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Out of the people who lose their lives during a fire, there is a severe
over-representation amongst those with an impairment. Although there
exist certain efforts to solve or diminish this gap, there is still room
for a great amount of improvement. Throughout this thesis, we look
into the variables that this issue consists of and put forth a prototypical
system to be able to counteract this trend. We go through why solutions
like this are becoming more prevalent and why the focus needs to be
put on subjects like this, both for the individual and as a society. As
interest groups have expressed the necessity of change this can be the
start of a more major movement that encourages both judicial branches
of government as well as those whose goal is monetary gain to continue
research and changes of policy.
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Sammanfattning

Av de människor som mister sina liv under en brand så finns det en allvarlig överrep-
resentation bland de med funktionsnedsättning. Även om det finns vissa försök för att
lösa eller minska detta gap, finns det fortfarande utrymme för stora förbättringar. Un-
der denna avhandling tittar vi på de variabler som denna fråga består av och lägger
fram ett prototypiskt system för att kunna motverka denna trend. Vi går igenom varför
sådana lösningar blir allt vanligare och varför fokus måste läggas på ämnen som detta,
både för individen och som ett samhälle. Eftersom intressegrupper har uttryckt behovet
av förändring kan detta vara början på en större rörelse som uppmuntrar både rättsliga
grenar av regeringen såväl som de vars mål är monetär vinst för att fortsätta bedriva
forskning och förändringar av policy.
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1 Introduction

1 Introduction

In today’s society where many with visual and auditory impairments both study as well
as take part in the workforce, it is important to be able to assure these people that they
are safe in the buildings of which they either reside, study and/or work. In the case of an
emergency, such as a fire, it is therefore of paramount importance to get everyone who
is in danger to a safe place, no matter their impairment. The systems that are currently
available to assist with fire escapes do not take into consideration impairment factors
and how they play a part in the potentially traumatic experience that is a fire. For an
emergency evacuation to be as smooth and safe as possible, one needs to incorporate
as many assisting tools as possible, ensuring that one or more is always helpful to the
people inside the building.

In a situation such as an emergency evacuation due to a fire, the people within the
building are easily susceptible to a stress level high enough to cause panic. In those
types of situations, even something as simple as finding the exit can be difficult due to
the brain not being able to manage and comprehend information as usual. If someone
then also has a perceptual impairment it will add onto another layer of difficulty of
evacuating the building. For not only is it, in most cases, merely one person trying
to get to safety leading to potential chaos causing a difficult situation to become close
to impossible. If someone is in a new and/or complex building this could cause this
stressful environment to cause a delay in the safe evacuation that in the worst case can
and have cost lives.

This gives ground for a new solution to try and fill the gap that the current systems
have. Using an internet of things (IoT) approach to integrate mechanisms designed to
inform evacuees, through mediums aimed towards different senses in a way that is easily
understood even in a stressful and chaotic situation, can therefore ensure that more lives
are saved in future emergencies. As such we have the research question of this thesis.

How can an assistive, non-exclusive system be designed, which reduces trauma and
lethal occurrences during emergency evacuations due to fires?

This could be split up into smaller questions that together answer the more encompass-
ing question mentioned above. These would then be: What requirements are there on an
assistive system for it to be non-exclusive? What modules would be necessary as part
of the system design to allow for it to help the user navigate during an evacuation? Can
already existing tools be incorporated into the system and if so, how would they need to
be adapted to fit the requirements?

Although no such system is currently required by Swedish law, the existence of such
a solution can motivate lawmakers into enforcing new construction to include stricter
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2 Background

requirements for the safety of those within the buildings. This would not only allow for a
system that holds proper value for evacuees, extractors, or others directly involved with
the evacuation but also for the ones creating it as there is a monetary value in producing
such a solution.

This solution would be constructed in such a way that it fulfills three key requirements:
(1) Dynamically guides the ones within the building to the safest exit. (2) Can support
an individual with one major perceptual impairment (blindness or deafness). (3) Do not
induce further confusion caused by the attempted assistance.

2 Background

There are many types of alarm systems directed towards a specific perceptual impair-
ment, to be used in the home of those afflicted. But there is currently a lack of fire
escape assistance tools designed to be used in major non-residential buildings which
allow for a safe extraction of people of differing perceptual impairments.

Most fire alarms work by having a sensor detect the existence of an active fire. For the
sake of simplicity, we will deem active fires to be anything from smaller smoldering
fires to larger explosive flames, i.e any fire that causes a dangerous situation and has not
died down. The detection is performed by a smoke detector, heat detector, dual sensors
that encompass both of these options [Sec] or using a flame detector.

The most common smoke detectors are ionization smoke alarms, which detect the flow
of ionized air through the room, or photoelectric smoke alarms, which use the refraction
of light to detect smoke [Age]. The most common heat detectors are in the form of
fixed temperature detectors and rate-of-rise detectors. The fixed temperature detectors
work by setting off an alarm if a specific maximum temperature is reached. The rise-of-
rate detectors work similarly but instead check if the temperature rises faster than a set
allowed rate [Braa]. The most common flame detectors are infrared (IR) detectors, ul-
traviolet (UV) detectors, and IR/UV detectors which are a combination of the previous
two. The IR detectors detect the IR radiation emitted by certain flames typically pro-
duced from carbon-based fires [Tipa]. The UV detectors work similarly where it detects
the UV radiation given off by certain flames typically given off from hydrogen-based
fires [Tipb].

Depending on if the fire alarm is a local entity, i.e it is a stand-alone detector and alarm,
or it is a node in a network of fire alarms, typically found in major non-residential
buildings, it works differently on a high level. Regardless of type, when a detector part
in a local entity detects an active fire it typically signals to a siren that is part of the
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2 Background

device, allowing it to start and indicate danger to nearby users. This siren will then
signal to nearby users until manually turned off or unplanned interference, i.e the alarm
is destroyed by the fire or it runs out of battery.

When a detector part in a larger network detects an active fire it instead sends a signal
to a central hub (server). The server then sends out a signal to each alarm, part of
the network, allowing for their sirens to sound out danger to nearby users. For these
networks, you can typically turn them off either manually or at a distance through some
communication protocol. Neither of these solutions however are suitable solutions for
those with hearing impairments, nor does it help those who are visually impaired to
get out of the burning building, which is no easy feat if one is not familiar with the
environment.

Some businesses, like the hotel chain Scandic, offer certain amounts of assistance to
those with hearing impairments [Sca09]. They can offer bracelets that vibrate in case
of an emergency but this solution holds its issues. Not only can it cause differentiation
between those with impairments and those without, but there is also a finite amount of
these bracelets. This is even though Scandic has a contract with the Swedish Association
of Hard of Hearing People (Hörselskadades Riksförbund, HRF) to ensure that there is
access to such tools. In one case HRF had one of their meetings and Scandic could
only offer two such vibrating bracelets to the participants, see appendix [D]. Situations
like that one tell us that there needs to be a more general solution that is not limited by
strictly limited resources, like bracelets, to ensure the safety of the people within the
building.

Over 40% of all above the age of 75 who die in fires has a form of hearing impairment,
and although fires typically do not originate from them they are still the hardest hit in
case a fire does break out [HRF]. There are also studies that show that a small investment
in increasing the fire safety of the home for someones with these impairments also
increases their chance of surviving such an encounter.

These types of solutions do not even exist for those with a visual impairment. As those
without a hearing impairment can hear the alarm just fine they have no assisting tool
to extract them to safety, see appendix [A]. This is despite the fact that if someone is
blind they have issues perceiving if the ways they know out of the building are safe or
not. Also here do we see that there is a need for a more general solution that can safely
extract those with perceptual impairments from a burning building.

There are many general IoT solutions for other things in the day of everyday users.
From those with no underlying disease of impairment who merely want to check their
pulse, the number of steps they take in a day or even their blood pressure can do so using
a smartwatch. This is only possible due to how the client, the watch itself, can commu-
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nicate through the internet to a server, most often the user’s smartphone, and keep track
of this information. For those with diabetes, there are now monitoring devices, using
an IoT approach, that allows for the user to not need to repetitively throughout the day
to take a blood sample to check blood glucose levels. Instead, this monitoring device is
attached to the user and then sends data to a different device which can tell the user what
the current blood glucose levels are [MN17]. Many of these systems also proactively
warn the user when their blood glucose levels are approaching dangerous levels. This is
a clear improvement from the previous non-IoT solutions where you had to reactively
respond.

3 Theory and Related Work

Although no academic work has been found where the effectiveness of a complete sys-
tem that fulfills the three criteria mentioned in chapter 1 is tested, there are multiple
works with similar goals. The primary criteria to select similar and related work would
be if they are meant to enhance fire safety, in particular for those with certain impair-
ments, and/or to increase the inclusion of impaired people.

The most obvious currently existing system that is closely related to this would be a
pedestrian crossing. Both the pedestrian crossing and the system designed and imple-
mented in chapter 6 and 7 allow for a user base to cross through an environment that is
possibly unsafe. These systems are non-exclusive to those with perceptual impairments
as they have components that is assistive even if the user holds one perceptual disability.
Similar to how not all roads are dangerous at all times, not every occasion where a fire
alarm is active is due to an active fire near each user. Both systems use auditory modules
to attract the attention of a user who might be focusing on the dangerous surrounding
environment. Both systems use visual indicators for if and when there are safe pathways
for the user to traverse. Using these similarities the system mentioned throughout this
paper can be viewed as a continuous sequence of connected pedestrian crossings using
an IoT approach.

3.1 Increased Inclusion

There are many companies that work to create solutions to enable a less hindered daily
life for those with impairments and many studies are continuously performed to in-
crease our understanding of the human body. Humans have studied physical health for
millennia but the understanding of impairments and the inclusion of those affected by
them have not been as prevalent and key. It was not until the 18th century that a school
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dedicated to the blind was first documented [Wil].

Some companies such as Tobii Dynavox focus on helping those with impairments by
developing systems and tools such as their augmentative and alternative communication
(AAC) [Dyn]. These systems allow for users, who might otherwise be unable to do so,
to communicate with nearby people and also navigate a computer interface.

Although impairments exist throughout the world, most studies are performed in well-
developed countries. In China, the world’s most populous developing country, Wang
and Wu researched how visually impaired people were affected in their everyday life
and work by the usage of assistive tools [WW21]. They concluded that most activities
had increased ease of access, enabling their social inclusion to a greater degree than
without the tools, as well as their general quality of life and work efficacy.

3.2 Internet of Things

As the name implies, Internet of Things (IoT), is the concept of having devices con-
nected to each other through the internet with the purpose of exchanging data. This
applies to everyday items like smartphones, self-driving cars, and ambient lightning
systems to more scientific applications like weather sensors, speed cameras, and solar
panel energy measurement data distribution systems [Cat20].

Although there are serious concerns surrounding IoT devices and their security, there
is a clear trend that indicates a quick increase of such devices. These security threats
can cause less harmful incursions such as accessing the data you get from sensors to
more harmful ones that can corrupt or falsify the data. A hacker getting access to a self-
driving car can turn it off on the highway, cause it to crash into a ditch, or run someone
over. Some third-party illegally accessing the smart home appliances of a person can
gain control of microphones and cameras, causing this third party to be able to spy on
said person [MYAZ15].

With this security threat in mind, it is important to put a lot of effort into making sys-
tems and tools, such as this one, as secure as possible. One of the ways this was done
for this system was the enforcement of asymmetric encryption. This is the process of
having a set of keys in the form of a public key and a private key. The public key can
be openly known whereas the private key should only be in possession of the system
manager. So after implementing this form of encryption all possibilities of secure shell
(SSH) or other forms of networking protocols were turned off unless their usage was
completely necessary for the functionality of the system. More of how these protocols
are implemented can be found in chapter 7.
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One of issues with having an IoT based solution for tools whose intended usage is
during active fires is that those types of situations typically introduces elements that
might interfere with the communication between different units. Smoke particles and
debris might block signals or the heat might affect hardware components. This are
issues that all tools used during fires face and a level of resistance to these variations of
interference is something that is required by law if it is to be used commercially. This
is discussed further in section 4.4. This makes it so that a design of these IoT solutions
require that this is kept in mind. Many fire brigades use wireless communication, for
example Bluetooth, in their work within these types of environments and such tools are
becoming more and more common [Fir].

Brijendra Singh hypothesizes that the largest improvement in life quality caused by
IoT will be within the healthcare sector [SBCJ17]. He notes that not only can it be
used for sensors, aid, and rehabilitation but also to even increase the possible emotional
stability for the user. The ability to use IoT devices to increase the health monitoring
of patients can give doctors, the patient themselves, and others insight into the patient’s
life that would otherwise be impossible, similar to the blood glucose level measurement
discussed in chapter 2. These types of measuring tools are similar to the fire alarm
sensors, also discussed in chapter 2.

One of the beneficial ways IoT has been incorporated into the daily life of hearing-
impaired students is in being able to connect their hearing aid to the microphone of
the lecturer or directly to other devices, like a smartphone or a computer. Soetan et
al. discuss how these advances can improve the experiences of such situations for the
impaired students, with no real difference between the genders [SOAA20]. This is
related to this project in that it increases the inclusivity for hearing impaired individuals.
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Figure 1 IoT devices connected from 2015 to 2018 and projected numbers from 2019
to 2025 [Ala18]

As can be seen in figure 1 there are projections that indicate a clear and drastic increase
in the amount of IoT devices available in the world. In this projection, we will see the
number of devices available today to be more than doubled in only five years [Ala18].
This will make the possibilities of similar systems to this one and other helpful tools
more widely available to those who need it. Although it is unclear how this projection
has been affected by the COVID-19 pandemic and to what degree the development of
5G was taken into consideration, it is clear that the development and integration of 5G
technology are important for the future of IoT [Fet16].

3.3 Alarms with Increased Inclusion

As was briefly touched upon in chapter 2 there are certain alarms that are designed
specifically towards those with certain visual impairments. These can take the form of
vibrotactile devices, such as vibrating bracelets, vibrating plates that are to be placed
underneath pillows, visual devices, such as flashing lights with an incredible brightness
level or auditory devices, that amplify the sound and convert sound to a lower frequency
as to allow certain impairments to hear the alarm better [Jon].

Certain companies, like Apple, have implemented a setting configuration that allows the
user to have their device listen to certain sounds, e.g fire alarms, doorbells, and alarm
sirens. This is to increase the inclusivity of their products and to allow for an increased

7



3 Theory and Related Work

level of security for those with a hearing impairment, similar to the purpose of this
thesis [Car].

Although perceptual impairments are some of the most prevalent impairments, they are
not the only ones causing increased danger in case of a fire. Bruck, Thomas, and Ball
state that alcohol impairment to be a factor for more than half of all fatalities during fires
as this has much to do due to their inability to awaken [BTB07]. Bruck and Ball have
also stated that certain frequencies of sound have an increased ability to awaken sleeping
subjects and that vibrotactile devices and devices using strong levels of light were less
effective at being able to awaken those with an alcohol impairment [BRKB04]. This is
important to keep in mind when deciding which frequency the siren is to sound at for
this system.

Dong, Yu, and Zhibin studied the efficiency of using auditory indicators to signal the in-
tended direction of travel to a user [DYZ18]. This study was specifically for usage in fire
alarm sounders, making it similar to the auditory aspect of the system design proposed
in this project. Key differences being that their research only covered this auditory com-
ponent and not how its efficiency might be affected by other assistive variables, such as
visual indicators. Although their study was limited by a small pool of test subjects, it
helps to prove that this type of auditory navigation is a viable type of solution for this
type of tool. They were done by concluding that auditory signals that guide the user out
of a burning building are an important next step of fire alarm evolution.

3.4 Color Theory

Color theory is the study of color concepts, definitions, and design applications. Its
usage is for practical combinations to communicate meaning without literally saying it
to the observer. This could be the usage of blue to indicate something to be cold or
to use opposite colors, like black and white, to have contrast and indicate a difference
between the elements containing those colors. This is the same type of color association
that amongst emotions there are expressions, such as “red with rage” and “blue with
sadness”, that use them. This is such a common understanding that even children’s
movies, such as Disney’s “Inside Out”, cover this subject.

Elliot and Maier studied how color theory affected human psychology and what col-
ors were associated with different feelings, in comparison to emotion [EM07]. They
discuss e.g that people associated red with danger and green with peace, similar to the
intended association used in this project. More about this usage of colors can be read in
chapter 6.3.
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3.5 Graph Theory

The coordination module within this system, which is explained in more detail in chap-
ter 6.2, uses graph theory to determine the closest safe path out from any of the nodes
within the building. Graph theory is the mathematical study of networks of structures
called graphs, constructed with vertices (nodes) and connections between these nodes
(edges). These edges can be directional or non-directional leading to the distinction
between directed graphs and undirected graphs [Car20].

We can see an example of such a graph in figure 2 where a node indicates the position
where a doorway (gate) with the system installed is. Due to the direction between nodes
of different distances to a safe node in the graph we can clearly see that the graph is a
directed one.

Figure 2 A visual representation of how a directed graph looks like. Green indicates a
safe node and red indicates a regular node with d indicating distance from a safe node.

3.6 Dynamic over Static Coordination

For a node system, like the ones described in chapter 3.5, to work, we either require a
static ruleset for what to do at each node or a dynamic system that itself uses static rules
to determines the actions of each node. This means that during installation of the system
in a building, that depending on the complexity of the building’s infrastructure and the
corresponding node-edge relations, it could lead to different amounts of data and work
required depending on the type of coordination.

For a static type of coordination we mean that during installation of the system, it would
have to calculate each and every possible scenario with the existing network. This data
would then be put into a lookup table, e.g a hash table, enabling that when a specific
situation occurs the route out from each gate within the building is ready. This would
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then have the necessary information being sent to the components within the system that
requires input. For a small-scale building, this would be a viable solution, however as
the size and complexity increase the number of different possible configurations needed
to be stored also increases, however to a greater degree than the increase of nodes. So
due to the necessity of all configurations being stored it would lead to static coordination
not being viable for major non-residential buildings, which this system is meant to be
installed.

For a dynamic type of coordination, that is reliant on a static ruleset, it would instead
calculate during run-time what the routes would be with the current configuration of
active and non-active nodes. This would then only require that what is stored is the
number of nodes within the network and the edges between those nodes. Hence it
would allow for a more viable solution within major non-residential buildings.

Due to these reasons, a dynamic type of coordination was chosen to be more viable as
a solution to manage coordination for this system. It is however worth mentioning that
in the case where there is an availability to a great amount of memory and computing
power a static solution would be to prefer, as the lookup time of e.g a hash table is
O(1), making it the quickest solution for those cases, as the dynamic calculations would
take longer than that. But as this system is intended to run in environments where such
resources are not expected, it is not deemed a suitable or viable solution.

4 Purpose, Goal and Delimitation

There are many reasons why a system like this one holds value to users, as has been
discussed throughout chapters 1 and 2. Throughout this chapter we will go through
the possible pros, cons, and what must be kept in mind when designing it, aside from
the primary design objectives mentioned in chapter 1. These are all to determine how
well the proposed design coincides with the research question: Can an assistive, non-
exclusive system that reduces trauma and lethal occurrences during fires be designed?

According to the World Health Organization (WHO), there are approximately 1.5 bil-
lion people affected by hearing impairments, out of which around 430 million people
have such a severe impairment that they require rehabilitation services for their disabil-
ity [WHOb]. They also state that approximately 2.2 billion people suffer visual impair-
ments and that almost half of these cases could either have been prevented or it has yet
to be addressed [WHOa]. For those who have not yet had their impairment addressed
it is most likely more difficult to partake in a normative lifestyle than those who have
certain assistive tools at their disposal. How this can affect their life is covered in more
detail in chapter 4.2.3.
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Not only could this system increase the quality of life and ease of escape in case of a fire
for those affected, but it also works toward multiple of the United Nations (UN) 2030
goals.

Figure 3 The primary UN 2030 sustainability goals, that this system aims to work to-
wards [UN].

As can be seen above in figure 3 there are multiple sustainability goals set up by the UN
that this system has the possibility to assist with.

Goal 3: Good health and well-being The system’s main purpose is to reduce
the number of injuries, loss of life, and trauma caused by fires in major non-residential
buildings. This is discussed more in detail in chapter 4.1.

Goal 4: Quality education Following the previous goal, the safety of people, per-
ceptually impaired or not, within an academic environment is potentially increased with
this system. This increased safe environment can then allow for more qualitative learn-
ing than otherwise available.

Goal 9: Industry, innovation and, infrastructure As this system would be both
innovative and build towards a more secure and stable infrastructure it fits well into
this goal. It also promotes more inclusive and sustainable industrialization as it allows
for more of an inclusive environment for those with perceptual impairments working in
those industries.
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Goal 10: Reduced inequalities As this system primarily allows for perceptually
impaired users to navigate out of a burning building in a similar fashion to how those
without impairments, and increase the ease of navigation even for those who are without
impairments, it will hopefully reduce the disparity of lethal fires for these users. This is
discussed more in length in chapter 2.

Goal 11: Sustainable cities and communities The different parts of sustain-
ability and how this system has been developed to try to be as sustainable as possible
and to increase general sustainability for the impaired communities has been discussed
in length in chapter 4.2.

4.1 User Value of the System

For the regular human, an emergency situation, like a fire, is a stressful experience.
This stress can induce a state of panic making the user think irrationally, hindering
a reasonable thought process, possibly putting them in further danger. In 1989 BB
Pigott researched what future developments could be done for intelligent fire alarms
and how fire alarms affect the user [Pig89]. Although this is quite some time ago,
the research on people is still deemed valid for the purpose of this thesis, as human
nature has not evolved remarkably during this time. In his paper, he mentions that those
unfamiliar with an environment might not use the immediate escape routes available. It
is also discussed how there is a level of confusion if the fire alarm is an actual alarm or
something else.

This system affects these variables to differing levels. The increased amount of indi-
cations that the user is to evacuate the building make it clearer that there is in fact an
emergency and not something else. The clear indication of the current safest route from
the user’s position, instead of leaving the choice of route up to the user itself, therefore
reduce the chance of confusion by the user in their attempt to escape the burning build-
ing. This unfamiliarity with an environment is only further enhanced as an issue when
you are experiencing a perceptual impairment. With the loss of sight and/or hearing the
user would have even more trouble navigating a burning building to safety. As this sys-
tem is non-exclusive towards those impairments, it can also increase the survival rate of
those users that experience impairments. All of these factors together could then lead to
a reduced amount of panic-induced during this stressful experience which could further
lead to a reduced loss of life.

This would be the goal of this system. To reduce the loss of life in a non-exclusive
fashion and to lessen the level of potential trauma caused by stress occurring during an
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incident.

4.2 Sustainability

The necessity of systems, solutions, and general practice being sustainable has become
increasingly important each year. But many times the thought of something being sus-
tainable is too narrow. When one speaks about sustainability in a normal conversation
one often refers to specific environmental sustainability, but this is merely one part of
true sustainability. There are multiple ways of illustrating these parts, as can be seen
in figure 4, but some are more closely resembled what we are dealing with concerning
assisting tools for the perceptually impaired. We will look more into how these “pillars”
affect tools such as this one and weigh their importance in comparison to each other in
the following sub-chapters.

4.2.1 Economical Costs

As with any type of solution or tool, the economics of it is incredibly important, espe-
cially depending on what problem it is trying to solve. In the case of making an already
existing solution more available to the general public, the “pillar” of economical sus-
tainability is key. But the necessity of certain tools gives them more leniency when it
comes to this piece of the puzzle in a sense. When it comes to systems such as this one
that focuses on saving lives, the economical “pillar” is usually seen as less important
as we humans value life quite highly. Although not all lives are economically deemed
equal, as certain people in countries like the USA where they do not have universal
healthcare causing some people to die due to lack of funds, we still deem life-saving
equipment to generally be worth the investment.

For this system to be deemed economically sustainable it can therefore be pseudo-
expensive and still be deemed worth the investment. Although it is always important
to have a focus to make the solution as cheap as possible as to allow for even though,
with fewer resources to have access to it, for this system to be deemed sustainable, it
would not be necessary for it to be cheap. It should also be noted that there may often
be a difference in cost, depending on whether it is a planned inclusion in a new building
project, or if it is installed at a later stage. In the latter case, power provision might be
the largest cost, since the wireless infrastructure will most likely already be installed.

It is worth keeping in mind though, that it is important to keep the system as inexpensive
as possible also for the reason that a user may need to purchase it themselves. For many
with severe impairments, they are not able to hold jobs that pay an equal amount as
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those available to those without impairments. This affects their socioeconomic status
and stability in such a way that expensive assistance tools can be hard to attain. In the
case that someone has a grave impairment, depending on the country, they can get such
tools subsidized by the state. This subsidization allows for some to gain the tools they
need, but still, some people are required to buy assistance tools on their own. If someone
has a hearing impairment that is deemed light enough to not warrant a subsidy it can
still be harsh enough to not allow them to hear the fire alarm, see appendix [A].

4.2.2 Environmental Costs

As global warming has become an increasingly worse problem over the years and is
predicted to continue this trend, it has become more and more important to have an
environmentally sustainable approach to most things. For a system such as this one,
the question is, similar to the economical part, of less importance than many others due
to the life-saving attribute. Although this is a conversation that should be held when
evaluating life-saving tools as well. If something saves one life now but the environ-
mental impact causes the death of many more later on, is it worth it? This however is
something that is beyond the scope of this project it is still important to keep in mind
that a system should be as environmentally friendly as possible. On some occasions it
needs to be balanced with the economical factor as some less environmentally friendly
options might be cheaper than the more sustainable options. A more in-depth look at
this can be found later in chapter 4.3.

4.2.3 Social Costs

Social sustainability is very multifaceted as it concerns how something affects an indi-
vidual, a group, and even society’s whole. As of the writing of this thesis, this system is
deemed to only affect users on an individual level and also the group level as it concerns
the groups of perceptional impairments.

The design of an assistance tool such as this one needs to keep in mind that in its aspi-
ration to help those that have, e.g issues hearing a fire alarm, it should not cause social
strife to be caused due to this. Having the solution include a bracelet that vibrates when
a fire occurs could make it so the user requiring such a bracelet to stand out from the
others in the building. This is something that would therefore cause further differen-
tiation between those with and without impairments, see appendix [A], which could
lead to further stigmatization. Thus for the system to be truly socially sustainable one
preferably need to look for other solutions.
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This possibility of social stigmatization and associated abstaining is brought up by
Söderström and Ytterhus [SY10]. They discuss the fact that many visually impaired
people, particularly young people, abstain from using assistive information and com-
munication technology (ICT), due to how it differentiates the user from the norm, due
to how it draws attention to their disability. As such many would rather go without the
offered assistance in favor of less probability of stigmatization from their peers. Al-
though this conclusion is not definitive of all visually impaired people, it draws into the
light a variable that is important to keep in mind when developing systems for those that
suffer an impairment. Even though some fear the possibility of stigmatization there are
still many who have the possibility to partake in a more normative lifestyle due to the
assistive ICT’s put forth before them, and although a tool does not fit every user, it does
not mean that the tool is without worth.

It was discussed by Douglas, Corcoran, and Pavey how certain social barriers in the
form of cost, availability, and accessibility were large factors for those with perceptual
impairments who rarely use computers and other assistive ICT’s [DCP07]. Although
they found a trend amongst how certain age groups of visually impaired people tended
to be deterred for different reasons to certain assistive tools, these trends can be used
as a guide to understanding the importance of certain sustainability criteria for these
assistive ICT’s.

On a group level, a system like this that allows for quicker and more secure evacuations
from a burning building for the ones with perceptual impairments could lead to in-
creased acceptance amongst those without impairments as the effect of the impairment
is lessened in case of an emergency.

Due to these factors, one could deem that social sustainability would be the most im-
portant “pillar” of sustainability, and therefore no illustration within figure 4 accurately
portrait the sustainability of this project.
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Figure 4 Left, typical representation of sustainability as three intersecting circles. Right,
alternative depictions: literal “pillars” and a concentric circles approach [PMR19]

4.3 Ethics

All types of end-user testing and evaluation require some thoughts put into the ethics
surrounding them. When it comes to testing those with impairments this becomes espe-
cially important as it can be a sore spot for some and for those with mental impairments,
it can actually be impossible to properly give consent. As such one needs to form the
tests to be respectful to the participant and their possible impairment. In the case of a
participant not being able to actively giving proper consent it is important for the ones
close to the participant to be able to give a preemptive consent on the impaired person’s
behalf and then evaluate during the testing if the participant is agitated by the test and
need to abort or if they are fine with the tests.

When it comes to the case of fully able and consenting adults to studies, as the ones
performed for this project, it is not legal to single someone out due to their health and/or
issues pertaining to it [Int]. This makes it so that it is against the Swedish law of per-
sonal data to contact specific people to ask for their willingness to participate in these
types of studies as that type of information is deemed sensitive data. The way this was
taken in mind was that organizations whose focus is the promotion of equal standards of
living for those afflicted by certain impairments, who are non-political and non-religious
organizations, were contacted to provide willing and consenting participants as to allow
for a properly conducted study which includes, but is not limited to, those with those
types of impairments. Organizations as the previously mentioned HRF and the National
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Association of the Visually Impaired (Synskadades Riksförbund, SRF) have therefore
had the responsibility of dealing with the possible sensitive data.

4.4 Legality

During design and development of a system, assistive or not, there is a necessity to
follow the laws that this system is affected by. Some of this was briefly discussed in
chapter 4.3 but information, especially sensitive information, needs to be collected and
processed in a legal manner. There are also the laws concerning the requirements of fire
alarms and potential modifications to these alarms.

One of the architectural requirements for construction is that each newly built building is
required to have at least two escape routes [Bov06], that are independent of each other.
The independence is indicated by if there are five or more meters between the escape
routes. This is relevant to this system as it ensures that even if there is a fire blocking
one of the escape routes, the system will still be able to guide the user out through at
least one other.

All fire alarms sold within the European Union (EU) are mandated to be CE marked.
CE marking indicates that the product follows all the EU regulations concerning health,
safety, and environmental protection standards. This is further mandated by Swedish
law that no fire alarm other than those with CE markings are allowed to be used to deem
a building sufficiently covered with fire alarms [Brab]. Although there are no current
laws dictating specific frameworks for systems such as this one, these laws would apply
to this system as it is a form of alteration onto the existing fire alarm system, this can
be read more about in appendix [C]. This would make it so that before this system was
brought into commercial use it would have to attain the CE marking.

4.5 Delimitation

Due to the COVID-19 pandemic that is currently affecting people and societies all
around the world, setting up an adequate amount of interviews for background research
and then evaluative tests with potential end-users has been difficult. As this was known
from the start to cause problems on that front it was decided to instead clarify that more
should be done to ensure that the information gathered from the few interviewees are
not edge cases of their respective impairment group.

The inclusion of a subsystem ensuring the dynamic creation of safe paths out from each
part of the building, using something like a neural network or to contain a pseudo-
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static classifier was considered at the conception of the system. But due to the size/time
restrictions of the project this was deemed to be way too large and a bit too outside
the scope of the key focus of the project and was therefore scrapped. This would not
necessarily have been a better solution than the one actually chosen.

Due to time limitations, much of the practical testing was not able to be performed in
a large enough scope. This is supposed to be one of the pillar stones of design science
research and the lack of proper testing and evaluation has seriously harmed the validity
of results for this system. With this in mind, much of the result and evaluation for this
system will instead have to be based on the testing performed and resulting hypotheses.

5 Methodology

The process of development, i.e the methodology, for this system was chosen to be done
using a design science research approach. It is a methodology that sets up clear steps
that need to be performed to achieve the most outcome-oriented outcome. Although
there are different interpretations of how these steps should be defined, both in name
and amount, the typical steps are usually between three and seven. Peffers et al. looked
into a large amount of these different interpretations and summarized that there are six
steps: “problem identification and motivation, definition of the objectives for a solution,
design and development, demonstration, evaluation, and communication” [PTRC07]. A
visual representation of these steps and how they interact can be found in figure 5. They
do however state that not all research necessarily has to start with the first step, identifi-
cation, but will through the research process go through it some way or another [Pel18].
This allows for certain projects to start at the point most fitting for their circumstances
instead of forcing them to redo some parts that might be considered redundant.
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Figure 5 The six steps within the chosen model of design science research,
from: [PTRC07]

Problem identification and motivation The purpose of this step is to specify a
research problem and to justify the value of a solution. This leads to both an innate
motivation for us the researchers, as well as the reader, to seek out solutions and accept
the attained result.

Through statistics and already existing academic work, it is clear that there is an uneven
representation amongst those that have lethal encounters during a fire, being an over-
representation of those with an impairment, as was noted through chapter 2. Interviews
and correspondence with those who have greater insight into the subject were performed
to gain an understanding of what needs there were and to get feedback on potential
solutions 9.1. These were key to be able to gain a clearer picture of exactly what dangers
are posed specifically to be able to cause these skewed numbers. As was mentioned
in appendix [A] and [D], there is no real assistive ICT that is not finitely limited for
those with perceptual impairments, and thus it has been necessary for those affected to
find makeshift workarounds. Their responses therefore laid the basis for the three key
requirements covered in chapter 1. These then together with the possibility of causing a
less traumatic experience and being able to support some of the UN 2030 sustainability
goals this then formed the basis for the motivation and problem identification.

Defining of the objectives for a solution The purpose of this step is to indi-
cate what is a possible and feasible solution. These objectives can be quantitative or
qualitative and should be based upon the problem specification.
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As was mentioned in chapter 1, the primary objective of this system is threefold. (1) A
system that dynamically and effectively guides the ones without a building to the closest
safe exit, (2) can support an individual with one major perceptual impairment and (3)
does not induce further confusion than already experienced by the user. These three
goals were developed primarily thanks to the feedback received throughout interviews
as well as from academic research pertaining to those types of stressful situations. They
are set up to allow for safer and less traumatic emergency evacuations in case of a fire.
As such a qualitative approach was chosen for this system as humans and their personal
experiences are often difficult to quantify in comparison to qualitative feedback.

Design and development This step is about the actualization of the solution. It
can be something concrete like an actual tool or more abstract in the form of models
or methods. The most important being that the design is based upon the research per-
formed, i.e designing the solution structure and then developing it.

Using the objectives that were defined in chapter 1 as well as using the goals of sustain-
ability, legality, and ethical development mentioned in chapter 4 as guidelines, the next
step was to design a possible solution that would satisfy these. A prototypical design
was produced by taking already existing solutions, e.g emergency exit signs and pedes-
trian crossings, and combining them with an IoT approach to attempt to develop a more
dynamic and inclusive solution. This design would therefore be based upon already tried
and tested tools that a vast majority of the population would already be familiar with,
to allow for a more intuitive and easy-to-understand system. After a design that was
able to incorporate enough elements to attempt to plausibly fit the criteria set up in the
earlier stages, it was then developed. The plausibility of the design was determined by
having it accepted by a developer representative of SRF, who himself has a severe visual
impairment. This was a semi-agile process as if a flaw was found in the design during
the development it was immediately looped back to fixing the design before resuming
development. If a flaw was noticed instead during testing and evaluation, it could also
be looped back at that point as well, more of this in that step of this methodology.

Demonstration This step is about showing that the solution actually solves one or
more aspects of the defined problem. This could be done through many different activ-
ities, e.g experimentation or case studies.

The demonstration of the design was performed by having test subjects test each sep-
arate module and providing feedback upon their experiences concerning intuitiveness,
amount of information provided, and whether this causes confusion or assistance. Al-
though this is not a test of the entire system as a whole, it allows for later evaluation of
each module instead of the entire system. This enables an easier fix if a faulty module
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would be found than if the system as a whole needs to be changed. Due to time restric-
tions and the COVID-19 pandemic, smaller test groups that do not naturally cover the
entire spectrum of potential end-users were chosen. These test subjects were instead
asked to emulate certain impairments by covering their eyes to simulate blindness and
block their ears to such a degree that no assistive sounds could be perceived.

Evaluation This step is to observe and measure at what level the proposed solution
solves the defined problem. Depending on the measurements set up in step two this
could be depending on different measurements or e.g user feedback. If at the end of
the evaluation it is deemed that something needs to be changed to improve upon the
solution, one can go back to step three and attempt to fix what is deemed an issue.
Otherwise one would proceed to the next step.

The evaluation was split up depending on which part of the system it was concerning.
The coordination module was subjected to unit testing whilst the visual and auditory
modules were subjected to objective feedback by the test subjects. This feedback was
then analyzed on the factors mentioned in the previous steps. As all humans are different
and can experience different emotions whilst testing a tool it makes it more difficult to
measure in concrete numbers than a binary response received by a computer during e.g
unit testing.

Communication This final step is about making sure that the importance of the
problem, results, and everything in between is communicated to relevant audiences.
This can be groups that are studying similar issues or to the end-user themselves.

The communication will be performed through the public presentation, uploading of this
thesis to the university library, and announcements to the organizations that hold interest
within this subject, such as HRF and SRF. Further ways of presenting this thesis would
be to be able to take a patent for the proposed design and it would also be desirable to
publish documentation about the system through conference publications, a scientific
journal, or a journal aimed towards those with perceptual impairments.

6 System Architecture

As the primary focus of this project was to design a suitable system that fulfills the
objectives mentioned in chapter 1 as well as follows the guidelines surrounding sus-
tainability as well as legal and ethical standpoints, put forth in chapter 4, the system
architecture of the system, as well as the implementation, holds great importance.
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6.1 Conceptualization

To be able to get a better understanding of the problem and how the system is applied to
it, we use three different visualizations to be discussed. An environmental visualization,
to give comprehension to where and how the system will be installed, a high-level sys-
tem architectural representation, which as previously mentioned is split up into different
modules, and a low-level system architectural representation, to go into depth for which
hardware was used and why.

Within figure 6 we have a floor plan representing a hypothetical environment in which
the system could be used. Due to the sheer size of this environment, it is split into
sections, which in this figure is represented by A and B. The separation between these
sections is displayed by the black line running through the figure. This representation is
due to how certain components, as well as humans, are limited by distance and require
a level of proximity to the gates to be able to communicate and comprehend signals
properly [LCC+18].

Depending on the type of Bluetooth device the ranges are commonly between 1-100m,
although the most common type, called a class 2 device, has a range of approximately
10m. This is however an outdated version of Bluetooth, whereas modern types have a
greater range. But to ensure that the system design proposed in the project does not fail
in case there are too many walls or other interfering objects, like smoke particles, we
will assume a shorter distance to be safe. One of the advantages of modern Bluetooth
technology, and why it is suitable for the type of IoT approach described in chapter3.2,
is that there are many components viable with Bluetooth Low Energy (BLE) [CPTT18].
This low energy consumption type of Bluetooth is something that was taken into con-
sideration for some of the hardware decisions. The modern type More about the usage
of Bluetooth technology in this system can be found in chapter 6.2.
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Figure 6 Floor plan of hypothetical building.

Then in figure 7 we have a transitional representation as we visualize each gate as a
node and the edges as the direction the users would travel to get out of the building.
This builds upon the graph theory mentioned in chapter 3.5 for how to get to safety in
the lowest amount of edges. Within this representation, we indicate the nodes that are
safe exits, i.e key nodes, with a green color and the other nodes with a red color. This
type of application of graph theory is quite commonly used for digital navigation as a
way of optimizing the shortest route from different points, i.e nodes [HWLW03].
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Figure 7 Floor plan of hypothetical building with the corresponding as an overlay.

Within figure 8 we have a high-level system architecture representation as well as how
the system interacts with nearby environmental variables, e.g the user and the fire alarm,
having these variables indicated by the selection of color. Red indicates units outside
of the system’s control, users are counted amongst these as although the system tries
to instruct their assistance making it can not force any user decisions. Yellow indicates
something outside of the system that would have to be altered to allow the sending of
an active node’s signal to the central server. Green indicates modules that are part of the
system, i.e components we have control over.
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Figure 8 A representation of the communication between different parts of the system,
indicated by green, and outside factors, indicated by red.
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6.2 Coordination Module

The communication within the system is performed by having a central server hub run-
ning a continuous program that takes in the active signals from the fire alarms. If a fire
alarm is active, i.e indicating a fire that has activated the fire alarm, it will send a sig-
nal to this server. The server will then use this indicative signal within the continuous
program to determine which of the existing safe paths from each node is the quickest.
Then it sends out a signal to each sub-server with which paths are to be used.

These sub-servers are stationed within each section and manage a small number of
nodes. The reason behind having these sub-servers is that the Bluetooth communi-
cation technology, that has been selected for this task, is quite limited when it comes to
the distance it can reach. As such a multitude of sub-servers will be necessary in the
case where there is more than one section within a building using this system. These
sub-servers will then send a signal to each of the nodes.

6.3 Visual Module

The key value indicating direction could take three different values corresponding with
either (1) going from one side to the other, (2) the opposite way, and also the case (3)
where both paths should be blocked.

It is visualized to the user by having a screen available on both sides of a gate. This
screen will then visualize the form of either a red cross, which is to indicate an unsafe
passage, or a green arrow, to indicate safe passage. To increase the chance of the user
perceiving these symbols they blink at consistent time intervals. These colors and shapes
were selected as not only are the symbols used to purvey similar messages in many parts
of society, but the colors hold a meaning of danger respectively safety as well.

As was discussed in chapter 3, there are great similarities between this system and
pedestrian crossings and in the case of those crossings, they also use red to indicate
unsafe and green to indicate safe passage. This would therefore lead to an already easy
understanding of the system, allowing for a minor learning curve for the user.

6.4 Auditory Module

This signal then takes the shape of a key whose value corresponds to indicate the dis-
tance from that node to the closest safe exit. This distance (d) is indicated as 0 in the case
of an actual exit and then increases incrementally by 1 for each node away it is. This is
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illustrated within figure 12 as to how such a distance can be calculated and visualized,
as purely nodes and connections instead of having a floor plan included as well.

The key value indicating distance determines in which order the speakers should signal
to the user their position. This is done by having each node create a sound in the order of
their distance. This then creates a form of “sound wave” which allows the user to follow
the wave out of the building to safety. This type of sound navigation was discussed in
chapter 3.3 in how it can increase the ease of evacuation for users [DYZ18]. So even if
there are four nodes that have a distance of 1 and three nodes that have a distance of 2,
the user can still navigate their way out by going to the one they can hear the loudest.
Then from that position, the user goes to the closest one of the next nodes in the sound
wave. In figure 9 we can see an illustration that displays how an example of this sound
wave can look.

Although no proper data on testing this form of a signal, i.e the sound wave, has been
found through the research performed for this project, it does follow the same principle
of flowing lights. One of the more popular applications of flowing lights to indicate
directional flow is the turn light on cars. But as no proper application for the usage of
flowing sounds in this manner has been found, this project can be viewed as a pilot study
for such specific usage. The tests and results of this study can be found in chapter 8.2.

Figure 9 Illustration of how the sound travels between nodes. Different colors indicat-
ing distance and arrows indicating the direction the sound will travel.
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In figure 9 we see how the purple node with distance 2, which has the greatest distance
from a safe node (a green one), will start the chain of sounds to the user. Following
that sound, the red ones with distance 1 will then all make their sounds with the final
safe nodes with distance 0 then making their sound. The delay between these sounds is
approximately 500ms to allow for quick successions of sound but still be long enough
to allow humans to perceive the difference clearly. Once this sound sequence has been
completed it will start over in the same fashion as before. Although checking with the
communication module what the current distances to each node are before commencing
a new sequence.

7 Implementation

In chapter 6 we discussed how there are three different types of representations needed
to understand the system on different levels as well as the environment in which it would
be implemented into. In it, we also displayed the two first of those but a representation
of the low-level implementation. To comply with the framework of a sustainable, legal
and ethical system we need to ensure that it is comprised of hardware that fulfills the
same requirements. As such we have sourced components that are simple to work with,
cheap, sustainable, and that is produced by well-reputed sources, i.e components fitting
for a prototypical system such as this one.

7.1 Coordination Module

As was previously mentioned, when a building is large enough to warrant more than one
section we require a main server and multiple sub-servers due to the range limitations
put onto the system by Bluetooth. These servers are comprised of a Raspberry PI 4
Model B which is an inexpensive, widely used, single-board computer developed and
produced by the Raspberry PI Foundation, a United Kingdom-based charity [Fou].
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Figure 10 A Raspberry PI 4 model B, from: [Ras21]

As was touched upon in chapter 6.2, the main server takes in the signals of active fire
alarms as input for a continuously run Python script. This script then utilizes graph
theory to determine the closest safe path out of the building. The algorithm chosen for
this specific task is Dijkstra’s algorithm, which is used by utilizing the Python networkx
library. It is one of the more common graph theory algorithms for these types of prob-
lems [BBT+16]. The system will then be continuously updating the graph of nodes to
check whether a node is active, i.e indicating an active fire. When a node is active the
system then deems that node to be dead, leading to it no longer belonging to a possible
safe path. In figures 13 and 14 we see examples of how the safe paths are determined
when dangerous nodes are introduced into the graph. When the system has determined
the safest paths from each node it also catalogs the distance of each node to the closest
safe node. This is done to have a distance value available for the auditory module and
its delay siren signal. More information on how this delayed siren uses this value can
be found in chapter 6.4.

Even in major non-residential buildings, it will generally be possible to assume that
the number of nodes will be relatively limited. This would then allow for the system
to passively avoid intricate traversal problems, such as the traveling salesman prob-
lem [RS87]. With this in mind, the scalability of the system will not be an issue, since
the connectivity will be calculated during the installation of the nodes.
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The sub-servers use the signal received from the main server as input for their own
Python script, that checks which nodes are within that sub-servers section and then
sends a signal to each node. This signal then contains, as previously mentioned in
chapters 6.3 and 6.4, the key values necessary by the visual and auditory modules.

Each node is comprised of an Arduino Nano 33 BLE that acts as a communication
center for the gate. This a very small, inexpensive, single-board low energy microcon-
troller with Bluetooth capabilities developed and produced by Arduino, an Italian-based
company. The Arduino takes in the signal from the sub-server and distributes that keys
received to the visual and auditory modules.

Figure 11 An Arduino Nano 33 BLE, from: [Ard21]

In figure 12 we can see a translation from gates and sections into an abstract represen-
tation in the form of a network of nodes. The network layout is made to show how the
nodes are matched to a floor plan such as the one presented in figure 6. The appearance
of these nodes is when none of them are active. This is how the distance and direction
would therefore look in case a fire occurred in a different part of the same building that
was segmented off from these two sections.
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Figure 12 Illustration of an example of nodes when there is no fire. Green nodes indicate
emergency exits.

In figure 13 we have a similar situation as in figure 12 but with the alteration that one
of the non-key nodes, i.e a node that is not a necessary way out of the building, is an
active node. In this case, no distance value has been changed due to the active node.
As the active node is indicative of a fire in that specific part the system will therefore
guide users within the building to take a different path than that which goes through that
node. Although it is an active node, it is important to keep in mind that there might be
users at that location, which is why there is a direction out from that node and a distance
associated with it.
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Figure 13 Illustration of an example of nodes when a non-key node is having an active
fire (red).

In figure 14 we have a similar situation as in figure13 but with the alteration that one of
the key nodes is active instead of a non-key node. This makes it so that no that user will
not be directed through that node to get out. As this is a key node it will also make it so
that the distance value of the nearest nodes, i.e the nodes with a connection to this one,
will be altered as they now have a longer distance to get to safety.
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Figure 14 Illustration of an example of nodes when a key node is having an active fire.

7.2 Visual Module

As was touched upon in chapter 6.3, the input signal for the visual module can take
three values, from side X to side X, from side Y to side X or no passage at all, having
X and Y represent two sides of a gate. This signal is sent to the screens required for
visualization to the user. These screens chosen for this prototype are comprised of an
Adafruit 8x16 LED Matrix FeatherWing on either side of the gate. This screen is an
inexpensive LED matrix developed and produced by Adafruit, an US-based company.

When one of the three signals is received it then produces one of the predetermined
shapes and colors to indicate to the user which direction to go. These shapes (symbols)
and colors have been determined, through the academic research and tests performed,
to be blinking a red cross mark to indicate danger and unsafe passage, and a blinking
green arrow to indicate safe passage.
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Figure 15 An Adafruit 8x16 LED Matrix FeatherWing, from: [Ada21]

Although the Adafruit 8x16 LED Matrix FeatherWing is limited in color, as the LED
matrices come predetermined in color, if one gets one green and one red and switch
one 8x8 matrix from each, then you can get one 8x8 red and one 8x8 green per side of
the gate. This prototypical solution also requires some cables to be drawn between the
Arduino and the display, which is not optimal for a good and proper IoT solution. For a
more commercial solution, this would have to be looked into for other ways of avoiding
this. One way of doing this could be the usage of two Arduino’s instead of one per
gate to allow for one per side of the gate to facilitate the communication between the
coordination and visual modules. Although it could allow for a more IoT-appropriate
solution this would then be more costly and therefore not be deemed as sustainable. As
such this would require further evaluation as to which solution is the most suitable one.

7.3 Auditory Module

As was touched upon in chapter 6.4, the input signal for the auditory module takes the
shape of the distance to the closest safe exit, i.e the number of nodes between the node
and the key node going through a safe path. On either side of the gate, we have a siren
that is to be part of the sound wave that is to help navigate the user out to safety. This
siren is, for the prototype, a very inexpensive piezoelectric speaker. For a system to
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be in actual production this speaker would have to be exchanged for something more
viable for the task, as it is unclear how sustainable this type of speaker is and whether
the quality would suffice for the task.

Figure 16 A Piezoelectric Loudspeaker for a prototypical iteration, from: [spe]

8 Results and Discussion

It is going to be assumed that the ones using the system will have an easier way of
navigating out of the building than without using it. The following comparisons are
made between the already existing indications of exit, i.e emergency exit signs and
the normal fire alarms, and the system’s different modules. Due to certain limitations in
time and ability to interact with certain groups due to the ongoing COVID-19 pandemic,
a smaller group of test subjects do not encompass the entirety of the non-impaired to
severely impaired spectrum. This hinders the possibility of extensive and spectrum-
encompassing testing, more about this can be read in chapters 4.5 and 9.1.

Thanks to the information received throughout the interviews with interest groups, specifics
can be found in appendix A and D, pertaining to the existing needs and requirements,
we were able to design a system to attempt to solve this and reduce the existing gap of
lethal encounters in fires between the impaired and non-impaired.
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8.1 Requirements and Evaluation Methods

There are many different requirements that have been mentioned previously that the
system needs to fulfill to be deemed adequate enough to be put into use. We have the
primary three mentioned in chapter 1 where it dynamically guides the ones within a
building to the safest exit, it can support individuals with a major perceptual impair-
ment and it does not induce further confusion caused by the assistance. There are also
several requirements discussed throughout chapter 4.2 as to how a system that is too
expensive, alienating, or environmentally harmful is not a tenable solution. This has
received further emphasis by the interest groups how there are more than just giving
assistance, it is about giving assistance in the right way, more of this in appendix 9.1.
As this is a system intended not to be part of someone’s daily life, as hopefully fires are
rare occurrences in someone’s life, it is also required that it is intuitive to use. Someone
who walks into a building should be able to understand what it is and how it works the
first time they are experiencing the system, otherwise, it holds little value. This can all
be summarized as a sustainable, intuitive, and non-exclusive dynamic assistive ICT.

The ways we evaluate if these requirements have been fulfilled will differ depending on
which requirement it is. The sustainability requirement is a very multifaceted one that
is difficult to give a concrete evaluation as all variables are weighed against each other.

In a perfect world, you would have a carbon negative, inclusion inducing, money-
making machine but that is not something that exists. Often when something is cheap
it is because the maker did not take the environment into consideration, as such those
factors clash. So it is a bit up to the interest groups, the ones who wish to see this system
put into use the most, to determine if the system is sustainable enough for it to be made
and publicly used.

The level of dynamic ability can be checked using unit testing and to see if the system
can actually perform during a dynamically changing situation. This is then evaluated to
be up to par if it passes the unit tests.

To evaluate if the level of intuitiveness and non-exclusivity is adequate it is very much
up to testing. Both are determined by the user’s experiences and how quickly they are
able to comprehend an unknown assistive tool put forth in from of them in a stressful
situation. Although it is impossible to ethically test this properly, as we can not put
people in a stressful situation like an actual emergency evacuation, we can create mock
evacuations and measure how well the test subjects were able to take to the system and
how quick they are able to evacuate using it and without it.
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8.2 Tests

As was mentioned previously, the group of test subjects was limited due to certain cir-
cumstances. These limitations made it so that only 14 participants were able to be part
of the testing groups. These participants were between the ages of 18-30 with a bell
curve distribution and a disclosed gender distribution of 6 males and 8 females. 6 of
these test subjects disclosed a minor visual impairment but no other impairments were
disclosed. This is not enough to conclusively get results from the tests put forth, but a
pandemic brings certain difficulties to human testing.

To be able to grasp as simple of a response from the test subjects, low complexity tests
were developed which would not necessarily differ depending on one’s impairment. Of
course, there would be a certain impossibility of asking someone who is deaf to test
and evaluate the auditory module and to ask someone who is blind to do the same for
the visual module, but aside from these edge cases, all tests were simple enough to be
performed by each test subject. As to not allow for outside interference by the tester,
allowing for the integrity of the tests to hold, no information about the chosen colors,
symbols, and sound direction was disclosed to the test subjects before or under the tests.

8.2.1 Coordination Module

The coordination module was tested using unit testing, setting up tests that ensured
that certain inputs provided expected outputs. As this was a very straightforward and
concrete way of testing it provided the most simple to comprehend result as the module
was able to pass the tests. These tests had two designs and purposes, to ensure that both
that individual nodes and groups of nodes behaved as expected. The individual node
was tested by asserting that it took the shortest route to a safe node. The grouping of the
nodes was tested in a similar fashion, where it made sure that each group of the same
distance nodes was grouped together in separate lists, enabling easy comprehension for
the sub-servers.

These tests nor the implementation do not take into consideration certain limitations put
on specific nodes. As there might be possible for a greater flow of evacuation from one
node instead of another but both are part of the testing route, as it holds now, this will
not affect whether the module directs the user to take one route or the other. This could
be implemented as a form of weight onto the edge, but require some work to implement
but primarily to test and ensure it works properly.
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8.2.2 Visual Module

No test subject disclosed a blindness, color blindness or other serious visual impairment
that could affect the test.

The visual module was tested by having the test subjects first name what color they
would immediately associate with danger. Exactly all test subjects chose red as the
color to indicate danger. They were then asked to, if they were able, to explain why
they believed red to be the most representative color of danger. Most who could explain
why told that they associated it with traffic lights and pedestrian crossings, showing
an expected trend. Then the test subjects were asked which symbol they most closely
thought represented danger and/or unsafe passage. Although some thought the text
“STOP” would be the best representation, most thought a blinking cross mark. Those
that did not specify blinking were then asked if they thought a blinking symbol would
increase or decrease their ability to notice the indication, whereas all those responded
with that they thought it would increase their ability to notice it.

The test subjects were then asked to name the color they would immediately associate
with safety and/or safe passage. Exactly all test subjects chose green as the color to
indicate safety. They were then asked to, if they were able, to explain why they believed
green to be the most representative color of safety. A similar reasoning as the one
given to the red color was given, where some who could explain their reasoning made
a connection between traffic lights and pedestrian crossings, although there were many
who drew the association between green color and safe passage from already existing
emergency exit signs. They were then asked to explain which symbol most closely
represented safety and/or safe passage. This response was the most diverse one, as there
were many whose choice of symbol differed from the others. The most popular one by
far was the arrow, which no one who chose it could explain why, but when asked after
they had completely given up on being able to explain it if it was because there was an
arrow on existing emergency exit signs they all thought that could be why. Other less
frequent symbols for safety were a tick, the kind where you tick something off a list and
not the insect, and an open door, although the test subject who said this also realised it
was perhaps hard to discern.

These answers were perfectly in line with the expected outcome and have allowed for
a certain level of assurity in the visual indications chosen to be used within the visual
module. Although it is still important to remember that this is within a limited grouping
of individuals and thus it is also limited in scope.

It is important to keep in mind though that red-green color blindness, both protanopia
and deuteranopia which are the most common types of color blindness affects the user’s
ability the discern between red and green. This makes it so that the importance of
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the meaning behind the symbols is clear enough to even without the colors, that we
mentioned in chapter 3.4 holds associations with danger and peace, indicates to the user
if they are to pass through a gate or not.

Figure 17 The proposed symbols for the visual module to indicate unsafe passage,
respectively safe passage.

8.2.3 Auditory Module

No test subjects disclosed a deafness or other serious hearing impairment that could
affect the test.

Testing of the auditory module was performed in three stages. (1) Hearing three differ-
ent sources of sound, at a distance, emit a beep to emulate a siren in a predetermined
order and disclosing how they intuitively would act if they heard those in the case of an
emergency, specifically concerning the direction of the sound. (2) Hearing three differ-
ent sources of sound emit a beep to emulate a siren in a predetermined order, where the
middle beep would be coming from a source that was right at the feet of the test subject
and the other two sources would be placed at a distance. They would then be asked
to disclose how they intuitively would act if they heard those sounds in the case of an
emergency, specifically concerning the direction of the sound. (3) Asked what factors,
if any, were part of their decision-making process aside from the direction and how they
affect their decision.

For a visual representation as to how test cases (1) and (2) were performed, figure 18
shows a simplified version of the test. In this figure, we can see how the sound sources
are numbered from 1 on the left to 3 on the right. The order of sound output could
be either ascending or descending in number order, ensuring that sounds source 2 was
always in the middle, as to allow for a more realistic case of the artificial sound wave.
Case (1) was designed to get an understanding of how the user would behave when at a
distance from any one specific node as they have no immediate proximity to the nodes.
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Case (2) was designed to get an understanding of how the user would behave when
standing at one of the nodes and how having the siren go off next to them would affect
their behavior.

After asking the test subjects to close their eyes and focus solely on the direction of the
sound and how it would make them act in case of an evacuation, the test subjects were
then allowed to listen to the order 4-6 times and then asked which direction they would
intuitively go. Although the vast majority chose to go following the flow of the sound
there were some who would rather choose to go toward the point of origin instead, their
reasoning being that they would like to check out the sound they heard first or not being
able to explain their reasoning.

For case (3) many reported the intensity of the sound and also the time interval between
signals to be major factors in their decision making. The intensity would to many in-
dicate how close they would be to a signal and would most likely try to go toward the
one they can hear the loudest. As the time interval is affected by the speed of sound and
the distance the sound needs to travel to reach the user, it also indicated to the user if
something was close or far away, no matter the intensity. This is part of the expected
behavior of the user, although it is something that needs to be monitored closely. As the
sound intensity indicates a level of proximity, which is needed to guide the user towards
the nearest node of a specific distance, it could have the detrimental effect of making
it so that the user does not want to leave a specific node merely because they hear the
alarm the loudest from the point where they are standing. With this in mind, more tests
should be performed with this specific user interaction as the key focus.

These test results are, similar to the visual module, in line with expectations. Although
not all test subjects had the same intuitive understanding of how to act, this is not some-
thing that was expected either. As humans differ greatly in motivation surrounding their
actions one can not expect all to act the same in these types of situations. Some test
subjects mentioned that due to them being familiar with the environment in which the
test was performed, that it could be a factor that affects their decision making. Out of
those who made this connection all but one chose to follow the direction of the sound
wave instead of going toward the point of origin. This would be due to them knowing
where the closest exit is and then rationalizing to themselves which direction to go to be
able to go towards it.
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Figure 18 Case A is an illustration of test case (1) and case B is an illustration of test
case (2)

8.3 Hypothetical Trends

We will most likely be able to see a trend that the system does assist all five groups to
evacuate to safety, although to different degrees. This would be when these groups of
potential end-users experience the system as a whole and not specific modules as has
been tested. As such the following paragraphs are purely hypothetical, although based
upon trends observed throughout the related works, as seen in chapter 3, and the tests
that were performed, as presented earlier in this chapter.

Non-impaired Although the non-impaired users will be able to benefit from all the
available indications, they will most likely be the ones to have the smallest difference,
both measured in time and possibly percentage, in average evacuation time. This would
be due to them already being able to perceive a large amount of information that will
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suffice to make a relatively quick escape. But as the indications will allow them to
observe from a distance that a door should not be passed through, instead of having to
go up and touch the handle or pull open the door to make certain observations.

Slight Visual Impairment Those with a slight visual impairment might not be able
to discern shapes very easily but they will be able to see the blinking symbols for safe
or unsafe passage. As these blinking symbols are in very clear red and greed, color
which we instinctively associate with danger and safety, the subjects will still be able to
observe them from a distance, although they might not be able to see the shapes of the
symbols themselves. With this in mind they will most likely not be able to evacuate in
as quick of a fashion as the non-impaired subjects but still, be able to evacuate without
any major inconveniences.

Blind As the blind users have no ability to noticing any visual indicators they will
most likely have the hardest time navigating out of the building. But as the test en-
vironment will be assumed to be a non-familiar one, they will also most likely have
gain the most assistance, time-wise, out of all the test groups. This is assuming that
the time starts when the subject has first noticed that the alarm is sounding. There will
be issues for the blind subject navigating out of the building, due to many factors men-
tioned throughout this thesis, but as this system provides a new form of assistance to
those users it will drastically reduce the time required for them to safely evacuate the
building.

Slight Hearing Impairment For this group of test subjects there will be a distinc-
tion between if they are currently wearing their hearing aid or if they have it put aside,
e.g if they are in the shower or in bed. When the subject is using their hearing aid a
similar statistic as the non-impaired group will most likely be seen due to this in many
cases close to nullifies the impairment. In the case where the subject does not currently
wear their hearing aid, they will have a similar statistic as the deaf group. This is due
to the fact that their major issue will be to initially notice that the fire alarm is active,
the same as the deaf group. If counted from the time of noticing the alarm, this group
would therefore have a similar statistic as the non-impaired, but if counted from the time
of alarm start, it would have a seriously worse statistic, heavily dependent on how close
to one of the visual module the subject is.

Deaf As was touched upon for the slightly hearing-impaired group, the biggest issue
for this subject group will be to notice that the alarm is active at all, and this would be
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heavily dependant on the proximity to one of the visual modules the subject would be.
As such the starting position and activity holds more importance for this subject group
than the others and will affect their statistical performance to a similar degree.

9 Conclusion

The primary objective of this project was to design a solution to the problem that there
is a severe over-representation amongst the fatalities occurring during burning buildings
amongst the impaired. This question specifically was framed as: How can an assistive,
non-exclusive system be designed, which reduces trauma and lethal occurrences dur-
ing emergency evacuations due to fires? We have through interviews and other forms
of communication with interest groups decided upon the three criteria this solution re-
quires: (1) Dynamically guides the ones within the building to the safest exit. (2) Can
support an individual with one major perceptual impairment (blindness or deafness). (3)
Do not induce further confusion caused by the attempted assistance. We then created a
prototypical system using three modules, coordination, auditory and visual, that hypo-
thetically accomplishes this in a dynamic and non-exclusive way that allows for a safer
emergency evacuation in case of a fire. Although more testing should be done, with
more diverse groups of test subjects in more diverse environments, this is a problem
that faces most systems and tools when they are first developed.

As this is a prototypical design that has much future development required before it can
be put into commercial use, more about this in 9.1, there are things to keep in mind.
The system might have several issues not explored due to the limitation of hardware
choices and testing performed. Certain scalability issues might not have been covered
throughout this project, which could complicate many of the module’s finer details, as
they rely on high precision timed synchronization. If the sound wave synchronization is
off by merely a fraction of a second, this could affect how the user perceives distance,
as we covered throughout chapter 8.2.3.

We have explained the principles of design science research and how these were fol-
lowed to create the system. We have gone through the different modules that the system
consists of and how they affect our potential end-user, economically, environmentally,
and socially.

Not only can this have a positive effect on the fatality rate, traumatic experiences, and
general inclusivity, but it can hopefully show that there are solutions to a problem most
people do not think about. This could then be the start of more rigid and inclusive laws
for buildings, new and old. This makes it so that the system has the ability to help
with the UN 2030 sustainability goals and to more universally assist those with certain

43



9 Conclusion

perceptual impairments in case of an emergency.

The group of test subjects were quite limited in certain aspects, such as number of
participants, age and impairments. Although the gender distribution was close to being
half male and half female, this can still be considered sub-optimal as colorblindness is
much more prevalent amongst males. To get proper test results of this type of visual
impairment, a slight majority of males would be preferred. The lack of impaired test
subjects is however not uncommon for assistive ICT’s. Testing is often performed on
unimpaired test subjects until a product is ready for commercial usage, then testing on
impaired subjects is performed. For further development of this system, a larger and
more varied group of test subjects would therefore be preferred over the current group.

There is much testing left to do to be able to definitively prove that methods such as the
flowing sound wave are something that can guide the visually impaired. Harsher evalu-
ations and bases on the choices of hardware should be performed as well. Throughout
this project, these choices have been a bit too much on just good enough and perhaps
not enough focus on optimizing these fully, as the design itself was deemed more key
for the objective. There are also different types of designs that could work equally well
as the proposed design, if not even be better, but set aside as delimitations that would be
interesting to explore further.

Although from an educational standpoint these types of failures could possibly be better
for personal growth than pure success, as is covered by Rorhkemper and Corno [RC88],
one would prefer to have done everything flawlessly to facilitate the optimal circum-
stances for further development of these types of system and ensure that one actually is
able to help those whose lives could benefit from these types of system.

Although what has been presented is not perfect, in the sense of being ready for com-
mercial usage, it lays the groundwork for iterations of assistive ICT’s that can continue
to further a more equal and sustainable future. With the results achieved from testing
this system design, we can, perhaps a bit preemptively, say that the design does hold
value for the potential end-user and that it fulfills the requirements set out during the
first steps of the methodology.

9.1 Future Work

The future work is divided into two parts: further research and product development.

Future research One way of improving this system would be to modify the input
module to become a machine learning-based solution. This could be in the form of
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reinforcement learning to train a system to always find the quickest and safest route out
of a building depending on the current fire alarms that are going off. The system would
then learn and develop dynamic path planning to guide the people within the building to
safety. This improvement could also be done by a classifier using the status of the nodes
(fire alarms) to guide through predetermined paths set out by the fire brigade when the
system was installed.

A modification of the auditory module could also improve the system in how intuitive
it is for those with visual impairments. As this project can be seen as a type of pilot
research study it also leaves room for quite a bit of improvement. The current sounds
being used have been selected due to them being deemed to adequately inform the users
in a way that does not confuse them to a too great degree. But if more time is spent on
trying to figure out the optimal sounds to be used for this purveying of information then
one can probably find a more intuitive solution.

Altering the type of algorithm used for the graph theory could be a possible optimization
of the coordination module. If one incorporates weights, indicating an actual distance
between nodes instead of merely the number of edges between them, onto the edges it
could make it so that the system more exactly determines a proper distance between a
node and a safe exit. Although these weights would have to be manually set for each
individual node, it is a possible improvement that holds promise. Similar to this one
could add weights corresponding to potential flow rate between each node, making the
graph network into a flow network. This could be useful for when a node is located in a
highly populated area and an evacuation is needed. If that node has multiple options for
this evacuations it would be good to have a variable, or weight, indicating at what rate
the users could leave from that initial, highly populated, node.

Final product development A potential switch in hardware could improve the
sustainability and cost of the system. Concerning sustainability it could improve the
durability of the system, allowing for it to last longer before it needs to be repaired or
switched out. It could also affect how much energy is required from the system, making
it so that it cost less to run over time. There could also be other hardware that uses
cheaper and/or more environmentally friendly components.

Creating differentiated versions depending on the building where it is to be deployed
can lead to a better system. The current system assumes a certain amount of gates close
to each non-gate point, i.e the connections between each node. But in the case of a
large and open section with many non-architectural pathways, i.e machinery or shelves
of products, an auditory and/or visual signal can be blocked to differing degrees. For
these types of environments a different solution where you either designate each of these
artificial corridors to be a node itself or a new solution with strips of light and speakers
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to be set up in the ceiling instead of the walls, allowing for them to be noticed even
when such an interfering environment exist.
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[SY10] S. Söderström and B. Ytterhus, “The use and non-use of assistive tech-
nologies from the world of information and communication technology by
visually impaired young people: a walk on the tightrope of peer inclusion,”
Disability & Society, vol. 25, no. 3, pp. 303–315, 2010.

[Tipa] F. S. Tips. Fire Detectors – Infrared Flame Detectors. Visited 2021-05-12.
[Online]. Available: https://firesafety.tips/fire-detectors-infrared-flame-
detectors/

[Tipb] F. S. Tips. Fire Detectors – UV Flame Detectors. Visited 2021-
05-12. [Online]. Available: https://firesafety.tips/fire-detectors-uv-flame-
detectors/

[UN] UN. Sustainable development goals. [Online]. Available: https://
unfoundation.org/what-we-do/issues/sustainable-development-goals/

[WHOa] WHO. Blindness and vision impairment. Visited 2021-05-17. [Online].
Available: https://www.who.int/news-room/fact-sheets/detail/blindness-
and-visual-impairment

50

https://www.mynewsdesk.com/se/scandic_hotels/pressreleases/scandic-storsatsar-paa-gaester-med-funktionshinder-348632
https://www.mynewsdesk.com/se/scandic_hotels/pressreleases/scandic-storsatsar-paa-gaester-med-funktionshinder-348632
https://www.mynewsdesk.com/se/scandic_hotels/pressreleases/scandic-storsatsar-paa-gaester-med-funktionshinder-348632
http://www.advfireonline.com/fire-alarm-contractor-in-miami-info-center-how-does-fire-alarm-systems-work.html
http://www.advfireonline.com/fire-alarm-contractor-in-miami-info-center-how-does-fire-alarm-systems-work.html
https://ae01.alicdn.com/kf/Hc28cc90202cd48a490012e32df9e92a9b.jpg_.webp
https://ae01.alicdn.com/kf/Hc28cc90202cd48a490012e32df9e92a9b.jpg_.webp
https://firesafety.tips/fire-detectors-infrared-flame-detectors/
https://firesafety.tips/fire-detectors-infrared-flame-detectors/
https://firesafety.tips/fire-detectors-uv-flame-detectors/
https://firesafety.tips/fire-detectors-uv-flame-detectors/
https://unfoundation.org/what-we-do/issues/sustainable-development-goals/
https://unfoundation.org/what-we-do/issues/sustainable-development-goals/
https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment
https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment


References

[WHOb] WHO. Deafness. Visited 2021-05-17. [Online]. Available: https:
//www.who.int/news-room/facts-in-pictures/detail/deafness

[Wil] C. Willings. Timeline of Visual Impairments. Visited 2021-02-17.
[Online]. Available: https://www.teachingvisuallyimpaired.com/timeline-
of-vi.html

[WW21] M. Wang and D. Wu, “Ict-based assistive technology as the extension of
human eyes: technological empowerment and social inclusion of visually
impaired people in china,” Asian Journal of Communication, pp. 1–15,
2021.

51

https://www.who.int/news-room/facts-in-pictures/detail/deafness
https://www.who.int/news-room/facts-in-pictures/detail/deafness
https://www.teachingvisuallyimpaired.com/timeline-of-vi.html
https://www.teachingvisuallyimpaired.com/timeline-of-vi.html


A Interview 1

Appendix

The following transcripts will, for the sake of brevity, not include exactly everything said
from either party during the interview but will focus on the parts that hold value for this
thesis. All interviews were performed in Swedish but will for the sake of consistency
with the rest of the report be translated into English. All interviews were performed
after a brief explanation of how the, then, suggested system would function, as to give
some background to the questions to be asked. No interviewee will have their name
disclosed for privacy reasons, but a brief description as to why they hold relevance will
be provided.

A Interview 1

Interviewees: Delegate/Developer for SRF with a grave visual impairment (De-
noted by A) and secretary of SRF with a hearing impairment (Denoted by B).

Questions: Do you currently have any assisting tools in case of an emergency evac-
uation?
(A) We have this rope, in this building here, that we use if there are many with visual
impairments. (Shows me a bag hanging next to the coat hangers containing a rope) So
the one with the best sight grabs one end of this and the others grab a hold of it and then
we leave together with the one with best eyesight leading the way.

Is there any existing frameworks for how someone who is blind and alone in a building
can safely evacuate in the case of an emergency situation?
(A) No we currently have no such framework.

B, how frequent should there be lights indicating that there is a fire going on so that the
hearing impaired can notice it? (B) I think they should exist in at least every separate
space (like rooms or corridors). I think the lights should be red and be blinking.

How do you know which way is the safest out of the building if you have multiple
escape routes available?
(A) I’m not sure really. It’s really hard to see the fire and therefore know which exit is
best. Since the alarm sounds equally in the entire building it is hard to know.

Do you know about any current assisting tools available to you for evacuations such as
a fire?
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B Interview 2

(A and B) No I do not know about any tools like that. Which feels really strange now
that I think about it.

Is this something that is an issue that has been discussed previously?
(A) Fire safety was brought up during the 2017 congress of SRF and was set to be a key
priority for us. The major change is that now we go through the emergency exits at the
start of each meeting but no tool like the one discussed has been brought up.

Me as someone who only has a very lenient visual impairment (I am slightly near-
sighted) have a hard time putting myself in your shoes even if I try. Is there something
you think I should know or think about as someone who can’t relate fully to your expe-
riences concerning fire alarms?
(A) We all see the world from our own perspective which makes it hard for me as well
to think about how someone who is completely blind experiences things. I’m not sure
if there is anything specific to consider but always try to remember that you won’t have
the full picture of the experience.

Is there any further improvement upon the system that has been discussed that you can
think of, that has not yet been mentioned?
(B) Perhaps if one could connect their hearing aid to the system so that they would hear
immediately in it if the alarm is going off.

What do you think about the system of having each gate announcing which gate number
it is when it is trying to show the way out? (A) I think it might be confusing to some if
they are not used to it but I think it would be a good feature.

B Interview 2

Interviewee: Assistant professor at Uppsala University with a slight visual impair-
ment. Teaches courses on, amongst others, IT-law, ethics and sustainability. Will be
denoted by C.

Questions: What do you think about a system as the one described?
(C) I think it sounds like a cool system but there might be more difficult that you imag-
ine.

Are there any specific troubles that you can foresee this system to have?
(C) Well there is a whole bunch of frameworks and legal loops to jump through. Espe-
cially considering that you would like to test this system on those with impairments it
gives some troubles with how you can ask participants. As impairments are considered

53



C Interview 3

sensitive personal information you can’t just ask someone due to their impairment to
partake in the testing.

Is there any way of circumventing those laws somehow, as to allow for potential users
with impairments testing the system?
(C) You have to contact organisations, that are politically and religiously unbound and
have them arrange that they send representatives that have those types of impairments.
Swedish law is strange in that sense as we as scientist sometimes do things to enhance
the quality of life for people but are technically not allowed to reach out directly to the
people we want to help.

Any other legal or ethical dilemma that could become an issue for this system?
(C) Well as this would be an add-on to a type of alarm, I suspect you would have to get
it CE marked for it to be allowed on the market.

C Interview 3

Interviewee: Fire engineer for Uppsala Fire Service (Uppsala Brandförsvar) with
no declared impairment. Will be denoted by D.

Questions: Do you know of any existing systems like the one proposed here?
(D) Not that I am aware of, but there are many types of different alarms available to
those with certain impairments. But nothing specifically like the one you mentioned,
no.

What do you think about a system like the one proposed?
(D) Well if you can get it to work it sounds great, but there is a lot of laws that it would
have to comply with.

What laws would be a potential issue for a system like this one?
(D) Well first off you have SBF 110:8 (rules set up by the Swedish Fire Protection
Association, Brandskyddsföreningen) that concerns itself specifically with the rules of
fire alarms. They have other ones as well specifically concerning acoustic tools, but I
can’t remember the name of it right now. You would also have to get it to pass all other
regulations that are there for fire alarms.

Any other issues that you foresee could be an issue for this system?
(D) That would be if your system can survive through the intense environments that a
fire creates. It has to be able to last long enough for it to actually be of any help.
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D Interview 4

D Interview 4

Interviewee: Member of the board for both HRF and the Hearing Research Fund
(Hörselforskningsfonden) with a visual impairment and a hearing impairment (Did not
disclose to what degree either of these were). Will be denoted as E.

Questions: (After briefly mentioning what this project is about)
(E) I’ll begin to answer from my own experiences and from the knowledge I’ve attained
throughout the years. If we start with the issues that can occur in public premises for
the hearing impaired it mostly is about making sure to complement ordinary fire alarms
with visual signals. We as an organization has pointed this out to the ones responsible
for example bath houses.

(E) In those types of locations someone with a hearing impairment will have issues
perceiving the alarm as one typically remove any hearing aid when they are in a pool,
shower or sauna area. In smaller work places it can suffice to tell their colleagues about
the troubles you have, so that they’ll keep an extra eye that the one with the impairment
is notified in case of an alarm.

(E) If one sleeps over in a hotel it is desirable that the hotel offers an alarm via “vibrating
bracelets”. HRF has a contract with the hotel chain Scandic which offers such a system.
If it does not exist one becomes dependant on that the personnel has enough routines to
enable awakening of someone with a hearing impairment in case of an alarm.

(E) I myself has some experiences of the problem of not noting the fire alarm during
the night, as I had removed my hearing aid. I have through the hearing care gotten a
vibration system that works as both a fire alarm and a door bell,since I live in a multi
family house and need to be able to react if someone rings the door during the night as
the house might need to be evacuated. This vibrator is placed in the bed underneath the
pillow, and you will certainly not miss if it goes off. Normally you would only receive
such a system if you have “bad enough hearing”. Others have to purchase the system
themselves, and it is not guaranteed that everyone can afford that.

(E) Nowadays you can apparently connect your fire alarm to your own mobile phone
and that is of course a good solution, if you also can connect your mobile to a vibrator
that you have in the bed.

When it comes to fire alarms that make use of visual signals, in what format do these
usually assert themselves as? Are there “only” lamps blinking in a specific color or is
there anything else that enhance their ability to stand out?
(E) The system that I myself has, commonly called perception system (Varseblivn-
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D Interview 4

ingsystem), gives a red blinking signal through the alarm clock that comes with, but
that’s an optional function. There are also lightening receptors that are wireless and
can be placed in different rooms. It gives off different colors depending on the type of
alarm (e.g fire, phone, door, baby-sitter). You can therefore choose depending on your
personal need and the size of the home.

(Referring to the Scandic contract) Do you deem that to be a good solution or would
you have preferred a differenet solution? What are the pros and cons of such a system?
(E) Scandics offer has its flaws. It is most likely a limited amount of bracelet aarms.
When we’ve had meeting within the HRF and requested this they’ve typically only had
two such alarms to offer. A friend of mine informed the personnel clearly that she
required wakening assistance, but that information did not pass on to the night person-
nel. Luckily the alarm that night was a false alarm. A system that could guaranteed be
offered to all hotel guests would be optimal.

(Referring to the vibrotactile system) Do you know what the cost of such a system is if
one would have to finance it on ones own?
(E) My system would have cost around 2600 SEK. I paid 600 SEK to the hearing care
since it counted as two assistive tools. Otherwise the fee is 340 SEK per asstive tool.
Sadly there are large flaws when it comes to information concerning this type of sys-
tems.
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