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Abstract

This report is the result of a master thesis atli@bis University of Technology. The purpose was to
design and implement a traffic information systeithviocus on mobile platforms. The system interpret
DATEX Il data from the Swedish road administrat{@mafikverket) and parses the data to a spatiatawa
database. Each system user can create a numbeutes rto travel and the parsed DATEX Il data is
pushed to the user’s smart phone. The mobile ptapmication described in this thesis has been
implemented in Android. The suggested system canske in several other purposes thanks to its push
technology and geographical aware database. Amart the system this master thesis also researbbes t
accuracy of one of the accelerometers commonlydaonrsmart phones today as well as gives suggestion
for further work and suggestions for future applmas.
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1. Introduction

1.1 Preamble

Daily commuting in a larger city is stressful, loggeues and traffic jams are something that commsiute
have to deal with on a daily basis. Even the srsialecident can cause major traffic delays durieavi
traffic. Two common ways for commuters to receiyeto-date information about road conditions is to
listen to the radio or use a in-car-GPS that hiiagealraffic Message Channel (TMC) feed. The prable
is that none of these solutions are sufficient.i®aftr instance, chooses what information they twan
broadcast to their listeners and this can be didtay a number of factors such as time availablérédfic
reports, what will keep their listeners tuned ird anany other things. This means that not all traffi
information will be presented on the radio and roadrs might miss information that could have made
their journey easier and decreased travel time.ofther example presented, in-car-GPS, will giveuber

all the traffic information that it receives, buitet system used to deliver this information, RadeteD
System-Traffic Message Channel (RDS-TMC) , doesawer all roads, at least not here in Sweden
(Olsson, 2010). This means that the user agaimtipresented with all available information. Anathe
issue with the in-car-GPS is that not everyone oavitscar-GPS and even if one owns a in-car-GRS it
seldom used for daily commuting.

A system with more information sources and bettayswvto get this information to the road-users is
desirable. The system should be able to gathermivgtion from several different sources and pretgat
information to the user in a way that optimizes oauting. Mobile phones with a GPS, a large screeh an
constant internet connection get more common eaghldstead of using other devices one can use the
mobile phones to get traffic information to the ugpart from helping the road-user to commute e¢her
can be several other ways that a mobile phone, aviBPS, can assist road-users. One example of this
could be a crash-detection application that usessthart phones accelerometer to detect a car-arakh
report its location. The possibilities with the aelerometer, in mobile phones, is something thal lvél
further looked into.

1.2 Problem

As more and more people get smart phones with inu@®PS and fast internet connection the need for a
separate GPS device for navigation decreases.rmag phones are not able to receive traffic infdioma
through RDS-TMC, they instead need another wagdeive this information. Since a smart phone allows
for two-way communication the traffic informatioarc be more targeted and a system for this is what w
try to achieve with this master thesis.

1.3 Purpose

The idea behind this master thesis comes from MicWalenius at Crepido Systems who had an idea on
how to make traffic information more easily avalafor road users. Thus the aim of this masterishes
will be to research a better way to handle andridige traffic information to road-users and des@gn
system that will satisfy this need. Michael’s idemcerned a lot of technologies but it was sooridgelc

that the focus would be to come up with a genegalgh for the system and how it should handleitraff
information and make this available to users. Aopiaf-concept version of an application for the Aoid
platform will be developed to show how the inforioatcan be presented. Other necessary parts of the



system will also be implemented so that a funcliqgraof-of-concept version of the system can be
demonstrated.

This report will describe how one could work witletinformation from DATEX Il and also show some

of the possibilities with the Android platform, gjifecally how to push information to the user as it
becomes available. Although the authors will desigraffic information system, which is quite a cifie
implementation, there are possibilities to geneealthe system to handle other location specific
information. The technique used for pushing aneixdieg messages could be used to allow the user to
report his position at specific intervals and usthigs location push out relevant information. This
information could for instance be location basedleaiisements such as restaurants, amusement parks,
houses for sale etc. Other applications for theesywill be discussed in section 8.3.

1.4 Limitations

The idea presented by Michael Walenius (see appe@jlicovered many areas and is possible to
implement on a large number of platforms, espeacidle mobile application. However this thesis will
present a proof-of-concept system where the pyiavitl be to get a functional system up and running
instead of evaluating and researching which tedgylvould fit the system best. Therefore this thesi
will not in detail motivate why certain kind of teciques were chosen, this will be a proof-of-concep
system and the time will be spent on the systera idegeneral. More research on specific technical
solutions and security should be conducted if @ \igrsion of the software was to be implementedbdo
able to go live with the system, all licenses & tised components also need to be checked, and some
components might need to be substituted for others.

1.5 Audience

The authors of this report assume that the reageikhowledge about software development, databases
and a general technical knowledge. The reportwg#l many technical terms that will not be explaiimed
detail.



2. Technical and theoretical background

Commuting in a larger city can be described in mdifferent ways. Fun, efficient and peaceful are
usually not words used to describe the commutimeesnce. With the arrival of technologies such as
GPS and TMC several attempts has been made to timaliée of commuters easier. By providing up-to-
date information about the traffic conditions, bettlecisions can be taken by commuters and road-use
in general.

2.1 Road-user behavior and the traffic informationsystem

One important issue regarding traffic informatigstems is how the users respond to the informaifon,
they respond at all. The fact that road-users reattaffic information has been established inesal
studies. What is more interesting is to know whatdlof information they react to and what factors a
important. Calculating the fastest route by sinmgaiculating the fastest path is not sufficient (Abdty et

al., 1997). Road-users choice of route is effebiedeveral other factors other than which way &l(in
theory) fastest. In the study "Using stated prefeeedata for studying the effect of advanced taffi
information on drivers' route choice” (Abdel-aty at, 1997) the effect of traffic information was
investigated. The results showed both that roadsusact to traffic information, and that travehd is
not the dominant factor for choosing a route. Tél@bility of the information that was given to thead-
users also played a significant role. Another stedyducted at the University of Texas, Austin
(Mahmassani & Liu, 1999) investigated how road-siskcisions are affected by up-to-date information.
The study focused on how day-to-day commuters’ dematime and road decisions were affected by
various types of information. One of their conatus was that the reliability of the real-time infation

is very important. If the calculated arrival tirgigen to the road-users were low more road-useaagdd
their routes. This is important to think about wiieoommending new routes and calculating estimétes,
the estimates are low the road-user will more ofteitich route. This can lead to an effect wherargd
number of road-users change their route becaukenvodrrival estimates resulting in delays on thesvn
route instead. So providing inaccurate traffic infation can be worse than not providing any traffic
information at all (Arnott et al., 1991)

Another important issue regarding a traffic infotima system is what kind of information that shobll
fed to the road-users. Too much information carcalisage the user of the system and too little
information can give an unreliable impression. Phaiect team believes that it is important that uiser
can choose which kind of information he wants teige and also in which manner to receive it. § th
road-user is in a driving situation, clear, struetband precise information is needed. Howevehgfuser
would like to check road conditions before departarlarger number of different data sources coald b
presented.

Redelmeier, Tibshirani (Redelmeier & Tibshirani9Ipand Bellavance (Bellavance, 2005) made studies
on the association between phone calls and motucleecollisions. They found that, though therais
statistical relationship between talking on themha@and accidents, no causal relationship can bedfou
This means that we cannot say that talking on Hume causes accidents but there is at least atbeagh
risk when doing so. It does not matter if you uaadiheld or a hands-free device (Sugano, 2008)hie

fact that you are focusing on the conversation thates the distraction, not the fact that youdbaare
occupied. Since a lot of countries (Wikipedia, 20h8ve adopted laws that prevent the use of mobile
phones while driving, this needs to be taken irtcoant when developing a traffic information system



Our traffic information system is going to utilizemobile application for presenting users with nieaffic
information and therefore needs to be carefullygitesd not to distract the user from driving and epd
causing more accidents.

2.2 TMC and DATEX I
2.2.1 Background

TMC is a technology for delivering traffic inforniab to road-users. TMC broadcasts live traffic
information via the FM RDS. The TMC system is ugeé&urope and several other countries worldwide,
the TMC feeds are usually controlled by each cgtstnational road administration. This means that
Trafikverket (formerly known as Vagverket) is respible for the basic TMC feed in Sweden. TMC
sends data messages which are then decoded by acdMgatible car radio or navigation system. This
means that the road-user can get up-to-date infammabout accidents, road work, traffic jams etc.

The TMC message broadcasting works like this (tmucfocom, 2004);
» Atraffic event (such as road work, traffic jamgilent etc.) occurs.
* The event is reported.
» The traffic information central logs the trafficant and creates a TMC event.
e The TMC event is broadcasted so that cars runnia§ @avigation with TMC can take another
route.

2.2.2TMC

The three most common systems to collect real-tiaiéic information is systems based on observation
(for instance by helicopter), systems based ondfigensors and systems based on GPS (Chouayakh,
2007). Sofiane Chouayakh has in her thesis invegstija fourth option to get traffic information,ng
mobile phones (Chouayakh, 2007). Mobile phonesicootsly send an Network Measurement Report
(NMR) message to the mobile network. By using thessage and split the mobile coverage into cetls an
mapping this against the road network an averagedspan be calculated. However, the study showed
some problems with accuracy and pointed out tretdlad-network in a city is too complex to be able

use the studied model.

The TMC feed can be provided by different compan@&8S manufacturers has contracts with different
TMC providers to provide their GPSs' with a TMCde&he different companies try to enhance the TMC
feed to be able to deliver as much information assible. These enhanced feeds can have the public
information from Trafikverket as a base and thed mmbre information from other sources. Destia Teaff

is one example of such a company. They offer differkind of packages where the basic package
includes only TMC data and where they also colteote advanced information that the purchaser can
access. The collection of extra data is possiblalee of contracts with registered road agents, tax
companies etc. Destia Traffic collects all extréada their own traffic central and the idea isttbaers
then can subscribe to these information feeds.

The TMC system used today has some flaws. The TMEsages are sent without any form of encryption
or authentication. This is quite interesting sinsers blindly trust the information and the fadttthe
information can be used to warn and redirect tafficase of closed roads. TMC can also warn thd-ro
user in case of airplane crashes or terrorist threfa successful hack of the TMC could create chaos



although the people responsible for TMC claim tiwd is almost impossible it is still worth reflex
upon (Barisani & Bianco, 2007). The TMC system asffers from the inaccuracy of the GPS system.
The European TMC system relies on traffic pointsewhocating events to get away from the GPS
inaccuracy problem. Each country is given a nundfetraffic points and this means that the location
where the event took place might not have a trafinit or the nearest point might be some distémura

the actual event. This results in inaccurate pwsitig of the event and therefore affects the useM( in

a GPS-device. During the interview with Lennart<ols from Trafikverket (Olsson, 201@he problems
and future of TMC was discussed. The future Europggalileo navigational system and a planned new
protocol for TMC broadcasts will hopefully solve nyaof the problems with TMC today and we believe
that this will make the TMC system more accuraie @sable.

2.2.3 The DATEX Il data

DATEX Il is a standard that was developed to exgeanformation between traffic management centers
mainly in Europe where the European Commissionbleas the leading development supporter (DATEX
Il.eu, n.d.). The DATEX Il data comes in the forExtensible Markup Language (XML) and details
everything that needs to be known about the traffi@tion.

Trafikverket provides public road-data and thithis data that our system will use. There are a rearob
data feeds that Trafikverket provides;
» Accident service - The accident service gives ugate information about accidents in Sweden. It
gives information about the accident, road closetes
» Ferry service - The ferry service contains inforioratabout the different ferry connections in
Sweden and their status.
» Rest area service - This service contains venyilddtenformation about the rest areas in Sweden.
» Road condition overview - The road condition ovewiprovides a by county description of road
conditions. This information contains roads closeeather related road conditions etc.
» Road condition service - The road condition serdigetains a large list of the roads in Sweden
and their road conditions.
* Road work service - This service contains infororatbout current roadwork.
» Traffic message service - Contains traffic mess#égesaccidents) such as queue information for
Gothenburg.

Along with the different feeds that a user can asde retrieve information from Trafikverket it éso
possible to request a push service from Trafikverkieis means that the user of the service setswpb
server with a web service that corresponds to Rwafket's specifications and they will then push
information to the server. The project team willhparily use the push technique. With every DATEX I
data push from Trafikverket there can be one orersiduations and for every situation there canreear
more situation records. These situation recordsheanf different types, for example an accidentwor
abnormal traffic. These records then contain dedaihformation about every situation, for exampte i
position, severity and what it affects. It is theseords that we parse for information and storeun
database. From this data we will then be able terdéne which route(s) these records are coupléal wi

The project-team evaluated the different feedsdmuided to temporarily leave out the road work isetv
road condition service and the ferry service. Orablem with the different feeds is that there igeay
large amount of data connected to each eventr{ftamnce an accident) and there is a very high nuofbe



different possible data that can be sent dependinghe type of traffic event. The project-team also
discovered that the accuracy of the informatioriecarFigure 1 shows one of the inaccuracy problems
with the data.

Rest area location

Figure 1. This figure describes the inaccuracy prolem found in the rest area data from
Trafikverket. The markers represent the position ofthe rest area according to Trafikverket's data
and the circle the real location of the rest aregGoogle Maps, 2010)

The picture shows a rest area (represented by Hiite wide roads) that is accessible from both dgvi
directions. The markers represent the GPS-cooefinfar the rest area provided by the DATEX Il data
from Trafikverket. As the figure shows there is @lgem with this data. The problem is that the
coordinates are off by 50-200 meters. This is nbigeproblem when showing rest areas especiatlyef
user is aware of the possible inaccuracy. Howevemwt comes to accidents, accuracy is more impbrta
If an accident occurs on a large freeway it is vienportant to know which side of the freeway the
accident occurred. The accident could also havedrad on a small road and it can then be very toard
determine in which direction the accident happepnety by using GPS-coordinates, sometimes the
coordinates can even point outside the road. Aaslio this example, the latitude and longitude aacy

is not always 100% correct. Fortunately the cadh e rest areas is a special case and the data fo
accidents is far more accurate than the rest atea d

The accident data manages to point on a road in caggs and has a much better accuracy then the res
area data. One explanation why the latitude andjitiode is not always correct might be because
Trafikverket primarily use another system for detieing the location of an accident. The Swedishdroa
grid is divided into several thousand differentdis; each block is represented by a traffic paivtien an
accident occurs the closest traffic point is sel@cnd the offset is calculated. The differenfficadoints

can then be looked up in a database that Trafilktgrkovides. We decided not to use the system with
traffic points but instead only use the latitudel éongitude provided for positioning. Our systenil lwe
designed to give the user information about acd¢tdand since each traffic message has a very short
description that tells on which road the accidestuored, different plain texts describing the aenig



latitude, longitude etc. The project team decideat this information would make the system accurate
enough.

2.3 Maps and licensing

Before the design of the system started the progeeh looked into the problem concerning how events
and objects should be displayed on a map. GooglesNtdt like the obvious choice because of theghhi
quality API and since Android is created by Gootyle two APIs should work fine together. We also
thought about open alternatives such as OpenStegestMOpenStreetMaps is open and free and its
purpose is; OpenStreetMaps creates and provides free geogragdtia such as street maps to anyone
who wants them.(OpenStreetMap.org, 2010). Unfortunately the aamcyiof OpenStreetMaps is not even
close to the kind of map accuracy we would neece &mample of this is if a user were to travel cluse
the small Swedish town Kil (Kil has about 8 000dbhants) they would see the map displayed in &gur
2.

Kil

Moy g,

Figure 2. The town of Kil on OpenStreetMaps. (OpentgeetMap.org, 2010)

As one can see there is no trace of a town indi@uvhile the image from Google maps in figure Gveh
what the town of Kil really looks like.
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Figure 3. The town of Kil on Google Maps. (Google lps, 2010)

This is just one example but there are severalrgtivbere the maps in OpenStreetMaps are inaccurate.
The project-team decided to use Google Maps. Isistem will go live in the future it will be up tbe
owner of the system to decide what the businesshsiwuld look like and decide what kind of map to
use.

2.4 Using the accelerometer to save lives
2.4.1 Background

A study made in Finland (Sihvola et al., 2009) be tmpact of having an automated emergency call

system in cars found that such a system could pipl{hy 3.6%) help in reducing road fatalities. The
system would work by dialing the emergency respaseger automatically when an accident is detected
and transmit data about the accident and the twtatf it. This information would then help the
emergency response center in sending out the aighéind to the right place. The study showed that t
benefits would be the greatest when the drivenabie to call for help himself or when he canneniify
where he is. By having an automated system the tinté an emergency call is made could also be
decreased since it is not always possible for thedto call himself and the accident might beaoroad

with sparse traffic where there are no eyewitneds@gms also shown that though the system woulg he

in preventing a large number of fatalities involyicars it could be even more effective when useH avi

motorcycle or a moped. Systems for alarming emerngeservices in case of a car crash can today be



found in some top-of-the-line car models from matdrers such as BMW and Lexus. In these systems
the car sends an emergency message to a call eentdhe call center personnel decides what kind of
action to take. There is also a project called kthat is a European commission project, there gotd
standardize the assistance systems in EuropeanFoarthese reasons it was investigated if somecfor
crash detection system could be a part of ourndrafformation system.

The increased popularity of the cell phone in tlstgen years has made it a lot easier to contact
emergency services when an accident has occuregever there are also problems related to using the
mobile phone when calling in an accident, ambigumigsaccurate location information and inundatidn
calls for the same accident has been a problenthtoemergency responders (To & Choudhry, 2000).
Today’s smart phones are often equipped with a &fSaccelerometer and the use of these smart phones
has increased over the past years. An applicatiah makes use of the accelerometer and GPS to
automatically alarm emergency services in casendaident is now within reach. Such an application
would rely heavily on the accuracy of the phonecmometer and it is therefore important to leaonren
about the accelerometer and also about the fonvetved in a car crash.

In a recent study (Ketabdar, 2009) a method foeda&tg physical shock with a mobile phone was
investigated. The method used for interpreting aheelerometer (seen in figure 4) consisted of four
different steps. By first processing the acceleteméata in a high pass filter the accelerometésenovas
removed. The features needed from the accelerondetar was then selected and matched against a
reference model. The reference models were builidigt from normal use of a mobile phone and from
different shock situations to be able to distingumrmal cases from shock cases. The final alguarith
controls if the shock was followed by a period ofvlacceleration activity to sort out cases sucla as
phone being dropped and instantly picked up adauen though these steps were taken to avoid false
alarms the results showed that the accuracy raseQWvd %. This is, in our opinion, too low to bedg$or

an application that automatically calls the emecgeservices.

Match data
Accalerometer data —m  High pass filter » Extract features »| against reference » Algorithm —— Final result
models

Figure 4. Method used for interpreting the accelermeter data in the study "Detecting Physical
Shock by a Mobile Phone and its Applications in Secity and Emergency” (Ketabdar, 2009)

There are other Android applications that claindébect a car crash and they all have different vaedys
solving the accuracy and false positives proble@rse project that tried to develop an application fo
detecting car crashes solved this by eliminating shiocks below 4G (To & Choudhry, 2000).
Another way to solve this issue is to give the @sehance to cancel the alarm by for instance ngatkie
phone vibrate and make noises when it detects@deatt. The user then has to push a series ofriutio
perform some other task to cancel the alarm.

2.4.2 The HTC Magic accelerometer

The project team tested the accelerometer on aleste, a HTC Magic (HTC Corporation, 2010), to get
a better understanding of it. The accelerometeri#&BIfour different sensitivity settings, fastgstme, ui
and normal. A test program was written that simgaiculates the acceleration by comparing the ctirren
acceleration value with the previous one. The @ogran five seconds on each sensitivity setting Th
readings were collected by shaking the phone badKath for the 20 seconds that the test program r

10



These tests were conducted to get a general ideavwothe accelerometer worked and to learn moretabo
its precision. The first runs of the test programwged that, although the shaking movement (the @hon
was shock back and forth at “normal” speed) wasibtie same, the acceleration varied from around 30
m/<* to 1000 m/§ To get a better understanding of these numbdske Tlalists three different examples of
G-forces. 1 G is equivalent to about 9.82nafisd it is therefore very doubtful that we, by shgkthe
phone, could have reached accelerations over 560 m/

Example G-force

Standing on the earth  |1G

High-g roller coaster 3.5-6.3G

High speed car collision {40-50 G (vcu.edu, n.d.)
Table 1. Examples of the G-forces experienced inrtbe different situations.

The first test results can be seen in figure 5. Garesee that there were some peeks in acceleraifiin
values sometimes more than doubling the previolsevdhese peaks occurred the first second afeer th
change in the sensitivity settings. During thisosetthe sample rate was very uneven.
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Time in milliseconds

Figure 5. Diagram representing the first acceleromter test run. The dotted lines marks the time
when the sensitivity settings were changed.

For the second test run the test program was adjulststead of using the system time in millise ot

time stamp that each movement had (in nanosecaraisyised. This gave a much better and even view of
the sample rate. The first second after each frejuehange was also ignored because of the bad data
during that period. As can be seen in figure 6, rémults were still pretty bad and the project team
believes that further testing is required beforasidering using the accelerometer in an emergency
notification system. Implementing filters and ussgme sort of test rig to calculate the accuracthef
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accelerometer could be a start but as seen inephartrby Ketabdar (Ketabdar, 2009) it is hard tbae
high certainty level. The project team believes tha certainty level needs to be considerabledrigfan
91%.
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Figure 6. Diagram representing the second accelerater test run. The dotted lines marks the time
when the sensitivity settings were changed.

The test program was run several times. The sarafenas uneven but after the programs time trackin
technique was adjusted, so that each acceleromegidings timestamp was used instead of the system
time, more stable sample rates was received. Theleaates can be seen in table 2.

Sensor delay |Sample rate [m$]
Fastest 20

Game 50

ul 100

Normal 250

Table 2. List of the HTC Magic accelerometer sampleates on different sensor delay settings.

Our limited testing shows that both the sample eaté the readings are uneven. The best results came
when the sensor sensitivity was set low. Thispsablem since a car crash is over in approximatélyns
(Colguhoun, 2008) and the sensitivity settings damgte that gave the best results was 250 ms @dd 1
ms. If a car crash detection application was tadesloped, further testing should be conductedakem
sure that it really detects a car crash.
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3. Case Study

When we finished the first system description wedtated a small survey to see if there were asjpécts
the system that should be changed and to get cotarabout the system idea. The survey (see appendix
E) gives input about different aspects of the sysded especially about the user interface.

3.1 Crepido Systems AB

Crepido Systems is an IT consultant company thatldps and integrates data systems and mobile
solutions designed to the customer needs. Crepa difices in Vaxjo, Gothenburg, Skévde and
Vastervik with a total of 35 employees. Crepidoissiness idea is to combine business thinking with
technical state of the art competence and thetyaldi choose the right technique for the clientisTh
technigue does not have to be the latest and rphisticated but rather technique that has beevepro
reliable which results in a system that will beye#s maintain. As mentioned earlier Crepido mainly
develops in three different areas, these "threg'lisgthe foundation that Crepido stands on. Tleasare
system integration, system development and mobility

The idea for the master thesis comes from Michagllewiius at Crepido’s Gothenburg office. Michael has
a concept idea about computer software that haidiéfec information. The concept is very broad and
our objective is to research this concept to sest wiorks and what does not work and in the end agpne
with a system design and implement parts of théegsysThe traffic information system is a systemnt tha
helps road-users by making sure that they always hi@-to-date information about the current traffic
conditions along their route. The user gets infaromaabout the current situation from a centraleeto

a mobile phone application on his mobile phone. rAfilmm the mobile application the system also
consists of a web page where the users can chaeigeseéttings, create routes etc.
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4. Methodology

This project is of a more experimental nature dnsile are only vague guidelines and requirementthéor
product. The project team will explore several etiéint ideas and will therefore use an evolutionary
development process (described in figure 7). Theldpment will be of a throw-away prototype nature
which means that we start off with vague requirets@md prototype our way to a finished application.
This is especially good for this project since etiohary software development gives the customer an
early release of the software and gives fast feddbfany changes made to the software (McCormack,
2001). Since we have received a concept idea frochdél Walenius it will be good to be able to show
the progress and system design on a regular basis.

Build 1

D [ CIT |»| UAS

» Build 2

| CIT .| UAS

Build n

————— 3 |[nformation flow (refinements)

R: Requirements C/T: Coding & testing
D: Design I/AS: Installation & acceptance support
Figure 7. The figure shows the evolutionary processsed in this project. The project goes from

vague requirements in R1, better requirements in Rand finally during the last iteration the
requirements are complete. (ISO International Orgaization for Standardization, 2008)

The project team has also chosen to work accordirgn evolutionary process when it comes to time
planning. Since the project starts with a conchpte are several uncertainties in the project anenw
facing several uncertainties there is no needytéotiformulate an exact time plan since it mostaiaty

will change during the project (Maylor, 2005). Augh initial time plan was created and it was detide
that the project would be planned in five-week iméés. This time management technique is calle@ tim
boxing. Time boxing is typically used for softwatevelopment projects and each time period in a time
box is normally two to six weeks long. Our time baxstrategy will, as mentioned, be to divide therkv
into five week intervals. After each time box oneek of documentation and evaluation of the fivekvee
period will be conducted. When the past five-weekiqul has been evaluated and documented a detailed
plan for the next five weeks will be created. Besmawf this workflow there will be no specific
documentation phase until the end of the projeat driginal time plan can be seen in appendix B.
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4.1 Project phases

When the project is finished and the final iteraticompleted the project will have gone through the
following phases.
» Prestudy.
e Concept scope analysis and breakdown.
» Research and limitations.
» System design.
* Implementation.
o lteration 1 - Android application.
o lteration 2 — Back end.
o lteration 3 - Connecting Android application witadk end.
o lteration 4 - Refactoring.
o lteration 5 - Testing.
e Documentation.

Prestudy phase *1
Concepl phase —l

l

System design

/ lterative implementation phase \

lieration 1

lteration 3

Iteration 4

System
1v.2
L—/S;S,J Web SRS
Updat

Figure 8. Project work flow

4.2 Documentation

Although documentation and planning had been cdedua roughly five week intervals the last part of
the project was set aside for documentation. Sthiseis a master thesis it was not only the cod# an
project that needed documentation. The final matstesis report needed a lot of work and this was
therefore the main focus at the end of the projdotvever, the continuous work with the report wewer
expectations and this made it possible for a fifthlementation iteration.

4.3 Distribution of work

The master thesis work has been conducted at @'spEbthenburg office. This meant that the project
team could work side by side during the entire gubjvhich lead to a natural division of the workdo
The different tasks was divided equally time wisewever, Magnus took a bigger responsibility whten i
came to planning, setting up meetings and writimcudnentation while Mattias took a bigger
responsibility when it came to the technical paftthe project.
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5. Execution

5.1 Prestudy

The prestudy phase's first objective was to talklichael Walenius at Crepido to get a good overvidw
his concept idea. When the project team had a gigwd of the concept and how to carry out the wne t
project plan was created.

Deliverable: Project plan and time plan, see appe#dand appendix B.

5.2 Concept scope analysis and breakdown

The first step in the concept phase was the cortgstorming. During the brainstorming the orain
concept idea (shown in figure 9) was evaluated.

ﬂ Traffic information database sources
\ s @

MMS

HTTP

— RSS

S f’— — Email
Swedish Road

Smanphone 'Airbag" an.d Traffic Authority

"~
\\? A (Vagverket)
<@
% Traffie situation hub Dlé

N

Report and get informed on traffic situation
Set parsonalizations regarding "My Trips" 3
Informed instantly regarding hiappenings in "My Trips”
Mapped redirections I_h{ough Google Maps Swedish Police

Web Server GUI

Radio Channe! Netwaorks

Figure 9. Original concept idea created by MichaeWalenius.
The brainstorming and discussions concerning thecem idea resulted in a preliminary system
description, which was discussed with Michael WaienThis preliminary system description presented
the major system concept ideas and gave a contejgseription of how the system could be designed

and what it would contain. Finally a list of difeait subjects to research was created from themsyste
description.

Deliverable: System description v.1, see appendix C
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5.3 Research and limitations

The research phase was dedicated to the gathdrietpwant information and conducting interviewslan
surveys. The results from the research phase aailded in further detail in the research parthos t
report (see section 2). The research concernegestablout different systems concerning traffic ragss,
such as GPS and TMC. The project-team also resshnadad-user behavior and how traffic messages
affect road-users. At the end of the research imnitations phase enough information had been gether
to re-evaluate the preliminary system descriptinake changes and finalize it.

Deliverable: System description v.2 with limitasoand demarcations and a survey result documeat, se
appendix D and appendix E.

5.4 System design

During the system design phase the project teamteztethe initial system requirement specification
(SRS). During this work the project team decide@xtract the web interface and Android requirement
specifications to separate SRSs.

Deliverable: Web SRS and Android SRS, see appEratid G.
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6 Implementation

6.1 Iteration 1 — Android application

During the first iteration the project team firsgvibted some time to getting acquainted with therAiod
platform. The recommended developing platform fordfoid is Eclipse (developer.android.com, 2010)
and since both members of the project-team is tesaebrking with Eclipse it was decided to use Eséip
for the development.

During this iteration the graphical user interfa@ggUIl) of the Android application emerged. The
functional requirements were available but there wathing which specified how the GUI should look.
The goal for the GUI was that it should feel intgtfor the user of the application which couldrbany
different types of people, from young to old, wilrying degrees of technical experience.

The first attempt at a GUI incorporated both tredfic information part and the crash part of outiah
idea. A design that was later discarded in favotvad separate applications. The final GUI instead
consists of three different screens from which arumn reach all necessary functionality. For & ful
description of the GUI see appendix H.

The first screen of the application is a startaen@here the user can change the settings of gieafon
and select the desired route. This takes the osarstreen where he can see gathered informatiarh wh
can help him before he begins his travel. The third last screen holds the information and funetign
that the user can benefit from while he is driving.

6.1.1 Retrieving information

The Android application relies on a back end serdescribed in section 6.2, where it can retriche t
necessary information and present it to the usemnRhis server the application retrieves the wsser’
routes, recent traffic messages and a road conddi@rview for his current location. The retrieved
information comes in the form of XML. To receivevdi traffic information while driving the Android
application keeps an open connection to an MQT Tsages broker which is used to push information
from the back end to the mobile phone.

6.2 lteration 2 — Back end

During the second iteration of the project the #died on handling the data from Trafikverket and
creating a working back end for the system. A seampkeb interface to handle creation, editing and
deletion of routes were also developed.

6.2.1 Working with the data from Trafikverket

Trafikverket has two options for getting hold oéithdata, either you pull it from their server bey push
it to your server. We opted to begin with pullingta from their server since this allows us to nmeasily
test our application as we can request data whelikegnstead of having to wait for them to pushwne
data. In the end we implemented a web service ffafikverket to push traffic information to. Thid@als
the system to be fully automatic without us havimgequest new information on a regular basis.
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From Trafikverket's wiki page we could download somxample files and we also got Web Services
Description Language (WSDL) files for both push gndl, along with XML Schemas, to use when
requesting and receiving traffic information. Wekahe WSDL files and from these we generated Java
classes that we could use to request informatimm ffrafikverket.

What one gets as the result from a request isaagiatcture that holds all the information for amemore
traffic events. We have created parsers for thia dxucture to retrieve the information that weahéor
our system, and store this in the database. Thaffie £vents are then matched against routesubes
are currently driving on and delivered to them afrinstantaneous.

6.2.2 Web interface

As stated previously we developed a simple webrfarde where users can manage their routes. Tolbe ab
to use Google Maps in a simple way using Java veel @&oogle Web Tools (GWT) (code.google.com,
2010) to create the web interface. GWT allows wgticode in Java and then having it compiled to
JavaScript. GWT also optimizes the code that itegates and makes sure that it is compatible wigh th
major browsers. The focus has not been on the meaxighe user interface for this proof-of-concept
implementation; it is just a way of exposing thadtionality of the system.

6.2.3 MQTT (MQ Telemetry Transport)

We use MQTT for pushing traffic information to tAedroid application.

"The MQTT protocol enables a publish/subscribe egisgy model in an extremely lightweight way. It is
useful for connections with remote locations wharemall code footprint is required and/or network
bandwidth is at a premium(¥ngtt.org, 2010).

This allows us to keep an open connection fromptene to the message broker in an easy way. The
message broker is the application that routes hall messages to the correct recipients. The phone
subscribes to a specific topic, based on the reefected, with the message broker. The serverghddi
traffic events to that topic and they are senttphone by the message broker. By using MQTT we ca
easily implement two-way communication if we alltine Android application to publish information to
topics as well.

Using MQTT does come with some side effects. Thakdar is open to anybody as long as you have an
MQTT client. This means that anybody can listentlom traffic messages sent to different routes. This
might not be entirely bad since this allows usel®wlo not only want to use their mobile phone for
reading the traffic messages to create their owpleémentations. If one do not want to allow users to
create their own implementations you would haveesirict access to the message broker through some
form of authentication. A simpler approach mighttbereate a more complex topic name for each route
This would still allow users to quite easily figuoait the topic name for their own routes but it Vdou
make it harder to figure out the topic names fbieopeople’s routes.

Another side effect that is more serious is thé tiaat the MQTT broker allows anybody to post thmim

traffic messages just by connecting to the mesbagker and sending correctly formatted XML for a
traffic message to the correct topic. This coulgplmvented by only allowing specific IP-addressegdst
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to the message broker. If the service that pudtesiessages to the broker resides on the same tmmpu
as the broker you could restrict it to only alldve tposting of traffic message from the local hdkis is
something that needs to be corrected if the systesuald go live.

6.2.4 Database for the back end

We tried a couple of different ideas for the dasgbdack end before we settled on using PostGIS
(PostGIS, n.d.).

Our initial attempts

Our first attempt at a back end used SQLite forirsgotraffic information and the user’s routes. ffia
information in our system has latitude and longi#utlesides all the other information, for where the
incident has occurred. The routes would be madefup number of points that when connected with
straight lines would make up the route. These pomtre generated by Google Maps when the user
created his route.

Our initial idea for checking if a traffic event@lild be connected to a route (reported to the ofstrat
route) was to take one point on the route and thisamext one along and from those two points craate
rectangle and if the traffic event was containethit rectangle it would be connected to that rotites
posed a number of problems. The most obvious biiagit would be really inaccurate and it would
probably also miss a few events that should beexted to a route.

Suppose that we have two points like in figure 10.

A g

B Q
Figure 10. Two points along a route and the boundim box they create

As point A and B lies directly above one anotherdeenot get a rectangle. Instead we get a linefand
traffic event to be connected to the route it ngedse exactly on that line. Since the locationgeé from
Trafikverket is not always accurate we could enchapconnecting a few events to routes that theylsh
be connected to.

Again, suppose we have two points like in figure 11
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A
Figure 11. Two points along a route and the boundiy box they create

Point A and B are far apart (many kilometers) amelytlie so that they create a square. If we connect
every traffic event that lies in this square to thete we would probably connect a few events that
actually happened on another road, especiallyi§ iih a city, since we would connect traffic exettiat
could be a few kilometers away from the road. Ting idea was quickly discarded since it wouldules

in a really bad and frustrating system for the user

Our next attempt was to instead of creating redésnfgjom the points draw lines between them andlche
the distance to that line, see figure 12. This wagie us a good accuracy and minimize the number o
false positives when connecting a traffic evena tmute, if we selected a low enough distance filoen
line to use. This idea ended up being quite slodwahile looking for a way to speed it up we camess
PostGIS. PostGIS add support for spatial objecteeéd?ostgreSQL object-relational database.

A

» Traffic event

\Dis’[ance

B

Figure 12 Two points along a route and an imaginaryine between them used to calculate the
distance to a traffic event.

Thefinal database system

PostGIS seemed like a good fit for our purposethiglis the database back end that we decidedeto us
Using PostGIS meant we had to adapt our code t@ntalse the new geometry objects in the database.
For our first attempt we stored a route as one ldngstring, one of the types supported by PostGls
however turned out to be very slow and the docuatiemt for PostGIS told us why:

“Current PostgreSQL versions (including 8.0) suffeem a query optimizer weakness regarding TOAST
tables. TOAST tables are a kind of "extension roosgd to store large (in the sense of data sizke)ega
that do not fit into normal data pages (like lomxts, images or complex geometries with lots dfoees),
see http://www.postgresql.org/docs/current/interagstorage-toast.html for more information).
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The problem appears if you happen to have a taliterather large geometries, but not too much rafis
them (like a table containing the boundaries oftalropean countries in high resolution). Then thiele
itself is small, but it uses lots of TOAST spaceaur example case, the table itself had aboutd®@rand
used only 3 data pages, but the TOAST table usesl jg@ges.” (PostGIS Ch.6, n.d.)

It seemed that when we dealt with large geomethegjueries would be slow and a route from thehnort
of Sweden to the south of Sweden would consisbofiaten thousand points. So we decided to rethink
our approach again. Instead of storing one largedtiring for every route we split it up in many #era
ones by creating one Linestring between every pmirthe route and the next one. This resultedfastr
guery and this is our final solution to this prahle

When using PostGIS one can ask queries like: “@ieeall routes that lie within 10 meters of thisnibi
This makes it easier for us to use and we can ldav@ptimization of algorithms to those that amaren
suitable and experienced in that kind of work. BifRostGIS is compliant with the Open Geospatial
Consortium (OGC) Simple Features (opengeospatipl.2010) there are a number of libraries and
software to work with this kind of data.

We use Hibernate (hibernate.org, n.d.) and HiberBafatial (hibernatespatial.org, 2010) to work wtfith

data from the database. Hibernate enables objetidieal mapping to allow us to easily store oljdnta
database. It is a well used framework and it hia$ af support. Hibernate alone cannot work withtsgd

data since it is an extension to the standard tyedised for databases. This is however why we have
Hibernate Spatial (hibernatespatial.org, 2010)s thliows us to access spatial data and make queries
related to it. Hibernate Spatial implements moatfions of the OGC Simple Feature Specification.

6.3 Iteration 3 - Connecting Android application with back end

During this iteration our focus lie on connectihg two parts previously created; the back end tréttfic
information and the Android application for useteiraction. As detailed previously we use a MQTT
message broker to handle the communication betwreeserver and the phone. The information flow
between these components is designed in the faltpway;

When a new traffic event is received it is storedhe database to keep it available for later Ube.
location of the new event is then checked agaimesttrrently active routes (no need to check agalhs
routes). When a route that the event should beemed to is found the message is published tootfie t

for that route and received by the Android applaat The traffic event is sent as a XML document
containing the necessary information for the us®hen the message is received in the Android
application the XML file is parsed and the traféwent is displayed to the user. The Web interface i
connected with the database for the user to betabiganage routes. An overview of the system can be
seen in figure 13 and a more detailed overviewlsaseen in figure 14.

22



Android devices

e e R
7L — 7L — 2
Server @ Crepido Server @ Trafikverket Sources
/ (Emergency services, field personnel etc.)
g J /,f/\ //

User
Figure 13. System overview
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Figure 14. Detailed system overview.

6.4 Iteration 4 - Refactoring

Because of the evolutionary process and the fattwie had not coded Android before an iteration tha
focused mostly on refactoring was needed. During iteration the code was cleaned up and the
application was also more thoroughly tested andrdrandling was conducted. This was also when we
first got the opportunity to test the applicatiomareal device, an HTC Magic running Android 1.5.

6.5 Iteration 5 - Testing

Iteration five was not part of the original plantlas time became available it was decided thaftta fi
iteration was to be conducted. During the fifthrateon more testing and refactoring of the systeas w
done and some parts of the system were rethoughte £hanges in the MQTT topics used were made
and some additional features were added. The additfeatures and applications that were designdd a
implemented were test applications to show whalccbe done with the parsed DATEX Il data. One
application had the sole purpose of displayinditrafueues around the Gothenburg area.
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7. Result

7.1 Research conclusion

This report has shown how smart phones could bel dge two-way communication in a traffic
information system. The authors’ research conclublatiseveral studies have shown that road-usacs re
to traffic information when choosing routes. Howewa@mply calculating the fastest-path is not susfint
since the road-users decisions are effected byaeother factors. The reliability of the informai is
important and it is very important that the systdoes not display false information or inaccurate
calculations. The research also showed that wheoniles to system design it is important to thinkuab
the consequences of using a mobile phone whiléndrivstudies have shown that it does not mattgotif
use a hand-held or a hands-free device, it isabkthat you are focusing on the conversation ¢hatses
the distraction, not the fact that your hands areupied. In a traffic information system where aagm
phone is used in the car by a road-user the sylBteno be designed to minimize user distractionksnd
as easy to use as possible.

This particular system uses the DATEX Il data pded by the Swedish road administration,
Trafikverket. The data is not always 100% accueatd does not have as many different information
sources as some other providers of traffic datavever, the data from Trafikverket is available with
any fees and Trafikverket is not a profit drivenrmp@ny or organization which is vital since thisais
important service and the long term availabilitedg to be high.

The initial concept idea for the traffic informatisystem included a crash detection applicatioerd lare
several crash detection applications for Androiddmdroid Market but the project team has failedinol

any information about how the applications has hested to make sure that they detected a car.crash
From the tests conducted by us (see section 2ve 2ind it hard to believe that the phone acceleram

is trustworthy enough for a car crash detectioriegipon.

7.2 Product description

The final system consists of a central part whidh netrieve, handle and distribute traffic infortran.
This central part will be the one that makes sha the road-users are provided with current infdrom
about traffic conditions. Apart from the trafficfammation this part of the system will also be @sgible

for handling user information and settings, whiadm doe configured through interfaces. For further
information see section 6.2.

The system has a web interface that is used bygeeto create routes that the user travels fralyuen

for some other reason wants stored in the systdmsd routes can then be selected in the mobile
application when a road-user is about to begirrhigel and he will be presented with current infation

on traffic events along his route as they are tedorfor further information see appendix F.

The back end part of the system is centralizedratdlie PostGIS database. It is this database tiest all
the heavy lifting when it comes to determining ifraffic event is connected to a route. We decitego
this way since it allowed us to rely on algorithdeeloped by people with more experience in the.fie
Our own first attempts did not match up against®l; see section 6.2.4.
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The mobile application part of the system has begtemented in Android. The decision was made since
both authors were interested in Android developnaerat none of us owned a Mac, which is needed for
iPhone development (Android and iPhone were the flatforms discussed). Getting started with the
development of Android applications was easy aeditvelopment environment and the Android API are
easy to work with. The mobile application is noteided to do that much processing of traffic
information (it does fetch the rest areas from @alalatabase but that's it). The application is tigos
intended as a front end to the traffic informat&ystem for presentation of data. All the logic dfigh
traffic event is connected to which route is haddbm the back end. For more information see section
6.2.4.

To facilitate the communication between the backt and the mobile application the system uses the
MQTT protocol. The MQTT protocol enables a pubkshiscribe messaging model and allows for easy
and lightweight communication between the two paftthe system. For a more detailed description of
the MQTT protocol refer to section 6.2.3.

A detailed overview of the system can be foundgnre 14, in section 6.3
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8. Conclusion

8.1 Resume

We were given an idea about a traffic informatigatem that would push only the relevant information
(traffic events along a user’s route) to a user&bile phone. From this initial idea a general desigs
formulated addressing the needs and possibilifiglseosystem. The idea was to create a proof-otepn
system to show that is was possible to take inrin&tion from different sources and push them to a
mobile phone as soon as it is available.

The problem needed researching to see what eftfadfis information reports could have on road-sser
Studies have shown people take into account trifftemation reports when planning their routeghdy
feel that the source is reliable. Our research sldavat traffic information when handled correat & a
powerful tool to help road-users. We have also shtwve limitations of the accelerometer and we hope
that further research around this subject will beducted.

We have not developed a system ready for publichuseve have shown that (and how) such a system
could be developed. Many parts of the system deeelaluring this master thesis can be directly irs@d
live version but some will need to be changed npéemented.

8.2 Discussion

Since we were inexperienced in both Android devalept and Web development we were bound to
make some mistakes along the way. We started yingjtto come up with a good design for the system
but soon found out that it was somewhat difficuttem you are inexperienced in what you are trying to
do. What usually happened was that we followediwitial plan until we hit a problem and then stdrte
reading up on possible solutions. After choosing gblution that we thought would be the best one we
started to implement that solution. Because of Wesoften came into a spiral where we hit a problem
researched, solved the problem, hit a problem,arebed etc. Our focus was mostly on getting a
functional system and even though we tried to lesvelean code as possible we sometimes just fheed t
problem as quick as we could which sometimes regiitt messy code or a suboptimal solution.

When we started out we wanted a nicely designesyand we tried to take it in that direction buthie

end we wound up with some more or less couple@gsystSometimes this was necessary, like the MQTT
broker, but other times we probably could havegrated the different parts more closely. If we that
chance to start over we probably would have domeesthings differently. These problems are related t
the fact that we wanted to implement as many pHrthe system as possible to show how this concept
could work.

The projects division of work (see 4.2.7) came ratand we did therefore not put much effort in
planning the work division. Even though both projembers put in the same amount of time the amount
of work in the different areas varied. This cameura since we have different interests and skills.
However, this also means that sometimes one projeatber took full responsibility of a certain paft

the project and finished this while the other pcojsmember had little knowledge about how that part
functioned or was implemented.
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We think that this project has been difficult irethense that there has not been any definite flimieh
work wise. There have been so many possibilitiethis system that it sometimes was hard to focus on
finishing one part before starting on the next. @h¢he things that we did not implement was the ca
pooling idea which we think would bring more vatoghe system.

8.3 Recommendations for further work

The idea for the system comes from the experieatesmmuting in a larger city. Worth noting is that
our observations of road-user behavior, commutitty is based on the traffic situation in Sweden,
foremost the city of Gothenburg. Our implementatidrihe system was done for use in and around the
city of Gothenburg. Trafikverket has different frafmanagement centers around Sweden and theylare a
responsible for their geographical area. This mehatthe data used in our implementation comeas fro
the traffic management center in Gothenburg, whielinly covers the western parts of Sweden. The data
from the other traffic management centers shoultbiothe same pattern but there might be local
modifications and this is something that needsstiniestigated before feeding the system with diage.

As for the accelerometer the project team decillatithe accelerometer data was too uncertain tsbeé

in a car crash application. The project team ordynducted limited testing of the mobile phone
accelerometer; it would be interesting to testrttubile phone accelerometer in a car crash envirahtoe
see if it could be a useful tool for detecting caashes.

Even if the system is already usable for traffifoimation it could always be improved with other
services. Here is a list of some ideas that wekthiould be great possibilities for the future.

» One possibility would be to extend the messagdsabaend to the user to include a map of how
he could avoid the traffic event so that he dodgyebstuck in traffic. Right now we give textual
redirection instructions that we get from Trafikketr and they are not always available.

» A good feature would be to allow the data fromgbeser to be imported from/exported to various
standard formats for use in other applicationssTwuld allow a user that has already set up his
routes in another application to easily import aisé them in our system. And by allowing the
user to export his routes we allow him to use tirewmther programs.

* One could also extend the web interface to allog uBker to see old and current events on a
selected route right there in the browser. The unsight also like to see what happens at an
arbitrary location in the country and we could prégghat also, by allowing the user to click on a
location on the map.

» Car pooling is another possible extension. Users drive the same route might allow others to
see this and contact them to suggest car poolipgséible. By having this in the web interface
users who might not otherwise approach someonetaaopooling could find it easier through
this interface. There is however privacy concerrith vthis that needs to be taken into
consideration.

» Users might not want to create routes for evengilsind might be satisfied with being notified of
new events that are close to their current locafldwis could be achieved by having the Android
application report the user’s current locationtte server which could then check if there are any
traffic events within a set distance.

* One could extend the system to allow for usersatoomly create routes but also allow them to
create areas (polygons) that they are interesteecigiving traffic information about. This could
be interesting for, for example, journalists or fwiypaphers that could use it to be on the scene
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quickly. They could receive a SMS when a new teafficident has happened in their defined
area. This could perhaps be something that thewidlneg to pay a monthly/yearly fee for.

Another idea might not be further work for thisteya but instead more like a similar system. Tha iide

to let users choose which geographical areas liegt want to receive information in. You define your
desired area by drawing a polygon on a map. Thigdcthen be used by business owners to deliver
targeted advertisement (special offers) to thesesuset’'s say a user registers and enters his nagee
and gender. He will then define the area that hetésested in receiving advertisement from, andhaes
which categories of businesses that he is intatasteThe advertisement could perhaps be sent yut b
SMS since most people probably would not want teehan application running only to receive
advertisement.

A business owner could then register on the siteredlsand provide the location, and categorieshief
business (perhaps pay a monthly/yearly fee). Wheovener is interested in advertising something he
could log on to the site and would directly be présd with how many people that would receive his
advertisement. He could see which age groups andege the target audience would have and perhaps
filter out and only deliver the advertisement togé he thinks he would benefit the most from. Resé
advertisements there could also be a one-timededgdivery recipient. If you can get the ownersiawe
special offers that are only available to the usérhis system, for example by having a uniqueecfmat

the advertisement, you could perhaps generatga laterest in the service.

8.4 Final thoughts

We never intended to create a system that was readgunch to the public. The whole idea with this
master thesis was to see what was possible tottianaffic information and mobile phones. We wansed
system where users could create their own routgdheem receive traffic information for those routége
also wanted to create a system where the userd mebrt their own observations and by doing s hel
generating a better experience for all users.

Even though we did not set out to create a systadyr for launch we did create a big part of what is
needed for such a system. A user can registemfaceount, create/read/update and delete routesaiie
select one of his routes in the mobile applicatod see the most recent traffic events along thaer
The system will receive traffic events from Trafgkiket and make sure that they are stored corriecthe
database and also delivered to the routes thataameected to them. The mobile application is able t
receive these routes and the user can also repodbkervations using the application. In the dnd t
means that we have a functional, although quitghoimplementation of the most critical parts of th
system.
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"Building a traffic information system"
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Al. Client

The clients for this thesis are Chalmers Universftiffechnology and Crepido Systems. Crepido Systems
is a software development company with a locakteffn Gothenburg.

A2. Overall project description

This project is a master thesis done at Chalmenrgeikity of Technology. The idea for the mastersthe
comes from Michael Walenius at Crepido Systems @th@&nburg. Michael has a concept idea about a
computer software that handles traffic informatidine concept is very broad and our objective is to
research this concept to see what works and whest dot and in the end come up with a system design.
Apart from designing the traffic information systéhe objective with the master thesis is also tivele
mobile-phone software that detects car-crashesnidi@le-phone software will be based on the Android
platform.

A2.1 Purpose

The purpose of this project is to deliver a systlsign for a traffic information system and to ievpkent
a proof-of-concept application for the Android mebplatform. The traffic information system will
deliver detailed traffic information from reliabd®urces to users in a way that best suits theolsi&ehis
could either be through a SMS message, rss-feadstandard website. This will allow users to hape u
to-date traffic information available when they dée make choices about what routes to take.

The other part of this project will be to implemenproof-of-concept application for the Android rileb
platform. This application will test if it is podé to create an application that automaticallytaots the
emergency services in case of a car crash. Thécapph will detect a crash using the accelerometex
mobile phone and then automatically send a messdégening the emergency services of the accident
(with information such as phone number, locatibmvailable, and force measured) and if they catlikb
the phone will automatically answer and put it peaker phone.

A2.2 Deliverables

This project will have an overall time plan thahd@e seen in appendix B. The project will be plahime
detail in five week stages. Every five weeks thaigut team will take one week to document the toje
write on the thesis report etc. During this week tham will also sum up the project so far and [ten
next five weeks in detail. This means that this ¢i6deliverables lists the major deliverables aadh
deliverable might in the end deliver several docuisie

The project deliverables are:
* Project plan
» System description
e Concept breakdown
* Research and limitations document
» System design documents
» Android application documentation
* Master thesis report
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A2.3 Demarcations

The project demarcations will be finished when"f@encept scope analysis and breakdown" phase is
completed and presented in the "Research and fiorisadocument”.

A3. Phases

The project will consist of six phases containihg following key activities. As earlier mentioneaject
details are only planned five weeks at the timds Theans that the later phases do not have aatktail
plan yet.

A3.1 The pre-project phase
» Getting the project approved by Chalmers
* Project Planning
A3.2 Concept scope analysis and breakdown

» Concept brainstorming
» System description
e Concept breakdown
A3.3 Research and limitations

» Research the different system aspects
» System limitations and demarcations

A3.4 System design

» Details about this phase will be decided at a latént when the research is completed.

A3.5 Android

» Examine possibilities and limitations in the Andrdéchnology.
» Software design
* Implementation and testing of software

A3.6 Documentation and finalizing report

» Finalizing the project report
* Project evaluation
» Project presentation

A4. Project Organization

The project only has two members, Magnus Jonssah Mattias Svensson. There are no specific
responsibilities such as project manager in thigegt. Delegation and division of work will be dohg
both project members as needed.
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A5. Documentation plan

Document Approved by Purpose Distributed to Deadline
Project plan Per Zaring and |Defines the purpose of |Per Zaring and Michael |[2010-01-24
Michael Walenius|the project. Walenius
System breakdow Per Zaring and |Presents the system |Per Zaring and Michael|2010-02-07
Michael Walenius|concept. Walenius
Limitations and |Per Zaring and |Presents the limitations|Per Zaring and Michael {2010-02-21
demarcations Michael Walenius|and demarcations of the Walenius
system.
System design  |Per Zaring and |Presents the traffic Per Zaring and Michael |2010-05-02
Michael Walenius|information system Walenius
design.
Android Per Zaring and |Presents the proof-of- |Per Zaring and Michael|2010-05-16
Michael Walenius|concept Android Walenius
application.
Final report Per Zaring This report will present |Per Zaring, Michael 2010-06-13

the entire project and w
also be the final report @
the master thesis.

Walenius and Chalmers
University of Technolog

A6. Report and meeting routines

A monthly status update will be sent to Per Zatmdeep him up-to-date with the project progredse T
project team will have continuous contact with Miehat Crepido Systems and he will get status tegor
project progress every 14 days.

A7. Resource allocation plan

A7.1 People

Both members of the project group will be fully dable during this project according to the timarpl

A7.2 Equipment

The project team will use their own laptops whidheg the project great flexibility. Monitors anchet
equipment will be available for use at Crepido 8yst office.

A7.3 Facilities

The work will be conducted both at Chalmers, Cref@gstems and in the homes of the project members.

A7.4 Finance

There is no financial budget available for thisjpct
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A8 Milestones

# Description Date

1 Project plan completed 2010-01-24
2 Concept scope analysis and breakdown completed 2010-02-07
3 Research and limitations completed 2010-02-21
4 System design completed 2010-05-02
5 Android completed 2010-05-16
6 Report finished 2010-06-13
7 Thesis finished, Hello World! 2010-06-13
A9 Time plan

The time plan can be seen in appendix B.

10 Risk analysis

Since this is a project without a budget and wittcritical deadlines the risks of the project arab. The
largest risk in the project is critical data lossl @0 avoid data loss the following actions haskiaken.
» A majority of the documentation is saved in Godgtees which has a low risk of failure.
» Regular backups of all project data will store fhieject data on five different storage media at
three different locations.

This project only contains two members and thegmtojeam will work together on all documents. This
means that both members of the team will be fulliprimed of the project at any given point which
reduces the severity of project staff fall of andaterm iliness of project member.

Activity Severity| Likelihood Total
Critical data loss 8 4 32
Long term illness of project member 6 2 12
Project staff fall off 9 1

Crepido Systems or Michael Walenius leaves project 5 1 5
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Appendix C

System description v.1
Project TIS
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C1. General system description

The traffic information system is a system thaphebad-users by making sure that they always hpve
to-date information about the current traffic cdiwhi along their route. The user gets informatibo

the current situation from a central server thanmwnicates with a mobile phone application on the
user’'s mobile phone. Apart from the mobile appiaathe system also consists of a web page where th
users can change their settings, create route$ktoveb page also presents information aboutuhermt
traffic situation.

For this system to be of any use it is criticaltthahas as much data sources as possible. ltsis al
important that it is easy to provide the systenhwliéta to make it attractive for data providers.

[rarmic information database sources

J~ -

> SMS A

~ MMS N

HTTP |

—7 RSS | |

—_—F Email | |
Smartohone “Atthag" - e ' Swedish Road

mariphane "Airbag / and Traffic Authority

/r// e A 7 (Vagverket)

AV > [

\S\ Traffic situatior hub DB

Report and get informed on traffic situation
Set personalizations regardirg "My Trips"
Informed instantly regarding happenings in "My Trips”

Mapped redirectiona through Google Maps Swedish Police
P

Web Server GUI

Radio Charnel Networks

Figure 1. The system idea.

C2. Applications

The system has a number of different applicatidhg. main application of the system is to providadro
users with current information about traffic coratits. This is described in part one and part twdhef
mobile application. The third mobile applicationais application that will assist the user in caka oar
crash. The system will also have a web interfacielwbives an overview of the current situation wilt

also be the place where the users can changeptivsivnal information and work with their routese$éa

are the main features of the system but apart fiimthe system could also be used as a hub for car



pooling. The users already have their differenteswsaved and if they also provide information &bou
when they are planning to make these trips thesysbuld be used to assist car pooling.

C2.1 Web

The web interface is intended to be the place wttereuser configures his personal settings and Imobi
application settings. It is here that the userrenités personal information and creates the rothtashe
wants traffic information about. From the web ifdee the user will also be able to import and eixpor
saved routes for other uses. When the user stagtsnbbile application it will synchronize personal
information, route information etc. with the welbarface.

Via the web interface the user should be able &mgh the following settings for the mobile appiizat
* How the information should be shown.
» For how long time the traffic messages should lmsvsh
» From which data sources messages should be prdsente
» Traffic message update frequency.
» Via which technology to receive the traffic infortiwa.
» Change password.

Other settings include:
» Decide who can see the personal info.
» Change personal information.
» Turn the crash detection feature on/off.

C2.2 Mobile application

One part of the system is the mobile applicatioictvinas three different parts.
C2.2.1Partl

The first part of the mobile application is intedd® provide the user with traffic information afpthe
route that he travels. When a user is about tonbleigitravel he can start the application and seleoute
that he has previously created in the web interéawkquickly get a list of all the latest happesiadgpng
this route. If the user has not created the roetéshabout to drive beforehand, in the web intexfde
should be able to create a new one on the fly.

As the user begins driving he can place the phoraside and it will notify him of new events alohnig
route as soon as they occur. When a new event ©ecsound will notify the user and a screen will
display what has happened (this could also be tedhle user by using text-to-speech to minimize the
distraction since the user is now driving). If dahie the user will also get a description of wiatte to
take to avoid getting stuck in traffic.

C2.2.2 Part 2

The second part of the mobile application can bedusy the user when he is on the road to report
accidents along the route, so that other driversl@rome aware of the accident and perhaps avoid it
This should be able to be done in an easy way minmie distraction. One way to do this could be by
using the built in GPS (if available) for positiagi and then have a predefined list of the most comm



types of accidents to choose from, for examplerai@sh or a collision with an animal (treacheroed
conditions could also be reported). By making thisk easy more people could report accidents argl th
giving the system a more complete look of how theals are at any given point.

C2.23 Part3

The third part of the mobile application is an autmous system to help the user when an accidest doe
occur. In case of a crash the phone is likely tmiieof reach for the user or he might not be ciosc
and unable to call for help. The idea is that thene will detect the car crash by using it's biilt
accelerometer and notify the emergency servicds ddgtails of the crash, such as location, and slee's
personal information. The emergency services can tall the user and the phone will automatically
answer and put it on speaker phone so that thecasetalk to them even if the phone is out of reach
When a crash is detected the phone can also digglaynation about the user on the screen to make i
easier for people arriving to the scene. This imfation could be the user's name, people to colitadet
them know that he has been in a crash) and negessatical facts, such as allergies to medicines Thi
should help people coming to the scene to tallhéouser and avoid giving him any medicine that migh
make him worse.

C2.3 Car pooling

Each user account contains one or several saveddstoBy making these routes public and adding
information about when the user will drive this t®wisers can (if they want to) car pool with eattten
By making routes public users can also see how otters travel from A to B and get useful tips.

C3. Data Sources

The system should be able to collect data fromraéwifferent sources that have information abdet t
current traffic conditions. The more data sourdes system has the better information about current
traffic conditions can be provided to the usersisT¢ection will suggest a number of different data
sources.

C3.1 SOS

The Swedish SOS has all the information about thergency services call outs. This includes cak ¢ait
the police, fire department and ambulance whictaffdict the current traffic situation in differewhys.
When an accident leads to traffic disturbances 8@fd report this to the system and the systemdcoul
notify the road-users. This would result in roagrsshaving the ability to take alternative routestéad of
getting stuck in traffic jams.

C3.1.1 The police

The police turns out on a great variety of events some of these events could affect the currafftar
situation. One such event could be traffic accislefibe police could benefit from having a way of
notifying the road-users of disturbances in trafficd be able to divert traffic to avoid traffic janThe
Swedish police often announce on their web pagstoch roads they will set up speed controls, this i
something that also could be included in the system



C3.1.2 Fire department

The fire department turns out on traffic accidesntsl fires where they need to close parts of a mad
sometimes entire roads or streets. By reportingetiiisturbances to the road-users the road-usetska
action and choose alternative routes thus avoitdaftic jams.

C3.2 Users

The users of the system are very important sineg #éine the ones on the road and will probably lee th
first ones to spot any disturbances in traffic. &feom obvious disturbances such as accidentsiwttie
emergency services also reports the users cant r@pont wild animals on the road, icy or snowy ad
etc. the users have the advantage that they afgghenes on scene and they will therefore be afrthe
most important data sources in the system.

C3.3 The national road administration a.k.a "Trafik verket"

Trafikverket has a lot of information about theremt traffic situation. They report to radio viethTMC
system and they also have a web page (http://wafikén.nu/) where users can check the currentidgraff
situation. This information would be ideal to hanghe system. Another type of road disturbanceeas
work which Trafikverket also has information about.

C4. Data stored

C4.1 Personal information

The personal information stored is primarily foreum the car crash detection part of the mobile
application. The following information should besd.

» Name.

e Phone number.

e Personal ID number.

e Address.

* Next of kin contact information.

* Medical facts.

C4.2 Route information

The user should be able to create and save rontksach user should be able to have several differe
routes. The user should get an estimate on howtloreggeach route will take. A feature for importiagd
exporting routes from/to popular formats would lesicable. If possible the user should be able ¢ohis
routes in a GPS. The user should be able to shanerbutes with other users and also be able ¥e sa
other users routes. Each route should also bet@lolentain information about when it is taking gand

if it is available for car pooling.

C4.3 Traffic events

Traffic events can be created either by some org#ioh or by other users of the system. These svent
will contain information about who created the dydar example the police, and information like the
location of the event (which can be supplied thiotige built in GPS of the phones when created bgrot

users) and the time of the event. Besides thatetlemt will also contain a description of what has



happened (chosen from a predefined list of evgddyr entered manually) and, if it is known, howg
it will take to clear up.

An event should have the following properties.
» Location (preferably GPS but some other way of ripg location is also needed).
* Time for event.
* Type of event.
» Estimated length (time until state is normal again)
e Severity (low, medium and high).
» Information about who this report came from (upetice, radio, fire etc).

C5. Technology

The user can choose how to be informed of new eyémis could be either through a SMS message, an
RSS-feed, e-mail or the through the mobile appbcatconnected with the system. A possible
improvement could be to be able to update the rougeGPS to avoid getting stuck in traffic. Thigans
that the system needs different ways of gettingrif@mation out to the users. It needs to be &bleoth
send SMS messages to all operators and push irtiormia the mobile application.

The system needs a way for users to be able ttecaed edit their routes. A possible way to achigng
can be to use the Google Maps API and connectdhhe system. This could possibly allow usersse u
the standard way of getting directions for driviagd then alter them if they need to.

When it comes to the encryption part the systent rely on well established libraries for handling
encryption of data and communication.

It is also important that the system is modulamtake any future alternations easy. The system dhoul
also scale well, meaning that it should be ableatudle 10 users as well as 10000 users.

C6. Security

As the intention is that this system should hasdime personal information security becomes a biggis
The information needs to be encrypted both on émees and in the phone to avoid a third party ggtti
hold of it. The idea is that the information shobld edited in the web interface and then syncheahia

the phone. This synchronization process also néedse encrypted to avoid eavesdropping. By not
allowing the personal information to be edited ba phone the security could be made tighter and the
information should only be shown on the phone wéwrchronization is performed to check that all went
right, and this should require some form of credéntypically a user name and password.
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D1. General system description

The traffic information system is a system thaphebad-users by making sure that they always hpve
to-date information about the current traffic cdiwis along their route. The user gets informatbout

the current situation from a central server to pplieation on his mobile phone. Apart from the niebi
application the system also consists of a web pdgere the users can change their settings, createsr
etc. This webpage will, in our version, be a simgdenonstration of what could be done for a complete
system.

D2. Limitations and demarcations

After our research we have found that most datectigally available from a single source and we oo n
need to combine different data sources. Insteadill@meed to focus our attention on retrieving theta
from one source, Trafikverket. Trafikverket hasasher complicated protocol for retrieving their ajat
called DATEX Il, which will take some time to sgb.uWe have also decided not to focus that much on
the design of the interfaces since that requiredopeing tests with a selected group of people
representing the general population; something lwhie do not have time for, or a great deal of trgin

in

D3. Applications

The system has a number of different applicatidhs. main application of the system is to providadro
users with current information about traffic coratits. This is described in part one and part twdhef
mobile application. The third mobile applicationais application that will assist the user in caka oar
crash.

The system will feature a simple web interfacesiglecting routes that the user can store. Thesesaue
then selectable from the mobile application whenuber is about to begin his journey. The userthdh
get updates on traffic information along the chasmrte as he drives.

The system will also need to store personal inféionafor syncing to the mobile application in cadke
user is in an accident. This information will betiopal and encrypted to keep it from prying eyed én
will only be shown on the mobile phone if a carstr&as been detected.

D3.1 Web

The web interface will not be the main focus whendesign our test system. It will be a simple fiaiee

to help to test and demonstrate features of themsyslhe features that do need to be implementethar
ones to create and save routes so that the maiplecation has something to select from when ittsta
and the system has something to check traffic inédion against to see what needs to be pushecdto th
user's phone.

D3.2 Mobile application

One component of the system is the mobile apptinatihich consists of two different parts.



D3.2.1 Part1

The first part of the mobile application is intedd® provide the user with traffic information atpthe
route that he travels. When a user is about tondeigitravel he can start the application and seleoute
that he has previously created in the web interéamkquickly get a list of all the latest happesiadgpng
this route. If the user has not created the roetéshabout to drive beforehand, in the web intexfde
should be able to create a new one on the fly.

As the user begins driving he can place the photieet side and it will notify him of new events adphis
route as soon as they occur. When a new event ©ecwound will notify the user and a screen will
display what has happened (this could also be tedde user by using text-to-speech to minimize the
distraction since the user is now driving). If dable the user will also get a description of wiatte to
take to avoid getting stuck in traffic.

D3.2.2 Part 2

The second part of the mobile application is amm@omous system to help the user when an accidest do
occur. In case of a crash the phone is likely tmiieof reach for the user or he might not be ciosc
and therefore unable to call for help. The idethén that the phone will detect the car crash lixyguis's
built in accelerometer and send notify the emergessrvices with details of the crash, such as iooat
and the user's personal information. The emergesgcyices can then call the user and the phone will
automatically answer and put it on speaker phortaaathe user can talk to them even if the pheraut

of reach. When a crash is detected the phone sardalplay information about the user on the scteen
make it easier for people arriving to the scenes Tihformation could be the user's name, people to
contact to let them know that he has been in ahceasl necessary medical facts, such as allergies to
medicine. This should help people arriving on theng to talk to the user and avoid giving him any
medicine that might make him worse.

D4. Data Sources

The system will retrieve traffic information frore national road administration a.k.a TrafikverKétey
have a lot of different data that covers everyttiagn the weather to serious accidents. The prétiaco
retrieving this is called DATEX Il and uses XML format a request and get the result. This datehest w
will be presented to the user, but in a more usendly way.

We originally had intended to approach SOS andifasley would be willing to share their data, but i
seems that they do share most of it with Trafikeeddready (Olsson, 2010). This means we have ofost
the data that we wanted to have at the start ahibss.

D5. Data stored

D5.1 Personal information

The personal information stored is primarily foreus the car crash detection part of the mobile
application. The following information should besd:

» Name.

* Phone number.

» Personal ID number.



e Address.
* Next of kin contact information.
* Medical facts.

D5.2 Route information

The user should be able to create and save rontesach user should be able to have several differe
routes. The user should get an estimate on howtlorgeach route will take. The routes will be used
check if a traffic event lies on the route a uses selected to drive.

D5.3 Traffic events

Traffic events will be retrieved from Trafikverkethese events will contain information about who
created the event, for example the police, andinimdtion like the location of the event and the tiofiche
event. Besides that the event will also contairscdption of what has happened and, if it is knomow
long it will take to clear up.

An event should have the following properties.
» Location (preferably GPS but some other way of ripg location is also needed).
e Time for event.
* Type of event.
» Estimated length (time until state is normal again)
» Severity (low, medium and high).
» Information about who this report came from (upetice, radio, fire etc).

D6. Technology

The system needs a way for the users to be aloieeéde and edit their routes. A possible way tdeagh
this can be to use the Google Maps API and corthatto the system. This could possibly allow users
use the standard way of getting directions foridgyand then alter them if they need to, to crelagé
routes.

When it comes to the encryption part, the systetth nely on well established libraries for handling
encryption of data and communication.

It is also important that the system is modulami@ake any future alternations easy. The system dhoul
also scale well, meaning that it should be ableatudle 10 users as well as 10000 users.

D7. Security

As the intention is that this system should hasdime personal information security becomes a biggis
The information needs to be encrypted both on énees and in the phone to avoid a third party ggtti
hold of it. The idea is that the information shobkd edited in the web interface and then syncheahta

the phone. This synchronization process also néedse encrypted to avoid eavesdropping. By not
allowing the personal information to be edited ba phone the security could be made tighter and the
information should only be shown on the phone wégrchronization is performed to check that all went
right, and this should require some form of cre@déntypically a user name and password.
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El. Summary

This questionnaire was created to give input togheliminary system description. The questionnaire
consisted of 12 questions. Of the participants 9@éte between 21 and 35 years old and 78% of them
were male. This distribution is not ideal and skdug taken into consideration when looking at tiveesy
guestion results. The results show that it is venyortant that the system is fast and safe fordlag-user

to use. The traffic messages should preferablyrbsemted in text and it is also important thatdystem
works in larger parts of Sweden.

E2. Background

This questionnaire was done to give input on thesldg@ment of a traffic information system. The fiaf
information system is a system that helps roadsubgrmaking sure that they always have up-to-date
information about the current traffic conditionsrd their route. At the point when this questionmavas
made a general system description had been donéhangurpose of the questionnaire was to get user
input about the general idea behind the system.

E3. Questionnaire procedure

The questionnaire had 12 questions and was designgive input about the general system idea. The
first question was about the participants’ age geder to be able to see if the questionnaire hgabd
participant variance. After these initial questitins questionnaire was split into two main parte about
the main system and the other about the mobildagtjgn connected with the system.

E3.1 Results

The respondents of the questionnaire have beendfiand friends of friends which mean that the answ
might be somewhat partial. The questionnaire was ®e55 people and got 41 responses, which is a
return rate of 75%; a questionnaire normally reegia return rate of 25-30%The unusual high answer
rate might be because of the fact that the quesdiom was internet-based and had a low number of
questions. However, the most likely reason is that questionnaire was mostly sent to friends of the
project-team and that the participants therefdtenfere obliged to respond.

E3.2 Respondents

The first two questions were general questions atheuparticipants’ gender and age.

As seen in this first chart most of the peopleo answered ti
22% survey where male.

B Male

B Female

! Dix, A et.al. 2004Human-Computer Interactior8rd ed. Essex. Pearson Education Limited. pp 351



' 90 % of the participants are in the age grouB21The result frol
wo.og | thefirst two questions show that the respondeamtsiat be seen a
representation of what the general population wdhbidk of this
system. Te questionnaire lacks answers from older peophe
often do not have the same usage patter as yowmepeho hav
grown up with mobile phones and internet. The idsialiatior
would have been a more even distribution both agegender wis:

m21-35
36-55
56

E3.3 System

A general description of the system was presemeldtlae participants were asked questions about thei
thoughts of the system, such as how they rankedhthertance of different features. Our descriptadn
the system was as follows:

“The traffic information system will help road-usdby supplying them with current traffic informatio
To make sure the information is as current as plesshe system will use a number of different data
sources, like the users themselves reporting ¢raffients. Every road-user can get information @n th
general traffic situation or about the situationtbe route they are about to travel. By giving rogdrs
continuous information on the traffic situation tfvgpe that the system can give road-users a pagsifil
taking alternative routes before they get studkaffic because of an accident, slippery roads etc.

After the participants were given the gen
description of the system they were asked if

B Yas would use such a system. The result wes tnos
= No participants could consider using the system.
Insure

To seeif the participants already used some so
aid when driving the participants were asked

- 100 often they used a GPS while driving, if at all.
" TN result was that nearly half of the paip@nts do nc
o actually own a GPS and the ones that @@ nc
. 0% using the GPS very often.

When the more general questions had been askefbdhe shifted to ask the participants about how
important some specific features of the system wEhe main question was “What would be important
for you in such a system?” and the participantsevtben asked to rank six statements from one (not
important) to five (very important).
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The first statement was “That you as a roaéf gets ¢
alternative route ircase of a traffic incident.” The res
shows that most people rank this as a very impt
feature.

The second statement was “That information abatfid
incidents is available fast.” The project-temmnted t
know how important the participants felt ttiavas for the
information to get to them quickly. Thestdts show th:i
most people found this important.

The third statement was “That you get informatioomf ¢
number of different sources.” This was a featueg thos
participants did not find important.

The fourth statement was “That the system worksiige
parts of Sweden.” Most participants found it impaitttha
the system covers large parts of Sweden.

The fifth statement was “That the system works @ut
city.” This statement is similar to the previousepn
however, together with the previous statementvegi:
better idea of where the participant would likeuge th
proposed system. This statement was important He
participants but not as importarg the statement that 1
system works in most parts of Sweden.



The sixth and last statement was “That it is easyber
to send in their own observations.” Since the priglary
system idea will depend on user traffic-repdrtsould be

s veryimpartant) GG
+ I ::

: I - interesing to see if the participants found this impotj
: [ which it was.
1inatimportant: [ 2
0 4 1 15

E3.4 Mobile phone

The idea for the mobile phone part of the systerm prasented with the following text:

“To ensure that every road-user gets continuousiiggdwvhile on the road the road-user should betable
get the updates sent to the mobile phone.”

The first question was "Would you use a solu
like the one described above?” Most participants
showed interest for a mobile phone solution.

B ¥as
EMNO
u Uriura

Presented an the phone The second question wasegarding how tr
scmenrm;"r;“i””"" I - participants would like the information to t
presented on the mobile phone. Most particif

e e B would like to get the information in text, eithey

SMS or by a specifically designed application

ss [ - answer was a bit unexpected to the preject
team since botbf these solutions require the sys

T 5 W0 15 20 25 user to take his eyes off the road.

The third question was “Do you own or plan to
a smart phone.” A small majority did not ow
smart phone.

B Own
B Plan an buying
W Unsure




The final survey question was if the rieipants
would be prepared to pay for the system descrih

the questionnaire. A question that may not b
important from a system design view but \
important from a business viewpoint. The re
shows that a large part of the participants are no
prepared to pay for the system or are unsure.

W e
o N
LInsure

E3.5 Participant comments

The participants were given the opportunity to giemeral comments about the system after eactopart
the questionnaire. The first comments were to thenoquestion “If you have suggestions on important
properties/functions of the system you can listth®low”. The comments to this statement can be see
below.

A big issue for the participants was that the systeeds to be easy to use and not too technicalislf
difficult to enter information into the system usenight skip it altogether. Automation came up ay o
handle this. One other big concern that came wpdouple of responses was that of verificationsaru
input. The participants were worried about for amste a user that enters false data to directdraffiay
from his own route or in some other way sabotagetioer users.

In case of a redirection from the system some @paiits were concerned that they might get redicect
on some smaller roads and wanted a possibility gdaettings for this. Another idea was the possibil
to only get notified of the location of the accitdemd that the user could decide for themselvekey
wanted to change the route. One participant watttdd able to change the frequency of the inforonati
updates, which is almost the opposite from angbheticipant who wanted the information as closectd
time as possible. Lastly one participant wantsstfstem to use Google Maps and provide a publicféPl
developing own solutions based on the data.

The next open question was “If you would like ta getified in a different way or have some other
suggestions for the mobile phone application youwsdte them below.” and the answers are summarized
below. The biggest concern when it comes to theilmdpplication was that of traffic safety, the
application should not distract the user from thieiving. The user should not have to do anythmget

the information. Some participants said that thesppbly did not want a full screen solution buttéasl
some sort of smaller notification. Some sort ofrebuotification to avoid having to look at the smeat
frequent intervals was also a desired feature. Memticipants wanted it integrated with the GP3eciad

of the mobile phone. One user also wanted an oftigiet the information as a RSS-feed to be ableséo

it on the computer also.

Finally the summary of responses to the open questf you have any other comments you can write
them below.” Some answers show that participantst Wee information available in other ways besides
the mobile phone. Participants feel that there shbe a free alterative and if they were to pay dor
system like this it should be cheap and give b&nefier the free versions such as more reliablecesu
and faster notification. One participant felt litkés should be a public service driven by the gonent.

5



E4. Conclusion

90 % of the participants were between 21 and 3Bsyald and 78% of them were male. This distribution
is not ideal and the answers are reflected by dbk bf diversity in the participant group. Mosttbg
participants did not have a GPS and those who h@P& used it less than 25%. This conclusion can
however also be the result of the fact that moghefparticipants are young males living in Sweden’
second largest city i.e. they do not have a carfoksthe system the questionnaire shows that it is
important that the system is fast, can presentrati¥e routes and that it works in large partSafeden
(not just in the city). The presentation of theadah the mobile phone was preferred in text, eapigci
SMS. The user comments showed concern about tifie safety of this system and stressed the faat th
it should be easy to use.



Appendix F
Software Requirement Specification
Web interface

Table of Contents

[ T a 10T [ B Tox (o] o ORI 1.
F1.1 Product Overview
2 A [ ¢ = 1 o o o = 1

F2 OVEIVIEW ...ttt oo e ettt e e e e e e ettt b bbb e e e e e e e e e e e eeaebebnnan s 1.
0 R o (o To [T 0 T3 ] [ SR
F2.2 Dependencies with other systems
G R B LYY To | a1 ] a1 (o 1Yo o] £ |

F3 General system requirements

F4 Specific Requirements
FA. L USEI INTEITACE. ... ettt e e e e et e e e et ab b e e e e e e e e e eeeaeenrnes
F4.2 Reliability
G BT = o | PPN

F D USE CASS . ittt ettt ettt e et et ettt e e e ettt e et e e et e aeee 5..



F1 Introduction

F1.1 Product Overview

The web interface will let the user configure hisgonal settings, routes, car pool information soithe
mobile application settings. Via the web interfale user should be able to control, create andatidit
different kinds of data and get a good overviekxhef system and his account. As seen in figure Wtie

interface is one part of a larger system. The weérface role is primarily to let the user configuris
routes.
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Figure 1. Detailed system overview.

F1.2 Aim and goal

The web interface is as mentioned one part ofgetasystem (see figure 1). The web interface enided
to be the place where the user makes all kindsfigfreint user settings, it is therefore importamdttthe
web interface is easy to use. To have almost #ihgs in the web interface is important to elim@a
confusion about where settings are made and tawidaidata transfers from the mobile applications It

also much easier to edit settings on a computer dhaa mobile phone which is limited in screen sird
user input.

F2 Overview

F2.1 Product Description

It is important that the user can get a good amércliew of all different components and settings
available. It is in the web interface that therumgters and edits his personal information andtesethe
routes that he travels frequently.



Route information

The user should be able to create and save ra#el,user should be able to have several diffecaites.
The saved routes will be the main component thaidde which traffic information the user will gdthe
routes should be importable and exportable to uarjpopular formats to extend the systems usability.
Each user should be able to share his routes litr aisers and also be able to use other usergsou
Each route should also contain information abougmwit is taking place (for instance start time) it

is available for car pooling.

Personal information

The user should be able to change his personainiafion and also manage routes and car pooling
information. No user should be forced to sharermfttion and it should be possible for the useetdlse
privacy level.

Car pooling

Each user account will contain one or several uiy making these routes public and adding
information about when the user will drive the sfiecoute the system will encourage users to aml p
with each other. Another advantage of making theee® public is that users can see how other usenslt
from A to B and get useful tips.

F2.2 Dependencies with other systems

The web interface will communicate directly witlserver both for retrieving and storing informatsarch
as settings and the personal information of the.u&e the number of users grows a load balanced
solution might be needed.

F2.3 Design philosophy

The system should be designed to allow for additiéeatures to be added as required. It would bésa
good decision to design the system to allow itclesand be distributed among a number of servers.

F3 General system requirements

Functional

Number |Requirement Priority
When creating an account the user should receinessage to his mobile phone {-,.

1.1 . . . , High
verify that it really is the user’s phone.

1.2 The routes should be importable and exportablatmus standardized formats. |[Low

1.3 The user should get an estimate on how long timk ezaute will take. Low

1.4 A user should be able to recover a lost password. High

1.5 The user should be able to log in via the web fater. High

Non functional

Number |Requirement Priority

2



1.6 The system should support a number of differerguanges. Medium
1.7 The system should store each user’s personal iatiom High
1.8 The system should have administrator account(s). High
1.9 The system should meet standards and laws fongtpgrsonal information. High
1.10 The system should be expandable to handle a higib@uof users. High
1.11 The system should have high availability. High
1.12 The system should work in all major browsers. High
1.13 Each user account should be associated with thés yd®ne. High
1.14 Each route should contain a departure time stamgafiopooling. Low
Each route should contain information regardingig available for car pooling or
1.15 Low
not.
1.16 Each route should be made public and private (dtgfaivate). Low
The user’s route should contain information abbthe user wants to car pool tha}
1.17 Low
route or not.
1.18 Deployment of the application should be easy andnaatic. High
1.19 The application should be extendable. High
1.20 The application should be scalable. High
1.21 The application should be testable. High
F4 Specific Requirements
F4.1 User Interface
Functional
Number|{Requirement Priority
2.1 The web application should have a sign up function. High
The user should be able to decide how the traffarimation should be presented in .
2.2 : L Medium
the mobile application.
The user should be able to decide how long traffesssages should be shown on th;
2.3 : - Medium
mobile application.
The user should be able to decide how long traffissages should be shown in the .
2.4 - Medium
web application.
o5 The 'use'r should be able to decide the traffic ngesapdate frequency on the mobll“lvIeolium
application.
26 The user should be able to decide the traffic ngesspdate frequency on the web Medium

application.




57 The user should be abl_e to dec_:ide_ via which teduyolo receive the traffic Medium
information on the mobile application.
2.8 The user should be able to change password. High
2.9 The user should be able to decide who can seestgsmal info. High
2.10 The user should be able to update his personahiafimon. High
2.11 The user should be able to share his routes. Low
2.12 The user should be able to see his routes on a map. Medium
2.13 The user should be able to create routes. High
2.14 The user should be able to edit routes. High
2.15 The user should be able to save routes. High
2.16 The user should be able to delete routes. High
2.17 The user should be able to import and export hiteo Low
2.18 The user should be able to search for other useisaf pooling Low
2.19 The user should be able to browse other peopldibqroutes. Low
2.20 The user should be able to copy and use other @sgniblic routes. Low
2.21 The administrator should be able to delete users. High
2.22 The administrator should be able to create users. High
2.23 The administrator should be able to edit user métion. High
2.24 The administrator should be able to temporarily darser violating the system. High
2.25 The administrator should be able to create new midtmators. High
2.26 The administrator should be able to upgrade exjsigers to administrator. High
2.27 The administrator should be able to revoke admmitist rights. High
Non functional
Number |Requirement Priority
2.28 The user interface should be easy to understand. High
F4.2 Reliability
Non functional
Number |Requirement Priority
3.1 The web interface should be available 24/7. High




F4.3 Security

Functional
Number |Requirement Priority
4.1 Information should be encrypted client side before sent to the server. High

Non functional

Number |Requirement Priority

4.2 The system should rely on tried libraries for séguno home cooked solutions. [High

4.3 Sensitive data should be encrypted. High

44 The enc'ryption should meet the requirements ofratel laws for storing persona'High
information.

45 The data should be backed up at all times. High

F5. Use Cases

User log in

Name:User log in

ID: UC-1

Actor: User

Goal: The user is logged in to the web interface.

Description: The user navigates to the web interface and ingatasername and password. The username
and password is controlled and the web interfaka@gledges that the login was successful.
Requirements covere:5

Edit personal information

Name:Edit personal information

ID: UC-2

Actor: User

Goal: The user edits his personal information.

Description: The user is presented with a well structured ligtis personal information and can edit this
information.

Requirements covered:8-2.10

Manage Routes

Name:Manage routes

ID: UC-3

Actor: User

Goal: The user deletes and creates routes.



Description: The user is presented with a view of his currentes. The user can then choose to edit,
delete or create routes. Each route displays hog tbe route will take. The user should also be &bl
decide if he wants to share each route or notjfahid available for car pooling.

Requirements covered:13, 2.15, 2.16, 1.3, and 2.11

Edit Route

Name:Edit route

ID: UC-4

Actor: User

Goal: The user edits a selected route.

Description: The user is presented with a map where the seleotad is displayed. The user can then
change departure, destination and other varialflésecroute. Information about the travel time éach
route is also displayed.

Requirements coveret:3, 2.12, and 2.14

Edit personal settings

Name:Edit personal settings

ID: UC-5

Actor: User

Goal: The user edits his personal settings.

Description: The user should be presented with a clear overefeall his different settings such as route
settings, mobile application settings etc. thatdre edit.

Requirements covered:2-2.7

Create Account

Name:Create account

ID: UC-6

Actor: User

Goal: The user creates a new account.

Description: The user chooses to sign up and fills in all theessary personal information and the phone
number that should be associated with the accdur. user then gets a confirmation message to the
phone which the user needs to act upon to actitiataccount.

Requirements coverei:1 and 2.1

Administrate user accounts

Name:Administrate user accounts

ID: UC-7

Actor: Administrator

Goal: The administrator administrates accounts

Description: An administrator account should be available wthesadministrator can manage the user
accounts. The administrator should be able to agldit;, delete user accounts, temporarily ban users
create new administrators, upgrade users to admaitiss and revoke other administrators rights.
Requirements covered:21 - 2.27

Import and export route



Name:Import and export route

ID: UC-8

Actor: User

Goal: Import or export route.

Description:The user can import or export a route from/to paptdrmats.
Requirements coverei:2 and 2.17

Recover password

Name:Recover password

ID: UC-9

Actor: User

Goal: Recover a lost password

Description: If the user has lost his password he can fillauecover password form where he enters his
e-mail and a new generated password is sent t@timtil address.

Requirements covere:4

Browse public routes

Name: Browse public routes

ID: UC-10

Actor: User

Goal: Browse the public routes and if wanted, add rotdgasser’s routes.

Description: The user can browse other users’ routes and add tlo@ites to his own routes. He can also
search for routes that are available for car pgolin

Requirements covered:19, 2.20, and 2.18
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Software Requirement Specification
Mobile application
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G1 Introduction

G1.1 Product Overview

The mobile application will display traffic inforrtian and other types of information from other past
the system to the user. As seen in figure 1 theilmalpplication receives its information from a rileb
services server and the MQTT message broker.
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Figure 1. Detailed system overview.

G1.2 Aim and goal

The mobile application is intended to be the mammunication link between the main server and the
user. It is very important that the GUI of the melapplication is easy to use since it sometimekshai
used while the user is driving. The user interfdesign is therefore highly important for this apation.
The design will be further discussed in G2.3.

G2 Overview

G2.1 Product Description

The mobile application will consist of three maiarys, the start screen, the pre-route display hadn-
route display, as seen in figure 2. The pre-roate @f the application will give the user infornmatiabout
the most recent traffic messages on the selectgd,rourrent weather reports and a current roaditon
overview. The intention is that the user can take pf this information to aid the trip to his dastion.
When the user is driving the mobile application Wwé in on-route mode. This means that traffic rages
affecting the selected route will be displayed #mete will also be possible for the user to repeatfic



messages back to the traffic information servehe®teatures like locating the nearest rest ardealsp
be available to help planning breaks along the way.
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Figure 2. The mobile application flow diagram.

G2.2 Dependencies with other systems

The mobile application will establish two-way commzation with the main server. Without the main
server the mobile application will not be able how any traffic information or user related dathefe is
also a connection to the webpage yr.no where tkstlaveather reports are downloaded from.

G2.3 Design philosophy

As earlier mentioned the mobile applications intemis to be used while on the road. It is therefeery
important that the application does not require Imuser interaction and that it is easy for the user
understand the traffic information. The user irde€f design’s key elements will be large text anéasy
to understand layout.

G3 General system requirements

Functional

Number |Requirement Priority

1.1 The application should automatically try to defectvhich county the userisin. |[Medium
If the application cannot detect which county tlerus in the user should be able *~

1.2 . High
choose this.

1.3 Information about rest areas and their positiorukhbe viewable on a map. Medium

1.4 Traffic messages should be viewable on a map. High

Non functional

Number |Requirement Priority

1.5 The application should be testable. High




1.6 Deployment of the application should be easy andnaatic. High
17 The application should keep a number of the lataffic messages available for t Medium
user.
G4 Specific Requirements
G4.1 User Interface
Functional
Number |Requirement Priority
2.1 The user should be able to set credentials fonlogi High
2.2 The user should be able to choose among the diffevates he has created. High
2.3 The user should be able to view traffic messageseatto the chosen route. High
2.4 The user should be able to view a weather fordoashe user’s current location. |Low
2.5 The user should be able to get a report of theeatiroad conditions. Medium
The user should be able to view information abest areas close to the user’s :
2.6 . Medium
current location.
2.7 The user should be able to report different kindafident types. High
2.8 The user should be able to start the traffic messagnitoring. High
Non functional
Number |Requirement Priority
2.9 The user interface should be easy to understand. High
2.10 The user interface should be easy to navigate. High
2.11 The user interface should require as little ustaraction as possible. High
G4.2 Reliability
Non functional
Number |Requirement Priority
31 The application should be able to run in the baolkgd and alert the user when n \Il—lligh

messages arrive.

G4.3 Security

Functional




Number |Requirement Priority

4.1 The login credentials should be encrypted clie¢ siefore being sent to the serviMedium

4.2 The user must log in to use the application. Medium

Non functional

Number |Requirement Priority

4.3 Sensitive data should be encrypted. High

The encryption should meet the requirements ofratel laws for storing persong

4.4 information.

High

G5. Use Cases

Log in

Name:Log in

ID: UC-1

Actor: User

Goal: The user should be authenticated and logged in \&begssing the system.

Description: The user authenticates himself to the system usisigredentials and is logged in to the
system.

Requirements covered:1, 4.1 and 4.2

Choose route

Name:The user selects one of his routes

ID: UC-2

Actor: User

Goal: A route is selected and this route will be usedhayrest of the system.

Description: The user is presented with the routes he has dreatd selects one to use for this run of the
application.

Requirements covered:2

View traffic messages

Name:View traffic messages

ID: UC-3

Actor: User

Goal: The user is presented with the most recent trafissages along the selected route.
Description: The user is presented with traffic messages, aeid tletails, and can choose to display a
traffic message on a map.

Requirements coverei:4 and 2.3

View weather forecast
Name:View weather forecast
ID: UC-4



Actor: User

Goal: The user is presented with a weather forecashéos¢lected route.

Description: The user is presented with an overview weathecéstand can choose to get more details.
Requirements covered:4

View road condition overview

Name:View road condition overview

ID: UC-5

Actor: User

Goal: The user is presented with a road condition overf@ the selected route.

Description: The application determines which county the usecugently in and displays a road
condition overview for that county. If the appliat cannot determine the user’s current countyuser
should be allowed to choose among the availablatEsi

Requirements covered:1, 1.2 and 2.5

Start traffic message monitoring

Name:Start traffic message monitoring

ID: UC-6

Actor: User

Goal: The application should be connected to the systehr@ady to display new traffic messages to the
user as they arrive.

Description:When the user selects to start the traffic messamg@toring the application should connect
to the system and keep that connection alive tintilusers decides to end the monitoring. When new
traffic messages arrive they should be displayethéouser and the last number of messages should be
available for the users to see again.

Requirements covered:8

Report accident

Name:Report accident

ID: UC-7

Actor: User

Goal: An accident should be reported to the system byisiee.

Description: A user is allowed to choose from a number of prieeeftypes of accidents and how severe
the accident is. This information is then repottethe system.

Requirements covered:7

View closest rest area

Name:View closest rest area

ID: UC-8

Actor: User

Goal: The user is presented with a map of his locati@htha closest rest areas.

Description: The user is presented with a map of the closestireas and can choose to see more details
for each one of them.

Requirements coverei:3 and 2.6
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H1. Android GUI overview

The Android applications graphical user interfasedivided into three parts, log-in, pre-route amd o
route. The login display lets the user choose rantkset settings such as username and passwoeth Wh
the log-in credentials has been checked by thees#ime user is taken to the second part of thecatian,

the pre-route display. The pre-route display isgiexd to give the user information about curreaffitc
messages on the selected route, weather informatiora road condition overview. With this infornaati
the user will be well prepared when he startsfaigel. When the user has started to travel he bestt¢o
the on-route part of the application. The on-raligplay receives and displays traffic messages$eetie

the user route. From here the user can also regontlents and view information about the closest re
areas. The application flow can be seen in figure 1
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Figure 1. Graphical user interface flow diagram.




H2. The log in display

< M€ 1:13Pm The log in display connects to the server with
username and password. The users routes are
displayed in a drop down menu and the user canse
which route he intends to travel.

Valj rutt
No routes found... v
OK
| J
< M ® 1:15PM  The settings display is interdiéo be used by the user
enter his username and password so that the useitis
can be downloaded. The settings menu is display
pressing the phones menu button.
val] rutt
Crepido - Ullevi v

. OK

Installningar

Uppdatera rastplatsdatabasen




The drop down menu displays all the users’ routeste
can choose the one he intends to travel.

Crepldo-Hisingen

Fran crepido till hisingen
Crepido-Ullevi

Fran crepido till ullevi
Ullevi - jarntorget

Jadah

Ullevi - jarntorget

jadah

centralen till jarntorget
mghhg

odinsplatsen till Kanaltorgsgatan
liejsdhwlkdh

sadra vagen till nya allen
khgfhkf

H3. The pre route display

« WMl 757AM  When the user has chosen a route in the previshsiyn lo
in display and pressed the OK button the applicagiwitche:
to the pre route display and downloads the mosntetraffic

messages that concerns the chosen route.




« @Bl s:244m  The pre route display shows the user informaticouglvhict
| route he has chosen and also the most recenttraffssage
affecting that route. The user can also view infation abot
the current weather and dowad the current road conditi
Trafik Vader vagisgsinfo  overview. When the user feels ready to start hisney he

Senaste meddelandena pa rutt: chooses to start the traffic message surveillaryc@rbssin
Crepico-Hisingen ~ the button at the top of the application.

E 6 - Storning p.g.a fordon

2010-05-17 D2:11:2

E6.21 pa Lundbyleden mellan
Brantingsmotet och Lindhalmsmatet, i...

L Starta trafikovervakning. |

The user can click on each traffic message and théh
receive more information about that message. Tlee car
also choose to view the location of the traffic szge on
map.

ﬂ Stérning p.g.a fordon @ E 6

Vag E6,21 Lundbyleden ihdjd
med Kvillebacken star en bil
still 1 hoger korfalt | nktning
mot Lundbytunneln,
Vagassistansbilen ar utringd




« @M@ s:114m The traffic message located on a map. The useagaim ge

| e - -~ more details about the message by clicking the
(s e - £ representing the traffic message.
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« Ml @ 7:55AM The user can choose to view the current weathecést. Thi
l ‘Starta rafikovervakning J forecast is a very detalleq fo.recast for' appr.oxm.)aﬁw nex
- ten hours. The forecast is displayed in a list vighere th
user can scroll and click on the different foresast
Trafik Yader Vaglagsinfo

Klicka pé en rapport for mer info

¢ 2010-05-17 08:00

‘Temp:8.4" Nederbdrd:0.0 mm
W 2010-05-17 09:00

“Temp:8.4" Nederbdrd:0.0 mm
“  2010-05-17 10:00

“Temp:8.6° Nederbord:0.0 mm
 2010-05-17 11:00

“Temip:8.8" Nederbdrd:0.0 mm
¥ 2010-05-17 12:00

Temp:9.0" Nederbord:0.0 mm
¢ 2010-05-17 13:00

‘Temp:9.2" Nederbard:0.0 mm
€ 2010-03-17 14:00

“Temp:9.3° Nederbord:0.0 mm

2010-05-17 15:00

“Temp:9.4° Nederbdrd:0,0 mm




&

S 2010-05-17 09:00
Vind: 264.9° W 5.4 mps
Luftfuktighet: 87.4 %
Lufttryck: 1014.1 hPa
Chans for dimma: 0.0 %

Chans fér moln: 100.0 %
Laga moln: 100.0 %
Medium moaln: 0.0 %

Héga moln: 0.0 %

o @€ 7:56 AM

« Wil & 756 am

l Starta trafiktvervakning

J

Trafik Vider Yaglagsinfo
Vaglagsoversikt for Hallands lan

Oversikt:

De storre vigarna ar torra eller fuktiga.
Vintervaglag med flackvis Is eller modd pd det
mindre vagnatet.

Prognos:
Ofarandrat vaglag

Each part of the forecast can be clicked to viewenttetails.

The user can also choose to view the current roaditon
overview. The road condition overview is given loyoty anc
gives a general view aboute road conditions in the coul
and can also display closed and damaged roads tet
abnormalities.



H4. The on route display

«' @l @ s:00 am

Trafikdvervakning Rapportera olycka

Aktuell rutt: Crepido-Hisingen
Lmsa narmaste rastpiats |

E 6 - Olycka

2010-03-23 15:15

E 6 mellan Varberg (Trafikplats
Djungelberga) och Kungsbacka (Tra...

@ oycka@E6

E 6 mellan Varberg och
Kungsbacka ligeer eft (appat
bromsok.

When the user chooses to start his journey in teerqute
display he his taken to the on route display. Theraute
display displays the current traffic messages coirgrte
chosen route and each time a new message concehng
route is received by the server it is pushed othéoAndroic
application. The messages are presented in aidéigt, \the
same way as in éhpre route display. The user can
choose to view the nearest rest area and repddests.

Each traffic message in the list view can be clickanc
more details about the message will be displayed.



« @M@ s:20aM  The user can also choose to view the traffic nuessm
map as shown in the preute display. If the user clicks
the traffic message flag a dialog with more detalsut th

message will be displayed.

Olycka

E 6 mellan Varberg och
Kungsbacka ligger ett tappat

bromsok.

« @Al @ 758aM  If the user sees something that he wants to réyocan use
the report accident display to do this. A numbediéferent
Trafikivervakning Rapportera olycka accident types are available ahe user can simply click «
one of these and a dialog with more details isldjsal.

Aktuell rutt: Crepido-Hisingen
Din position ar:

{ Krock | Singelolycka |

 Djurpdvag |  Hinder

{ Ko | [ Trafikkontroll |




' @l @ 7:50 am

When reporting an accident or other abnormality ise!
will get a short summary of what the message to be

contains and the user can choose the severityedddbider
before sending the report.

Du kommer nu att

rapportera in fdljande

Trafikolycka
Latitud 0.0 Longitud 0.0

Valj allvarlighetsgrad

@ Allvarlig

\_/Mindre allvarlig

l skicka rapport M Avbryt

« SaMll @ s:00aM When on route the usean choose to view the closest

areas. The rest areas are displayed on a ogapher with a
icon showing the users position.

=3
s
WgEetta
5 &
43 ] "
v L 1
Google® o



Each rest area icon can be clicked to get morerrdtior
about that rest area. The information contains lalvity,
information about gas, food, facilities etc.

Vénga Ostra

Oppet dret runt
Matmajligheter: Utemdbler,
Toalettmdjligheter: Toalett
med rinnande vatten,
Handikapptoalett,

Inga tankningsmbjligheter,

10
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1. Introduction

This document will describe the different ways ofrenunication within the system. As seen in figure 1
there is four main communication links to and frdme main server. These communication links will be
further described in section 12. The communicatiathin the main server will be further described in
section 13.

/_ Android devices \ /_ Server @ Crepido \
@ | t— 2 K ——
b l Y 1
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= MQTT message broker Database with parsed Server @ Vagverket
Datex data
W
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route information
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Figure 1. Detailed system overview.

2. Communication
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12.1 DATEX I

The traffic information that we use in the systemmes from Trafikverket. Their data is formattedfie
DATEX Il format which is a standard designed to mdtkeasier to exchange information between traffic
management centers in Europe.

The XML schema for DATEX Il will not be displayed this report because of its size (about 300 pages)
but it can be downloaded at;
https://DATEXII.vv.se/wiki/(S(ggnmibvtauwru055ktrtd5))/GetFile.aspx?File=Dokumentation%2fDAT
EX 1llISchema 1 0 1 0.zip

The DATEX Il schema makes it possible to transfdarge variety of information and is somewhat
complex. When we get a traffic messages to ouieseve select the most valuable information for nd a
save it to our database. By doing so we get a raaslter way to work with the traffic message data.

12.2 MQTT

The MQTT message broker is responsible for recgigiccident reports from the users and also pushing
the traffic messages to the Android application.eWla traffic message is received by the server the



server checks which routes that are connectedisombssage. The MQTT message browser will then
push the message to the affected routes. More @hetechnique behind the MQTT message broker can
be read in the report under section 6.2.3 "MQTT (WV&demetry Transport)".

When the Android application sends an accidentrtegpdhe server the server interprets this antesti
in the database. The messages are sent in XML fantathe XML format looks like this;
<?xml version="1.0" encoding="UTF-8"?>
<messages>
<message>
<userid></userid>
<accidenttype></accidenttype>
<latitude></latitude>
<longitude></longitude>
<severity></severity>
</message>
</messages>

The traffic messages that are sent to the Andgidiaation by the MQTT message broker are also isent
XML format. This XML format is the same as for ttraffic message service that can be seen in section
12.3.3.

2.3 Mobile services

The mobile services purpose is to provide the neadyilplication with data stored on the main serke
mobile application sends a request to the sentloe,service gathers the information requested and
answers with a XML file.

12.3.1 User id service

The user id service takes username and passwopdrameters and returns the users id number. This
service is used when a user wants to report adeac{each accident report is sent with the ichefuser
sending the report).

The request parameters are "user" and "pass". @iaes checks the username and password and returns
an XML file with the user id. The returning XML é&lcan only contain one user id. The XML file looks
like this;
<?xml version="1.0" encoding="UTF-8"?>
<userid>

<id></id>
</userid>

If the request was invalid or something else fadeding the gathering of data at the server a Xirore
file is sent. The error file simply looks like this

<?xml version="1.0" encoding="UTF-8"?>

<error />



12.3.2 User login service

The user login service takes username and passaomhrameters and returns the user’s routes. This
service is used for the login on the mobile appiica The user needs to validate himself by logdmg
and in return the user gets all his routes.

The request parameters are "user" and "pass". @iues checks the username and password and returns
an XML file with the user’s routes. There can beesal user routes in the returning XML file. The XM

file looks like this;

<?xml version="1.0" encoding="UTF-8"?>

<routes>
<route>
<id></id>
<name> </name>
<description> </description>
<from_latitude></from_latitude>
<from_longitude></from_longitude>
<to_latitude></to_latitude>
<to_longitude></to_longitude>
</route>
</routes>

If the request was invalid or something else fadeding the gathering of data at the server a Xirore
file is sent. The error file simply looks like this

<?xml version="1.0" encoding="UTF-8"?>

<error />

12.3.3 Traffic message service

The traffic message service takes the route idaaanpeter and returns the most recent traffic messag
that are within a predefined distance from theentrroad. The distance variable is defined in thee
code together with the date variable that detersnihe time limit for how old a traffic message dento

be sent with the XML answer.

The request parameter is "routeid”. The service thquests traffic messages within the right disteand
date from the database and returns an XML file withtraffic messages. There can be several message
in the returning XML file. The XML file looks likehis;
<?xml version="1.0" encoding="UTF-8"?>
<messages>
<message>

<id> </id>

<type> </type>

<comment></comment>

<lastupdated></lastupdated>

<locationtext> </locationtext>

<roadnumber> </roadnumber>



<overallstarttime></overallstarttime>
<overallendtime></overallendtime>
<longitude></longitude>
<latitude></latitude>
</message>
</messages>

If the request was invalid or something else fadeding the gathering of data at the server a XNtore
file is sent. The error file simply looks like this

<?xml version="1.0" encoding="UTF-8"?>

<error />

12.3.4 Road condition overview service

The road condition overview service takes the nafree Swedish county as parameter and returns a road
condition overview report for that county. The datiounties are;

* Blekinge lan

» Dalarnas lan

* Gotlands lan

» Gavleborgs lan

» Hallands l&n

e Jamtlands l&n

» JOnko6pings lan

e Kalmar lan

» Kronobergs lan

* Norrbottens lan

« Skane lan

» Stockholms lan

» Sddermanlands lan

* Uppsala lan

* Varmlands lan

» Vasterbottens lan

» Vasternorrlands lan

e Vastmanlands lan

e Vastra Gotalands lan

« Orebro lan

+ Ostergoétlands lan

The request parameter is "county”. The serviceasiguthe most recent road condition overview froen t
database and returns an XML file with the road oo overview. There can only be one overview in
the returning XML file. The XML file looks like tisi;
<?xml version="1.0" encoding="UTF-8"?>
<roadconditionoverview>
<overview>
<text> </text>
<header> </header>



<county> </county>
</overview>
</roadconditionoverview>

If the request was invalid or something else fadeding the gathering of data at the server a Xore
file is sent. The error file simply looks like this

<?xml version="1.0" encoding="UTF-8"?>

<error />

12.3.5 Queue service

The queue service was designed as a test whenriegplther possible mobile applications that could
make use of the DATEX Il data stored in our databdche queue service takes a road number as
parameter and selects the most recent queue msdgsaigethat road number. This implementation is/ver
specific to a certain kind of queue messages wittércity of Gothenburg.

The request parameter is "roadnumber". Example®ad numbers can be "E 6" or "E 20", the queue
service will then select the most recent queue agessfrom that road and return them as a XML file.
There can be several messages in the returning f#LThe XML file looks like this:
<?xml version="1.0" encoding="UTF-8"?>
<queueinformation>
<queue>
<locationtext> </locationtext>
<generalpubliccomment> </generalpubliccomment>
<roadnumber></roadnumber>
<overallstarttime></overallstarttime>
<latitude></latitude>
<longitude></longitude>
</queue>
</queueinformation>

If the request was invalid or something else fadeding the gathering of data at the server a Xirore
file is sent. The error file simply looks like this

<?xml version="1.0" encoding="UTF-8"?>

<error />

12.3.6 Database service

The database service does not take any paramatésinaply returns a database file. The databaséceer

is used when the user wants to update the restlatabase. The rest area database is rarely upataded
therefore located in the mobile application. If theer wants to update this database it is simply
overwritten with a new one from the server.

If the request was invalid or something else fadeding the gathering of data at the server a Xiore
file is sent. The error file simply looks like this

<?xml version="1.0" encoding="UTF-8"?>

<error />



2.4 Web interface

The web interface is where the user manages hiesolihe web interface runs on the main server and
when the routes are saved to the database all coimation between the web interface and the database
done in the source code of the web interface.

3. Back end

3.1 Database

The database is the center of the back end. Abrdift data such as user information, route inféiana
user accident reports and DATEX |l data is savedhie database. The database then delivers this
information on request to the MQTT broker, the nwisiervices and to the web interface. The database
structure can be seen in figure 2. Since this bas la proof-of-concept project we have not put tiath
effort into optimization of the database. More mmfation about the database can be read in thetrapor
section 6.2.4 "Database for the back end".



rest_area
& datex_id TEXT
rest_area_header TEXT
location_text TEXT
location_description  TEXT
general_info TEXT general_obstruction
last_updated TIMESTAMP(S) WITHOUT TIME ZONE
& datex id TEXT
cafe BOOLEAN
weather_related_road_conditions fastiood BOOLEAN record_type TEXT
& datex_id TEXT Kiosk. BOOLEAN
record_type TEXT restaurant BOOLEAN equipment_damage_obstruction
depth_of_snow REAL open_all_year_around  BOOLEAN P catoria =T
road_surface_temperature REAL furniture. BOOLEAN mmm’.yps =T
do_icing_application_rate REAL tollet we_dry BOOLEAN -
de_icing_concentration REAL follet_we_handicap BOOLEAN
water_film_thickness REAL toilet we water BOOLEAN environmental_obstruction
protection_temperature REAL petrol station auto BOOLEAN & datex_id TEXT
petrol_station_manual  BOOLEAN record_type TEXT
N etrol_station_shoy BOOLEAN depth REAL
vehicle_obstruction (RELEZHLERD ept
petrol_station_workshop BOOLEAN
& datexia =y rest_arca_location USER-DEFINED
record_type  TEXT emergency_info
vehicle_status  TEXT ———— 1 £ datex_id  TEXT
description  TEXT
service_disruption image TEXT
& datex g TEXT
record type  TEXT Gonstruction_works
situation_record £ astex_ia TEXT
road_side_assistance situation_type TEXT e U2y
F— - . S maintenance_vehicle_actions. TEXT
& 4 <ource name TexT number_of maintenance_vehicles  INTEGER
record_type TEXT X
cource type - effect_on_road_layout TEXT
source reliable BOOLEAN mabllty_type TEXT
poor_road_infrastructure source_identification TEXT operator_action_status TEXT
& datex_ia TEXT validity_status TEXT i TEXT
record_type TEXT overall start time TIMESTAMP(6) WITHOUT TIME ZONE R D U2y
malfunctioning,_traffic_control_equipment_type. TEXT overall_ond_time TIMESTAMP(6) WITHOUT TIME ZONE OO T (CEEER
number_of_maffunctioning_traffic_control_equipments __INTEGER impact_on_trafic TEXT sublect_type_of works TEXT
capacty_remaining REAL
number_of lanes_restricted  INTEGER car_parks
poor_environment_conditions
5 : number_of operational lancs  INTEGER D o Text
4 datex_id TEXT original_number_of lanes INTEGER
5 o5 config TEXT
ecoriityne traffic_restriction_type TEXT
g identity TEXT
G delay_coded TEXT
oceupancy REAL
procipitation_intonsity  REAL e —
g status TEXT
air_temperatrs REAL e REAL
i ) et rato INTEGER
cause TEXT
fil_rete INTEGER
i TEXT
advee number_of_vacanl_parking_spaces  INTEGER
non_weather_related_road_conditions general public comment TEXT occupied_spaces INTEGER
A
£ datex_id TEXT CMEEEEACTIE U2y queting_time TIMESTAMP(S) WITHOUT TIME ZONE
enor type o last_updated TIMESTAMP(§) WITHOUT TIME ZONE e INTEGER
= deleted BOOLEAN
& datex_id TEXT
network_management road_number TEXT animal_presence_obstruction
& datex id TEXT Tocation_text TEXT P atex.i P
action origin TEXT i) CESLy record_type TEXT
CELED S— situation_location USER-DEFINED
equipment requirement  TEXT activities
minimum car occupancy  INTEGER =
H & datex i TEXT
sequential_ramp_number  INTEGER & ceEg i
o control optons - authority_operation_type  TEXT
ance_actii T
trffo_controltype i disturbance_activity_type  TEXT
mobilily_of_activilies TEXT
public_event tye TEXT
maintenance_works
& datexid TExT r—
record_type TEXT 5 B
maintenance_vehicle_actions TEXT O Gt ol
number_of_maintenance_vehicles  INTEGER user_report EEAfR BT
afoct_on_rond.layout Texr 7 p— accident_cause  TEXT
mobilty_type TexT user id INTEGER
operator_action_status TEXT accident type  INTEGER abnormal_traffic
roacworks._duration = accident_location  USER-DEFINED L— 1 £ datexid TEXT
roadurks._scale TEXT route_way severity INTEGER record_type TEXT
"“:‘:el'f“”;:“::“‘:k 'TNET:[GER P R deleted BOOLEAN ser number of vehicles waiting  INTEGER
subject_ype_of_works
P ——— last_updated TIMESTAMP() WITHOUT TIME ZONE 5= — Al INTEGER
i
pointindex  INTEGER - e relative_traffic_fiow TEXT
usemame
waypoint  USER-DEFINED e traffc wrend type TEXT
= password TEXT
& INTEGER
route_data name TEXT
2 T Gescription  TEXT
userid INTEGER
routeic INTEGER
g geometry_columns
ineindox  INTEGER from USER-DEFINED =
- P
inesegment  USER DEFINED to USER-DEFINED & tablo_catalog  CHARACTER VARYING(256)
£ 1 table schema  CHARACTER VARYING(256)
£ 1 table name CHARACTER VARYING(256)
4 1_geometry_column CHARACTER VARYING(256)
period coord_dimension  INTEGER
road_condition_overview LR £ INTEGER srid INTEGER
£ gatex id TEXT — — situation_record_id INTEGER type CHARACTER VARYING(30)
atex_i & srid INTEGER
P — start_of_period TIMESTAMP(§) WITHOUT TIME ZONE
" auth_name - CHARACTER VARYING(256) end_of_period TIMESTAMP(8) WITHOUT TIME ZONE
overview_header TEXT el LR
last updated  TIMESTAMP(6) WITHOUT TIME ZONE o CHARAGTER VARYING(2048) period_name TEXT
J—— — appicavle_day TEXT
et CHARACTER VARYING(2048)
BISITS 2048) applicable wesk  TEXT
applicatle_month  TEXT

Figure 2 The database structure



