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Abstract:

The purpose of this thesis was to examine different ways how to inform drivers about nearby
emergency vehicles and build a prototype of such a system. The system consists of a server
and an 10S mobile application. The clients of the mobile application can use it for naviga-
tion. In addition to the directions, the routes of nearby emergency vehicles, intersections and

overlapping parts are also displayed.
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1 Introduction

By now vehicles have been in mass production for over 100 years and the number of vehi-
cles grows year by year. Due to soundproofing, loud music, confusion, distracting children,
hearing impairment, air conditioning or drivers just not paying attention it is apparent that
sirens and flashing lights are not enough for emergency vehicles to safely reach their desti-
nation. With the help of today’s technology, there are additional ways to alert nearby drivers

about the presence of emergency vehicles.

This research is done in order to decrease the number of accidents involving emergency
vehicles and is highly motivated by the personal experience of the author himself where he

was almost T-boned by a fire truck due to not hearing the sirens.

1.1 Objectives

The main goals of the current master’s thesis are to examine different methods how emer-
gency vehicles could make themselves more visible and to create a prototype of a system

that shows the location and routes of nearby emergency vehicles in real-time.
The main research questions that this thesis addresses:

*  What methods are already in use to clear the path of emergency vehicles?
* Examine different ways how could the drivers be warned about the close presence

of emergency vehicles and choose the most suitable one for the prototype.

1.2 Limitations

The prototype developed during this thesis relies on data that should be provided by author-
ities. The data includes the location and state of different emergency vehicles. As this kind
of data is hard to obtain and the author does not know exactly how this data looks like, it is
mocked by the author. The prototype is designed and developed in a way that if the system

should go live in the future it would be easy to adapt.

In Estonia, there are 13 different types of emergency vehicles [1] §1, but the prototype of
the system will only focus on the most common ones: ambulances, fire trucks and police

vehicles.



1.3 Thesis structure

The work is divided into six chapters. The first chapter describes the technologies that are
currently in use in order to clear the path of emergency vehicles. The chapter also examines
different ways how the nearby drivers of an emergency vehicle could be directly contacted.
The chapter ends with an author’s decision on how the prototype should be built. The second
chapter focuses on describing the requirements of the system, what the whole system con-
sists of and how should different components of the system communicate with each other.
The third chapter explains how the prototype is built and what are the features of the built
system. It also gives an overview of system requirements in order to run the prototype. The
fourth chapter talks about how different parts of the system were tested. The fifth chapter
wraps up the topic. In the final chapter, the author gives information about the shortcomings

and improvements which could be done in the future.



2 State-of-the-art

The following chapter focuses on the research questions and gives an overview of different
ways of how emergency vehicles could reach their destinations more safely. First, the over-
view of accidents that involved emergency vehicles in Estonia is given. Next, different
methods of how the path of emergency vehicles is cleared are described. Furthermore, dif-
ferent ways of how could the drivers be warned about the close presence of emergency
vehicles are discussed. The chapter ends with the author’s decision on how the prototype

should be built

2.1 Statistics in Estonia

In order to get some insights about how many accidents involving the emergency vehicles
happened in Estonia, the author sent a query about accidents during the years 2011-2018 to
Estonian Police and Border Guard Board, see Appendix I. In total there were 64 accidents,
see Figure 1, 45 accidents involved another vehicle, 10 accidents involved no other parties,
4 accidents involved a pedestrian, 3 accidents involved a bicycle and 2 accidents involved
a motorcycle. In total 31 accidents happened in Harju county and 26 of those in Tallinn, the
capital and the largest city of Estonia. Unfortunately, there is no data on whether the emer-
gency vehicles were responding to an emergency or the accidents happened during normal
traffic. One can only assume that at least half of them happened during an emergency re-
sponse since the risk of getting into an accident is much higher during emergency response.
The fact that 48% of the accidents happened in a single city can be an indicator that emer-
gency vehicles are hard to notice when there is a lot of noise, intersections and other vehicles

around.
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Figure 1. Number of accidents involving emergency vehicle per year in Estonia

2.2 C(Clearing the path of emergency vehicles

In the following subchapter different methods of how the path of an emergency vehicle

could be cleared without directly contacting the drivers are discussed.

Emergency response time

Before the ways how the emergency vehicle path is cleared is described, it is important to
discuss different factors that can affect emergency response time. The emergency response
time is the time between the moment the emergency call was received at the dispatch and
the time the team reached the scene [2]. Before the team leaves the station the response time
may already be affected by many factors: the total length of the call, the queue times at
dispatch and the time for the emergency team to be ready [2]. During travel between the
starting point and destination, the emergency response time can be affected by the speed of
an emergency vehicle, the number of congestions, the number of other vehicles in the path
of an emergency vehicle and the number of red traffic lights on the path [3]. Delays in any
process could lead to terrible consequences from extra damage to properties to the loss of
human lives. The current work focuses on the traveling part and everything, considering the

calls and what happens before the emergency team leaves the station, is out of scope.
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Awareness training

The first step in keeping the path of emergency vehicles clear is training the drivers to notice
their surroundings, pay attention to the road and rear-view mirrors. When an emergency
vehicle is spotted the driver should react quickly and safely, not putting themselves or others
in danger. How exactly the driver should react is written in traffic rules and may differ from

country to country, the training is conducted by driving schools.

Sirens and lighting devices

In Estonia according to [1] §5 the emergency vehicles have two types of devices: lighting
and sound devices. The lighting devices are flashing light, where the light turns on and off,
and beacons, where the lamp rotates. At least one of the lighting devices have to be always
visible from every horizontal direction. The sound devices are loudspeaker and intermittent
horn which are compulsory for every emergency vehicle that is coloured according to [1]

§10 and §11.

Lighting and sound devices serve the same purpose — capture the attention of nearby drivers
in order to warn them that the emergency vehicle is in a hurry to reach the destination or
warn about hazards in case they are stationary. Over the years a lot of research has been
done in order to find out the best ways where to put the sirens, which way they should be
faced and how loud the sound should be. As both technologies have reached the point where
only minor improvements could be done, further research in this direction is out of the scope

of this thesis.

Pre-emption systems

As emergency response time is affected by congestions and red traffic lights, cities around
the world have installed different pre-emption systems since the 1960s [4]. Traffic signal
pre-emption is the process of allowing emergency vehicles to manipulate traffic signals in
their path, using wireless communication devices installed on emergency vehicles and in-
tersections. There are different kinds of pre-emption systems in use: optical, sound-based,

radio controlled and global positioning system (GPS) based systems [3, 5].

The most commonly used systems are optical systems that use a strobe-lamp on the vehicle
and an optical sensor in each direction of the intersection, in order it to work, a clear line-

of-sight is required between the emergency vehicle and the intersection [4, 5], see Figure 2.
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Figure 2. Components of the optical pre-emption system [6]

Sound-based systems use the sound emitted by the alarming vehicle and directional micro-
phones that can detect the correct decibel levels installed at an intersection. Once a signal is
detected and verified, a pre-emption request is sent to the signal controller, see Figure 3. [4,

5]
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Figure 3. Example of sound-based pre-emption system SONEM 2000 [7]

Radio-based systems use a directional signal for pre-emption that is transmitted from an

emergency vehicle to an intersection via a one-way radio [5], see Figure 4.
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The GPS-based system uses the speed, position and travel direction of the emergency vehi-
cle in order to determine the signal pre-emption time. Both the emergency vehicle and in-
tersection have to be equipped with a GPS receiver and a radio transceiver for two-way

communication, see Figure 4. [4, 5]
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Figure 4. Basic components of radio/GPS-based pre-emption system [6]

2.3 Contacting drivers directly

In the following chapter, the ways how emergency vehicles could inform nearby drivers
about their presence is discussed. At the end of the chapter, a decision is made by the author

which of those methods is used for building the prototype.

Radio Data System

Radio Data System (RDS) or Radio Broadcast Data System (RBDS), both referred to as
RDS from now on, is a standard communication protocol for embedding digital information
in FM radio broadcasts. It was developed by the public broadcasters collaborating within
the European Broadcasting Union (EBU). The first specification of RDS was initially pub-
lished by the EBU in 1984 [8].

The features provided by RDS [9] are:

* AF — Alternative Frequencies list
* CT - Clock Time and date
* PTY — Programme Type (news, rock music, etc.)

¢ ECC - Extended Country Code

13



*  EON - Enhanced Other Networks information
*  ODA — Open Data Applications

* PI-— Programme Identification

* (L)PS - (Long) Programme Service name

* PTYN — Programme Type name

* (e)RT — (enhanced) RadioText

* TA — Traffic Announcement identification

*  TMC — Traffic Message Channel

* TP — Traffic Programme identification

The most important features regarding emergency vehicles are TA, TP and ODA, which
could be used to alert drivers about the presence or the path of an emergency vehicle. The
advantage of using RDS technology is that almost every modern car has a radio system
already installed in the vehicle, which means that drivers do not have to install additional
systems and governments can introduce new systems using RDS relatively cheap. One
drawback of this technology is that drives know an emergency vehicle is nearby but do not

know where exactly.

In fact, researchers from KTH Royal Institute of Technology in Stockholm already have
developed a product that allows emergency vehicles, road maintenance providers and others
to communicate important real-time information to vehicles in the direct vicinity. The prod-
uct is called EVAM and uses RDS technology to directly send information to other vehicles.

The information is received through the sound system. [10, 11]

V2V communications.

Vehicle-to-vehicle communication refers to a wireless network where vehicles exchange
information such as vehicle size, position, speed, direction, acceleration, brake status, turn
signal status, loss of stability and more, see Figure 5. V2V uses a dedicated short-range

communications (DSRC) standard. [12]
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Figure 5. Visual representation of V2V communication [12]

As the V2V network does not rely on pre-existing infrastructure and is not centralized it
could be approached as a vehicular ad hoc network (VANET), a subclass of mobile ad hoc
network (MANET) [13]. Every vehicle acts as a node that can send, capture and retransmit
information. This means that with 5-10 hops on the network the emergency vehicle could
gather traffic information kilometers ahead to select the best route. Furthermore, in order to
clear the path, the emergency vehicle could broadcast its own information and instructions
to nearby vehicles. The drawback of V2V is that it requires newer vehicles that support V2V

communications.

ECall and eCall Plus

It is mandatory for all the vehicles of type M1 and N1 sold within the European Union (EU)
from April 2018 to have an eCall emergency system installed. The system automatically
calls the emergency service when the vehicle is involved in a collision anywhere in the EU.

[14]

Ford and Vodafone have gone one step further and are developing a system called eCall
Plus which uses vehicle to infrastructure (V2I) and V2V technologies. The system is de-
signed to provide an early warning to the drivers that an emergency vehicle is approaching

and where exactly the emergency vehicle is located. Furthermore, the system also provides

15



information on how the drivers should act whether the drivers should pull to the side or form

an emergency corridor. [15]

Mobile applications

Another way how emergency vehicles could alert nearby drivers is through mobile devices
that are connected to the internet. In 2018 almost 50% of the world population had access
to mobile internet and it is estimated that by the year 2025 the number grows to 70% [16].
Furthermore, developing mobile applications is cheaper and faster than developing software

for specific vehicle brands, see Table 1.

Over 110 million users benefit from the mobile navigation application Waze a month [17].
Waze is a crowd-sourced application that allows drivers and passengers to report events on
the road and display it as an overlay on the map along with routing information [18]. In
addition to incidents on the road, Waze already supports sharing information of two types

of moving vehicles: garbage trucks and snowplows.

From safety perspective having a mobile application and a newer vehicle that supports Ap-
ple CarPlay [19] or Android Auto [20] could be a deciding factor whether the driver gets
into an accident or reacts in advance. Currently, there are more than 500 different car models
that support Apple CarPlay [21] and over 400 models that support Android Auto [20]. Both
systems allow users to connect their mobile devices to a vehicle and use their mobile device
through the vehicle’s multimedia system. Users can pick-up calls, send messages and use

third-party applications.

Characteristics Mobile applications Vehicle software

Number of platforms Basically two (99.98% of | Manufacturer specific,
total market share): Android | newer models support con-

(77.22%) and 10S (22.76%) | necting mobile devices

[21]. through Apple CarPlay and
Android Auto.
Distribution channels Apple App Store [23], | Car dealerships [25].

Google Play [24].
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Cost of updates for users

Usually free, depends on the

application.

It usually involves visiting
the dealership and is not

free.

Updating process

It can be done automatically

on the background. Done

The update file is down-

loaded using a PC onto a

with a few taps. USB flash drive or SD card
which is then plugged into

the terminal in vehicle [25].

2.7 years in 2018 [26]. 11.6 years in 2016 (light ve-

hicles) [27].

Device / vehicle replace-

ment cycle (in U.S)

Table 1. Differences between the mobile application and vehicle software development

and distribution

2.4 The chosen method for prototype

The author believes that a system that could notify nearby drivers about emergency vehicles
should be done using a mobile application similar to Waze. The opinion is based on the
number of monthly Waze users and the advantages of developing a mobile application over
developing vehicle software, see Table 1. Furthermore, the fact that newer car models sup-
port Apple CarPlay and Android Auto means that a mobile application could be used seam-

lessly as a part of the vehicle’s multimedia system.

2.5 Conclusion

In conclusion, there are already numerous ways implemented how the path of emergency
vehicles could be cleared: driver training, sirens, lighting and different pre-emption systems.
However, most of the accidents involving emergency vehicles still happen in cities where
emergency vehicles are harder to notice. In order to give drivers more time and instructions
on how to react, the author examined different ways how could emergency vehicles inform
nearby drivers directly. One way is to use RDS, which can be used to alert nearby drivers
through their sound system but lacks the information about the exact location of the emer-
gency vehicle. Another way is to use V2V and V2I communication, which means in short
that vehicles can communicate with each other and to infrastructure. Ford and Vodafone are

already developing eCall Plus, which is based on V2V and V2I technologies. ECall Plus is

17



designed to provide an early warning and instructions for nearby drivers of an emergency
vehicle. It turned out that nearby drivers of an emergency vehicle could also be warned
through mobile applications, which should be faster and cheaper to develop and have the
potential to reach almost 50% of the world population. The author made a decision that the
prototype of the system should alert nearby drivers of an emergency vehicle through a mo-

bile application.
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3 Design and architecture

3.1 Introduction

The main goal of this master’s thesis is to develop a prototype of a system that would be
used for navigation and alerting drivers about nearby emergency vehicles. In the following

chapter system requirements and architecture will be described.

3.2 Terminology

In the following subchapter, the terminology used throughout the system is explained in

alphabetical order.

* Authority - an entity who has access to emergency vehicle location data and shares
it with the system.

* Client - an entity who has registered in the system in order to use its features through
a mobile application.

* Mobile application - application through which clients can navigate and see data of
nearby emergency vehicles in real time.

* Navigation mode — a client has set a destination where he/she would like to go and
the route how to get to the destination is shown on the map.

* State of emergency vehicle - active, inactive.

* Server - a program that receives data from the authorities, processes it and broadcasts
to active clients.

* Types of emergency vehicles - ambulance, fire truck, police.

3.3 System requirements

The following subchapter describes the requirements that were set before the development
of the application. The clients receive information through a mobile application, as this was
the method chosen during the research process. Necessities consist of functional and non-

functional requirements.
Functional requirements:

* Clients can use the application for navigation
* Clients can see the nearby emergency vehicle(s) in real time

* Clients can see where their route intersects with the route of an emergency vehicle(s)
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* Clients can see where their route overlaps with the route of an emergency vehicle(s)
* Clients can see emergency vehicles when navigation mode is not active

* Emergency vehicles are distinguishable by their type on the map

* Authorities can update the location of the emergency vehicle(s)

* Authorities can update the route of the emergency vehicle(s)

* Authorities can update the state of the emergency vehicle(s)
Non-functional requirements:
* Usable on iOS version 12.1+

e Usable for 100 concurrent users

3.4 Architecture

The following subchapter describes the general idea and architectural decisions made by the

author before the development of the application.

Idea

There are three different components in the system: authorities, clients and the server. The
general idea is that authorities provide the information of emergency vehicles under their
control, send the data to the server and server broadcasts all the relevant information to the

active clients. See Figure 6.

Authority Alarmed vehicle location Client
and route data I
Current location )
Alarmed vehicle location
and route data
Alarmed vehicle state » Server

Figure 6. Data flow diagram
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Communication

One of the main goals is to provide real-time data to clients. In order to achieve that there
are three different methods to choose from. The first one is called HTTP Polling where
clients ask the server if there is any new information available at a certain regular interval
and the server responds with new information or an empty message [28]. HTTP Polling is a
good choice if the interval is known and not very short, such as hourly temperature readings
[28]. Since the data in our application has to be in real-time this method can become a real
burden for the server. The interval time has to be small otherwise the real-time feature will
be lost and if the interval is small it may lead to hundreds of requests per second to the server

even if there is no information about emergency vehicles available.

Another variant of HTTP Polling is Long Polling [28] which is similar to HTTP Polling.
When the server receives a request and no new information is available no response is sent.
Instead, the server holds the request and responds to the request when new information ap-
pears or a timeout expires. When the client receives a response another request is sent to the
server immediately. It is more efficient than regular HTTP Polling but adds another layer of

complexity on the server side.

The second way how it could be achieved is to use a WebSocket protocol [29] to enable bi-
directional communication between clients and the server. Using this method, the server
does not have to deal with unnecessary requests from the clients and pushes the information

to clients when it becomes available. The author chose to use this method.

System structure

The system is not large class wise, see Figure 7. There is a class for users that is used for
sign-in purposes and it has two subclasses: client and authority. In addition, there is a class

for emergency vehicles and for locations. The same structure is used in the database.

The client class is meant for mobile application clients, they have additional fields for first
name and last name. To make it possible for the server to query certain clients in the range

of emergency vehicles, each active client actively shares his/her location.

The authority class if meant for as the name says authorities, it has an additional field for
the name of the authority. The author assumes that each authority has a certain number of

emergency vehicles that it is responsible for and at the same time has access to its state and
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location. The authority is responsible for updating the state and the location of the emer-

gency vehicles the authority has control over.

Every emergency vehicle belongs to one authority, has a name, vehicle type and state. The
current system supports three main types of emergency vehicles: police, fire truck and am-

bulance.

Both the client and the emergency vehicle may have location data that has fields for the
current location and the route. The data of the current location and the route is stored and

used in GeoJSON [30] format.

User «enumeration»
W EmergencyVehicleType
-username : String -POLICE
-password : String -AMBULANCE
-isActive : Boolean -FIRETRUCK

-socketld : String

«enumeration»
EmergencyVehicleState
-ACTIVE

Client Authority -INACTIVE

-firstname : String -name : String
-lastname : String

+updateEmergencyVehicleLocation()

+updateCurrentLocation() +updateEmergencyVehicleState()
1
1
0.1 EmergencyVehicle
Location -name : String
-currentLocation : Point -type : EmergencyVehicleType
-route : LineString -state : EmergencyVehicleState
0..1 1

Figure 7. Class diagram describing system structure

3.5 Broadcasting logic

One of the hardest parts was how the broadcasting part should work. The first problem was
which party should the data follow - clients or authorities. If the client data would be in
focus, then the queries about emergency vehicles would center around client location. And
vice versa if the emergency vehicle data is in focus then the queries would be about emer-
gency vehicles location. Usually, there are way more common vehicles around than active
emergency vehicles. Taking it into consideration the author decided that emergency vehicles

should be focused since it can be handled with fewer queries. For example, there are 4 clients
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and 1 emergency vehicle. It is much easier to query 4 clients around 1 emergency vehicle

than query 1 emergency vehicle 4 times by each client.

The next problem was how often should the data be broadcasted. The first idea was that
there should be a worker that checks active emergency vehicles at a certain time interval
and broadcasts the data to active clients. For example, the data could be broadcasted every
second. The other idea was to broadcast data only when the emergency vehicle location or
state is updated by the authority. The second idea should be more efficient and it was chosen

by the author.

Having figured out how often and what kind of data is broadcasted all it was left to figure
out was how to select clients who should receive the data. The first idea was that only those
clients should be selected whose route intersects or overlaps with an emergency vehicle.
Another idea was that clients in a certain radius should be selected. The author decided to
go with the second idea because from the client point of view it looks great when emergency
vehicles appear on the map and it may be the feature that attracts users if the system goes

live in the future.

The broadcasting logic can be seen in Figure 8. The authority sets the state of an emergency
vehicle to active and the broadcasting begins. First, the emergency vehicle is queried from
the database, then the clients in radius will be queried and added to a unique socket room
meant for the emergency vehicle. After that, a message containing the emergency vehicle
data is broadcasted to all clients in the room and the state of the emergency vehicle is up-
dated in the database. After the emergency vehicle state is updated the authority will start
updating emergency vehicle location. The sequence of events of updating the emergency
vehicle’s location is similar to updating the emergency vehicle state just leaving out the
emergency vehicle state updating steps. If an emergency vehicle has done its job and au-
thority will set the state of emergency vehicle inactive, the clients receive the final message

that the emergency vehicle state was changed to inactive and the socket room gets destroyed.
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Figure 8. Broadcasting sequence diagram

3.6 Conclusion

In conclusion, the system consists of three components: authorities, server and a mobile
application. The data is provided by the authorities. Then, the server processes it and broad-
casts to active clients. The communication is done over WebSockets and there are five dif-
ferent classes in the system structure. The system focuses on the data of emergency vehicles
and the data is only broadcasted when the location or state of emergency vehicles changes.
In order to receive the data of nearby emergency vehicles, the clients should be in a certain

radius.
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4 Development and implementation

4.1 Introduction

In the following chapter, the author describes the development process, libraries, software
development kits (SDKs) and frameworks that were used and the features that were imple-

mented.

4.2 Development process

The development process of the system started with specifying the requirements and choos-
ing the technologies. After the main requirements were set, different navigation SDKs for
10S were examined and tested to find the one that suits the best. The author decided to use
Mapbox Navigation SDK [31]. After that, the development of the server and mobile appli-
cation started iteratively. When a requirement was implemented it was manually tested and

validated.

4.3 Server

The author chose to use Node.js [32] server with Express [33] framework on top of it. To
keep it scalable and easier to manage in the future it’s all written in Typescript [34]. In order
to save time on project configuration, the author decided to use a boilerplate code made by
W3tecch as a starting point [35]. It used all the technologies that the author intended to use

and some additional ones that were useful. Technologies that were not useful were removed.

In order to store data PostgreSQL [36] relational database was used. As the data that is
mostly used is geographical an extension called PostGIS [37] was added to PostgreSQL to
support storing geographical objects and location queries. In order to manage database
schema changes, migrations and mapping data from the database to object a library called

TypeORM [38] is used.

There are two types of geographical data in the system: location also known as a point and
a route also known as a polyline. A point is defined by three values: longitude, latitude and
elevation. As this system is a prototype the author has not considered elevation to make the
development process easier and faster. A polyline is defined as a curve specified by the
sequence of points. In order to represent geographical data, the author uses the GeoJSON

format. The reason why the GeoJSON format was chosen is that it is easy to read, all the
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other data is also in JSON (JavaScript Object Notation) [39] format and the Mapbox SDK

used in mobile application works with this format out of the box.

In order to calculate intersections and overlapping parts of a client route and emergency
vehicle route a library called Turf.js [40] is used. Ideally, the calculation should be done on
the client side but since the Turf.js 10S library does not have the required methods available
it’s done on the server side. The server provides a utility endpoint where the client can query

for intersections and overlapping parts of two routes.

As the author chose the WebSockets as the communication method a library Socket.1O [41]
is used. The sockets are used to send and receive live data, but the system also has some
REST (Representational State Transfer) [42] endpoints for authorization and account crea-
tion. The data is always exchanged in JSON format. The data flow in the server can be seen

in Figure 9.

In order to manage all of the dependencies and the corresponding versions, a package man-

ager Yarn [43] is used.

The server code is open-source and is available on BitBucket'. Furthermore, the repository

also contains a friendly user manual®.

! https://bitbucket.org/magistergetouttamyway/backend/src/master/
2 https://bitbucket.org/magistergetouttamyway/backend/src/master/README.md
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Figure 9. Diagram of data flow in server

4.4 i0S application

The main purpose of the mobile application is to show clients where they are, help them

navigate and display the data of nearby active emergency vehicles.

The 108 application is written in Swift 4. In order to provide navigation features to clients,
an SDK called Mapbox is used. It was chosen by the author because of the simple setup, it
is well documented, it is based on OpenStreetMap [44], it has all the methods to display
additional information, it takes care of the navigation part and looks good. For communi-
cating with the server through sockets a Socket.1O client library is used. In order to parse

JSON a library called SwiftyJSON [45] is used.

The i0S application code is open-source and is available on BitBucket’. In addition, the

repository contains a user manual’.

3 https://bitbucket.org/magistergetouttamyway/ios-app/src
4 https://bitbucket.org/magistergetouttamyway/ios-app/src/master/Readme.md
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4.5 Functionalities

In the following chapter, the functionalities of the mobile application will be described. The
necessary steps to use the application are described first: account registering and authenti-

cation. After that, the core features that require user permissions are described.

Authentication

In order to use the application, clients must authorize first with username and password.
After a successful sign in a JWT (JSON Web Token) [46] is sent back to them which is later
used for requests and socket connections. Furthermore, when a client is connected via socket
the socket id is stored in the database so that the server could push data to specific clients.

As this is only a prototype the token does not expire. Sign in screen is shown in Figure 10.

In the absence of a user account, a new one can be created tapping on the link “Don’t have

"9

an account? Sign up!”. After tapping that button, a new screen will be shown with a sign-
up form where all of the fields are required. When a sign up was successful user will be
taken back to sign in view and he/she will be able to sign in with the new account. Sign up

screen is shown show in Figure 11.
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Username

Carrier &

GET OUT OF MY WAY
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Username:

Password:

Firstname

Lastname

Don't have an account? Sign up!

Figure 10. Screenshot of sign in view Figure 11. Screenshot of sign up view

Map view

After a successful sign in the map view will be shown to the client. If the client sees the
view for the first time it is also required to ask for his/her permission to use his/her current
location. If the client decides to not allow it the mobile application loses its purpose and has
no real use. If the client granted access to location services he/she will be shown a map
focused on the client location, see Figure 12. Furthermore, if there are active emergency
vehicles nearby they will also be displayed on the map along with their location and route,

see Figure 13.
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Figure 12. Screenshot of map view after . . .
sign in Figure 13. Screenshot of map view with a
nearby fire truck
Navigation

In order to start navigating the client has to tap and hold it for a second, also known as a
long press, at the destination. After that, at least one route will appear on the map. There
may also be alternative routes displayed on the map if possible and the client can select
between them by just tapping on the most suitable route. The selected route will be colored
blue and alternative routes are colored grey. Along with the routes a button “Start naviga-
tion” will be shown on the bottom of the screen, see Figure 14. When client taps on “Start
navigation” a navigation view will appear. On the navigation view, the client is shown the
next step on the route, option to view the full route, turn sound on and off and if there are
problems on the route the client is able to report them. There is also information about the

estimated time of arrival and the distance left to the destination, see Figure 15. These fea-

tures are all provided by the Mapbox SDK.
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In order to provide directions for the clients Mapbox underneath uses OSRM (Open Source
Routing Machine) [47]. OSRM is a server-based routing engine that combines Open-
StreetMap road network data with routing algorithms to find the shortest and fastest route
while considering different costs: turn restrictions, traffic lights, braking, accelerating, steep
hills for bicycle riders. In order to provide routing data without a large delay, OSRM sup-
ports two different pre-processing techniques: Contraction Hierarchies (CH) and Multi-
Level Dijkstra (MLD). The main point of pre-processing is to find shortcuts in a graph, in
our case on the world map. The pre-processing takes hours, depending on the processing
power, but after it is done the queries to find the shortest path take less than a second. By
default, OSRM uses the MLD technique and it is recommended for short distances. For very

large distances CH should be used instead.

In the mobile application, it works as follows. The user long presses on the destination, user
location point, destination point and transportation type are sent to Mapbox Directions API
and it responds with the following: one or more available routes as a GeoJSON line, text for
turn-by-turn instructions and the distance and estimated travel times. In this application cli-

ents cannot choose between different transportation types, it is set to vehicle.
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Figure 14. Screenshot of selected destina- Figure 15 Screenshot of navigation mode
tion with an alternative route with a selected route

When navigation mode is active and emergency vehicles are nearby the client also will be
shown the route of the emergency vehicles and emergency vehicles current location. If the
route of emergency vehicle intersects with the client route it will be displayed on the map
with a warning badge, see Figure 16. The overlapping parts of the client route and the route
of an emergency vehicle will be colored red, see Figure 16. The client will see emergency

vehicles if the client is in a 4 km range of the emergency vehicle.
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Figure 16. Screenshot of intersecting and overlapping routes of client and fire truck

System requirements for mobile application

The mobile application works on any iPhone that supports 10S version 12.1+ as specified

in the non-functional requirements.
Minimal system requirements:

* iPhone 5S or newer model

* Internet access
Hardware requirements for server

In order to measure the performance of the server an Apache HTTP server benchmarking
tool [48] was used. The performance was tested on the endpoint which is used for calculating
the intersections and overlapping parts of two routes since it contains a function with the

complexity of O(n®). The test was done with the following parameters:

33



* 100 concurrent requests

* 2500 requests in total

Each request consisted of two routes where one route had 16 points and the other 18 points,
in total there were 4 intersection points and 3 overlapping polylines. The test was run on the

author’s Apple MacBook Pro laptop with the following specifications:

*  Processor (CPU): 2,5 GHz Intel Core i7
*  Memory (RAM): 16 GB 1600 MHz DDR3
* Operation System: macOS 10.14.3

The test took 2.207s, there were no failed requests and in average 1132.70 requests were
sent per second. Each request took 88.284ms on average, see Figure 17. After running sim-
ilar tests in virtual environments with different specifications, the minimum hardware re-

quirements to run the server without errors are the following:

* Processor (CPU): 1.6 GHz or better
*  Memory (RAM): 2GB or more
* Operation System:

o macOS 10.14.3 and higher

o Linux

Concurrency Level: 100

ime taken for tests: 2.207 seconds
Complete requests: 2500

Failed requests: 0

otal transferred: 3120000 bytes
otal body sent: 8112500
HTML transferred: 1655000 bytes

Requests per second: 1132.70 [#/sec] (mean)
ime per request: 88.284 [ms] (mean)
ime per request: 0.883 [ms] (mean, across all concurrent requests)
ransfer rate: 1380.48 [Kbytes/sec] received
3589.48 kb/s sent
4969.96 kb/s total

Figure 17. Server performance test on the author’s laptop

The author estimates that the server could be run without problems on devices with an even

lower specification.

34



4.6 Conclusion

In conclusion, the author developed a server and iOS application. The server is just receiving
and broadcasting data without any graphical user interface. The mobile application is only
usable for authenticated users who have granted access to his/her location and have access
to the internet. It is also possible to create a new account through the application. The main
part of the mobile application is built on top of Mapbox SDK to provide navigation features
for the client. In addition, the data of nearby emergency vehicles along with intersection
points and overlapping parts are displayed on the map. The data of emergency vehicles

should be provided by authorities.
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5 Validation and testing

In the following chapter, the testing and validation of the system will be described.

5.1 Server

The server is partly covered with unit’ and end-to-end® (e2e) tests. Unit tests validate that
the required fields on different objects in the system are indeed required. Furthermore, the
authentication part is fully covered with unit tests. While unit tests test single objects or
services, e2e test the system as a whole. E2e tests cover all the REST API endpoints of the
current system, including user registration, authentication, finding intersections and over-
lapping’s of different routes and querying user information. There are in total of 9 e2e tests
and 21-unit tests. The socket controllers’ part was manually tested by the author and is cov-

ered in the client section.

5.2 C(lient

The mobile application was tested only manually. In order to do that the author created a
small client application that could act like an authority to update the state and location of
different emergency vehicles at different times. While the changes were done through the
authority client, the mobile application was also open at the same time, making sure that
after the status or location of the emergency vehicle was updated, it was also reflected on

the mobile application.

5.3 Validation

In order to validate that the software meets the user requirements, the author conducted a
test in the real world. It consisted of three drivers, one acting as an emergency vehicle and
two acting as drivers. All of the drivers and the author were also connected via Skype so
that the author could ask for their locations and send instructions. The driver acting as an
emergency vehicle drove in the city of Tartu from one location to another while turning
imaginary sirens on and off. For the other two drivers, the test started with account creation
and authentication. Having finished the authentication process, the author gave different
destination points to the drivers and they started driving. The author monitored the locations

of all three drivers and made sure that the locations of clients and the emergency vehicle are

5 https://bitbucket.org/magistergetouttamyway/backend/src/master/test/unit/
6 https://bitbucket.org/magistergetouttamyway/backend/src/master/test/e2e/
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updated properly. The author also made sure over the Skype that if the clients were close
enough to the emergency vehicle it would show up on their map and the intersections and

overlapping paths would be displayed in the correct positions.
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6 Conclusion

This thesis gave an overview of how the path of emergency vehicles is currently cleared and
three different ways were examined how the drivers could be directly informed that an emer-
gency vehicle is nearby. The author decided that the drivers should receive information

about nearby emergency vehicles through a mobile application.

The practical work resulted in a prototype of a system that could be used to inform drivers
about nearby emergency vehicles. In total two different parts of the system were built: the
server and the mobile i10OS application. The clients can use the application for navigation
while also seeing the nearby emergency vehicles and the places where their routes intersect

or overlap.
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7 Future perspectives

During this thesis, the author had no real data from authorities. In order to proceed with the
project, the first step should be contacting the authorities to make sure that this kind of data
exists and see if they are interested in this type of system in the first place. The next step

would be adjusting the data model and endpoints to match the data on the authorities side.

Due to the lack of real data, during the thesis, no real user testing was conducted. Future

studies should also take a closer look t how the drivers react with and without application.

Finally, this thesis focused on a separate mobile application but actually, it could be used
with any client. Since Waze already has over 100 million monthly users and supports two
types of moving vehicles, there might be a way how the server could be integrated into

Waze. In that way, the clients don’t have to choose between different applications.
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Appendix

L.

Adapted table of accidents involving an emergency vehicle in Esto-

nia during the years 2011-2018

The data was provided by the Estonian Police and Border Guard Board.

Year | Month Vehicle type Truck | Mo- Bicy- Type of acci- | County Municipal- District
in- torcy- | cle dent ity
volved | cle in-
in- volved
volved
2011 | jaanuar Politsei- ja 0 0 0 Jalakiijadn- Mirkimata Mairkimata Mirkimata
Piirivalveameti netus
sdiduk
2011 | jaanuar Politsei- ja 0 0 0 Uhesdidukidn- | Markimata Mirkimata Mirkimata
Piirivalveameti netus
sdiduk
2011 | veebruar | Politsei- ja 0 0 0 Kokkuporge Mairkimata Mairkimata Mirkimata
Piirivalveameti
sdiduk
2012 | jaanuar Kiirabisoiduk 0 0 0 Kokkuporge Harju maa- | Tallinn Lasnamie
kond linnaosa
2012 | jaanuar Kiirabisoiduk 0 0 0 Kokkuporge Ida-Viru Toila vald Mirkimata
maakond
2012 | jaanuar Politsei- ja 0 0 1 Kokkuporge Léadne-Viru | Vinni vald Mirkimata
Piirivalveameti maakond
sdiduk
2012 | septem- Politsei- ja 0 0 0 Kokkuporge Harju maa- | Saue vald Mirkimata
ber Piirivalveameti kond
sdiduk
2012 | novem- Politsei- ja 0 0 0 Kokkuporge Ida-Viru Sillamée linn | Mérkimata
ber Piirivalveameti maakond
sdiduk
2013 | aprill Politsei- ja 0 0 0 Kokkuporge Tartu maa- Tartu linn Tartu linn
Piirivalveameti kond
sdiduk
2013 | mai Kiirabisoiduk 0 0 0 Kokkuporge Harju maa- | Tallinn Haabersti
kond linnaosa
2013 | august Politsei- ja 0 0 0 Kokkuporge Harju maa- | Tallinn Kristiine
Piirivalveameti kond linnaosa
sdiduk
2013 | august Kiirabisoiduk 0 0 1 Kokkuporge Harju maa- | Tallinn Nomme
kond linnaosa
2014 | marts Politsei- ja 0 0 0 Kokkuporge Tartu maa- Tartu vald Tartu linn
Piirivalveameti kond
sdiduk
2014 | aprill Politsei- ja 0 0 0 Kokkuporge Ida-Viru Toila vald Mirkimata
Piirivalveameti maakond
sdiduk
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2014 | august Politsei- ja Kokkuporge Harju maa- | Tallinn Mustamée
Piirivalveameti kond linnaosa
soiduk

2014 | oktoober | Politsei- ja Kokkuporge Harju maa- | Tallinn Kesklinna
Piirivalveameti kond linnaosa
soiduk

2014 | oktoober | Kiirabisdiduk Kokkuporge Harju maa- | Tallinn Mustamée

kond linnaosa

2015 | veebruar | Paisteameti Uhesdidukidn- | Rapla maa- | Rapla vald Mirkimata
soiduk netus kond

2015 | mai Politsei- ja Kokkuporge Ida-Viru Narva linn Mirkimata
Piirivalveameti maakond
soiduk

2015 | mai Politsei- ja Kokkuporge Ida-Viru Narva- Mirkimata
Piirivalveameti maakond Joesuu linn
soiduk

2015 | mai Politsei- ja Uhesdidukién- | Tartu maa- Luunja vald Mirkimata
Piirivalveameti netus kond
soiduk

2015 | juuli Politsei- ja Uhesdidukién- | Harju maa- | Saue vald Mirkimata
Piirivalveameti netus kond
soiduk

2015 | juuli Politsei- ja Kokkuporge Harju maa- | Tallinn Lasnamie
Piirivalveameti kond linnaosa
soiduk

2015 | juuli Politsei- ja Muu Saare maa- | Lédne-Saare | Mirkimata
Piirivalveameti liiklusdnnetus | kond vald
soiduk

2015 | august Padsteameti Jalakiijadn- Harju maa- | Tallinn Pohja-Tal-
soiduk netus kond linna lin-

naosa

2015 | oktoober | Paidsteameti Kokkuporge Rapla maa- | Méirjamaa Mirjamaa
soiduk kond vald alev

2016 | jaanuar Kiirabisoiduk Kokkuporge Léadne-Viru | Rakvere vald | Mirkimata

maakond

2016 | veebruar | Politsei- ja Kokkuporge Harju maa- | Tallinn Pohja-Tal-
Piirivalveameti kond linna lin-
soiduk naosa

2016 | aprill Politsei- ja Kokkuporge Harju maa- | Tallinn Mustaméie
Piirivalveameti kond linnaosa
soiduk

2016 | aprill Kiirabisoiduk Jalakiijadn- Harju maa- | Tallinn Lasnamie

netus kond linnaosa

2016 | mai Politsei- ja Uhesdidukion- | Viljandi Mulgi vald Halliste
Piirivalveameti netus maakond alevik
soiduk

2016 | juuni Politsei- ja Uhesdidukién- | Harju maa- | Tallinn Pirita lin-
Piirivalveameti netus kond naosa
soiduk
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2016 | juuli Padsteameti Kokkuporge Harju maa- | Tallinn Nomme
soiduk kond linnaosa
2016 | august Kiirabisoiduk Kokkuporge Harju maa- | Vasalemma Mirkimata
kond vald
2016 | septem- Politsei- ja Kokkuporge Viljandi Paistu vald Mairkimata
ber Piirivalveameti maakond
soiduk
2016 | septem- Kiirabisoiduk Kokkuporge Harju maa- | Tallinn Nomme
ber kond linnaosa
2016 | oktoober | Politsei- ja Muu Pdrnu maa- | Haddemeeste | Mirkimata
Piirivalveameti liiklusdnnetus | kond vald
soiduk
2016 | oktoober | Kiirabisdiduk Kokkuporge Harju maa- | Tallinn Lasnamie
kond linnaosa
2016 | detsem- Politsei- ja Kokkuporge Harju maa- | Maardu linn Mairkimata
ber Piirivalveameti kond
soiduk
2016 | detsem- Politsei- ja Kokkuporge Rapla maa- | Méirjamaa Mirkimata
ber Piirivalveameti kond vald
soiduk
2017 | jaanuar Politsei- ja Kokkuporge Ida-Viru Narva linn Mirkimata
Piirivalveameti maakond
soiduk
2017 | jaanuar Kiirabisdiduk Uhesdidukién- | Harju maa- | Tallinn Lasnamie
netus kond linnaosa
2017 | veebruar | Politsei- ja Kokkuporge Ida-Viru Johvi vald Johvi linn
Piirivalveameti maakond
soiduk
2017 | mirts Politsei- ja Uhesdidukion- | Jogeva Mustvee Mirkimata
Piirivalveameti netus maakond vald
soiduk
2017 | aprill Politsei- ja Kokkuporge Harju maa- | Tallinn Lasnamie
Piirivalveameti kond linnaosa
soiduk
2017 | juuli Politsei- ja Kokkuporge Ida-Viru Narva linn Mairkimata
Piirivalveameti maakond
soiduk
2017 | august Politsei- ja Uhesdidukidn- | Harju maa- | Nissi vald Mirkimata
Piirivalveameti netus kond
soiduk
2017 | septem- Politsei- ja Kokkuporge Harju maa- | Tallinn Kristiine
ber Piirivalveameti kond linnaosa
soiduk
2017 | septem- Politsei- ja Uhesdidukién- | Pdlvamaa- | Pdlva vald Pdlva linn
ber Piirivalveameti netus kond
soiduk
2017 | oktoober | Politsei- ja Jalakiijadn- Harju maa- | Tallinn Mustamée
Piirivalveameti netus kond linnaosa
soiduk
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2017 | detsem- Politsei- ja Kokkuporge Harju maa- | Léadne-Harju | Vasa-
ber Piirivalveameti kond vald lemma al-
sdiduk evik
2017 | detsem- Kiirabisoiduk Kokkuporge Ida-Viru Toila vald Paate kiila
ber maakond
2017 | detsem- Politsei- ja Kokkuporge Ida-Viru Toila vald Paate kiila
ber Piirivalveameti maakond
sdiduk
2018 | marts Padsteameti Kokkuporge Harju maa- | Tallinn Lasnamie
sdiduk kond linnaosa
2018 | aprill Politsei- ja Kokkuporge Ida-Viru Alutaguse Lipniku
Piirivalveameti maakond vald kiila
sdiduk
2018 | aprill Politsei- ja Kokkuporge Ida-Viru Narva linn Mirkimata
Piirivalveameti maakond
sdiduk
2018 | aprill Politsei- ja Kokkuporge Pdrnu maa- | Tori vald Tammiste
Piirivalveameti kond kiila
sdiduk
2018 | mai Politsei- ja Kokkuporge Harju maa- | Tallinn Kesklinna
Piirivalveameti kond linnaosa
sdiduk
2018 | juuni Kiirabisoiduk Kokkuporge Harju maa- | Tallinn Kesklinna
kond linnaosa
2018 | juuni Politsei- ja Kokkuporge Polva maa- | Polva vald Voorekiila
Piirivalveameti kond
sdiduk
2018 | juuni Kiirabisdiduk Kokkuporge Parnu maa- | Saarde vald Ristikiila
kond
2018 | juuli Kiirabisoiduk Kokkuporge Harju maa- | Harku vald Viina-
kond Joesuu
kiila
2018 | oktoober | Politsei- ja Kokkuporge Harju maa- | Tallinn Kristiine
Piirivalveameti kond linnaosa
sdiduk
2018 | detsem- Politsei- ja Kokkuporge Valga maa- | Valga vald Mirkimata
ber Piirivalveameti kond
sdiduk
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