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Abstract  
The increasing demand of travellers to reach destinations in urban areas stresses the limited capacity of 
the road network and leads to congestion. This frustrates local drivers and has consequences beyond the 
traffic system including the reduction of air quality. In many cases congestion can be prevented by di-
recting vehicles onto alternative routes. This can be achieved with targeted traffic strategies and a load-
balancing routing service which takes into account the current traffic situation as well as the future travel 
demand to predict the impact of additional vehicles on each road. An additional data source is the occu-
pancy of parking spaces which enables directions to a free parking spot eliminating the search. This 
paper formulates the requirements on the multi-vehicle routing scheme and outlines the technical im-
plementation to improve traffic flow, air quality and quality-of-life in urban areas. 
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Motivation 
The increasing automotive traffic in densely populated cities affects both residents and travellers. Air 
pollution causes damages to health and forces municipalities to act while congestion leads to a signifi-
cant increase in travel time. Redirecting vehicles onto alternative routes to improve the traffic flow will 
be beneficial for both as the prevention of congestion improves air quality and individual travel time. A 
contributor to congestion in urban areas is traffic searching for a parking space. Recent advancements 
in sensor and communications technology summarised as Internet-of-Things enable the observation and 
announcement of available parking capacity. Mobile apps offering travellers turn-by-turn navigation to 
a free parking spot alleviate the need for this search. However, with the current standard approach of 
individualistic routing, this service potentially worsens the situation when all vehicles are sent to the 
same favourable parking location in the city centre. To improve traffic each vehicle needs to be served 
an individual travel route which is optimised to minimise the combination of travel time, air pollution 
and congestion. To predict and prevent congestion, the routing has to be aware of other participants. 
This is known as load-balanced routing. Furthermore, the municipal road authority or traffic manage-
ment centre needs to be able to control traffic flows. This way, human road operators can optimise the 
routing advice on the local conditions by defining targeted traffic strategies. 
 



Traffic flow optimisation with load-balanced routing and targeted traffic strategies 

2 

 

 

Figure 1 – Architecture of the system-aware routing service 
 
 
Implementation 
This paper describes the building blocks of our implementation of a system-aware routing service: Park-
ing data, targeted traffic strategies, live traffic data and a reservation system for load-balanced routing. 
It is necessary to combine them during the individual route calculation to reach a system optimum. A 
graphical overview is given in figure 1. The centrepiece is the routing service (green) which uses all 
data to optimise the individual route. Currently, it can be used in the NUNAV Navigation app (yellow). 
The traffic strategy editor, the monitoring of the traffic flow and the parking space management are 
implemented in the NUNAV Traffic Strategies software (blue) which has been developed in collaboration 
with the public road authority in Lower Saxony [1]. The exchange of traffic strategies and floating car 
data, mandatory takeover of strategic corridors and load-balanced routing are characterised as 
level 4 cooperation between road operators and service providers according to [2, 3]. 
 
Parking Management 
In the recent years an increasing number of park sensors have been deployed as part of the Internet-of-
Things and smart city initiatives. They observe the occupation of on- and off-street parking spaces. 
Additionally, the occupancy data is enriched with metadata for automatic navigation to a free parking 
spot. For instance, parking spots are combined to parking garages with entry and exit gates. Also dedi-
cated parking spots for the disabled or for electric vehicles need to be tagged. This way the travellers 
can select a role and vehicle type in their navigation app. When multiple parking locations are set up for 
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a point-of-interest (POI) the routing service is taking into account all possible destinations and can de-
cide which one to use based on the traveller’s origin and the occupancy of the parking locations as well 
as the priority defined in the metadata. It also incorporates the following data sources. 
 
Targeted traffic strategies 
Traffic strategies are set up by road authorities to specify roads which should be used to access locations 
in the city or to exclude certain roads which should not be used for through traffic. As the traveller 
specifies their destination and in special cases their role e.g., person with disabilities, or their vehicle 
type e.g., touring bus, targeted traffic strategies can be set up. For example, a parking garage can be 
configured with a corridor to use only a specific road for access to disentangle traffic flows. By defining 
different corridors per vehicle type heavy goods vehicles or touring busses are directed along different 
paths. Based on the visitor role parking spots for the disabled can be made accessible using roads which 
are excluded from public routing. 
 
In the current implementation of the traffic strategy editor, traffic management plans (TMP) are attached 
to a certain destination or POI. This allows for targeted measures and simplifies the technical realisation, 
as the routing service can retrieve all relevant information from the traffic strategy database by querying 
a POI. The POI metadata references the TMP and the parking location. In contrast, destination-inde-
pendent traffic measures as for instance road closures are announced via the commercial TIC-system 
because of its broad support by on-board devices and routing service providers. 
 
Live traffic 
The floating car data returned by the mobile devices and traffic data from third-party sources, for in-
stance loop detectors, is aggregated to a travel time for each road segment. By comparing it with histor-
ical data travel time changes are predicted into the future. In our implementation, the system processes 
GPS position measurements at a peak rate of 2 million samples per minute. The measurements originate 
from most European countries but are focused on the D-A-CH region (Germany, Austria, Switzerland) 
where they provide sufficient coverage. Traffic managers can monitor the aggregated traffic data in real 
time. They are notified of traffic anomalies when the system detects rapid changes in the traffic flow. 
 
Reservation system for load-balanced routing 
After calculating and returning a route the routing service creates a timed reservation for each road 
segment. When calculating a route, the number of reservations is taken into account by predicting the 
impact of the additional vehicles on the travel time. The impact of each vehicle on the travel time is 
determined by utilising the fundamental relations of traffic flow. In this way our system can translate a 
reservation, which is an adjustment to the expected traffic density, into an adjustment to the expected 
speed and travel time. The current occupancy of a road can also be inferred from these relations either 
from measurements of average speed or from flow recorded by loop detectors. The specific parameter-
isation of the relationships between speed, flow and density depends on the properties of the road 
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segments, the number of lanes, maximum speed, surface type, road class, etc. The parameterisations 
also imply other quantities such as road capacities. As a result, the returned routes are spread out and 
traffic is distributed over the road network based on the road capacity. As the routes influence each other, 
each route is periodically recalculated during the complete journey.  
 
The load balancing is further improved by minimising both the individual travel time and the impact on 
other vehicles known by the reservation system. In selfish routing each individual travel time is mini-
mised whereas in collaborative routing the sum of all travel times is minimised resulting in the system 
optimum. Simulations for diverse cities show a 16 % to 28 % decrease of the time spend in congestion 
with collaborative routing [4].  
 
System-aware routing service 
In the routing service, the road network is represented as a mathematical graph with the predicted travel 
time expressed as a time-dependent cost on each road segment. The optimal route is found by minimis-
ing the total cost using a variation of the Dijkstra graph search algorithm optimised for efficiency on a 
highly dynamic graph. The router is aware of the real-world traffic and the future demand as the costs 
are updated in real time by the live traffic aggregator and the reservation system. It also takes into ac-
count road closures and the targeted traffic strategies which define certain roads to be used for defined 
user groups or vehicle types. By minimising the system-aware cost for each calculated route the routing 
service is optimising the multi-vehicle routing plan on the system optimum. 
 
The service is implemented in a distributed cloud infrastructure and can be scaled up to optimise routes 
for a large number of vehicles by increasing the number of replicas. Traffic data and closures as well as 
the number of reservations for every road segment are updated on all routing service replicas using low 
latency messaging. Our implementation is currently calculating 24 000 routes per minute. However, the 
cloud architecture can be scaled up to serve a million and more devices. 
 
Discussion  
The routing service becomes aware of the traffic system by incorporating multiple inputs in the cost 
calculation. Every participant not only benefits from the optimised routes but also contributes data to 
the system. The reservation system enables efficient load-balanced routing. The travel demand for a road 
segment is known as soon as travellers start a routing session on their navigation app and travellers are 
automatically send to alternative routes when the main roads are predicted to reach their capacity.  
 
The architecture outlined in figure 1 has a number of closed feedback loops. The floating car data and 
the reservations provided by one vehicle influence directly the route of other vehicles without human 
interaction. For example, when one vehicle is stuck in congestion the live traffic data for that street is 
updated in real time and other vehicles might avoid that street. The reservation system starts to influence 
the routing choice when two vehicles share the same road segment at the same time. Before a certain 
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market share is reached, the routing is mainly based on live traffic data. A simulation [5] showed that a 
marked share of vehicles with live traffic information of up to 10 % leads to a decrease of the average 
travel time for equipped and not-equipped vehicles while a higher market share diminishes the travel 
time improvement. The reservation system will act like a dynamic toll as described in [5] leading to a 
lower average travel time at a market share of 10 % and more. 
 
Another feedback loop involves the road operators who can monitor the traffic flow and have direct 
influence on the calculated routes either via measures directed at all vehicles or targeted traffic strategies 
for certain vehicle types, roles, or destinations. These measures are for instance road closures or corri-
dors which contain a list of roads to be used. Corridors also enable the usage of private service roads.  
 
The parking management and targeted traffic strategies have been in use at large-scale events in collab-
oration with traffic management centres, see [6]. The navigation app has been promoted in the relevant 
target groups to increase the share of travellers receiving routing advice. The qualitative feedback, from 
road authorities, event organisers and visitors, was positive and travellers were following the route ad-
vice. However, in everyday use some drivers prefer to use the route and parking space they know. Also, 
there is a conflict of interest between the system optimum and the perceived optimum for the individuals. 
Some drivers might prefer to wait in line to enter a central parking garage while for the overall traffic 
system it is arguably better to use available parking locations at a slightly larger distance to the destina-
tion. Therefore, it is necessary to build trust in the routing service by providing positive user experiences. 
In this sense, traffic strategies need to be carefully designed – corridors can’t be too restrictive otherwise 
travellers don’t follow the advice.  
 
Outlook 
A high market share is desirable to shift traffic towards the system optimum. However, just by redirect-
ing a single digit percentage of vehicles the time spend in congestion by all participants can be signifi-
cantly reduced according to simulations [7]. To improve urban traffic, it is envisioned to promote the 
routing app in cooperation with municipalities to reach parking garages in the city centre. Furthermore, 
the routing service will be made available for third-party routing apps to increase the user base. This 
service can be a part of a larger mobility-as-a-service system were travellers get recommendations for 
the mode of travel. With the automated selection of a parking location, it is already possible to guide car 
drivers to the nearest available park-and-ride-facility in order to change their mode of travel to public 
transport. 
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