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Abstract

Master in Informatics, Software

NoFall: A platform for mobile applications focused on fall prevention

by Finn JOHANSEN

BACKGROUND: Fall related research is a major field of research, and different solutions
emerge rapidly. Many of them are technical and focus on mobile technology. To be
able to develop high-level applications of good quality rapidly, well-defined and well-
structured back-end platforms are crucial elements. There exists a gap in a well-defined
platform that provides back-end data-storage functionality, Such a platform will help
developers to focus on the front-end; making it easier to develop high-level applications
quicker and of higher quality. OBJECTIVE: The major objective of this study is to
develop a data-storage platform, called NoFall, to ease the development process of fall
preventative high-level applications. This will decrease required development time and
enable development teams to focus more on functionality and user interface. NoFall will
be developed for Android devices. RESEARCH METHOD: First, this thesis investigates
the current research in fall detection and prevention. Second, State-of-the-Art solutions
are examined and discussed. Finally, requirement specifications are formed based on the
problem elaboration and usage scenarios. RESULTS: The resulting platform has shown,
through the development of test applications, that this is a step in the right direction for
the increased quality of high-level applications targeting fall prevention. Due to the fact
that the result is a proof of concept, some important future improvements are identified,
such as improvement of the database, making the platform easier to use - and supporting

more usage scenarios.

Keywords: database, platform, rapid prototyping, fall prevention, fall detection, an-

droid, high-level application, mobile application, nofall
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Sammendrag

BAKGRUNN: Forskning relatert til fallulykker blant eldre er et stort forskningsfelt,
og ulike lgsninger utvikles hele tiden. Mange av dem er teknologiske og fokuserer pa
mobilteknologi. For a veere i stand til & utvikle hgyniva-applikasjoner av god kvalitet
hurtig, er veldefinerte og velstrukturerte back-end plattformer viktige elementer. Plat-
tformslgsninger som har fokus pa back-end datalagringsfunksjonalitet er i dag en man-
gelvare. Slike plattformer vil gjgre det enklere & ha stgrre fokus pa utviklingen av app-
likasjonenes front-end, noe som fgrer til at det blir enklere & utvikle hgyniva-applikasjoner
raskere og med hgyere kvalitet. MAL: Malet med masteroppgaven er a utvikle en data-
lagringsplattform - NoFall - som skal vaere med pa & forenkle utviklingsprosessen av
mobile hgyniva-applikasjoner for falldetektering og fallforebygging. Dette vil redusere
utviklingstiden og gjgre det mulig & ha stgrre fokus pa funksjonalitet og brukergrenses-
nitt innenfor et utviklingsprosjekts rammer. NoFall vil bli utviklet for Androidbaserte
enheter. Kravspesifikasjonen er utformet i henhold til funnene i problemanalysen og
brukerscenariene. FORSKNINGSMETODE: Oppgaven starter med en litteraturstudie
som danner grunnlaget for en analyse av problemomradet. Deretter vil flere av de mest
anerkjente lgsningene innen problemomradet bli gjennomgatt og diskutert. Til slutt vil
en kravspesifikasjon bli utformet i henhold til problemanalysen og brukerscenariene. RE-
SULTAT: Den resulterende plattformen har vist gjennom utvikling av testapplikasjoner
a veere et steg i riktig retning for gkt kvalitet av hgyniva-applikasjoner rettet mot fall-
forebygging. Siden resultat er et ”proof of concept” er flere viktige videreutviklingssteg
identifisert, som for eksempel forbedringer av database slik at den stgtter flere brukss-

cenarier.

Ngkkelord: database, plattform, rask prototyping, android, falldetektering, fallforebyg-
ging, hgyniva-applikasjoner, mobile applikasjoner, NoFall
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Chapter 1

Introduction

1.1 Problem Definition

Back-end Data-Storage Platform for developers to develop high-level mobile

applications in the field of fall prevention

In the field of fall prevention and detection, the usage of mobile solutions is growing.
The benefits of mobile applications are that they are relatively cheap to develop, and
the development process is short. Smart-phones with touch-screens allows for simple
and intuitive interaction, which has a small learning curve, making them ideal for use

with the elderly.

To be able to develop applications of high quality in functionality and user interface
(referred to as high-level applications) rapidly, both the back-end and the front-end are
equally important. Several frameworks for the development of mobile applications, such
as SPINE[32] are available to the developers. There exists however a gap in a well-defined
platform that provides back-end data-storage functionality, that enables the developers
to focus on the front-end; making it easier to develop applications quicker and of higher
quality. The structure of the back-end data-storage platform will be based on state of
the art knowledge of which patient information is crucial for predicting the level of risk
of falling. This master thesis will explore different models for such a platform based on

the hypothesis:
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Hypothesis
Having a well structured back-end data-storage platform for fall detection applications
will make it easier for future developers to build high-level applications that are well

defined and achieve a higher level of quality.

The expected deliverables are:

An analysis of fall related research for the elderly

A State-of-the-Art analysis of existing solutions and technologies

A data-storage platform for the development of high-level applications based on

requirement specification and architecture design; the platform will consist of:

— A modular database for fall preventative applications

— API for accessing the database

A set of example applications demonstrating the platform

The platform will be developed for Android and released under the open source Apache

2.0 license.

1.2 Problem Description

The elderly are at a high risk of falling and injuring themselves. Therefore having systems
to prevent falls, and reduce the likelihood of them occurring is important. Considering
several factors such as movement patterns, medication, physical activity levels, one can

try to determine if the person is at a high risk of falling.

The purpose of this dissertation is to develop an Android data-storage platform that
supports different sources of input, providing standardization to make it easier to col-
laborate results, and an extensive and well-defined database. Examples of applications
the platform will support are data gathering (e.g. pedometers), surveys (Q & A), tests
(Time up and Go test) with many more. The results of this is the hope of reducing
development time and increase the quality of the product, making it possible for the
developers to focus on high-level implementation. Such a solution can be beneficial for

the elderly and for the health service, as well as researchers and developers.
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To summarize, the platform is an attempt to improve these issues:

e Time of development - Reduce the time by reuse of a code base
e Quality of Solutions - Both technical and functional

e Interoperability - Enable applications to work together and share the same database

1.3 Motivation

Due to the fact that the rate of fall accidents among the elderly population is high
and have a high economic impact on society as well as causing significantly reduced
quality of life for these persons it is of very high importance to develop knowledge
and systems to prevent falls. The use of mobile applications as tools to perform this
task is growing steadily, moving away from paper surveys and testing performed with a

healthcare professional.

In all research and development activities there are limited availability of resources,
in terms of money, time, and personnel. This thesis will focus on investigating and
developing a solution that will work as a platform for high-level application development
and thereby providing a well-defined back-end solution that will adapt and work with

several usage scenarios, fitting general cases as well as niche cases.

1.4 Research Questions

The dissertation posed several research questions to help focus and facilitate the direc-

tion.

Main Research Question
What is the effect of a data-storage platform on the ease and quality of developed

applications?

How it is answered in the thesis:
The platform has several effects that have been identified through the work on this

thesis:
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e It reduces the number of lines of code that has to be written. This translates to
shorter development time, or more time to be used on improving other parts of

the application.

e The need to research and design the back-end is removed, leading to shorter time

to delivery.

e It is easy to adapt existing solutions to the platform. This is important, so that

existing solutions do not have to go through a big overhaul to adapt to the platform.

e The data that is stored in the DB can easily be shared between different applica-

tions. This makes collaboration easier and more accessible.

Secondary Research Questions
Question one

What are common and easily measurable risk factors used in fall risk assessment?

How it is answered in the thesis:
From the literature analysis (see chapter 3 for details) several factors where identified -

a short summary of some of the important ones are listed below:

e Medication: What type of medication (e.g. antidepressant) and how many different

types of medication the person takes will affect fall risk

e Poor strength and balance: If the person is physically weak - the risk of falling will

increase. The implication of the fall will also be more severe with low physique.

e Psychological: The state-of-mind of the person will affect the risk of falling (e.g.

fear of falling, nervousness).

Question two
How can one design a meaningful data model based on the knowledge of which patient

information/data is useful for predicting the level of risk of falling?

How it is answered in the thesis:
The most important aspects of modelling data, is identifying what kind of data that

will be stored - and how it relates to each other. Based on the analysis done in chapter
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3, the sort and structure of data typically gathered was identified. This analysis also

helped to form relations between the different data, seeing how they relate to fall risk.

With the knowledge of what kind of data and how it should relate to each other, the
design and architecting could begin. The database follows best practices and guidelines

from the SQLite homepage. See chapter 7 for the full detailed design of the database.

Question three

How should the technical architecture of a platform be designed and built?

How it is answered in the thesis:
The design and architecture of a platform is slightly different from normal application

design. The focus is on the developers and not end-users.

The analysis done in chapter 4 showed how other researchers and developers had solved
their own problems related to fall risk and detection. The different solutions provided
knowledge that helped me in the design and architecture of the platform. Such as the
framework SPINE [32] was an excellent way to see how the design and architecture of a

large-scale project for a framework was done.

It is important that the platform covers use cases, and if a certain use case is not
supported, it should be easy to implement or adapt the platform to support it. This can
either be done by the creator of the platform, or if the developer writes an extension

class/method by themselves.

1.5 Results

From the literature analysis, it is expected to gain extensive knowledge in fall detec-
tion and preventative research. Specifically, how they gather data, what kind of data is
gathered and the structure of the data. The State-of-the-Art analysis will grant insight
into existing tools and technologies. Based on the resulting knowledge, a requirement
specification will be formulated - covering the identified needs. This will be the basis on
which the platform will be developed and evaluated. The platform will also be evalu-
ated by creating several example applications that follow possible usage scenarios. The
platform will be released under the Apache 2.0 license and as part of the UbiCollab.org

project.
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D1 - An analysis of fall related research for the elderly

D2 - A State-of-the-Art survey of existing solutions and technologies

D3.1 - A data model based on the discoveries from D1 and D2

D3.2 - An API serving as the access point for applications and the data model
D4 - A set of example applications demonstrating the platform

TABLE 1.1: Deliverables

1.6 Research Method

The methodology this dissertation followed was to initially research the problem area.
This included a literature analysis to establish the foundation of the defined problem.
The next step was to analyse the State-of-the-Art solutions in the respective field, to

identify and create an overview of existing research and technologies that exists.

An iterative approach based on Scrum was adopted for the agile development process.

Daily goals were set, with milestones to be completed every two weeks.

1.7 Report Outline

Chapter 2 - Methodology
This chapter presents what methodology that was used during the dissertation. It also

summarizes the milestones set.

Chapter 3 - Problem Elaboration
This chapter presents the problem in a detailed way based on the current research in

the field of fall detection and prevention.

Chapter 4 - State-Of-The-Art Solutions
This chapter presents and discusses several SotA solutions that relates to the problem

definition.

Chapter 5 - Proposed Solution

This chapter presents the proposed solution for this dissertation.

Chapter 6 - Requirement Specification
This chapter details the functional and non-functional requirements for the NoFall plat-

form.
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Chapter 7 - Design and Architecture
This chapter presents the design and architecture of the platform and the database. It
lists architectural drives and significant requirements, and the stakeholders are identified

with their correlating concerns.

Chapter 8 - Implementation
This chapter presents the strategy used during the implementation, explaining what
and how the different requirements where implemented, and the different tools and

technologies used are discussed.

Chapter 9 - Results & Evaluation
This chapter summarizes the results of my work in light of the hypothesis, evaluating

the results as well as listing some of the major challenges.

Chapter 10 - Conclusion and Further Work
This chapter concludes the results based on the initial problem definition. Lastly, some

possibilities for further work are presented.



Chapter 2

Methodology

The dissertation methodology was a three part process; research - development - eval-
uation (see figure 2.1). The research provided knowledge that formed the basis for the
development. The development was an agile process with several iterations during the

project. Finally, the evaluation of the platform was done.

'1 1k 1 J
Y Y Y

Research Development Evaluation

FIGURE 2.1: The Research Methodology

In this chapter, the methodology adopted for this project is presented with the milestones

that lead to the completion of this thesis.
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2.1 Research Methodology

Literature Analysis
The first thing that needed to be done, after an outline of the problem description was

agreed upon with the advisor, was to perform a literature analysis.

The first step was to gather articles relevant to the problem definition. Based on different
search criteria, 52 articles were selected depending on the abstract and summary. These
articles where then skimmed through - to identify the better and more relevant articles.

From these, 33 articles were selected for thorough reviewing.

It was important to find different articles that had similar results and different ap-
proaches to a hypothesis. This would enforce the findings, and make them more plausi-
ble to be true. Research that tried to disprove others findings, but failing or arriving at
similar results was also important to include. Finally, reviewing large literature reviews
done by researchers was a great source to see which methods and findings was prevalent

in the respective field of research.
The result of this step is presented in chapter 3 - Problem Elaboration.

State-of-the-Art Analysis
By completing the Problem Elaboration, I had gained more knowledge and a better
understanding of the defined problem. This made it possible to identify and select SotA

solutions.

I wanted to gain a broad understanding of several different solutions and technologies,
therefore a few solutions from many different categories where chosen. These categories
where measurement techniques, tools, and technologies. Computer related solutions
such as mobile applications and web pages were investigated. In addition, frameworks

and platforms were looked at.

The analyses of a wide range of solutions, created the basis for the formulation of the

systems requirement specification.

The result of this research analysis is presented in chapter 4 - State-Of-The-Art Solutions.
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2.2 Agile Development Process

2.2.1 Scrum

As mentioned earlier, Scrum was adopted as the development process. Scrum’s main goal
of being flexible and adaptable to change was one of the main reasons for choosing this
approach for the thesis. Doing research and development in tandem enabled for swift
progress, however the need for flexibility was a concern. There could always emerge
new results from the research, or new findings being discovered, that would alter the

requirements for the development.

24h

30 days

==

Product Backlog Sprint Backlog Sprint w:;;hftiri:g égftr:gg nt

FIGURE 2.2: The development process in Scrum.

Scrum can be viewed as guidelines and recommendations, instead of a set of rules. To
be truly iterative, Scrum in itself has to be adaptable and changeable. For this project,

some changes were made to the original Scrum approach:

e After each sprint - instead of having a running and potentially shippable product,
either a new chapter had to be written, or a new feature had to be working on the

application.

e The daily Scrum meeting was omitted, since it was redundant to perform as a

single member of the project “team”.
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e Some of the documentation has been dropped, since the thesis report in itself is

more than sufficient.

2.3 Milestones

Three major milestones were identified in order to establish main measuring points for

evaluation of the thesis progress and direction.

2.3.1 First Milestone

The first milestone was set to May the 30th. At this point several tasks was scheduled
to be finished:

Version 0.1 of the application

Version 0.1 of the data model

Literature Analysis

SotA Analysis

Chapter 3 - Problem Elaboration

Chapter 4 - State-of-the-Art Solutions

Outline Chapter 6 - Requirement Specification

The background and basis for the writing of chapter 2 and chapter 3 was established

from the analysis done in the research phase of the dissertation.

Chapter 3 - Problem Elaboration and Chapter 4 - State-of-the-Art Solutions were at
this stage at a satisfyingly level to be left alone until a more thorough re-reading and
re-writing was to be done. Chapter 6 - Requirement Specification had the initial draft
completed. The probability of having to revise and rewrite this chapter was high. This
is because the requirements will change as more knowledge is acquired, and what is in

the beginning thought of as the correct solution, no longer applies.
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The application framework at this stage was at a level that could be considered version
0.1. This comprised of mostly a code skeleton, where all the major parts had been placed
into the architecture, but minimal functionality had been implemented. The focus was

on getting a strong foundation to continue to build on at this stage.

The DB model version 0.1 was completed at this time. It covered all the major parts
of the application (medication, tests, surveys, sensors, standards). At this stage, an at-
tempt at visualizing the standardisation of risk in relation to the different measurements
had been made. This made it possible to see how the different applications would record
and measure different data for risk and at the same time be able to share their results

with each other.

The idea was to divide all the risk measurements into three different categories, low -
medium - high. In relation to walking speed, one could separate them into e.g. 0 - 0,7
m/s = high, 0,7 - 1,3 = medium and 1,3 - = low. If it were possible to categorize all risks
in such a manner, it would be possible to combine all the results, and give a satisfying

estimate of risk.

2.3.2 Second Milestone

The second milestones deadline was set to October the 15th. The major tasks to be

completed for this milestone were:

e Content Provider v. 1.0

e Content Contract v. 1.0

e DB model v. 1.0

e Example Applications

e Chapter 6 - Requirement Specification re-written
e Chapter 7 - Design and Architecture

e Chapter 8 - Implementation

This milestone was the major one in relation to producing results. The main focus were

on production, and minor resources was focused on research. The application platform
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with its database was to be completed at a satisfying level to be released for testing by
those who would wish to use it. It was emphasized that this was version 1, and in most

likelihood, several bugs would occur.

Before the implementation was performed, Chapter 6 - Requirement Specification was
re-written. This was because the focus of the thesis shifted from the development of an
independent fall prevention application to be focused on the development of a platform

that future developers could build high-level applications on.

Based on chapter 6 the architecture was designed and documented in Chapter 7 - De-
sign and Architecture. This was done to ensure that a well thought trough design was

implemented, both to avoid technical debt and to implement a sound solution.

The DB model went through several re-factoring phases from the initial version com-
pleted in milestone 1. The biggest change was that the Standards specification was
introduced, and all risk related data in all the other specification was moved to stan-
dards risk tables. The point of this was that there would exist a pre-defined NoFall
standard (as mentioned in milestone 1). These values could then be mapped to risk
standards that the developers of other applications might have. They would be required
to divide their value ranges to work with the, low - medium - high, risk of NoFall. Other
changes to the DB focused on increasing the modularity and separation of the different

tables etc. so the DB can support several unique use cases.

The feedback from testers is invaluable for the improvement of software, since it is
impossible to find all bugs or see inconsistencies (often developers get tunnel vision for

spending so much time on a project, and therefore cannot see obvious design flaws).

The development of some example applications, using the platform was also scheduled.
These would help other developers to see how to use the platform, and get inspiration
for ideas of their own. Two of the examples are a pedometer application to gather some
data, and a graphical data display application that used the data gathered and presented
it.

Based on the results of the implementation, Chapter 8 - Implementation was written.
This chapter covers the different technologies used, the strategy that was adopted and

what was implemented with related issues.
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2.3.3 Third Milestone

The last milestones deadline was 30th of November. The major tasks for this milestone

was:

Re-designed the data model

Chapter 5 - Proposed Solution

Chapter 9 - Evaluation & Results

Chapter 10 - Conclusion and Further Work

Polish the report - layout, structure, spelling, language

I continued to iterate on the application platform during this milestone, even though
there was no specific task related to the coding. This consisted of bug fixing, optimiza-

tions and changes that became evident as time progressed.

The database went through a re-design late in this milestone. The biggest change in
this version was that the aspect of Standards was toned down. I felt that by defining
standards, I tried to bully the users of NoFall into using what I chose. This was against
the goal of the platform - being open for as many use cases as possible. Therefore they
where changed to Risk Definitions, which will enable the developers to put in their own
measurements and risk levels related to a certain measurement. (e.g. walking speed;
different levels of risk related to the speed). The Risk Definitions has almost the same
relationships with the DB as the Standards had, but they will no longer contain pre-
defined values that I chose, rather that the developer have the possibility to add their

own. The relations between the different tables were corrected and improved.

Chapter 5 - Proposed Solution will describe the NoFall platform solution that became
the end product to this thesis. This chapter creates an overview of the solution, while
the details will be presented in the implementation and design chapters. It contains
high-level figures of the DB and architecture with description. It will also show some of

the example applications that where implemented using the platform.

Chapter 9 - Results and Evaluation summarizes all the results achieved for this project.

The hypothesis is evaluated relative to the dissertation. The evaluation of the NoFall
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platform is presented. Finally, the challenges that I met during the thesis are listed, and
how I dealt with them.

Chapter 10 - Conclusion and Further Work summarizes the thesis and concludes based
the hypothesis. Ideas for improvements and identified aspects that need to be improved
are explained in the section of Further Work. This is a very important part of the thesis,

to make it easier for others to continue the work on the NoFall platform.

The final touches were made on the report before delivery, which consisted of fixing

layout, restructuring, spelling and re-writing.



Chapter 3

Problem Elaboration

The leading cause of injury-related visits to the emergency departments is fall-related.
It is the leading cause of accidental deaths [3]. Each year over one third of persons over

65 years of age fall, and half of them are recurring incidents [4-6].

In this section, I will look more into the causes and possible preventions of falls, the

economical implications of falls, and lastly the acceptance of technological assistance.

3.1 Causes

To understand why the elderly are at such a high risk of falling and be able to prevent or
diminish the chance of them occurring, one has to look at what causes the falls. Several
risk factors have been identified as causes for falls. They are medication, psychological,
age-related changes and environmental [7, 8]. The chance for a fall increases drastically
as the number of risk factors a person has increases (/.../recurrent falls increases from

10% to 69% when the number of risk factors increases from 1 to 4 or more [7]).

To more accurately determine the risk of falling, one has to be aware of which risk
factors the person has. This is because some of them increase the risk more than others.
In a study done by Davies and Kenny [9] they found: Risk factors included: wvisual
acuity defect (23%), gait abnormalities (35%), balance abnormalities (19%), depression
(31%), four or more prescribed medications (27%), culprit medication (39%) and benign
positional vertigo (8%).

16
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Another study done by A. S. Robbins et. al. [18] found that there were significant
differences between fallers and non-fallers. They identified the biggest common factors
in the fallers as weak hip, poor balance, and more than four medication. From their
study they found that the risk of falling were 12% for those with none of these risks to
100% with all of them.

Even though the results from the different studies vary, one can see that there is a strong
correlation between the number of risks and which risk factors that affect the person,

and the chance of falling.

With age, muscle weakness is common and an increasing factor for falling. Studies
have shown that as many as 48% has reduced strength in the lower limbs for non-
institutionalized patients and 80% for patients of nursing homes [7]. Having weaker
lower body strength makes it harder for the elderly to avoid falling, regaining balance

etc. This has shown from many different studies to increases the risk of falling.

The elderly are often prescribed many different medications, and many of them are vital
for their quality of life and health. Recurring for many of the studies is that there are
a clear relation to medication and the risk of falling [4]. The medications have different
degrees of impact on the risk of falling. Central Nervous System medicines, especially
psychotropic drugs, seem to be associated with an increased risk of falling [10]. It is
important to note that when a person is on medications, this is an indicator of the person
having relatively poor health. Therefore, if the medication is a direct link to the risk of
falling, or if it is a combination of several other factors is hard to tell. As stated by [10]
they do not conclude directly that medication is a cause for falling, but rather say that
from the results it is plausible. In addition, it is hard to determine if reducing the risk

of falling would be more beneficial than having reduced the effects of the medication.

Falls are a major psychological burden on the elderly. A study asking the elderly to rank
their biggest fears, the fear of falling was ranked as number one, in relation to other
common fears [11]. This shows at which degree the fear of falling is a psychological
burden that has to be taken seriously. If they have fallen before they often become
scared of the chance of a recurring fall, and therefore becomes cautious and inactive.
The inactivity leads to reduced physical abilities that increase the chance of falling [3].
This is one of the reasons why the people who has fallen before has an increased risk of

falling again. The constant fear of falling, limiting oneself to inactivity, and in general
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reducing ones quality of life can lead to depression, which from [9] is shown to be an

increasing risk factor.

When the elderly have fallen, they appreciate advice from health care professionals, but
they were reluctant in seeking it themselves [11]. This might be related to the fear of
becoming a burden on society, and therefore it is important that healthcare professionals

take the initiative to educate and advise the elderly.

One of the leading causes for unpredictable falls are environmental barriers. They are
responsible for 30-50% of the falls [7]. Such falls are more prevalent at home, this can be
related to them being more comfortable and sure of themselves at home, and therefore
not exerting such care that is needed. Nursing Homes are designed with such implications
in mind, and have fewer possible barriers. Barriers come in many different forms such as
stairs, slippery surfaces (bathroom floor), poor lighting or excessive lighting, thresholds

and more.

Although the results vary from study to study, they all agree on what a risk factor is, and
that having more risk factors will increase the risk of falling drastically. Since there are
so many different factors that come into play in relation to the risk of falling, and studies
have shown that the elderly are reluctant to seek help in regards to such matters, it will
be useful to have applications that provide relevant suggestions and education based
on the patients own registrations. This can be from basic advice as “be careful when
moving around at night” to more extensive exercise programs, or that they should seek

medical assistance.

3.2 Economical Implication

In regards to economical implications for the healthcare system, falls are one of the
biggest, ranking number two, after motor vehicle accidents [12]. For the elderly, falls are
ranked as number one, and there were recorded as many as 10 300 fatal and 2.6 million

non-fatal fall related injuries in 2000 in USA [13].

Based on findings from [12] they estimated the costs for fall victims in the US: Costs
per fall victim, per fall and per fall-related hospitalisation ranged from 2,044 to 25,955,
1,059 to 10,913, and 5,654 to 42,840 USD PPP and depended on fall severity. With such
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high costs, the price tag for falls is reaching upwards to billions of dollars per year in
treatments. This shows that not only is it important to prevent falls for the sake of the

faller, but for economical reasons to.

To reduce the chance of people falling, good fall prevention initiatives has to be in place.
A recent meta-analysis of the intervention literature found that fall prevention programs,
analyzed as a group, effectively reduced the risk of falling by 11%, and a systematic review
reported that multicomponent interventions for community dwelling seniors reduced fall

risk by 27%. [13]

With the elderly population increasing, it becomes important to reduce the number of
fall related injuries. Developing innovative and cost efficient solutions, which can help

preventing falls, can be a big economical beneficial factor.

3.3 Prevention

There have been many studies on the effects of different prevention initiatives ranging
from medication regulation; simple, tailored or comprehensive exercise programs, to
home proofing. The studies focuses on single- and multifactorial assessments, where
multifactorial has proven to be the most beneficial [4, 14-16]], but this is a more extensive
intervention and will be more costly and time consuming. It is suggested that if the
intervention program is not properly targeted it will fail to achieve maximum potential
[14]. It has been shown from studies that there is a need for specialized and tailored
programs for the individuals [17, 18]. This is related to the big difference in relative
health to each elderly.

Introducing the elderly to an exercise program with strength training combined with
balance training has shown to be an efficient way to reduce the risk of falling [4, 7, 8, 15,
16, 19, 20]. This is a cheap and easy initiative, which makes it one of the more attractive
measures to take. Faber et. al. in [20] points out that the health of the patient has to
be taken into account when considering exercise. If the patient is frail, exercise induces

more harm than good.

There is a difference in opinion if the exercise program needs to be tailored for the

individual or if a more general approach can be used to achieve good results. In [17],
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[18] and [8] they argue that it is necessary with a tailored program, because the elderly
usually have big differences in health. While many others suggest that a general program
will be helpful [4, 15, 19, 20], but they do not argue if one is better than the other is,
they just say that exercise has proven to be beneficial and should be used as a single
factorial intervention or in multifactorial intervention. Gillespie et. al. points out that
a specialized program from a health professional will be more effective than a general
program [16]. In [7] they conclude that exercise can be beneficial, but what, how much
and at what intensity is unclear, and more research is needed. This again relates back
to what Faber et. al. pointed out in regards to the elderly being frail, and that some

might not be able to exercise at all, or need really low intensity programs.

Balance training, such as Tai-Chi, may be effective [7, 16, 19]. This might be a good
single intervention for some of the elderly if they cannot perform strength training.

Acquiring better balance might reduce the risk of falling.

Many of the studies also recommend modifying the home for the elderly, especially those
that are considered at a high risk of falling, by removing hazardous objects [4, 7, 15, 16,
19, 21]. If performed by a professional, this can reduce the risk by up to 1/3 [15]. It is
an easy and cheap measure to take to improve the quality of life for the elderly, making

it easier for them to live by themselves and be safer.

If the patient is going to receive a multifactorial intervention, a professional doctor
can assess the medication prescribed and over a period of time reduce the amount taken
[4, 7, 21]. Which drugs are directly linked to the increased risk of falling vary from study
to study. In [7] they point out drugs for antihypertensive, diuretics and benzodiazepines.
A broader recommendation is made in [4], saying reduction or withdrawal of psychotropic
medications. As stated earlier, this is one of the harder parts of reducing the risk of

falling, and should be done over time, with the supervision of a health professional.

Even though it has shown as ineffective as a single intervention, the education of fall
prevention is important. This can be related to the fact that many of the elderly are
aware of the risk and consequence of falling, but they do not see themselves as one of
the people that are at risk [22, 23]. If they are properly educated, they might change
their view and by default become more conscious of dangerous situations, and exert the

needed care.
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Based on the studies done on fall risk related to different risk factors and how to prevent
them, the development of an application that use this information can be a powerful
tool to support the elderly, in a cheap and easy way. Tracking medication, movement
patterns and providing education for the elderly, and simultaneously bypassing the “I
do not want to be a burden” mentality, since there is no time consumption from other

people, just the usage of an mobile application.

3.4 Technological Assistance

New technology can often be overwhelming and daunting. For the elderly who did not
grow up surrounded by ever changing technology, computers and the like can be hard
to grasp. Some of the elderly chooses to reject them instead of assimilate, as shown
from [24] several of the elderly refused to participate in an experiment only because

they heard the word “computer”.

Although many of the elderly are reluctant with technology, there are always two sides
of a coin, and Nyman and Yardley developed a web page for the elderly that focused
on balance training. This site was, despite having one usability problem, well received
among the older people and sheltered housing wardens [25]. This shows that there is

potential in developing simple computer assisted systems for the elderly.

Two studies, one focusing on computer-assisted instruction in medication recall training
[26] and one focusing on seeing if computers can be used to learn patients to cope with
osteoarthritis [27], both found that using computers had a positive effect. The results
from [26] showed a reduction in the medication non-adherence rate to 10% from 32%,
which indicates that as a recall training tool it was rather successful. From [27] the sub-
jects showed significant increases in knowledge and significant self-reported, beneficial

behaviour changes, including increased exercise, use of heat, and rest.

This shows that there is a big potential for both acceptance for the use of an application,
and that it will be useful as a supportive tool for the elderly. The big challenges will be
to be able to design and customize the application in such a way that it will be easy to

use for the elderly, and at the same time be effective as a tool.
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It should also be noted that in 10-20 years, many elderly will be proficient with com-
puters. This means that the fear of computers and technology is a relatively short-lived
phenomenon. With an increasing target group that are accepting to computers, the

research in this field will have an increasing value.

3.5 Chapter Summary

Causes for falls

e Medication.

Poor Strength & Balance.

e Barriers in homes.

Psychological.

Preventative Measures

e Strength & Balance training.

Change\Reduce Medication.

Educate about risks of falling.

Home-Proofing.

Risk assessment and early screening

Technology
e Elderly are reluctant, but willing to learn new technology.

e Big potential to develop solutions that are cheap and cost efficient.

TABLE 3.1: Summary of Chapter 3

Although the results vary from study to study, they all agree on that having more risk
factors will increase the risk of falling drastically. And one of the biggest challenges
to reduce the risks would be to try and reduce the medication intake. It is hard to
determine if reducing the risk of falling would be more beneficial than the effects of the

medication.
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Fall proofing a home would be an economical cost, but one that is rather easy to im-
plement. The application can point out the dangerous areas of a house, which things
to take extra care with, and try to avoid etc. Giving them reminders of using correct
lighting, e.g. if the elderly wakes at night, the mobile can register that they have gotten

out of bed and give a notification/reminder of such things.

There are different opinions on exercise; if it works, or how much is needed. Many
factors play into this, since the physical health of the elderly vary a lot, tailored training
programs are needed. This is something that can be provided through an application,

through collaboration with health professionals.

One easy but important thing is that just by educating the elderly and making them
conscious of the different risk factors and how to limit them, in itself will reduce the
risk of falling. Therefore having an application that will, based on various input, tell

the user if they are prone to falling, can reduce the risk of falling.

Last, research has shown that the elderly can be reluctant to use new technology, but
that this is not final, and many are in fact eager to learn. Creating an application for
the elderly, designing it so they can take full advantage of it will be a big challenge. But
from this review one can see that there exists room for such research, and that it can

be successful if done right.

Providing the developers of future fall preventative applications with an underlying back-
end platform, with a thorough and well-defined DB based on the most resent research
in fall prevention, will make it easier to develop high-level applications. The developer
can then focus more on creating an application that the elderly will use, focusing on the
GUI and logical flow of the application. This will reduce the cost and time of delivery

of the applications, and it will increase the standards of the applications.
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State-Of-The-Art Solutions

In the field of medical science and fall related research there exists many solutions for
preventative measures. These range from simple questionnaires to extensive computer
programs that will automatically track and calculate the risk of falling for patients.
Based on the problem elaboration and analysis for this thesis, relevant research and

technologies have been selected.

This will help to create an overview and map out the existing solutions, and see how
they related to this research. This will also make it possible to choose some of them to
help further progress this research, both as an inspiration and directly using them in

the solution.

4.1 Fall Risk Assessment Measures and Tools

To accurately select the correct assessment tool, one has to consider in which context
it is going to be used. From a survey done by V. Scott et. al. [28] they looked at 38
different tools that met the inclusion criteria that was set for the review. They concluded
that there exists several reliable and good tools that deliver good results, but most of
the tools were only tested ones or in a single setting. Based on this, a single tool cannot
be recommended to be used in all settings, and a more thorough selection process needs

to be performed.

Depending on the purpose for the tool, such as a quick screening to determine the risk
of falling, a quick and easy-to-apply tool is necessary. If the purpose is to reduce the risk

24
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of falling, a test in which risk factors can be identified, to make it possible to focus on
the correct area of prevention is needed. Choosing an appropriate tool is a complicated
task. The lack of consistency in methods and interpretation of fall-risk assessment tools

in the published literature today is the cause for the complexity.

In this section an assessment tool, a sensor to determine risk of falling, a test to determine
risk of falling and a model that takes into account assessment parameters to identify
the risk of falling are summarized and valued. These solutions where selected to give a
broad approach to the field of existing solutions and different approaches that has been

made.

4.1.1 ADAPT Fall Assessment Tool

The ADAPT Fall Assessment Tool is a documentation system that is intended to ensure
fall risk reassessment every 12 hours. The initiative to create such a tool came from
the increasing rate of elderly, and decreasing rate of health care personnel. ADAPT are

embedded into routine assessment documentation, eliminating added charting time [1].

Create a computerized documentation solution that would ensure fall risk reassess-
ment no less than every 12 hours.

Develop an evidence-based fall assessment tool that would accurately reflect the fall
risk of the patient. Indicators would be embedded into pre-existing assessments, pro-
viding timely, accurate (rather than pasted) assessment without increasing charting
time.

Design a program that would tailor interventions to specific patient risks rather than
giving multiple intervention options to patients with significantly different fall risks.

Integrate the fall risk information into care plans, report sheets, audits, and care
conferences to produce an interdisciplinary communication network.

TABLE 4.1: The goals of the MHS Fall Committee [1]

The risk factors that are incorporated in the system are based on the current recom-
mendations in the literature on fall prevention. The falls are categorized into 4 broad

areas (Disorientation, Activity, Post medication and Toileting), where each category has
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several risk factors specified for each category. 30 of the most common risk factors are in-
cluded in the system; some of these are confusion, disorientation, depression and history
of falls. Having categories makes it easier to discern what measures to take considering

the different risk factors identified, improving usability.

The tool allows for tailored interventions for each patient, where the risk factors are
integrated into the pre-existing documentation that is in use today, such as the report
sheet. This makes the integration of the new system easier, and the workers will see it

as an addition, and not an entirely new task.

The basis for this tool is consistent with the findings in chapter 3. In regards to the risk
factors that are included in this tool, the same categories and specific risk factors were
found. As summarized in chapter 3, a tailored intervention program for each individual
is the best approach, since often the risk factors vary notably. One of their goals was to

provide tailored intervention, which will produce the best possible preventative measures.

The ADAPT tool is a good solution, but it is not designed for the patient (the user
in regards to this thesis), but rather for the healthcare personnel. Therefore, a slightly
different approach has to be made, but several commodities can be taken advantage of,
such as the idea of fall risk reassessment at certain intervals and the categorization with

standards.

4.1.2 Fallarm

Fallarm [29] is a solution for preventing falls that is suitable for usage in hospitals,
care facilities and home settings. It is a wrist-worn sensor that continuously tracks and
assesses the individuals risk of falling. It gives constant feedback about the actual risk,

and thus increases the awareness of the wearer and therefore reduces the risk.

From the studies reviewed in chapter 3, it showed that awareness and alertness reduced
the risk of falling. Subjects that participated in the testing of the Fallarm stated that
they felt safer when wearing the equipment. As found in chapter 3.1: fear is a psy-
chological burden that increases the risk of falling. Removing or at least reducing their

innate fear will reduce the risk.

Even though several studies suggest that having a sensor on the arm will produce less

accurate results than a sensor worn around the waist, the results from the Fallarm
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was satisfying. The subjects stated that wearing a waist sensor was embarrassing and
obstructive for activities, and preferred the wrist-worn device. This corroborates that
the elderly will use technological assistance, but the solution has to be non-patronizing

and well made, as found in chapter 3.4.

Having such a device as the Fallarm increases the patients privacy, since there is no
need for continuous monitoring from health personnel. Such monitoring has shown to
increase stress with the patient, which should be avoided. It is important to note that
the elderly rarely seek help in such manners, because they do not want to be a burden
(see chapter 3.1). Having technology performing such tests and monitoring will increase
the probability of the elderly seeking help, if they are discovered to be at risk. This is a

cost-efficient solution, since there is no need for human time-consumption.

4.1.3 Timed up-and-go Test

The timed up-and-go test (TUG) [30] is a simple test done on patients to check if they
are prone to falls or not. The test requires a subject to stand up, walk 3m, turn, walk
back, and sit down. Based on the time it takes the subject to complete the test, one can
determine the functional mobility. Functional mobility is a term used to reflect everyday

life movement and the balance, such as the ability to walk alone or walk up stairs.

~

s

FIGURE 4.1: Image of the TUG Test.
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FIGURE 4.2: Sensitivity, Specificity, and Predicted Probability for TUG [30].

From the study, they found that the TUG test was both a sensitive and specific method

to identify elderly individuals who are at risk for falling.

The results show that subjects who took 14 seconds to complete the test had an 83%
probability of being a faller, which means that individuals that take longer than 14
seconds have a high risk for falls. The cut-off value for the test varies some from study

to study, which can be because they used different test subjects.

Poor balance and weak lower body strength are both indications of risk for falling, as
found in chapter 3.1. Having a test that in less than a minute can determine the risk
of falling for an elderly person, based on these risk factors, is invaluable. With some
technological assistance, it could become possible to perform the TUG test without the
assistance of others. This would be a great benefit given the fact that the elderly does

not want to be seen as a burden on society, and will often avoid seeking help.

4.1.4 Hendrich ITI Fall Risk Model

The Hendrich II fall risk model [31] is a simple model that takes into account eight
assessment parameters which results in the identification of risk for falling for a patient.
The tool can easily be inserted into existing documentation forms, or as a part of an

electronic record with risk analysis.

The study assessed more than 600 risk factors, which led to several statistical values
for the increase risk of falling. A patient with altered elimination needs was 1.67 times
more likely to fall than someone with normal needs. A subject who could not rise in
a single movement during a TUG test was shown to be 2.16 times more likely to fall
than someone who did it in a single movement. The statistical model is important, but
harder to use, and is more useful when converted into a risk point system. Several other

factors were looked at, and led to the model shown in Figure 4.3.
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Risk Factor (=5 High Risk] Risk Points

Confusion/disorientation (mixed definition)*®
Depression (mixed definition)t
Alered alimination®
DizzinessMivertigo (subjective definition)s
Gender
Any prescribed antiepileptics
Any prescribed benzodiazepines
Get-up-and-go Test Iltem #2:
“Rising from Chair”
Able to rise in single movement
Pushes up, successful in one atternpt
Multiple attempls but successiul
Unable to rise without assistance

b o o ok owd R

ERE T =]

®Charled as confused or disoriented orf scored =17 on Mini-
Mental Examination.

tCharted as depressed or scored =8 on deprassion test.

$Charled wilth allered elimination needs or answerad “yeas”™
to any BET questions.

SCharted with dizziness or vertigo.

©2002 Ann Hendrich & Associates, Inc, All rights reserved,

FIGURE 4.3: The Hendrich II Fall Risk Model.

The categories that are identified in this model correspond well with the findings in
chapter 2. They address balance and strength by doing a TUG test. Depression, ex-
perience of confusion or disorientation, and dizziness are accounted for. The specific
medication the user takes. This study shows, through statistical data, that the evalua-
tion of a limited number of factors can give a highly predictive indication of a persons
risk of falling. Even though the results are not entirely specific, they can easily be used

to deduce risk, and from that suggest measures to take.

4.2 Computer Assisted Fall Prevention

4.2.1 Web Page for Balance Training Advice

As previously noted (Chapter 3.4), Nyman and Yardley developed a web page for the
elderly which focused on balance training. This site was, despite having one usability
problem, well received among the older people and sheltered housing wardens [25]. This
shows that there is potential in developing simple computer assisted systems for the

elderly.
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The web page follows a step-by-step sequence where a profile of the user is built (See
figure 4.4 for the steps). During the profiling, questions such as age, gender, how many
medicaments the user takes, if they have osteoporosis and more are asked. These ques-
tions are based on the same factors that where found in chapter 3. Based on the results

on the various questions; advice, recommendation and training suggestions are given.

The result from this is a semi-tailored training program for the user, with focus on
balance training. They suggest several different exercises and activities the user can

perform, such as Tai-Chi, walking and swimming.

Fage 1: Introduwction

i

Page 2: Consent form
i

Fage 3: Data collection
i

Page 4: Goal selection

{plus quiz for “‘my balance is good and | want to keep it that way' balance group)
i
Page 5: Activity selection
{plus answers to quiz for ‘my balance is good and | want to keep it that way' group)
i
Page &: Recommended activities
i
Page 7: Choice of main and extra activities
i
Page 8 Summary of recommendations
Advice on health problems linked with falls risk
i
Page 9: Construction of action plan
i
Fage 10: Display of action plan

i

Page 11: Debrief form

FIGURE 4.4: Sequence of web pages.

Guiding the user through steps that are simple, clear and easy to understand is impor-
tant, since many of the elderly have low or no understanding of computers. It becomes
important to avoid the usage of intuitive designs that are aimed at experience users
(e.g. symbols that have gained certain meaning through continuous usage in web page

design).

As seen in figure 4.5, the interface is simple and clean, with no excessive design clutter.

But it should be noted that acceptability and perceived usability is a challenge when
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FIGURE 4.5: Screenshot of one of pages.

(http://www.balancetraining.org.uk/)

designing for the elderly. Some previous work with prevention advice has been reported

as either common sense and potentially patronizing, or frightening and oppressive [25].

4.2.2 Mobile Questionnaires for Elderly and Partially Sighted People

Through a project Holzinger et. al. built a mobile system for questionnaires [24]. The

incentive for this was that often it is hard for the elderly and partially sighted to complete

a written questionnaire, and therefore a better and simpler solution was wanted. This

would also eliminate the need to type the answers into a computer at a later stage.

The system was developed by applying a User Centered Design including four levels [24]:

Paper mock-up studies.

Low-fidelity prototypes.

High-fidelity prototypes.

The system in real life.
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Based on the results from the various iterations they managed to overcome several of
the challenges that HCI have, such as the appropriate interplay between user interface
design, the device and social context. An example would be that they built a special
help function that activates after some time of inactivity, which displays a red arrow

where the user is intended to press, to be able to take the next step.

From their user testing one example protrudes: One elderly lady within an experiment
first were very frightened and said that she does not like computers at all — after she
touched-through the application, she asked carefully: “This was a computer?”, as we
replied yes, she said “ .. but this was really funny”. This shows that if the design
comes across as genuine and respectful, but at the same time, it is easy to use, the user

experience will be good.

FIGURE 4.6: User-test for mobile questionnaires [24].

The results from this project clearly show that there is a lot of potential in the field of
medicine and mobile computing. The challenges are to develop useful applications that
the elderly can, and more importantly will use. If one manages to develop a good user
interface that works for the elderly, and that the application is perceived as something

serious and helpful, the odds of it being used will increase.

4.3 Frameworks

Frameworks provide tested methods, guidelines and rules to follow. Software frameworks
are universal, reusable software platforms for development. The main goals of software
frameworks are to facilitate development by providing the low-level details of the system,

allowing the users of the framework to focus on meeting requirements, leading to reduced
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development time. Evaluation frameworks strive to give guidelines on how to evaluate
research results, creating commonalities between different research results, making it

easier to share and compare results.

Rapid development of prototypes are vital to progress research at a steady pace. It
is also important to have commonalities between the different research results, so it

becomes easier to compare and evaluate the results.

4.3.1 SPINE

SPINE is a project that aims at providing software instruments for rapid prototyping
of WBSN-based applications. It is a lightweight and flexible framework, offering the
developers a java API, which allows them to focus on problem solving algorithms and
avoid using low-level programming languages for the sensor nodes, leading to a more

rapid and robust process of development.

SPINE is a domain-specific framework, which is based on the following principles [32]:

e Open Source. SPINE is an open source project to establish a broad community of

users and developers. Its source code is released under the LGPL 2.1 license 21.

o Interoperability through APIs. SPINE provides local and remote applications with
lightweight Java APIs that can be used to manage sensor nodes or issue service
requests. The APIs are easily portable to devices of various capabilities, such as

PCs or mobile phones.

o High-level abstractions. SPINE provides high-level programming libraries including
protocols, utilities, data processing functions and specific support to easily specify
new services and features. The layer defined by the SPINE service libraries allows
application designers to program at higher levels of abstraction than the currently

available operating environments (e.g. TinyOS).

e Rapid prototyping. SPINFE helps designers to efficiently prototype distributed BSN
data classification algorithms with respect to the use of energy and channel band-

width.
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FIGURE 4.7: SPINE Architecture (http://spine.deis.unical.it/spine.html).

SPINE has been used in several projects focusing on WBSN applications. It has suc-
cessfully been used to monitor human activity (e.g. walking or jumping) and recognize
postures (e.g. sitting or standing). It has been used to detect falls, and if the wearer
cannot get up. The prototypes have shown great efficiency and accuracy (97% correct

recognition of posture/movement and almost no undetected falls).

Fast, easy and cheap prototyping can often be a factor in the successfulness of research.
In the field of fall detection and prevention, a lot of research is done, with new ideas
needing to be tested. The SPINE framework works as a step in the right direction of

making it easier and cheaper to perform experiments.

Having a framework that can easily adapt and add new sensors to an existing system is of
very high importance. It increases the longevity of a prototype. It broadens the possible
usage areas and adaptability. All these points also increase the value of prototypes that
are made, ensuring that they will not be a one-time use and then discarded. This might

make it easier to fund certain research, or get the approval to develop a given prototype.
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Main findings from analysis
e ADAPT Fall Assessment Tool

— The risk factors used in this tool corresponds with the ones found in
chapter 3.

— Categorization of standards (Activity, Disorientation etc.) are excellent
ways to separate risk factors and create an easier model of the data.

Fallarm

— A sensor does not necessarily need to be located on the waist. Wrist-worn
or other placements can bring in accurate readings.

TUG Test

— Short, simple and easy testing can give good indications of risk of falling

Hendrich IT Fall Risk Model

— It is possible to weight different types of risk factors. This makes it
possible to calculate risk easier.

— A limited number of evaluations can give a strong implication of risk.

Web Page

— Questionnaires used to establish a basis for how a tailored program should
be formed.

— Tailored programs for users can be effective

Mobile Questionnaire
— Questionnaires are often used in assessing risk of falling

SPINE

— Others are working to solve the issue of providing framework/platform
solutions

— Adaptability is really important for success

TABLE 4.2: Summary of Chapter /

4.4 Chapter Summary

In this chapter some of the existing research in the field of fall prevention and related
work has been explored. It shows that there exists a vacancy in easily accessible fall
prevention measures or equipment, since most of the existing solutions require special

equipment or the involvement of a healthcare professional.
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The development of a device or software that can be used without the need for extra
sensors or special equipment and/or the assistance of healthcare professionals could be

very useful, both in regards to cost and the increased quality of life for the elderly.

As shown, frameworks and platforms are excellent ways to reduce development time,
increase the quality of the end product and make reuse of code easy. However, it is hard
to develop good frameworks or platforms that suit several use cases, and not becoming

a niche tool.
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Proposed Solution

This chapter presents the proposed solution NoFall at a high level. Personas and use
scenarios for NoFall is described, an applicable example is detailed for the usage of the

platform. Finally, the top-level design for the architecture and data model is presented.

5.1 NokFall

In the field of fall detection and prevention, to this date there exists a multitude of
mobile solutions for detecting and preventing falls. The problem is that they are all
mostly standalone solutions. They have their own set of gathered data and results.
NoFall is an attempt at uniting the different solutions that emerge in the mobile field.
By providing a shared database, the individual applications can unite and share their

gathered data.

Some of the problems NoFall attempts to improve:

e By having a shared dataset, the effectiveness and results of the different applica-
tions can be enhanced.

e Reduce the time it takes to develop a finished solution.

e Reduce redundancy: Reuse of code.

37
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e Many teams develop several different solutions. They might have a sensor for
pressure reading, a light detector, a questionnaire and a test. Having a ready
and well-defined foundation, which they can build upon, can simplify their work,

reduce time to release and improve the results.

5.2 Design Implications

In regards to the design of the platform, several factors has to be regarded, one of them
are requirements for the solution. It is important to define what the solutions is required

to support, as to not develop something that is outside of the scope of the solution.

The findings in chapter 3 and 4 create the basis for defining the requirements for the

platform.
Implications for design: Chapter 3
Causes for falls
The causes for falls lead to several implications for design:
e Medication tracking.
e The user (elderly).
e Testing.
Preventative Measures
To keep track of preventative measures and the data gathered these factors has to be
taken into account:
o Testing.
e Surveys.
e Sensors.
Technology

To reduce cost and increase the value, a back-end platform will make it easier to make

high-level applications fast. This will rely on measurement standards, making sense of
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the data that is gathered. This will also help other researchers understand the results,
if they are shared.

Factors to consider for the design are:

e Measurement standards.

Implications for design: Chapter 4

From the analysis done in chapter 4, it became evident that there exist numerous so-
lutions to the same problem. The number of solutions is an indication that NoFall has
to be able to support several different solutions and answers to the problem. It should
also be able to work for new solutions that has not yet been made. The implication to

design from this is:

e The different parts of the database will support Specification - where the developers
can specify their own solution. E.g. they can specify an entire fall test and save it
to the database, with measurements and risks associated with the data it gathers.
If they add a description and instructions to it, other users of the NoFall platform

can easily make sense of this test, and use it themselves.

Depending on the solution, the data they gather can differ and how they measure and
makes sense of it varies. This is something NoFall should support, by providing easy
specification of measurements, data ranges, data type, data value, risk levels and more.
Discovered from chapter 4 was that categorization of standards (Activity, Disorientation
etc.) are excellent ways to separate risk factors and create an easier model of the data.
This shows that, as mentioned earlier, using specifications to make sense of the data is

a good solution.

It is desired to make many solutions collaborate - to further progress research and im-
prove the solutions (if they share findings, more reliable predictions can be made). NoFall
has to be accessible by many different solutions, and Android provides an excellent API
for this - the Content Provider. It makes databases accessible for outside sources (i.e.

other applications).
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5.3 Applicable Example

To demonstrate how the NoFall platform can be used; several example applications have

been developed using the platform as a basis.

e One application is a pedometer, where the pedometer code-base was acquired

through an open source project and adapted to the NoFall platform.

e Another example is a graphical application that uses a simple XY-plotting graph
or pie chart. The data it displays is from the pedometer application via the NoFall

platform.

e A widget application was developed that can display different types of data it gets

from the NoFall platform on the main-screen of the phone.

e A simple TUG-test application works simply by recording the time a user takes to
perform a TUG-test.

e To show a medication profile, a medicament registration application was made.
This enables the user to specify how many medications they are on, and if they

know, which ones.

Display
The Graphical app
The pedometer retrieves the walking
wumsthestepsuf speed risk the user
the user and inserts has, based on the data
them mm the MoFall gathered by the
pedometer and the
risk defintions,

Based on data measurements and risk defintions
defined by the developers that use the NoFall
platform, the developersof the pedometer can
easily correlate their datawith a risk defintion.

FIGURE 5.1: NoFall - Data-flow between applications

The adaptation of the pedometer application shows that the potential for using the

NoFall platform on existing solutions is quite possible, and rather simple to accomplish



Chapter 5. Proposed Solution 41

- albeit time consuming depending on the size of the pre-existing database and its
complexity. This is important because a usage scenario might be that someone wants
to develop a new application using the platform, but would be hesitant to use it - if
they had several other applications up and running, but would also like them to work
together. Instead of creating their own solution, they can then use the NoFall platform

as a basis.

FIGURE 5.2: Example App - Pedometer

The graphical and widget applications demonstrate the advantage of having a shared
database. They do not need to have any knowledge of how the data was gathered. They
will only need code to retrieve it and display it in a logical fashion. This removes the
need for having code for both a database and functionality for sensors or other means

of data gathering. The complexity of the applications becomes reduced.

SR HFTE N a7

FIGURE 5.3
Example App - Pie Chart

FIGURE 5.4
Example App - Widget
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The TUG-test application is a simple stopwatch to record the time for a performed
test. The code for this application is simple, needing one activity class to display the
functionality and one query to store the data. Without the NoFall platform this appli-
cation would need several other classes such as classes to create the database (This is
considering that the design process of the database is excluded. Often this step is more

time-consuming than the actual coding.), DB helper class and others.

o skart the TUG lest

FIGURE 5.5: Example App - TUG

This application is a good example to demonstrate how different specifications connect
to each other. See figure 5.6 for a coding example of how the TUG-Test results relates

to different specifications in the database.

By using the NoFall platform, the applications have a reduced code-base, since all of the
database code is separated from the native code. This makes it easier to perform code

reviews and re-factoring, it also reduces the time it takes to implement the applications.
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public Uri insertTUGResults({int time){
Cursor cursor = null;
Cursor ¢ursor? = null;
Cursor cursord = null;
tryy{
s5tring selection = MeasureStandards.MEASURE_TYPE + ° = \"" & “WalkingSpeed” + "\"7;
sering[] prejection = {MeasureStandards. ID};

cursar2 = myCR.query{MeasureStandards . CONTENT_URI,
projection, selection, null,
mull);
boolean temp;
if{cursor?. moveToFirst() 1= false){
temp = cursor? moveTolast();
String selection? = TestMeasureSpec.FE_RISK DEF + " = 4" + cursorl.getSkring(@) +
string[] projection? = {TestMeasureSpec,_I0};
cursor = myCR.query{Testleasuraspac . CONTENT_URT,
projection?, selectionz, null,
nully;

"N

String selection3 = TestSpec NAME + " = V" + "TUGTest™ + "\77;
string[] prejection3 = {TestSpec._ID};
cursard = mylR. query{TestSpac  CONTENT _LRT,
projectien3, selection3, null,
null};
int id = =13
if{temp = cursord.moveToFirst()){
ContentValues values = new ContentWValues();
values. put(Testlog. FX_ TEST SPEC, Integer.porselnt{cursord.getString(@)));
A here the rizk can be set based on calculations
Uri testloglri = mylR.insert{TestLog. CONTENT LRI, wvalues);

String path = testlLoglri.getPath();
string 1d5te = path.substring{path.lastIndex0f(" /') + 1);
id = Integer.parsefnt(idStr);

H

ContentValues values = new ContentValues();
valuss_ put{TestMeasurelog. VALLE, time);
if{temp = cursor.moveToFirst()){
values.put(TestMeasurelog. FK_MEASURE SPEC, Integer.parselnt{cursor.getString(@)));

¥
iffid = -1)
values,put(TestMeasurelog. FE_TEST_LoG, id);

return myCR.insert(TestMeasurelog. CONTENT LRI, walues);

teatch{SQLiteException e)f
Log.1("5QLiteException when getting Standards and Test IDs™, “errer: ™ & e);
return null;

First one has to find the
standard for measurements
- in this case it is
WallkingSpeed which is used
in a TUG-test

Second one has to find the
Test Specification to insert
the correct values - in this
case the TUGTest
Specification

Third one insersts the values
recorded by the TUGTest:
Linking the data to the
Measurement Specification,
the Test Specification and
the Test Log.

FI1GURE 5.6: Example Code - TUG-Test
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5.4 Top-level Architecture

The architecture at the top-level for the NoFall platform is shown in figure 5.7. The
idea is that several different applications (independent or coherent) connects and uses

NoFall through an API: Content Provider.

The Content Provider grants applications that are external access to the database of
NoFall. It provides inserts, writes, deletes and updates. The Content Provider is a
standard method Android provides for developers, and it is recommended to use when
working with databases in many use cases. Since this is a recommended method, there
exist several examples and tutorials of how to use the API. This is important, since
one of the issues NoFall tries to improve is development time, and therefore needs to be
easy to learn and understand. To make it simpler for developers to use the platform,
NoFall will provide several content contracts - which are utility classes with constant
variables that point to the different attributes in the database. This is also a standard

way Android recommends to handle Content Contracts and its contents.

FIGURE 5.7: Overall Architecture

The most important part of the platform is the database and how it is modelled based

on the findings in chapter 3 & 4. The model is divided into six different areas (see
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figure 5.8 for a simple overview). They consist of data definitions (Measurement/Risk
definition) and data gathering (survey, test, sensor, medication, user). See table 5.2 for

the rationale behind each specification.

The idea behind the specification is to ensure that even if new methods for testing, new
surveys are made or new types of sensors are invented, they can easily be registered in
the database as a new specification. By modelling the database in such a fashion, it can

accommodate a large amount of different use-cases.

An example of the table sensor specification:

Specification example for a sensor:

Table Name | Contents

Sensor Spec | This table will contain the sensors name and accuracy. It will also
have an ID tag for which application registered this sensor.

E.g. Name: Gyroscope, Accuracy: 95%, Owner: PedometerApp

TABLE 5.1: Sensor Specification Example

This specification could then in turn collect data on movement. All of this data would
be logged to a table that has a foreign key linked back to the specification. This way,
it is easy to figure out from who and where the data came from, and how reliable it
is. The data gathered would have a relationship to the measurement for e.g. movement

speed, where movement speed would be related to a risk definition.

As discovered from the previous chapters, there exist several ways to collect fall risk
data and several ways to measure it. The measurement/risk definition is where the
developers specify which data that is gathered and what kind of measurement they use

for it - as for the pedometer example:

e The data measurement gathered are steps and steps per minute, which can calcu-
late speed.
e The data unit used is int and long.

They can also relate this measurement to different risk definitions. A simple way to do

this is relating data-intervals to risk increments:

e The walking speed can be divided into intervals which correlates to increased risk

of falling: 0 - 0,7 m/s = high, 0,7 - 1,3 m/s = medium and 1,3 m/s - = low.
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Specification Rationale

User When defining risk for a person, their age and gender
will affect this. It is also important for flexibility to
collect and store the total risk for the user in one place.

Based on findings in chapter 3.
Medication Studies have shown that the use of medication will

increase the risk of falling. This should therefore be

taken into account. Based on findings in chapter 3.
Survey A good way to find out if a person is in risk of falling

is a quick survey. The questions are meant to identify
several important factors for the person that could
relate to fall (e.g. history of falls). Based on findings
in chapter 3 & 4.

Test Tests can be quick and easy way to screen a person to

check if they are in risk of falling (e.g. the TUG-test).

Based on findings in chapter 3 & 4.
Sensor Sensors are excellent ways to monitor a person. This

can be used to measure walking speed, movement pat-
terns, pressure points etc. Based on findings in chapter

4
Measurement /Risk| To make sense of the data that is gathered, it has to be
Definitions stored with a correlation to some sort of measurement

and risk definition, otherwise it will only be some ran-
dom number for other people than those who actually
gathered and stored it in the NoFall DB. The basis for
this was from findings in chapter 3 & 4.

TABLE 5.2: DB Specification Rationale

NoFall Database model

Sensor

Measurements /
Risk Definition

Test Medication

FI1GURE 5.8: Simple DB overview
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Requirement Specification

To be able to create a good solution, having a well-built foundation and understanding
of what requirements and goals the solution has to support is important. Based on
the findings in chapter 3 and chapter 4 the requirements were established. They were
iteratively updated during the lifetime of the project, since the implementation was done

by following an agile methodology.

This chapter lists the component and technical constraints, details the functional and

quality requirements.

6.1 COTS - Components and Technical Constraints

When defining a solution it is important to know which constraints one has to work with.
By knowing them - one will not try to envision a solution that is in theory excellent,

but impossible because of certain constraints with hardware or the technology.

Android is a Linux-based operating system. It is designed primarily for use on smart-
phones and touch screen devices. Android is open source and is released under the
Apache license [33]. The constraints for the solution manly relate to Android and the

devices.

47
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6.1.1 Android Platform

The solution will be developed for Android, and will therefore only work on Android

devices.

6.1.2 Android Device

The Android devices has limited amount of processing power and memory. Therefore,
it is important to develop a solution that can run on several different devices and still

perform well.

6.1.3 API level

The solution will be developed for Android 4.0 and target API 19. Some APIs will not
work or work incorrectly if a particular device runs a lower version of Android. This

will affect back-wards compatibility.

6.2 Requirements

In this section, the functional and quality requirements are detailed.

6.2.1 Functional Requirements

FR1 - Content Provider

The content provider must provide access to all the tables that exist in the DB.
Priority: High

FR2 - Content Contract

Each table in the DB with its attributes must have a corresponding content contract for
it. These classes will be used as convenience classes, making it easier to use the DB.
Priority: High

FR3 - SQLite DB

The platform must have a consistent, working DB with all the important tables (from

the model).
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Priority: High

FR4 - DB Helper

Predefined standard queries such as insert/delete/update should be available for the de-
velopers through the API.

Priority: Low

FR5 - Persistent Data

The platform must retain all information registered during usage, so it is available at
next launch.

Priority: High

FR6 - Data security

The solution must secure the data (since it will be available for several sources), by sani-
tising the inputs to prevent SQL injection attacks.

Priority: High

6.2.2 Quality Requirements

In development, there exist many different quality requirements (often referred to as non-
functional requirements). For this project the two most important are maintainability
and documentation. In this section the rationale for focusing on these two are made,
and some requirements are detailed. Each requirement has scenario(s) associated with

it.

6.2.2.1 Maintainability

The applications platform should ensure that it is easy to build easily maintainable
applications on top of it. This is because if using the platform results in an application
that is hard to maintain, the benefit of using it, over creating the application from
scratch is diminished. How easy it is to maintain in order to cope with a changed
environment, and maximize efficiency and reliability are factors that have to be taken
into account when assessing maintainability. In this respect, especially reliability, since

the framework will be used with fall prevention technology, and humans are at risk.
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U1 - Re-factor a class to improve reliability
Re-factoring is a task that has to be done reqularly when developing. This is to improve
the work done, and ensure simple and readable code, which is easy to understand and

maintain.

Scenario M1

1. Source of stimulus Developer.

2. Stimulus Input from co-worker.

3. Environment Lifetime of application.

4. Artifact System.

5. Response Re-factor class.

6. Response measure Depending on complexity: maximum two workdays.

U2 - Fix an error
Unforeseen errors occur while an application is in use (release). There should be good
error reporting in place, to ensure that it will be easy in the future to debug errors and

fix them.

Scenario M2

1. Source of stimulus End user.

2. Stimulus Input from user.

3. Environment Usage of application.
4. Artifact System.

5. Response Debug and fix error.

6. Response measure Depending on complexity: maximum a workweek.
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6.2.3 Documentation

To ensure that the NoFall platform (API) is used, good and thorough documentation
is necessary. In many cases, if the documentation is lacking, the developers will chose

another solution to reduce challenges, frustration and surprises.

D1 - Map the NoFall platform
The development team has decided to use the NoFuall platform. To ensure that everyone
in the team knows what the API provides, how to use it, and its limitations, they create

a mapping of the platform based on the documentation.

Scenario D1

1. Source of stimulus Developers.

2. Stimulus Project team.

3. Environment Usage of application platform.
4. Artifact System.

5. Response Map the platform.

6. Response measure One workday.

D2 - Look into the application examples
A developer knows what he wishes to accomplish, but not entirely sure how to do it. He
looks into the example applications to see if this has been solved previously, or if similar

solutions exist that can be adapted to his problem.

Scenario D2

1. Source of stimulus Developer.

2. Stimulus Idea from developer.

3. Environment Usage of application platform.

4. Artifact System.

5. Response Solve a problem related to the API.

6. Response measure One workday.
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Design and Architecture

Giving some thought into the planned solution by performing design activities and defin-
ing the architectural choices, ensures that some effort have been put in before the imple-
mentation begin. Typically implementing something without design, results in a finished

product that does not meet the requirements, is delivered late or is of poor quality.

The importance of good design increases with the lifetime of the application. There is
no such thing as a perfect code-base, and it will always be susceptible for change. In

this context, design is measured in regards to how easily it accommodates change.

Based on recommendations from IEEE 1471, this section contains a detailed description
of architectural tactics and patterns based on the architectural drivers, the identified

stakeholders and their concerns.

7.1 Architectural Drivers\Architecturally Significant Re-

quirements

The main drivers that affect architecture and the system:

Developer Inexperience
I have done small projects before with android and mobile application development.
This is the first time I work on a large-scale project alone, and not in a team, which

affects the process. I have also never worked with the development of platforms.

52
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Project Lifetime
By wishes from both my project advisor and me, the work done in this thesis can be
used in other research or further improved. Therefore, it should always be kept in mind

that this will be looked at by others.

Technical Constraints

The application platform is for Android and minimum 4.0 Android version.

Project Deadline
The thesis is done over two semesters. This makes it important to plan well to ensure

that the project is completed by the deadline and satisfying work is delivered.

Agile Development Process
The project followed an agile development process. By having short deadlines with
incremental progress, the risk of not having something working and completed by the

deadline is reduced.

Modifiability

The code has to be easily modifiable because:
e There is new research emerging in the respective field, and the application platform
has to be able to adapt easily.
e The requirements will change and evolve during the development process.
Modularity
The application platform should have low coupling, so it is easy to remove, change or

add new functionality to the platform. This is both related to the need for an easily

modifiable code base, and that further work might be done on it in the future.

7.2 Stakeholders and Concerns

The stakeholders of the system, and their concerns:

Developer
Constructability: The solutions complexity must be kept within borders of what is

possible to complete within the deadline.
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Quality: The report and code for the application must have a high level of quality, to

achieve a satisfying grade.

Advisor

Reviewability: Easy to review and give feedback.

Future developers
Modularity: It is important that it is easy to change or remove parts without making
ripple effects in the code.

Documentation: Well documented code, so it becomes easier to understand.

7.3 Architectural Description

In software architecture, a common approach is to follow already existing design patterns,
which are reusable solutions to common problems. They conform to best practices and
are in general a great way to tackle a problem. Many of the design patterns are excellent

ways to guide architecture, but most of them were made before mobile development.

For the architecture in this project, some patterns and rules were adopted, such as
naming convention and package structure. Otherwise, the code follows the Android

framework architecture, which is a model view-controller architecture.

The Model-view-controller [36] pattern is a common pattern when developing a system
that has both a GUI and some data handling. It separates the logic and the rendering
of the GUI, which increases decoupling. The design pattern is less specific than many
other patterns. It is more an idea for design, rather than a strict list of rules, leaving a
lot of room for alternative implementations. In Android, each Activity is usually treated

as a user interface making it act as both the controller and the view.
File Organization

When organizing files for an android project there are two sensible approaches:

e Organize all files by type: All activities in one package, all DB files in one package,

all providers in one package etc.
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e Organize all files by functionality: By this, all the files for one given functionality
would be stored in the same package. E.g. for the start-up screen, the activity,

adapter, DB files etc. would be stored in the same package.

For this project the first suggestion was chosen. This was based on previous experience
with android development and sampling of existing projects on the web. See figure 7.1.

for the structure used in this project.

4 7= NoFall
a i # src
4 [H ntnu.master.nofall
a B platform
- if contentprovider
. iB database
» R provider
4 1 testapps
- tH adapters
- 8 graphicalplots
» £ medication
- 4 object
. 8 pedometer
- 3 startup
: 4B survey
» B test
- i user
- 8 widget
. E'lﬁ gen [Generated Java Files]

FI1GURE 7.1: Package Structure

Naming Convention
For naming, it is recommended to use prefixes to easily separate and identify files and

components.
e Naming for XML files: The files should begin with what type they are. E.g.
activity NAME, dialog NAME.
e Naming for components: A component should begin with which type it belongs

to, and what type it is, followed by a name. E.g. activity_main_btn_login.

Following these will optimize auto complete, organization and avoid name collision. It

will also make it easier for other developers to read and understand the code.
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Base Classes
The android framework comprise of four main components that are the building blocks

for an application [37].

e Activity - The activity is a class that represents a single screen with UL

e Service - The service is a class that runs in the background to perform different

types of operations, or remote processing.
e Content Provider - The Content Provider class handles data storing and sharing.

e Broadcast Receiver - The Broadcast Receiver is a class that handles and responds

to system-wide broadcast announcements. E.g. battery is low.

It is recommended to use these types for everything the application will do, mainly
because this is how the android framework has been designed, and is intended to be

built.

System Architecture
Based on the previously mentioned methods and patterns, the main layout of the system

architecture can be seen in figure 7.2.

7.3.1 System Goals

To realize the system a set of main goals and sub goals where defined:

e Provide storage for different types of fall related applications.

— The DB should provide tables for the most common types of data that is

related to fall.

— It should provide recommendations/suggestions for standards to use, to make
it easier to share the data with others. This ensures that third parties can

make sense of the data.
e Possibility to share data

— A content provider that provides access to the storage.

— Content contracts for the different content that the provider has. They will

function as convenience classes.
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FIGURE 7.2: System Architecture

7.4 Data model

In this section, the SQLite DB model will be described in detail.

7.4.1 NoFall Data model

The DB is divided into separate sections, which corresponds to each major area that
affects the risk of falling - as found in chapter 3, see appendix B for the full model.
This is done to retain the modularity of the software, ensuring that it will be simple
to update the DB in accordance with new functionality. Each section is divided into
Specification and Log. Tables ending with Spec are used to store the information that
e.g. a survey consists of, while the tables ending with Log are what the user and/or

application registers during use.
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7.4.2 User

The User specification will mainly be used to store risk calculations and results from the
other different specifications. It will also be important to register the gender and age
of the user, since this will also affect the results. The main idea with this specification
is to enable developers an easy way to store data in a single table, to use it for data

representation, or give warnings about risk levels etc.

<2 5chemar=
User
=< Tablax> =< Tablax>
Total_Risk_Lag User_Log
<2PKrE= D WARCHAR <2PKrE= D WARCHAR
Crate : [ ate izender : String
Med_Rizk : String Age int

Test Risk : String
Survey Risk : String
Sensor_Rizk : Sting

FiGURrE 7.3: DB: User

User_Log
This table is for the storage of general information about the user. It will contain the

age and gender, since they both will affect the risk of falling.

Example of data stored in User Log:
ID 1

Gender | Male

Age 67

Total_Risk_Log

This table will be a log of all the risks registered in the DB. At given date intervals it
will be of interest to store the current risk, so it becomes easy to see the progression. If
it has gone up or down, if there are spikes at certain dates. By having this kind of data

and possibilities, one can identify causes for risk, and mitigate them.
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Example of data stored in Ttl Rsk Log:
1D 1 2

Date 10.05.14 21.05.14
Med Risk Low Risk | Low Risk
Test Risk Low Risk | Low Risk
Survey Risk | Med Risk | Med Risk
Sensor Risk | Low Risk | Med Risk

7.4.3 Risk Definitions

To make it possible to evaluate, compare, and collaborate data that is registered in the

DB, the data has to be correlated to some risk definitions. This means that the different

types of measurements the data will be gathered as, has to be related to risk definitions.

Otherwise the different results might become unintelligible.

Min tions

Z<5chema==

/

<< Tablex=
hle zsure_5Standards

24PK== |0 WARCHAR
Mleasure_Type : Sting
[rata_Type : String
Crata_Unit: String

1 zzTable>>
Risk_Drefinitions

22PKx D WARC HAR
Mame : Shing

Crascription : String
24Fk== Meas_5Std_ID : int

/

<< Tablex=
Ref_Risk_Lewels

22PKx D WARC HAR
Mame : Shing
Crascription : String

=

<< Tablexx>
Risk_Mapping

22FK=> D WARD HAR
=2FK== Risk_Def ID :int
2<Fle= Ref Risk_level_|D : int

Range From : String
Fange To: Sking

FIGURE 7.4: DB: Risk Definitions

Measurement_Standards

This table will contain measurement standards for different types of measurements that

can be made, depending on the application. The measurement type (walking speed, step
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count, medication consumption), the data_type (integer, long, string) and the data_unit

it stores (e.g. meter/second, pressure).

Example of data stored in Meas Std:

1D 0 1 2

Measure Type | Walking Speed | Time Measurement | Medication
Data Type long long int

Data Unit meter/second | seconds Number Of

Risk Definitions

This table will contain the different types of risk definitions the measurement standards

can have. Several different risks have been found through research, and these will be

stored here (E.g. WalkingSpeed can consist of AverageWalkingSpeed, maximum walking

speed, sprint).

Example of data stored in Risk Def:

ID 0 1 2

Name Walking Speed Medication TUG Basic

Description The average walk- | Number of medication | Basic TUG test mea-
ing speed of the | taken. surement.
user can be used
to calculate risk

FK: Meas Std | 0 2 1

Reference Risk Levels

This table will contain reference risk levels. This enables the developers to define some

easy levels of risk for their gathered data.

By doing this, it makes it easier for the

application to indicate some level of risk for the user. Examples of such levels could be;

No increment, Low, Medium and High or 0 -1 - 2 - 3.

Example of data stored in Ref Rsk Lvls:

1D 0

1

Name

No increment

Low

Med | High

Description

No increased risk

Minor increased risk of falling | — —

Risk Mapping

This table will contain a mapping between the reference risks levels and the risk defini-

tions. A given measurement can often have a value range associated with it. If there is

no range, or if it is hard to define a range, the attribute Range_To will be empty.
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Example of data stored in Risk Mapping:
1D 0 1 2 |3
FK: Risk Def 0 0 2 |2
FK: Ref Risk Level | 1 2 0 |2
Range From 0 0,710 |14
Range To 0,711,314 |-

7.4.4 Medication

The aspect of medication and increased risk of falling is still quite unspecific. Most of
the research can tell that certain medications might have an increased affect and they
also say that if the patient is on more than four different medications, it is an indication
of increased chance of falling. The medication specification tries to consider this, but
still be able to support new findings from research. The Medication Spec table can be

used to specify different types of treatments (e.g. heart-decease or depression).

<< Schamas =
Medication

4 Tabla»= <4 Tahle==

hed_Spec ted_Category
2=2PK=> new_col : VARCHAR =4Pie= D VARC HAR
Nama ; Sting Hama ; Sting
Des cription - Sting . 0. c<Tablas>
Chwner - String -t ed Type
<<F > Risk_Def |0 :int = mitda

2sPkE= D WARC HAR
il Mame : Shing

2aF ez Med_Cat_Spec_ID @ int

1 o
1
saTable=> .
Med_Laog coTablers -
<<PKE» ID - VARC HAR L I::I":-\ Med_LetLag
HumbesOF ; int s<Fke= 1D ; VARC HAR
Date: D ate £<Fir>Med_T_Spec ID : int
4<F e > Wed_Spec_ID : int = aF k== Wed_Log_|D : int

FIGURE 7.5: DB: Medication

Medication_Specification

This table will contain a medication spec for medications that has been identified as risk
increasing. It will contain a name and description. It will also have a foreign key to a
risk definition, which could be the number of medications that is taken. The Owner_ID

attribute is to identify where the data came from.
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Example of data stored in Med Spec:

1D 0

Name Standard Med

Description Standard recording of medication that calculates risk based
on the number of medications, and not the specific medica-
tion

Owner -

FK: Risk Def | 1

Medication_Category
This table is used for the storage of all the different categories of medication that have

been identified as associated with increased risk of falling. (e.g. Antidepressant).

Example of data stored in Med Cat:
ID 0 1 2
Name | Antidepressant | Anticonvulsants | Antihistamines

Med_Type

This table is used for the storage of all the different types of medication that have been
identified as associated with increased risk of falling. (e.g. Amitriptyline). The foreign
key binds the table to the category, so all the antidepressant medications are linked to

this category.

Example of data stored in Med Type:
1D 0 1 2
Name Amitriptyline | Bupropion | Brompheniramine
FK: Medication Category | 1 1 3
Med_Log

This table is used for the storage of how many medicaments the user are currently taking.
Through research it has been shown that by knowing how many medicaments a person
takes, one can deduce a risk of falling. This risk is associated with a risk measurement
standard defined in the DB (see measurement for details). It is not needed to know

which medications they are taking.

Example of data stored in Med Log:

1D 0
Number Of 3
Date 10.05.14
FK: Med Spec | 0

Med_List_Log

This table will store which medications the user is taking, if they know and registers this
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through the application. The foreign keys link this list to the medication log, indicating
from which date they are currently prescribed the different drug(s), and which drug(s)

it is.

This table can be empty, because it is not necessarily that the user knows which medi-
cations they are taking. Many will just take what the doctor prescribes and be content

with that.

Example of data stored in Med List Log;:
ID 0[1]2
FK: Medication Type | 0 | 1 | 2
FK: Medication Log |0 |0 |0

7.4.5 Survey

Several different surveys have been made through different research in fall risk, e.g.
Hendrich Fall Risk Model II contains simple questions with a point scores that will
indicate risk of falling. To enable the users of NoFall to register surveys the want to
use, they can specify all the different specifics such as the questions and the risk factors

related to different answers.

<< 5chema=>
Survey
=< Table=>
Survey_Question_Spec Z<Tahble=x>

<<Pis> (D WARC HAR Survey_Spes

Question : String 24PKE= Do WARC HAR

<=Fkr=5ur_Spec Il : int Mame : String 1 0.F

Chner_|ID : String <<Tablas>
Lrescription : String
1.7 1 Survey_Log
1
[rate : [ ate
1 <<PRE= |0 WARC HAR
<FKF=Sur_Spec_ I :int
=4 Tablar=
Survey_Q_Risk_Spec
=< Table=> 17 1
2<Pke> D VARG HAR Survey_snzwer_Lag )
Arswear ; String
<=Fk=5ur_Q_Spec_ID :int 1 0.7 | #<PKe= |0 VARCHAR
<<Flee> Ref Risk_Levek D : int #<Fkr=Sur_Log_ID : int
<=Fk=5ur_Q_Risk_Spec_ID :int
-4

FIGURE 7.6: DB: Survey
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Survey_Spec
This table will contain the specification for a given survey. This will consist of the name
of the survey and a description. The Owner_ID attribute is to identify from where the

data came from; if it was from an external or internal application.

Example of data stored in Survey Spec:

1D 0

Name Hendrich Fall Risk Model II

Description | A model consisting of some risk categories
Owner ID NoFall

Survey_Question_Spec
This table stores all the questions associated with a given survey. Each survey can have

one-to-many questions. The foreign key links the question to the correlating survey.

Example of data stored in Surve @ Spec:

1D 0 1 2

Question Are you often con- | Are you depressed? | Do you experience dizzi-
fused or disoriented? ness/vertigo?

FK: Survey | 0 0 0

Survey_Question_Risk_Spec

Often the questions can have several different answers to a question (yes, no, maybe)
and each answer has its own risk. This risk is associated with a risk level. This is linked
to risk levels, because an answer will always have no increased or increased risk, and
each question will affect this. The foreign key link the risk and answer to the correct

question.

Example of data stored in Survey Q Rsk Spec:
1D 0 1

Answer Yes | No

FK: Ref Risk Levels | 2 0

FK: Survey Question | 2 2

Survey_Log

This table contains the date at which the user completed the given survey.

Example of data stored in Survey Log:
ID 0

Date 14.05.14

FK: Survey Spec | 0

Survey_Answer_Log

This table contains all the answers the user made. The foreign keys link the answers to
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the date at which they were given. It also links the answer the user made in the survey

to the risk table, so it is easy to look up the risk for that given answer.

Example of data stored in Survey Ans Log:
1D 0
FK: Survey Question Risk | 1
FK: Survey Log 0

7.4.6 Sensor

When using sensors in relation to fall risk detection, several different types are used.
These can be accelerometers, gyroscopes, pressure readers etc. The sensor specification
enables developers to specify which sensor they use, register relevant info such as accu-
racy (this is so other users can see at what degree they can trust the data). They can

also save all the data they gather with a given sensor.

<< 5chemarx
Sensar
<< Tablex= =<Tablexx
Sensor_Spec Sensor_Log
22PKE= D WARCHAR 22PKE= D WARCHAR
Mame: Sting Walue_forg o int
Cwner |0 : String <<Flk==5ens_Spec_ID :int
Accuracy ;int Start_Time :int
<=2F K== Risk_Def ID :int 1 o=
1
<< Tablexx
Sensor_Log_ltem
<<PkEE new_col : WARCHAR
Time : int
Walue :int
<<Fk== Senzor_Log_|D : int

FIGURE 7.7: DB: Sensor

Sensor_Spec
This table contains all the information about a given sensor. It will have the name of

the sensor (e.g. accelerometer). The sensor will also gather some type of data, which
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will be identified through the foreign key Risk_Def ID. The Owner_ID attribute is to
identify where the data came from; if it was from an external or internal application.
The type of data that is stored will have to have some sort of risk definition for the

measurements; this will be stored in the risk definition specification.

Example of data stored in Sensor Spec:
ID 0

Name Accelerometer

Owner 1D NoFall

Accuracy 95%

FK: Risk Def | 0

Sensor_Log

This table will store the average value (Value_Avg) that is recorded by the sensor if this
is of interest (e.g. the average movement speed of the user over the last week). It will
contain when the recording started. The foreign key ensures that the values that are

stored here are linked to the correct type of sensor.

Example of data stored in Sensor Log:

ID 0 1

Value Average 0.75 M/S 0.72 M/S
FK: Sensor Spec | 1 1

Start Time 10.05.14:10.45 | 16.05.14:12.30

Sensor_Log_Item

This table will store each reading that is made during the logging. It will contain the
value and time of the reading. Based on the data stored here, the average can be
calculated and stored in the Sensor Log table. Having each item stored like this, one

can for example see changes in movement over two months by comparing the data.

Example of data stored in Sensor Log Item:
1D 0 1
Time 10.05.14:10.45 | 16.05.14:12.45
Value 0.75 M/S 0.72 M/S
FK: Sensor Log | 0 0

7.4.7 Test

To determine risk of falling there exists many different types of tests that a person can
take (e.g. timed-up-and-go(TUG) test or sit-to-stand test). Some consists of a test and

questions related to the test (e.g. for the TUG: Did you use more than one attempt
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The test specification covers the most relevant attributes

to rise out of the chair?).

identified from research analysis. Enabling them to specify their own tailored tests, or

register known established tests.
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Test_Spec
This table will contain the name of a specific test. It will also store an Owner_ID which
will indicate who stored the data for this certain test; if it was an internal or an external

application.

Example of data stored in Test Spec:
ID 0

Name TUG

Owner 1D NoFall

Description | A standard TUG test...

Test_Measure_Spec

Many tests will have some form of measured values (e.g. the TUG test will record the
time a person takes to walk 3 meters, turn, walk back and sit down). This table will
contain which type of measure is to be recorded for this test, what kind of data type
it records and what kind of data unit. These sorts of measures will follow defined risk
definitions that are stored in a risk definition table, the foreign key will point to this
table. The foreign key Test_Spec_ID ensures that the measure is linked to the correct

test.

Example of data stored in Test Meas Spec:
ID 0
FK: Risk Def | 1
FK: Test Spec | 0

Test_Measure_Log

The test measure log will contain the results of an executed test that has some sort of

measurements.
Example of data stored in Test Meas Log:
1D 0
Value 13 seconds
FK: Measure Spec | 0
FK: Test Log 0

Test_Question_Spec
Some tests also have questions that will be asked in relation to the test. (e.g. in the
TUG test, it can ask if the person used one, two or several attempts to rise out of the

chair).

Test_Question_Risk_Spec

The questions will often have several answer options, and each option might have a risk
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Example of data stored in Test Q Spec:

D 0

Question Did you take several attempts to get out of the chair?
FK: Test Spec | 0

value. This risk is associated with a risk level defined in the DB (see measurements for
details). This table will contain such information, where the foreign key ensures that

the risk and answers are connected to the correct question.

Example of data stored in Test Q Risk Spec:
1D 0 1 2
Answer No | One | Two
FK: Ref Risk Level 0 2 3

FK: Test Question ID | 0 0 0

Test_Log
The test log table will contain at which date the test was completed.

Example of data stored in Test Log:
ID 0

Date 15.05.14

FK: Test Spec | 0

Test_Answer_Log
This table will contain all the answers the user gave during a test. The foreign key will

ensure it is connected to the correct test and date (Test_Log table).

Example of data stored in Test Ans Log:
ID 0
FK: Test Q Risk Spec ID | 1
FK: Test Log ID 0

7.5 Chapter Summary

In this chapter the main driving points and design for the architecture is presented.
Stakeholders and concerns that affect the choices made in relation to architecture and
design are explained. The goals that the system is aimed to achieve are listed. Finally,

the database model design and rationale are described.

To avoid technical debt, which is the consequence of poor software design, it is impor-

tant to begin the design process of the software architecture and database before the
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implementation begins, to avoid coding from scratch, blind and bewildered. Since the
development is an iterative process, changes will occur to the design, almost at each new
sprint. Good design takes into account that changes will occur during the lifetime of

the project, and they need to be easily addressed.

The entire process removes normal pitfalls developers find themselves in, if they do
not follow any sort of plan or design. Planning and designing will also remove some
unneeded changes that would otherwise occur, since they have already been predicted
and overcome. One final benefit is that the risk of having to revert to previous versions
of the software is diminished, because the chance of starting to develop something that

will ruin the platform or be totally wrong is small.
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Implementation

This chapter details the strategy followed during the implementation. The tools and
technologies that were used will be described, and the rationale for their usage explained.
The process for how each major part of the platform was implemented, with issues, will

also be presented.

8.1 Strategy

As mentioned in chapter 2 this project followed an adoption of Scrum. The implemen-

tation tasks were divided as:

e Requirements: These are larger parts of the platform, which also has to cover
the requirements specified in chapter 5. E.g. complete the implementation of the

Survey Spec in the DB.

e Requirement tasks: Tasks are smaller portions of the entire requirement. The
requirements are divided into small, manageable assignments, which is never larger

than a workday. E.g. write the SQLite code for the table Survey Log.

All the requirements and tasks were gathered in the backlog, see figure 8.1 for some of
the requirements set for the implementation. Each requirement was then divided into
several tasks, see figure 8.2 for the tasks for requirement 1. For each sprint, the amount

of time to complete a requirement were estimated, and moved to active. Based on how
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many hours of work was completed in comparison to how many hours in a work week

were available, the burn down was calculated.

1 Requirements Estimated Time in hours
The Survey Specification has to be accessas through a Content
Provider to make it possible for several applications to access the
same 10
The Test Specification has to be accessas through a Content
3 Provider to make it possible for several applications to access the
same 10
The Medication Specification has to be accesses through a Content
4 Provider to make it possible for several applications to access the
same 10

ra

The User Specification has to be accesses through a Content
% Provider to make it possible for several applications to access the
same 10

The Standards Specification has to be accesses through a Content
& Provider to make it possible for several applications to access the
game 10

The Sensor Specification has to be accesses through a Content
7T Provider to make it possible for several applications to access the

same 10
5 To make it easier to use the content provider, each specification in
the DB has to have a Content Contract: Survey 10
3 To make it easier to use the content provider, each specification in
the DB has to have a Content Contract: Test 10
10 To make it easier to use the content provider, each specification in
the DB has to have a Content Contract: Medication 10
. To make it easier to use the content provider, each specification in
the DB has to have a Content Contract: Standards 10
FiGURE 8.1: Partial Backlog
Requirement Task Estimated Time in hours  Status
1 Write inserts 2 Completed
Write updates 2 Completed
Write queries 2 Completed
Write deletes 2 Completed
Write Uns for urimatching 2 Completed

FicURE 8.2: Backlog - Requirement 1 tasks

Using an iterative methodology with rigorous follow-up each sprint made it possible to
complete the implementation in time. This also mitigated the risk of not managing to
complete in time. Another risk mitigation that was used, where the usage of a personal
rule in regards to the report: Each week a minimum of four pages was to be written, or
an equal amount of time to revise, restructure or plan mew chapters was to be directed

at the report. This removed the danger of becoming to focused on the development,
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and ignoring the report. Other risks were taken into account, such as sickness, personal

issues that obstructed progress, delay in receiving/obtaining vital assets.

Testing was performed on two different Android devices: LG-P990 and Huawei-U9000.
Since the platform only provides back-end functionality, and the test applications written
are only made to provide developers with examples of how to use the platform, the need
to test if the GUI scaled well on many screen sizes did not exist. That is why the use of

such a limited number of devices was sufficient.

8.2 Tools & Technologies

8.2.1 Java & SQLite

Java

NoFall was developed using Java programming language, this relates to the wishes of
my advisor that the platform was to be developed for Android devices. Android would
also have been my choice to develop for, since it has the largest community, and it is

focused on open source.

Java [38] is an object-oriented programming language first released by Sun Microsystems
in 1995, the languages syntax is based on C and C++. Java is the programming language

that Android applications are based on.

SQLite

SQLite is an in-process library that implements a self-contained, serverless, zero-configuration,
transactional SQL database engine. SQLite is an embedded SQL database engine. Un-

like most other SQL databases, SQLite does not have a separate server process. SQLite
reads and writes directly to ordinary disk files. A complete SQL database with multiple

tables, indices, triggers, and views, is contained in a single disk file. [39]

Working with sensitive and private information in relation to the storage of fall risk
data, there were no possibilities for any external storage. This is because a major
process of applying for permission to store this kind of information, and the need for
such functionality did not outweigh the tedious process of getting it granted, or if it

would be granted.
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This led to the usage of an internal database for each mobile phone and no external
web-storage. SQLite works great with android, providing an easy to use API, quick
read/writes and since SQLite requires little to no administration, it works well for in-

ternal databases that have to work unattended.

8.2.2 Eclipse

I did the development in Eclipse with Android SDKs installed. I chose Eclipse as my
development tool because it is familiar, easy to use and has good support for Android
and Java development. It provides easy debugging support, with great logging that can

be viewed with Logcat.

Eclipse [40] is one of the most used open source IDE. By supporting various plug-ins
the Eclipse makes it possible to develop mobile applications, web-applications and even

develop in different languages then Java.

By using the Android SDK with Eclipse, the API libraries and developer tools needed to
build, test and debug Android applications in Eclipse is provided. This includes Logcat,

which is an excellent way to use logging to track data flow for debugging.

Another IDE that I could have used was Android Studio, which is an IDE based on
IntelliJ IDEA, and will be the official IDE for Android when it is released. Android
Studio is still in Beta, which is the reason I decided not to use it, since I prefer not to

risk bugs and problems related to an unfinished product.

8.2.3 SQLitebrowser

To view the SQLite DB to verify that the correct tables were created, SQLitebrowser
[41] was used. This is a light GUI editor for SQLite DBs.

8.2.4 TeXstudio

The report was written in TeXstudio [42]. This is an integrated writing environment for
creating LaTeX documents. It provides several features to make it easier to manage a

document, such as syntax-highlighting, reference checking and integrated viewer.
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8.2.5 Android

Android is an OS designed primarily for touch screen devices such as tablets and smart-
phones. The OS is released under the Apache license, which means it is open source
and anyone can modify it or develop their own products. The user interface focuses
on logical interaction such as touch, swiping and pinching. This makes the interaction

suitable for novice users, and the user learning curve is minimal.

8.3 Coding

This section will give a short description of the implementation, and issues that occurred

during this process.

8.3.1 SQLite Database

The implementation of the DB was straightforward, by following the design from chapter
7, and looking up examples and best practices from the SQLite homepage. The specifi-
cations with its corresponding tables was implemented in a systematic order, completing
one section at a time, and testing it to see that the tables were created correctly by using

SQLitebrowser. Simple test queries were written to test inserts, deletes and updates.

Issues

An issue that occurred during the implementation was syntax mishaps with the strings
that create tables (see figure 8.3 for an example). These are not forgiving when it comes
to syntax, and minor errors create problems. They are also hard to find, since the IDE

does not detect any error when it is a string of text.

Another issue was that it became troubling to keep track of the entire DB as it contin-
uously grew and the design changed. It happened that some changes to the design did

not get into the current build at the correct time, because it was overlooked.
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private static final String DATABASE CREATE = “"create table ™
+ MedicationType.TABLE_NAME
+ ("
+ MedicationType. ID +
+ MedicationType.NAME + " text not null,

+ MedicationType.FK_RISK_STAND MAP + " integer, "

+

+

+

+

integer primary key autoincrement,

MedicationType.FK MEDICATION CATEGORY + " integer, "
MedicationType.CREATED DATE + " integer,”
MedicationType.MODIFIED DATE + " integer,”
" FOREIGN KEY ("+MedicationType.FK RISK STAND MAP+") REFERENCES "
+5tandardsRiskMap. TABLE NAME
+" ("+StandardsRiskMap. ID+") ON DELETE CASCADE"
+ " FOREIGN KEY ("+MedicationType.FK MEDICATION CATEGORY+") REFERENCES "
+HiedicationCategorySpec. TABLE NAME
+" ("HMedicationCategorySpec. ID+") OM DELETE CASCADE );";

F1GURE 8.3: SQL String example

8.3.2 Content Provider

The content provider was developed by following the guidelines and looking at the
example applications provided by Android. For each database specification that was

completed, the content provider was updated, so it could be accesses through it.

Content Contracts

When the DB and Content Provider version 0.1 was completed, the content provider was
re-factored. The result was content contracts for each specification and its tables. The
content contracts for the provider are utility classes that are created for the convenience
for developers. A contract class defines constants that help applications work with the

content URIs, column names, intent actions, and other features of a content provider.

Issues

An issue with the content provider was the sheer size of it. It became rather hard to
establish an overview of it at times, especially if it had been a while since I had been
working with it. This problem became less when I managed to form good contract
classes, which contains much of the information that was previously in the content

provider.

There was also some initial problems, related to inexperience, such as not fully under-

standing what or how the Uri and Urimatching, and authority granting worked.
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8.3.3 Example Application

Example applications was developed to ensure that the DB and the content provider
fulfilled the requirements and scenarios established, and to provide the potential devel-
opers that will use NoFall with some examples. An easy and intuitive way to become

familiar with a platform or framework is to view examples made by the creator(s).

The focus of the example applications was to show possible applications that could use
the platform, give inspiration or ideas, and not on designing good and robust applica-
tions. Therefore, several short cuts were taken during the development of them; such as

good GUI design was neglected.

e A pedometer application made by Levente Bagi [43] was incorporated and cus-
tomized to work with the NoFall platform. This was to demonstrate that existing

complete applications could be adapted to the NoFall platform.

e A graphical displaying application was developed to have some way to present the
data gathered from the pedometer application. This application was developed
to demonstrate the power of sharing data, and how simple the implementation of
an application can be - other applications and APIs handled the majority of the

complexity.

e A simple listing of medicaments that can be selected. This application was devel-
oped as more a suggestion of functionality that applications can have, rather than

demonstrating the NoFall platforms functionality.

e A widget application was developed, this shows data based on the pedometer
application as well, but it could be used to display e.g. the current level of risk of

falling based on several risk factors.

e A simple testing application was developed. It is a simple TUG-testing application
that explains the TUG-test and how to perform it. It also saves the data from the
test to the NoFall platform.

Issues
An issue, or more a challenge arose during the development of the different example

applications; the process of figuring out which applications to develop. They had to be
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relevant to the usage of NoFall and in turn be relevant to fall prevention or risk detection.

They also had to demonstrate how to use the content provider with its contract classes.

Initially the TUG-test application was intended to be semi-automatic. The user was
supposed to be able to press start, place the phone in a pocket, wait for the phone
to beep and begin the test. The phone would automatically beep again after 3 meters,
signalling for the user to turn and walk back. It would also notice when the user stopped
moving, saving the result of the test. This became too complex and time-consuming, and
in the end there was not enough time to make it. Therefore, the TUG-test application

is now a glorified stopwatch that saves the timed results.

8.4 Chapter Summary

In this chapter, the strategy used for the implementation and the writing of the report
has been explained. Which main tools and technologies that were used has been dis-

cussed, and the main parts of the implementation and related issues has been presented.

When approaching a new project, selecting the correct tools and technologies is an
important process. Therefore putting some time into research and comparison can in
the end improve the result, make life easier and earn the time put into finding the correct

tools back.

A well-defined and rigorous strategy, that has weekly and daily goals, ensures continuous
results. Using an iterative methodology will push the developer to always improve and
enhance the product, pushing out new or improved functionality on time. This helped
me to avoid what is called a zero-day, which is a day where nothing is achieved on
the dissertation. Everyone can have a bad day, but a day that is non-zero is easily
achievable, and this accumulates over such a long process and leads to a lot of work

getting done.

By breaking the entire solution up into smaller, more manageable sizes (such as the
requirement tasks), makes it more plausible to execute. Another benefit of such a
process is that to be able to define these requirements and tasks, the entirety of the

solution and process must be thoroughly thought through. By doing this, one gains a
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better overview of the task at hand, which can lead to changes, improvements or removal

of unnecessary complexity.



Chapter 9

Results and Evaluation

This chapter will present the final implemented solution. An evaluation of the hypotheses
presented in chapter 1.2 relative to the final implemented solution. The evaluation of
the results is presented. Finally, some of the major challenges that occurred during the

dissertation are listed.

9.1 Final Solution

All the implementation requirements that were set during the planning and designing
phase for the NoFall platform was completed. This includes the implementation of
the database foundation and the content provider that grants access to it. The test
applications had their own requirements and tasks, in which several of the planned test

applications were implemented, albeit not all of them because of lack of time.

9.1.1 Database

The database was implemented following the design from chapter 7. The DB covers

each major important aspect of fall risk research discovered and presented in chapter 3.

9.1.2 Content Provider

A content provider was implemented following Androids tutorial and guidelines. It
allows for access to the entire DB with read, inserts, deletes and updates. To ensure

80
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that it is simple to use and user-friendly, each specification with its tables has a content
contract class. These classes contain constants that are used to reference the different

table names, attributes and URIs.

9.1.3 Example Applications

The example applications implemented are listed below:

e Pedometer - an application that records number of steps and calculates the move-

ment speed.

e Graphical display - this application displays data in a normal graph, and in a pie
chart.

e Medication registration - this application has many different medications and cat-
egories that have been identified with correlation to fall risk. It shows how one

could list these, register them to a user and calculate risk from it.
e TUG-Test - this application is a simple TUG-test.

e Widget - a simple widget with some queries for different data to present.

9.2 Hypothesis

The focus of this thesis has been fall prevention applications with the hypothesis:

Hypothesis: Having a platform for fall detection applications will make it easier for
future developers to build high-level applications that are well defined and achieve a

higher level of quality.

Through my work with this thesis; designing and implementing, it is my opinion that
providing future developers with a platform will increase the speed at which prototypes
or even fully functional applications made for different application markets are devel-
oped. This will also make it easier for the developers to build high-level applications,
since they can focus solely on functionality, usability and other aspects, than the process

of defining the underlying storage and how this is supposed to be designed.
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Based on my results, I believe that the hypothesis is true. This is however my opin-
ion, which is inevitably biased, based on my experience using the NoFall platform to
develop example applications. Further work, testing and feedback by other developers

are mandatory to be able to fully evaluate the hypothesis.

9.3 Research Questions

Main Research Question

What is the effect of a platform on the ease and quality of developed applications?

How it is answered in the thesis:
The platform has several effects that have been identified through the work on this thesis

(See chapter 5.3 for a demonstration of these findings).:

e It reduces the number of lines of code that has to be written, which translates to
shorter development time, or more time to be used on improving other parts of

the application.
e It allows for sharing of code (e.g. queries) - which reduces work time.

e [t is easy to adapt existing solutions to the platform. This is important, so that

existing solutions do not have to go through a big overhaul to adapt to the platform.

e The data that is stored in the DB can easily be shared between different applica-

tions, making collaboration easier and more accessible.

Secondary Research Questions
Question one

What are common and easily measurable risk factors used in fall risk assessment?

How it is answered in the thesis:
From the literature analysis (see chapter 3 for details) several factors where identified -

a short summary of some of the important ones are listed below:

e Medication: What type of medication (e.g. antidepressant) and how many different

types of medication the person takes will affect fall risk
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e Poor strength and balance: If the person is physically weak, the risk of falling will

increase. The implication of the fall will also be more severe with low physique.

e Psychological: The state-of-mind of the person will affect the risk of falling (e.g.

fear of falling, nervousness).

Question two
How can one design a meaningful data model based on the knowledge of which patient

information/data is useful for predicting the level of risk of falling?

How it is answered in the thesis:

The most important aspects of modelling data, is identifying what kind of data that will
be stored - and how it relates to each other. Based on the analysis done in chapter 3,
the sort of data that is typically gathered was identified. This analysis also helped to

form relations between the different data, seeing how they relate to fall risk.

With the knowledge of what kind of data and how it should relate to each other, the
design and architecting could begin. The database follows best practices and guidelines

from the SQLite homepage. See chapter 7 for the full detailed design of the database.

Question three

How should the technical architecture of a platform be designed and built?

How it is answered in the thesis:
When building a platform or a framework, the focus is on the developers and not end-

users, and this is something to take into consideration when designing the architecture.

The analysis done in chapter 4 showed how other researchers and developers had solved
their own problems related to fall risk and detection. The different solutions provided
knowledge that helped me in the design and architecture of the platform. Such as the
framework SPINE [32] was an excellent way to see how the design and architecture of a

large-scale project for a framework was done.

It is important that the platform covers use cases, and if a certain use case is not
supported, it should be easy to implement or adapt the platform to support it. This can
either be done by the creator of the platform, or if the developer writes an extension

class/method by themselves.
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9.4 FEvaluation

NoFall has three problems that it attempts to improve in regards to development; time,
interoperability, and reuse. It wants to reduce the time it takes to finish an application.
It tries to make it easy for systems to work together and share data. Finally, it wants
to increase the amount of code that can be reused. The three problems are all closely
related, and by improving one of them, the others will benefit. Such as reuse of code

between solutions could also be seen as interoperability.

To evaluate how successful the platform is, values that the NoFall platform could be

measured against were set for the three issues.

e Time: Number of hours saved when developing.
e Interoperability: How easy it is to share data between applications.

e Reuse: How much code is reusable.

Problem to Improve - Time
The time to develop an application is reduced when using the NoFall platform. If the
use case fits the platform correctly, almost half of the solution is already in place and

ready to be used.

This became evident during the development of the different test applications. When I
measured the amount of work and time that went into the different test applications, 1
saw a big improvement in time consumption versus other projects I've worked on when

developing mobile applications.

Problem to Improve - Interoperability

The NoFall platform makes it easy to share the data between applications. The Content
Provider API is easy to learn and has several examples online on how to use it. Therefore,
it is pretty straightforward to write an application that access the NoFall DB trough
the API.

This showed to be simple when I was developing the graphical display application.
When I wanted to get some data, it was simple to query the DB and retrieve the data

the pedometer application had stored.
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However, from the evaluation process it was not evident how easy it would be to make
sense of the data that is shared, even though it is simple to access. This comes from lack
of other testers than myself, and the inability to have access to data that was retrieved
by an outside source. Therefore, it is hard to determine if interoperability has become

easier.

Problem to Improve - Reuse

Many of the queries used to access the database can be reused by several applications,
especially queries that are only interested in e.g. all the data stored in certain tables.
Several inserts are also reusable, since they will be the same, only change which values
that are inserted. This makes it possible to copy queries written by other users, reducing
the amount of time needed to develop their own solution. If one views the entire NoFall
solution as ”reusable code”, the amount of code that is reusable multiplies for each

application that uses the platform.

9.5 Challenges

During the dissertation, I encountered several challenges, both minor and major. The

challenges with the largest impact and how I approached them is listed below:

e Changed direction of the dissertation
The initial goal of the thesis was to explore the possibilities and develop an ap-
plication for fall prevention. This application was supposed to be stand-alone,
diminishing or removing the need of having to interact or get help for healthcare

professionals.

From guidance from my advisor, the shift to explore and rather develop the NoFall
platform came relatively early on in the first semester, but it still required some

adjustment and re-evaluation of several aspects.

I accomplished this by researching more into platforms and frameworks, and in-
corporating this knowledge with the knowledge I had already acquired. It was
hard to develop a platform since this was the first time I had ever done this. In

addition, it was rather different from the normal application thought process.
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e Designing the database
The database went through three larger overhauls. The overhauls were motivated
by the fact that I felt the design was moving in the wrong direction. It was very
hard to get a firm grasp on what kind of design would accomplish the desired
outcome. The biggest issue was how risk definition and measurements should be
handled. What kind of data would come in? What sort of risk would this data
indicate? How should this data relate to the source? How should it be stored, as

to make sense for other users of the NoFall platform?

This issue was addressed by getting feedback from my advisor and my father (Helge
Johansen) on the current design. I would not say this issue was entirely solved,
because I believe there is room for a lot of improvement on the current database

design.

e Example Application

— Pedometer
The customization of the pedometer was challenging, because it was imple-
mented targeting an older release of Android than what I was targeting. This
lead to some implications, such as several of the methods that existed was
deprecated, and had to be changed. These changes led to ripple effects in the

code, leading to new bugs and errors.

— TUG-test
The example application for the performance of a TUG-test was supposed to
be able to start and stop the timer automatically. The user was supposed to
press start test, the timer would then start when it noticed movement, make
some noise after 3 meters - to signal the turn, and stop when no motion was

noticed.

This was not implemented, because the sensor in the mobile phone was to
prone too false-positives, and the results became untrustworthy. This relates
to my lack of skill with writing algorithms in relation to human motion.

Therefore, the application is now a manual press start/stop timer.



Chapter 10

Conclusion & Further Work

10.1 Conclusion

The goal of this dissertation was to investigate challenges and solutions related to fall
prevention with focus on mobile applications. Based on the investigation, an issue of
research was formulated; (1) Having a platform for fall detection applications will make
it easier for future developers to build high level applications that are well defined and
achieves a higher level of quality. This led to the formulation of one main research
question and three secondary research questions, which helped to guide the direction of

the thesis:

Main Research Question
What is the effect of a data-storage platform on the ease and quality of developed

applications?

Secondary Research Questions
Question one

What are common and easily measurable risk factors used in fall risk assessment?

Question two
How can one design a meaningful data model based on the knowledge of which patient

information/data is useful for predicting the level of risk of falling?

Question three

How should the technical architecture of a platform be designed and built?
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In order to achieve this, a platform was implemented which provides the foundation
for a fall related application. It provides a well-defined database based on the existing

research in the field of fall prevention with a content provider to access it.

To make it easier to use and diminish the learning curve, some example applications
were developed to show the usage of the platform. They are all related to fall prevention
to increase their relevance with the platform, and to serve as inspiration for application
ideas. The applications are small and simple, focused on showing what I have thought of
as ”high probability use case”, and not on best practices on application implementation

with high level of complexity and completeness.

The lack of real-life usage of the platform is the largest downside, limiting the possibilities
to uncover faults, bugs, needed or unneeded functionality. This could in turn have led
to a better result for both the report and the NoFall platform. Although this is the case,
my experience with the platform when developing test applications has been positive,

and I believe it is a good approach.

Solely I, the developer of Nofall, did the evaluation without any outside sources affecting
the results. Therefore, the results are biased and plausible at best. This was done
because there was no available and suitable test person, someone who was going to
develop an application related to fall prevention that would take the time to test a
prototype solution. This is understandable, because it is not always desired to test
someone’s prototype and impeding their own research when it is not a necessary risk.
It should be pointed out that this is acceptable because the result of this thesis is a

proof-of-concept, and not a final solution.

My results led to strong implications towards the hypothesis being true. This being the
case, I feel that the goals set for this dissertation has been fulfilled, and that my result
can contribute to further research and work in the field of fall prevention with focus on

mobile applications.

10.2 Further Work

The content provider is at the moment the only access-point to the DB, and it gives

access to the entire DB. It is not necessarily the case that a developer will have the need
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to access the entire DB, and therefore the development of new content providers, which
gives access to less, could be useful. This could come in the form of read-only access,
or access to a limited number of tables or specifications. This could be a performance
improvement and it could reduce the complexity the new developer has to adhere to. The
security of data could also be an improvement, since less data or actions to manipulate

the data are available.

The DB is at the moment satisfying and ready to be put into use. The DB is currently
at version 1.0 and will be updated and improved as user feedback is given, and as the
maintainers matures, learns and understands more in relation to fall risk and prevention.
New use cases might also emerge during the lifetime of the platform, and the DB must

be modified accordingly as to support the eventual new usages.

One change that was considered, but excluded from the current DB version was a Med-
ication mapping table between Medication Specification and Medication Type for more
detailed medication risk definitions. This was omitted because as the current research
stands, it is rather vague on what kind of medications that would lead to increased risk
of falling, or if there is something that can be done (would it be more beneficial to reduce
medication vs. the reduced risk of falling?). This is something that should be added to

the design in a later phase.

Several example applications have been developed, such as a pedometer, graphical dis-
play of data and a widget, but there are certainly room for more good test examples.
There will definitely be problems and new usage areas for NoFall that will become evident
when other developers start using it. Therefore, it is important to update the existing
example applications, and develop new ones based on feedback from users, making sure
the applications are current and up-to date. This will benefit and ensure that it will be

easier for the next developer.

Porting the platform to a cross-platform solution could also benefit the research and
developer community. That will make it available to several mobile platforms, and

thereby making it possible to develop for more devices, reaching more users.

Step one after the delivery of this project could be to place the NoFall platform in a
testing environment. A possible opportunity to test and improve the NoFall platform

is to make it part of a bachelor or master project. This would be a good way to verify
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that this is the way we want to do it, and this is how it should look like. The project
could be based on a two-part step; build applications with the platform, and improve
the platform as improvements are discovered during usage. Based on the findings, a
solution that would be put into production could be made - with the proof-of-concept

from this project and the results from the testing as a starting-point.



Appendix A

SQLite DB Model

Below is an image of the entire DB model. This image might be a bit hard to read the
small details, but it is intended to show how all the different specifications are connected.

See chapter 7.4 for the individual specifications and details.
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Appendix A. SQLite DB Model
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Appendix B

NoFall Access

The NoFall platform can be found at:

e https://github.com/UbiCollab/NoFall or

e https://github.com/finnjohansen/NoFall

To get the platform just click Download ZIP (see figure B.1)

1 [ master = NoFall /| +

settings

HTTPS

" --TEI

= Clone im Deskiop

0 Downlaad ZIF

FIGURE B.1: Git Screenshot

The Wiki can be found at:

e https://github.com/UbiCollab/NoFall /wiki or

e https://github.com/finnjohansen/NoFall /wiki
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