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Abstract

The World Health Organization (WHO) stated in 2018 that accidental falls are the
second leading cause of injuries worldwide. Injuries on a severe magnitude due to a
fall are not very common, but occur in 1 out of every 5 fall accidents. This results
in broken bones or injuries to the head. Severe injuries as a result of fall cause a
mortality of about 646 000 people every year, a ecting adults aged over 65 years the
most. Approximately 70 000 people in Sweden su er a fall annually. Both severe
and non-severe injuries due to fall add about SEK 25 billion as a cost to the society.
Many cases do not get optimal treatment in-time, mainly due to delays in the alert
and care processes. A major contributing factor to improve the situation is to en-
able a quicker and more precise pre-hospital care response-typically by ambulance.
This thesis addresses this challenge by proposing and theoretically evaluate a Digi-
tal Health solution that includes automatic fall detection, logical alert routing, data
fusion, clinical decision support and data sharing among the involved stakeholders.
Exploratory studies on existing devices and technology that could aid in the de-
tection of fall was performed. Further, semi-structured interviews were conducted
with professionals in healthcare services to understand the current scenarios and
care chains following a fall incident in an elderly person's home. The aggregated
information was used to model and design a proposal for a Digital Health solution
covering the complete care chain from incident via alert handling and triage to the
ambulance en-route and arriving at scene.

The proposed solution detects fall incidents automatically in the home of the elderly,
and through logical alert routing, involving relevant stakeholders, and information
gathering from various sources, it improves the decision precision in providing an
optimal pre-hospital care response. As part of this response the ambulance en-route
is provided with information preparing for the arrival at scene. By combining, ana-
lyzing and modeling all the information aggregated from the di erent sources, e.g.
data fusion, in an intelligent manner, the pre-hospital care provider is presented with
decision support. This will help to make an informed decision with high precision
on what are the most suitable actions to take including dispatching an ambulance
if appropriate. The proposed solution was nally analyzed and evaluated using spe-
ci ¢ personas illustrating pros and cons in the solution.

In order to get practical experience on fall detection devices, the fall detection feature
in Apple Watch Series 5 were brie y studied. The tests showed that the thresholds
set for detecting fall were rather high and that this, together with the user interface
of the device and battery capacity, may be signi cant obstacles, or even hindrance,
for using this device when considering the types of falls and individuals addressed
in this project.



Keywords: Digital Health, fall detection, automatic fall detection, elderly, vital pa-
rameters, pre-hospital care chain, fall incident, fall injuries, hip fracture, ambulance
dispatch, alert and assessment.
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1

Introduction

1.1 Scope

Fall injuries are one of the most common and dangerous injuries requiring ambu-
lance transport to hospital. They are also the cause of major problems in the elderly
population who often live alone, either independently or with support from home-
help services, and also are generally fragile. In most cases, the elderly fall on losing
balance, which commonly leads to injuries in extremities and head. In case of a fall
injury, it can take hours before help arrives due to di culties for the su erer to call

for help themselves. During these hours, the person in need may remain lying on the
oor, experiencing severe pain and stress. Hip fracture and head trauma stand for
most of the injuries. Complications after a fall trauma is common and lead to serious
consequences such as death, or severe life-long immobility among the elderly. There-
fore, it is of great importance to provide quick assistance at a fall incident in order
to enable a rapid and optimal care that can improve the medical outcome of their
injury. Due to the growing elderly population in the society, this problem is expected

to increase in the future with an expected increasing care and economic burden to
society. Developments in Digital Health solutions with focus on fall detection have
increased recently. Current solutions for fall recognition mostly automatically de-
tect fall incidents and warn relatives or caregivers. However, connecting automatic
fall detection solutions to pre-hospital emergency care management seems to be a
missing link. Introducing fall detection solutions with automatic alarm and transfer

of incident information to a pre-hospital dispatch center for triage, evaluation and
prioritizing, with potential call-out of an ambulance, could streamline the care pro-
cess. Faster noti cation and intelligent information gathering from various sources
at an incident, followed by quicker received assistance from the pre-hospital emer-
gency care organization, should be bene cial to decrease poor medical outcomes for
elderly people su ering from fall injuries. This is the scope of this work.

1.2 Background

1.2.1 Digital Health in a National and International Per-
spective

Subjects on healthcare have been the most explored topics since the availability of
internet in the 1990s [1]. Modern day digital technologies such as the computers,
internet and mobile devices aid in the development to provide better healthcare ser-
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1. Introduction

vices [2]. De ned as the reinforcement of healthcare through using Information and
Communication Technologies (ICT), Digital Health can be termed as an umbrella
under which di erent health information concepts, such as telemedicine, ePublic
Health, eMental Health and mHealth are delivered digitally. The advantage of Dig-
ital Health therefore is that prevention, training, diagnosis, therapy and care can all
be delivered by means of digital technology irrespective of time and place [1].

An increased need for documentation to track the health of patients and the proce-
dures performed on them promoted the growth of Digital Health to what it is today.
Surging healthcare costs and continuous advancement in digital technology over the
years have inspired the progress of electronic tracking systems for major healthcare
needs. The development of Digital Health technologies have promoted the terrain of
telemedicine, a major player in Digital Health where telecommunication technology
is used to provide healthcare remotely [2]. A huge disparity in the cost, quality and
availability of healthcare throughout the world has had an impetus to assimilating
digital technology as solutions to improve health globally. The World Health Orga-
nization (WHO), along with its 191 a liated member countries, is leading the way

to integrate digital solutions to provide healthcare [3].

A substantial advancement in digital technology has made it possible for Sweden
to prot from it's potential in digitization. Being one of the most forward coun-
tries with digitally seasoned inhabitants, most public sectors and enterprises deal
with the consumers' activities digitally. International progress within digitization
has been possible largely with the support of established information and commu-
nication companies from Sweden [4]. Implementation of projects such as Wsion
eHealth 2025to improve digitization in healthcare and social services have provided
impetus by proposing vast opportunities to strengthen digitization [5]. Further, a
large part of the public expenditure is in the areas of social services and healthcare
whereby a large proportion of the population seek services from agencies associated
to social services and healthcare at one time or another. Development and integra-
tion of digital services for target groups for fall incidents could help ease the living
conditions, especially of the elderly, allowing them to participate more e ectively
and independently in the society [4]. Although Digital Health can be a bene cial
tool to providing quality healthcare services to the elderly, interaction between the
di erent stakeholders in a digital care chain and operational structures within di er-
ent organizations could be seen as major contributors to implementation challenges.

1.2.2 Fall Detection Solutions

Advancement in technology has allowed Digital Health solutions utilizing fall de-
tection to record data and automatically send alarms to the dispatch center. This
feature is however not being utilized to its fullest potential. Instead, they are linked
to care services provided by the respective manufacturers, community care or are
directly linked to communicate with the users' relatives in one way or another.

Monitoring devices for detecting fall in elderly can be divided into wearable and
non-wearable solutions, with wearable solutions further being branched into auto-
matic and manual. A limited number of the available monitoring devices are able to
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1. Introduction

monitor some of the vital signs, such as heart rate and respiratory rate. A require-
ment of a wearable solution is that it obligates the person under monitoring to wear
some sensors. Sensors in wearable solutions accurately estimate the behavior before,
during and after a fall [6] [7]. As e ective as this method of fall detection seems to

be, it is distressing and burdensome to the person wearing it. Alternatively, non-
wearable solutions such as cameras, infrared sensors and ultrasonic sensors are less
burdensome and can estimate the behavior of the person under monitoring without
having to wear the sensors [8] [9].

Data fusion technology is another trend that has been discussed when proposing fall
detection solutions in various studies [10]. As a technology, data fusion integrates
multiple unrelated data sources to increase the performance, accuracy and reliabil-
ity in fall detection solutions [11]. The prevalence using these technologies among
the elderly and their ability to interact with them, however, could indicate to be a
hurdle in implementing them.

1.2.3 Technology and the Elderly

The elderly is a diverse group with a lot of di erent possible disabilities and physical
conditions. Poor memory, visual impairment, frequent dizziness and impaired cog-
nition are examples of disabilities. The disabilities can act as a restriction to them
utilizing ICT services, and thereby also a ecting their e ective interaction within
the society. In addition, there are also healthy elderly people who are well versed
in dealing with the technology that exists today in a skillful manner [12]. In the
perspective of research, the elderly are often divided into two groups, where old
people within from of 65 to 79 are termed as young-old and old people above the
age of 80 are called older-old [12]. A survey made Kgiros Future found that there
was little or no di erence between the young-old and the population younger than
them [13].

Trust in novel technologies to aid in daily activities has shown great interest among
elderly within the European region, whereby digitization in healthcare is being wel-
comed warmly. However, it has also been seen that the adoption and use of digital
healthcare solutions is low [14]. Based on a European survey conducted by the
technology companyDoro, several insights have been obtained on the perception of
new technology by the elderly. A thousand Swedish elderly were included in the
survey along with four thousand more elderly from various other countries. One of
the conclusions from the survey was that 84% of the Swedish elderly would want to
live independently by themselves at their private residences, although a worry still
remains that they would not be able to take care of themselves, along with some
issues with respect to security [15]. The survey also found that 37% of the elderly in
major European countries would fully believe in smart home solutions to help them
in enhancing their living condition using smart home solutions, while 40% of them
reported that they would trust them partly [15].

Although surveys report good numbers, the reality is much di erent, with very low
adoption of smart home technologies. At present it is seen that only 14% of the
elderly use technical solutions, such as security alarms, fall sensors, remote moni-

3
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tors and mobile health applications, to aid their daily living [15]. Three- fths of
this 14% reported to have felt guarded using these technologies. Additionally, these
technologies contribute to making 58% of the families of the elderly using smart sen-
sors feel secure. In all, digitization is viewed positively among the elderly in Europe
with 49% Swedish elderly endorsing that digitization of healthcare is a progressive
approach to better quality living [15].

1.2.4 Living Conditions of the Elderly

When people grow older, it is not unusual for them to go through di erent changes,
having to deal with physically, socially and mentally conditions. A need to be taken
care of in a di erent manner when they experience changes could therefore arise. In
several countries, it is very common for families and relatives to take the primarily
responsibility to care for their elderly. However, Sweden being a welfare state, the
main responsibility to take care of the elderly population lies with the social services,
while the families act as backup although more or less involved in the care [16].

A large proportion of the elderly in Sweden prefer to continue living independently
in their own homes for as long as possible. The Swedish welfare system aids the
elderly to have the possibility of remaining in their homes and receive assistance
from their respective municipalities social service [17]. There are, however, other
types of support available to the elderly who do not have the possibility to take care
of themselves on their own, and therefore requiring additional support [17]. Various
living conditions, currently, of elderly in Swedish society are described below: [17].

Municipalities assist elderly people who wish to remain at their own homes by
providing care services, calletHemtjanst, to facilitate an ease in living [17].
Senior housingis an option for elderly who require features adapted to their
needs in their own homes. This type of housing is, which is not very common,
is designed for people older than 55 years of age wishing additional service
facilities [17].

Service houses/nursing homeare another option for the elderly who do not
feel safe at their own homes and requiring extensive assistance for living and
healthcare. Service houses are administrated by municipalities whom the el-
derly can rent from [17].

1.2.5 Home-help Services

Home-help services are provided to the elderly citizens based on decisions made
by the municipality [17]. Home-help services o ered by municipalities is called
Hemtjanst, where the purpose is to assist older people to have an independent, safe
life involving meaningful social activities in their own homes [17] [18]. This service
includes also elderly with severe problems, somatic and psychological, which needs
visits from social service and sometimes also healthcare several times a day including
nights.

To make it easier for elderly to call for help, they have an option to be facilitated
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1. Introduction

with individual alert solutions connected to an alarm reception calledrygghetslarm
(safety alarm). These safety alarms enable the elderly to call for help round the clock
in case of emergency such as a fall incident [18] [19].

1.3 Fall Injuries

Fall injuries among elderly population are a major societal problem [20]. Injuries
caused due to low-energy trauma is the reason for most deaths, visits to the Emer-
gency Department (ED) and a majority of hospital admissions. The majority of
these injuries occur in or near the home. Common consequences are head injuries
and hip fractures and underlying causes of mortality after a fall. Head injuries are
prevalent among those under the age of 85 while hip fractures dominate the pop-
ulation above this age. Nine out of ten injuries to a fall incident are attributed to
ages over 80 years [21]. Cases of serious injuries of the head and cervical vertebrae
associated with elderly people have increased, with about 300 000 people requiring
comprehensive care after experiencing a fall [22]. According to The Swedish Civil
Contingencies Agency, injuries after fall incidents are among the most expensive type
of injuries in Sweden. A statistical report from the year 2014 revealed a huge eco-
nomic burden of nearly SEK 25 billion as the cost to society due to fall incidents [23].

1.3.1 Hip Fracture and its Complications

A major problem to the well-being among elderly throughout the world can be
attributed to hip fractures caused due to a fall [24]. Tendency to fall and osteoporosis
are the main reasons for hip fractures. The average age of people a ected by hip
fracture is 82 years with 65% being women and 35% being men. The reason of higher
proportion of women is longer life expectancy and more pronounced osteoporosis.
However, the number of males has slowly increased in recent times. Elderly women
a ected by hip fracture often live by themselves and su er from multiple concomitant
diseases, such as dementia, and disabilities [25].

Postoperative complications for patients having su ered hip fractures are common,
and lead to a longer stay at the hospital, increased mortality and su ering. The
guidelines in Sweden recommend the start of the surgery for 80% of the patients
within 24 hours of their arrival into the hospital in order to decrease postoperative
complications [25].

Hip fractures are generally classied into three di erent types, as represented in
Figure 1.1 , based on their anatomical location on the femur bone, viz. femoral
neck fractures, intertrochanteric fractures and subtrochanteric fractures. Femoral
neck fractures and intertrochanteric fractures are the most common types of frac-
tures corresponding to nearly half of the reported fractures [25]. The method of
diagnosing and classifying hip fractures into di erent groups is done by X-ray exam-
ination [25]. Permanent disability post a hip fracture is seen to be 50% more than
before a fracture [27] [28]. The prevalence of hip fracture seems to be increasing at
a startling rate in many countries throughout the world [29], with the estimate of
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1. Introduction

Figure 1.1: Classi cation of hip fractures [26].

hip fractures to go up to more than 5 million by the year 2050 [30]. As for Sweden,
about 18 000 patients su er each year from hip fractures. Although this gure has
been reported to be constant through the years, it is expected to increase to 30 000
by the end of 2050 due to an increasing aging population [25].

The CHANCES project, a study made to nd out the mortality rate of hip fractures,
found that 30% of the adults over 50 years of age die within a period of 12 months
after su ering from a hip fracture [31]. The risk for older adults dying within 3
months after a hip fracture increases ve-to-eight fold when compared to the same
age group without having su ered a hip fracture [32].

Social, economic and physical distress due to hip fracture often accompanies post
trauma. The living conditions of people having su ered from a hip fracture drasti-
cally changes from the one they had pre-trauma, with many having a loss of normal
physical function, inactive social life, heightened dependence on others and there-
fore, a poor quality of life leading to a need for relocation into an elderly care facility
[33].

1.3.2 Ambulance Dispatch in Sweden

SOS Alarm, an organization in charge of the national emergency numbt2 also
handles the incorporated emergency services in Sweden. All incoming calls to SOS
Alarm is taken care of by an operator. Depending on the type of emergency, the
call is connected to various departments, namely the ambulance, police, re brigade
and other rescue services. According to SOS Alarm, the company handles about 3.5
million calls every year over entire Sweden [34]. Among the received calls, one third
of them are emergency medical calls.

Sweden consists of twenty one regions and SOS Alarm dispatches emergency medical
calls in eighteen regions. The remainder regions dispatch emergency medical services
by themselves, where the call is responded by SOS Alarms at rst, consecutively
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being transferred to the emergency medical dispatch center [35].

1.3.3 Ambulance Dispatch in Region of Vastra Goétaland

Vastra Goétaland county is one the three regions in Sweden where emergency medical
dispatching is performed by the region's emergency medical dispatch center. Since
April 2019, this task is being handled wholly bySjukvardens Larmcentral (SvLc)n
case of a medical emergency, the initial contact is made with SOS Alarm, thereafter
being directed immediately to a registered nurse at SvLc [35] [36]. The nurse, on
assessing the patient's condition, assigns priority based on the need for an ambu-
lance. The ambulance assignments are categorized in four priorities [36]:

" Priority 1 : Acute life-threatening symptoms or injury.
Priority 2 : Acute, but not life-threatening.

" Priority 3 : Other assignments with care or monitoring needs, where reason-
able waiting time is not considered to a ect the patient's condition.

" Priority 4 : Since the nature of the case is not acute, it does not require
any immediate medical attention. Additionally, Priority 4 is assigned to cases
when treatment during transport is not necessary.

According to SvLc, injuries to extremities and suspicious hip fractures are prior-
itized as priority 1 or priority 2, respectively, requiring immediate dispatch of an
ambulance.

In 2016, about 1 million ambulance missions were undertaken in Sweden, where a
majority of patients transported to hospitals were 65 years or older [37]. In order
to provide continued care to the patient after an ambulance mission, the patients
are admitted at EDs at hospitals. In the Region oWastra Gétaland where 209 852
ambulance missions were performed in 2018, about 80% of the patients who were
attended to were transported to the hospital [38]. The main task of the ambulance
personnel is to evaluate the state of the patient and provide appropriate care and
treatment. In some cases, the provided care on the location of the incident is not
su cient. Therefore, transportation of the patient, to receive higher levels of treat-
ment, to the nearest and the most suitable hospital becomes the subsequent task
for the ambulance personnel [36].

In Sweden, a pre-hospital fast track care process has been developed to take care of
patients with suspected hip fracture. The ambulance sta start preoperative man-
agement, such as pain relief, blood test, Electrocardiography (ECG) and oxygen
therapy at the scene followed by transportation of the patients directly to X-ray ex-
amination instead of an ED. In case of veri ed hip fracture, the patient is transferred

to the orthopedic department for registration and planning of surgery. [25]
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1.3.4 Summary of the Problem

Early detection and evaluation of a fall incident could decrease the delay time from
incident to being assisted by ambulance services, and thereby signifying the start of
a pre-hospital intervention. It can be inferred that, with the aid of modern ICT, it
would be possible to e ectively enhance the quality of care to this patient group by
shortening time from fall incident to appropriate care at a hospital. Designing and
testing a Digital Health solution including automated fall detection and transmission
of vital data and other information related to a fall detection event to dispatch center
for assessment and prioritizing, and thereafter to an ambulance en-route is the task
of this thesis.



2

Aim and Objectives

2.1 Aim

The aim of the project is to produce a demonstrator for a Digital Health solution in-
cluding automatic fall detection, logical alert routing, sensor fusion, clinical decision
support and data sharing among involved stakeholders.

2.2 Objectives

N

A literature study on current solutions and sensors for fall detection.

An analysis regarding information / vital parameters / needs that are essen-
tial for the emergency care providers at dispatch center, and in the ambulance
services to improve their handling of the alert.

An investigation into Decision Support Systems (DSS) to interpret and apply
cutting-edge technology in the design of a Digital Health solution for fall inci-
dents.

Design proposal of a concept of a Digital Health solution for a complete pre-
hospital care chain in case of indoor fall.

Evaluate the demonstrator through a simulation of the pre-hospital care chain
from fall case to the arrival of an ambulance.



2. Aim and Objectives
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Methods

3.1 Method

This project was intended to follow the rst step of the project model, the stepwise
Veri ed Innovation Process for Healthcare Solutions (VIPHS) de ned by Prehospi-
tal ICT Arena (PICTA), described in the Appendix B . The main steps carried out
during this project can be divided into ve steps i.e. literature study, interviews,
proposal of system design, creation of personas and evaluation of the proposed sys-
tem. The project started with a literature study to clarify the problem and review
preexisting and under development solutions- in short,to understand state of the
art’ Interviews with healthcare professionals were then carried out to understand
the needs and challenges in the healthcare system. Finally, a solution, based on
the literature study and conducted interviews, to tackle the de ned problem was
designed and theoretically tested. A part of this was to create personas to be able
to evaluate the designed system in this project.

3.1.1 Literature Study

Literature studies and investigations of already existing solutions as well as solu-
tions under development were carried out, in order to determine scienti ¢ facts and
gain more information about techniques used to detect and assess a fall. Digital li-
braries and Scienti ¢ Journals such as ScienceDirect, IEEE Xplore, Elsevier, Google
Scholar, Hindawi, PubMed and NCBI were searched in order to understand the
topic and discover information about solutions being developed in di erent project.
For this reason, an extensive search on the internet was also made by looking into
various companies' websites, various government agency websites and Digital Health
magazines. Keywords such asHealth, fall, incidents, hip fracture, detection, vital
parameters, monitoring, IT infrastructure, information cloud, emergency services,
privacy, sensors, ethics, elderly, living conditions, technology, alarm, Clinical De-
cision Support System (CDSS), Electronic Health Records (EHRJnd ambulances
were used, either independently or in conjunction with one or more words, to pop-
ulate results from the digital libraries, journals and on Google's search engine.

3.1.2 Interviews

Interviews with individuals representing various organizations related to already ex-
isting solutions were conducted to gain information about the needs and challenges
within pre-hospital emergency healthcare and detection of falls in the homes of the
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elderly. Representatives from public healthcare organizations with technological
expertise were also interviewed to understand the current process and to further
discern the road map that exists for the future. Interview was performed witsa
Hogstedt a Business Developer at SvLc to understand the process of handling medi-
cal emergency calls in the regiowastra Gotaland Another interview was conducted
with Johan Rindeborg Chief Executive O cer at a nursing home calledTre Stif-
telser, to obtain a better picture of the elderly’'s health condition and their needs.
Ulrika Bjorner, an Occupational Therapist atGoteborgs stadactively engaged in the
elderly care and handling of falls, was interviewed to identify developments areas in
elderly healthcare and processes, and identify possible limitations at the organiza-
tional level. All the interviews carried out were based on semi-structured methods
where the interviewees talked about both predecided topics and other related sub-
jects. Meanwhile, the interviewer had the opportunity to guide the interview by
asking questions.

3.1.3 Prototype Development

Based on the ndings from literature studies, reviewed solutions and acquired in-
formation during interviews, an theoretical/abstract prototype of a Digital Health
solution for a complete pre-hospital care chain was proposed. In product and system
development, physical and virtual prototyping is commonly utilized in both mod-
eling and evaluating stages while abstract prototyping is a relatively new concept
[39]. Abstract prototyping is an essential tool when presenting concept solutions in
demonstration phases as well as evaluation phases involving di erent stakeholders
[39].

Personas

Three personas were created based on the gathered information e.g. with focus on
demographics, health and living condition. A persona is a general prole which
represents a broader group of individuals with speci c characteristics [40]. The
purpose of creating personas was to understand the needs of potential target users of
the proposed system, and also to test the complete proposed Digital Health solution's
performance and characteristics fromh\ to Z.

3.1.4 Evaluation

To ful ll the project aim, theoretical simulations of the proposed Digital Health
solution prototype in a complete pre-hospital care chain were carried out using the
personas. Relevant vital parameters were assumed to have been recorded and sent
to an information cloud service accessible from the dispatch center automatically at
fall detection. By using"data fusion' various information from stakeholders in the
care chain were added to this cloud service. This includes health record information,
administrative information and individual information.

12
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Results

The results chapter presents the results from the literature study. This chapter
includes information about the current solutions for fall detection purposes. Ad-
ditionally, the following chapter displays an analysis regarding the essential vital
parameters for the healthcare providers in pre-hospital care as well as the current
technologies to extract those.

4.1 State of the Art for Fall Detection

Literature study in this project shows that the state of the art for fall detection
solutions can broadly be divided into wearable and non-wearable solutionggble

4.2. Wearable solutions are further branched into automatic and manual and can
be worn by the target users as pendants, wristbands and belts with implemented
sensors. Using wearable solutions, fall incidents are detected by measuring sudden
changes in acceleration and orientation or any other changes that impacts the state
of the user. Non-wearable solutions are typically installed in the user's most used
environment and detect if the user has fallen by measuring di erent items, depend-
ing on the type of implemented sensor. Based on the ndings in the literature
review, fall detection by radio frequency technology is one of the unique solutions
among the identi ed technologies. Fall detection with radio frequency technology
Is special, since it can be implemented as both wearable solution and non-wearable
solution. The identi ed products on the market can also be categorized based on
the integrated sensors and their functionality,Table 4.1 .

Healthcare Assistance Devices| Vision-based Sensors| Smartwatches | Radio Frequency Technology | Arti cial Inteligence Mobile Applications

Philips lifeline
Origin wireless
MobileHelp
Walabot Home
Tunstall Alleato Apple Watch Livio Al
Vayyar Salus Mea
Medical Guardian Fearless Bellpal CareEye
Kardian Contactless
MariCare OY,
Nectarine
Vevios

Table 4.1: State of the art for fall detection solutions based on the integrated
sensors and functionality.
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4.1.1 Wearable Solutions

Wearable solutions, with aim of detecting fall incidents, are the most utilized tech-
nologies on the market and have been around for decades. Wearable devices have
been used as event detection systems on the market for a few decades. The captured
data through wearable devices such as smartwatches can be used to recognize human
activities. One of the main applications of these devices is in the case of fall among
elderly [41]. The usage of wearable solutions, especially as automatic fall detectors,
is of great importance to help elderly people keep living independently at their own
homes for an extended period of time [41].

The identi ed wearable solutions can be further broken down into two types of de-
vices based on their functionality, automatic and manual. Wearable devices which
function manually, have an integrated manual button that can be pressed by the user
to inform the caregiver and call for help in case of fall or any other incidents. How-
ever, the automatic fall detection solutions are the ones concerned in this project.
Currently, the most common sensors included in the automatic fall detection devices
are accelerometers, barometers and gyroscopes. An accelerometer is an electrome-
chanical device which is used to measure changes in velocity or speed divided by
time. A barometer is a device that measures the barometric pressure. Since the
barometric pressure decreases with increasing altitude, any sudden changes in this
parameter can be an indicator of falls. A gyroscope is a device that uses the earth
gravity to determine orientation. The purpose of using these sensors is to detect fall
incidents. These sensors are rarely used alone. In most cases, two di erent types of
these sensors are combined in available devices on the market. Most of the wearable
devices o er fall detection feature by integrating multiple combinations of the men-
tioned sensors. The functionality of a number of wearable fall detection solutions
on the market and under development is described below.

Safety Alarm , also calledTrygghetslarm comprises of an electronic device con-
nected to an ordinary phone and an emergency button which can either be worn
as a pendant or a wristband, as seen iRigure 4.1 . When the button is pressed,

an alarm reaches an alarm reception or relatives. Furthermore, a facility to talk
through some of these devices can be enabled, allowing for a conversation between
the person handling the alarm and the elderly in need [19]. However, the Safety
Alarm would only be e ective in the case of the elderly using the device being con-
scious. Additionally, the mental state and the orientation of the elderly after a fall
plays a considerable role in being able to push the integrated button on the device.
The device includes a feature that sends an automatic message to the alarm re-
ception and let them know when the battery is running low. This feature helps in
notifying the responsible team to replace the battery as soon as possible [42].

Figure 4.1: Safety alarm [43].
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Philips Lifeline o ers fall detection devices, seen irFigure 4.2 , using accelero-
moters and barometers, to respectively measure high acceleration forces and sense
changes in barometric pressure from a standing position to a lying position. When a
fall is detected by the sensors, an automated alert is sent to Philips Lifeline response
center through a base station installed in the home. If the person su ering from fall
incident is conscious, the operator will dispatch the appropriate help. Otherwise,
the operator contacts the dispatch center directly to assist with required aid. Addi-
tionally, most of Philips Lifeline fall detection solutions o er built-in help buttons

to trigger an alert manually. The call cannot be canceled by the user if the help
button is pressed accidentally. The battery utilized in the device is a long-lasting
battery and can be replaced when necessary. [44]

Figure 4.2: Philips Lifeline [44].

Fall detection solutions developed byobileHelp , seen inFigure 4.3 , can detect
fall incidents both automatically and manually. In case of fall, the information and
location of the user will be sent directly to MobileHelp's response center through
the base station in the home. The operator assists with the suitable help, from
contacting a neighbor or a family member to reaching the dispatch center, depending
of the severity of the incident. A rechargeable battery is used in the device which
lasts for 24 hours after a three hours charge. [45]

Figure 4.3: MobileHelp [45].

Using an integrated pressure sensofunstall has developed devices with automatic
fall detection feature, as seen irFigure 4.4 . When a hard fall is detected, an
automatic alert is immediately raised to a prede ned monitoring center or caregiver
through Tunstall's base station. In case of false alarms, the triggered alarm can
be canceled by either covering the device or standing up within 20 seconds. A
replaceable lithium battery is used in the device that lasts up to two years. [46]
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Figure 4.4: Tunstall [46].

Motion sensors are utilized inrMedical Guardian automatic fall detection devices.

In addition, Medical Guardian alert systems o er manual help buttons. In case of
fall, the user receives a call from the monitoring center and obtain proper assistance
through the installed base station in the home. A rechargeable battery in included
in the device that can work for 24 hours on a single charge. [47]

Among the reviewed fall detection solutionsyevios a mobile phone bracelet sticks
out with its patented panic grip, seen inFigure 4.5 . When an alert is activated,
the device can call 10 dierent prede ned emergency contacts as the same time.
Once the rst emergency contact answers the call, a two-way communication is
established, and the user can communicate through the integrated microphone and
speakers. [48]

Figure 4.5: Vevios [48].

Apple Watch can be considered as a miniature version of iPhone with a smaller
screen and built-in sensors, which can be worn around the wrist, seenHigure

4.6. It is possible to receive messages, calls, emails and noti cations from di er-
ent applications when the watch is paired with an iPhone. Apple Watch Series 4
and 5 are smartwatches that, besides all other integrated smart features, can detect
fall incidents using accelerometers and gyroscopes. These sensors cooperate with
fall detection algorithms to automatically determine hard falls. The integrated ac-
celerometer in Apple Watch measures the user's sudden changes in velocity and the
gyroscope determines the user's orientation by using the Earth's gravity [49]. When
the watch detects a fall and the user has been immobilized for more than 30 sec-
onds, the watch starts beeping and tapping the user's arm. Thereafter, an automatic
massage pops up to check if the user is ne. The fall detection alert can easily be
canceled through the cancel button within 60 seconds. Otherwise, a call including
the location of the user, is established to the local dispatch center. A paired iPhone
is required around the watch to be able to contact the dispatch center. Apple Watch
is powered by a battery, based on rechargeable lithium ion technology which lasts
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up to 18 hours after being fully charged. Apple Watch is capable of monitoring the
user's ECG and heart rate. [50]

Figure 4.6: Apple Watch [50].

Salus Mea, is an interesting concept sticking out among the reviewed products,
acting as a system solution provider. The safety application, shown Figure 4.7 ,

is compatible with the existing fall detection sensors in Apple Watch and iPhone,
i.e. accelerometer and gyroscope. In case of a fall incidents, a connection through
the phone would be established with the local dispatch center. Additionally, an alert
can be activated manually through the interactive button in the app. [51]

Figure 4.7: Salus Mea [51].

Bellpal watch, shown in Figure 4.8 , detects falls by using motion sensors and
informs prechosen emergency contacts e.g. family members and relatives. The
watch sends an alert trough the paired smartphone and application used by the user
and family members. In case of false alarms, the user can cancel the alert within
60 seconds. Additionally, Bellpal plans to o er their own alert center to handle
the incoming alerts during year 2020. The watch has a battery life of at least sex
months. The company sends a new battery to the user if the remaining battery is
less than 15%. [52]

Figure 4.8: Bellpal [52].

Nectarine uses a wristband and radio frequency technology to detect fall incidents
automatically and call for help through a paired smartphone, as seen Figure
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4.9. Nectarine fall detection system requires three nodes installed in three di erent
places in user's house. The data is collected by the wristband continuously and is
sent to the cloud by the placed nodes in the house. Using Articial Intelligence
(Al) algorithms, the system learns the user's patterns of behavior and responds to
any unexpected changes accurately. The battery life in the device is up to twelve
months. [53]

Figure 4.9: Nectarine [53].

Livio Al , a hearing aid developed by an U.S. based company named Starkey. This
device o ers fall detection features using integrated sensors, shownHigure 4.10 .
The preselected emergency contacts will be noti ed, through the paired smartphone
and the designed app, with an alert including the location of the user. The recharge-
able battery in the device lasts for 24 hours after being fully charged. [54]

Figure 4.10: Livio Al [54].

In a research project calleGphere at the University of Bristol, Fafoutis et al. devel-
oped SPHERE Wearable 1. SPHERE Wearable 1 is a low-power consumption wear-
able activity tracker worn on the wrist. This device uses implemented accelerometer
and Bluetooth wireless communication to monitor users on residential environment
[55]. The third version of this wrist worn device, called the SPHERE Wearable 3, is
integrated with an additional gyroscope, seen ikigure 4.11 . SPHERE Wearable 3
could aid in the detection of fall with the analysis of data obtained from the sensors.
The introduction of a two-way communication between the SPHERE Wearable 3
and a gateway device through a low-energy consuming Bluetooth module enhances
the battery life. The battery used in the device is a rechargeable lithium battery.
[56]
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Figure 4.11: SPHERE Wearable 3 [56].

In another project, Mauldin et al. have developed an Android application to alert
the caregivers in case of fall. The detection of fall is possible by using integrated
accelerometer and deep learning algorithms in a smartwatch paired with a compat-
ible smartphone [57].

Sannino et al. developed a wearable fall detection and prediction approach that
obtains data through a tag placed on the subject's chest. Windowing of the data is
performed to classify these windows as fall or non-fall. A nal window composition
is then created to assess whether or not each global action was a fall. This approach
was tested on real-world data consisting of fall and non-fall events. The experiment
provided a promising and strong foundation for implementation of real-world fall
detection systems [58].

In another, Fortina and Gravina developed a novel, real-time non-invasive fall de-
tection and alarm noti cation system using a wearable accelerometer and a smart
phone. The system is able to trigger fall events using di erent alerting modalities
enabling quick emergency interventions. Results of the experiment on 20 subjects
demonstrated a 97% sensitivity, 83% speci city, and 90% precision. [59].

An integrated manual button is included in almost all of the reviewed wearable de-
vices to call out for help manually. The most noticeable disadvantage of wearable
solutions is the need to be worn by the users constantly, otherwise it is impossible
to detect fall incidents. Taking this into account, it is of great importance that
the wearable fall detection device is designed to be comfortable, light and simple to
handle.

4.1.2 Non-wearable Solutions

The second group, non-wearable sensors, generally consists of motion and vision-
based sensors both as monitoring systems and mapping systems. The non-wearable
devices utilize relatively newer technologies than the wearable ones and are intro-
duced in recent modern solutions. The non-wearable sensors are normally installed
in the user's home, e.g. wall, ceiling or oor to alarm the caregiver remotely when
fall incidents occur. One of the sensors frequently used in non-wearable solutions is
a motion sensor. Vision-based sensors, in fall detection devices, can usually be used
in two di erent ways, monitoring and 3D technology. Monitoring with Vision-based
sensors is one of the classical solutions that has been around for a while. However,
vision-based monitoring has always raised active discussions about invading users'
integrity and privacy. The use of vision-based sensors with 3D technology is an
upgrade to monitoring. 3D technology has been around since a few decades back
and is meant to detect objects without actually recognizing a clear picture of them,
l.e. the fall detection system does not include any invasion of the users' privacy.
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Vision-based devices have been one of the fairly new approaches in fall detection
systems. A camera is one of the main parts in vision-based solutions. Two di erent
types of cameras are usually used in previous studies presenting vision-based sen-
sors, 2D cameras and 3D Time-of-Flight (ToF) cameras. The latter is a relatively
new method which is capable of generating detailed 3D information.

Detection of fall incidents happens wirelessley dylariCare OY fall detection solu-
tion based on motion sensors installed on the walldlariCare OY 's fall detection
solution, eLsa, uses two mounted motion sensors on the walls at di erent heights, as
seen inFigure 4.12 . The presence of the user is sensed by the upper sensor while
the fall is detected by the second sensor mounted further down on the wall. Once
a fall incident is detected by the system, an automatic alert is sent to a preselected
caregiver's smartphone. [60]

Figure 4.12: MariCare OY [60].

Alleato provides monitoring solutions through cameras mainly towards nursing
homes. Using the camera, the sta can monitor the residents actively during day
time. The residents are not monitored during night time but if any motion is
detected, the camera gets activated and a noti cation is sent to the sta through
an installed app. [61]

Fearless is a fall detection solution, seen irFigure 4.13 which detects falls based
on 3D technology and Al algorithms. Additionally, the technology used ifearless
helps in preventing falls by recognizing the critical motions and switching lights on
immediately. In case of fall incident, an alert is transmitted to preselected caregivers
and relatives. Today,Fearless is being utilized in nursing homes and is planned to
become available to private people as well. [62]

Figure 4.13: Fearless [62].
Origin Wireless utilizes Wireless Fidelity (WiFi) signals to sense motion recogni-
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tion and detection of fall incidents without any attachments to the user's body. In
addition, Origin Wireless is capable of extracting information about respiratory
rate. [63]

Radio frequency technology is used ilWalabot Home , as seen inFigure 4.14
mounted on the wall, to detect fall incidents and inform preselected emergency con-
tacts. A two-way communication is established through the integrated speakers and
microphones in the device mounted on the wall, when a fall is detected. [64]

Figure 4.14: Walabot Home [64].

Kardian Contactless has been mainly developed towards hospitals and nursing
homes. The fall detection feature is based on radio ultra-wide band radar technology.
When a fall is detected including sliding falls, the device alerts hospital sta through
the paired smartphone, shown irFigure 4.15 . In addition to fall incidents, the
device is able to monitor heart rate and respiratory rate. [65]

Figure 4.15: Kardian Contactless [65].

CareEye detects fall incidents by using built-in sensors and Al. ThereafterCa-
reEye alerts caregivers and relatives immediately through a smartphone and an
installed app. [66]

De Miguel et al. propose a vision-based fall detection system, as shownRigure
4.16, combining di erent computer vision and Al algorithms [67]. According to
the authors, the system has shown 96% detection ratio in 50 conducted tests in
controlled environment. The proposed camera in this article is a 3D ToF camera.
The 3D ToF camera used in fall detection systems is a depth camera that simply
calculates the distance between the camera and the user for each point in the image
[67].
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Figure 4.16: Vision-based fall detection system [67].

Computer vision algorithms such as, background subtractor and Kalman lter are
used as inputs to a Machine Learning (ML) decision system to identify fall incidents.

It is important to discriminate between the relevant information and the background
information in the extracted image. Therefore, One of the rst steps is to focus
on the human body in each generated frame. The recognition of human body is
possible by training speci ¢ feature descriptor algorithms such as histogram oriented
gradients [67].

Background subtraction is one of the basic methods in computer vision algorithms
which subtracts the background image and acquires as much information as possible
about the main subject in the image [68]. Another important step in the vision-
based fall detection is to track the main subject in each frame. Subject tracking
can be possible by using a Kalman lter. Kalman Iter uses the obtained data from
previous frame to estimate the next position of the user [67]. A further step in the fall
detection process is data modeling. The acquired data from the human body is used
to create a geometric shape of the human body. Rectangles and ellipses are the most
common geometric shapes that are used to extract data about the subjects height,
width and angle [67]. Figure 4.17 shows an example of a generated image in the
same project after applying computer vision algorithms [67]. Finally, a ML decision
making technigue such as Arti cial Neural Network is included in the system to
detect fall incidents.

Figure 4.17: An example of a generated image from the developed vision-based
fall detection system [67].

Non-wearable sensors have proven to have high ease of use for fall detection and
prediction. Tests conducted on over 50 di erent fall videos using a vision-based fall
detection system for the elderly at home, have shown a detection ratio of greater than
96%. The system performs with an e ciency of approximately 96% in controlled
environments [69]. Looking at di erent non-wearable devices, the main advantage
of these fall detection solutions is their ability to detect fall incidents without any
type of attachment to the user's body.
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4.2 Essential Vital Parameters in Pre-hospital Care

The vital parameters, heart rate, blood pressure, respiratory rate, blood oxygen
saturation, body temperature and level of consciousness have traditionally been
measured by physicians and ambulance crew in pre-hospital settings to assess and
prioritize patient's condition [70] [71]. Routine assessment is performed by the pre-
hospital healthcare providers to assess the urgency of patient's condition and provide
the appropriate level of care [72]. According to di erent studies, abnormalities de-
tected in these vital parameters are one of the major reasons for patient presenting
at EDs [73]. The identi ed vital parameters in Table 4.3 are traditionally consid-
ered as the most essential vital signs to evaluate well-being and health condition of
a patient [74].

Heart Rate Body Temperature Blood Pressure Respiratory Rate Blood Oxygen Saturation Level of Consciousness

Cardiovascular system's healtll Heat balance in the body Cardiopulmonary system's health Oxygen delivery to the tissue§y Oxygen in the bloodstream Brain function

Table 4.3: Essential vital parameters in pre-hospital care.

On one hand, the importance of measuring the vital parameters, mentioned Ta-

ble 4.3, in pre-hospital settings have been emphasized in various articles. On the
other hand, Asa Hogstedtdescribed the need to extract the parameters, presented
in Figure 4.18 , to improve the judgment and evaluation of the patient's health
condition during the medical emergency call. This, in turn, might lead to a higher
con dence while prioritizing the received call. The gathered information about the
vital parameters helps in estimation of the risk for serious injuries.

Figure 4.18: Desired parameters expressed by representative from SvLc.

4.3 State of the Art for Measurement of Essential
Vital Parameters

Extracting information on human vital parameters has always been important in
clinical settings. This information gives a clear picture of the patient's physical

24



4. Results

health state which is a great guidance in diagnostic as well as potential treatment
[75]. Any detected abnormality in vital parameters is an indicator to stressful mental

or physical condition. Hence, continuously extracting and analyzing vital parameters

is a su cient way to discover possible underlying diseases [74]. However, vital
parameters monitoring such as heart rate and respiratory rate required complex
systems in hospital settings. These methods include sensors and wires attached to
the patient's body [76]. On the other hand, wireless vital parameters monitoring
has increased signi cantly in recent times, with the usage of tness and wellness
trackers. The devices used in tracking human vital parameters and activities have
proven to be a technological revolution, especially in terms of the reliability of scaled
down electronic devices used for this purpose [76] [77]. As an example, a wireless
wrist worn device with integrated sensors is being used in the SPHERE project to
extract dementia-related diagnostic data from Alzheimer's patients [56]. Classifying
broadly, there are two main solutions to monitor vital parameters, the wearable
systems and the non-wearable systems. The following sections include reviews about
major wireless wearable and non-wearable techniques for monitoring di erent vital
parameters that have been developed during recent years.

4.3.1 Wireless Wearable Solutions

Wearable solutions for vital parameters monitoring consist of various sensors, signal
processing techniques and communication technologies, seeable 4.4 . There

are di erent kinds of wearable in-home monitoring solutions under development. A
few examples of these solutions are smart vests, hand-held devices and wristbands.
All of the mentioned examples extract information about vital parameters in a non-
invasive manner. Smart vests are e-textiles which monitor physiological parameters
such as ECG, heart rate, blood pressure and body temperature, while hand-held
devices are capable of measuring ECG, respiration rate and heart rate [77].

Heart Rate | Body Temperature Blood Pressure Respiratory Rate Blood Oxygen Saturation
ECG Temperature sensor |Pressure cu s with a stethoscop Acoustic PPG
PPG PPG Air ow
Pressure sensor Chest and abdominal movement:

TranscutaneousC O, monitoring,
PPG

Table 4.4: Wireless wearable technologies to extract vital parameters.

Continuous heart rate  monitoring in wearable tracking devices is usually based on
ECG or Photoplethysmography (PPG). The heart rate information gained through
both methods are very similar, even though it origins from di erent physiological
sources. PPG can also be used to measure the peripheral oxygen saturation. Since
PPG does not include any additional electrodes, this method is counted as one the
most comfortable and e ective methods to measure heart rate [78].

Skin temperature can usually be measured by temperature sensors [79]. Temper-
ature sensors are mostly implemented in wrist-wearable devices to measure skin
temperature [80]. However, according to di erent studies the skin temperature dif-
fers from the core temperature by a fewC and oscillates depending on ambient
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factors throughout the day [81] [82].Malhi et al. suggest to estimate the core tem-
perature by measuring the skin temperature with an added temperature sensor on
the wrist [83]. Body temperature can roughly be estimated since the core body
temperature is around 3C higher than skin temperature.Looney et al. present an
algorithm to measure body temperature based on heart rate and skin temperature
[84].

Blood pressure is traditionally measured by using pressure cus with a stetho-
scope on user's arm. However, a continuous usage of this device causes skin irritation
and sleep disruption [74]. An introduced method to estimate blood pressure is to
use PPG, to avoid the mentioned side e ects. New technologies propose estimating
blood pressure based on the pulse wave through PPG or ECG by measurements
done on the chest or the wrist [74]. A di erent article proposes blood pressure mea-
surement by introducing a prototype where a pressure sensor is placed close to a
radial artery. This article claims to give an accurate measurement of blood pressure
on a personal smartphone [85]. On the other hand, another article concludes that
there is still a lot to be done considering the reliability of the introduced methods
to measure blood pressure [82].

Respiratory rate can be measured by using di erent wearable methods based on
acoustic, air ow, chest and abdominal movements, transcutaneous G@onitoring

and extracting volume of the lungs from plethysmograms [86Hoilett et al. intro-
duce a method to monitor respiratory rate by using PPG in a smartwatch, although

it has been pointed out that the validity of this device needs approval by conducting
further real-life experiments [87].

PPG combined with pulse oximetry principles is an e ective and widely used method
which makes it possible to estimatélood oxygen saturation . PPG for blood oxy-
gen saturation measurement is based on detecting the blood vessel wavelength by
using two di erent wavelengths since the absorptivity of hemoglobin in the blood
changes when it bonds with oxygen [74].

4.3.2 Non-wearable Solutions

Non-wearable solutions, with patient monitoring purposes, have been a major break-
through in healthcare applications. The technologies utilized in these solutions vary.
However, the introduced non-wearable solutions make the monitoring of a number
of vital parameters possible when the patient presents a few meters from the sensors.
Currently, the two main technologies used in non-wearable solutions are radar-based
methods and image-based methods, as presentedlable 4.5 . The major advan-
tage with the these technologies is the possibility to capture vital parameters without
any attachment to the person's body.

Heart Rate Respiratory Rate Blood Oxygen Saturation
Radar-based Radar-based Image-based
Image-based Image-based

Table 4.5: Non-wearable technologies to monitor vital parameters.

Wenda et al. introduce a radar-based solution to measure respiratory rate [88]. The
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solution is evaluated by conducting experiments for distances up to 1 meter in a con-
trolled environment. The obtained results are promising and indicate the potential
of the designed solution in healthcare applications [88]. In a newly released article,
Zeng et al.investigate possibilities of using low-cost ultra wide-band noise sensor in
monitoring vital parameters in pre-hospital setting [89]. The main objective in this
article is to capture heart rate and respiratory rate to provide quick assessments in
emergency cases which in turn facilitate medical decision making. According to this
article, sixteen out of seventeen performed tests for a distance within 50 cm in the
lab captured respiratory rate successfully. On the other hand, the technique needs
to be improved further to capture heart rate accurately in the future [89].

During recent years, researchers have introduced other techniques to capture vi-
tal parameters without any contacts to the body. These techniques are based on
low-cost digital cameras as well as various image processing methods. A number of
reviewed articles, about image-based vital parameters monitoring, presented mea-
surements through PPG imaging where the re ected light from the body, usually
from face or hand, captures blood volume changes in the vessels [9@fassenkoet

et al. have investigated application of PPG imaging by conducting tests on patients
undergoing haemodialysis during a four hour dialysis session in a controlled envi-
ronment. The study managed to estimate heart rate, respiratory rate as well as
variation in blood oxygen saturation when the camera was installed at a distance
around 1 m from the patients [91].
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Proposed Digital Health Solution

This chapter presents a proposal of a Digital Health solution for supporting a pre-
hospital care chain in case of fall incidents. Additionally, this chapter includes a
number of simulations to evaluate the proposed solution from a fall incident to the
arrival of an ambulance.

5.1 Targeted Users - Authorities and Individuals

Stakeholders in the Pre-hospital Care Chain

Although automated systems are expected to work autonomously, they still require
human involvement. An appropriate reaction of each stakeholder involved would
aid in an e ective ow of information. A stakeholder can be de ned in many ways.
One of the most popular de nitions is given byFreeman and Reedvhich states, an
individual or group who can a ect the achievement of an organization's objectives or
who is a ected by the achievement of an organization's objectives [92]. According
to this de nition, stakeholders in the pre-hospital care chain are presented Figure
5.1.

Figure 5.1: Stakeholders involved the pre-hospital care chain.

29



5. Proposed Digital Health Solution

51.1 User

The average age of retirement is 64.5 in Sweden, but most of the Swedish elderly
keep an active life even after retirement [93]. The healthcare system in Sweden aids
in the independent living of elderly for as long as possible. The elderly have the
opportunity to seek assistance from the municipality home-help services in case they
are not able to independently handle their everyday life due to aging. This would
support the elderly to remain at their own homes for a longer time, with the help
of municipality home-help services [93]. Elderly care in Sweden has two main ap-
proaches, home-help services and nursing homes [94]. Based on the interview with
Johan Rindeborg the elderly can be split into three di erent groups:

1. People older than 65 years of age who remain at their own homes and live inde-
pendently without receiving any external assistance to lead their everyday life.

2. People older than age 65 who remain at their own homes with assistance from
municipality home-help services.

3. People older than 65 years of age who need extensive assistance and live in
nursing homes.

The third group of the elderly has not been considered in the design of the Digital
Health solution. The rst and second group are our target groups in this project.
The solution designed in this project will be based on the needs of people who remain
in their homes and take care of their everyday tasks and activities either on their
own, or by receiving assistance from home-help services. These two groups are the
most vulnerable ones to fall incidents and their consequences. The third group is
excluded due to their living situation in nursing homes and the extensive assistance
they receive from the sta. The risk of a fall not being notices within a reasonable
time is limited.

5.1.2 Relative

The relative of the user can react both actively and passively without causing any
disruption in the chain. Active reactions to the alerts include calling the user as soon
as the alert is received or checking on them physically in their home. The relative
can also call the dispatch center to update information about the user. Transmission
of information between all the stakeholders in the chain, for every action taken by
each stakeholder could make it possible for the relative to be a passive audience.
However, issues relating to privacy and data security need to be carefully considered
when involving this stakeholder category in the information sharing.

5.1.3 Community Care and Services

The community care and services is mainly administered by municipalities. The
community care plays an important role in the provision of the pre-hospital fall
care services to the elderly. This includes taking responsibility of the service being
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provided to the elderly, handling alerts, and after alert, update the information
about the user in the shared stakeholder information source. An alert shall quickly
be evaluated for appropriate actions which may include trying to establish voice
communication with the caller, potentially notifying the dispatch center, and sending
a team to the home of the elderly to support before an ambulance eventually arrives.
New information shared by the community care professionals from the site of the
incident can also be helpful to the dispatch center in their decision making .

5.1.4 Alarm Handling and Dispatch Center

The dispatch center has a decisive role in this care chain. The judgment of this
stakeholder directly impacts the pre-hospital process for the fall victim. A news
article from 2012 stated that the decision made by a nurse at a dispatch center
to not send an ambulance after talking to a 77 year old female patient who had
a fall resulted in the death of the patient the next day [95]. This illustrates the
necessity for the dispatch center to have as much relevant information as possible at
hand when making dispatch decisions. Additional information received from other
stakeholders in the chain may, therefore, play an important role. At present, the
organization of alarm handling is setup in one of the two di erent ways depending
on the region:

1. The call/alert is received and processed by the alarm center.

2. The call/alert is received by the alarm center. Preliminary information is
gathered here. Thereafter, the healthcare dispatch center is added to the call
to gather more medically relevant information and make a decision on dispatch
of an ambulance.

5.1.5 Ambulance

The intention with present day ambulance services is to provide emergency care to
patients at pick-up site and during transit to hospital [96]. Usually regarded as the
"Golden Hour" in emergency care services, the preparedness and the response of this
nal stakeholder within 60 minutes of the fall incident makes a remarkable di erence
[97]. Additionally, providing real-time information to the ambulance could enhance
the quality of care provided to the user. Hence, the ambulance en-route in the
proposed solution is continuously provided with all relevant information gathered

by the involved stakeholders. This information may include vital parameters, when
available. This will help the ambulance personnel to prepare for the up-coming
actions at site.
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5.2 Proposed Fall Detection Solution

Sensor Fusion: Smartwatch and Vision-based Sensor for Fall
Detection

The fundamental goal in this project is to propose a reliable Digital Health solution
that improves the pre-hospital care chain when a fall incident has occurred. A large
number of individuals in the target group su er from multiple diseases. Thus, it is
very crucial to introduce reliable technologies in the solution and dispatch proper
help as soon as the fall incident occurs. Another important aspect in this solution
Is to reduce the number of false alarms. False alarms can cause confusion and lead
to loss of trust among users and the other stakeholders involved.

One possible approach to minimize false alarms and maximize accuracy in the fall
detection system is to collect as much data as possible by reliance on sensor fusion
technology. According to the literature study, a sensor fusion technology can be
used in this solution by combining wearable and non-wearable devices. The utilized
sensor fusion technology can be based on a smartwatch similar to Apple Watch
in Section 4.1.1 and the vision-based sensor developed Be Miguel et al. [67].
These solutions, the smartwatch and the vision-based sensor, extract various type of
data in di erent ways. On one hand, the smartwatch is attached to the user's wrist
and extracts information about the velocity and orientation of the user during fall
incident based on the gathered information throughout the integrated accelerometer
and gyroscope. This would aid in the understanding the kind of fall the user has
experienced. The user is also able to manually activate an alert by pressing the
integrated button or interface in the smartwatch. On the other hand, the vision-
based sensor monitors the user and their daily activities continuously and detects
any unexpected changes and addresses fall incidents with the aid of Al algorithms.
The vision-based sensor presents information about the position of the user. Addi-
tionally, the stakeholders are able to receive visual information of the user's location
in the house.

Sensor fusion technology is a growing trend that has been discussed when propos-
ing fall detection systems in various studies [10]. As a technology, sensor fusion
integrates multiple unrelated data sources to increase the performance, accuracy
and reliability in fall detection systems [11]. Therefore it might be bene cial to
merge the smartwatch and the vision-based sensor technologies in the solution to
extract unique information from two di erent sources. This in turn might lead to an
increased accuracy in detecting fall incidents. Furthermore, the user can be discrim-
inated in case of co-residence by pairing the vision-based sensor along with the worn
smartwatch. The drawback of such a design would be the reliability of the system
on two di erent components to generate su cient information for the stakeholders

in the chain. The loss of information from the smartwatch would mean that the
stakeholders, mainly the ambulance dispatch center, will not have information on
the force of the fall the user has experienced.
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5.3 Proposed Sensors for Measurement of
Essential Vital Parameters

Looking at the need expressed by the representative from the healthcare dispatch
center in the region ofVastra Goétaland extracting accurate information about vital
parameters would ease and speed up the decision-making process in the pre-hospital
care chain. Hence, the proposed solution monitors important vital parameters such
as heart rate, body temperature, blood pressure, respiratory rate and blood oxygen
saturation through the smartwatch mentioned inSection 5.2 . The selected method
to monitor a majority of the these vital parameters is based on the implemented
PPG technology in the smartwatch. In reliance on reviewed technologies, PPG is
capable of monitoring heart rate, blood pressure, respiratory rate, blood oxygen
saturation by including adequate algorithms. Mouradian et al. have developed a
wearable prototype using PPG technology to monitor blood pressure, heart rate,
oxygen saturation and respiratory rate which can be processed and transmitted to
a customized application [98]. Body temperature can be estimated by integrating a
temperature sensor in the same smartwatch.

A possible approach to extract information about level of consciousness of the patient
is through establishing verbal contact with the patient. The dispatcher has the
opportunity to speak with the patient through the implemented microphones and
speakers in the installed vision-based sensor in the user's house. The dispatcher can
determine the level of consciousness of the patient by asking the patient to respond
to verbal stimuli e.g. asking questions about the time and place or asking them to
wave their arm [99].

5.4 Application Interfaces for Stakeholders

An interface requirement for di erent stakeholders in the chain arises, since the
stakeholders view and utilize information in di erent manners. There is an obligation
to protect certain information from speci ¢ stakeholders in the chain. This gives
rise to the need for designing speci c interfaces considering the requirements of the
di erent stakeholders.

5.4.1 Proposed User Application

An elderly-friendly mobile application, presented irFigure 5.2 is proposed, to pro-
vide and obtain general information about the user. Some general parameters in
the application designed for the solution should be stored in the application, and
include the following:

Name

Age

" Address

Phone Number

Contact Information of the Relative
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Figure 5.2: A representative design of the user Application.

Other parameters involving the use of the application for communication and infor-
mation transfer in the chain are as follows:

34

Identi cation Number  : The identi cation number of the fall detection de-
vices would be assigned by the community care providing the service. This
number would then directly be mapped to the personal number of the person
seeking the service. The identi cation number would help the community care
to keep track of the devices, also helping identify the device from which the
information is being transmitted. The user will not have the option to make
changes to the identi cation numbers of both, the vision-based sensor as well
as the smartwatch.

Gender : Gender plays an important role in identifying the seriousness of a
fall incident. As mentioned earlier, women are more vulnerable to the con-
sequences of fall incidents than men. Therefore, it necessitates the need to
reveal the gender.

Global Positioning System (GPS) : GPS information taken from the appli-
cation will help the ambulance personnel reach the patient's home with ease.
The application could also additionally be integrated with features such as live
tracking. This would help in relaying the location of the user to the arriving
ambulance.

Entrance Code : Entrance to buildings in Sweden almost always require a
code or a Radio Frequency Identi cation (RFID) tag for access, causing delays
to the ambulance personnel to assist the patient. In order to reduce this delay,
the idea is to continually remind the user to update the information about
their entrance code at regular intervals.
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Vital Parameters : One of the most essential information in the chain is
the vital parameters obtained from the smartwatch. The application in the
smartwatch would store the information about vital parameters for a certain
period of time until it has been transferred to a common information cloud,
described inSection 5.5.3 . This information would get deleted automatically
later on, helping save storage space on the device. The information could still
be made available to the user for any future reference by retrieving it from the
information cloud.

5.4.2 Proposed Application For Other Stakeholders in the
Chain

5421 Relative

The alert intended to be sent to the relative, in case of their elderly experiencing
a fall, would be through a similar application to the user's, as seen irigure 5.3 .
The only di erence would be that the relative's interface would not have the option

to change any of the elderly's privacy settings. However, the relative will be able to
make changes to the general information, for example, the address, phone number,
contact information of the relative and other information such as the entrance code
to the building, speci ed in Section 5.4.1 .

Figure 5.3: A representative design of the relative's application.

5.4.2.2 Community Care and services

The web application designed for the community care and services would directly be
connected to the information cloud. This application would enable the community
care to make changes to the general information of the user. The application would
also facilitate the community care to maintain the database of information about
the users subscribed to the service. A pop-up window would appear on receiving an
alert. On receiving more than one alert at the same time, the pop-up window would
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be divided into two. The smaller part of the window would display di erent active
cases, helping the operator at the community care to navigate between the various
active cases. The larger part of the window would have an interaction panel to take
actions, whilst also displaying several general information about the user.

5.4.2.3 Dispatch Center

All dispatch centers throughout Sweden currently use a tool calle@oordCom

in their daily operations. A plug-in connected to the information cloud could be
integrated with this tool, facilitating the dispatcher to view the information received.
Additionally, the dispatcher can make annotations on the case being handled. In
case an ambulance is assigned, the annotated information along with the ambulance
ID would be directed into the information cloud through the plug-in. This would
aid in the transmission of information to the right ambulance.

5.4.2.4 Ambulance

It is very important that the information is transmitted to the ambulance personnel

in an e cient manner. The essential vital parameters from the information cloud
would be transferred in real-time into an interactive interface on a mobile tablet in
the ambulance, on being assigned to a case. This would aid the personnel to prepare
themselves before reaching the spot of the incident to administer an appropriate
rst aid. Additionally, general user information along with the GPS location, will

be available for the ambulance personnel.

5.5 IT Infrastructure

55.1 The Internet Network

It is essential to keep an updated interaction between the healthcare providers and
the elderly who has experienced a fall. This could be made possible by including
a reliable and secure connectivity in the proposed solution. Today, internet is a
common service that most households see as an essential part of life. Therefore, it
can act as a platform to receive and transmit information from one stakeholder to
another in the chain. However, the use of internet motivates the requirement for a
secure gateway.

5.5.2 Gateway

Adaptable communication and intelligence between medical devices is increasingly
used in supervision, prevention and treatment purposes through gateways such as
WiFi and Bluetooth. WiFi technology is included as a gateway in the proposed

solution. WiFi as a gateway enables a connected Digital Health solution. The use of
WiFi technology in this solution would aid in achieving a convenient communication

between devices. Additionally, it is seen as a key component used to establish a
stable communication between the vision-based sensor and the smartwatch. It also
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helps to transfer both, the alert and all the necessary information of the user, to the
consequent components and stakeholders in the chain in a secure manner.

5.5.3 Information Cloud

Centralization of information along with acquiring real-time information from dif-
ferent stakeholders is one of the primary concerns in the proposed solution. This
would enable intermediate processing and transfer of information to other stakehold-
ers involved in the care chain, thereby being updated in the decentralized registries.
Therefore, an information cloud connected to the di erent components, common to
all the stakeholders is being proposed for integration into the care chain. Format of
the information being transferred and shared plays an important role in centraliza-
tion of information. Thus, interoperability is a concern for the overall integration of
individual systems.

5.5.4 Protocols for Interoperability

The rapid growth in ICT has largely been possible due to the ease in digital partner-
ship. Interoperability is a characteristic feature which makes it possible for di erent
systems to interact with each other [100]. Interoperability functions primarily at four

di erent levels, where each level con nes the succeeding one to a certain boundary
[101]. The various levels according to their rank in the ascending order atesgal,
Organizational, Semantic  and Technical Interoperability [102].

The designed solution is proposed to operate with the guidelines, laws and regula-
tions set by the government and the regulatory authorities in Sweden. This therefore
would address legal interoperability. Setting a common method of operation and
communication to relay information or requirements between various organizations
involved in the care chain could enhance organizational Interoperability. The infor-
mation being transferred in the chain involves various medical terminologies. Use of
Systematized Nomenclature of Medicine Clinical Terms (SNOMED CT) could help
in setting a common structure of reporting and communication of medical terminolo-
gies among the di erent stakeholders involved. This would aid in the understanding
of the various medical terms the same way among the stakeholders in the care chain,
thereby improving semantic interoperability.

Technical interoperability is the last of the four levels, having a high need to be
considerate of all the aforementioned levels of interoperability. The use of standards
from Health Level 7 (HL7) and Fast Healthcare Interoperability Resources (FHIR)
would address the exchange of information from EHR and resources such as Appli-
cation Program Interfaces (API) needed for EHR exchange, respectively [103] [104].
The proposed adoption of standards from Continua, an international organization
that outlines standards based on already existing HL7, and standards from Institute
of Electrical and Electronics Engineers (IEEE), would set guidelines for components
in the proposed solution to communicate with each other through wired connection,
or over internet networks along with sensors, gateways, and EHRs [105].

37



5. Proposed Digital Health Solution

5.6 Electronic Health Records

An important component in the automated fall detection and pre-hospital care chain
would be the availability of the EHR through the process of decision making and
pre-hospital care. Due to a rapid development in ICT-based health services, there
is a belief that EHRs could reduce medical risks [106].

Currently, EHRs in Sweden are being managed by the respective regions. Each
region has a authority to choose the providers of EHR services to the citizens in
the respective regions to be able to cater to the population by considering the lo-
cal conditions while designing the healthcare system[107]. This gives a wide room
to implement the integration of EHR into the proposed solution in multiple ways,
each suited to the need and structure of data collection, storage and transfer in the
di erent regions.

The idea to integrate EHR into the proposed solution is to automate, wherever
possible, the addition of crucial health information about the users. This would be
more advantageous for the elderly in case they would not remember incidents prior
to, during, or after a fall incident. This could also help healthcare professionals infer
on the underlying cause to a fall, if any, along with being able to provide the users,
information about the fall incident.

In the care chain, EHR can be used to determine the previous health condition of
the user enabling the decision makers, i.e. dispatch center and ambulance, to make
accurate decisions helping them handle patients in a better manner. In light of
the fact that the dispatch center does not require as much data from the EHR to
make decisions, an intelligent CDSS has also been proposed further. This would
additionally enable an expedited dispatch of ambulance. In the context of informa-
tion storage, medically relevant information from di erent entities in the care chain,
such as the sensors measuring fall and vital parameters and annotations sent into
the information cloud by dispatchers could provide a new dimension to the kind of
information that goes into the EHR, aiding in better healthcare in the future.

5.7 Intelligent Clinical Decision Support System
and Data Fusion

Integration of patient and clinical data into Healthcare Information Systems (HIS)
to provide support in decision making for patient care forms the basis of CDSS [108].
CDSS can be built in two ways:

Knowledge-based DSS is built by segregating the system into three parts,
knowledge base, decision engine and interface for communication. The knowl-
edge base consists of an IF-ELSE structure with multiple rules to determine
the association of various data with each other [109].

The advent of Al and ML techniques have given birth to a novahon-knowledge-
based DSS [110]. These systems rely on nding patterns or learn from previ-
ous experiences, thereby eliminating the need for requirement of a knowledge
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base for their operation [111].

An interesting example in the deployment of Al-based CDSS into mainstream health-
care is that of Corti's Al integration into the ED of Danish healthcare system, to
identify cardiac failures using speech recognition. When tested, it was found that
this Al-based CDSS system outperformed human dispatchers in identifying cardiac
arrests, 93% to 73%. [112]

In the proposed solution, there is a need to analyze the medical information which
comes in from di erent sources, such as the smartwatch or the EHR. This would
provide meaningful information aiding human stakeholders in the chain to make
appropriate decisions. According tdViarta Fernandes et al, "the rst point where

the patient acuity state is evaluated, takes place at the triage stage in the [ED3]".
Prioritizing the requirement of assistance based on the urgency of treatment is a
de ning factor in pre-hospital care [113]. Triage systems used by healthcare profes-
sionals can therefore be used to prioritize cases based on this need. A combination
of knowledge-based and non-knowledge-based systems to analyze clinical data could
therefore be a potent player in the pre-hospital care for fall incidents. The role
of knowledge-based system would be to provide recommendation to the dispatch
center based on the user's need for an ambulance by analyzing information from
various sources. The non-knowledge-based CDSS could aid in provision of better
recommendations to the dispatch centers by learning from previous decisions made
by them.

5.8 Dispatch of Ambulances

A quintessential part of the pre-hospital care is to optimize the utilization of am-
bulances to those in immediate need of assistance. Further, with reference to the
interview with Asa Hogstedtambulance dispatch in Sweden today has been observed
to be made based on priority of requirement of immediate assistance.

5.8.1 Pre-dispatch

The proposed solution allows for priority-based ambulance dispatch for assistance
to victims of fall. Assorted information obtained from di erent components in the
chain along with the recommendation from CDSS are sent to the interface which
Is used by the dispatch center. Based on the recommendation received from CDSS
and analysis of various related information, the dispatcher can either choose to call
the user back, or proactively make a decision on dispatching the ambulance. As a
side note, the knowledge and the intellect of a dispatcher handling the case would
always precede the recommendation from CDSS.

5.8.2 Post-dispatch

Once the ambulance has been dispatched, the dispatch center and ambulance have
a joint responsibility of the case. As it exists in present day, a continuous contact
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between the two are maintained until the ambulance reaches the scene. Informa-
tion from the information cloud, along with the recommendation from CDSS, are
curated to the need of the paramedics and is streamed into the ambulance. Infor-
mation about vital parameters would be streamed in real-time into the ambulance.
This would ensure that the paramedics have information about the patient's health
condition prior to reaching the scene of the incident, thus helping them to prepare
themselves to handle the situation better.
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5.9 Proposed Concept of a Digital Health Solu-
tion for Complete Pre-hospital Care Chain in
Case of Fall

An imperative outcome of this thesis is to propose a concept of a Digital Health
solution that would automate fall detection and help the elderly to receive faster
pre-hospital care. Examination of preexisting IT infrastructure that exists for Digi-
tal Health in Sweden preceded the designing of the proposed solution. This allowed
for the design to be able to incorporate all possible stakeholders in the care chain.
Enabling therefore, to integrate the proposed solution well with an already existent
superior welfare system in the country.

The proposed solution includes information about the parameters considered de-
cisive for the care chain, that would aid the stakeholders to determine their next
course of action inclined towards patient centered care. The design of the proposed
solution also focuses on implementing the prime characteristics and properties found
in the systems that exist today, while trying to mitigate the disadvantages, such as
rigidity, found in the various system designs for other Digital Health solutions.

The architecture of the proposed solution is as seen in the schemdigure 5.5 .
This solution focuses on automatic indoor fall detection for elderly who live inde-
pendently, with or without the help of home-help services.

Figure 5.4: Components and stakeholders involved in the pre-hospital care chain
in case of fall.

Each stakeholder in the chain has an independent as well as a shared responsibility,
with one or more stakeholders, who in uence the actions of stakeholders that suc-
ceed. In order for the chain to be automated and to present additional information
that would determine a case, various block of components have been integrated into
the solution to aid stakeholders. The di erent component blocks and stakeholders
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involved in the chain are represented ifrigure 5.4 , and are described irSection
5.1.

5.9.1 The Proposed Digital Health Solution

Figure 5.5: The proposed Digital Health solution.

A prerequisite for the ideal functioning of the solution is that the smartwatch is
worn by the user, to be able to extract all the information necessary to provide a
good care. The primary fall detection sensor, which is a vision-based sensor, senses
the fall experienced by the user. On sensing a fall, the vision-based sensor triggers a
communication with the smartwatch through a gateway, which in our case is WiFi,

to verify with the built-in fall detection sensor in the smartwatch through an appli-
cation designed for the user. The application acts as a middleman to process the
information sent in from the primary fall detection sensor and the parameters of
fall obtained from the smartwatch through prede ned algorithms. The primary fall
detection sensor would work even without a veri cation with fall parameters from
the smartwatch. However, the veri cation with fall parameters from the smartwatch
would increase the dispatcher's con dence in the system to detect a true fall inci-
dent. Additionally, it would help in recognizing the identity of the user involved in

the fall incident in case of an environment of co-habitation. The parameters from
the smartwatch could also give the dispatcher at the end of the chain enough infor-
mation about the severity of the fall, i.e. hard fall or soft fall. This could form the
base for the intelligent CDSS to output better recommendations.

On veri cation of fall, information about the vital parameters, from the smartwatch,

and the masked images of the fall incident, from the vision-based sensor, 3 minutes
prior to and after the fall incident is extracted and sent in to the information cloud.
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The information cloud acts as a repository for the information, i.e. general user in-
formation, information on the vital parameters, images from the vision-based sensor
and the EHR, needed to be sent to the di erent stakeholders in the chain. Simulta-
neously, an alert is sent out to the relative and community care through the internet
on the applications intended to be used by them. An intelligent CDSS is proposed
to be set in chain, for the dispatch center to have all the necessary information and
to aid them make a faster decision. The information from the information cloud is
processed using a set of intelligent algorithms, conclusively recommending an action
plan for the personnel handling the case in the dispatch center.

A marginally delayed alert, similar to the one sent to the relative and community
care, is sent to the dispatch center. This alert contains all the necessary information
in the information cloud along with the recommendation from CDSS. The dispatcher
then would make a decision on whether to send an ambulance or not. The dispatcher
can either use the information at hand or connect with the person in need through
the integrated speaker and microphones in the vision-based sensor setup by making
a call. An alert about the dispatcher's decision on the case would be sent to the user,
relative and community care. All the information from the information cloud and
CDSS would directly be transmitted into the interface integrated in the ambulance.
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5.10 Testing the Proposed Solution Typical Use
Cases, Pros and Cons of Using Various Sen-
sor Setups

Figure 5.6: Persona of an old woman living alone.

5.10.1 House Number 1
5.10.1.1 About

Lina Andersson is a retired nurse living in her 1 Bedroom-Hall-Kitchen (BHK)
apartment in Gothenburg, spending time mostly reading on her 'Kindle'. At 82
years of age, Lina does most of her daily activities herself, and is not reliant on the
home-help services provided by the municipality in spite of su ering from a visual
impairment, neuropathy and osteoporosis. Her rationale behind not seeking help
from home-help services, although she needs it sometimes, is that she wants to be
self-reliant, and is not willing to be a burden on the state's resources. She has been
on Analgesics and Bisphosphonates for a long time, given her medical condition. The
medications, along with her medical condition have a high impact on her tendency
to fall. She has been experiencing soft falls at least twice a month for the last 6
months, and was not in a position to call for help when she needed it. Lina believes
that the Digital Health solution that has been newly integrated into the healthcare
services for elderly could help her seek assistance whenever she is need, as well as
live her life independently. Her relatives have been very supportive of her in this
regard.

5.10.1.2 Scenario 1: Lina and her new Digital Health Solution

The simulation performed in Scenario 1 considers Lina wearing the smartwatch that
is connected to her smartphone, which contains the mobile application designed for
the Digital Health solution. The vision-based sensor have also been installed, to
make sure that there are no blind spots. A chronological description on Lina's fall
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incident are as below:

ALERT! Your relative living in Linnégatan XX has experienced a hard fall at 18:30
HRS. An alert has been sent to the dispatch center who will take further action on
this case. Please respond with a “Yes' if you will be able to visit the patient in the
next 15 minutes, else respond "No'

The information sent to the community care could look like the one below:

ALERT!! Your patient with device ID-number XXXX, living in Linnégatan XX has
experienced a fall at 18:30 HRS. An alert has been sent to the dispatch center who
will take further action on this case. Please respond with a "Yes' if you will be able
to visit the patient in the next 15 minutes, else respond "No'

The information sent to the dispatch center, could look like the one below:

ALERT!! A patient living in Linnégatan XX has experienced a hard fall at 18:30
HRS. Please remain on standby for more information.
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Lina Andersson, an elderly woman age82 years has experienced a hard fall in her
residence at Linnégatan XX. She seems to be alone in the house with no movement
for 3 minutes after the fall incident. The fall incident has been triggered by the
sensor in the kitchen.

The fall preceded with a decrease ioxygen saturation of 95%  irregular heart
rate, maybe atrial brillation. Heart rate, body temperature, blood pressure, respira-
tory rate are normal, while blood oxygen saturation is still maintaining only at 95%.

She has a medical history of increased risk of fall because of her visual impairment.
She su ers from dizziness and numb feet now and then, osteoporosis and has had a
mild hip injury previously, caused by fall.

Conclusion : A high priority needs to be given to the case. An ambulance would
need to be sent at the earliest.

5.10.1.3 Scenario 2: Lina and her 8 months old Digital Health Solution

The simulation performed here represents Scenario 2 where Lina becomes forgetful
about wearing the smartwatch. The vision-based sensor have been working well
since installation. A chronological description on Lina's fall incident are as below:

A few weeks earlier

Lina's relative updates some general information about Lina through their version
of the mobile application designed for the Digital Health solution.

Today
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ALERT!! Your relative living in Linnégatan XX has experienced a fall at 18:30
HRS. An alert has been sent to the dispatch center who will take further action on
this case. Please respond with a “Yes' if you will be able to visit the patient in the
next 15 minutes, else respond "No'

The information sent to the community care could look like the one below:

ALERT!! Your patient with device ID-number XXXX, living in Linnégatan XX has
experienced a fall at 18:30 HRS. An alert has been sent to the dispatch center who
will take further action on this case. Please respond with a "Yes' if you will be able
to visit the patient in the next 15 minutes, else respond "No'

The information sent to the dispatch center, could look like the one below:

ALERT!! A patient living in Linnégatan XX has experienced a fall at 18:30 HRS.
Please remain on standby for more information.

Lina Andersson, an elderly woman age82 years has experienced a fall in her res-
idence at Linnégatan XX. She seems to be alone in the house with some movement
for 3 minutes after fall. The fall incident has been triggered by the sensor in the
living room.
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Reason for the fall is unknown.

She has a medical history of increased risk of fall because of her visual impairment.
She su ers from dizziness, numb feet now and then, osteoporosis and has had a mild
hip injury previously, caused by fall.

Conclusion : The severity of the fall incident is inconclusive. A call to the patient
IS necessary.
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5.10.2 House number 2

Figure 5.7: Persona of an old couple living together.

5.10.2.1 About

Anna and Anders Persson are a retired couple living in their 3 BHK apartment

in Gothenburg, spending time mostly watching television and playing Tetris' on
their iPad. Both Anna and Anders require some sort of assistance in their daily
living, due to their health conditions, and are reliant on the home-help services
provided by the municipality. Anna and Anders have been on Antihypertensives
and Benzodiazepines, respectively, given their medical condition. The medications,
along with their medical condition have a high impact on their tendency to fall. One

of these days when Anna was out running some errands, Anders had experienced a
fall and was not in a position to call for help until Anna returned home. They believe
that the Digital Health solution that has been newly integrated into the healthcare
services for elderly could help them seek assistance during hours of need, as well as
live their life as secure as possible. Along with having both of them support each
other, their daughter has been very supportive of them in this regard.

5.10.2.2 Scenario 3: Getting Familiar with the Digital Health Solution

The simulation performed in Scenario 3 shows a possibility where Anders forgets
to wear the smartwatch. The vision-based sensor have been working well since
installation. A chronological description on Anders' fall incident are as below:
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A few weeks earlier

Anna and Anders update their general information through their version of the mo-
bile application designed for the Digital Health solution.

Today

ALERT! Your relative living in Fjallgatan XX has experienced a fall at 18:30 HRS.
An alert has been sent to the dispatch center who will take further action on this
case. Please respond with a “Yes' if you will be able to visit the patient in the next
15 minutes, else respond "No.

The information sent to the community care could look like the one below:

ALERT! Your patient with device ID-number XXXX living in Fjallgatan XX has
experienced a fall at 18:30 HRS. An alert has been sent to the dispatch center who
will take further action on this case. Please respond with a “Yes' if you will be able
to visit the patient in the next 15 minutes, else respond "No'

The information sent to the dispatch center, could look like the one below:

ALERT!! A patient living in Fjallgatan XX has experienced a soft fall at 18:30 HRS.
Please remain on standby for more information.
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Anders Persson, an elderly man agefl6 years has experienced a soft fall in his
residence at Fjallgatan XX. He seems to be have company in the house. The fall
incident has been triggered by the sensor in bedroom 1.

Reason for the fall is unknown.

He has a medical history of increased risk of fall because of his visual impairment.
He su ers from shaky limbs, and has impaired posture and balance. No previous
recorded cases of fall.

Conclusion : A medium priority can to be given to the case.

5.10.2.3 Scenario 4: Seasoned Users of the Digital Health Solution

The simulation performed in Scenario 4 shows a possibility where both Anna and
Anders wear the smartwatch. The vision-based sensor have been working well since
installation. A chronological description on Anna's fall incident are as below:

A few days earlier

Anna and Anders update their general information through their version of the mo-
bile application designed for the Digital Health solution.
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