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(54) Predictive vehicular traffic management solution

(57) A predictive vehicular traffic management solu-
tion composed of a navigation client to be operated on
board the vehicles and a Central system to which the

clients are connected that uses a traffic simulator and a
routing engine to guide vehicles to their destination
through a route optimized for both trip duration and road
network efficiency.
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Description

Field of the Invention

[0001] This invention concerns a centralized traffic
management system able to guide vehicles to their des-
tination providing to on-board navigation clients a route
optimized for trip duration and road network efficiency on
the basis of predicted road occupancy

Background of the Invention

[0002] Portable or vehicle embedded Navigation sys-
tems are widely used nowadays by many drivers, and
they determine in most cases the route actually followed
by the driver in order to get to the desired destination.
These systems use position information acquired
through a GPS receiver and a vectorial map representing
the existing road network inclusive of some static road
characteristics to guide the driver to destination through
a route that fulfills a predefined set of criteria. The guid-
ance is provided by showing the current vehicle position
on the map and suggesting the required maneuvers
along the journey.
[0003] The algorithms used to calculate the suggested
route provide a deterministic solution usually based on
the shortest or fastest route criteria and do not typically
consider actual traffic conditions that will be encountered
along the road as the route is followed.
[0004] Some event based traffic information is nowa-
days broadcasted through Traffic Message Channel
(TMC) in the countries where this service is available or
through equivalent systems to deliver traffic and travel
information to connected devices. Some recent naviga-
tion systems, that offer dynamic route guidance, can re-
ceive and decode the TMC messages to identify prob-
lems and then re-calculate an alternative route to avoid
the notified incident or congestion.
[0005] Near real time "crowdsourced" traffic speed in-
formation is also collected by some Internet application
providers from GPS equipped handsets. This information
is then made available either as an overlay to browsable
maps or through a specialized navigation client applica-
tion.
[0006] Some traffic services provider offer state of the
art historical, real time and predictive traffic speed data
and off-board routing engines that use predicted speeds
for road segments to be traveled along the trip.
[0007] Despite the current availability of reliable posi-
tioning technology, of real time, historical and predicted
traffic speed data, of sophisticated routing algorithms, of
affordable mobile broadband and high performance com-
puting no comprehensive solution for centralized dynam-
ic route assignment to private and commercial traffic has
been successfully implemented.
[0008] The urban and motorway traffic is still the result,
in the best case, of the implementation of "individually
optimal" travel strategies. This results in travel times, fuel

consumption and generated pollutants higher than could
been achieved by pursuing a "system optimal" solution.
[0009] Even in case traffic speed conditions would be
evaluated using current or predicted traffic conditions
along the route derived from event information and/or
crowdsourced GPS positions, current vehicle navigation
algorithms are not able to forecast the impact of the di-
rections provided by navigation systems on the overall
traffic.
[0010] As the adoption of navigation systems increas-
es more and more vehicles will follow routes calculated
by independent entities thus contributing to overload the
supposed "fastest" routes. This is especially valid for
commuter traffic where large amounts of traffic flow with
some degree of time correlation from one area to the
other. In the best case algorithms implemented by these
systems will be able to reactively respond to congestion
or roadblock events by calculating alternative routes.
[0011] The overload of road segments included in the
mostly used itineraries leads to the increase of the vehicle
density above the critical density thus resulting in re-
duced flow (throughput), jamming, and therefore reduced
aggregated throughput of the road infrastructure.
[0012] Existing roadway networks could be utilized
much more efficiently to meet traffic demand if traffic den-
sity for each road could be maintained always below the
critical density threshold.
[0013] Wireless vehicular cooperative systems where
route calculation and assignment is performed by a cen-
tral controlling entity have been investigated as an at-
tractive solution to support road traffic management,
thereby contributing to the goal of safer, cleaner, and
more efficient and sustainable traffic solutions.

Summary of the Invention

[0014] The invention here presented implements a
possible solution to the roadway network throughput
maximization problem which enables vehicles to globally
reach their destination in the shortest possible time by
using the maximum roadway capacity.
[0015] This is implemented as a new type of navigation
system implemented centrally and providing individual
routes to navigation client applications on board the ve-
hicles, where the route will be calculated based on time-
dependant traffic density and speed conditions forecasts.
[0016] This solution implements Dynamic Traffic As-
signment (DTA), using a "User Optimum" approach,
which means that the central system will assign to every
user its own fastest route given his Origin-Destination
pair. The delays used for route calculation will be pre-
dicted, under the assumption that the central navigation
system is able to reliably predict speed and density for
each road, in every moment of a predefined future time-
frame. The prediction leverages both average traffic data,
and the implicit contribution of guided vehicles to the fore-
casted traffic.
[0017] The effectiveness of such a solution in maxi-
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mizing the road network capacity is dependant from the
degree of adoption by the drivers using the same road
network, whereas the effectiveness in terms of fastest
routing given the actual evolution of traffic conditions in
the area remains independent from the above parameter.
[0018] The traffic prediction will be performed using a
traffic simulator using as inputs both "background" traffic
flows and discrete vehicle routes previously assigned by
the routing engine. Vehicles behavior will be individually
characterized using a vehicle database. Background traf-
fic will be predicted using both historical measurements
and real time traffic data by combining them using a time
dependent weighting strategy. Simulations shall be run
for the predefined forward time span with extreme high
frequency, in order to be able to generate extremely dy-
namic forecasts able to incorporate the consequences
of sudden events like accidents or jams.
[0019] Simulation results will include vehicle density
and speed for every road segment in the map, which
associated to static or weather dependant critical density
threshold will enable the road infrastructure capacity
maximization strategy previously described.
[0020] The central routing engine will be using a short-
est path algorithm used to calculate each single client
route, using a map associated with the latest simulation
predicted parameters, and the route will be sent to the
client application that will guide the driver.
[0021] Real time vehicle positions will be collected
from the GPS receiver of the client device in order to both
update the origin of the vehicle route used in the simu-
lation and check the compliance of the driver to the as-
signed route.
[0022] The above information is combined with other
traffic data (GPS and NON-GPS) coming from sources
external to the system, in order to generate of Real Time
traffic estimates and in order to detect unforeseen jam-
ming events by comparing forecasted and actual speeds
in every road.
[0023] Detection of one of these events will cause the
system to reroute all the vehicles which have the impact-
ed road on their route and for which the approach time
is greater than the minimum required to execute an ef-
fective maneuver.
[0024] Non compliances to the assigned route will also
trigger the calculation of a new route by the central routing
engine, and will be stored in a specific database in order
to support compliancy rewarding policies which might be
implemented from a driver/traffic management entity
contractual perspective.
[0025] Recalculated routes, are used as soon as these
are available, to perform simulations replacing the out-
dated ones.

Brief Description of the Drawings

[0026] These and other characteristics of the invention
will be clear from the following description of a preferential
form of embodiment, given as a non-restrictive example,

with reference to the attached drawings wherein:

Fig. 1 is a block diagram of the overall solution com-
posed of a client application, server application com-
ponents and databases along with major data flows
among them

Detailed description of a preferential embodiment

[0027] With reference to the Fig 1, the following data-
bases (physical or logical) would be required to imple-
ment the above described invention embodiment:

1. The Client Map database would be required to
visualize driver routes in the context of the local to-
pography as well as to provide maneuver assistance
to the driver as in any conventional GPS navigation
system. The client map version needs always to be
synchronized with the central map used by the rout-
ing engine.
2. The Central Map database would store the map
used both by the Routing Engine and by the Traffic
Simulator. Older map versions could be used for
routing only to accommodate for progressive client
map updates.
3. The Predicted Traffic database would store fore-
casted vehicular speed and density related to road
segments available in the map used for the simula-
tion, maintained for the maximum simulation dura-
tion time in the future to enable optimal route calcu-
lation, and for a predefined duration time in the past
to be used by the congestion detection application
component.
4. The Real Time Traffic database would store the
most recent estimation of vehicular speed and den-
sity related to road segments available in the map
used by the congestion detection application com-
ponent.
5. The Assigned Routes database would store both
original baseline routes and routes resulting from a
re-calculation triggered by the central system or by
the navigation client due to the actual position devi-
ating from baseline route.
6. The Simulation Routes database would store
routes where road segments which have been al-
ready traveled are removed, using current vehicle
position, thus enabling a simulation limited to future
time only.
7. The Vehicle database would store both standard-
ized vehicle type characteristics and personalized
correction factors of those to be used by the traffic
simulator.
8. The Historical Traffic database storing available
historical information related to road segments, char-
acterized with hourly/daily/weekly/seasonal varia-
tions.
9. The Track Point database would store current and
previously received subscriber vehicles GPS posi-
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tions provided to the Simulation Routes Updater ap-
plication, and accessible by the Route Compliancy
Check application.
10. The User Account database would store individ-
ual subscriber account information inclusive of actu-
al route compliance information.

[0028] With reference to the Fig 1, The following ap-
plication components (physical or logical) would be re-
quired to implement the above described invention em-
bodiment:

11. The GPS Receiver client side application com-
ponent would generate track points defining accu-
rately client position which are used by the navigation
client and sent to the central track point database.
12. The Navigator client side application component,
installed on a portable device or embedded in the
vehicle would provide graphical and audio route
guidance based on the locally stored map, GPS
records generated by the GPS receiver and routes
received from the central routing engine calculated
upon user’s origin destination pair routing request.
Trip duration updates based on changing forecasted
speeds on road segments included in the route
would be received and presented.
13. The Routing Engine server side application com-
ponent would use a shortest path algorithm to cal-
culate each single client route, using the topographic
map data associated with the latest simulation pre-
dicted traffic parameters. The route calculation can
be either triggered by the navigation client due to a
new trip request or a route deviation, or by the Con-
gestion Detector application component.
14. The Congestion Detector component would de-
tect major differences between forecasted & near
real time data, in order to trigger the reroute all the
vehicles which have the involved road segment(s)
on their route where the approach time is greater
than the minimum required to execute an effective
maneuver.
15. The Traffic Simulator would generate time de-
pendent, predicted speed and density parameters
for each road segment in scope using both "back-
ground" traffic flows and discrete future routes rep-
resenting the remaining segments of routes previ-
ously assigned by the routing engine. Simulations
would be run with such a frequency, in order to be
able to dynamically incorporate the consequences
of sudden events like accidents or jams.
16. The Background Traffic Generator application
component would generate traffic flows suitable for
simulation calculated correlating both historical
measurements and real time traffic data by combin-
ing them using a time dependent weighting strategy.
17. The Route Updater application component would
trim currently assigned routes into simulation routes
by removing road segments which have been al-

ready traveled.
18. The Route Compliance Analyzer application
component would detect deviation of the actual route
from the centrally assigned baseline route in order
to enable rewarding policies for disciplined users.
19. The Current Traffic Generator application com-
ponent, would calculate near real time average
speed and density parameters for road segments in
scope using both positioning data records available
from subscribers and other external real-time traffic
data sources.

Claims

1. A predictive vehicular traffic management solution
comprised of:

- A central system calculating individually opti-
mized routes between current position and re-
quested destination using time dependant pre-
dicted road traffic conditions
- Navigation client applications running on port-
able devices to be operated on board the vehi-
cles, using those routes to guide the driver to
follow the above mentioned route, and periodi-
cally reporting actual position information to the
central system

characterised in that predicted road traffic condi-
tions (density and speed) are generated through a
traffic simulator that uses as inputs:

- "Background" traffic flows predicted using both
historical measurements and real time traffic da-
ta
- Portions to be traveled of discrete vehicle
routes previously assigned by the routing engine
which are continuously updated based on cur-
rent position updates.

2. A predictive vehicular traffic management solution
according to claim 1 wherein said central system in-
cludes a map database applicable to the geograph-
ical area in scope characterised in that it stores
road segments static critical density thresholds and
both real-time and forecasted vehicular speed and
density maintained for:

- The maximum simulation duration time in the
future
- A predefined duration time in the past to be
used by roadblock/congestion events detection
algorithm.

3. A predictive vehicular traffic management solution
according to claim 1 wherein said central system in-
cludes a routing engine application using predicted
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traffic speeds to determine the optimal route and pro-
vide accurate trip duration estimates characterised
in that it does not include road segments close to
saturation in calculated routes in order not to con-
tribute to the determination of a congestion status
on that segment.

4. A predictive vehicular traffic management solution
according to claim 1 wherein said navigation client
applications provides graphical and audio route
guidance based on a locally stored map and GPS,
or equivalent system, generated positioning informa-
tion characterised in that it receives centrally cal-
culated routes upon user’s origin destination pair
routing request as well as trip duration updates
based on changing forecasted speeds on road seg-
ments included in the route.

5. A predictive vehicular traffic management solution
according to claim 1 wherein said central system in-
cludes a congestion detector application character-
ised in that when major differences between fore-
casted & real-time data suddenly arise, which are
evidence of a sudden roadblock due to accident or
other similar events it recalculates and sends a new
route to all those vehicles which have the same seg-
ment on their route and whose approach time is long-
er than the minimum required to execute an effective
maneuver but shorter than a predefined duration.

6. A predictive vehicular traffic management solution
according to claim 1 wherein said central system in-
cludes a traffic simulator generating predicted road
segments speeds and densities through micro sim-
ulation techniques characterised in that it uses
both routes calculated and assigned by the routing
engine, updated based on the best estimate of the
real time position, and fictitious car flows generated
to account for traffic not controlled by the system.

7. A predictive vehicular traffic management solution
according to claim 1 wherein said central system in-
cludes a background traffic prediction application to
account for traffic not controlled by the system char-
acterised in that predicted background traffic flows
are calculated correlating historical traffic flows data
with real time traffic data and available contingent
event/incident information for each road in the mod-
el. The importance of real time versus historical is
decreasing as a function of time distance from
present.

8. A predictive vehicular traffic management solution
according to claim 1 wherein said central system in-
cludes a vehicle database characterised in that it
stores both standardized vehicle type characteristics
and personalized correction factors of those to pro-
vide more realistic simulation results.

9. A predictive vehicular traffic management solution
according to claim 1 wherein said central system in-
cludes a simulation routes updater characterised
in that it trims currently assigned routes into simu-
lation routes by removing road segments which have
been already traveled according to the current vehi-
cle position.

10. A predictive vehicular traffic management solution
according to claim 1 wherein said central system in-
cludes a GPS Track Point Database storing current
and previously received GPS determined subscriber
vehicles positions according to predefined record
maintenance policies.

11. A predictive vehicular traffic management solution
according to claim 1 wherein said central system in-
cludes a route compliance analyzer application com-
ponent in order to enable rewarding policies for dis-
ciplined users that would cooperate to traffic man-
agement system objectives.
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