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Abstract. To cope with the demand for mobility, which will further increase in 
the future, the infrastructure has to be used more efficiently. Therefore network 
operation control is needed to interfere with the traffic. The basis of operational 
control should be an accurate online estimation of the actual traffic situation and a 
prediction of the future. The microscopic online simulator MiOS will be 
presented which allows distributed online simulation for real-time operations. 
Results are shown for a medium size network of the City of Delft. 

1. Introduction 
To cope with the increasing demand for mobility, the traffic infrastructure has to be used 
more efficiently. Therefore, traffic management of networks is needed. The basis of traffic 
management measures is the current traffic situation. However, the effectiveness can be 
improved if also the expected future traffic situation can be taken into account. Besides 
accurate information of the actual traffic situation, a prediction of the future situation is 
necessary to support traffic management at deciding what measures to take, anticipating on 
traveler’s choice behavior. For instance, as route choice depends on travel times through the 
network, to determine future flows and speeds also the prediction of near future travel times 
is essential. 

The prediction of the future traffic situation not only allows reacting to incidents, it also 
provides the opportunity to anticipate on traffic problems before they really occur. As 
existing simulation programs do not offer the opportunity to change control tactics online 
and their source code was not available to adjust the programs, a new microscopic 
simulation approach was chosen in this project. This resulted into the MiOS program. This 
program can integrate various dynamic traffic measures at the network of motorways (ramp 
metering, speed control, route guidance information), rural roads and city streets (controlled 
intersections). It also can adjust the OD matrix and the dynamic assignment to the reality. 
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2. Region Laboratory Delft 
The “Region Laboratory Delft”[1], a combined research institute of the Delft University of 
Technology, the Ministry of Transport, road authorities and industry collects online data 
about the use of the infrastructure in the region of Delft. The collected data are processed 
into meaningful information for traffic management (online), research and education 
(offline). Traffic managers of different road authorities are informed about the actual traffic 
operations influenced by traffic control measures in an extensive common road network of 
all road authorities. For further use of the data, a microscopic online simulation model 
(MiOS) [2] has been developed to estimate the actual traffic situation from traffic counts 
and to predict the road use 30 minutes ahead. To cope with the demand of computational 
power for large-scale networks a distributed approach has been chosen. 

3. Methods 

3.1. Cellular automata simulation  

MiOS is a cellular automata (CA) model for heterogeneous traffic. Nagel and 
Schreckenberg [2] introduced CA to traffic simulation. Their cells were parts of traffic 
lanes. The length of their cells was 7.5 m. The update time was 1 sec. The status of their 
cells was the occupancy only. Based on the rules the occupancy was updated. Because of 
the speed of the vehicle it could pass many cells during the update time, unlike the original 
cellular automata the system is also looking for the status of cells further on. 

Many others [3], [4] used the same cells and update time but extended the status and the 
rules (i.e. lane changing, route choice). In MiOS cells are represented by the presence of a 
vehicle, detector and traffic light. By reducing the length of the cells to 0.5 m, the same 
vehicle can occupy more then one cell at the same time like shown in Figure 1. So, MiOS is 
able to model different vehicle classes like cars (4.5 m or 9 cells), delivery vans (7.0 m or 
14 cells), busses (12.0m or 24 cells) and trucks (17.0 m or 34 cells) [5]. Still the width of a 
vehicle is not included, which means that there can only be one car in the given lane width.  

Furthermore, with the update of the network with a time step of 0.1 s instead of the 
standard 1 s, the representation of speeds and the distribution of gap sizes between the cars 
is more accurate. The speed values of 0 to 8 cells per 0.1 second are corresponding with a 
speed range of 0 to 144 km/h, with a step of 18 km/h, which allows a more detailed 
representation than with the original CA model used in the former version of MiOS [6]. 
The update is done quasi parallel, which means that the new car positions and speeds are 
calculated for each individual vehicle based on the same situation.  

3.2. Route Choice 

The network is represented with a directed graph G := (V;R), where V is the set of 
vertices and R ⊆ V x V is the set of ordered vertex pairs (edge set). The graph is 
antireflexive, asymmetric, cyclic and hence free of loops. The routes between origin o and 
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destination d are represented by the set aod containing paths between vertex o and d. The 
minimum of the length of the paths contained in aod is chosen as the weight zod of the path 
set aod.  

The elementary weight matrix Z of the graph contains link based weights zik, which are 
determined by the length of the link lik from vertex i to vertex k, the actual average speed 
uik of the amount of V vehicles on that link, the maximum speed umax,ik and the 
recommendation parameter Θ: 
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The first two terms represent the average speed of all cars on the link. Additionally the 
maximum allowed speed is added, which represents the link status. If there is no car on the 
link, the average speed is the maximum speed, if there are a few slow cars, the average 
speed remains higher and if the traffic is very dense on the link the maximum speed 
becomes irrelevant. The parameter Θ distinguishes the different road types and takes in-car 
route guidance systems and en-route traffic information into account. With Τ for the road 
type α as an indicator for in-car systems and β as a factor for en-route information, Θ can 
be described as: 
 Τ⋅=Θ *)( βα  (3) 
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That means, that a driver, independent of the type of the road, if his or her navigation 
system advises a route or a mandatory redirection is given en route. For non-equipped 
vehicles, the parameter β represents the willingness of the driver to follow en route 
information. When a vehicle is generated, it is assigned to the shortest route between its 
origin o and its destination d in an empty network. The driver is trying to find another route 
if he does not feel comfortable anymore, which means that the comfort factor CD < 0. Let 
be: 

ua,v the actual speed of driver D [km/h] 
ud,v the desired speed of driver D [km/h] 
vr,v the number of cars on link r, where D is driving and [vehicles] 
cr, the maximum amount of vehicles that can be placed in congestion on link r. 
Then the comfort factor CD of driver D is determined as: 
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Due to the fact that the weights include the recommendation parameter, it is not 
necessarily the case that a driver can find a route, which gave him more comfort. He or she 
will maybe stay on a congested link. If a driver does not feel comfortable anymore he 
triggers the model to calculate a new route. That means, if P0

od is the shortest path between 
origin o and destination d in the empty network and Pod the actual shortest path in the 
network that: 
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The actual shortest route is calculated with the Floyd-Warshall algorithm [7]. 

3.3. Parallel Simulation 

The online simulation model is designed as a multi-agent system. The road network is 
covered with Collector Agents sending all reachable information to a Control Agent, which 
has its position at a tactical point like an on/off ramp or an intersection.  

 
Figure 1. Sub-Model covered through multiple agents 

At the network borders special Communication Agents are placed to provide necessary 
data to other connected models. Collector Agents are scanning their area for traffic and 
weather data and search event databases, which might be connected. The data is provided 
by sensor objects, which are broadcasting their information via data channels, on the 
network. Additional every Collector Agent is equipped with an incident detection 
mechanism. This allows the Collector Agent to send an emergency call to the next level at 
any time. With this structure and a parallel simulation in a computer network the online 
simulation of large-scale networks is possible. Further details on the model designed can be 
found in [8] 

4. Results 

As research area the City of Delft was chosen. Two motorways surround the city and an 
urban road connects these freeways in the South of Delft. The motorways are equipped with 
inductive double loop detectors and the urban road has video detection with license plate 
recognition for vehicles going from the A4 in the West to the A13 in the East. Additionally, 
traffic counts from the major intersections of the urban road are available. The whole Delft 
area has been simulated on a two-computer network and afterwards the simulation results 
have been compared to the measurements. Figure 1 shows the results for the motorway 
A13. 
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Figure 1. Prediction of travel times compared with measurements on a motorway 
 
Figure 2 shows the results on the arterial road. It can be recognized that the variance in 

travel times in the prediction is less wide, but the mean travel time is well represented. 

Figure 2. Prediction of travel times compared with measurements in the City of Delft 

5. Conclusions and further Research 

It could be shown that the microscopic online simulator MiOS is able to predict travel times 
as well on motorways a s for arterial roads. The design of the model and the opportunity for 
parallel simulation in a computer network, organized by agents makes the model highly 
scaleable to larger networks and gives the opportunity to forecast traffic situation with a 
rolling horizon, so that road authorities can take measures accordingly. 

Further research activities will lead to a decision support system to support traffic 
control centers, based on the online prediction of the simulator MiOS. 
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