. This could be done by reviewing data that was collected at the beginning stages of the project. The questionnaires and interviews should be evaluated, and improvements should be made based on findings. The results could also be analysed and evaluated by comparing it with the user requirements and set aims and objectives for the project. Software test and user tests should be carried out and the feedback should be used to make improvements. 
[bookmark: _Toc39261919]Resources and Planning
[bookmark: _Toc39261920]Resources Required
The following section discusses the resources required for the completion of the project. As the project is a system that tracks patients, it would not require many physical components. The computer systems that the project would consider using have been mentioned in the area of study. Another resource that could be used would be Zigbee which would be used to create personal area networks. “PTC ThingWorx” [15] could also be used to store user data.
[bookmark: _Toc39261921]Gantt Chart
The Gantt chart below demonstrates evidence of project planning and management. The time scales for each component of the study have been highlighted, and number days to taken to complete each task have been tracked.
[image: ]
The Gantt Chart outlines each individual task that will be taken in order to complete the project. The Gantt Chart also outlines the number of days each task will take to complete in the project. Some of the tasks on the Gantt chart have already been completed, some other tasks are to be completed in the future for the project. This chart shows how the project has been developed so far and how it expects to go in the future. 
[bookmark: _Toc39261922]Conclusion
In conclusion the project proposal discussed the background to the subject area of study, it also provides understanding to the reader in the field that the study lies. The project proposal also highlights the aim of the study, the objectives that the project was aiming to achieve and finally the expected outcomes. The research and development methods used in the project where identified and justified. Different methods that data is collected for each objective was outlined. Development methods and techniques that would be used in system development were also highlighted. Risk factors in the project, limitations and legal issues were also highlighted. Different ways that the data can be analysed and evaluated were also highlighted and compared. In resources and planning, all resources that are required such as computer systems, application packages and programming languages where highlighted that would be used in the project. Finally, the Gantt chart demonstrates how much time the project spent and is aiming to spend on each component of the study.
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