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Abstract. Nowadays detailed and reliable information about current
and future traffic states is a crucial requirement not only for each modern
traffic control centre, but also for driver accessible traffic information
applications. In this work the novel traffic information system OLSIM
is presented that is based on three components. The first is a highly
realistic traffic flow model with which all vehicles in a large scale network
are simulated. The second component consists of efficient data processing
and forecast algorithms that form heuristics from a large database that is
fed every minute by traffic data of 4,000 inductive loop detectors across
the road network. The third is a graphical user interface which can be
accessed at www.autobahn.nrw.de. More than 200,000 users each day
indicate the importance of such a system.

1 Introduction

The vehicular traffic has risen in a dramatic manner, particularly in densely
populated regions. Whereas at first the autobahns could handle the traffic de-
mand easily, nowadays, the existing autobahn network has reached its capacity
limit. This is in particular true for the German state of North Rhine-Westphalia
with its large urban areas in the Rhine-Ruhr region (Dortmund, Essen, Duis-
burg, Diisseldorf) and around Cologne. The daily occurring traffic jams cause
significant economic and ecological damage, and an enlargemant of the exist-
ing network is usually not possible. The prognosis for the future paints an even
worse picture as the demand will increase further. New information systems and
traffic management concepts are thus truly needed. Therefore, we established
the advanced traffic information system OLSIM (OnLine Traffic SIMulation)
which gives the internet user the opportunity to get information about the cur-
rent traffic state, a 30, and a 60 minute prognosis of the autobahn traffic in
North Rhine-Westphalia. Our approach to generate the traffic state in the whole
autobahn network is to use locally measured traffic data, as the input into an
advanced cellular automaton traffic simulator. These measured data, which are
delivered minute by minute, are mainly provided by about 4,000 loop detectors
and include especially the number of vehicles and trucks passed, the average
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speed of the passenger cars and trucks, and the occupancy, i.e., the sum of the
times a vehicle covers the loop detector. The simulator does not only deliver
information about the traffic states in regions not covered by measurement, but
also gives reasonable estimates for other valuable quantities like travel times for
routes, a quantity that is not directly accessible from the measurements of the
detectors. As a further improvement we combine the current traffic data and
heuristics of aggregated and classified traffic data to forecast the future traf-
fic state. In the first step we gave a short-term forecast for 30 minutes, which
was extended in the next step by a 60 minute prognosis. This information is
completed by the temporal and spatial road work and road closures. All these
valuable traffic information is integrated in a Java applet that can be accessed
by every internet user at www.autobahn.nrw.de.

2 Outline of the Traffic Information System OLSIM

The intention in developing the traffic information system OLSIM is to offer the
opportunity to inform the road user fast and efficient about the current and the
predictive traffic state. Therefore, the information mentioned above has to be
collected and prepared in a manner that is useful for the user. The general setup
of the traffic information system OLSIM is depicted in Fig. Il

First of all the different kinds of data have to be collected. Especially, the
traffic data are stored in a database. These are sent from 4,000 loop detectors
to the central OLSIM server every minute. The same holds for the data of the
control states of about 1,800 variable message signs (VMS) that are located
across the network. Furthermore, the data of road works are sent from the traffic
centrals to OLSIM. The messages of short term construction areas are sent daily,
those of permanent construction areas every two weeks. The data include the
location and the duration of the construction area and an estimate whether the
construction area will cause a congestion or not.

Another data source are the so called RDS/TMC-messages. These messages
are information provided by the traffic warning service and include all kind of
warnings concerning the current traffic like traffic jams, accidents, road closures,
and reroutings. These data are sent to the OLSIM server immediately when they
are generated.

To generate a valid picture of the traffic state many kinds of data fusion
techniques are needed. First, the actual traffic data are integrated into the mi-
croscopic traffic simulator. Using it, every vehicle that is measured at any time
at one of the 4,000 loop detectors is directly fed into the simulation and virtually
moves on. In this way the point information of the loop detectors is merged into
a network wide traffic state. Such simulations are running for the current traffic
state, for the 30 minute, and for the 60 minute forecast. In contrast to the online
simulation, the forecasts are based on a combination of the actual traffic data
and heuristics that are frequently generated and stored in a second database.

These heuristic traffic patterns are aggregated data which are classified in
different days (work days, holidays, etc.) and secondary data like road construc-
tions, variable message signs, and special events.
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The second level of data fusion is done in the java applet at the website
www.autobahn.nrw.de. Traffic state, construction areas, and road closures are
integrated in one graphical user interface. Here each section is colored according
to its calculated traffic state. Moreover, the construction areas and the road
closures are marked in the map at their location. Their temporal parameters are
shown in the status bar. The user can easily choose between the current traffic
situation, the 30, and the 60 minute prognosis.

The microscopic traffic simulation, on which the core of the information sys-
tem is based, is focused on in the next section.
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Fig. 1. The architecture of the traffic information system OLSIM

3 Simulation Model

The kernel of the online simulation is an advanced and highly realistic traffic
simulation model. Because the data is fed into the simulator and processed by it
every minute it has to be at least real-time. Due to their design cellular automata
models are very efficient in large-scale network simulations [T]. The first cellular
automaton model for traffic flow, that was able to reproduce some characteristics
of real traffic, like jam formation, was suggested by Nagel and Schreckenberg in
1992 [2]. Their model has been continuously refined in the last 10 years. The
model we implemented in our simulator uses smaller cells in comparison with
the original Nagel-Schreckenberg model, a slow-to-start rule, anticipation, and
brake lights. With these extensions the cellular automaton traffic model is able
to reproduce all empirically observed traffic states. Further, we use two classes
of different vehicles, passenger cars and trucks, where the trucks have a lower
maximum velocity and different lane changing rules.
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Smaller cells allow a more realistic acceleration and more speed bins. Cur-
rently an elementary cell size of 1.5m is used, in contrast to the 7.5m in the
original Nagel-Schreckenberg model. This corresponds to speed bins of 5.4km /h
and an acceleration of 1.5m/s? (0 — 100 km/h in 19 s) which is of the same order
as the “comfortable” acceleration of about 1m/s?. A vehicle occupies 2 — 5 con-
secutive cells. By using velocity dependent randomization [3], realized through
the introduction of “slow-to-start rules”, meta stable traffic flows can be repro-
duced in the simulation, a phenomenon observed in empirical studies of real
traffic data [4]. The inclusion of anticipation and brake lights [5] in the modeling
leads to a more realistic driving, i.e., the cars no longer determine their velocity
solely in dependency of the distance to the next car in front, but also take regard
to its speed and whether it is reducing its speed or not.

There is only one global parameter in the Nagel-Schreckenberg model, the
probability constant (or dawdling parameter) p, and every vehicle, say vehicle n,
is completely determined by two parameters: its position z,(¢) and its velocity
un(t) € {0,1,..., Umaz} at time ¢. When the vehicle n decides in the time-step
t — t+ 1 how fast it should drive, it does this by considering the distance
dpn.m(t), i.e., the number of empty cells, to the next vehicle m in front. The
modifications mentioned above of the Nagel-Schreckenberg model imply that we
have to add few new parameters to the model. When the simulation algorithm
decides whether a vehicle n should brake or not, it does not only consider the
distance to the next vehicle m in front, but estimates how far the vehicle m
will move during this time-step (anticipation). Note, that the moves are done in
parallel, so the model remains free of collision. This leads to the effective gap

Um,

d5t, (1) = dpn (1) + max(v™ (8) — ds, 0)
seen by vehicle n at time t. In this formula dg is a safety distance and

V(1) i= min(dyp 1 (1), v (1)) — 1,
is a lower bound of how far the vehicle m will move during this time-step. dy, i (%)
is the number of free cells between car m and car [ in front of it. Brake lights
are further components of the anticipated driving. They allow drivers to react
to disturbances in front of them earlier by adjusting their speed. The variable
b, (t) = on if car n has its brake lights on and b,,(¢) = off if they are off.

Several empirical observations suggest that drivers react in a temporal- rather
than a spatial-horizon [7I8]. For this reason the velocity-dependent temporal
interaction horizon

9 (t) := min(v,(t), h)

is introduced to the model. The constant h determines the temporal range of
interaction with the brake light b,,(¢) of the car m ahead. Car n does only react
to by, (t) if the time to reach the back of car m, assuming constant velocity
(vn, = const.) and car m standing still, is less than 2 (t), i.e.,

dpm (t)
vn (t)

th () = <t3(t) .
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The estimations for h vary from 6 s [7], 8 s [§], 9 s [9] to 11 s [L0]. Another
estimation can be obtained from the analysis of the perception sight distance.
In [11] velocity-dependent perception sight distances are presented that, for ve-
locities up to 128 km/h, are larger than 9 s. Therefore h is set to 6 s as a lower
bound for the time headway [12].

The third modification of the Nagel-Schreckenberg model implemented in the
simulator is a velocity dependent randomization, which means that the probabil-
ity constant p is replaced with a probability function dependent on the velocity
of the vehicle. Further, the probability is also a function of the brake light of the
next vehicle in front. In every time-step for every vehicle n with vehicle m next
in front, the probability that the vehicle n brakes is

o, if by (t) = on and th | (t) < t5(t),

Dn = P(vn(t), b (t)) := < po, if v,(t) =0,
pa, default .

The parameter pg tunes the upstream velocity of a wide moving jam and pg
controls the strength of the fluctuations.

With this parameter set the model is calibrated to the empirical data. The
best agreement can be achieved for ds = 7 cells, h = 6, p, = 0.96, pg = 0.5, and
pa = 0.1. For a detailed analysis of the parameter set see [12]. To sum up, to
move the vehicles forward in the network the algorithm executes the following
steps in parallel for all vehicles n:

Move forward (drive):

e Step 0: Initialization:
For car n find the next car m in front.
Set py, = p(vn(t), b (t)) and b, (t + 1) := off.

e Step 1: Acceleration:

onlt + }) :: {vn(t), if b, (t) = on or (b,,(t) = on and " (t) < t(t)),

)
3 min(vy, (t) + 1, Umax), default.

e Step 2: Braking:

2 _ 1.
Dt 4 2) = min(on (¢ + 3), 458, (1),

Turn brake light on if appropriate:
. 2
if v, (t + §) < vp(t), then b,(t + 1) := on.

e Step 3: Randomization with probability p,:

_ J max(v,(t + 2) — 1,0), with prob. p,,
vn(t 1) = {vn(t + 2), default.
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Turn brake light on if appropriate:

if p, = pp and v, (t + 1) < v, (t + %)7
then b,(t 4+ 1) := on.

e Step 4: Move (drive):
Tn(t+1) :=x,(t) + v (t + 1).

Free lane changes are needed so that vehicles can overtake slower driving
passenger cars and trucks. When designing rules for the free lane changes, one
should take care of that overtaking vehicles do not disturb the traffic on the
lane they use to overtake to much, and one has to take account of German
laws, which prohibit overtaking a vehicle to the left. Further, it is advantageous
to prohibit trucks to drive on the leftmost lane in the simulation, because a
truck overtaking another truck forces all vehicles on the left lane to reduce their
velocity and produces a deadlock that may not resolve for a long time.

One more variable is needed for the free lane changes, I,, € {left, right,
straight} notes if the vehicle n should change the lane during the actual time-step
or not. This variable is not needed if the lane changes are executed sequentially,
but we prefer a parallel update of the lane changes for all vehicles and that ren-
ders this variable necessary. For the left free lane changes the simulator executes
the following steps parallel for all vehicles n:

Overtake on the lane to the left:

e Step 0: Initialization:
For car n find the next car m in front on the same lane, next car s in front
on the lane left to car n, and the next car r behind car s. Set [,, := straight.

e Step 1: Check lane change:

if by, (t) = off and dy, ; (t) < vy (%)
and dS7 () > v, (t) and drp (t) > v (t),
then set [,, := left.

e Step 2: Do lane change:
if [, = left, then let car n change lane to the left.

The definition of the gaps d& (t) and d,.,(t) in the lane-change-blocks is
an obvious extensions of the above definition; one simply inserts a copy of the
car n on its left or right side. These overtake rules used by the simulator can
verbally be summed up as follows: first, a vehicle checks if it is hindered by the
predecessor on its own lane. Then it has to take into account the gap to the
successor and to the predecessor on the lane to the left. If the gaps allow a safe
change the vehicle moves to the left lane. For the right free lane changes the
simulator executes the following steps parallel for all vehicles n:

Return to a lane on the right:
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e Step 0: Initialization:
For car n find the next car m in front on the same lane, the next car s in front
on the lane right to car n, and the next car r behind car s. Set [,, := straight.

e Step 1: Check lane change:

if b, (t) = off and ¢! (t) > 3 and (¢} ,,(t) > 6
or v (t) > dp,m(t)) and dy,(t) > vp(t),
then set [, := right.

e Step 2: Change lane:
if [, = right, then let car n change lane to the right.

Thus, a vehicle always returns to the right lane if there is no disadvantage in
regard to its velocity and if it does not hinder any other vehicle by doing so. It
should be noted, that it is not possible to first check for all lane changes to the
left and to the right and then perform them all in parallel without doing collision
detection and resolution. This would be necessary because there are autobahns
with three lanes and more. To overcome this difficulty, the lane changes to the
left, i.e., overtake, are given a higher priority than the lane changes to the right.
For a systematic approach to multi-lane traffic, i.e., lane-changing rules, see, for
example, [13]. For a detailed discussion of the different models see, e.g., [6] and
the references therein.

4 Implementation of the Topology

An important point in the design of a simulator is the representation of the road
network. Therefore, the network is divided into links. The main links connect the
junctions and highway intersections representing the carriageway. Each junction
and intersection consist of another link, like on/off-ramps or right /left-turn lanes.
The attributes of each link are the length, the number of lanes, a possible speed
limit, and the connecting links. In case of more than one connecting link, like
at off-ramps or highway intersections, there is also a turning probability for
each direction. The turning probability is calculated by taking into account the
measured traffic data. All these spatial and functional data was collected to build
a digital image of the topology of the whole network.

Another crucial information concerns the positions of the installed loop de-
tectors. They also have to be included in the digital map of the network. The
positions in the simulation are called checkpoints, and at these checkpoints the
simulation is adapted to the measured traffic flow of the loop detectors. Table
M shows some design parameters of the network. North Rhine-Westphalia is ap-
proximately one fifth of whole of Germany with respect to many numbers, e.g.,
number of cars, inhabitants, length of the autobahn network, et cetera.
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Table 1. Design parameters of the North Rhine-Westphalian autobahn network

Area 34,000 km?
Inhabitants 18,000,000
On- and off-ramps 862
Intersections 72
Online loop detectors 4,000
Offline loop detectors 200
Number of links 3,698
Overall length 2,250 km

5 Traffic Data and Forecast

The simulation describes the dynamics in a network but lacks information about
the boundaries. Especially for forecasts, reasonable data has to be incorporated.
Many approaches to predict traffic states have been investigated in the past,
such as Box Jenkins techniques [14], heuristics [I5]16], neural networks [17|18],
Kalman filtering [19], and nonparametric regression [20], as well as several com-
parisons [2I] and combinations [22]. The result of the forecast methods strongly
depend on the prognosis horizon. For short-term forecasts the current traffic
data is of an enormous importance and many complex forecast methods are
outperformed by simple models like the single smoothing average or the mov-
ing average model. For longer horizons the experience from the past in form of
heuristics creates better results.

Because of this fact different forecast methods for the 30 and the 60 min traffic
predictions are used. After an intensive statistical analysis of different kinds of
traffic data [23], a 14-day classification is chosen considering the different day
to day traffic. The average flow and velocity data znis (¢p) of the last 20 days
of each class is averaged and used as a pattern for long-term forecasts. As the
short-term forecast method the smoothing averaged values of the last recent
minutes z.(to) are used.

Finally, for the prognosis horizons A7 = 30 min and A7 = 60 min the
predicted traffic value zpred(tp) at the time ¢, is the sum of the average Thist(tp)
of the sample class and the difference of z.(to) and znis (tp) weighted with &:

Tpred(tp) = Thist (tp) + k - Ax(to),
with

tO) - -Thlst tO)

L0 < A1 < ATjax

T
B { if AT > Ampax
AT = t - to

to is the point in time when the forecast is made. Obviously, for A7 > Arpax
the heuristics is used as forecast. The factor 7 is a coefficient determining the
relevance of the current and historical data respectively. Reasonable is 0 < n < 1;
for n = 0 only the heuristics are used, for 7 = 1 the prognosis uses the current
value.
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6 Implementation of Traffic Data

To incorporate the real world measurements from the loop detectors into the sim-
ulation vehicle-moving, inserting, and removing algorithms have to be applied.
This is done at the so-called checkpoints, which are located at those places in
the network where a complete cross-section is available, i.e., all lanes are covered
by a loop detector. Every time, when checkpoint-data is provided, the simulator
uses the measured values to adjust the traffic state in the simulation. The first
step is to try to move vehicles behind the checkpoint in front of it and vice versa.
If this is not enough to adjust the traffic state, vehicles are inserted or removed.
This should be preferred to pure insert/removal strategies, because these can
completely fail due to positive feedback if a non-existing traffic jam is produced
by the simulation. In this case the simulation measures a low flow in comparison
with the real data, so vehicles are added periodically to the ever growing traffic
jam leading to a total breakdown.

7 Web-Based Information

The design of the simulator was financially supported by the Ministry of Trans-
port, Energy and Spatial Planning of North Rhine-Westphalia, the reason being,
that it wanted a novel web-based traffic information system for the public. This
information system is provided by a Java applet at www.autobahn.nrw.de (see
Fig. B). The Java applet draws a map of North Rhine-Westphalia, where the
autobahns are colored according to the level of service of the simulated traffic
state, from light green for free flow, over dark green and yellow for dense and
very dense synchronized flow, to red for a traffic jam. Additionally, after nu-
merous requests, we integrated a color-blind mode, where dark green is replaced
by dark grey and yellow by blue. Further, construction areas are drawn at the
appropriate positions on the map and their estimated influence on the traffic is
shown through red construction signs for a high risk of a traffic jam and green
construction signs for a low risk. Road closures, which have a deep impact not
only on the specific track the closure happens, but also on the traffic in a wide
part of the network, are shown as well. To make orientation easier the number
and name of each junction is also written in the status bar when the mouse
moves over the pictogram of the junction. All this valuable information assists
the road user to choose the best route and the best starting time for his trip.

The rising accesses to OLSIM and the nearly throughout positive feedback
shows that this information system is accepted by many people and used reg-
ularly. The daily requests increased from about 20,000 on work days at the
beginning in September 2002 up to 200,000 regular accesses after the implemen-
tations of the 30 minute forecast in March 2003 and the 60 minute forecast in
December 2003.

Up to now, we have restricted OLSIM on the autobahn network. The next
step will be to incorporate the national streets (Bundesstrassen) as well as some
of the heavily used urban streets.
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Fig.2. Screen shot of the visualization of the 60 minute traffic forecast of North
Rhine-Westphalia (here one can see the area around Duisburg). For further infor-
mation about this application and to see the current and future traffic state see:
http://www.autobahn.nrw.de

8 Summary

In this paper we present a new advanced traffic information system OLSIM
which gives the internet user the opportunity to get the information about the
current traffic state and a 30 and 60 minute prognosis of the autobahn network of
North Rhine-Westphalia. The system rests upon a microscopic traffic simulator
which uses an advanced cellular automaton model of traffic flow and adjusts the
traffic state in accordance with measurements of the real traffic flow provided
by 4,000 loop detectors installed locally on the autobahn. The cellular automa-
ton model, the abstraction of the network, the guidance of the vehicles, and the
data integration strategies to periodically adjust the traffic flow in the simula-
tion in accordance with the measured flow on the autobahn were discussed, as
well as some details on the efficient implementation of the dynamics and the
presentation of the simulated traffic state to the public. A graphical user inter-
face implemented by a Java applet can be accessed by every internet user. In a
simple to navigate window the user can choose between the current traffic state,
the 30, and the 60 minute prognosis. Additional information like road works can
be chosen with a simple click.
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