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1. Introduction

1.1 Background CIVITAS

CIVITAS - cleaner and better transport in cities - stands for Clty-VITAlity-Sustainability. With
the CIVITAS Initiative, the EC aims to generate a decisive breakthrough by supporting and
evaluating the implementation of ambitious integrated sustainable urban transport strategies
that should make a real difference for the welfare of the European citizen.

CIVITAS | started in early 2002 (within the 5th Framework Research Programme);
CIVITAS Il started in early 2005 (within the 6th Framework Research Programme) and
CIVITAS PLUS started in late 2008 (within the 7th Framework Research Programme).

The objective of CIVITAS-Plus is to test and increase the understanding of the frameworks,
processes and packaging required to successfully introduce bold, integrated and innovative
strategies for clean and sustainable urban transport that address concerns related to energy-
efficiency, transport policy and road safety, alternative fuels and the environment.

Within CIVITAS | (2002-2006) there were 19 cities clustered in 4 demonstration projects,
within CIVITAS 1l (2005-2009) 17 cities in 4 demonstration projects, whilst within CIVITAS
PLUS (2008-2012) 25 cities in 5 demonstration projects are taking part. These demonstration
cities all over Europe are funded by the European Commission.

Objectives:

to promote and implement sustainable, clean and (energy) efficient urban transport
measures

to implement integrated packages of technology and policy measures in the field of energy
and transport in 8 categories of measures

to build up critical mass and markets for innovation

Horizontal projects support the CIVITAS demonstration projects & cities by :

Cross-site evaluation and Europe wide dissemination in co-operation with the demonstration
projects

The organisation of the annual meeting of CIVITAS Forum members

Providing the Secretariat for the Political Advisory Committee (PAC)

Development of policy recommendations for a long-term multiplier effect of CIVITAS

Key elements of CIVITAS

CIVITAS is co-ordinated by cities: it is a programme “of cities for cities”
Cities are in the heart of local public private partnerships

Political commitment is a basic requirement

Cities are living ‘Laboratories' for learning and evaluating

1.2 Background ARCHIMEDES

ARCHIMEDES is an integrating project, bringing together 6 European cities to address
problems and opportunities for creating environmentally sustainable, safe and energy
efficient transport systems in medium sized urban areas.

- .
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The objective of ARCHIMEDES is to introduce innovative, integrated and ambitious
strategies for clean, energy-efficient, sustainable urban transport to achieve significant
impacts in the policy fields of energy, transport, and environmental sustainability. An
ambitious blend of policy tools and measures will increase energy-efficiency in transport,
provide safer and more convenient travel for all, using a higher share of clean engine
technology and fuels, resulting in an enhanced urban environment (including reduced noise
and air pollution). Visible and measurable impacts will result from significantly sized
measures in specific innovation areas. Demonstrations of innovative transport technologies,
policy measures and partnership working, combined with targeted research, will verify the
best frameworks, processes and packaging required to successfully transfer the strategies to
other cities.

1.3 Participant Cities

The ARCHIMEDES project focuses on activities in specific innovation areas of each city,
known as the ARCHIMEDES corridor or zone (depending on shape and geography). These
innovation areas extend to the peri-urban fringe and the administrative boundaries of
regional authorities and neighbouring administrations.

The two Learning cities, to which experience and best-practice will be transferred, are Monza
(Italy) and Usti nad Labem (Czech Republic). The strategy for the project is to ensure that
the tools and measures developed have the widest application throughout Europe, tested via
the Learning Cities’ activities and interaction with the Lead City partners.

1.3.1 Leading City Innovation Areas

* The four Leading cities in the ARCHIMEDES project are:
» Aalborg (Denmark);

» Brighton & Hove (UK);

» Donostia-San Sebastian (Spain); and

+ lasi (Romania).

Together the Lead Cities in ARCHIMEDES cover different geographic parts of Europe. They
have the full support of the relevant political representatives for the project, and are well able
to implement the innovative range of demonstration activities.

The Lead Cities are joined in their local projects by a small number of key partners that show
a high level of commitment to the project objectives of energy-efficient urban transportation.
In all cases the public transport company features as a partner in the proposed project.

2. Aalborg

The City of Aalborg, with extensive experience of European cooperation and having
previously participated in CIVITAS | (VIVALDI) as a ‘follower’ city, is coordinating the
consortium and ensures high quality management of the project. The City has the regional
public transport authority (NT) as a local partner, and framework agreements with various
stakeholder organisations.

Aalborg operates in a corridor implementing eight different categories of measures ranging
from changing fuels in vehicles to promoting and marketing the use of soft measures. The
city of Aalborg has successfully developed similar tools and measures through various
initiatives, like the CIVITAS-VIVALDI and MIDAS projects. In ARCHIMEDES, Aalborg aims to

- .
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build on this work, tackling innovative subjects and combining with what has been learned
from other cities in Europe. The result is an increased understanding and experience, in
order to then share with other Leading cities and Learning cities.

Aalborg has recently expanded its size by the inclusion of neighbouring municipalities
outside the peri-urban fringe. The Municipality of Aalborg has a population of some 194,149,
and the urban area a population of some 121,540. The ARCHIMEDES corridor runs from the
city centre to the eastern urban areas of the municipality and forms an ideal trial area for
demonstrating how to deal with traffic and mobility issues in inner urban areas and outskirts
of the municipality. University faculties are situated at 3 sites in the corridor (including the
main university site). The area covers about 53 square kilometres, which is approximately 5
% of the total area of the municipality of Aalborg. The innovation corridor includes different
aspects of transport in the urban environment, including schools, public transport,
commuting, goods distribution and traffic safety. The implementation of measures and tools
fit into the framework of the urban transport Plan adopted by the Municipality.
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Figure 1 The Archimedes corridor in Aalborg

3. Background to the Deliverable

In Aalborg, as in most other cities of the same size, congestion is an increasing problem.
The situation in Aalborg is particularly difficult as the Limfjord divides the city into two parts,
connected only by a bridge in the city centre and a highway tunnel in the periphery of the
city. Over a distance of 65 km, these are the only two road connections across the fjord.

These two road connections across the fjord are intensively used for local traffic inside the
municipality of Aalborg, and for regional traffic, where most traffic to and from Vendsyssel, an
area at some 3.400 km?, have to pass. At the same time, the international traffic (to Sweden
and Norway) including many HGVs, goes through the tunnel connection. This makes the two
connections a ‘bottleneck’.

The traffic flow is normally acceptable outside peak hours, but there are rising congestion
problems in peak hours, and the size of peak hour is growing. At the same time, the number
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of roads influenced by congestion is rising and congestion is not limited to the major roads
but spreads out to other roads in the city.

If only a small amount of the traffic could be moved to less congested times or roads, major
infrastructure investments could be avoided or postponed, travellers’ time comprising a
substantial socio-economic value could be saved and the negative impact on environment
and fuel consumption from cars idling in queues could be reduced.

To address these consequences of rising congestion, the City of Alborg decided to follow
three parallel approaches.

1. A proportionate amount of resources has to be spent on developing the infrastructure
on the right time and at the right location. To achieve the required overview of the
situation to make the appropriate allocation and prioritisation of resources, a
congestion monitoring system is needed. In addition, this system needs to be able to
show the variations in congestion over the day and year, and the long-term trends
from year to year.

2. The travel behaviour of road users has to be influenced to move traffic away from
peak hour and most congested roads. This has to be achieved by using historical
data from the congestion monitoring system to inform the road users on expected
travel speed on different times and routes. This Information should be given both
before and during travel.

3. The traffic flow on the roads has to be optimised based on present traffic load on the
road network. This can be achieved by letting an adaptive signal control system
manage the prioritisation in the most important intersections.

The implementation of this task 8.3 has been based on the output from task 11.8., R70.1
“Study of next generation navigation system”.

3.1 Summary Description of Task

The purpose of this task is to limit congestion problems by following the three approaches
outlined above and put into practice by:

1. Collecting information on accessibility from road users and use these data
a. for planning purposes — arguing for resources and allocating the resources to
the roads most needing resources. and
b. to influence road users’ choice of travel time and travel route, by making
expected travel times available for them via GIS congestion map and in-car
navigation units.
2. Implementing an intelligent intersection controlling system to demonstrate impact of
adaptive signal controlling on the main ring route.

1) Data on accessibility - and thereby congestion level — for all roads in the Aalborg area,
collected by navigational units in cars, have been acquired. Data is collected by a great
number of private cars equipped with navigation units. To supplement data collection, 100
navigational units were purchased and distributed to local taxis. The amount of data is
sufficient for doing analyses at road segment level, divided into seasons and time of day.

- .
CIVITAS [ AALBORG | I Enyma 7136



=P |
Cleaner and better transport in cities CiVITAS  reommsmmame

IS CO-FINANCED BY THE

AALBORG EUROPEAN UNION

la) A congestion monitoring system has been developed, based on these data. The
monitoring system is handling speed data on individual road segments for 5 minutes intervals
for each day-type. The monitoring system can be used for user specific planning analyse
purposes.

1b) Finalised analyses for the major road network on speed levels and congestion factors
insides and outsides the two peak hours and for the 4 seasons have been carried out on the
same data, and have been made accessible for road users on the Internet in the form of KML
files on Google Maps.

Every three months new speed profiles are downloaded to the car’ navigation units, thereby
helping the driver to avoid congested times or routes. These speed profiles are refined each
quarter based on driving times collected from the cars previous quarter.

2) On a part of the main ring route in Aalborg a new adaptive signal control system, a SPOT
system has been implemented. The system controls the red and green lights according to
traffic flow in adjacent intersections. The main ring route has been chosen as the
demonstration area because the reconstruction of the harbour front is causing a shift of traffic
from this area to the main ring route.

4. Congestion Monitoring and

Counteracting using Telematics in Aalborg

4.1 Description of work done

4.1.1 Planning

Data based Congestion monitoring and information

When this task was first described in the proposal to EU, no organised car-based collection
of congestion data was ongoing, and the only technical possibility seemed to be to develop
and install a dedicated data collection unit in a small number of cars. Such a setup, for
economical reasons only using data from 10 cars, was described in the technical workplan of
this measure. The possibility to use existing data from 400 taxis as a supplement was taken
into consideration.

At the time of implementation the technical possibilities had changed. Research showed that
a manufacturer of car navigation units, TomTom, had implemented data collection in their
navigation units. The TomTom units in all cars collect the information about driven speed on
all road segments together with date and time for all trips, regardless of whether the unit is
used or not — unless the user refuses during installation. When connected to a PC this
information is uploaded to TomTom. Consequently, TomTom has more than
3,000,000,000,000 speed measurements.

For the Aalborg area, this means that any congestion analyses can be carried out on even
the smallest road segment with much better precision, than if we did our own data collection.

- .
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At the same time, analyses of the existing taxi data showed that the resolution was only one
observation per three minutes. This was shown to be too infrequent to satisfy the increasing
ambitions for congestion analyses.

Consequently, it was decided to try to persuade TomTom to join some kind of cooperation,
giving the City of Aalborg access to the congestion data. After some negotiations, it was
agreed that the City of Aalborg could buy these data, on the terms that the data could not
reach the company's competitors. The city of Aalborg was the first public body outside the
Netherlands, to utilize the TomTom data for traffic planning and information.

The quality of the data is far beyond everything foreseen in the ARCHIMEDES contract, and
so are the possibilities for using the data. The expenses for this solution though, are also
higher than budgeted in the project. It was decided to buy these data and let the City of
Alborg themselves pay the extra costs that were not foreseen in the ARCHIMEDES budget.

It was also decided to buy 100 navigation units from TomTom to be installed in 100 local
taxis driving in the Aalborg area to further accelerate the data accumulation.

As a result of exchanging 10 dedicated units for 100 standard navigation units, the way the
drivers’ behaviour was influenced before and during driving had to be rethought.

Instead of giving information back into 10 dedicated units during driving, it was decided to
use the standard navigation units. With the chosen approach, it is possible to update speed
profiles in all the navigation units with more accurate driving times every time the maps are
updated. This includes the units in the 100 taxis. Each quarter they deliver new data to
TomTom, and in the same process, they receive mere precise speed profiles, based on data,
from their own cars and from all other users of TomTom units, from the previous quarter. In
this way they are improving their own route guidance each time they deliver data, and this is
the motivation for a positive cooperation from the taxi drivers.

The ‘before trip’ information is implemented via the internet, as planned on the time of
preparing the original measure description. But instead of presenting static pictures, where
different colours represented different speed levels on the roads, an interactive Google Maps
solution has been developed. On the map you can choose to see congestion level or speed
level, you can choose between the two peak hours, and between the four seasons of the
year.

Adaptive Signal Controlling System
Implementing the SPOT system is a task more or less independent from the data tasks, as
this element involves controlling behaviour by intelligently controlling traffic light.

The original task description was based on a demonstration project with an adaptive signal
controlling system on the main ring route. The main ring route was chosen as the
demonstration area because, as a consequence of the renewing of the Harbour front - of
which measure 42 ‘Provision for soft modes’ is a part - a lot of traffic shifted from the harbour
front to the ring route. So it is an objective for this sub task to test if an adaptive controlling
system can handle the increased amount of traffic, avoiding an increase in congestion level,
causing traffic queuing and increasing energy consumption.

After the demonstration road stretch had been defined, and the system specified, a contract
was signed with two suppliers — one for the system and one for electrical work in the streets.

- .
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After the contracts had been signed a project working group with participation from the
suppliers and the City of Aalborg has conducted the detailed planning and implementation.

4.1.2 Implementation

4.1.2.1 Data collection
The data on accessibility is collected by the supplier of navigation units, TomTom.

During all trips TomTom units collects data on speed level on all road segments with date
and time stamps. This data collection is active on all trips regardless of whether the device is
used for route guidance or not. When connected to a PC for map update, free update of
road network or other functions, the collected data is uploaded to TomTom — unless this
have been rejected during first setup of the device.

Due to the great number of devices, and the strategy of continuous data collection in all
situations, the uploaded data sums up to enormous amounts.

Before the City of Aalborg bought the data, TomTom did some analyses to evaluate if there
were enough data on the roads in Aalborg to do significant analyses. It was concluded that
even on a small data sample only including data for the morning peak hour in the summer
season (only defined as 6 weeks) there were enough data to do reliable congestion
analyses.

But to accelerate the data collecting even further the City of Aalborg bought 100 navigation
units that were installed in 100 local taxis running in the Aalborg area — as a replacement for
the supposed 10 dedicated data collecting units. As one taxi runs maybe 6-8 times more a
year than an ordinary car, the 100 units accumulates as much data as 600-800 private cars —
and on all roads, where a private car typically does most of the mileages on the same road
between home and work.

Figure 2 Member of the City Council Arne B Schade ( R) hands over the 100 navigation units to Aalborg
Taxa.

At TomTom, data is kept in raw data form, but anonymous, for special analysis as origin /
destination matrices or accessibility analyses. These data are used for the peak hour
analysis that the city of Aalborg is presenting on Google maps on the internet.

CiVITAS | AMLBORG | I s et 10/36
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Furthermore, the data is aggregated to higher levels for use in the navigation units. These
data are used as the foundation for the congestion monitoring system in Aalborg.

4.1.2.2 Setting up a congestion monitoring system

Based on the data from the navigation units, a congestion monitoring system was set up.
The system was designed for internal use in the Traffic & Road department, to support the
planning processes. An external consultant was hired to develop the monitoring system
based on the TomTom data and integrating both numerical analyses and GIS functionality.

Data model

The congestion monitoring system uses aggregated data, as the amount of data is so huge,
that it would not be possible to handle all data in the model locally. As the data model is
developed at TomTom primarily for use in car navigation units, a great effort is put into
simplifying the model and limiting the data size without losing any information. This is
achieved by aggregating data for each road segment for each day of the week and in 5
minutes intervals, keeping this information in a relational database.

When generating the database, all speed measurements for one road segment are divided
into the 7 days of the week and 5 minutes intervals. With the night-time free flow speed as
index 100 and each 5 minutes average as a percentages thereof, a profile for each day for
the road segment is calculated. After all profiles have been calculated, the profiles are
compared and the necessary numbers of standard profiles are created. So for each day of
the week each road segment is related to one of the standard profiles. When knowing the
values of each road segment’s 7 speed profiles and the road segments' free flow speeds and
lengths, it is possible to calculate the speed on the segments, the travel time for the
segments and the congestion level — by comparing with free flow speed - for every 5 minutes
for a given day of the week.
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Figure 3 A speed profile showing severe congestion in peak hours, but also in daytime between these
times
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The dataset in the congestion system is aggregated over 2-3 years, and is not separated on
date level. That is, it is not possible to do analyses on specific dates or seasons, but it is
possible to analyse trends by comparing changes from dataset to dataset.

First use of data indicated that there could be two types of problems.

The speed profile data model is very simple and fast to work with, and a resolution of 5
minutes is more than enough for most purposes. However, the data is collected and refined
with the purpose of being used in navigation units. Use of data compared with daily
experiences from Aalborg indicates that the data are sufficient for measuring and predicting
the traffic flow in normal situations, where breakdown of traffic does not usually occur, but we
are uncertain if the data is not biased by not taking into account data from cars when the
traffic is at a complete stop.

Secondly, working with the data shows that analysis done on raw data (KMZ files) gives a
different level of congestion than analysis done on the aggregated speed profile data. It has
not been possible to indentify the reason for this yet. Even though speed profile data are
aggregated over 2 years, and the KMZ file analysis is done on raw data from the latest year,
this should not influence the result. This implies that there could be some kind of systematic
bias in the data. It is possible that both problems are indicators of the same bias.

Analysis based on the speed profiles indicates significant lower speed in night hours and
significant higher speed in peak hours. That is, the expected travel time in night hours is
overestimated compared to real traffic flow and the expected travel time in peak hours is
underestimated compared to real traffic flow. This might be a reasonable approach for use
of data in the cars, but for analyse purposes the raw data based KMZ files gives a much
better picture of the real world traffic situation.

Functions in the congestion monitoring system

A congestion monitoring system has been developed. The purpose of the system is make it
possible to complete analyses on speed level and congestion level, to be used as input to,
and qualifying, the planning process. The analyses shall be used to map the long term
growths in congestion to secure the appropriate allocation of resources to the expansion of
road structure, and the mapping of ‘bottlenecks’ in the road structure shall be used for
allocating available resources to the roads most needing those resources.

In order to have better use of the valuable Speed Profiles from TomTom for the traffic
planners in the city of Aalborg, an Excel program integrating with ArcGIS has been made to
gain a quick overview of the measured travel speeds on specific road stretches.

A function in ArcGIS has been developed to select the segment identification numbers from
the Tele Atlas road network database for each road segment in a specific road stretch, and
to export these to the Excel program.

- .
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Figure 4 Example of road selection dialog in GIS sy  stem

In the Excel program, the list of segment IDs is imported, and two different types of Excel
charts illustrating travel speed and free flow speed are automatically created. It is possible to
create Google KMZ files showing the same information in 3D on a geographic background
locally in Google Earth or on the Internet at Google Maps.

It is also possible to create Google KMZ files showing all road segments in the entire road
network which at times are subject to traffic congestion above a defined level.
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Figure 5 Output from congestion monitoring system. Average travel speed for a stretch of 11 km on the
highway - calculated for each 5 minutes intervals.
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Figure 6 Output from congestion monitoring system. Accumulated travel time for a stretch of 11 km on

the highway. Selected day of week and time, compare  d to free flow
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Figure 7 Output from congestion monitoring system.
selected day of week and time (yellow) compared to

Google Earth file showing expected speed level for
free flow (blue) in 3D on a geographic background.

CIVITAS | AMLBORG | I s e s

15/36



rrr )
: “

Cleaner and better transport in cities CiVATAS  reowms mmame

................................. 1S CO-FINANCED BY THE

AALBORG EUROPEAN UNION

Figure 8 Output from congestion monitoring system. Google Earth file showing * bottlenecks’ (yellow)
above defined level (here 60%) on a geographic back  ground

4.1.2.3 Presentation of Congestion data to road users

With the purpose to influence road users’ choice of travel time and travel route, expected
travel times are presented to the road users via two channels:

1. before a trip via congestion maps on the Internet and
2. during trips via the speed profiles in the navigation units.

Datamodel

These analyses are done at TomTom directly on raw data from all trip segments with no
previous aggregation of data. Thus, it has been possible to complete the analyses on one
calendar year, to divide the data into seasons and to exclude data from Danish Bank
Holidays from analyses of weekdays etc. As analysis is done on raw data it has been
possible to do the analyses on user defined peak hours, and not on the predefined 5 minutes
intervals.

Data from the next calendar year will be received from TomTom by end February 2011 and
will make it possible to complete time trends analyses.
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Pre-trip information on the Internet.

As part of ARCHIMEDES measure 9 (Modernising Travel Information), the information on
expected speed and congestion level for the major road network in Aalborg is presented on
the Internet at trafikken.dk/nordjylland.

Interactive Google maps are used as the media, showing speed and congestion data from
analyses contained in kmz files.

Firstly, the city of Aalborg identified the major network, and then special analyses were done
on raw data at TomTom. That is, analyses were completed on all individual measurements
in the database without any previous aggregation.

Figure 9 Drawing, showing first definition of Major Road network.

Analyses have been completed on road segment level for the selected road network. Data
for weekdays have been sorted by year, four seasons and time of day (Morning peak hour,
day time, evening peak hour, night time, whole day). For each of these combinations
analyses have been done for speed level and for level of congestion. The 40 resulting
analyses for all road segments have been combined into 40 kmz files — with information
labels on road segment level. The result can utilised by all users of the national transport
information site trafikken.dk/nordjylland.
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When entering the site, as a default you can see the speed level for the present time of year
and time of day. Peak hour, winter and speed in the example on Figure 10. Other seasons,
day times or congestion view can be selected by moving the check marks.

(= Trafikken. dkMordjylland/Bil - Windows Internet Explorer
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Figure 10 Opening picture on traffic information si te. In the green top dialog you can choose between
seasons, times of day and speed or congestion level . This figure shows speed level
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Hastighedsfaktor 3.02

Germemsnitig hastigheder: Morgenmylder 16,94 kmft Mat 51,23 kmit Gepneinsnitlig transttider:
44,15 5 Mat 14,605

Figure 11 Road users can zoom in to see the speed p  rofile or congestion level on each road segment in
his commuter route. In this example, the label show s the congestion level as ratio between speed in

morning peak hour (16.94 km/h) and in night free fl

ow (51.23 km/h).
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When zooming closer into the map, you can see the different speed levels in the different
directions of the road in peak hours compared to free flow.

+

b

&

- Hast lghwedsfakbor 102 s

ZomnemEnitha hastighedor: Morgonmyldor S5 bt Mot S5.89 bt Sonesmenithg transittedor : Morgommaddor
100w Ml 15,501 o

'S

Hastighedsfaktor 3.02

fasnnemsnitlia hastohedar: Morgenmyldsr 16,98 ko't Mat 1,23 kgt Gennemsnicba transicbder: Morosronglder
4,15 ¢ Nal 14.60 =

- i

Figure 12 Very different congestion level towards o r from City in peak hour. Almost no effect from cit Y,
but speed reduced to 1/3 of night level towards Cit .

| kort Satellit

Termeen

Hastighedsfaktor 1.52
Gennernsnitlige hastigheder: Eftermiddagsmylder 33,63 kmt Mat 51,23 kmt Gennermsnitlige: transittider:
Efterrniddagsrylder 22,25 5 Mat 1450 5

Figure 13 In the afternoon peak hour moderate effec  t in both directions
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When choosing a different season, you can evaluate the effect of ‘time of year’

Figure 14 Congestion in the winter (top) — Less in the summer (below)
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Figure 15 Motorway Congestion in peak hour.... ..but well above speed limit in the night

Tomtom has an internet base route planner, routes.tomtom.com that uses the same data as
the navigation units. This services also benefits from the improved quality of data, due to the
greater amount of observations, thanks to the 100 extra units in taxis.

Speed profiles in the navigation units.

Another part of the task is to try making congestion information available for road users in the
cars. In the first description in the DoW, it was supposed that it would be necessary to install
10 dedicated units in test cars to archive this. As described above this approach is replaced
by installing 100 standard navigation units in taxis and furthermore to use the navigation
units already present in the private cars in the Aalborg area.

When communicating congestion level to car drivers the benefit from this approach is that
the information goes, not only to 10 test cars or 100 taxis, but to all users of TomTom
systems, that is, many thousands of potential road users over the project period.

As described above, data are collected each day by TomTom users including the 100 taxis.
Four times a year a new road network is calculated with new more precise speed profiles for
all roads. This information is downloaded to the navigation units and the unit becomes more
and more able to avoid congested roads in the route planning. The user can even plan
ahead in time and thus avoid congested time periods.

Only updating the speed profiles on the road network four times a year means that the
information is not Real Time and does not take any accidents or road construction work into
account when planning. This is handled by the standard TMC* and HQ traffic’ functions
outsides the ARCHIMEDES project. It would have been very interesting and challenging to
work with real time data in this task. Regrettably this is not possible — and using historical

! Traffic Message Channel (TMC) is a technology for delivering traffic and travel information to drivers
used by the public authorities.

2 HQ traffic is a proprietary GSM based technology used by TomTom for delivering traffic information
to drivers with TomTom subscription
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data updated 4 times a year is still better than planned in the original technical description of
this measure.

4.1.2.4 Implementation of an adaptive signal control system.

With the purpose of optimising the traffic flow on the demonstration part of the main ring
route an adaptive signal control system (SPOT system) was implemented.

A

with blue onthe ~ main ring route

POT stretch marked

e 16 The

|gr
The SPOT system replaced an existing control system based on a coordinated and fixed
time intersection signal control. In some of the intersections the phases in the traffic lights

were controlled on the basis of measurements of traffic flow from the access roads in each
intersection.

The SPOT system is adaptive in the sense that each signal is controlled more dynamically as
a part of a model that calculates a prognosis for the traffic flow at all the intersections in the
SPOT area, aiming to minimise the accumulated waiting time for road users in the system.
Where the optimisation of one intersection in the present system is only dependant on
measurements of the traffic flow going into the intersection, in the SPOT system the
optimisation also takes into account traffic going out of the other intersections in the road
network comprising the system. As one of the parameters in the optimisation are priority
requests from the bus prioritisation system for public transport, public transport can be given
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priority by giving buses a higher weighting factor, while other means of transport are still
taken into consideration.

The order for the new system comprised the development of new plans for detectors around
all intersections and installation of requested detectors:

* New fall-back signal plans and signal plans controlled by SPOT for each intersection
* New controllers and new hardware in some of the intersections.

* The central software system and a hosting contract for the central system.

* New routers in intersections and the change to a new communication network.
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Figure 17 Location of the signals and detectors on the SPOT stretch
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Figure 18 illustrating one of the signal phase plan s used as basis for the adaptive control

Measurements of driving times through the area were established via a number of control
trips carried out by students to establish before-data for evaluation.

At the time for producing this deliverable the physical implementation of the SPOT system is
completed. A Pre-test has been conducted, but revealed some minor malfunctions. The test
was cancelled and corrections initiated. So at the present, there are no experiences from
practical use to pass on. It is still the plan to carry out the formal Site Acceptance Test on
the 21°% February 2011.
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4.2 Communication

Cooperation
During the process of implementing these tasks, the city of Aalborg had good cooperation
with suppliers and other stakeholders.

In this report, we wish to stress the cooperation with TomTom and with Aalborg Taxa.

TomTom have been open for using their data for purposes other than they were created for.
They were willing to go into an open and constructive dialogue for setting up a solution that
fits the aim described in the ARCHIMEDES project.

One of the reasons that it succeeded for the City of Aalborg to establish this cooperation,
were that we were able to initiate a dialogue with persons placed high enough in the R&D
department of TomTom in the Netherlands, and that the City of Aalborg was prepared to take
part in meetings with the right people in Stockholm and in Amsterdam to get the cooperation
established and working.

In the cooperation with Aalborg Taxa, the taxi organisation, has been willing to join the
project in a positive manner. They have been prepared to see that the project would be to
mutual benefit for both parties. The management of Aalborg Taxa have been prepared to
take responsibility for motivating the drivers to join the project, for overcoming the possible
barrier of the drivers fear for having their driving habits registered/monitored, and for taking
over the daily responsibility for administrating the navigation unit including handling support
to software and hardware errors.

As previously mentioned a project group with participation from the two suppliers in the
SPOT project and the City of Aalborg have acted as working group for the detail planning
and implementation of SPOT.

Press coverage.

When signing the contract between TomTom and the City of Aalborg, when joining the
cooperation with Aalborg Taxa, and when releasing the congestion information system on
trafikken.dk/nordjylland, there was good press coverage of the project.

When signing the contract TomTom and the City of Aalborg a common press release was
issued. Likewise, a common press release with Taxa was released describing the project
and the cooperation when handing over the 100 units to Aalborg Taxa.

The first press release was shown on a great number of internet news sites in different
languages, where as the second press release was aimed at the national press.

As one example, Figure 19 shows, the press release was uploaded on,
www.telematicsnews.info.

- .
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@L— e |® Ftbpe belematicsnews. info, = V| o Al |:f5-'f-* Searih

77 Favoritter '@ City of dalborg (Denmark), .. I

| v B - e - oside - Skkerhed -

TomTorm and the city of Aalhorg (Denmark) have signed an agreement under which
TomTorm is delivering highly accurate traffic information to hetter manage traffic flows in
the city and to provide better infarmation to road users.

Through the agreement, Aalborg will leverage TomTom Custormn Travel Times, which is
“ hased on a unique, proprietary datahase of historical travel times, with road speed
measurements gathered over the past several years,

Custorn Travel Times is now being ulilized by the public sector like the city of Aalbarg. It
has heen incorparated into the city's "Archimedes project"within the CRITAS+
framework, 8 European initiative that aims to find smart traffic solutions for a hetter
erwironment.

11 To further build on the volume of data available in the TomTom solution, the city of
Aalborg has entered into an agreement with Aalborg Taxa (3 local tax company),
whiereby 100 TamTom navigation devices will be used by Taxa for collecting even more
local road congestion data.

Drata from these taxis will provide thousands of additional, local GRS measurements to
TomTom anonymoaously and generate additional traffic data TomTom will uge this
valuable information, along with itz powerful database of histarical traffic infarmation, to
calculate route directions mare precisely and Aalbarg will apphy this content far planning
purposes and toinform road Users.

The first analvsis of congestion in Aslborg will soon be availakle far review anling at the
traffic site; wann trafikken. didnardiviland.

Throudh this collaboration, the routing information delivered by TomTarm will be far
maore accurate and the city of Aalborg will be ahle to manage peak-hour traffic
| congestion better than ever hefore.

IS N Additionally, this data will become available far all TomTom users via TamTom 12
FoutesTh every time maps are updated, hence the whaole TormTam end user
carmmunity will henefit.

Evs

»

€D Internst fpow Hio0w -

Figure 19 Telematicsnews.info showing part of the p ress release on the cooperation between TomTom

and the City of Aalborg
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Also, the newspaper and internet site for the Danish engineers wrote an article on the subject
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e = —t - o
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7.7 Favoritter '-.j'-_.ji.""‘-‘JOrdbogen.c... [ cPsteri. x| | % - B) - = o= - Side- Sikkerhed ~ Funktioner » @@~ =
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S UDSKRY  EiDEL PA FACEBOOK B SEND TIL WEN G KOMMENTARER (4) INGENIS
] - - - - i T
GPS'er | taxaer hagster trafikdata i Nordjylland L
: n < « ; Baboock oo
Aalborg Kommune har indgéet aftale med navigationsselskabet TomTom om levering Planning
af data i milionvis til analyse af den lokale trafiksituation. Cgsé det lokale taxa-selskab Gentofte Wi
er med i projektet og udstyres med 100 GPS-anlzeg til montering | selskabets biler. ]’j";a"f\t‘;r‘rrnnl
. . . Dinese A0S
Af Torben B, Simonsen, fredag 25, jun 2000 k. 14:04 FEA inge
Lind & Fi
Trafikanter i Mordjylland bidrager nu selv med, at gere den daglige i
trafiksituation bedre. Aalborg Kommune har indgdet samarbejde D EEEE
med det nederlandske navigationsselskab TomTom om |evering af
data til analyse af trafikken. KURSU$
AE'EP@! Kﬂm_'”gunhe vil etablere TomToms oplysninger stammer fra de kunder, der siger ja til, at
;EeljiZTkr;:ilee' e man deres trafikoplysninger indsamles og uploades til —
karselshastighederne pa de navigationsselskahets servere, og ifelge projektleder Jens SENESTE NY
enkelte vejsegmenter. Farervil  pogensen fra kommunens Archimedes-projekt, der star bag 1355 Egy
vise, om der eventuelt er tale : 3 . J < : . = 4
e clear prujegtet, er der r|ge||gt med data til at give et meget praacist hillede 1340 Nu ig
Kiige: Aatborg Kommune (Fotg: af trafikmenstret | kommunen. militz
Aalborg Kommune) 1156 W&l
Ud over data fra de lokale trafikanter har kormmunen ogsa indodet gigay
OPSAMLING AF en aftale med Aalborg Taxa, der udstyres med 100 TomTom GPS- 1143 Ajrb
KOREDATA anlzg, der ogss vil bidrage med infarmationer til TomToms brant
TomTom hari alt SEMVEre. T3 Sew
Al
registreret over 1300 . . 5
o - »53a vidt jeq ved, er vi de ferste i Danmark og formentlig ogsa de 026 Myt ¢
milliarder keretider, og o : i
- ferste uden for Holland, der bruger trafikinformation fra et o
MELE gnd ]y ) navigationsselskah pa denne made, « siger Jens Mogensen til 1021 Se L
keretajer opsamler dagligt Ing.dk. 0946 Goo
flere milliarder mye wares
keretider. TomTorm er i stand til at levere trafikdata pa intervaller af fem 0211 Jt-kob
minutter pa det, TamTom kalder et wejsegment, der kan svinge lidt, birsd
NAF en TomTom kunde men som oftest daskker over en vejstraekning pa mellern 20 og 30 0203 To fre
tiirmelder sig met.e.r. Aalburg I«{Dmmunenharnindkﬁbt d?ta, sé.de har Skac
trafikmeldesystemet, vil trafn_<|nfurma-t|unerfra to ?r, 53 de kan fa praecise dat.a far
: hastighed bade fordelt pd degnet, ugens dage og skiftende
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Figure 20 Article at site for Danish engineers. Hea  dline: ‘GPS in taxis to collect traffic data in Nor  th
Jutland’

Apart from making publicity for the CIVITAS — ARCHIMEDES Project, and the TomTom —
City of Aalborg cooperation, the different articles helped to promote the traffic information site
created as part of measure 9 and the subpage created in this task.
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Taxaer skal
undersgge
vejnettet

FORSINKELSER: Aalborg Kommune
vil hj=elpe bilister gennem myldretiden

Af Henfik
honik snggEancgmn o yske di

AMBORG: 100 chauffiarer hos
Aalborg Taxa skal nu hjmlpe
alle andre hilister med at
spare benzin og tid, Uden at
tazachauffererne selv bru
wer en eneste time pi projek-
1et,

Det sher ved hjalp af 100
helt mye gps-enheder, som i
disse dage bliver installerer i
hyrevogne hos Aalborg Ta-
za.  Gpserne  indsamlar
automatisk data om, hvor
nems det er ar komme frem
pé vejene, o oplysningerne
bliver | lober af 4 uger of.
fentligt wlgeengelige pé in-
ternetiet.

Trafikanterne vil dermed
kunne hente  information
om, hvor og hvorndis myldre-
tiden ervierst, Dermed vil de
kunne valpe st kese en an-
den vej eller miiske kore
hjemmelra 15 minurer wid
ligere eller senere,

Gpa-enhederne er stillet o
ridighed af Aslborg Kom-
mune, som har 1o grunde il
gerne atville have indsamler
data om fremkommelizhed

pi vejens:

- Miegel &t spare

- Dels trorvi, at der er me-
gt tid og benzin at spare,
s folk karer ad andre ru.
ter og pd andre tidspunkter
end dir, lvor myldregiden s
vaest, Oy dels kan vi bruge
oplysningerne | vores egen
planiegning af, hvor pd vej-
nettet vi skal brugs resiour
ceme, konstaterer Jens Mao-
gensen, der beder Aalborg
Komemunes arbepde med a1
finde miljarigtige lesninger
B transportomeddes som
dielaf EU-projekter Archime-
des

I stedet for selv at leve et
nyt system til indsamling af
dara har kommunen valpr az
kabe oplysningerne hos gps-
producenten TomTom og at
indgd samarbejde med Aal-
bogg Tawa om indsamlingen.

Mir den enkeite chauffer
har sagt ok 1], at gps-enbe

den md indsamle daa 6l
TomTom, sker overfarsien
autematisk til producentens
enorme database, hver gang
chaufforen cksempelvis op-
dateres vefkorier. PA den
made er Aalborg Taxa med
dl &t gge TomToms viden
om, hvordan mafikken Fly-
der, op frmaet kan siledes
BeTe sine rute- of tidsanvis-
TILGEr aure praise.
TomTom leverer derefter
en raekke cenmmale oplysnin-
ger il Aalborg Kommune,
som legger dem ud pd inter-
neradressen wany. mafikken.

dksnordjylland,

Gennemsnitshastigheder

« Pl er kort vil man kunne
se, hvordan trafikken rypisk
ghider pi hverdage, med an-
aivelse af gennemsnizsha-
stigheder, Man kan klikke pd
de enkelie vepe og 3 oplys-
minger om, hvordan det ser
uod i fire ddsintervaller: Om
margenen i myldretiden, om
eftermiddagen | myldreti-
den, i dagtimerne uden for
mybdretiden og | aften-/mai-
tetimerne,  fortzller  Jens
Muogensen,

Seatisrlkken  Bliver ogsd
opdelt pd de fire drstider, sé
man ehsempelvis kan s,
hvordan en given stiskning
plejer at hindtere mafikken
om vineren.

Senere vil gystemet kunne
udbygges, i trafikanerns
kan finde data om hver en-
kelr wgedsg, o muoligvis
med en oversigt hele ned
Ferm-minutters intervaller,

Crersigren gzlder de seore
vege i den centrale del af Aal-
borg, Detvil i grove treek gige
fia motorveien  omkring
Svensirup o noodpd sl Aal-
borg Lufthewm, samt fre Aal-
borg Universites tll vesthyen

Jens  Mogensen  1egnes
med, at statistikken er klar
pd Internertet senesr om en
miineds tid

- Wi har lige er enkelt pro-
blem. Det handler om at f
adskilt m korselsretninger,

ophyser han,

The regional newspaper had more articles on the
project. Among others the one shown in Figure
21 with the headline: ‘Taxis to investigate the
road network’ and the sub heading: ‘Delayes:
The city of Aalborg wants to help roads users
through peak hour.’

Figure 21 Article in the regional newspaper,
Nordjyske: Taxis to investigate the road
network’
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In the internet version of the regional newspaper, the focus in the article was also on the
cooperation with Taxa - for some reason they chose to tilt the picture:

5 » | N hitofInordiyske.dirti Vl"-'? X| | & Uve search | £ -

Xx %Konverter - @Mark&r

5r Favoritter .ééi':.‘."-_.Ordb... (Nt x = fi - B - 0 @= - side - Sikkerhed -

>

HFurc CrimveEr FLLTLaT [} 1] LITgILdic WNdVITE LN R DT SRE [ m= T4 | mwen-r S e

100 taxaer skal

undersgge vejnettet

n 3 A s 8 e i 8
Arne Schade (3] fra kommunens teknik- og miljgudvalg overrakte forleden de 100 gps-enheder til Aalb
Taxas n=stformmand, Henrik knudsen (tw),

24, juni 2010 17:02 aft Henrik Kongsgs:
FORSIMNKELSER: Aalborg Kommune vil hjalpe bilister
gennem myldretiden

ALLBORG: 100 chauffagrer hos Aalborg Taxa skal nu hjzlpe
alle andre bilister med at spare benzin og tid, Uden at
taxachauffarerne sely bruger en eneste time pd projektet,

AVISANNONCE

Det sker ved hjzlp af 100 helt nye gps-enheder, som i disse
dage hliver installeret i hyrevogne hos Aalborg Taga, Gps?
erne indsamler automatisk data om, hvor nemt det er at HILSMASKINVAERKSTED
komme frem p3 vejene, og oplysningerne bliver i Igbet af f3 AL LEREENDE SETELSE
uger offentligt tilgengelige pa internettet,

Trafikanterne vil dermed kunne hente information om, hvor
og hvorndr myldretiden er vaerst. Dermed vil de kunne vzlge
at kere en anden vej eller miske kare hiemmefra 15 minutter
4 |

o Ukendt zone (blandst) ig v | Hioow -

Figure 22 Regional newspaper - net site : ‘100 taxi s to investigate the road network’
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The national radio did some news spots on the project. Figure 23 shows the stations internet
site.

/= Taxa pa job for. kommunen - dr. dk/RegionerfMordjyllandMyheder/Mordjylland - ... |Z|E|g|

e,

@L- S Iﬁ FEEE S g e dbe P eione V|-“f LA |:’- Search |,p ka
77 Favoritter SS|'3§Ordh.mT X I ! Fp v B L0 mm o+ Side~ Sikkerhed - »
e
l:lﬂ Forside ]
L [ [ = | ) .
Nyheder Sport Regioner Kultur Sundhed o Ty 4 Radio
P4 Nordjylland
0 Forsiden .
o Profetkupon 2010 Aalt
frem - |
o Myhedear i
- oTo
Genhsr nyheder R
0 43a’ Margen
Mordivlland
& FredagFredag
o Barista
S Skrevet af: Sara Marie Shhdm Reikissr
o Trafik
R Taxa pa job for kommunen el
24, Jun, 2010 11.18 MNordjylland
& Bllladseriar . ) y
= &alborg taxa skal hijzelpe &alborg kommune med at tiekke “
& Fotoreportage 3 o 3 -
3 fremkormmeligheden pa vejens.
& Jura om billeder g&
YT e R P Taxasrne har faet 100 navigationsanlag, som de skal kare
rundt rmed, De samler datamateriale, som skal vare med il at
2 O DR Heordiylland kortlagoge, hvor bilister braender meget benzin af ved at
© Kontakt holde i ka.
SR Formalet er at give kommunens planlzggere en mere pracis
idé om, hvor trengslen er starst for at kunne prioritere
ressourcerne til vejudbygning bedst.
- Det er spendende, at salborg Kommune pa denne made
viser nye veje, ved at kebe informationer fra et privat firma,
frem for at investere mange penge | sely at etablere et
system, udtaler &rne B, Schade, medlem af Teknik- og
Miljgudwalget.
Initiativet gennemfgres som en del af EU projektet,
ARCHIMEDES.
2:
< | 3
& " websteder, du har tilld ki iy v Hioow -
Figure 23 National radio site. ‘Taxis working fort ~ he municipality’
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The congestion monitoring project was presented at a conference for ITS experts in Finland,
and a paper has been submitted to the ITS Europe conference in 2011.

Before starting to implement the SPOT system an advertisement was put in the newspaper
to brief the public on the project and to prepare them on the possible inconveniences the
implementation work could cause them.

The project was presented in two articles in the regional newspaper. The articles focused on
the effect the system would have on easing the rising problem with fast accessibility for cars
on the new harbour front.
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Figure 24 Two articles on the SPOT system. ‘Help co

ming up to queue-affected’ and ‘A few streets makes

a big difference’
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During the implementation period signs were erected informing road users, that the SPOT
system was being tested :

Figure 25 'New signal controlling system is being t ested'

4.3 Problems ldentified

One of the main challenges in this task has been the rapidly changing technology which
made the detailed project description obsolete even before the project was really initiated.
New possibilities arose and solutions that were supposed to be necessary at design time
showed up to be out of date before implementation. Therefore, it was necessary to develop
new ways to reach the objectives from the DoW. By being willing to find new alternative
solutions, and to use new technological possibilities, this proved to be possible.

Use of data implies that analysis on raw data shows different levels of congestion than
analysis done on aggregated data. It has not been possible to indentify the reason for this.
Even though aggregated data is collected over 3 years, and the raw data in the analyses is
from the latest year, this should not influence the result. This implies that there could be
some kind of systematic bias in the data.

4.4 Future Plans

The congestion monitoring system is based on data from 2009. At the end of February, data
from 2010 will be added, and analyses of time trends will be carried out.
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New 2010 analyses will replace the 2009 analyses on the traffic information website.

If new 2010 data show changes in the traffic situation, this information will be used as part of
the basis for planning and resource allocation and road users will be informed by news
releases, to give them the opportunities to change their traffic habits to suit these new
conditions.

A paper has been accepted at the 2011 ITS Europe Conference and the project will be
presented there.

In the coming year road users will be presented with more precise travel times each time
they download map updates from TomTom. As a part of the evaluation, taxi drivers involved
in the study will be interviewed to see, if they have changed choice of route on the basis of
this information.

The SPOT system is implemented now, and by the 21% February 2011 a Site Acceptance
Test will be carried out. After that a period will follow where the system is optimised, by fine
tuning the settings. After-measurements of driving times will be collected to evaluate the
effect of the adaptive system.

The measures will be evaluated in accordance with the measure evaluation plan within
ARCHIMEDES.
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