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ABSTRACT

Sustainable development is one of the major challenges of the 21st century. Faced with the
growing demand for both passenger and goods mobility, present-day societies have to develop
concrete solutions to control the social, economic and environmental impacts of this
increasing demand.

One solution lies in the dynamic real-time management of transportation flows typically
generated in large urban built-up areas. It relies on the great technological progress achieved
over the past decade in the collection and real-time transmission of information. As a result, it
is now possible to have very precise data on trips made in a given territory over a space-time
continuum. This allows the implementation of effective management measures to reduce for
example the adverse effects of congestion (pollution, road safety problems, and considerable
social impact) in a defined area.

One such measure consists in installing dynamic information signs at the entries of built-up
areas to inform road users of congestion risks and available alternatives. These signs also
enhance the safety of road users by displaying information on problem areas, and possibly on
the type of incident they may meet, in real time.

This paper first reviews a few technological tools presently available to transmit data on
traffic conditions. Secondly, a methodology of dynamic mobility and safety management, as
implemented for the city of Brussels in Belgium, is presented. This methodology makes use
of variable message signs installed along the major radial roads converging to the town centre.
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1. CONTEXT

Like most large cities in Europe, Brussels has seen a considerable increase in its car traffic for
many years. The many ensuing problems, especially pollution and hampered traffic, have
forced authorities to implement various traffic management tools to improve the handling of
the large daily transportation flows. For example, a few years ago the Brussels Capital Region
opened a Traffic Control Centre to inform people travelling in or to Brussels on incidents so
as to ensure better flow of traffic.

In 2008, The Brussels Capital Region decided to pursue its efforts for mobility by making
larger investments in new technologies. More precisely, it decided to extend, in the short and
medium term, its asset of variable message signs (VMS) with a view to improving the
management of mobility and road safety on its territory. Through its traffic management
centre “Mobiris”, these signs must avoid to inform road users in real time on present traffic
conditions and on potential hazards.

The Brussels Capital Region entrusted the study to EGIS-Mobilité, a French consultancy firm
specialized in the engineering and design of road and tolling equipment and intelligent
transport systems. To bring the analysis to a successful conclusion, a subcontract was entered
into with the Belgian Road Research Centre (BRRC), which has expertise and know-how in
this field — in Belgium and more specifically in Brussels. The study started in January 2008
and is still in progress.

2. THE VARIOUS EXISTING TYPES OF VARIABLE MESSAGE SIGN
(VMS)

There is a wide range of variable message signs available in the market. However, each type
has its own features which must be considered for the best final fit to the objective that has
been set. The main types of sign capable of meeting the objective of dynamic display of road
messages are:

2.1. Pivotable flap signs

These signs consist of dot matrices. Each dot is formed by a flap which is black on side and
amber on the other. An electromagnet system makes it possible to tip over each flap member
separately, in order to make it visible or not. At night, the signs are lit on the front side by
electroluminescent tubes. These signs are mostly used for urban information and for
passenger information in stations and airports.
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The technology is now in very wide use. However, on motorways and expressways it is not
commonly used as the brightness of the signs cannot be adapted to traffic conditions. On the
other hand, it may be considered for use in urban areas to display certain road events.

2.2.  Optical fibre signs

These signs consist of a light source at the back, with the light being transferred to the front
by an optical fibre. To interrupt the light display of information, a blinder acts on the optical
fibre. Since the light sources are permanently powered, these signs consume much energy, all
the more as all the dots of the sign, including those which are blinded, are permanently lit.
Both text and pictograms can be displayed, but the type of display must be defined in
advance. This type of sign is suitable for use in road/motorway/urban environments and is
capable of displaying any type of information message, even in colour. In comparison with
other existing systems optical fibre signs are expensive in maintenance and, therefore, in
operation.

2.3. LEDsigns

A light-emitting diode (LED) is an electronic component which emits monochromatic light
when an electric current passes through it. A colour can be chosen. The various diodes can be
assembled in such a way that each forms a pixel of a matrix on which any message can be
displayed. LED has developed into the most frequently used technology in the market of
variable message signs, mainly on account of its long life (100,000 hours) and its low energy
consumption. Two disadvantages of LED signs should, however, be mentioned: poor
legibility when illuminated by a strong external source (sunlight) and the need to have a fixed
matrix. The full-colour system exists and makes it possible to display the traffic load diagram
of the road network. This type of sign is the most suitable for use in road/motorway/urban
environments.

2.4.  Liquid crystal display (LCD) signs

This technology is currently in full development. Light is transmitted through liquid crystals.
As the signs do not emit light themselves, they need a light source in the form of captured
ambient light and/or internal illumination. These signs are increasingly used in the transport
branch for their flexibility in displaying all types of information: text, graphs, images, and
video. They are generally used indoors, but also outdoors with a watertight caisson.
However, they are very rarely found in road/motorway/urban environments, mainly because
of their limited brightness contrast. Their cost is not negligible and increases sharply with
size.
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2.5. Plasma screens

Brightness is obtained from a gas excited by an electric feed. The generated ultraviolet light
radiation is converted to visible light, which may be multicoloured. These systems consume
much more energy than LCDs and have a shorter life. On the other hand, plasma technology
makes it possibly to produce large screens and keep them very flat, while retaining very good
values for contrast. Like LCD signs, they can be used outdoors with a watertight caisson and
their cost depends strongly on their size. They are increasingly employed in the transport
branch for their great flexibility in use.

2.6. Full-matrix diode screens

A full-matrix system is achieved with a matrix in which all pixels can assume all the colours
used by the sign. With these systems it is possible to display virtually all pictograms defined
in traffic signing, with all the specific colours. Unlike for most other signs (except plasma
and LCD), the number of possible displays does not depend on the physical construction of
the sign. The pictogram displays are coded in the memory of the sign and can be easily
changed or complemented by the manufacturer.

3. METHODOLOGY

The complete methodology used in the study of traffic dynamic management for Brussels is
presentend in detail. The main steps are:

Collecting informations — e.qg. traffic jams, demonstrations, accident-prone zones — on the area
considered for the study.

Analysis of the existing equipment for dynamic management permitting to know which zones
are already managed by this type of technology.

Suggestion of area to be treated (“locators”), using the aggregate data collected.

Definition of the location of the different boards, on the basis of the various scenarios
considered..

4, DIAGNOSIS

This stage is crucial in attaining the expected objects of dynamic management. The finer and
completer the analysis, the more precise the solution is and the better it meet the problems on
hand.
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4.1. The study area

Dynamic management must be effective in the entire study area, the territory of the Brussels
Capital Region in this case. This region consists of nineteen municipalities extending over a
surface area of 162 kmz2, with a total population of 1,018,029 (on 1st January 2006). The
territory has been divided into six “police zones”.
The total length of the road network is 1,881 km, broken down as follows:

- motorways: 11 km;

- regional roads: 320 km;

- municipal roads: 1,550 km.

The Brussels Region, which ordered the study, manages the motorways and the regional
roads, i.e., 331 km of roads ranked into motorways, metropolitan roads, and main roads. The
municipal roads are part of a(n) “(inter)district” network managed by the nineteen brussels
municipalities.

4.2.  Existing equipment for dynamic management

A fine analysis has to be made in the field to inventory all VMS installed in the study area. In
the territory of the Brussels Capital Region, fifty-one VMS were recorded, exclusively in the
tunnels of the Capital. They are all Pivotable flap signs. They will have to be considered
further in the study, during the definition of new VMS.

Concurrently with the VMS, the detection systems must also be inventoried as well: detection
loops and cameras. They provide the input data on traffic conditions, for display on the VMS.
These detection components are as important as the signs themselves. To date the Brussels
Capital Region does not have a complete network of such systems. The installation of new
VMS will, therefore, have to be coupled with the presence or the installation of detection
loops and/or cameras.

4.3. Events on the network

The main step in the diagnosis is to determine the “sensitive” links and junctions which may
require the presence of information on their approaches. A census has therefore to be, taken of
the events/incidents occurring on the network. For Brussel, those included:
- damage-only and personal injury accidents;
- traffic problems (congestion);
- social demonstrations (frequent in a European capital like Brussels), but also sporting
events (20 kms of Brussels, car-free Sundays, etc.);
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- hazardous spots. A specific study was conducted in 2004, in which both statistical and
subjective data was considered. Some sixty spots in total were identified as
“hazardous”.

The databases in which the various events/incidents are stored, were dissimilar, which raises
several problems:

- no geographic reference for some data;

- lack of detail in data, for example the seriousness of accidents;

- data recording too much shifted in time;

- lack of certain data due to the absence of detection equipment;

To refine the set of data collected, meetings were arranged with the representatives of the six
police zones and the mobility managers of the nineteen municipalities. Their experience and
field knowledge have made it possible to finally identify the “sensitive” zones to be equipped
with VMS. These zones are referred to as “locators” and are forty-five in number. They have
been distinguished into “junctions” (13) and “links” (32), considering the fact that whereas a
problem occurring on a link will have an obvious linear effect on that link and on the
upstream links, a problem arising at a junction will affect all roads leading to the junction.

5. SCENARIOS

The determination of interventions scenarios is of primary importance to give the best answer
to the problems occuring on the road network. In the case of the Brussel study, a specific
methodology were proposed.

5.1. The logic of rings

The “mobility” problems in the Brussels Capital Region are strongly dominated by the
“pentagon” (the city center), both for access (to the heart of Brussels) and for avoiding the
city core demarcated by it (inner ring road). This pentagon is also a geographic reference well
known and recognized by people who are used to travel in the Brussels Capital Region. At the
same time, the entire Brussels Capital Region is surrounded by a Ring motorway (RO).
Between these two rings of different sizes, the road network of the centre of Brussels exhibits
two more rings (not structural). The whole of these four rings forms the geometric structure of
the study area. They are intersected by major radial roads which converge to the pentagon.
Most of the locators that were selected before are concentrated on these various major roads.
Starting from this logic of rings, it has been possible to suggest a gradation of scenarios with
four different levels:
- alevel O, for action at the link level,
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- alevel 1: as level 0, but including the upstream ring;
- alevel 2: as level 1, but including the upstream ring;
- alevel 3: as level 2, but including the upstream ring, i.e., the RO.

5.2.  The logic of scenarios

All scenarios developed in the study are assemblies of the following components:

- an “information” component, which consists in systematically informing the road user
of any incident occurring on/at one of the suggested locators. Experience has shown
that this kind of communication is important for road users to adapt their behaviour
(anticipation) and to better accept congestions and other traffic disruptions caused by
the reported incidents;

- a “rerouting” component suggesting a local and temporary deviation to road users.
This component is never systematic, as the very dense urban fabric of the Brussels
Capital Region acts as an incentive to keep the traffic on the main radial roads;

- a “special” component to complement the standard treatment by specific equipment
or actions (e.g. lane control signals in tunnels).

For each scenario level and each type of locator, the components are detailed according to a
predefined scheme developed with the various members of the steering committee
participating in the study. For exemple, in the case of a scenario of level 1 on a speedway, the
predefined diagram imposes the diffusion of information in the concerned area and on the
section before this area («information components»). Moreover, the closing of one way is
imposed («special components»). On the other hand,, no rerouting is proposed («rerouting
components»).

5.3. Determination of scenarios

A table has been developed for the determination of scenarios according to the set of incidents
to be managed. With this table it is possible to determine the scenario level to be
implemented, depending on the type of locator and the incidents concerned.
Four types of incident are considered:
- traffic disruption: any incident affecting traffic and not falling into the other
categories;
- fire: any incident producing a fire or smoke emission;
- minimum operating conditions (MOC)/works: work sites or the implementation of
measures to keep a locator operative;
- accident: an incident involving vehicles among themselves or against a third party.
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For example, scenario 2 applies in the case of a demonstration on a metropolitan road. As
shown in figure 2. Concretely, considerating the detailed diagram in previous point, we
observe that information must be provided not only on the link affected by the demonstration
but also on the upstream link, and a diversion may be open on the fictitious upstream ring for
traffic to use an alternative radial road.

0. PROPOSALS FOR VMS LOCATIONS

When the different to be treated areas are selected, and the different answer scenarios are
considered, the boards location permitting to manage the incidents occuring on the road
network may be proposed.

6.1.  Analysis of each locator and choice of VMS locations

For each of the forty-five locators identified in the Brussels diagnosis, a systematic analysis of
scenarios to deal with all possible types of incident was made. A location and a type of
display on the VMS were suggested each time, to meet the scenarios to be implemented.
Diversion routes were suggested as well.

After the analysis had been completed for the forty-five locators, an overview map was
prepared with all the VMS required. The map shows a total of 174 signs with thirty-five of
them situated in the Flemish Region, i.e., outside the study area. It should be observed that, to
maintain complementarity between the regions, the Flemish Region has taken notice of the
locations suggested for these signs, in order to be able to incorporate them in future planning
and development projects.

With a view to defining the messages for display on the signs, “reference” junctions were
selected. They should enable each road user to find his bearings easily during his journey.
They will also indicate the diversion routes which may be suggested.

6.2.  Types of graphical sign

Among all board types we can find marketing the business (see over), the type of VMS that
has been choosen is mainly full-matrix diode screens for three main reason: the unlimited
ways of representing it graphically and so the possibility to realise quick modifications during
the using, the lowest dependence on surrounding light, and his cost, lower than the plasma
screen and LCD for big boards.

- Specific dimensions have been proposed to each model:

- three segments: 1.20 m x 2 m;

- two segments: 1.20 m x 1.60 m;

- onesegment: 1.20 m x 1.20 m;
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- pentagon: 1.60 m x 1.60 m.

The committees monitoring the study have reached a consensus on the choice of type, shape,
size and colour for the pictograms. The orientation of the specific sign for the pentagon was a
much debated issue. There was, indeed, controversy on whether the pentagon should be
oriented N-S or variably, depending on the location. The second option prevailed in the end,
among other things because all current GPS systems perform this cartographic reorientation
by always displaying the map in the direction of travel. Finally, each “reference” junction is
displayed, to enable road users to easily assess where they are.

6.3.  Operation of the various signs

Red colour is used in all cases (except motorways and rerouting). The colour represents the
traffic flow conditions on the link concerned: red for very dense or stopped traffic, amber for
dense traffic, and green for free-flow traffic. The information on flow conditions is renewed
automatically (manual override possible) with data from detection loops, which keeps the sign
credible to road users.

In addition to traffic flow management by colour code, the safety aspect must be addressed.
Incident pictures are added for that purpose under certain conditions on the link concerned.
One possible use of the VMS would be modal shift to public transport. If the operator has
real-time information on available places in a nearby car park, he can always add this
information to encourage motorists to park their vehicle and use public transport when road
traffic is severely congested.

Finally, at the request of the police the signs could display a deviation route as provided for in
the various scenarios, while mentioning the travel time if possible.

7. SELECTION AND INSTALLATION OF THE VMS

When all the board are selected on the study area, an intervention priority must be made
considering among other things the size of the incidents, the development projects planned in
the study area, the available detection components, ... Among the 139 VMS determined
throughout the study area, a selection of seventy-five VMS has been realised.

8. CONCLUSION

The implementation of dynamic mobility management over a wide area in a territory requires
a very specific study to acquire perfect knowledge of the mobility problems and of their
causes as well as their consequences.
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Only after this stage can proposals for solutions be considered. Many dynamic technologies
are currently available to respond adequately to the problems encountered. However, they
generally rely on real-time information sources which are sometimes scarce or unavailable on
site. A comprehensive approach must, therefore, be taken.

Finally, in this type of study consultation between specialists of management systems on the
one hand and field people on the other is of primary importance. It is inconceivable to develop
such a management system without consulting with the police zones, the municipalities and
the mobility managers involved, who can steer the analyses to meet the specific requirements
of the study area considered.
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