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Abstract. This paper studies the impact of dynamic navigation on the traffic 
process, especially in urban areas. Simulation studies are focused on the 
correlation of route choice behaviour, fractions of dynamically navigated 
vehicles, re-routing frequencies, and travel time reductions. The aim is to identify 
if already provided travel time information could be regarded as traffic 
management, and as a consequence, the main objective is to provide drivers with 
a database of the traffic state which is as large and accurate as possible. 

1. Introduction 
In recent years a wide range of technical achievements has caused a new orientation of 
traffic management and offered new possibilities to influence the traffic process. Advanced 
Traveller Information Systems provide real-time information about the traffic conditions to 
road users by means of communication, such as variable message signs, radio broadcasts or 
dynamic vehicle navigation systems. The aim of these systems is to influence the route 
choice behaviour of the individual road users so that the capacity of the existing 
infrastructure is used more efficiently and negative impacts of car traffic are alleviated.  

The level of information for individual drivers is an important parameter, which 
influences the total traffic process. In this paper the impact of different levels of 
information on road users is studied, especially in urban areas. Even there the coherence of 
travel time, route choice, and the reaction of drivers to information of the current traffic 
state are barely analysed because a lot factors affect the travel conditions in short space and 
time steps. But especially in urban areas a sophisticated traffic management is needed 
because of the sensitive environment.  

The aim of this study is to identify if already providing information of current travel 
times could be treated as traffic management and if a capacity gain could be achieved only 
by doing so and without additional traffic control systems. It is to identify whether the 
behaviour of the drivers influenced only by the travel time information results a traffic 
                                                        
1 Blaupunkt GmbH, Robert-Bosch-Str. 200, 31139 Hildesheim, Germany 
Irina.Matschke@de.bosch.com 



The impact of dynamic navigation on the travel times…  535 

condition that is also aimed at traffic management systems. That would mean that the only 
requirement to improve the traffic process is to affect the self-organising system of the 
drivers by providing them an as wide and as accurate as possible data base of the current 
traffic state. 

• Is there a benefit in terms of travel time reduction for all road users if only a 
fraction is dynamically guided? 

• Is there a specific correlation between the total travel time in the network and the 
fraction of dynamic guided vehicles? How does it look like and where is the 
optimum? 

• In which time steps should information be provided to the drivers? 
• Which routes are used? Are there any displacements in the minor road network? 

2. Methodology 
To study the complex coherences of traffic flow, route choice and dynamic navigated 
drivers, the microscopic simulation AIMSUN v4.2 of TSS - Transport Simulation Systems 
[3] is used. As a test area, a part of the city of Hannover (see Figure 1) is edited and 
supplied with the traffic demand of the morning peak hours from 6 a.m. to 10 a.m. (four 1h-
matrices with fractions of 19 %, 30 %, 29 %, and 22 % of the total 4h-demand).  

Two types of drivers are generated in the simulation in order to identify the influence of 
the driver’s route choice process caused by different information on the actual traffic state: 

• the “normal” (= historical informed) drivers and 
• the dynamically navigated drivers. 
The “normal” drivers make their route choice based on experienced travel time values. 

They are familiar with the network and have passed it several times. Hence, they are not 
uninformed because they have knowledge about “typical” or “general” traffic conditions 
(= historical knowledge). But they have no information on the actual traffic state on that 
specific moment and day. Furthermore, the experienced travel times are not objectively 
measured but perceived values and according to that, their route choice is subjectively 
affected.  
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Figure 1. Test area Hannover-List (52 Origins/ Destinations) 
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In the simulation the behaviour of the normal drivers is modelled by generating for each 
OD relation a new route choice in specific time steps. The emulation of the driver’s 
decision of selecting one of the paths is modelled according to probabilities. The choice 
probability of a given alternative path is expressed as a function of the difference between 
the perceived utility of that path and all other alternative paths (C-Logit-Model of 
CASCETTA [1][2]). The variations in the validation of a route by the different road users – 
as they have no exact information – could be modelled using the perceived utility. Thus, 
this group of drivers makes their route decision pre-trip depending on the subjective 
weighting of each user of the different alternatives. The historical knowledge of the normal 
drivers is produced by running the simulation iteratively and basing the route choice 
behaviour not on the current path cost but on average cost of the last simulations.  

In contrast, in specific time steps the dynamic navigated drivers get information on the 
actual current travel times on the different routes and accordingly, they choose the most 
profitable (in this study = shortest travel time) alternative. Even a re-routing is possible if 
during the trip the traffic state changes and another path is becoming more profitable. In 
contrast, the non navigated drivers choose their paths pre-trip estimating the network 
conditions of the coming 15 minutes based on their historical database and do not change 
their once intended path during the trip.  

As a consequence, the non guided drivers react quite well to general traffic conditions - 
because they drive with foresight. But in cases of unexpected incidents they do not 
necessarily behave wise. On the other hand, the navigated drivers can react flexibly, but 
depending on the update frequency they react variably fast. Hence, the update interval of a 
new route search and choice has an important influence because the utility of a route 
changes with the varying traffic conditions and incidents. 

3. Simulation Studies 
Several scenarios were generated to identify the coherences of the update interval of the 
route choice, the fraction of dynamically navigated vehicles, and the incidence of a 
temporarily blocked street. Exemplarily a relation of the test network Hannover-List was 
chosen and analysed concerning average and total travel times. The traffic demand of 
relation A-B (see Figure 1) is 1000 vehicles over the 4h simulation duration whereas the 
traffic demand in the whole network is below the capacity, so that no bigger congestions 
occur during the simulation. The update interval of the route choice was set to 5 min 
considering the relatively small network size and in a second step reduced to 1 min. Thus, it 
was made sure that trips of the relation A-B are not totally finished during one interval, so 
that a re-routing of the dynamically navigated drivers could take effect. The fraction of 
guided drivers was incremented in steps of 0 %, 10 %, 25 %, 50 %, 75 %, and 100 % 
shares, so that the impact spectrum could roughly be analysed. 

In a first step, the different scenarios due to varying update intervals and share of 
navigated drivers were simulated under normal traffic conditions. In a second step, a 
temporally limited blocking of 30 minutes (7.30 to 8.00 a.m.) was generated at one of the 
main routes of relation A-B (see Figure 1). Thus, the impact of unexpected incidents in 
conjunction with traffic information could be analysed.  
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The average travel times (statistical interval of 5 min) of all vehicles of relation A-B due 
to the different fractions of dynamically navigated drivers are shown in Figure 2. It could 
be concluded that increasing the share causes reductions in the average travel times until a 
setting of 50 % is reached. More then 50 % of navigated drivers lead to higher average 
travel times again. (It must be pointed out that the 50 % fraction is not a fixed boundary 
because in the studied scenarios the different shares are quite spare.) Thereby, it must be 
taken into account that in the documented tests the route choice behaviour of the 
dynamically navigated drivers is modeled as follows. They are instantly re-routed on a 
more profitable path even if the new path is e. g. only one second faster than the old one. 
This causes a high overreaction and a flip-flop effect especially in cases of high rates of 
dynamically drivers. In consequence, the attainable travel time reduction is diminished. 
Therefore simulation test generating a smoothed re-routing behaviour are in process. 

Regarding the documented tests it could be analysed that in cases of less guided 
vehicles the highest travel times are delayed with correlation of the highest demand. In 
cases of high fractions of navigated drivers the travel time increase nearly at the same time 
as the traffic demand increases.  

Besides the changes in the average travel time, a reduction in the standard deviation 
could be analysed even in cases of high fractions of dynamically navigated drivers, which 
implies a higher constancy of the traffic process. Shorten the update frequency of 1 min 
causes a reduction in the average travel times compared to the scenarios of 5 min update 
frequency because the road user could react faster of changing traffic demand and traffic 
states. And even the standard deviation could be reduced again. 

relation A-B
update interval 5 min, no incident
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 Figure 2. Average travel times of relation A-B, update interval 5 min, normal traffic 
conditions 

Considering the same scenarios but with an additional blocking of 30 min at one route, 
the similar effects could be observed. The average travel times decrease with increasing 
navigation share to about 50 % and after that the travel times increase again. Comparing 
Figure 3 and Figure 4 it could be observed that in cases of unexpected incidents the update 
interval plays an important role because the average travel times could be reduced 
considerably using short information intervals.  
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relation A-B
update interval 5 min, incident
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Figure 3. Average travel times of relation A-B, update interval 5 min, incident 

relation A-B
update interval 1 min, incident
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Figure 4. Average travel times of relation A-B, update interval 1 min, incident 

total travel time reduction of relation A-B over the period of 6.00 to 10.00am 
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Figure 5. Total travel time reduction of relation A-B  
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To identify also how sensitive the total travel time is for all users in a network 
compared to the rate of dynamically navigated vehicles, the studied scenarios are analysed 
furthermore with regard to the total travel time of relation A-B over the simulated 4 hours. 
When comparing the total travel times and referring to the 0 % rate of dynamically 
navigated vehicles, the reduction in travel times could be realised better, which indicates 
the economic benefit (see Figure 5). 

Regarding the impact of the fraction of dynamically navigated vehicles on the average 
travel time, it could be concluded that the average and total travel times could be reduced 
by increasing the share of navigated drivers. And even the traffic process could be 
stabilised, what is indicated by the decreasing standard deviation. But until a specific rate of 
navigated drivers the behaviour of the road users is too identical and negative effects could 
be observed. However, in the extreme case of 100 % navigated drivers the impact is not or 
merely minimal worse than in case of only ‘normal’ drivers. It is not possible yet to draw 
conclusions about an optimum information strategy, because they are studied only under 
unsaturated traffic conditions and also the expansion of the actual test area is too limited. 
The simulation studies concerning these topics are still in process. 

4. Outlook 
First simulation studies show that the traffic process could be improved and stabilised by 
providing travel time information to road users. As the presented study network is limited 
and thus the margin of routes and travel times is relatively small, the expansion of the test 
area to the whole main road network of Hannover is just in process.  

Further computational trials are not only focused on travel times of single relations but 
on conclusions from the whole network concerning route choice behaviour, optimum re-
routing frequencies, and correlations between fractions of dynamically navigated vehicles 
and the total travel time. Thus, it could be identified if providing information could be 
treated as traffic management and as a consequence, the main objective should be to 
provide road users with a database of the current traffic state that is both wide and accurate.  
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