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(54) Differential dynamic navigation system for off-board car navigation

(57)  An off-board navigation system for providing
navigation and route information including real-time in-
formation comprising at least one client and a server,
said at least one client being connected to said server
via a wireless connection. The off-board navigation sys-
tem comprises a static map database for storing road
map data and a traffic information database for storing
trafficinformation data, wherein said databases are con-
nected via a telecommunication or computer network to

said server for providing said client with navigation and
road map information, characterized by a dynamic map
database for storing time varying attributes of said road
map data under consideration of said stored traffic in-
formation data. The present invention therefore offers
the advantages that changes of traffic information data
can be easily identified and traffic incidents affecting the
optimal route are continuously monitored even if the us-
er is using an alternative route.
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Description
Field of the Invention

[0001] The invention generally relates to a navigation
system and in particular to an off-board navigation sys-
tem for providing navigation and route information also
including real time traffic information.

Background of the Invention

[0002] Two technical developments had and will have
an ever-greater influence on our daily lives. This is on
the one hand satellite-based navigation and positioning
and on the other hand mobile phones and the Internet.
By combining geographical positioning systems such as
GPS (Global Positioning System) with wireless commu-
nication systems such as GSM, GPRS or UMTS and
Internet-based information systems, comprehensive
telematic solutions are created that not only offer navi-
gation but also integrate communication information
and entertainment applications designed for mobile use.
[0003] The interest in positioning techniques based
on use of a global navigation satellite system such as a
GPS or on the cellular network infrastructure itself - or
a combination of the two methods - is growing rapidly
and creates an increased demand for commercial ap-
plications such as navigation or location based services.
[0004] Atthe moment there are two global navigation
satellite systems (GNSS) currently in operation. One at
the US Global Positioning System (GPS) and the other
is the Russian Global Navigation Satellite System
(GLONASS). These systems are constantly being up-
graded to meet higher standards of reliability. A third
GNSS named Galileo is currently being developed in
Europe to specifically provide a higher standard of in-
tegrity and reliability.

[0005] Generally, a GNSS is a network of satellites
which transmits high frequency radio signals containing
time data that can be picked up by a receiver, allowing
the user to pinpoint the precise location anywhere
around the globe.

[0006] Applications for delivering information through
in-car navigation systems or wireless handheld devices
do not necessarily require highly accurate position in-
formation, but they do require a link to spatial data, pro-
viding location-specified information.

[0007] To provide this additional information cne pos-
sibility is to transmit decoded audio signals via radio sta-
tions or wireless telecommunication channels. Various
systems are known for vehicle navigation which supply
the driver with traffic information. Examples of these
systems are RDS-TMC systems which assist drivers in
avoiding traffic jams by transmitting a digital message
over a radio channel to warn the driver of such an inci-
dent.

[0008] Generally navigation systems can be divided
into two main categories. On-board navigation systems
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and off-board navigation systems.

[0009] In recent years, more and more automobiles
are equipped with navigation systems and mainly with
on-board navigation systems. These on-board naviga-
tion systems encapsulate all functions on one computer
which is implemented in the car. A navigational compu-
ter includes a display screen, an input means such as
a keyboard or a remote control and a storage means
such as a CD. Due to their advantages they have be-
come very popular. To be of use such on-board naviga-
tion systems must provide detailed maps and therefore
have the disadvantage of requiring large amounts of
memotry. These maps are generally stored on CD-ROM
andtherefore do not provide actual information concern-
ing the street conditions or other attributes of street seg-
ments. The geographical map and routing data is typi-
cally stored on the CD-ROM and the map database on
the CD-ROM can have various levels of detail. As indi-
cated above, such navigation systems are stand-alone
devices. They rely completely on data stored on the lo-
cal storage device for geographical and other informa-
tion. Therefore the capacity of the storage device is a
limiting factor for how detailed the stored information is.
Moreover, the CD-ROM must be updated frequently for
a current mapping database. Additionally, the more de-
tailed the mapping database, the more expensive it is.
[0010] A navigation system that provides current in-
formation to users without the need to update their local
databases whenever changes occur is for example, an
off-board navigation system.

[0011] An off-board navigation system has a client/
server architecture. Therefore a first component of such
a system is an off-board navigation server located at a
remote site which is responsible for optimal route calcu-
lation. Its main components are a vector map database
and a routing engine. The second component of the off-
board navigation system is an on-board navigation cli-
entinthe car. In general, this on-board navigation client
contains a user interface and a route guidance module.
Furthermore, the off-board navigation system includes
acommunication module which is establishing the wire-
less communication between the server and the client.
[0012] The basic scenario for using off-board naviga-
tion is that a user specifies his destination using an on-
board navigation client and inputs optionally his origin
position. The destination may be an address or a point
of interest or longitude and latitude coordinates. By us-
ing the communication channel the on-board navigation
client sends a navigation request to the off-board navi-
gation server. The off-board navigation server calcu-
lates an optimal route concerning the shortest distance
to the destination or the fastest way to the destination
and sends a route description back to the on-board nav-
igation client. Now, using the received route description,
the on-board navigation client guides the user in com-
bination with its route guidance module to the selected
destination.

[0013] US6292743 discloses such a system wherein
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a client navigation system establishes a wireless con-
nection to a navigation server on a computer network.
The client requests a route by uploading stored and
stops specifications. The server calculates an optimal
route based on the real time data available on the net-
work.

[0014] Newer navigation systems either on-board or
off-board are using dynamic navigation. This dynamic
navigation generally uses vector map databases,
wherein for each street segment attributes are con-
tained that can be used for calculating the route for find-
ing the optimal way between two points. Usually, such
attributes are average speed of a street, number of
lanes of a street, street type, etc. Normally, so-called
static navigation systems are using only this pre-defined
and fixed information for a route calculation. In real life,
however, the realistic average speed for specific roads
varies in time. Responsible for this are traffic jams, con-
struction works, traffic accidents and other incidents that
affect the real average speed on the streets.

[0015] Using reliable sources for information about
currenttraffic conditions of a street network, the average
speed attribute of a street segment is dynamically
changed according to the data received by the sources
for calculating the optimal route. Such a system is called
Dynamic Navigation System.

[0016] Other systems are known such as US6236933
that describe a system for instantaneously monitoring
traffic congestion including a plurality of monitoring elec-
tronic devices located in motor vehicles travelling on the
roads in a selected region. Using the system, users are
also able to obtain estimated times of arrival for a spe-
cific trip, and recommendations on predefined alterna-
tive route information.

[0017] Using a dynamic navigation server for calcu-
lating navigation routes the following situations have to
be considered. New traffic incidents may significantly
change the optimal way between the starting point and
the destination point after the path is already calculated.
At the time of the route calculation a road segment may
be free of traffic incidents. Therefore the average speed
is similar to said speed specified in the original vector
map database. However, before the user reaches a spe-
cific road segment, a traffic jam may significantly reduce
the average speed on this specific road segment. In-
stead of using this specific street segment the optimal
way would be using an alternative way.

[0018] Furthermore, if the removal of a traffic incident
has to be considered, it may happen that a traffic inci-
dent exists during the calculation of the optimal route,
but disappears after the route calculation. In this case,
the user is driving a detour instead of the optimal route.
Therefore the optimal way must be updated if a traffic
incident at a segment disappears before a user reaches
this segment.
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OBJECT OF THE INVENTION

[0019] The present invention aims to provide an im-
proved off-board navigation system and method that
considers time varying traffic incidents as long as the
user of the off-board navigation system has not reached
the affected road segments. Afurther object is to provide
an off-board navigation system with an increased effec-
tiveness in order to obtain a better server performance
and to save costs.

SUMMARY OF THE INVENTION

[0020] According to the present invention, there is
provided an off-board navigation system and method for
providing navigation and route information as claimed
in claims 1 and 19.

[0021] The present invention is based on the insight
that changes in traffic information data have to be easily
traced back in a database to effectively identify the af-
fected road segments. Furthermore, the present inven-
tion is based on the insight that not only the actual route
but also the optimal route has to be monitored continu-
ously concerning changes in traffic information data.
[0022] In one embodiment is provided an off-board
navigation system for providing navigation and route in-
formation including real time information comprising at
least oneclientand a server, the at least one clientbeing
connected to the server by a wireless connection. The
off-board navigation system comprises a static map da-
tabase for storing road map data and a traffic informa-
tion database for storing traffic information data, where-
in the databases are connected via telecommunication
or computer network to the server for providing the client
with navigation and road map information, therefore a
navigation system is characterized by a dynamic map
database for storing time varying attributes of the road
map data under consideration of the stored traffic infor-
mation data.

[0023] In another preferred embodiment there is pro-
vided an off-board navigation system for providing nav-
igation and route information including real time infor-
mation comprising at least one client in the front end
server the at least one client being connected to the
server via a wireless connection.

[0024] The off-board navigation system further com-
prises a static map database for storing road map data,
traffic information database for storing traffic information
data wherein those databases are connected via a tel-
ecommunication or computer network to the front-end
server for providing the client with navigation and road
map information, inputting means for inputting a storing
point in a destination point of a client individual route
and a standardized positioning system at the client for
determining an actual geographical position.

[0025] The system is characterized by a dynamic map
database for storing time varying attributes of the road
map data under consideration of the stored traffic infor-
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mation data. The off-board navigation system further-
more is characterized by the server at least consisting
of afront-end server and a traffic information server con-
nected to a traffic information provider via a telecommu-
nication or computer network for receiving or requesting
for traffic information data and further connected to the
dynamic map database and the traffic information data-
base.

[0026] The traffic information server updates the time
varying attributes within a specific time period. Further-
more, the off-board navigation system comprises a rout-
ing server connected to the static map database, the dy-
namic map database and the front-end server for calcu-
lating afirst and a second client individual route between
the starting point and the destination point, wherein the
first client individual route being calculated without time
varying attributes of the dynamic map database and the
second client individual route being calculated with the
time varying attributes of the dynamic map database.
[0027] The off-board navigation system further com-
prises a dynamic navigation server connected to the
traffic information database, the route database and the
front-end server for storing at least client individual iden-
tification data, the first and the second client individual
route and the starting and destination point of the client
individual route in a route database and transmitting traf-
fic information data effecting the client individual routes
to the front-end server. The routing server calculates the
first client individual route as the fastest possible con-
nection between the starting point and the destination
without considering the time varying attributes of the dy-
namic map database and the second client individual
route as the fastest possible connection between the
starting point and the destination point considering the
time varying attributes of the dynamic map database.
[0028] Furthermore, the front-end server comprises
storage means for temporarily storing the first and sec-
ond client individual route and transmits client individual
route database on data of the second client individual
route and/or traffic information data affecting the first
and the second client individual route to the client.
[0029] The traffic information server notifies the dy-
namic navigation server about changes in the traffic in-
formation data and changes in the dynamic map data-
base and causes a transmission of traffic information
data concerning the second client individual route in the
event, that the changes in the dynamic map database
affect only road map data of the second client individual
route.

[0030] In another embodiment there is provided an
off-board navigation method for providing navigation
and route information including a real time information
to at least one client, the at least one client being con-
nected to a server via a wireless connection. The off-
board navigation method comprises storing road map
data in a static map database and storing traffic infor-
mation data in a traffic information database wherein the
databases are connected via telecommunication or
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computer network to the server for providing the client
with navigation and road map information. The off-board
navigation method is characterized by storing time var-
ying attributes of said road map data in a dynamic map
database under consideration of the stored traffic infor-
mation data.

[0031] Thepresentinventiontherefore hasthe advan-
tages that changes of traffic information data can be
easily identified and thus is improving the performance
of the databases and the servers. Moreover, the pro-
posed off-board navigation system and method is able
to continuously monitor traffic incidents affecting the op-
timal route even if the user is using an alternative route.
Moreover, the proposed system is working in a way that
no unnecessary information is sent to the user via the
client and therefore on the one hand the costs for run-
ning the system and the costs for the user are reduced
drastically and on the other hand the performance of
such a multi-user system and method is improved as
the road segments and the user affected by traffic inci-
dents can be easily identified.

[0032] Additionally, the system and method can be
configured to automatically calculate new or alternative
routes for a driver and, if necessary, transmit them au-
tomatically. As a consequence, mobile users do not only
arrive faster and safer, they are also provided with up-
to-date information while still on the road. Therefore, the
presentinvention offers a cost effective alternative to ex-
isting navigation systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings are incorporated
into and form a part of the specification for the purpose
of explaining the principles of the invention. The draw-
ings are not to be construed as limiting the invention to
only the illustrated and described examples of how the
invention can be made and used. Further features and
advantages will become apparent from the following,
and more particular description of the invention as illus-
trated in the accompanying drawings, wherein:

FIG. 1 is aschematic diagram of a preferred embod-
iment of the present invention;

FIG.2 is afurther schematic diagram of a preferred
embodiment of the present invention showing
a route request;

FIG. 3 s aflowchart showing a route calculation ac-
cording to a preferred embodiment of the
present invention;

FIG. 4 s another schematic diagram of a preferred
embodiment of the present invention showing
an update of real time traffic information data;

FIG. 5 is a flowchart showing modifying traffic infor-










































