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1. Introduction/Background to the Proposed Research

Dementia is a term that describes symptoms associated with memory loss and other cognitive
skills severe enough to hinder someone in the performance of everyday tasks. It is usually
associated with Alzheimer’s discase as between 60-75% of dementia patients have this type.

Other types of dementia include vascular and frontotemporal dementia [1],[2].

According to the World Health Organisation (WHQO) in 2017 there were approximately 50
million people worldwide that suffer from dementia with another 10 million new cases each

year and is the major cause of dependency amongst the elderly population [3].

Six out of ten dementia patients will wander and/or getlost. This can be caused by disorientation,
confusion or because they believe they are in their “past’ and must “get to work” or fulfil other

obligations creating a lot of stress for caregivers. [4]

“Dementia has a physical, psychological, social, and economical impact, not only on

people with dementia, but also on their carers, families and society at large.” |3].

The proposed research project aims to create a dementia patient tracking system utilising the
application of the Internet of Things and wireless sensor networks to alleviate the burden on

society. This project will include a simulation and a live experiment.
This proposal will have 6 sections:

» Section 1 will cover the background and introduce the study.

# Section 2 will highlight related work with a mini-critical literature review.
»  Section 3 will set out the project proposal aims and objectives.

» Section 4 is research and development methods to be used.

» Section 5 are the project resources.

» Section 6 is the conclusion.

2. Related Work/Literature Review

Methods for tracking patients are currently being researched and the following papers are of

interest:

» “Development of a Shoe-Based Dementia Patient Tracking and Rescue System™
2018 [5]
» “Tracking System for Patients with Alzheimer’s Disease in a Nursing Home™ 2017

[l




“Development of a Shoe-Based Dementia Patient Tracking and Rescue System”

Summary
In this paper the authors look at developing a system that will track patients in real time, using
hardware placed in shoes that will connect with a gateway and cloud platform. The following

functions will be incorporated [5].

#» Real-time location tracking available for caregivers and relatives:

» Detection of system states that collects and records hardware information and
location, remaining battery etc:

» Emergency warning system that will notify appropriate caregivers by email or alert
when abnormalities are found

# Proactive rescue: once the patient is lost the shoe can use light or sound to inform

people nearby that there is an issue and ask them for assistance.

It goes on to set out the component parts of the system as follows: a GPS receiver (GY-
NEO06MV?22), a Cotrex-M core microcontroller (STM32L011) and a long distance LoRa
transmission module (SX1278) that are placed in a patient’s shoe. The battery is a 16450 with a
900mAh capacity. It is ‘calculated’ to have an operating time of 18 hours. To extend the

operating time a piczoclectric module has also been incorporated in the design.

Data from the shoes is sent to the cloud using “Message Queuing Telemetry Transport’. The

cloud contains the following:

» Application server to communicate with the gateway;
» Database server to store patients’ historical location data and physiological
parameters. used for analysis purposes: and

» Web server to query the patient’s whereabouts and track them.

Evaluation
This theory-based paper focuses on the development of a shoe that can track dementia patients
and rescue them if lost. The authors set out a theoretical approach to the question of how

technology can be used to track and rescue lost patients.




The paper is divided into 3 sections: Section 1 introduces the issues faced by dementia patients’
caregivers when the patients wander and get lost. Section 2 provides an analysis of the proposed

system and Section 3 suggests how the system can be implemented.

Section 1 introduces the reader to the problems that dementia patient caregivers are faced with
and how many people suffer from dementia. The topic is well covered, and the research is based

on reliable sources.

Section 2 sets out the functions that the shoe would have. The authors state that the system,
having detected anomalies, will send an email or alerts but does not cover this in any depth as

to how this would be achieved e.g. what is the alert?

The paper states that the “Gateway receives data firom shoes within communication range” but
the location of the gateway vis-a-vis the shoes is not stated. It also states that this information is

sent “periodically’ but again no parameters are mentioned.

The paper suggests that “physiological parameters’ of the patients will be transmitted. However,

the only parameter is the body temperature measured through the temperature sensor in the shoe.

One issuc is of concern: the proactive mode which “remind the people around the elderly to take
the initiative to help. This raises so many questions that have not been addressed (i) if you know
where the patient is (via the tracking device on the shoe) why do you not just pick them up, why
do you require assistance from random people around the patient? (ii) the ethical issues of
informing passers-by that the person has dementia and requires assistance? What if the passer-
by is not an upstanding citizen and uses that information to harm the patient? (iii) What about
their right to medical privacy? (iv) if the patient starts hearing voices from their shoe, will they

take it off and no longer be trackable?

Section 3 deals with the possible implementation of the system. This is a theoretical approach
without any simulations. The data is from the manufacturers and no consideration is given to

external influences.

The paper does not cover what size the database would need to be or how many people could
use the system at any given time (both patients and users). It does not cover potential security
issues either. There is a very brief mention in their conclusion that ‘due to the necessity of shoes’

this solution was proposed but does not elaborate further.




Conclusion
This paper starts as an interesting solution to a major problem however it lacks any proof of
concept and is therefore difficult for the reader to evaluate the proposed design. Overall it does

not question their concept and therefore does not answer any issues raised by the questions.

“Tracking System for Patients with Alzheimer’s Disease in a Nursing Home™

Summary

The paper starts with a strong abstract presenting an overview of the issue and the proposed

solution [6].

The paper is divided into 5 sections. The Introduction deals with the issues faced by dementia
patients and the impact that this has on caregivers. Section 2 gives an overview of the design
and puts forward a conceptual framework. It details the overall components without going into
detail of models. The device includes a microprocessor system, a GPS and uses Zigbee module

and tags for both wearer and server.

It scts out the process of transmissions between the wearer and the server. The GSM module
will activate if it detects that the designated range has been passed and send notifications
coordinating with GPS. The server software deals with converting the data to a readable map
location for the nursing home staff. A ‘panic button” is enabled once outside the designated

range for the patient to use which will continuously play a pre-recorded voice instruction.

Section 3 sets out results and discussions based on data collected through trials. Thirty trials
were conducted for every set of criteria and location accuracy was randomly tested. The first set
of results deals with baseline ranges and have concluded that 52 meters from the server was the

average and was then implemented. All devices within the range were detected successfully.

GPS has an error range of = 7.8 meters so they have factored in 5 meters for accuracy. The next
set of tests show 90% accuracy for out of range location. Response times were tested on
disconnected devices and the result was 23.05489 seconds. Response times on connected

devices was 1.971889 seconds.
Reliability tests using Cronbach’s alpha were calculated and found to be “Excellent’.

Section 4 covers a summary of the findings. The conclusions and recommendation are set out

in section 3.




Evaluation

The paper documents the issues faced by caregivers of dementia patients and outlines their
proposed tracking solution. The main findings are that they can accurately track patients within
52 meters of the server. Thirty trials per device were made which makes the average more

accurate. The results are well considered and set out in a quantitative manner.

No security measures have been considered. They also have voice instructions (with the same
issues as mentioned above) although do not inform the reader what intention is behind the

instructions.

The limitations of the GPS system are taken into consideration when calculating their detection
system and they changed their accuracy to 5 meters in response. Other limitations acknowledged

are the size of the belt to be worn and is covered in the conclusions and recommendations.

Conclusion

Overall, this is a well thought-out and considered paper with rigorously documented
experiments. The conclusions are balanced and based on observations, To improve the paper, it
would have to include the component parts in detail so that the experiment could be replicated

should the need arise.

3. Project Proposal

The aim of the project is: a dementia patient tracking system utilising the application of the

Internet of Things and wireless sensor networks.

Aims and Objectives of the Project:

» Evaluate tracking systems relating to medical patients identified as having dementia.
# Identify the metrics required to ensure patients can be ethically tracked.

» Formulate, apply and analyse a simulation model for experimental purposes.

» Propose a physical solution based on the above experimental simulation.

» Develop and test the physical solution and compare results with experiments.

At the end of the study a literature review will have been made regarding the current tracking
systems for dementia patients and the metrics for ethically tracking patients will be identified.
A simulation model will have been created and experiments will be run to propose solutions. A
physical solution-based experiment will be run based on the outcomes of the simulation to form

the basis of a proof of concept. Conclusions will be drawn. and the results will be evaluated.




4. Research and Development Methods Introduction

This section will examine the research methods required to achieve the aims/objectives set out
above. Risks, limitations and ethics will be considered. A Gantt chart will be created to set out

critical timings.

4.1 Research Methods

The research strategy is via an experiment. As quantifiable observations on the experiment will
be made then positivism will be the philosophy as it allows the researcher to measure data
collection and interpret the results [7]. There will be a deductive approach as a theory will be
presented and tested [8]. A cross-sectional timeline is envisaged as the project is a short-term

observational study [9].

42  Validity, Generalisability, Objectivity and Reliability

The validity of an experiment basically asks the question: is this true/accurate? And

“refers to how well a scientific test or piece of research actually measures what it sets

out to, or how well it reflects the reality it claims to represent” [10].

Generalisability in research is, for example, how an experiment of a small study group would
work on the population of a country [11]. Objectivity is where the researcher seeks impartial
results and can arrive at results without contaminating the outcome in any way. Reliability refers
to the ability to recreate the experiment and achieve the same results [12]. The aims of this

project are to be valid, objective, reliable and generalisable.

43  Data Analysis and Evaluation

There will be two experiments conducted. The first is a simulation and the second is a physical
experiment. Data will be collected using a wireless sensor network from selected people wearing
devices that monitor their whercabouts over a given area and alerts given when outside zone.
This data’s reliability will be benchmarked against the simulation. The aims and objectives will
be analysed. and a conclusion will be made as to whether it was possible to monitor people

effectively and ethically.

4.4  Risks and Limitations

The potential risks and limitations are mostly time management which includes how to learn the

required software/hardware. Volunteers (fellow students) to assist with the project on the live




testing is thought to be enough at present but when their workload increases this may be an issue

so the timing of the experiments will be critical.

A Gantt chart has been created to assist with the time management concerns. The timescales

have built in contingency planning. This will be a useful tool to keep the author within the time

constraints of the project.
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Task Name w | Duration + Start + Finish v Pre~ Resource Names
o Utilising loT and W5N for tracking dementia patients 273days? Wed 17/04/19 Fri 01/05/20 Helen Frey
4 Project Proposal 46 days Frio1/03/19  Fri03/05/19 Helen Frey
Select a project and identify problem 10 days Frio1f03/19  Thu14/03/19 Helen Frey
Discuss with potential Project Supervisor 1day Thu 14/03/19  Thu 14/03/19 Carlene Campbell
Define Aims and Objectives 10 days Thu 14/03/13  Wed 27/03/19 Helen Frey
Mini Critical Review on Literature 10 days Mon 01/04/19  Fri 12/04/19 Helen Frey
Identify resources 5days Fri12/04/19  Thu 18/04/19 Helen Frey
Write Up Project Proposal 16 days Fri12f04/19  Fri03/05/19 Helen Frey
4 Proposal Acceptance 1day? Mon 27/05/19 Mon 27/05/19 Helen Frey
Arrange meeting with Supervisor 1day Mon 27/05/13 Mon 27/05/19 Helen Frey
4 Proposal Amendments/Review 5days Tue 28/05/19  Sun 02/06/19 Helen Frey
Meeting with Supervisor 1day Tue 28/05/19  Tue 28/05/19 Carlene Campbell
Review Feedback 2days Wed 29/05/19 Thu 20/05/19 Helen Frey
Amend Proposal 2 days Thu 30/05/19  Fri 31/05/19 Helen Frey
4 Literature Review 46 days Thu 01/08/19  Thu 03/10/19 Helen Frey
[ identify research papers IlS days [Thu 01/08/19 ‘Wed 21/08/19 | Helen Frey
critically review research papers 30 days Wed 21/08/19 Tue 01/10/19 Helen Frey
Figure 1: Ganit Chart for Project
4 Simulation Model 40 days Thu 10/10/19  Wed 04/12/19 Helen Frey
Plan experiment 2days Thu 10/10/19  Fri11/10/19 Helen Frey
Discuss with Project Supervisor 1day Fri11/10/19  Fri11/10/19 Carlene Campbell
Model simulation 5days Fri11/10/19  Thu17/10/19 Helen Frey
Run simulation 6days Thu 17/10/19  Thu 24/10/19 Helen Frey
Analysis of simulation 5days Thu 24/10/19  Wed 30/10/19 Helen Frey
Write Up 22 days Tue 05/11/19  Wed 04/12/19 Helen Frey
4 Physical Based Solution 50 days? Fri10/o1/20  Thu 19/03/20 Helen Frey
Plan Physical Solution 8 days Fri10/01/20  Tue 21/01/20 Helen Frey
Implement Physical Solution 10 days Tue 21/01/20 Mon 03/02/20 Helen Frey
Test Physical Solution 12 days Mon03/02/20 Tue 18/02/20 Helen Frey
Analysis of Physical Solution 5days Tue 18/02/20 Mon 24/02/20 Helen Frey
Write Up 19 days Mon 24/02/20 Thu 19/03/20 Helen Frey
4 VIVA To Be Decided 7 days? Fri10/01/20  Mon 20/01/20 Helen Frey
Prepare for VIVA 6days Fri 10/01/20 Fri 17/01/20 Helen Frey
Feedback from VIVA 2days Fri17/01/20  Mon 20/01/20 Helen Frey
4 Project Write Up 78 days? Fri10/01/20  Tue 28/04/20 Helen Frey
Meeting with Supervisor 1day Tue 28/01/20 Tue 28/01/20 Carlene Campbell
Write Up Project 55 days Tue 28/01/20  Mon 13/04/20 Helen Frey
Review project with Supervisor 1day Mon 13/04/20 Mon 13/04/20 Carlene Campbell
Feedback amendments 11 days Tue 14/04/20  Tue 28/04/20 Helen Frey
Submit Project 1day Fri01f05/20  Friol/05/20 Helen Frey

Figure 2

: Gantt Chart for Project (2)




4.5 Legal and Ethical Issues
In a well-written paper by R. Landau and S. Werner on “the ethical aspects of using GPS for

tracking people with dementia™[13] it was interesting to note that their recommendation was to

“maintain a balance between the needs of persons with dementia for protection and

safety and their need for autonomy and privacy™ |13].

The paper goes on to say that the protection of life and patient safety is the most important
criteria which outweighs all other concerns. The benefits to the care-givers having less stress

knowing that should the patient wander they can be found was to be immense [13].

The legal implications are limited since the participants in the experiment will only have

numbers and no personal data will be held on them.

Conclusion of Ethical Issues

There will always be ethical issues whenever data is held on people, the more vulnerable the
person the more issues will be created. It is the author’s opinion that overall the benefit
outweighs the disadvantages for tracking patients with dementia that wander. However, the
issue should not be one that is answered in one overarching statement but more one that needs

to be considered every time the question is asked. “shall we track this patient?”.

5.  Project Resources
Project resources will include. but will not be limited to. the following:

» Software: Netsim, Matlab, Word and Excel.

» Sensors to run the physical experiment with Cisco routers and switches

6. Conclusion

The initial section of the project is within the time frame and is starting to come together. There
is always the possibility of unforeseen circumstances, but contingency planning has been
included. It is impossible at this stage to plan some aspects as most of the above is hypothetical

and will only become clear as work progresses.
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ENGAGEMENT WITH LITERATURE

[

y‘ The literature review is very limited as it only

focuses on two sources. Whilst the papers reviewed
are very relevant and from academic sources, you
need to review a broader range of literature.
Furthermore, the discussion of the two papers
reads more like feedback that one would send to a
journal editor as part of the peer review process; it
needs more in the way of critical analysis to show
how the literature you're reviewing relates to your
project, which would then set the stage for the rest
of the proposal. Besides the two papers that form
the basis of the literature review, the rest of your
references are mainly web-based; try to be less
reliant on these and use more academic sources.

KNOWLEDGE AND UNDERSTANDING

15

[

y"’ Overall the proposal demonstrates a good grasp of

the subject area, although this would be better
demonstrated by a more comprehensive and critical
literature review. Similarly, the rest of the proposal
shows a good understanding of the applicable
research methods and ethical issues, although the
discussion here is quite brief.

COGNITIVE, INTELLECT UAL SKILLS

10

[

y‘ Better critical analysis in the literature review would

have greatly improved the mark here. There is some
good discussion in terms of research methods, but

11



there could be better justification in terms of the
approach decided upon, e.g. why simulation and
physical experiments?

PRACTICAL SKILLS

[

y‘ » The aim of the project reads more like a title. 1 6
Good objectives, especially good to see ethics being
considered as part of objectives (objective 2) » The
discussion of research methodologies is quite
general; you need to be more specific as to how
these methods are applicable to this project. « Good
to see discussion of ethical issues; very important
for this project, although it could be a bit more
detailed. « More detail needed in terms of resources,
e.g. what kind of sensors will you need? « Gantt
chart is very detailed with sensible timescales. Good
to see contingency planning being factored in.

TRANSFERABLE SKILLS

[

y“ Overall the report is well written with minimal 1 3
typographical/grammatical errors.
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