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Abstract 

Congestion on the road is identified as a severe threat to ﾐatioﾐs’ economy. To address this problem, in 

the past the capacity of existing infrastructure is increased by building new roads. But as history has 

shown, it is not only an expensive and unsustainable, but also not an efficient way of dealing with this 

problem. Alternatively, by identifying underutilized links, for example, in the form of parallel routes, the 

already existing infrastructure can often be used more efficient.  

 

This thesis focuses on the development of a framework to simulate re-routing incentives to enable an 

improved travel corridor performance. Thus, the effects of providing traveler information and tendering 

ﾏoﾐetaヴ┞ iﾐIeﾐti┗es oﾐ a Ioヴヴidoヴ’s tヴaffiI flo┘ aヴe iﾐ┗estigated. The aim is to show that by changing the 

route choice behavior of a certain percentage of the fleet, the overall performance of the existing 

corridor can be increased. 

 

By using the microscopic traffic simulation tool VISSIM in combination with dynamic traffic modeling, 

numerous scenarios are simulated. By gradually increasing the amount of users who get access to the 

incentive scheme, the impacts of the penetration get analyzed as well. Based on a network stretch 

located in California, United States, the simulation model is developed. Using this model, three different 

scenarios are investigated in detail: a No Incident scenario, a Construction Work scenario and an 

Accident scenario. 

 

Finally, a comprehensive analysis of the simulation results takes place. It mainly focuses on the indicator 

travel time to discuss the impacts on the corridor performance. Interpreting the achieved simulation 

results, it can be stated that already small penetration rates have the potential for a significant increase 

of the corridor performance. To be able to optiﾏize the Ioヴヴidoヴ’s peヴfoヴﾏaﾐIe, free capacity on 

detours – especially at bottlenecks like ramps – has to be available. Nevertheless, in case of high 

penetration rates, straightforward broadcasting of incentives is not an option. 

 

 

Keywords: Traffic management, Travel corridor, Re-routing incentives, simulation model, VISSIM 
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1 Introduction 

Coﾐgestioﾐ oﾐ the ヴoad is oﾐe of the ﾏost ヴele┗aﾐt thヴeats to ﾐatioﾐ’s eIoﾐoﾏ┞. Iﾐ the Uﾐited “tates, 
approximately $200 billion per year are lost due to bottlenecks. Drivers annually waste almost four 

billion hours and even more than seven billion liters of fuel due to congestion. But not only in US, 

also in the European Union are the financial impacts due to congestion alarming. Based on [1], in the 

year 2010 it reached 1% of the Gross Domestic Product. 

Although this situation is obvious and the negative effects are known, it seems to be hard to improve 

this worrying situation. Referring to [2], in the past this problem was addressed mainly by increasing 

the infrastructure capacity by building new or extending already existing roads. But as history has 

shown, it is not only an expensive and unsustainable, but also not an efficient way of dealing with this 

problem, as it provokes new demand. Especially transportation corridors, which link residential areas 

with business centers or shopping areas, can be identified as traffic jam hotspots. In many cases such 

corridors have underutilized capacity in the form of parallel routes, or have low utilization in one 

direction due to unbalanced traffic demand, which causes a non-optimal use of the available 

transportation network. Thus, at many corridors, capacity is not the main problem, but the efficient 

usage of the already existing infrastructure can be identified as a serious challenge. 

1.1 Purpose and Scope 

This thesis focuses on the development of a framework to simulate re-routing incentives to enable an 

improved travel corridor performance. By doing so, the effects of providing en-route real-time 

traveler information and tendering incentives on a corridor’s traffic flow are analyzed. 

By using a microscopic traffic simulation tool in combination with dynamic traffic modeling, a 

framework is established and numerous scenarios, dealing with various penetration of the provided 

traffic information, are modeled. Furthermore, the provision of monetary incentives for adapting 

routing decisions is taken into consideration as well. 

 

The aim of this research is to show that by changing the route choice behavior of a certain 

percentage of the fleet, the overall performance of the existing corridor can be increased. Thereby 

the developed framework identifies the potential for performance improvements, based on 

supporting the driver with real-time traffic information and tendering incentives. This output is later 

on relevant when similar traffic management actions are discussed, planned or even implemented in 

the field. For being successful at these steps, it is mandatory to have knowledge about the expected 

effects of the method – both for developing an accurate cost-benefit-analysis and for a detailed 

specification of the needed measurements itself. The developed model delivers exactly this 

information and furthermore considers also various use cases with different penetration rate each. 

Finally, the understanding of the traffic flow dynamic within a travel corridor over time when 

providing additional information about the traffic status and/or giving incentives to change the 

behavior of a certain part of the fleet is targeted. 
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Based oﾐ the Iuヴヴeﾐt situatioﾐ iﾐ toda┞’s ヴoad ﾐet┘oヴk, the follo┘iﾐg h┞pothesis is pヴoposed ┘ithiﾐ 
this thesis: 

 

By controlling the behavior of a certain percentage of road users by providing them re-routing 

incentives, the utilization of a travel corridor can be improved. This improves the overall 

corridor performance, which can be measured by a reduced average travel time of the whole 

fleet. 

 

To limit the scope on the essential target of developing an appropriate case study, the following 

delimitations are made: 

(1) Only individual motorized transport is taken into consideration 

This thesis can be identified as a first step, to analyze and optimize the behavior of individual 

motorized road users on travel corridors focusing on high-ranking roads by providing incentives. 

Due to the complexity of considering all modes of transport at once, this limitation is necessary. 

Nevertheless, follow-up projects to investigate also other modes of transport can be identified as 

reasonable. Especially the combination of various modes to get a more comprehensive and 

po┘eヴful ﾏodel ┘ould He desiヴaHle fヴoﾏ the tヴaffiI eﾐgiﾐeeヴ’s peヴspeIti┗e. 

(2) Geographically, the main focus is put on developments in United States 

Based on recent activities in the United States (compare 4.1 - Research activities linked to travel 

corridors), this country is nowadays the most important research field in this area. Among other 

universities, also the University of California, Berkeley, is working on this field. It acts as a data 

provider for this thesis to enable a simulation of a real network stretch. 

Finally, the research questions, which are answered within this thesis, are listed below. This task is 

going to be achieved by developing an appropriate simulation model and defining suitable simulation 

scenarios. 
 

Q1: Which improvements can be achieved on average travel time within a corridor by considering 

empirical pre-trip traveler information? 
 

Q2: What is the relation between the amount of users who consider empirical pre-trip traveler 

iﾐforﾏatioﾐ, aﾐd the decrease of the overall fleet’s travel tiﾏe? 

 

Q3: Which improvements can be achieved on average travel time within a corridor by delivering en-

route real-time traveler information? 
 

Q4: What is the relation between the amount of users who are equipped with en-route real-time 

traveler iﾐforﾏatioﾐ, aﾐd the decrease of the overall fleet’s travel time? 

 

Q5: Which improvements on average travel time can be achieved by an additional provision of 

monetary incentives? 
 

Q6: What is the relation between the amount of users who are offered monetary incentives, and a 

potential decrease of the overall fleet’s travel tiﾏe? 
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1.2 Structure of the thesis 

After the introduction, Chapter 2 (Problem Definition) identifies the main reason to work on 

improving corridor performance at all, which is ideﾐtified as oﾐe of the ﾏaiﾐ Ihalleﾐges iﾐ toda┞’s 
traffic management. Within that paragraph also the hypothesis, which shall be analyzed within this 

document, is mentioned. 
 

This is followed by a detailed description of the applied methodology in chapter 3. It describes a 

general traffic management process and points out its challenges. In addition, it provides a 

description of the implemented methodology, as well as giving information about the chosen traffic 

simulation software. 
 

Chapter 4 (Theoretical Background) deals with the theoretical input linked to this research field, and 

is thus providing a helpful framework to understand the developed model and its behavior and final 

outcome, respectively. Furthermore, it gives additional information and answers on questions which 

have a strong link to the field of corridor management, on a technical as well as on an organizational 

level. Thereby, this chapter gives the reader a more comprehensive description on the need and the 

challenges of a state of the art traffic management system. 
 

After providing theoretical input, the simulation model itself is centered in chapter 5 (Simulation 

Model). The first part is describing the process of creating the simulation model and furthermore 

gives a short description of the used simulation software, including most relevant modules for these 

simulations. This is followed by a detailed specification of the used corridor and its needed 

assumptions and limitations. Informing about the modeled traffic inputs as well as the base data for 

running the simulation is also part of this paragraph. Finally, the modeled network is validated by 

comparing the performance of the stretch with real world data. The end of this chapter is focusing on 

the definition of scenarios to establish the requested results. Thus, for example, it defines which 

types of traffic incidents that are simulated and which penetration rates that are implemented and 

modeled. 
 

Chapter 6 (Analysis of Results) is analyzing and visualizing the effects of providing incentives on the 

corridor’s tヴaffiI flo┘. Thus, it provides the basis for answering the research questions, raised in (1.1 - 

Purpose and Scope), and especially delivers a comprehensive fundament for answering the 

hypothesis proposed in the same chapter. 
 

The final chapters 7 (Conclusions and Recommendations) is discussing the outcome of this thesis as 

well as mentioning open questions, which should be answered in a follow-up project. It furthermore 

also provides the personal opinion of the author about future development of such kind of traffic 

management systems – what can be obstacles, but also what are potentials. 
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2 Problem Definition 

The ideﾐtifiIatioﾐ of toda┞’s Ihalleﾐges iﾐ tヴaffiI ﾏaﾐageﾏeﾐt of gヴo┘iﾐg tヴaffiI deﾏaﾐd and 

stagnating increase of road network, and an evaluation of its impacts on the society is the main focus 

of this chapter.  

 

Toda┞’s tヴaﾐspoヴt infrastructure has to deal with two big challenges: varying traffic demand and an 

increasing traffic volume.  

Although the infrastructure itself is providing a more or less constant capacity, the travel demand of 

the users is not that invariable - but rather quite the opposite; it can vary significantly during 

daytime, weekdays, but also within the year. This aspect has to be considered when the dimensions 

of new road segments are estimated. Due to economic reasons the road cannot be designed for 

those peaks, but a certain threshold of overloaded days - Hased oﾐ the liﾐks’ frequency distributed 

curve1 - is used. So even without any accidents, congestions due to peaks of traffic demand are 

expected regularly. 

Next to this circumstance, toda┞’s tヴaffiI ﾐet┘oヴks also have to be able to deal with a continuously 

growing traffic volume. For preventing additional bottlenecks, logically, the performance of the 

network has to be improved in the same manner to avoid bottlenecks. Figure 1 shows the 

development of the travelled vehicle-miles on highways in the United States. Since 1980, basically a 

steady increase of the traffic volume can be identified. Reasoned by the global financial crises, since 

2008 it remains more or less on the same level. It has to be mentioned that just within a quarter of a 

century, the amount of traveled miles doubled. 
 

 

 

FIGURE 1: VEHICLE-MILES OF TRAVEL ON HIGHWAYS IN U.S. (1980-2010), SOURCE [3] 

As long as new infrastructure is built to be able to handle the increasing amount of traffic volume, in 

theory no severe problems will occur. Unfortunately, building new roads or extending existing links is 

in many cases not an option anymore (compare Figure 2). On the one hand a downward trend – or at 

least no increase – in the amount of public funds can be recognized in industrialized regions, like U.S. 

and Europe, and on the other hand, also restrictions due to limited space, especially in urban areas, 

can be identified as significant obstacles. According to Figure 2, the years of huge network extensions 

are gone. Starting in the late 50s, a consistent extension of the Interstate Highway System with 

extensive growing rates can be identified. Nevertheless, this trend decelerates more and more, and 

especially within the last decade, the length of the network just climbed slightly. 

                                                           
1
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FIGURE 2:  LENGTH OF INTERSTATE HIGHWAY SYSTEM (IN MILES FROM 1958-2005), SOURCE [4] 

This situation leads inevitably to an increasing amount of congested hours on highways. In the year 

2010, Americans living in urban areas lost 4.8 billion hours and 1.9 billion gallons of fuel just due to 

this regrettable development (compare Table I). Although an improvement in comparison to the year 

2005 can be recognized, this is only a short-term development due to the economic crises. 

Measurements shortly before the crises have shown an increasing trend and thus, it is expected that 

with a strengthening economy the situation will become more dramatic. 

TABLE I: DEVELOPMENT OF THE IMPACTS OF CONGESTION IN URBAN AREAS IN NORTH AMERICA, SOURCE [5] 

Measuヴes of… 1982 2000 2005 2010 

      … Iﾐdi┗idual Ioﾐgestioﾐ 

Yearly delay per auto commuter (hours) 

Travel Time Index
2
 (TTI) 

Congestion cost per commuter (dollar
3
) 

 

14 

1.09 

$301 

 

35 

1.21 

$701 

 

39 

1.25 

$814 

 

34 

1.20 

$713 

      …Natioﾐ’s Ioﾐgestioﾐ pヴoHleﾏ 

Travel delay (billion hours) 

Wasted fuel
4
 (billion gallons) 

Congestion cost
5
 (billions of dollars

6
) 

 

1.0 

0.4 

$21 

 

4.0 

1.6 

$79 

 

5.2 

2.2 

$108 

 

4.8 

1.9 

$101 

 

Unfortunately, also the outlook developed for the USA for the next years does not forecast a trend 

reversal. According to [5], the national congestion cost will increase to $133 billion in 2015 and $175 

billion in 2020. This includes both a growing amount of wasted fuel and travel delay. In case more 

detailed information concerning the impacts of congestion in the U.S. is needed, it is referred to the 

Urban Mobility Report 2011 [5]. 

 

Because of this outlook, it is time for fundamental improvements in this area. The most practical 

approach to deal with this situation is probably to optimize the efficiency of the already existing 

infrastructure. Especially the non-optimal usage of the transport networks, due to an unequal 

distribution of the traffic flow, is a substantial problem. By analyzing the situation at transportation 

corridors, alternative respectively parallel links exist in many cases. But they possess different levels 

of attractiveness for the road user. This indicator depends on numerous factors, e.g. the travel speed, 

                                                           
2
 Represents the ratio of travel time in the peak period to travel time at free-flow conditions (for example, a TTI 

of 1.30 indicates a 20-minute free-flow trip takes 26 minutes in the peak period). 
3
 Monetary value of 2010 

4
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traffic volume or the existence of a toll charge for using the link. However, many of these factors are 

quite dynamic over time and in normal cases the user can just estimate them, based on the personal 

experience. Moreover, also the individual perception of all these aspects can have an impact on the 

route choice as well. 

Due to the fact that nowadays the level of attractiveness of a road segment is estimated by every 

driver individually, and it is furthermore the primary decisive factor, an unequal distribution of the 

network is the logical consequence. Detailed information about the level of attractiveness of a link 

can be found in (compare 4.3.1 - FaItoヴs iﾐflueﾐIiﾐg useヴ’s ヴoute IhoiIe). 

To enable a better distribution of the traffic volume, providing real-time information about the 

current Level of Service (LOS) and a prediction of its development is crucial. Instead of static values, 

these more appropriate values are targeted to be used for making route decisions. In addition to this, 

further incentives can be granted to motivate drivers to use alternative roads to limit the 

consequences of an incident, or even before it comes to congestion at all (compare 4.3.2 - Provision 

of incentives as a useful tool). 

 

Thus, by controlling the traffic flow dynamically and providing re-routing incentives, based on real-

time traffic conditions, to make underutilized links more attractive, the efficiency of a transport 

corridor has eventually the potential to be increased significantly. This in the end depends on certain 

framework conditions (e.g. ramp capacity), which are investigated and discussed in chapter 7 -

Conclusions and Recommendations. 

 

Finally, it has to be mentioned that the big challeﾐge of toda┞’s tヴaffiI eﾐgiﾐeeヴs is to use the alヴead┞ 
existing road infrastructure as efficient as possible. Due to limited space, and more often due to 

limited money resources, building new highways or extending existing roads is often not an option 

anymore. Thus for increasing efficiency, new solutions have to be developed and more intelligence 

has to become part of daily traffic. 
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3 Methodology 

This chapter describes the general process of optimizing corridor performance and also describes the 

implemented approach in order to get reasonable results to confirm the hypotheses proposed in (1.1 

- Purpose and Scope). Furthermore, it also provides information about the chosen simulation 

approach and gives motivation for using the selected type of simulation and software product, 

respectively. Moreover, it is describing which methods are applied and which sources are considered 

to achieve applicable results. 

3.1 General process description 

For evaluating the impacts of various traffic management scenarios to optimize the traffic flow of a 

travel corridor, an iterative 4-step procedure is suggested (compare Figure 3) by the author.  

 

 

FIGURE 3: PROCESS DESCRIPTION FOR OPTIMIZING CORRIDOR PERFORMANCE 

By applying this ongoing process, a certain time period – for example the recurring morning peak on 

Mondays – can be modeled and taken measurements and achieved improvements can be analyzed. 

Thus, this approach can be executed to make a comprehensive scenario planning, also including a 

potential evaluation for initial situations and their scenarios, which are based on varying traffic 

management approaches. 

A certain focus has to be put on prediction. The closer the prediction is to the real world, the better 

are the achieved traffic flow improvements. The existence and a proper processing of real-time traffic 

data – also provided by surrounded and up-streaming links – are crucial success factors. In addition, 

taken traffic management actions also have to be taken into account when estimating future traffic 

status. Therefore, it is necessary to get knowledge of the impacts on the traffic flow of applied 

measures. 

 

 

 

 

Step 1:             
Estimation (current) & 
prediction (future) of 

corridor status 

Step 2:                  
Decision management 

Step 3:       
Dissemination of 

information 

Step4:            
Modeling of effects   

on corridor 
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A detailed description of each process step: 

(1) Step 1: Estimation of current & prediction of future corridor status 

First of all, the actual traffic status has to be measured. In addition to this, also the expected LOS 

in the near future - e.g. 15min or 60min ahead, depending on the structure and stretch of the 

corridor - can be predicted. By using e.g. historical data or having knowledge of incoming traffic 

streams, this can be achieved. Due to the fact that this estimation is the basis for the decision-

making at the next step, this has to be done as accurate as possible. For this reason, advanced 

algorithms and numerous data sources for the estimation are recommended. 

(2) Step 2: Decision management 

After having information about the current traffic status and its expected development in the 

near future, actions to improve the situation have to be set. To do so, a variety of tools and 

measures are available (compare 4.3 - Management of transportation corridors). For the scope of 

this thesis, basically two different approaches are considered in depth: offering information and 

providing monetary incentives. 

When defining measures, a certain focus is put on the comparison of the current traffic status of 

a corridor and its User Equilibrium7, respectively its System Optimum8. A detailed description for 

both approaches can be found in (4.2.3 - User Equilibrium and System Optimum). 

(3) Step 3: Dissemination of information 

After the decision is taken, the distribution of the information to inform the road user about the 

defined measure(s) and its needed or desired action(s) is crucial. By using a nomadic device, 

which is described in (3.2.2 - Existence of nomadic device), this can be accomplished. It can be 

done e.g. by providing real-time travel time information for the routing algorithm of the 

navigational device or even by making certain route suggestions – if possible, on an individual 

basis. Alternatively, but not further investigated within this thesis, the information can 

theoretically also be transferred by any other user interface, like Variable Message Signs or 

similar technologies which are able to transfer information to the driver. 

(4) Step 4: Modeling of effects on corridor 

In the last step, the effects and consequences of the previously taken actions on the overall 

corridor have to be assessed as accurate as possible. The more realistic this model is, for example 

by finding reasonable values for the acceptance rate or by making realistic route choice 

assumptions, the more convenient are the measurements taken in the next cycle and finally, the 

achieved model results, describing the impacts of the applied actions within the investigated 

time period. 

3.2 Description of the implemented approach 

To have an influence on the route choice of the road users, the user has to be motivated to behave in 

a desired manner. This is accomplished by tendering incentives. Thus, route shifts to links with spare 

capacities are promoted in different ways. 

 

 

 
 

                                                           
7
 Also kﾐo┘ﾐ as Waヴdヴop’s ヱst

 principle (“┞ﾐoﾐ┞ﾏ: Waヴdヴop’s Useヴ EケuiliHヴiuﾏ) 
8
 Also kﾐo┘ﾐ as Waヴdヴop’s ヲnd

 principle (Synonyﾏ: Waヴdヴop’s System Equilibrium) 
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Definition of   
a corridor 

Existence of           
nomadic device 

Provision of pre-trip 
traveler information 

(Approach I)  

Provision of en-route 

real-time travler 

information 

(Approach II)  

Provision of monetary 

incentives 

(Approach III) 

Thereby, within this thesis it is distinguished between three different approaches:  

- Provision of pre-trip traveler information (Approach I) 

- Provision of en-route real-time traveler information (Approach II) 

- Provision of monetary incentives (Approach III) 

To evaluate and visualize the potential of such incentive schemes, a quantitative approach is 

implemented. More precisely, a microscopic traffic model is designed to simulate various scenarios 

and analyze the effects on the network. The structure of the implemented approach can be 

recognized in Figure 4. After defining the corridor and model the existence of nomadic devices, the 

application of the previously defined approaches is evaluated. 

 

 

 

 

 

 

 

3.2.1 Definition of a corridor 

As a first step, a corridor is modeled. Based on the availability of data and figures of a particular 

stretch, a real corridor is considered. To establish reasonable and comparable results in the end, it is 

compulsory that the design is not changed while simulating the defined use cases. 

 

From a geometry perspective, for an appropriate travel corridor (compare Figure 5) the following 

design attributes are mandatory: 

- At least three nodes (one origin, one destination and one junction) are needed 

- Alternative links, connecting these nodes with each other, have to exist 

- Alternative routes have to be reasonable, relating to the travel time and travel distance 

- Switching options have to be available (interchanges/junctions have to exist) 
 

 

 

 

 

FIGURE 5: DESIGN OF A TRAVEL CORRIDOR 

 

FIGURE 4: STRUCTURE OF EXPERIMENTAL SETUP 

Origin i Destination j 
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Additionally: 

- Existence of infrastructure to be able to measure and transmit the LOS of each link (at least 

once per link) to a traffic management center 

- Ideally, transmission of LOS is done in real-time, but at least once an hour 

- Existence of consistent travel demand data over a period of time (at least simulation duration 

(compare 5.3.3 - Base Data for Simulation) 

A more comprehensive definition of the term travel corridor can be found in (4.2 - Travel corridor 

fundamentals). 

3.2.2 Existence of nomadic device 

To improve the performance of a corridor, one opportunity is shifting traffic demand towards 

underutilized links. To be able to do that an interface between the network operator and the road 

user has to be established to control the traffic flow dynamically. The installation of a so-called 

nomadic device can be seen as an option to be able to provide needed on-trip real-time traveler 

information and thus tackle the task. For the scope of this thesis, the possibility for integrating such a 

device at a certain percentage of vehicles is assumed (compare Table II). This assumption is 

mandatory to investigate the later defined use cases. By using different shares of equipped vehicles, 

the effects on the flow dynamic are evaluated. 

TABLE II: USE CASE DEFINITION FOR ALL APPROACHES 

Use Case 1 2 3 4 5 6 7 8 9 10 11 

Penetration rate (%) 0 10 20 30 40 50 60 70 80 90 100 

 

Table II describes the defined use cases, which are applied later for all approaches mentioned in the 

next chapter (compare 3.2.3 - Further processing of traveler information). The penetration rate is 

gradually increasing in 10% intervals starting from 0% up to 100%. Especially when it comes to 

applying traffic actions in the field, which do not force, but only motivate drivers to behave in a 

desired manner, the effects of a low penetration rate has to be known in advance. It is normally not 

feasible to equip all vehicles already in the introduction stage. Nevertheless, it is relevant to achieve 

already with a small number of vehicles a measureable improvement in the corridor performance. 

 

Referring to the telecommunication industry’s perspective described in [6], a nomadic device can be 

any kind of electronic device such as cellphones, PDAs or MP3 players with the ability to bring 

content across multiple networks and finally are providing an appropriate user interface. 

 

Within this thesis, this vague definition has to be extended, and thus the following additional 

requirements are set for the nomadic device used for the model: 

- Having navigational functionality 

- Equipped with a GNSS9-module to enable location-based services 

- C2I10-interface to enable wireless data communication between road user and infrastructure 

operator 

- Possibility to identify user via an ID, in case the travel time measure is using this device for 

vehicle identification at cross-sections, for example (but user itself remains anonymous) 

                                                           
9
 Global Navigation Satellite System 

10
 Car-To-Infrastructure 
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In case of applying this approach in the field, further functionalities for the nomadic device are not 

needed. Thus, a conventional navigational device, a mobile phone or any other kind of onboard-unit 

is imaginable to be used. By using this technology in an appropriate manner, it is not just possible to 

inform the road user about real-time traffic status, but in addition to establish a bi-directional 

communication. Thus, it is also possible to transmit the travel time of the users anonymously to the 

traffic operator. This is not just saving a lot of money, which would be necessary to build up a high 

quality and appropriate measurement infrastructure, but provides accurate and realistic travel 

information which can be used for further corridor optimization. 

 

When applying this device in the field, the information, which is broadcasted by the traffic operator, 

is received and processed by the nomadic device. At all applications, which are mentioned in the 

following subchapter, the traffic management center is transmitting the generalized costs, described 

in (4.3.1 - FaItoヴs iﾐflueﾐIiﾐg useヴ’s ヴoute IhoiIe), for all potential and meaningful routes11 to reach 

the useヴ’s destiﾐatioﾐ. Depending on the applied approach, the point of time, respectively the 

frequency of this process is varying. The same situation concerns the cost coefficients, which are 

considered when estimating the route costs. Within the first two approaches, only the travel time is 

considered when calculating generalized costs. At Approach III, additionally a monetary aspect is 

considered when estimating the route costs. 

When receiving the traveler update, the nomadic device is integrating this information into its 

routing algorithm. This would eventually lead to a re-routing of the previously suggested route. Thus, 

the device might navigate the user via an alternative route to reach the destination. Based on the 

distribution mentioned in (5.2.2 - Dynamic route choice model), the user accepts the suggested 

route, or chooses an alternative route. 

3.2.3 Further processing of traveler information  

The availability of accurate real-time traffic information is identified as one of the key successors for 

controlling traffic flow in an improved manner. If this is accomplished, the further processing of this 

information is relevant. Within this thesis three different ways of doing this are described. 

(1) Provision of pre-trip traveler information (Approach I) 

Nowadays, drivers normally do not have accurate pre-trip information about the actual travel 

times in the network. Of course they have empirical knowledge about certain routes and their 

travel times in case they are using them regularly. Based on this situation, the experienced travel 

times of preceding simulation runs are considered as well for making an appropriate routing 

decision. Thus, within this approach, smart drivers with commuter-behavior are introduced. In 

real life, for example, the estimation of the expected traffic demand on a typical Monday 

morning or the existence of a long-term construction work can influeﾐIe the useヴ’s ヴoute IhoiIe 
of such an informed person. To evaluate the effects of a changing number of those drivers, the 

penetration of this information is varying within all simulation scenarios (compare Table II). 

(2) Provision of en-route real-time traveler information (Approach II) 

At this scenario, en-route information of the current traffic status is provided for the user. The 

knowledge about the expected travel time should have an iﾏpaIt oﾐ the useヴ’s ヴoute IhoiIe aﾐd 
thus, being a step towards an improved corridor management. Based on this assessment, 

scenarios dealing with different penetration rates of vehicles equipped with nomadic devices are 

defined (compare Table II). Nowadays, a navigational device with a link to a traffic management 

                                                           
11

 Compare (5.2.2 - Dynamic route choice model) for what is meant by meaningful routes 
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center e.g. via TMC12, using not just static, but also dynamic information for routing to the 

desired location, can realize this situation. 

Basically, it is supposed that the availability of real-tiﾏe iﾐfoヴﾏatioﾐ has effeIts oﾐ the useヴs’ 
route choice, which furthermore leads to a decrease of the overall travel time. Thereby, 

eventually a direct correlation between the percentage of equipped vehicles and the further 

optimization of the usage of the network can be identified. 

(3) Provision of monetary incentives (Approach III) 

In addition to previous approaches, it is also possible to use the integrated device not just for 

providing information about the optimal route, but to offer the road user monetary incentives to 

behave in an intended manner. By adding this functionality, the previous model gets extended. 

Thereby, the attractiveness of an alternative route gets increased by either lowering their toll fee 

– in case of its existence – or by offering the road users credits, which can be used to pay the toll 

charge for an alternative route, for another day of travelling or even for getting a ticket for public 

transport. By doing so, not just time-sensitive, but also cost-sensitive routing behavior is 

encouraged. 

 

Push-method vs. Pull-method 

Principally, the route with the lowest travel time between an origin and a destination is the most 

attractive. Based on this perception, especially under severe traffic conditions, a fee for this route 

can be charged or increased noticeable to decrease its attractiveness. In this way, road users will 

probably adapt their pre-planned route. By applying this so-called Push-method, it is targeted to 

minimize the chance of traffic jams and low LOS due to an overload. Thus, depending on the 

traffic demand and the existing LOS of a link, a toll is charged. 

Alternatively, for the case of using another link, instead of a roadway which has already reached 

his performance maximum – or even close to it –, credits are granted at the Pull-method. 

Thereby, alternative routes become more attractive and can be used eventually for free or even 

with a financial benefit when getting a credit which can be used for a later trip via public 

transport. 

3.3 Selection of suitable simulation tool 

Within this chapter information about the chosen simulation software is given. It describes the 

selection process and furthermore, also provides reasons for the used type of simulation. 

 

To provide sufficient results in order to model the previously defined use cases, an appropriate traffic 

simulation software has to be taken. Nowadays, there are many different tools to analyze the traffic 

behavior within a traffic corridor. The question which remains in the end is: which tool is most 

suitable for this particular project? Basically, two different types of simulation tools can be 

distinguished: a macroscopic and a microscopic approach. 

 

Macroscopic perspective 

Macroscopic simulation tools are achieving results by using the deterministic relationship of flow, 

speed and density (later described in 4.2.1 - Fundamental diagram). The simulation itself is done on a 

section-by-section-basis, instead of simulating each vehicle separately. In comparison to microscopic 

tools, by using aggregated values and averages per link, less computing capacity is needed and thus, 

                                                           
12

 Traffic Message Channel 



22 

 

it is possible to model large geographic networks. Nevertheless, it has to be mentioned that 

macroscopic models have limited ability to model real-world traffic conditions, which finally can 

reduce the practical usage of the simulation results (e.g. no spillback modeling). For more details 

IoﾐIeヴﾐiﾐg ﾏaIヴosIopiI ﾏodeliﾐg, it’s ヴefeヴヴed to [7]. 
 

Microscopic perspective 

Microscopic simulation tools model the movement of individual vehicles, based on theories of car-

following, lane-changing and gap acceptance. As described in [8], vehicles typically are entering a 

transportation network based on a statistical distribution of arrivals – a stochastic process – and are 

tracked in intervals of up to one second. In comparison to the macroscopic approach, the network is 

modeled in a much more detailed manner, which results in high effort in designing and calibrating 

the stretch and the vehicles. According to [7], these kinds of models are applicable to evaluate 

scenarios which are beyond the limitations of other model types (e.g. accident scenarios which 

results in congested conditions). However, computing time and storage requirements are significant, 

which limits the ability to model large geographic areas. 

 

To be able to make the final selection, a list of requirements and criteria – some are compulsory, 

others just desirable – is defined: 

(1) Limited budget (compulsory) 

Due to the fact that no financial resources are planned for this project, either an open source 

product, or software with a free student license has to be used.  

(2) Availability of Dynamic Traffic Modeling (compulsory) 

Based on the target of evaluating short-term reactions of drivers and its influence on the 

network, especially under high load of the corridor and thus congestions, it is mandatory to use 

dynamic traffic assignments. Otherwise, particularly queues and spillbacks are not modeled as 

realistic as it should be done. Furthermore, traffic demand, and the provision of traffic 

information, can be simulated in a dynamic, and thus more truthful manner (further information 

compare [9]).  

(3) Reputation and use in business (desirable) 

The selected software has to be seen as a useful tool within the traffic modeling community. 

Otherwise, the results cannot be recognized as meaningful in the end. 

(4) Support & Experience (desirable) 

To be able to guarantee a successive progress, it is necessary to be able to get supported in case 

of troubles with the software or the developed model. Thus, technical support can be identified 

as a useful add-on – either provided by the company itself, or by experienced traffic engineers 

who have practical know-how with the software. 
 

After a research of available software tools and – in case it is needed – license requests to relevant 

software companies, the traffic simulation software PTV Vision, commercially distributed by PTV 

AG13, is selected. PTV AG is providing a free student license for the duration of this project and next 

to this it is an opportunity to work with one of the most popular traffic simulation tools in Europe. 

Basically, the provided product consists out of two tools: VISUM14 and VISSIM1516. VISUM provides 

                                                           
13

 http://www.ptv-vision.com/en-uk/ 
14

 Macroscopic traffic simulation tool 
15

 AIヴoﾐ┞ﾏ foヴ „Verkehr In Städten – “iﾏulatioﾐsModellさ ふGeヴﾏaﾐ aHHヴe┗iatioﾐぶ 
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mainly macroscopic functionalities and VISSIM represents the microscopic simulation approach of 

PTV. However, considering previously set requirements, only VISSIM is able to meet all of them. 
 

To verify this decision, a plain dummy network is created and, by modeling simple use cases, the 

potential and limitations of VISSIM is evaluated on a low level. In addition to this, a requirements 

analysis is conducted, to rate the opportunities and limitations of this software tool.  This step leads 

to the following functionalities, which are requested to get satisfying results in the end:  

- Availability to simulate a real dynamic stochastic assignment 

- Opportunity to give dynamic traffic information 

- Ability to control and analyze the behavior of each vehicle individually, and thus evaluating 

the dynamic of traffic within the corridor 

- Distribution of vehicle groups within the network is stochastic 

Nevertheless, choosing VISSIM also leads to limitations, which has to be considered as well: 

- Size of the network stretch within an area of 10km * 10km (limited by the provided student 

license) 

- Assumptions within the corridor network (for more detailed information compare chapter 

5.3 - Model description) 
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4 Theoretical Background of Travel Corridors 

This chapter provides the needed theoretical framework concerning travel corridors, which is 

necessary to make a comprehensive analysis of the defined research question. Furthermore, it is also 

used as a reference when describing and interpreting the outcome of the previously described use 

cases. 

In the first section, a short overview of state of the art research activities in this field is provided. The 

second chapter furthermore, provides a definition of a transportation corridor and the most 

important fundamentals linked to it. Within this part, performance metrics are mentioned, as well as 

criteria to describe and analyze the road user behavior and its effects on the travel time. In addition, 

the phenomenon of User Equilibrium and System Optimum is described in more detail. The last part 

of the chapter deals with topics linked to corridor management. Starting with a definition for this 

teヴﾏ, it tells aHout the HasiIs Hehiﾐd useヴ’s ヴoute IhoiIe aﾐd ho┘ it Iaﾐ He adapted iﾐ a desiヴed 
manner. Finally, the opportunity to provide incentives is comprehensively described. 

4.1 Research activities linked to travel corridors 

As mentioned in [10] and [11], the efficient usage of already existing infrastructure is a serious 

challenge. To deal with this situation, in the year 2004 a research project dealing with the 

optimization of the existing corridor management in the United States was conducted by the U.S. 

Department of Transportation. This outcome of this project is described in [12]. It focused on the 

identification of gaps and needs to make the movement of people and goods in major transportation 

corridors more efficient. In addition, it targeted to define various strategies for improvements. 

Aﾏoﾐg otheヴs, a gap iﾐ tヴa┗eleヴ iﾐfoヴﾏatioﾐ foヴ iﾐflueﾐIiﾐg tヴa┗eleヴs’ deIisioﾐs aﾐd route choices was 

identified. Respectively, the need for a corridor based traveler information system, which supports 

multimodal pre-trip planning and on-trip route shifts or modal shifts, was issued. Furthermore, 

missing en-route information about incidents was also identified as a significant problem. 

On the basis of these outcomes, core-strategies were defined. Apart from others, the promotion of 

route shifts – based on severe network conditions – between roadways via en-route traveler 

information devices was declared as one of the most important issues.  

 

This project is part of a still ongoing ICM17 initiative in the United States. The main objective of this 

program is finally to illustrate how ITS18 technologies can efficiently and proactively improve the 

performance of the existing infrastructure [13]. Implementing real-time management of the corridor, 

the approach expects to reduce travel times, delays, fuel consumption, emissions and number of 

incidents and thereby, increases trip predictability and reliability [10]. 

 

Although there is actually a research hotspot in this field in North America – e.g. ICM test corridor I-

15 in San Diego, California (compare [8] for research results) –, similar projects and developments 

can also be recognized in other regions, e.g. Europe. For example, a traveler information system in 

Austria, operated by ASFINAG19, providing the expected travel time to numerous hot spots via 

diverse routes, is installed on the highway network surrounding Vienna. 

                                                           
17

 Integrated Corridor Management 
18

 Intelligent Transportation Systems 
19

 Operator of the Austrian motorway and expressway network 
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4.2 Travel corridor fundamentals 

Before being able to focus on theoretical and optimization aspects of a transportation corridor20, first 

of all it is necessary to define what is meant by that term precisely in the literature. According to [14], 

a transportation corridor is defined as  

“a largely linear geographic band defined by existing and forecasted travel patterns involving both 

people and goods. The corridor serves a particular travel market or markets that are affected by 

similar transportation needs and mobility issues.  The corridor includes various networks (e.g., limited 

access facility, surface arterial(s), transit, bicycle, pedestrian pathway, waterway) that provide similar 

or complementary transportation functions. Additionally, the corridor includes cross-network 

connections that permit the individual networks to be readily accessible from each other.ざ ( [14], page 

4) 

This is a comprehensive definition, which is used at the US ICM-Initiative, which is described more in 

detail at the previous paragraph, and was stated in the year 2006. Nevertheless, within this thesis the 

scope of this term definition is slightly reduced. The main limitation is related to the availability of 

various networks, as only road infrastructure is considered here. This is done to lower the level of 

complexity and thus, to achieve meaningful results, considering the limited resource of time.   
 

Focusing on the most relevant issue of the definition, the main task of a corridor is to provide 

sufficient capacity for an existing traffic demand. This is accomplished by providing various routes. 

Each of these routes consists of various links, which are connected with each other at intersections 

(compare Figure 5). To be able to calculate the overall capacity and the performance of the corridor, 

each link has to be analyzed individually. By doing so, the theoretical potential of the corridor, and its 

various routes can be roughly estimated. This is needed to provide road users with appropriate 

routing guidance and thus, finally enables a good utilization within the network. 

 

Based on this circumstance, the performance of each link has to be analyzed in advance. To achieve 

this task, the following parameters can be identified: 

- Free flow speed v0 [km/h] 

- Free flow travel time t0 [h] 

- Link length l [km] 

- Capacity qmax [veh/h] 

- Number of lanes [-] 

- Road surface and weather conditions [-] 

- Geometry (gradient, curvature) [-] 
 

- Traffic volume q [veh/h] 

- Density k [veh/km] 

- Mean (spatial) speed21 vm [km/h] 

- HGV share [-] 
 

In the first section (block A) parameters are mentioned, which are independent in correlation to the 

amount of road users and thus, more or less semi-constant values. Some of these factors can be 

estimated easily, either due to a legal requirement (e.g. free flow speed on a road) or due to the 

possibility to measure, respectively calculate it directly (e.g. link length, free flow travel time, etc.). 

                                                           
20

 Synonym: travel corridor 
21

 Is defined as the mean of the speeds of all vehicles measured on a segment at one point of time 

A 

B 
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Other parameters – e.g. weather or road surface conditions – are hard to quantify and thus, these 

parameters are roughly estimated and can be considered additionally as a slight correction factor 

within the simulation. 

In contrast, the second part (block B) is describing indicators, which depend on the traffic demand 

and thus, are in reality dynamic over time. In the area of traffic management, especially the relation 

between the traffic volume22, the density and the mean (spatial) speed can be identified as 

important. These stochastic and mutually dependent parameters can be used to identify unstable 

links. 

In order to cope with this situation, the next sub-chapter focuses on these important relations. 

Afterwards, further fundamentals in the context of road traffic management are mentioned which 

are useful for later evaluation of the simulation model. 

4.2.1 Fundamental diagram 

To describe the relation between the traffic volume, the traffic density and the mean spatial speed, 

the fundamental diagram is introduced (compare Figure 6). It bases on the relation that the volume q 

is the product of the density k and the mean spatial speed vm (q = k * vm). The main idea of this 

diagram is the usage as a prediction tool to analyze the capability of a road segment, or its 

development when adapting one of the parameters – e.g. through applying inflow regulations. It is 

known, in order to prohibit the creation of bottlenecks and congestions, the demand must not 

exceed the existing capacity [15]. 

Basically, the fundamental diagram consists of three different graphs, which are all related to the 

previously described equation q = k * vm:  

- Volume-density-relation (compare Figure 6 – 1st quadrant of the diagram) 

- Speed-density-relation (compare Figure 6 – 2nd quadrant of the diagram) 

- Speed-volume-relation (compare Figure 6 – 3rd quadrant of the diagram) 
 

 

FIGURE 6: FUNDAMENTAL DIAGRAM (Q =F(K);V=F(K);V=F(Q)), SOURCE [16] 

                                                           
22

 Synonym traffic flow 
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The following statements are describing the behavior of Figure 6: 

- The function is drawn thick if the traffic flow is stable; 

- The function is drawn thin if the traffic flow is unstable; 

- The higher the number of vehicles, the slower is their velocity; 

- When decreasing the permissible speed, the capacity of the stretch can be increased. 

- To establish the highest throughput during rush hours, it is important to keep the density 

slightly below the optimal density kopt. 

A short description of each part of the diagram shown in Figure 6: 

(1) Volume-density-diagram 

Within the traffic flow theory, this diagram is used to determine the traffic state of a road 

segment. This triangular shaped curve is represented by two parts: the left branch shows the free 

flow part, and the right line represents the congested area. The maximum of this function at kopt 

indicates the applicable flow of the link, also known as its capacity [15]. 

In case of low density, drivers travel with free flow speed and do not experience any interaction 

with other road users. In contrast, when density increases, traffic flow comes to standstill at a 

queue at maximum density kmax (compare Figure 6 – first quadrant of the diagram) [17]. 

(2) Speed-density-diagram 

When increasing the density, the speed of the vehicles is decreased. 

(3) Speed-flow-diagram 

To determine the speed at which the optimal flow is enabled, this kind of diagram is used. The 

two branches represent the free flow and the congested conditions on the road segment. It is 

important to mention that this is not a function, but a relation. Thus, there can be different 

speeds at the same flow [15].  

The transition from the stable to congested branch takes place after the capacity is reached. At 

this vague point, a phenomenon called Capacity Drop takes place. The traffic flow becomes labile 

and its exact behavior is difficult to predict – especially the transition from the first to the second 

curve is hard to determine. Nevertheless, a not negligible reduction of flow can be experienced 

(compare Figure 7). 

 

Figure 7: Phenomenon of Capacity Drop (based on Source [18]) 
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To get a more practical point of view, Figure 8 illustrates data of a real-world road stretch with a 

free flow speed of approximately 100km/h. Not just the theoretical, but the capacity in reality of 

about 2500veh/h can be visualized easily with this diagram. Thus, e.g. when comparing this 

stretch with other road segments on the link, bottlenecks on the road can be identified and 

activities for further improvements can be defined in an efficient manner [18]. 
 

 

FIGURE 8: REAL-WORLD ROAD STRETCH DATA, SOURCE [16] 

4.2.2 Traffic states 

Based on [16], due to a varying traffic flow during the day, naturally also the traffic conditions – e.g. 

the travel speed – are varying in the same manner. Next to this temporal component, also spatial 

components – e.g. a permanent bottleneck – can be identified as a reason for changing traffic 

conditions within a corridor. In addition to this, in some cases also temporal bottlenecks which cause 

a local breakdown – e.g. an accident – initiate congestions on a road stretch. 

To simplify the task of analyzing and managing the varying flow, numerous traffic states, summarizing 

similar traffic conditions, are defined in the literature. Basically various sources can be mentioned, 

but the differences between each other are practically rather small. The most relevant definitions can 

be found at: 

- Highway Capacity Management (HCM),  

- Handbuch für die Bemessung von Straßen (HBS) – german guideline and 

- Merkblatt für die Ausstattung von Verkehrsrechnerzentralen und Unterzentralen (MARZ) - 

german guideline 

HCM and HBS are both defining six service levels (LOS A to LOS F); LOS A represents best level 

(completely free flow conditions) and LOS F indicates the worst service level (breakdown conditions). 

Although MARZ is only defining four different traffic states (Traffic state I – Traffic state IV), still the 

same range is covered. This is caused by the fact that Level I represents the range from LOS A up to 

LOS C within the HCM, respectively HBS. Due to the fact that these three traffic states are describing 

similar conditions – in worst case still almost free flow conditions along the stretch – this 

simplification has almost no impact in the area of motorway management [19]. Table III describes the 

defined traffic states which are mentioned in MARZ. 
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TABLE III: TRAFFIC STATES DEFINED IN MARZ '99, SOURCE [16] 

Criteria I – free II – densed III – constrained IV – stop & go 

Density Low Increasing High Maximum 

Vehicle headway Long, stochastic Medium Small Very small 

Speed Desired speed Below desired speed Reduced, same for all Stop & go 

Opportunities to pass Possible Limited Rarely None 

Vehicle composition Single vehicles Small groups Platoons Interrupted platoons 

Traffic flow Stable Meta-stable Unstable Stable 

 

To link these traffic states with the fundamental diagram – more precisely the volume-density-

diagram – Figure 9 is introduced. It visualizes a rough classification. 

 

 

FIGURE 9: TRAFFIC STATES AND THE FUNDAMENTAL DIAGRAM, SOURCE [16] 

4.2.3 User Equilibrium and System Optimum 

The iﾐflueﾐIe of useヴ’s ヴoute IhoiIe Heha┗ioヴ to establish a better utilization on the existing road 

infrastructure can be addressed as one of the most important steps towards a successful road traffic 

management. Basically, every driver is making his decisions only based on his personal perspective 

and does not take care about impacts on the network itself. Unfortunately, this behavior normally 

leads to a non-optimal utilization of the infrastructure. Thus, a centralized traffic management 

system has to target an optimized distribution of the existing traffic demand to establish an efficient 

transport system. In the literature, these two situations are called User Equilibrium and System 

Optimum. Both are described in detail in the next paragraph. 
 

User Equilibrium 

In case of assuming a rational behavior of the road users in minimizing the personal travel costs 

(compare 4.3.1 - FaItoヴs iﾐflueﾐIiﾐg useヴ’s ヴoute IhoiIe) and a perfect knowledge about them within 

the network, their route choice leads to a User Equilibrium within the corridor [20]. Not even one 

user could have a personal advantage by taking any other route, because on each alternative route 

the route impedance23 would have been the same, or even higher [2]. As described in [21], within the 

static assignment the time dimension of traffic flow is not considered. Thus, traffic flow is assumed to 

be in a steady state and traffic flow dynamics are not captured. Referred to [22] and [23], to obtain 

the user-equilibrium state, the following function has to be solved: 

                                                           
23

 In the simplest case only travel time is considered 
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     ∑∫   岫 岻         (1) 

     ∑                            for all k   A (2) 
      ∑                               for all r   Z, s   Z (3) 
      0                                      for all p   P (4) 

    travel cost function on link k    traffic flow on link k     
zero-one parameter of whether trips are 

assigned to path p use link k (0 = no, 1 = yes)    route flow on path p 
 

Contrary to the static approach, dynamic assignments also consider the time-varying demand at the 

origin r and time-varying flow on the links over the network. 
      ∑∑∫    岫 岻             (5) 

      ∑ ∑                                  for all k   A, t   D (6) 
       ∑                                          for all r   Z, s   Z, d   D (7) 
       0                                                for all p   P, d   D (8) 
         岫   岻                                      for all p   P, k     , d   D, t   D (9) 
  ∑                                                for all p   P, k     , d   D (10) 
       ∑ ∑         岫   岻               for all p   P, n    , d   D (11) 

  [        ]                                 for all p   P, n    , d   D, t   D, k     (12) 
  [     岫   岻  ]                     for all p   P, n    , d   D, t   D, k     (13) 
  

    岫   岻 travel cost function on link k in time interval t     
traffic flow between all zone pairs assigned to link k in time 

interval t      
travel time of path p from its origin to node n for trips departing 

in time interval d      
traffic flow from zone r to zone s departing in time interval d via 

any path     traffic flow assigned to path p that departed in time interval d       

zero-one parameter of whether trips departing in time interval d 

and assigned to path p use link k in time interval t (0 = no, 1 = 

yes)   set of all nodes 

A set of all links    set of all links incident from node n 

Z set of all zones   set of all paths between all zone pairs     set of all paths from zone r to zone s    set of all links on path p     set of all links on path p prior to node n    duration of each time interval 

D set of all time intervals in the full analysis period 
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By applying these equations, a varying flow on link k along path p at time t is paid attention. Thus, to 

achieve the user-equilibrium in a dynamic approach, at any time t no even one vehicle is able to find 

a route with lower impedance. Thereby, all vehicles starting their trip at the same time and location, 

having the same destination but taking different routes should have the same travel time. 
 

As described in [24], an additional separation can be introduced. Depending on the manner how road 

users choose their routes, it’s distiﾐguished Het┘eeﾐ Predictive and Reactive User Equilibrium. 

- Predictive 

At this scenario, traffic conditions are predictable and travelers are able to get information 

on current and future network states. Based on the future development and the predicted 

travel time, routing decisions are made. 

- Reactive 

At this approach, traffic conditions are not predictable. In this way, only traveler information 

which bases on the current status is available. By continuously updating their routing 

behavior based on this information, drivers are trying to shorten their individual travel time. 

A common way to achieve results is to apply a heuristic approach called MSA24. 

System Optimum 

In contrast, if road users are making routing decisions to minimize the overall travel costs of the 

whole fleet within the corridor, the System Optimum is obtained. By doing so, a minimization of the 

product of the route impedance and route volume for all OD25-pairs is made [2]. In real life such kind 

of assignment cannot be assumed. Only user specific route guidance, coordinated by a central traffic 

management center, in combination with an effective enforcement of these instructions could be 

able to roughly obtain this situation. Although this approach is purely hypothetical nowadays, it 

visualizes the existing potential of a network. EspeIiall┞ fヴoﾏ the tヴaffiI eﾐgiﾐeeヴ’s peヴspective the 

establishment of this status is desired. 
 

Mathematical approach for static assignment 

To get a HasiI kﾐo┘ledge ┘hat’s ﾏeaﾐt H┞ these defiﾐitioﾐs, this ﾏatheﾏatiIal appヴoaIh is pヴo┗ided. 
Instead of describing a time-dynamic assignment, a static implementation is presented.  

To calculate the utilization on various routes according to the definition of both approaches the 

Capacity-Restraint-function can be used. Also known as Volume-Delay-function, this function 

describes how travel time increases when a stretch is loaded [20]. One of the most common types of 

CR-functions is the BPR26 function (compare Equation (14) and Figure 10). It is developed by the 

Bureau of Public Roads. Typical values for the parameters are: a=1 and b=2.         峭      (        ) 嶌 (14) 

 

tcur current travel time on link [s] 

t0 free flow travel time on link [s] 

vol traffic volume [veh/h] 

qmax capacity [veh/h] 

a, b 
user defined parameters   岷      岻   岶        岼 

                                                           
24

 Method of Successive Averages 
25

 Origin-Destination 
26

 Bureau of Public Roads 
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FIGURE 10: CAPACITY-RESTRAINT-FUNCTION, SOURCE [20] 

The following example visualizes how this can be done. Let’s assuﾏe a siﾏple Ioヴヴidoヴ ┘ith t┘o 
alternative routes from the origin i to the destination j (compare Figure 11) and a total demand of 

1000 vehicles moving from i to j. Table IV is defining the specific parameters of the corridor. 

 

FIGURE 11: EXAMPLE STATIC USER EQUILIBRIUM VS. SYSTEM OPTIMUM, SOURCE [20] 

TABLE IV: PARAMETERS FOR CORRIDOR 

 Route 1 Route 2  

Length l 4 5 km 

Free flow speed v0 20 18 km/h 

Capacity qmax 600 1200 veh/h 

Free flow travel time t0 12 16,7 Min 

 
The total demand Tij is finally divided in the demand q1 and q2 and thus, a graph shown at Figure 12 is 

the result when applying the CR-function. 
           (15) 

 

 

FIGURE 12: CR-FUNCTION FOR TWO ALTERNATIVE ROUTES, SOURCE [20] 



33 

 

At the User Equilibrium, the impedances of all routes are equal. At this example just the travel time is 

considered as a relevant factor for the costs of a route, thus: 
   岫  岻    岫  岻 (16) 

      峭      (         ) 嶌 =      峭      (            ) 嶌 (17) 

 

In case of calculating the System Optimum, the sum of all impedances has to reach a minimum. 

Therefore the following equations are used: 
  岫  岻       岫  岻       岫  岻 (18) 

  岫  岻       岫  岻  岫      岻    (      )  min (19) 
  岌岫  岻       1.derivative = 0 (20) 

  岑岫  岻       2.derivative > 0              (21) 
 

 

Those equations finally lead to an – referring to an either theoヴetiIal useヴ’s oヴ s┞steﾏ’s peヴspeIti┗e – 

optimal utilization of the existing travel demand, which is described in Table V.  

Referring to this table, at the user equilibrium calculation, a flow distribution of 483 vehicles going via 

Route 1 and 517 vehicles going via Route 2 is identified. In comparison to this, considering the 

optimum for the overall system, 410 vehicles should use Route 1 and 590 vehicles should go via 

Route 2 to reach the destination j. By doing so, in comparison to the user equilibrium approach a 

reduction of the overall travel time by 340 hours can be achieved. 

 

TABLE V: USER EQUILIBRIUM VS. SYSTEM OPTIMUM ESTIMATION RESULTS 

 User Equilibrium System Optimum 

 Volume q Travel time t q * t Volume q Travel time t q * t 

Route 1 483 19,8 9.552 410 17,6 7.217 

Route 2 517 19,8 10.216 590 20,7 12.211 

Sum   19.768   19.428 

 

These results can be used in the next step to define a management strategy which emphasizes on an 

appropriate user guidance system to establish a situation which is at least similar to the calculated 

optimum. Nevertheless, it has to be mentioned that at this example all parameters are static and 

especially the demand is known. In practice, however, this is not the case, which means that rough 

estimations and assumptions are needed to be made. In addition, it is assumed that road users have 

a perfect knowledge of the network, which is nowadays also just a theoretical assumption. 
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4.3 Management of transportation corridors 

Based on the definition of a travel corridor, which is provided in the previous chapter, the ICM 

initiative also defines what is meant by corridor management. Referring to [14], it includes 

さthe operational coordination of multiple transportation networks and cross-network connections 

comprising a corridor and the coordination of institutions responsible for corridor mobility.ざ ふ [14], 

page 7) 

This definition can now be used to capture those aspects, which are relevant within this thesis. 

Basically, the ICM initiative identifies corridor management as an instrument to make the movement 

of people and goods in major transportation corridors more efficient. Due to reasons described in the 

beginning of this thesis in chapter 1 and 2, there are basically no doubts of the necessity of 

implementing such kind of management systems. The amount of wasted fuel and time, and the 

quantity of exhausted emissions just caused by congestions leave no doubts. However, this situation 

can probably be improved without making a huge investment in building new roads, but developing 

and rolling out intelligent traffic management solutions. 

According to [14], the following activities are meaningful to achieve this goal: 

- Incident management 

- Travel demand management 

- Rising public awareness 

- Transportation pricing 

- Real-time traffic monitoring 

- Real-time information distribution 

- Congestion management 

Although not all traffic management tools mentioned above are further investigated within this 

thesis, basically all of them are targeting to change the behavior of the user – either by providing 

incentives, giving additional information or raising the awareness of the driver. Mainly it is about 

adaptiﾐg the useヴ’s tヴip Heha┗ioヴ H┞ taking an alternative route, or shifting the beginning of the trip 

to off-peak times.  
 

Hence, the route choice which is set by the user before the trip has to be adapted according the 

current, respectively forecasted traffic situation. To be successful in Ihaﾐgiﾐg the useヴ’s ヴoutiﾐg 
decision, first of all it is necessary to evaluate the factors that make a certain route attractive. When 

designing an effective traffic management system, the most relevant parameters are meaningful to 

be addressed. 

4.3.1 FaItoヴs iﾐflueﾐIiﾐg useヴ’s ヴoute IhoiIe 

Usually, drivers specify the route to reach their destinations already before starting the trip. Thus, 

users are just able to use the information which is known at this point of time. In case they are not 

getting any further on-trip information, they will not adapt their choice anymore – whether a better 

route may exist, or not. This can lead to a non-optimal usage of the existing road infrastructure and 

thus, resulting in avoidable increased travel times for example. 
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Fヴoﾏ the tヴaffiI eﾐgiﾐeeヴ’s peヴspeIti┗e it has to be analyzed which parameters are influencing the 

decision to take a certain route. The indicator which is describing the level of attractiveness of a link 

is called impedance27. Referring to [20], the following indicators can be mentioned: 

- Estimated trip time  

- Link length 

- Existence of tolls 
 

- Knowledge of area 

- Existence of traffic signals & intersections 

- Scenery 

- Safety 

- Weather 

- Road conditions 
 

Based on [20], when adding up all these factors – considering various weightings –, the impedance 

for a certain route can be calculated (compare Equation (22)). The lower this value is, the lower is the 

liﾐk’s resistance and thus, the higher is the attractiveness for using a certain route. Due to the fact 

that not each of these parameters has the same importance for the process of decision making and 

logically the dimensions, respectively the order of magnitude of these figures are completely diverse, 

it is necessary to multiply each single attribute with a specific coefficient. Based on an individual 

perception, these factors are rather subjective and thus, can vary from person to person.                                    (22) 
 

Ilink impedance of the link 

test estimated travel time on link [s] 

fakt weighting factor time [1/s] 

L link length [m] 

fakL weighting factor length [1/m] 

C monetary costs [€] 

fakC weighting factor costs [1/€] 

 

Basically, the expected travel time, the length of the route and the necessity to pay additional fees 

for using the link are most relevant. Whilst these parameters can be easily put into figures, other 

indicators mentioned above are subjective perceptions. Due to the fact that they vary from person to 

person, only a user-specific weighting e.g. directly via the dヴi┗eヴ’s ﾐoﾏadiI de┗iIe, aﾐd ﾐot a geﾐeヴal 
inclusion in the impedance calculation, is meaningful. Finally, mainly reasoned by their low relevance 

at all for decision making in comparison to the others, further considerations within this thesis only 

focus on the first three indicators. This is basically also state of the art when the equation is applied 

in the field and further on, that’s ho┘ it is implemented in the traffic simulation software VISSIM 

(compare 5.2.2 - Dynamic route choice model), which is used for further investigations. 

 

The length of a road can be assumed as a static figure. As a consequence of this, it is no problem to 

consider it in the equation. It is slightly different when monetary costs are considered. Depending on 

the existence of an intelligent tolling system, the toll charge can, for example, be related to the day 

of time, the type of vehicle or the actual LOS. In case a comparable system is not implemented, the 

fee can be assumed as a constant as well – either set to a certain value, or in case of no tolling system 

                                                           
27

 In literature also often known as generalized costs of a link 
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at all exists, set to zero. If such a system is not implemented and thus, the fee is the same all the 

time, this parameter can be assumed as constant as well. 

This situation is quite contrary when considering the travel time. Having a free flow travel time under 

optimal traffic conditions, normally this situation cannot be assumed. It depends on the current 

traffic flow, but eventually varies seriously due to the existence of an unpredictable incident, any 

construction works, traffic signals or variable weather or road conditions. Furthermore it is important 

to mention that not the current estimated travel time of a future driven road segment is interesting, 

but the travel time when the user is driving at a particular road section. This makes an objective and 

realistic estimation of this factor probably to the biggest challenge within that context. 

(1) Relevance of point of time 

Ne┝t to the e┝isteﾐIe of all these aspeIts ┘hiIh aヴe iﾐflueﾐIiﾐg the useヴ’s ヴoute IhoiIe, also the 
dimension time has to be considered in the process of decision-making: when is information 

provided? This question is also discussed in [25]. It is obvious that the driver is only able to 

consider available information to optimize the route choice. Fヴoﾏ the tヴaffiI eﾐgiﾐeeヴ’s 
perspective, it is mandatory that the user get informed about any deviations which could have an 

influence on the decision as soon as possible. Basically, the earlier decisive information of any 

indicator is broadcasted, the easier it is to react in an appropriate or maybe even - from the 

tヴaffiI opeヴatoヴ’s peヴspeIti┗e - desired manner.  
 

To structure this situation, different points in time can be defined: 

- Pre-trip information; this includes all information which is provided before the trip is 

started. In case there is no particular pre-trip information, only the personal experience of 

the driver can be used for making the routing decision. 

- On-trip information; includes all updates provided while driving which could eventually 

adapt the pヴe┗iousl┞ defiﾐed useヴ’s ヴoute IhoiIe. Within this thesis, especially this 

influence on the network and its traffic flow is investigated. 

- Post-trip information; this kind of information is mainly useful in the field of consciousness 

raising activities. After reaching the place of arrival, it is useful to show the driver e.g. 

alternative routes and visualize the potential of savings in time, money or fuel. Due to that 

it is possible that the behavior is adapted in a long-term perspective. 

(2) Individual & personalized user information 

The provision of user-specific information can be identified as a key success factor towards an 

optimized traveler behavior. Different users do have different interests; and thus, it is necessary 

to provide diverse types of services. For example, a commuter, who is taking every day the same 

route on the way to the working place and back home, in comparison to an employed truck driver 

has different requirements and expectations on a modern traffic information system. In 

combination with the availability of location-based services, the acceptance and thereby, in a 

long perspective, the credibility and acceptance of such kind of systems can be increased [25]. 

(3) User interface design 

Additionally, also the manner of providing the user information is relevant. Various technical 

solutions with numerous advantages and disadvantages are already available in the field. 

Especially the costs for the technical equipment, the data transfer and the distraction of the 

driver while getting information are nowadays discussed intensively. Unfortunately, a detailed 

description of the state of the art would go beyond the scope of this thesis and thus it is referred 

to [26]. 
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(4) Quality of information 

Finally it is important to note that the quality of the provided information is a decisive success 

factor. Based on [25], it’s ﾏaﾐdatoヴ┞ that all provided information has to achieve a certain level 

of accuracy the user can rely on. As a consequence of this, it follows that the measurements 

taken in the field - or any other data sources – have to provide reliable input data for the 

management center. Otherwise suggestions and warnings triggered by the traffic management 

center are not taken seriously anymore. 

In the end, all these factors can be summarized to the indicator usability. The more user-friendly the 

information is transferred, and the higher the quality and its accuracy is, the higher is the value of 

usability. In practice, a high value is needed to achieve a high acceptance rate of the provided data. 

Thus, the previously mentioned factors have to be considered when realizing the described 

approach. 

4.3.2 Provision of incentives as a useful tool 

The provision of incentives can be identified as an applicable tool to improve the traffic flow. Instead 

of punish road users for their non-optimal behavior in the traffic flow e.g. by collecting toll charges 

when using a congested road, drivers can also be motivated to behave in a desired manner. 

Nevertheless, this approach is not common in traffic management today. 

For being successful, the driver has to be able to identify its personal profit. Among other things, this 

can be done by visualizing the impacts of his behavior e.g. concerning travel time when reaching the 

destination. This would eventually make the measure even more efficient and sustainable. 

Nevertheless, more investigation on this field is necessary, but it would exceed the scope of this 

thesis. 

 

Within the thesis two types of incentives are identified as interesting to make deeper investigations 

on its effects: 

- Informative incentives 

- Monetary incentives 

 

Referring to the beginning of this chapter, the distribution of traffic-relevant information and an 

appropriate demand management are two key success factors of a modern traffic management 

system. Both types have a direct or indirect influence on the route impedance equation (compare 

Equation (22)ぶ aﾐd thus, ha┗e aﾐ iﾐflueﾐIe oﾐ the useヴ’s ヴoute IhoiIe Heha┗ioヴ. 

(1) Informative incentives 

Informative incentives include all kind of information which are provided by a traffic operator and 

which can have an influence on the useヴ’s ヴoute choice.  

The following types are imaginable: 

- Traffic-related alternative route suggestion  

- Link-oriented real-time/predicted travel time information (pre-trip and on-trip) 

- User-oriented information about Points-of-Interests (pre-trip and on-trip) 

- Weather warnings (pre-trip and on-trip) 

- Visualization of trip-specific savings (time, fuel, money) due to a route adaption according 

the suggested route, instead of the initial route (post-trip) 



38 

 

(2) Monetary incentives 

Instead of paying a fee for using an already congested road infrastructure, within this approach, 

users are financially motivated for using underutilized links. Thus, they are getting credits for 

shifting to alternative links with spare capacity, instead of using already congested routes. These 

credits can be used to reduce the toll charge – in case of its existence – or users can even get a 

free ride at the alternative route or another day of travelling, or get a ticket for public transport. 

Especially the last opportunity can be identified as a sustainable measurement to enable modal 

shifts towards public transport. 

Combining this type of incentive with a nomadic device, as it is investigated later within this 

thesis, the introduction of this approach in the field is comparatively easy. As it is promoting 

desired behavior only in case of the existence of an intelligent device, the introduction stage can 

be seen as a smooth process. As long as equality of treatment is respected and everybody can 

theoretically be granted, no one has to be forced to get the needed equipment. In case of 

positive user response, the penetration rate will increase automatically. In case of a punishment, 

the implementation of similar system architecture is hard to realize, as a penetration rate of 

100% has to be ensured from the beginning. 
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5 Simulation Model 

Within this chapter a description of the simulation model and the used software is provided. It 

furthermore describes the chosen network stretch and gives information about the taken 

assumptions and delimitations. 

5.1 Process of creating VISSIM-model 

Initially, the University of California, Berkeley – more precisely the Partners for Advanced 

Transportation Technology28 – provides the needed input data to create an accurate traffic model of 

a real stretch. This is enabled by granting access to a PostGIS29-database. Thereby, access to the 

following data is available: 

- Road network of I-880 with surrounding links (including speed limits respectively free flow 

speeds of each road segment within study area) 

- Point measurements (PeMS30) along I-880 providing aggregated traffic data31 

o Reference day Friday, 8.2.2008 from 00:00 – 23:59 

o Traffic data is provided in 30s interval 

o Traffic flow [veh/h] 

o Velocity [mph] 

Using the shape of the provided road network, a VISSIM-network of the study area is created 

manually. After making slight adaptations within the network and considering few limitations and 

assumptions (compare 5.2.3 – Route guidance module), the traffic situation of the reference day is 

modeled. This is followed by a calibration and validation routine to ensure appropriate final 

outcomes. The results of the validation are figured out in (5.3.4 - Validation of the initial model). 

5.2 VISSIM description 

As mentioned already in (3.3 - Selection of suitable simulation tool), PTV VISSIM is selected to 

achieve applicable simulation results. Within this chapter, the most relevant facts concerning the 

software and used tools – including the applied adaptions – are described. As a detailed description 

of all functionalities of VISSIM would go beyond the scope here, it is referred to the VISSIM User 

Manual, which is part of each PTV VISSIM software package. In case no other reference is mentioned 

in chapter (5.2 - VISSIM description), all descriptions and explanations are based on the PTV VISSIM 

User Manual (compare [27]). 
 

All simulations are run with the provided software version VISSIM 5.40.03. The license which is 

provided by PTV enables all desired functionalities, including the mandatory module Dynamic 

Assignment. 
 

Referring to [28], VISSIM uses a discrete, stochastic, time step based microscopic traffic model. It 

enables the operator to analyze both private and public transport operations under certain 

constraints (e.g. vehicle composition, traffic signals and lane configuration). Thus, it can evaluate the 

                                                           
28

 http://www.path.berkeley.edu/ 
29

 open source software program that adds support for geographic objects to the PostgreSQL object-relational 

database 
30

 PErformance Measurement System 
31

 Location of the point measurements on the stretch compare Figure 20 
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effects of a variety of measures which are linked to transportation engineering. Among others, 

especially the built-in Dynamic Assignment model, which is described in Figure 14, have to be 

mentioned. 

5.2.1 Car following model 

One of the most relevant ability of a microscopic traffic simulation model is the capability to model 

the movements of individual vehicles. The qualit┞ of doiﾐg this has a huge iﾐflueﾐIe oﾐ the ﾏodel’s 
accuracy. In VISSIM the psycho-physical driver behavior model of Wiedemann is integrated.  

The basic concept of this model describes the behavior of interacting vehicles. In detail, it is the 

description of a faster approaching vehicle, which starts to decelerate at an individual perception 

threshold to prevent a collision to a slower moving vehicle in front.  Since the speed of the front car 

cannot be determined exactly, the driver ends of up in an iterative process of acceleration and 

deceleration, always limited by the individual perception thresholds of establishing the safety 

distance and the upper following distance (compare Figure 13). To ensure individual driving behavior, 

stochastic distributions of speed and spacing thresholds are applied. 
 

 

FIGURE 13: CAR FOLLOWING MODEL, SOURCE [16] 

Within VISSIM, each driver has its specific behavior characteristics and is assigned to a specific 

vehicle. Features characterizing each driver-vehicle-unit are divided into three categories: 

- Technical specification of the vehicle 

o Length 

o Maximum speed 

o Potential acceleration 

o Actual position in the network 

o Actual speed and acceleration 
 

- Behavior of driver-vehicle units 

o Psycho-physical sensitivity thresholds of the driver (e.g. ability to estimate, 

aggressiveness) 

o Memory of driver 

o Acceleration based oﾐ Iuヴヴeﾐt speed aﾐd dヴi┗eヴ’s desiヴed speed 
 

- Interdependence of driver-vehicle units 

o Reference to leading and following vehicles on own and adjacent travel lanes 

o Reference to current link and next intersection 

o Reference to next traffic signal 
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5.2.2 Dynamic route choice model 

The Dynamic Assignment module allows the user to model the route choice behavior of drivers, 

which are not assigned to manually predefined routes. Instead, origin-destination matrices are used 

to define the input flows and its destinations. The assignment itself is done dynamically over time by 

an iterative application of the microscopic traffic flow model (compare Figure 14) [27]. Within the 

model, drivers make their routing decisions based on the costs they have experienced during 

preceding simulations. This approach enables to model the route choice behavior of drivers, which 

are able to correspond to dynamic traffic conditions and thus, by doing so to establish an 

approximation to the User Equilibrium (compare 4.2.3 - User Equilibrium and System Optimum) [28]. 

 

FIGURE 14: PRINCIPLE OF DYNAMIC ASSIGNMENT BY ITERATED SIMULATION, SOURCE [28] 

By assigning costs to each path available for each single OD pair, routes are created. But travel time is 

not the only factor which influences the route choice. Additionally, the travel distance and financial 

cost are considered as well. Thus, for each edge in the network the so called generalized cost is 

calculated as a weighted sum:                                                                   ∑           
The coefficients  ,   and   are able to be defined for each vehicle type individually. This enables to 

model driver groups with diverse route choice behavior. 
 

Based on the generalized cost, the most attractive route is computed in each iteration. This is done 

by calculating a utility value, which is the inverse of it: 
          (23) 

 

where    = utility of route j  

                          = generalized cost of route j 
 

 

However, not all vehicles will use this particular route, but instead all known routes between the 

origin and the destination are used. The distribution is based on the so called Kirchhoff distribution 

formula, which is a modified function of the Logit function – the most widely used function to model 

discrete choice behavior: 
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 岫  岻     ∑      (24) 

         

                                                                  where     = utility of route j   岫  岻 = probability of route j to be chosen  

 k = sensitivity of the model 

 

In the first iteration the previously described procedure is adapted. Due to the fact that no travel 

times are available at this moment, the initial cost function cannot consider this attribute [28].  

In addition to this, for each subsequent iteration the edges which have not been used so far have a 

default travel time of only 0,1 second. This might result in some useless paths being found, but 

thereby new routes are established fast. In case the route proves bad it is discarded anyway in the 

next iteration.  
 

Figure 15 describes how this process is implemented in VISSM. It mentions the needed input in the 

beginning of the assignment. Furthermore, it also visualizes the iterative process, which is terminated 

as soon as one of the break conditions is fulfilled. 
 

Finally, Figure 16 visualizes a practical example of the previously described process in two different 

scenarios. A certain amount of vehicles is moving from zone A to zone B. Three available routes are 

possible to take; one of them is considerably shorter than the others, which do have the same length. 

In the left scenario, all paths have the same capacity. Thus, the travel time correlates to the distance. 

In comparison to this, a traffic signal on route 1 is introduced so simulate a capacity restraint in the 

right scenario. This adaption leads to a different distribution of the traffic demand. After eleven 

iterations, route 1 and route 3 are almost equally loaded in the first scenario. In contrast, at the 

scenario with the signal, a part of the vehicles is shifted away from route 1 [28]. 
 

 

 

FIGURE 15: PRINCIPLE OF DYNAMIC ASSIGNMENT IN VISSIM, SOURCE [27] 
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FIGURE 16: DYNAMIC DISTRIBUTION OF TRAFFIC ON THREE ROUTES, SOURCE [28] 

As mentioned in [29], in case there is no substantial incentive for a user to shift routes anymore, by 

applying this approach an acceptable approximation to a user equilibrium solution is reached.   When 

considering Figure 16, it can be concluded that after the 10th iteration no significant changes in flow 

pattern is accomplished anymore. Thus, as long as number of iterations is high enough, a 

theoretically Reactive User Equilibrium - described in (4.2.3 - User Equilibrium and System Optimum) 

can be generated. 

5.2.3 Route guidance module 

When implementing the dynamic route choice model, route decisions are taken already at departure 

time and based on the generalized cost information, which are collected in the preceding simulation 

iterations. To be able to offer vehicles en-route real-time re-routing information, VISSIM additionally 

provides the Route guidance module. Within user-defined time intervals, equipped vehicles receive 

the current traffic conditions. The decision for adapting the route choice is based on the generalized 

cost, including travel times measured within the current simulation. In addition, it is possible to 

introduce an offset in broadcasting this information to model a delay due to processing time in data 

capturing and processing. 

As prediction of traffic conditions is not implemented as a factor for making routing decisions, the 

traveler can only get information based on the current states of the network. By continuously 

updating their route choices according the current traffic states, the drivers try to continuously 

minimize their individual travel costs. 

5.3 Model description 

This section gives detailed information about the developed model which is finally used to run the 

traffic simulations. 
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5.3.1 Corridor description 

The stretch which is identified for this analysis is part of the Interstate 880 corridor in the San 

Francisco Bay Area which connects San Jose and Oakland. This interstate highway is also known as 

Nimitz Freeway and is part of the California Freeway and Expressway System [30]. A visualization of 

this area can be found in Figure 17. 

 

 
 

FIGURE 17: STUDY AREA LOCATION AND GEOGRAPHIC BOUNDARIES (SOURCE: MAPS.GOOGLE.COM)  

The area which surrounds Union City – shown in Figure 18 – is chosen to investigate the previously 

described approaches. This selection is done due to the existence of appropriate traffic data. Within 

this are, the most important roadways, described in Table VI, are selected to be put into the 

simulation model. To reduce the complexity of modeling this area, only traffic flow which heads 

towards south respectively south-east is analyzed. To be more precise, as a consequence of this 

assumption, only the links Link 2, Link 5 and Link 6 are modeled in both directions.  
 

Excluding the adaptations mentioned later within this paragraph, no changes in geometry are taken. 

Due to this circumstance, simulation results can be identified as representative for this area. By doing 

so, also the target of showing the potential of the already existing infrastructure can be fully 

achieved.  Nevertheless, the outcome of this investigation is not applicable just for this stretch. As 

long as the framework conditions are similar, similar trends for improvements are able to be 

accomplished.  
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FIGURE 18: STUDY AREA I-880 CORRIDOR IN SAN FRANCISCO BAY AREA (SOURCE: MAPS.GOOGLE.COM) 

Table VI provides the number of lanes and the free flow speed of considered roadways within the 

investigated area. 

TABLE VI: DESCRIPTION OF ROADWAYS WITHIN STRETCH 

Name 
Link number at 

Table VI 

Number of lanes [-] 

(one direction) 

Free flow speed [mph] 

(not considering ramps) 

Free flow speed [km/h] 

(not considering ramps) 

Nimitz Freeway 1 4 65 104,6 

State Route 92 2 3 65 104,6 

Hesperian Boulevard 3 3 35 56,3 

Union City Boulevard 4 3 35 56,3 

W Tennyson Road 5 2 35 56,3 

Industrial Parkway W 6 2 35 56,3 

Whipple Road 7 2 35 56,3 
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When creating the model, it is targeted to establish a situation which is as close as possible to the 

real stretch. Nevertheless, few simplifications have to be made when designing the network with 

VISSIM. However, it has to be mentioned that all taken delimitations do have negligible effects on the 

final simulation results and thus, simulation outcome is still applicable for further research. 

- Free flow speed at on-ramps and off-ramps is consistently set to 56,3km/h (except the 

parallel on-ramp and off-ramp at intersection Nimitz Freeway - State Route 92 in the north 

which is set to 88,5km/h). In real world, slight deviations from this unification have to be 

figured out at several short sections.  

- The intersections of Hesperian Boulevard and Union City Boulevard which are originally 

equipped with traffic lights are modeled with ramps; 

- Lane width is set to 3,5m at all roads; 

- Length of separate acceleration lanes and off-ramps is based on maps.google.com 

- Minor roads and turnings are ignored within the investigated area; 

- Slight adaptations in the geometry of the on-ramp at the intersection Nimitz Freeway – 

Industrial Parkway W 

- Lane numbers of all roads are based on maps.google.com 

5.3.2 Traffic flow 

According to the traffic data at I-880 provided via accessing the PostGIS-database, the network has a 

distinction of a high percentage of commuter traffic. This can be identified when considering the 

daily traffic distribution at a cross-section located at the Nimitz Freeway (compare Figure 19). The 

measurements providing these data were made on Friday, 8th February 2008. As this day was not a 

feast day in California, this behavior seems to be quiet reasonable. A rush hour in the morning and 

the afternoon can be identified. Additionally, the long duration of the high-level demand in the 

afternoon, starting at 13:00 and ending at 20:00, with a slight short-term reduction in between, is 

noticeable as well. Similar behavior of the daily traffic distribution can also be identified at other 

cross-section located at the Nimitz Freeway.  
 

 

 

FIGURE 19: TRAFFIC FLOW ON I-880 HEADING SOUTH AT CS_1
32
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As mentioned before, only traffic which heads towards south, respectively south-east is considered 

within the simulation. Analyzing the whole traffic flow within the corridor would not lead to 

additional findings, but more complexity. Due to this limitation, it is stated as reasonable not to 

mention anymore the direction of the flow explicitly. More precisely, only traffic within two time 

periods is investigated in a detail manner:  

- Time period I: 5:00 – 8:00 

- Time period II: 14:00 – 17:00 

These periods are chosen to be able to evaluate the effects of the simulated improvements both 

under characteristic morning period conditions and continuous rush-hour conditions. By doing so, 

two critical flow scenarios are covered. 

Due to the fact that traffic flow data is only available for the Nimitz Freeway (compare Link1 in Figure 

20), several assumptions are made to be able to generate reasonable link flows all over the stretch: 

- Traffic flows on other roadways are in correlation to the flow on Nimitz Freeway. This is done 

by considering the number of lanes and the free flow speed of each link in comparison to this 

freeway. Finally, eight input flows are identified and implemented in the simulation model 

(compare Table VII and Figure 20). 

- Static route choice decisions are defined by hand to establish rather similar traffic flow data 

at the cross-section measurements within the initial model. Except for traffic which is linked 

to Input flow I, these turning relations are applied for the whole simulation period and thus, 

constant for all scenarios. 

- Based on the fact of not having any figures concerning the HGV-share of the fleet, this value 

is set to zero all over the network. 

TABLE VII: INPUT FLOW DESCRIPTION 

Input flow link 

number 

Share of link 

at I-880 

Number of lanes [-] 

(one direction) 
Free flow speed [mph] Free flow speed [km/h] 

I 100% 4 65 104,6 

II 50% 3 65 104,6 

III 30% 3 35 56,3 

IV 50% 3 65 104,6 

V 20% 2 35 56,3 

VI 20% 2 35 56,3 

VII 20% 2 35 56,3 

VIII 20% 2 35 56,3 
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FIGURE 20: NETWORK STRETCH INCLUDING MEASUREMENT POINTS AND INPUT FLOW DESCRIPTION 

Figure 20 provides the locations of the input flows and the cross-section measurements on the I-880.  

 

Based on these made perceptions, the thereby defined initial situation probably does have slight 

differences to the reality concerning the flow characteristics. Nevertheless, no relevant effects on the 

simulation results are expected. 

5.3.3 Base Data for Simulation  

VISSIM is a simulation software which offers a huge variety of tools and configuration opportunities. 

Next to numerous standard configurations, the most relevant adaptations and settings are 

mentioned below.  

- Driving behavior 

To achieve more realistic results, the initially set driving behavior parameters, describing the 

freeway driving behavior33 of the modeled vehicles, get slightly adjusted. These adaptations 

are made due to unsatisfying driver behavior especially in congested areas and are instructed 

by the PTV-support. 

 

 

                                                           
33

 Car following model and lane change model 
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- Traffic flow 

Within the model the traffic input is changing in a one-hour interval. It bases on the average 

number of vehicles passing by the cross-sections shown in Figure 20. Furthermore, it is 

important to mention that only vehicles entering the network via Input I (compare Figure 20) 

are considered to be eventually routed – depending on the scenario – via a dynamic 

assignment. All other drivers only use static routes within all simulations. Both simplifications 

are taken to reduce complexity. 
 

- Simulation settings 

The duration of a simulation, both for Time Period I and Time Period II, is 12000s. Although 

traffic input is just defined for 3h, the additional 20min supplement allows already inserted 

vehicles to leave the network. Thus, the basis for a comprehensive comparison between the 

approaches is allowed – especially when it comes to severe congestions. 
 

- Segment length  

The segment length all over the stretch for making evaluations of the traffic data is set to 

100m. 
 

- Dynamic assignment 

Concerning the dynamic assignment configuration, especially the convergence criterion is 

relevant: it is set to 10% Travel Time on Paths. When using this option, the change of the 

travel time on every path compared to its travel time in the previous iteration is calculated. 

Thus, the iteration process is ended as soon as the change at all paths is lower than 10%. In 

comparison to the standard configuration of 15%, this value leads to a higher number of 

iterations and by doing so, to more realistic results. Nevertheless, this criterion is still met 

within a reasonable number of simulation runs and thus within a reasonable simulation time.  

Additionally, the evaluation interval is set to 1800s, which is defined according the 

recommendation of VISSIM – evaluation interval should be maximum 50% of demand change 

interval. 
 

- Cost coefficients 

Within the simulation, equipped drivers are configured to be both time-sensitive and cost-

sensitive when making their routing decisions. This is done by calibrating the cost coefficients 

of the general cost function described in (4.3.1 - FaItoヴs iﾐflueﾐIiﾐg useヴ’s ヴoute IhoiIe). The 

factor travel time is set to 1 and the weighting factor for monetary costs is set to 10. 

Travelled distance is not considered when making the routing decisions. 
 

- Route guidance at Approach II 

For updating routing decisions, the route guidance interval is set to 60s and for transmitting 

this information, an offset of 0s is defined. By setting the offset to this value, a perfect system 

according any transmission and computing times is simulated. 
 

- Monetary incentives at Approach III 

As the nomadic device acts as the interface between the traffic management center and the 

user, this device is mandatory to be able to receive this incentive. Thus, in real life only 

equipped vehicles are able to benefit from provided monetary incentives when using 

underutilized links. Caused on the way the integration of the general cost equation within 

VISSIM is done, a straightforward implementation of giving money to the users is not 

possible. Based on this circumstance, the implementation design within the simulation 

software is adapted: a tolling system on highly saturated links is introduced. Nevertheless, it 
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has to be mentioned that this deviation from the initially described approach is not falsifying 

the achieved simulation results. 

Although normally when discussing Approach III within the thesis the initially described 

approach is meant, the following paragraph is describing how the modeled implementation 

of Approach III takes place. Within the simulated network, only the Nimitz Freeway is 

selected to be tolled. By introducing this approach, equipped vehicles, which adapt their 

initially route along the Nimitz Freeway to take a detour instead, are able to avoid the fee 

and thus, reducing the saturation rate along this freeway. Furthermore, it has to be 

mentioned that the applied toll scheme is acting static over the simulation time. The 

configuration of this simplified approach basis on the expected level of service during the 

simulated time periods (compare Table VIII) - the higher the expected saturation, the higher 

the toll charge per km. Considering the average travel time of vehicles entering the corridor 

via Input I, which mainly use the 8km Nimitz Freeway for passing the corridor towards South-

East, it’s e┝peIted to iﾐflueﾐIe the ヴoutiﾐg Heha┗ioヴ iﾐ a desiヴed ﾏaﾐﾐeヴ. 

TABLE VIII: TOLL CHARGE SCHEME AT APPROACH III WITHIN VISSIM 

Scenario 
No incident   

Time Period I 

No Incident    

Time Period II 

Construction Work 

Time Period I 

Accident       

Time Period I 

Average Travel Time
34

 [s] 249,45 306,27 388,87s 377,34 

Toll charge/km [$] 0,5 1 1 1 

 

When implementing this particular cost scheme in VISSIM, at the initially described 

approach, equipped users are getting monetary incentives for not using the highly saturated 

Nimitz Freeway as described in Table IX.  

TABLE IX: INCENTIVE SCHEME AT APPROACH III 

Scenario 
No incident   

Time Period I 

No Incident    

Time Period II 

Construction Work 

Time Period I 

Accident       

Time Period I 

Monetary incentive for deviating 

from Nimitz Freeway/km [$] 
0,5 1 1 1 

 

To summarize this situation, the application of Approach III in the field includes an incentive 

scheme, whereas the implementation within VISSIM, to be able to simulate this particular 

scenario, is done by introducing a toll scheme. 

5.3.4 Validation of the initial model 

By comparing fundamental diagrams of the real stretch and the developed simulation network, a 

validation of the model takes place. More precisely, aggregated data provided by the cross-section 

measurements and the related evaluation segment within the simulation are analyzed. It is targeted 

to get a model which represents the given reality as close as possible. This step is relevant to be able 

to make meaningful statements about applying defined approaches later on the real stretch. 

Nevertheless, due to numerous assumptions and delimitations mentioned in the previous chapters, 

slight deviation is expected. 
 

                                                           
34

 At initial situation (penetration rate of 0%) for vehicles entering network via Input I 
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Representative for all others, the cross-section CS_3 (compare Figure 20) is selected for visualization. 

This is done for two different time periods, defined in (5.3.2 - Traffic flow), which are also simulated 

with the model: 

- Time period I: 5:00 – 8:00 

- Time period II: 14:00 – 17:00 

Considering Figure 21 and Figure 22, slight differences in relation to the real data can be identified. 

These are most likely linked to the simplifications within the modeled stretch. Especially the fact that 

the demand interval, in which traffic input is changing, is set to one hour, has to be mentioned in that 

context. Even so an improved simulation model is desirable, the behavior of the simulated corridor is 

comparable to the real stretch, which finally indicates that simulation results are able to be applied 

under certain constraints. 

 

 

FIGURE 21: FUNDAMENTAL DIAGRAM, FLOW-TIME AND SPEED-TIME DIAGRAM AT CS_3 AT TIME PERIOD I 

When analyzing Figure 21, especially the fundamental diagram shows quite satisfying results. In 

contrast, the time-behavior of the simulation at Time Period I indicates potential for improvement of 

the simulation model. Caused by needed assumptions and limitations within the model, especially 

the non-existence of knowledge of the user’s ヴoute IhoiIe aﾐd tuヴﾐiﾐg Heha┗ioヴ and limited 
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knowledge concerning the link geometry can be identified as two reasons. Considering the real-world 

data in the speed-time-diagram in Figure 21, the gap at 7:00 attracts attention. Eventually, an 

incident occurred when capturing the real-world data, which causes this development. Nevertheless, 

it is just a short-term deviation from data provided by the simulation model. 

 

Discussing Figure 22, in general the link capacity of the model is slightly lower than in real world. This 

can be identified by the fact that traffic flow behavior is almost the same, whereas the LOS and the 

speed-time-diagram are both performing worse. However, it has to be mentioned that at Time Period 

II, the model is running under quite saturated conditions. Thus, a slight deviation from the real-world 

input data and real-world user behavior already has a significant impact. Generally, working on the 

edge between stable and unstable conditions is hard so simulate in an appropriate manner. This 

phenomenon is called Capacity Drop and it is described more in detail in (4.2.1 - Fundamental 

diagram). 

 

 

FIGURE 22: FUNDAMENTAL DIAGRAM, FLOW-TIME AND SPEED-TIME DIAGRAM AT CS_3 AT TIME PERIOD II 

5.4 Scenarios description 

To achieve reasonable simulation results, it is necessary to define realistic scenarios. For this 

simulation model, several scenarios are established and investigated later on (compare Figure 23). 
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FIGURE 23: STRUCTURE OF IMPLEMENTED SCENARIOS 

Starting from the root, one approach at a time, which is defined at (3.2 - Description of the 

implemented approach), is simulated. Each approach is applied to three different network scenarios: 

- No provoked incident 

o Represents the initial network as described in (5.3 - Model description) 
 

- Construction work 

o Based on the initial network, additionally a long-term construction site is introduced 

at the location of Cross section 3 (CS_3 in Figure 20) along I-880. 

o Road work has a structural expansion of 500m 

o Permanently one out of four lanes is closed for all vehicles  
 

- Accident 

o Based on the initial network, an accident is modeled at the location of CS_3 

(compare Figure 20) along I-880. 

o The term accident is defined as an unforeseen incident, which leads to a locally 

reduction of the road capacity. 

o Applying the time scheme described in Figure 24, several lanes of the 4-lane road 

segment are partly closed for traffic. 

 

FIGURE 24: PARTLY CLOSED LANE CONFIGURATION AT ACCIDENT 

All these simulations are run at the simulation period Time period I from 5:00 – 8:00.  

Approach root 

No provoked incident 

Time period I 

Initial 

10% penetration 

20% penetration 

... 

Time period II 

Initial 

10% penetration 

20% penetration 

... 

Construction work 

Time period I 

Initial 

10% penetration 

20% penetration 

... 

Accident 

Time period I 

Initial 

10% penetration 

20% penetration 

... 
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In addition, Time period II - from 14:00 – 17:00 - is modeled in the No provoked incident-approach as 

well. This is based on the fact that Time period II ヴepヴeseﾐts the da┞’s highest tヴaffiI deﾏaﾐd. By 

doiﾐg so, it’s taヴgeted to aﾐal┞ze the iﾏpaIts of the approaches on a highly saturated network. 

Unfortunately, in combination with the other network scenarios, the size of the network is not big 

enough to capture all affected vehicles. Thus, simulation results are not reasonable and finally, could 

not be used for making any comparisons and suggestions in the end. 

To be able to analyze penetration effects, each simulation is additionally carried out with numerous 

penetration levels starting from 0% up to 100% in steps of 10%. 
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6 Analysis of Results 

This chapter visualizes and interprets the outcome of the traffic simulations mentioned in chapter 

(5.4 - Scenarios description). First of all, the effects of each approach are described separately. This is 

followed by a comparison with each other in the last section of this chapter. 

 

To be able to compare the different improvement strategies, a consistent set of performance 

parameter is defined.  

The following figures are considered as important indicators for changing mobility behavior: 

- Average travel time [s] 

- Average delay time35 [s] 

- Overall travel time [h] 

Other types of parameters, like fuel consumption or emission impacts, are not captured within this 

thesis. 

When evaluating these attributes, the penetration rate of the nomadic device is a crucial 

distinguishing feature. By doing so, its relevance on the overall network performance can be 

evaluated and thus, the research questions, raised in chapter 1, can be answered. Additionally, to be 

able to evaluate the global effects on the network, additionally all users are summarized as well. 

Thus, finally three user groups are resulting: 

- Equipped vehicles via Input I 

This user group is equipped with a nomadic device and thus, dynamic route choice behavior 

is available. The size of this user group is directly linked to the penetration rate. For example, 

a 10% penetration rate results in a 10% share of equipped users entering the network at 

Input I. 

- Unequipped vehicles via Input I 

Vehicles which belong to this group are approaching via Input I. In contrast to the previous 

group, these users do not adapt their routing decisions. A penetration rate of 10%, for 

example, leads to a 90% share of unequipped vehicles approaching via Input I. 

- All vehicles 

This group represents all vehicles moving around within the simulated stretch. 

Basic statements according the evaluation: 

- Based on the situation that only vehicles which are originating from Input I are eventually 

equipped with a nomadic device, an absolute comparison to other user groups is not valid. 

Therefore, an additional evaluation, considering only vehicles approaching via Input I, is 

taken place as well. 

- As mentioned before, only vehicles approaching via Input I are basically able to make 

dynamic routing decisions. The share depends on the applied scenario, respectively 

penetration rate. As approximately 1/3 of the overall traffic flow is entering the network at 

this input stream, this can furthermore be identified as the most relevant input flow. 

- In general, the travel time-measurements, which are based on cross-section measurements 

within the simulation36, do have a lower travel time, than measurements achieved from the 

                                                           
35

 Average difference to free flow travel time 
36

 Only measurements for vehicles coming from Input I 
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global network evaluation tool. This is based on the fact that these measurements are not 

located directly at the start, respectively the end of the links – but rather close to it. No 

certain intentions are pursued behind this configuration by the author. However, it is 

relevant that those parameters later on must not be directly compared with parameters 

provided by the global network evaluation37. 

- Uncertainties of the achieved simulation results due to the stochastic behavior of the model 

and in addition, through slight rounding errors (VISSIM provides only 3 fractional digits) are 

accepted. 

6.1 Approach I 

In this approach, vehicles which are equipped with a nomadic device and thus, are getting pre-trip 

information, are only considering the parameter travel time when making their routing decision. The 

procedure for making the routing decision is described in detail in chapter (5.2.2 - Dynamic route 

choice model). In contrast to the equation mentioned in chapter (4.3.1 - FaItoヴs iﾐflueﾐIiﾐg useヴ’s 
route choice), the travelled distance is not taken into consideration for making routing decisions. 

Furthermore, also monetary aspects are ignored here. 

6.1.1 No incident & time period I 

 

FIGURE 25: EVALUATION APPROACH I - TIME PERIOD I - NO INCIDENT - AVERAGE TRAVEL TIME [S] 

 

FIGURE 26: EVALUATION APPROACH I – TIME PERIOD I – NO INCIDENT – AVERAGE DELAY TIME [S]  

                                                           
37

 All other parameters 
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FIGURE 27: EVALUATION APPROACH I - TIME PERIOD I - NO INCIDENT - AVERAGE TRAVEL TIME INPUT I [S] 

Due to no severe traffic problems within Time Period I, basically low impacts due to a changing 

penetration rate can be identified.  

Considering Figure 25 and Figure 26, it has to be mentioned that a direct comparison between both 

user groups is not valid. This is caused by that fact that vehicles entering the network via Input I, 

generally have a higher average travel time, which also results in a higher average delay time. In 

addition, it has to be figured out that at the 0% penetration rate scenario, no equipped vehicles exist 

at all. 

Referring to Figure 27, based on the deviation of equipped vehicles with dynamic routing behavior, 

unequipped vehicles going via Input I are able to slightly decrease their travel time. This is caused by 

the fact that fewer vehicles are using the initial routes, but trying to find detours instead. In contrast, 

equipped vehicles do not have a substantial saving of time – if at all, a slight increase of average 

travel time, based on the need of investigating new routes (compare 5.2.2 - Dynamic route choice 

model), can be seen. 

6.1.2 No incident & time period II 

 

FIGURE 28: EVALUATION APPROACH I - TIME PERIOD II - NO INCIDENT - AVERAGE TRAVEL TIME [S] 
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FIGURE 29: EVALUATION APPROACH I - TIME PERIOD II - NO INCIDENT - AVERAGE DELAY TIME [S] 

 

FIGURE 30: EVALUATION APPROACH I – TIME PERIOD II – NO INCIDENT – AVERAGE TRAVEL TIME INPUT I 

The higher the share of users making dynamic routing decisions is the higher are the number of 

deviations. Based on the existence of a high saturation level along the whole stretch over the whole 

simulation period this results in additional delays - especially at ramps along the Nimitz Freeway, 

which finally affects all vehicles passing by there. 

6.1.3 Construction work & time period I 

 

FIGURE 31: EVALUATION APPROACH I – TIME PERIOD I – CONSTRUCTION – AVERAGE TRAVEL TIME [S] 
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FIGURE 32: EVALUATION APPROACH I - TIME PERIOD I - CONSTRUCTION - AVERAGE DELAY TIME [S] 

 

FIGURE 33: EVALUATION APPROACH I - TIME PERIOD I - CONSTRUCTION - AVERAGE TRAVEL TIME INPUT I [S] 

Referring to Figure 32, a continuous decrease of the average delay of the overall fleet can be seen. 

This trend is changing when continuing increasing the penetration rate. This development is caused 

by the fact that an increasing number of informed vehicles explore the opportunity to adapt their 

route choice. A logical consequence is an increasing number of deviating vehicles.  Unfortunately, as 

the capacity of the off-ramps and on-ramps is limited as well, this leads to the creation of man-made 

bottlenecks, which finally affects the travel time of all vehicles. 

The main flow moves along Nimitz Freeway. However, based on the implemented dynamic route 

choice model (compare 5.2.2 - Dynamic route choice model and 5.3.3 - Base Data for Simulation), 

equipped vehicles are able to deviate from their initial route along Nimitz Freeway. As a consequence 

of this, a bottlenecks located at the off-ramp of the freeway between CS_2 and CS_3 (compare Figure 

19). In combination with an increasing traffic demand in the end of the simulation interval, this 

situation leads to a significant decrease of LOS at this area and finally, to an increased travel time, 

both for unequipped and equipped vehicles, along Nimitz Freeway. 
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6.1.4 Accident & time period I 

 

FIGURE 34: EVALUATION APPROACH I - TIME PERIOD I - ACCIDENT - AVERAGE TRAVEL TIME [S]  

 

FIGURE 35: EVALUATION APPROACH I - TIME PERIOD I - ACCIDENT - AVERAGE DELAY TIME [S] 

 

FIGURE 36: EVALUATION APPROACH I - TIME PERIOD I - ACCIDENT - AVERAGE TRAVEL TIME INPUT I [S] 

Caused by the fact that no accident is expected, the routing behavior is similar to the scenario with 

no incident. Based on the strong decrease of road capacity at the accident section, the taken 

deviations of the equipped vehicles are causing even more bottlenecks at the off-ramps and on-

ramps. Thus, with an increasing penetration rate the situation gets even worse (compare Figure 34). 

Ne┗eヴtheless it’s iﾏpoヴtaﾐt to emphasis that within this simulation, taken detours are not based on 

the accident itself, but on the expected traffic conditions which do not consider any severe accidents. 
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6.2 Approach II 

At this approach an updated estimation of the current travel time is sent to the equipped vehicles in 

a 60 second interval. Similar to the first approach, also within this approach only travel time is 

considered when estimating the costs for making routing decisions. 

6.2.1 No incident & time period I 

 

FIGURE 37: EVALUATION APPROACH II - TIME PERIOD I - NO INCIDENT - AVERAGE TRAVEL TIME [S] 

 

FIGURE 38: EVALUATION APPROACH II - TIME PERIOD I - NO INCIDENT - AVERAGE DELAY TIME [S]  

 

FIGURE 39: EVALUATION APPROACH II - TIME PERIOD I - NO INCIDENT - AVERAGE TRAVEL TIME INPUT I [S] 
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Almost no significant impacts can be seen when applying Approach II to this scenario. As already 

described in the previous chapter, when applying Approach I to this particular scenario, a changing 

penetration rate has no significant impact on the corridor performance.  

6.2.2 No incident & time period II 

 

FIGURE 40: EVALUATION APPROACH II - TIME PERIOD II - NO INCIDENT - AVERAGE TRAVEL TIME [S] 

 

FIGURE 41: EVALUATION APPROACH II - TIME PERIOD II - NO INCIDENT - AVERAGE DELAY TIME [S] 

 

FIGURE 42: EVALUATION APPROACH II - TIME PERIOD II - NO INCIDENT - AVERAGE TRAVEL TIME [S] 

As shown in Figure 40 and Figure 42, the implementation of this approach is almost not affecting the 

average travel time. An increasing penetration rate is not leading to an essential reduction of the 

travel time, neither of equipped nor unequipped vehicles. The main reason for these results is the 
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high saturation level within the overall network. Due to this situation, less meaningful detours can be 

detected by the users. 

6.2.3 Construction work & time period I 

 

FIGURE 43: EVALUATION APPROACH II - TIME PERIOD I - CONSTRUCTION - AVERAGE TRAVEL TIME [S] 

 

FIGURE 44: EVALUATION APPROACH II - TIME PERIOD I - CONSTRUCTION - AVERAGE DELAY TIME [S] 

 

FIGURE 45: EVALUATION APPROACH II - TIME PERIOD I - CONSTRUCTION - AVERAGE TRAVEL TIME INPUT I [S] 

Caused by the construction work on Nimitz Freeway, a local capacity reduction takes place. In 

combination with an increased traffic demand in the second half of the simulated time period, the 

travel time is increasing at this section. When broadcasting a traffic status update, all approaching 

equipped vehicles are getting the same information. Further on, this leads to the situation that all 

approaching informed users see the potential for changing their route, which further on leads to the 
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evolution of short-term traffic peaks at off-ramps and on-ramps along potential detours. This can be 

seen in Figure 44, as with an increasing penetration rate the average delay time of equipped vehicles 

is increasing. Especially vehicles deviating from the Nimitz Freeway instead of using the construction 

work segment slowdown the propagation of a severe congestion in the initial scenario at this critical 

link. 

Nevertheless, it has to be mentioned that in general within this scenario a higher penetration rate 

does have a positive effect on the travel time of all users– in particular on unequipped users 

approaching at Input I (compare Figure 44 and Figure 45). 

6.2.4 Accident & time period I 

 

FIGURE 46: EVALUATION APPROACH II - TIME PERIOD I - ACCIDENT - AVERAGE TRAVEL TIME [S]  

 

FIGURE 47: EVALUATION APPROACH II - TIME PERIOD I - ACCIDENT - AVERAGE DELAY TIME [S] 

 

FIGURE 48: EVALUATION APPROACH II - TIME PERIOD I - ACCIDENT - AVERAGE TRAVEL TIME INPUT I [S] 
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By providing en-route traveler information, the delay time of the overall fleet can be halved with a 

penetration rate of 60% (compare Figure 47). A further increase of the penetration rate does not lead 

to an increased performance. This is caused by a growing number of deviations, which results in 

additional delays when the saturation of the road, and in particular the ramps, is already close to the 

capacity. 

6.3 Approach III 

Within this approach, in addition to the previous approach, monetary incentives to favor low 

saturated links are also introduced. Instead of only considering the travel time for making routing 

decisions, cost-sensitive behavior is implemented as well. To do so, a nomadic device is used, but its 

functionality is extended in comparison to the previous approach. A detailed description about the 

implementation within the model is given in (5.3.3 - Base Data for Simulation). 

Thereby, drivers should become more sensitive to deviate from routes with severe traffic conditions. 

As a consequence, this group of users shall react earlier to adapt their routes when travel time is 

growing. 

6.3.1 No incident & time period I 

 

FIGURE 49: EVALUATION APPROACH III - TIME PERIOD I - NO INCIDENT - AVERAGE TRAVEL TIME [S] 

 

FIGURE 50: EVALUATION APPROACH III - TIME PERIOD I - NO INCIDENT - AVERAGE DELAY TIME [S] 
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FIGURE 51: EVALUATION APPROACH III - TIME PERIOD I - NO INCIDENT - AVERAGE TRAVEL TIME INPUT I [S]  

Based on the fact that no severe traffic conditions exist over the whole simulation duration, no 

improvements can be achieved. More the opposite, considering Figure 51, a slightly increased travel 

time can be observed. As already described in previous approaches at this scenario, this is based on 

the fact of a growing number of deviations of equipped users. In addition, due to the monetary 

incentive, those users are even more motivated to deviate from the Nimitz Freeway, which even 

increases the number of deviating vehicles. 

6.3.2 No incident & time period II 

 

FIGURE 52: EVALUATION APPROACH III - TIME PERIOD II - NO INCIDENT - AVERAGE TRAVEL TIME [S] 

 

FIGURE 53: EVALUATION APPROACH III - TIME PERIOD II - NO INCIDENT - AVERAGE DELAY TIME [S] 
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FIGURE 54: EVALUATION APPROACH III - TIME PERIOD II - NO INCIDENT - AVERAGE TRAVEL TIME INPUT I [S] 

When analyzing this scenario, basically no severe impacts on travel and delay time can be identified 

with an increasing penetration rate. 

6.3.3 Construction work & time period I 

 

FIGURE 55: EVALUATION APPROACH III - TIME PERIOD I - CONSTRUCTION - AVERAGE TRAVEL TIME [S] 

 

FIGURE 56: EVALUATION APPROACH III - TIME PERIOD I - CONSTRUCTION - AVERAGE DELAY TIME [S] 
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FIGURE 57: EVALUATION APPROACH III - TIME PERIOD I - CONSTRUCTION - AVERAGE TRAVEL TIME INPUT I [S] 

As expected, with a growing number of equipped vehicles a significant decrease of delay time can be 

detected. The initial average delay time of 57s can be reduced significantly (compare Figure 56). An 

optimum for all vehicles is already reached at a penetration rate of 40%. A higher share does only 

have marginal influence on the simulation results. 

6.3.4 Accident & time period I 

 

FIGURE 58: EVALUATION APPROACH III - TIME PERIOD I - ACCIDENT - AVERAGE TRAVEL TIME [S] 

 

FIGURE 59: EVALUATION APPROACH III - TIME PERIOD I - ACCIDENT - AVERAGE DELAY TIME [S]  
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FIGURE 60: EVALUATION APPROACH III - TIME PERIOD I - ACCIDENT - AVERAGE TRAVEL TIME INPUT I [S]  

By applying this approach to the accident scenario, the average delay time of all vehicles can be 

shortened significantly. A positive trend can be observed with an increasing share of equipped user. 

However, a slight reversal trend can be identified as well, when percentage exceeds 70% (compare 

Figure 59). 

6.4 Comparison between approaches 

By comparing the achieved simulation results directly with each other, a more advanced analysis can 

be done. This provides a better overview of the potential of the applied approaches at different 

scenarios. 

6.4.1 Comparison of total travel time 

 

FIGURE 61: COMPARISON TOTAL TRAVEL TIME [H] - NO INCIDENT - TIME PERIOD I 

Considering Figure 61, the differences between the applied approaches are almost negligible. 

However, both Approach II and Approach III are performing better that Approach I. Nevertheless, it 

has to be mentioned that within this scenario, the combination of a rather low traffic demand – in 

comparison to Time Period II – and the non-existence of bottlenecks due to accidents or construction 

works, is not enabling much potential for improvement at all. 

In comparison to the initial situation, allover 30hours – corresponds to 1.5% – of travel time are able 

to be saved by applying the most suitable approach – in this case Approach II and a penetration rate 

of 70% – to this scenario. 
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FIGURE 62: COMPARISON TOTAL TRAVEL TIME [H] - NO INCIDENT - TIME PERIOD II 

Considering the same initial model, but within Time Period II instead, which results in a higher 

network saturation rate based on a higher traffic demand, Approach I is basically achieving the best 

simulation results (compare Figure 62). This is caused by the fact that basically fewer deviations are 

taken – and in case vehicles are deviating, this is done smoother in comparison to the other 

approaches. As soon as an improved route is identified in Approach II and Approach III, a convoy of 

approaching drivers is deviating from their previous route. This results in loss of time at already 

existing bottlenecks – e.g. on- and off-ramps – which can finally affect all following vehicles. 

The maximum potential for improvement within this scenario is set to approximately 130hours 

(3.7%) savings of time for the whole fleet. This can be achieved with Approach III and a penetration 

rate of 60%.  

 

 

FIGURE 63: COMPARISON TOTAL TRAVEL TIME [H] - CONSTRUCTION - TIME PERIOD I 

Analyzing the existence of a long-term construction work, all approaches perform almost similar. 

Nevertheless, Approach I is basically identified as the most effective. When increasing the share 

gradually up to 30%, significant improvements can be recognized at all approaches. At this situation, 

Approach I performs best. In contrast, Approach II and Approach III are achieving their optimum at a 

share of 80%. 

Considering the simulation optimum, which can be achieved with Approach I at a penetration rate of 

ンヰ%, the fleet’s tヴa┗el tiﾏe Iaﾐ He shoヴteﾐ H┞ almost 380hours (14.5%). 
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FIGURE 64: COMPARISON TOTAL TRAVEL TIME [H] - ACCIDENT - TIME PERIOD I 

At the accident scenario, naturally approaches with en-route information can perform much better. 

Whereas Approach I even peaks a total travel time value of more than 4000h, the other two 

approaches almost remain below 2500h considering the whole spectrum of simulated penetration 

rates.  

The development of Approach II and Approach III is rather similar, but the shape of Approach I needs 

further explanation. Based on the fact that a higher penetration rate also increases the number of 

deviating vehicles, the capacity of ramps becomes much more relevant. As a consequence of the 

accident and its congestion at the Nimitz Freeway, additionally also the onramps of this link located 

nearby the congestion, are saturated rather fast. This further on affects not just vehicles using the 

ramp itself, but also the up streaming minor roads, which are saturated as well, which in the end 

multiplies the impact of the accident. 

In comparison to the initial situation, allover 400hours – corresponds to 15.4% – of travel time are 

able to be saved by applying the most suitable approach – in this case it is Approach II and a 

penetration rate of 60% – to this scenario. 

6.4.2 Comparison of volume-time and speed-time diagrams 

To be able to compare the traffic states on the links within the corridor, cross-section measurements 

distributed all over the network are introduced. The location of these measurements can be seen in 

Figure 65. To be able to connect those markings with the simulation model, a reference table can be 

found in the attachment. 
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FIGURE 65: LOS-CROSS SECTION MEASUREMENTS 

To investigate the mobility behavior concerning deviating to other routes, the LOS of various route 

segments over time have to be evaluated. Thereby, modifications of the initial situation and the 

effects on the LOS on affected link segments are able to be visualized. To do so, each figure 

represents the initial situation – tagged as init – at a certain scenario and its comparison with all 

implemented approaches (compare Figure 66 - Figure 69). Furthermore, a penetration rate of 50% is 

considered at all approaches. 
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FIGURE 66: EVALUATION LOS_CS_2 – NO INCIDENT – TIME PERIOD I 

As assumed in the previous chapter, a low amount of deviations as well as a similar speed-behavior 

within all approaches can be recognized at the No Incident scenario at Time Period I at LOS_CS_2 

(compare Figure 66). 
 

 

FIGURE 67: EVALUATION LOS_CS_12 - NO INCIDENT - TIME PERIOD II 
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Considering Figure 67, which describes the behavior within the No Incident scenario at Time Period II 

at LOS_CS_12, the impacts of deviating vehicles from the Nimitz Freeway can be seen easily. Already 

the slight increase of the demand leads to a noticeable reduction of travel speed at this section. It 

can be assumed that similar impacts can be identified downwards as well. Nevertheless, the impacts 

on travel time are still low. 

 

The behavior at LOS_CS_12 within the Construction Work scenario is visualized at Figure 68. Within 

the first two hours, the LOS at this cross-section is almost constant. This is caused by the fact that the 

capacity along the construction is still able to cope with the current traffic volume. Thus, just 

individual vehicles are deviating from their original route along the freeway and take this link instead. 

However, within the last hour, route behavior is changing and thus, traffic demand at this meaningful 

detour is increasing significantly in all approaches. 
 

 

FIGURE 68: EVALUATION LOS_CS_12 - CONSTRUCTION - TIME PERIOD I 

Finally, the mobility behavior at the Accident scenario is investigated. Therefore, LOS_CS_2 is 

considered in detail. As it can be seen in Figure 69, the impacts of the accident between 05:30 and 

06:00 can be identified easily in Approach II and Approach III. The volume is decreased by 1000 

vehicles/hour at this period of time. These vehicles deviated at the previous off-ramp to take a 

detour. As similar behavior cannot be analyzed at Approach I, which finally causes the worse 

performance in comparison to the other approaches at this scenario. 

Considering the speed-time diagram at Approach I, the spillback caused by the accident, can be 

identified between 06:00 and 06:40. This situation can be prevented at the other approaches, by 

providing the users en-route information. 
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FIGURE 69: EVALUATION LOS_CS_2 - ACCIDENT - TIME PERIOD I 

6.4.3 Simulation findings 

Discussing the achieved simulation results, several findings can be stated.  Considering the achieved 

results at the No Incident scenario at Time Period I, none of the approaches is able to improve the 

situation. Thus, it can be stated that as long as there are no severe performance problems along the 

corridor, an incentive system is not needed, but eventually even counterproductive.  

Transferring this to the field, the desigﾐ of the iﾐIeﾐti┗e sIheﾏe has to He liﾐked to the Ioヴヴidoヴ’s LO“ 
and thereby, it has to be able to act dynamically. To be able to achieve this goal, knowledge of the 

current LOS along the whole corridor is mandatory. 

In case no free capacity is available at detours, deviations lead to even more congestion – especially 

ramps have to be considered carefully in that context. Otherwise, spillbacks which even hinder more 

vehicles and increase the probability for accidents, are the logical consequence. 

 

Furthermore, is can be stated that already small penetration rates have the potential for a significant 

increase of the corridor performance. This is relevant when a system is applied in real life – especially 

when it basis on voluntary participation. This fact also simplifies and supports the process of showing 

users the advantages when launching a similar system in the field. 

 

Further on, the performance of the applied approaches in comparison with each other is worthy of 

discussion. Based on the smoother re-routing behavior at Approach I, the basic performance is – 

except for the Accident scenario – better than at Approach II or Approach III. At these two 

approaches the creation of deviating convoys, which further on results in highly- or even over-

saturated detours (e.g. on-ramps or off-ramps), can be identified as one problem. Thus, in case the 

majority of equipped road user deviates according to the provided information, an artificially created 
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oscillation problem occurs, which can further on generate congestions on detours. This situation 

even increases the probability for further accidents and thereby, additional costs and delay. 

 

To prohibit this scenario, the distribution of re-routing information has to be done more carefully. At 

a high penetration rate, simple broadcasting of traveler information is not an option anymore. 

Instead, a user-specific - or at least group-specific – traveler information system is needed to be 

introduced. By doing so, the chance for making diverse routing decisions rises. 

 

Considering the results achieved by Approach I, it can be stated that the implementation of accurate 

pre-trip information has the potential to improve the corridor performance significantly. The more 

accurate the provided information, the better is the approximation to the user equilibrium state. 

Achieving this state can already lead to a significant increase of the performance of a corridor 

(compare Figure 63). 

 

Analyzing Approach II, significant improvements in comparison to Approach I are generally not able 

to be accomplished. This is based on the fact that all users are getting the same traffic status update 

and thus, based on the distribution function mentioned in (5.2.2 - Dynamic route choice model), with 

an increasing penetration rate, the number of deviating vehicles is also increasing. This situation can 

lead to short-term traffic obstructions at the ramps of Nimitz Freeway, which are identified as the 

bottlenecks of the detours. The only scenario this approach is performing significantly better than 

Approach I and the initial case is the Accident scenario. Although the same problems concerning the 

route choice behavior occur, still substantial improvements can be achieved (compare Figure 64). 

 

Considering the simulation outcome at Approach III, the deviations to Approach II are almost 

negligible at all scenarios. The initial idea of this approach has been the provision of monetary 

incentives to motivate users to deviate from a saturated link already before it gets highly saturated – 

thus, to make them even more sensitive to loss of time. Unfortunately, the same phenomenon, as 

already described in Approach II, occurs. Summarizing the achieved results, the calibration of this 

approach needs further research to get a more realistic and applicable model. Especially the 

monetary value of the factor time needs to be investigated more in detail. 
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7 Conclusions and Recommendations 

Considering the achieved simulation results, it is valid to state that re-routing incentives, as described 

within this thesis, have the potential to influence the behavior of road users and thus, are able to 

optimize the performance of a corridor. However, the design and manner of implementation of the 

incentive scheme to motivate drivers to adapt their route choice in a desired manner, is crucial. 

 

Although the achieved results have been discussed already in the previous chapter, few additional 

comments are finally stated. These comments are put in a more general perspective. 

First of all, it has to be mentioned that the characteristic of the modeled corridor is affecting the 

potential for optimization essentially. At this specific corridor, potential detours to avoid using the 

Nimitz Freeway are featured by an additional travel distance in combination with a lower speed limit. 

As a consequence of this, the impedance of these links is basically significantly higher than the 

fヴee┘a┞’s impedance. Thereby, either users are experiencing a low LOS on the main road, or the 

incentives in terms of money are high enough to adapt the initial routing decision. Nevertheless, to 

apply any effective incentive scheme, the existence of free capacity on detours – especially at 

bottlenecks like ramps – is mandatory. 

 

When simulating the scenarios, the classification of the road was not a criterion. Thus, traffic is 

eventually re-routed to roads which are probably not designed to be used as a detour – for example 

a residential street in worst case. At those areas, the impacts of road traffic – mainly noise and 

emissions issues, but also safety aspects – are more severe. Basically, it is a political decision, what 

shall be achieved and on which roads, which level of service shall be provided and thus, how much 

congestion is accepted, for example, on a freeway. 

 

An appropriate modeling of the route choice behavior is one of the most relevant parts when 

developing an appropriate model. When analyzing the achieved results, it seems that monetary 

incentives as implemented at Approach III are not supporting an improved corridor performance. 

Even with en-route real-time traveler information, significant improvements can be achieved - 

especially at the Accident scenario.  

Nevertheless, it depends on the mobility behavior, which is related to useヴs’ tiﾏe-sensitivity and 

cost-sensitivity. A field study can help to analyze it for a certain area, and by doing so, an appropriate 

incentive scheme based on regional conditions can be developed and calibrated. In case additional 

incentives are needed, providing money for deviating is still an opportunity. At least, it can be seen as 

an add-on to raise the satisfaction of the deviating users and compensate generated inconveniences 

when taking an alternative route. Within a field test, furthermore, the acceptance rate of provided 

information can be investigated as well. 

 

By applying Approach I to all vehicles within the network, an approximation of the user equilibrium 

state can be established. In case of rational user behavior, every driver chooses the route with the 

lowest impedance. The more accurate the knowledge of available routes and their travel times, the 

better is this approximation. Although further optimizations are possible, basically, achieving this 

state is preferable in comparison to the initial situation - at least from the corridor performance point 

of view. 
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In case the traffic flow is intensively fluctuating, or an incident, which reduces the capacity of a link, 

occurs, and thus also the LOS within the corridor is changing regularly, Approach II can be introduced 

to be able to still achieve a meaningful approximation of the user equilibrium state.  

Nevertheless, the relevance of having an accurate prediction tool is increasing with a growing 

variation. This tool has to consider historical data, concerning traffic flow and route choice behavior, 

of recurring events, request traffic data provided by up-streaming cross-section measurements, as 

well as analyzing the traffic state and recently taken traffic measures within the corridor itself. By 

processing all this data, an estimation of the traffic states of all links within the corridor in the near 

future – for example a 15 minutes outlook – can be developed. 

Having knowledge of the expected scenario, appropriate actions are needed to be initiated. Next to 

the provision of the expected travel times, users can also get monetary incentives to avoid a link 

which is predicted to become a critical section. In case of having accurate knowledge of the impacts 

of the initiated measure on the traffic flow, the initial calibration of the scheme can be done 

appropriately. When realizing this traffic management approach, monetary incentives seem to be 

absolutely applicable. Also based on the circumstance that deviating users are often affected by an 

extended travel distance, a lower travel speed, or any other inconvenience, monetary compensation 

is needed. As achieved simulation results show, not just the performance of the overall system is 

potentially increased by providing incentives, but also the travel speed of users which are not 

informed or just reject the incentives. Thus, to establish a fair traffic management system, monetary 

incentives are recommendable to compensate the experienced additional expense. Depending on the 

accuracy of the prediction and the initiated traffic measures, a step towards a system optimum state 

is taken. 

However, further research is needed to be done in this field. The simulation model described within 

this thesis provides the basis, but further scenarios and use cases are needed to be investigated. 

Based on the taken assumptions and limitations, almost no profound finding concerning the 

achievement of system optimum can be made. Thus, especially the achievement of a meaningful 

approximation of a user equilibrium has to be intended. Using this as a starting point for further 

research, measures to achieve scenarios that are closer to system optimum can be investigated.  

 

Based on a desirable initial situation, an application of the described approaches in the field is 

feasible – even in continuously challenging economic situations. The needed end-user devices – 

normally smartphones – are already provided by most of the drivers. The user is even covering the 

costs for data transmission between the vehicle and the traffic management center. The only 

components that need to be installed and operated – in case they are not available yet – by the 

traffic operator, are infrastructure to gather the current LOS, the back-office to process the data and 

finally, an application which acts as the interface to the user. Thus, in many cases probably the 

development of the application is most time-consuming task to fulfill. To introduce the system 

initially just on a voluntary basis, can be seen as a meaningful approach. Thereby, liability and 

reliability of the system are not that essential, but users are already able to benefit. Furthermore, 

data IoﾐIeヴﾐiﾐg the useヴ’s ヴoutiﾐg Heha┗ior can be achieved which is needed for improved scheme 

calibration. 

 

Although the established framework model works properly, there are a number of areas that need 

further improvements to get a more realistic and applicable simulation model. A gradual elimination 

of taken simplifications (compare 5.3 - Model description) might be subject of on-going development.  

The most relevant tasks concern the traffic demand within the corridor. First of all, real-world data 

concerning the traffic demand at the surrounded network is needed. Additionally, the integration of 
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an O/D-matrix can strongly improve the current situation and thus, lead to a more realistic 

distribution of the traffic flow. However, also the currently used traffic demand interval of 1h is 

identified as an option for improvement. 

Based on the situation that a dynamic route choice is only applied to vehicles entering the network 

via Input I, only these vehicles are trying to achieve an approximation of a user equilibrium state. As a 

consequence of this, even when a penetration rate of 100% is discussed within this thesis, a satisfying 

approximation is not achieved. Thus, vehicles all over the network shall become potential users of 

the nomadic device. 

 

Finally, there are several further use cases to be potentially investigated by using this model: 

- Due to the fact that corridors are often located near cities, the investigation of impacts of 

flow optimizing on fuel consumption and emissions are also meaningful. 

- Provision of dynamic monetary incentives in relation to the current traffic states of the link. 

The lower the LOS, the higher is the incentive which can be gained when deviating from the 

highly saturated link. 

- Calibration of the monetary incentive scheme in relation to regional behavior. Depending on 

the area people come from, diverse perceptions for the price of an additional hour of spare 

time exists. In addition to this fact, also the local economy should be considered when 

defining the price scheme. 

- Linked to the provision of en-route travel time, the transmission offset of a message can be 

analyzed. Within the current model, it is set to zero. However, the effect of a delay, when 

broadcasting information of recent incidents, can be evaluated. 

- Integrating the aspect of prediction into the model. Thereby, traffic forecasts and their 

impacts on the performance of the stretch can be evaluated. Based on the fact that provided 

routing information should not basis on the current, but rather on the expected travel time 

when the user is going to be at this section, eventually a substantial potential of this 

approach can be shown. 
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