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DESCRIPTION

TRAVELING INFORMATION CREATING DEVICE, TRAVELING
INFORMATION CREATING METHOD AND PROGRAM

TECHNICAL FIELD
[0001]
The present invention relates to a traveling information creating device, a
traveling information creating method and a program for creating traffic information

based on probe information collected from a plurality of vehicles.

BACKGROUND ART

[0002]

Conventionally, there have been various proposals related to techniques for
creating traffic information based on probe information collected from a plurality of
vehicles.

For example, there is a link travel time estimating device which collects a
traveling time (travel time) of each vehicle for traveling a link based on detection
information from a vehicle detector or road beacon disposed on the road, position
information detected by a navigation device mounted in the vehicle, or the like and
calculates the average value thereof so as to estimate a travel time for this link, (for
example, refer to Japanese Patent Application Publication No. JP-A-2004-295165,
paragraphs [0015] to [0051], FIG. 1 to FIG. 8).

DISCLOSURE OF THE INVENTION <
[Problems to be Solved by the Invention]

[0003]

In the structure described in above-described Japanese Patent Application
Publication No. JP-A-2004-295165 (paragraphs [0015] to [0051], FIG. 1 to FIG. 8),
however, since the calculated travel time for a link is an average value, each driver’s
driving characteristics are not considered. Accordingly, there is a problem that it is
not possible to perform a route search considering the driver’s driving characteristics

when searching for a route to a destination.
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[0004]

Accordingly, the present invention was devised in order to solve the above-
described problem, and it is an object of the present invention to provide a traveling
information creating device, a traveling information creating method and a program
which make it possible to create traffic information considering driver’s driving
characteristics.

[0005]

To achieve the above-described object, a traveling information creating device
according to a first aspect is characterized by including a collecting unit collecting
traveling information of each link and an average vehicle speed for each road type as
probe information from each of a plurality of vehicles, and a traffic information

creating unit classifying the probe information into predetermined vehicle speed

regions based on the average vehicle speed for each road type and statistically

processing the traveling information of each link included in the probe information for
each of the classified probe information to thereby create traffic information of each
link corresponding to the vehicle speed regions.

[0006]

Further, a traveling information creating device according to a second aspect is
characterized in that, in the traveling information creating device according to the first
aspect, the collecting unit collects as the probe information from each of the plurality
of vehicles the traveling information of each link and the average vehicle speed while
traveling a link of the same road type as the aforementioned link.

[0007]

Further, a traveling information creating device according to a third aspect is
characterized in that, in the traveling information creating device according to the first
aspect or the second aspect, the average vehicle speed is an average vehicle speed
during uncongested road traveling.

[0008]

Further, a traveling information creating method according to a fourth aspect
is characterized by including a collecting step of collecting traveling information of
each link and an average vehicle speed for each road type as probe information from
each of a plurality of vehicles, and a traffic information creating step of classifying
the probe information into predetermined vehicle speed regions based on the average

vehicle speed for each road type collected in the collecting step and statistically
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processing the traveling information of each link included in the probe information for
each of the classified probe information to thereby create traffic information of each
link corresponding to the vehicle speed regions.

[0009]

Furthermore, a program according to a fifth aspect is a program for causing a
computer to execute a collecting step of collecting traveling information of each link
and an average vehicle speed for each road type as probe information from each of a
plurality of vehicles, and a traffic information creating step of classifying the probe
information into predetermined vehicle speed regions based on the average vehicle
speed for each road type collected in the collecting step and statistically processing
the traveling information of each link included in the probe information for each of
the claésiﬁed probe information to thereby create traffic information of each link
corresponding to the vehicle speed regions.

[Effects of the Invention]

[0010]

In the traveling information creating device according to the first aspect
having the above structure, the probe information collected from a plurality of
vehicles are classified into the predetemlined'vehicle speed regions based on the
average vehicle speed for each road type and then statistically processed.
Accordingly, it is possible to create traffic information of each link for each vehicle
speed region, and to create traffic information of each link while reflecting average
vehicle speed for respective road types which varies depending on the driver’s driving
characteristics.

[0011]

Further, in the traveling information creating device according to the second
aspect, the traveling information of each link and the average vehicle speed while
traveling a link of the same road type as the aforementioned link are collected as the
probe information. Thus, each vehicle only needs to transmit a quantity of average
vehicle speed data that corresponds to road types of each link, and this makes it
possible to reduce the transmitted data amount.

[0012]

Further, in the traveling information creating device according to the third
aspect, it is possible to classify the traveling information of each link into vehicle

speed regions corresponding to average vehicle speed during uncongested road
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traveling for respective road types and then statistically process them, and it is
possible to obtain traffic information during uncongested road traveling in which the
driver’s driving characteristics appear most significantly. That is, the average vehicle
speed during uncongested road traveling for respective road types which varies
depending on the driver’s driving characteristics can be reflected on the traffic
information of each link.

[0013]

Further, in the traveling information creating method according to the fourth
aspect, the probe information collected from a plurality of vehicles is classified by the
predetermined vehicle speed regions based on the average vehicle speed for each road
type and then statistically processed. Accordingly, it is possible to create traffic
information of each link for each vehicle speed region, and to create traffic
information of each link by reflecting average vehicle speed for respective road types
which varies depending on the driver’s driving characteristics.

[0014] _

Further, by a program according to the fifth aspect, when a computer reads the
program, the computer classifies the probe information collected from a plurality of
vehicles into the predetermined vehicle speed regions based on the average vehicle
speed for each road type and then statistically processes them. Accordingly, it is
possible to create traffic information of each link for each vehicle speed region, and to
create traffic information of each link by reflecting average vehicle speed for

respective road types which varies depending on the driver’s driving characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]
FIG. 1 is a block diagram showing a navigation system according to an embodiment;
FIG. 2 is a block diagram showing a navigation device of the navigation system;
FIG. 3 is a flowchart showing average vehicle speed table creation and update
processing executed by a CPU of the navigation device for creating and updating an
average vehicle speed table;
FIG. 4 is a figure showing an example of an average vehicle speed table stored in a
traveling history DB;
FIG. 5 is a flowchart .showing “probe information transmission processing” executed

by the navigation device mounted in a probe car of the navigation system and
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“statistical traffic information creation processing” executed by an information
distribution center;

FIG. 6 is a figure showing an example of a vehicle speed region determination table
stored in a center side traffic information DB;

FIG. 7 is an explanatofy diagram showing an example of a data structure of statistical
traffic information stored in the center side traffic information DB;

FIG. 8 is a flowchart showing “route guidance processing” executed by the CPU of
the navigation device and “statistical traffic information distribution processing”
executed by a CPU of the information distribution center for distributing statistical
traffic information to the navigation device;

FIG. 9 is an explanatory diagram showing an example of a data structure of statistical
traffic information stored in a navigation side traffic information DB; and

FIG. 10 is a flowchart showing an example of “route guidance processing” executed

by the CPU of the navigation device in another embodiment.

BEST MODES FOR CARRYING OUT THE INVENTION

[0016}

Hereinafter, a specific embodiment of a traveling information creating device,
a traveling information creating method and a program according to the present
invention that is implemented in a navigation system will be explained in detail with
reference to the drawings.

[Embodiment]

[0017]

First, a schematic structure of the navigation system 1 according to the present
embodiment will be explained using FIG. 1. FIG. 1 is a block diagram showing a
navigation system 1 according to the present embodiment.

[0018]

As shown in FIG. 1, the navigation system 1 according to the present
embodiment is structured basically from a navigation device 2 mounted in each probe
car 6, an information distribution center 3 distributing traffic information (hereinafter
referred to as “statistical traffic information™) created by statistically processing a
travel time (link cost) or the like for each link based on update information for
updating map information for the navigation device 2 and probe information collected

from each navigation device 2, which will be described later, and a network 4. Then
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the navigation device 2 and the information distribution center 3 are structured to be
capable of transmitting/receiving various information via the network 4.

Note that the structure of the navigation device 2 will be explained in detail
later using FIG. 2.

[0019]

Further, as the network 4, a communication system such as a LAN (Local
Area Network), a WAN (Wide Area Network), an intranet, a mobile telephone
network, a telephone line network, a public communication line network, a dedicated
communication line network, or a communication line network such as the Internet
can be used for example. Further, a vehicle information and communication system
center (VICS (registered trademark)) 5 is connected to the network 4. The navigation
device 2 and the information distribution center 3 are structured to be capable of
receiving, at every predetermined time via the network 4, information regarding a
traffic jam or the like on a road, traffic information of traffic restriction information,
and the like, which are created by collecting information from a traffic control system
of the police, the Japan Highway Public Corporation, or the like.

[0020]

As shown in FIG. 1, the information distribution center 3 has a server 10, a
center side map information database (center side map information DB) 14 as a map
information recording unit connected to the server 10, a navigation update history
information database (navigation update history information DB) 15, a center side
traffic information database (center side traffic information DB) 16, and a center side
communication device 17.

[0021]

Further, the server 10 has a CPU 11 as a processing device and a control
device performing overall control of the server 10, and internal storage devices such
as a RAM 12 which is used as a working memory when the CPU 11 performs various
calculation processing, and a ROM 13 storing various control programs, which are
used for performing map information update processing of extracting from the center
side map information DB 14 update information for updating map information of a
predetermined area in map information stored in the navigation device 2 to a new
version of map information based on a request from the navigation device 2 and

distributing the update information to the navigation device 2, current traffic
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information distribution processing of distributing current traffic information via the
network 4, and the like. The server 10 also has a timer 19 for measuring time.

[0022]

Further, the ROM 13 stores control programs, which are for performing
statistical traffic information creation processing (refer to FIG. 7) of creating
statistical traffic information by statistically processing a link cost of each link for
each of road types and for each of vehicle speed regions of rank A to rank D based on,
as will be described later, probe information (for example, month, day and time, link
information (mesh ID, link ID, link length, presence of traffic signal, road type, and
the like), traffic status (travel time, degree of traffic jam, speed, and the like), vehicle
position, secondary mesh ID to which the vehicle position belongs, operation status of
wipers, temperatures of outside vehicle/road surface, weather, antilock brake system
(ABS) operation information, road surface condition, vehicle information (vehicle
type, performance specification, vehicle speed, occupant, weight distribution ratio of
the vehicle, way of application of torque, and the like), average vehicle speed
information for respective road types, and the like) collected from the navigation
device 2 mounted in the probe car 6, statistical traffic information distribution
processing (refer to FIG. 8) distributing statistical traffic information via the network
4 based on a request from the navigation device 2, or the like.

Here, as the road types, there are national expressways, urban expressways,
motor highways, ordinary toll roads, national highways with two or more lanes,
national highways with one lane, prefectural highways with two or more lanes,
prefectural highways with one lane, municipal roads, and the like.

 [0023]

Further, in the center side map information DB 14, update map information
14A, which is created in the information distribution center 3 and is basic map
information when updating map information stored in the navigation device 2, is
divided into each version and stored. Furthermore, there is also stored update
information for updating a part or all of the current map information stored in the
navigation device 2 to the update map information 14A. Here, the version is creation
period information for identifying the period in which the map information is created,
and by referring to the version it is possible to identify the period in which the map
information was created.

[0024]
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Further, in the update map information 14A stored in the center side map
information DB 14, there is recorded various information needed for performing route
guidance and map display by the navigation device 2. For example, the update map

information 14A includes map display data for displaying a map, intersection data

" regarding intersections, node data regarding node points, link data regarding a road

which is one type of facilities (road link), search data for searching for a route, shop
data regarding a point of interest (POI) such as a shop or the like which is one type of
facilities, search data for searching for a point, and the like.

[0025]

Here, the map display data are constituted of units divided into four (1/2
length), into 16 (1/4), and into 64 (1/8) based on secondary meshes sectioned by
approximately 10 km x 10 km, and units of respective points are set so that data
amounts of the units are at substantially same levels. A unit of the smallest 64-
division size has a dimension of about 1.25 km square. |

[0026]

Further, the map display data are sectioned into three distribution road
sections: high-standard road section including national expressways, urban

expressways, motor highways, ordinary toll roads, and national roads with one- or

-two-digit number; open road section including national highways with three-digit

number or larger, major regional roads, prefectural roads, municipal roads, and the
like; and narrow street section including narrow streets. They are stored in the update
map information 14A and controlled fore each version. Furthermore, there are
recorded data regarding access roads (ramp ways) at an entrance and an exit of a toll
road, toll gate (interchange), and the like for toll roads.

[0027]

At timing when there is a request from the navigation device 2, the
information distribution center 3 updates the map information stored in the navigation
device 2 by the latest version of update map information 14A among the update map
information 14A stored in the center side map information DB 14.

[0028]

Further, the navigation update history information DB 15 stores information
regarding update histories of updating the map information stored in the navigation
device 2 up to now, together with a navigation identification ID for identifying the

navigation device 2. As the update histories, regarding link data and node data
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specifically constituting the map information, which version of map information is
used is stored for each of the three distribution road sections, the high-standard road
section, the open road section and the narrow street section. Every time the map
information in the navigation device 2 is updated, it is rewritten to the new update
history.

[0029]

Further, in the center side traffic information DB 16, there is stored current
traffic information 16A as information regarding a current traffic jam on a road or the
like, which is created by collecting probe information (for example, month, day and
time, link information (mesh ID, link ID, link length, presence of traffic signal, road
type, and the like), traffic status (travel time, degree of traffic jam, speed, and the
like), vehicle position, secondary mesh ID to which the vehicle position belongs,
operation status of wipers, temperatures of outside vehicle/road surface, weather,
antilock brake system (ABS) operation information, road surface condition, vehicle
information (vehicle type, performance specification, vehicle speed, occupant, weight
distribution ratio of the vehicle, way of application of torque, and the like), average
vehicle speed information for respective road types, and the like) collected by the
navigation device 2 mounted in the probe car 6, and traffic information received from
the vehicle information and communication system center 5.

[0030]

Further, in the center side traffic information DB 16, there is stored statistical
traffic information 16B (refer to FIG. 7) created by statistically processing a link cost
of each link for each of road types and for each of vehicle speed regions of rank A to
rank D based on probe information (for example, month, day and time, link
information (mesh ID, link ID, link length, presence of traffic signal, road type, and
the like), traffic status (travel time, degree of traffic jam, speed, and the like), vehicle
position, secondary mesh ID to which the vehicle position belongs, operation status of
wipers, temperatures of outside vehicle/road surface, weather, antilock brake system
(ABS) operation information, road surface condition, vehicle information (vehicle
type, performance specification, vehicle speed, occupant, weight distribution ratio of
the vehicle, way of application of torque, and the like), average vehicle speed
information for respective road types,A and the like) collected from each probe car 6 as

will be described later.
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At timing when there is a request from the navigation device 2 as will be
described later, the information distribution center 3 selects and distributes the
statistical traffic information 16B or the like stored in the center side traffic
information DB 16 (refer to FIG. 8).

[0031]

Next, a schematic structure of the navigation device 2 constituting the
navigation system 1 according to the present embodiment will be explained using
FIG. 2. FIG. 2 is a block diagram showing the navigation device 2 according to the
present embodiment.

[0032]

As shown in FIG. 2, the navigation device 2 according to the present

“embodiment has a current position detection processing portion 21 detecting the

current position of a vehicle, a data recording portion 22 in which various data are
recorded, a navigation control portion 23 performing various calculation processing
based on inputted information, an operation portion 24, a liquid crystal display 25, a
speaker 26, a communication device 27, and a reading portion 28. Further, a vehicle
speed sensor 29 detecting the traveling speed of a vehicle is connected to the
navigation control portion 23.

[0033]

The components constituting the navigation device 2 will be explained below.
The current position detection processing portion 21 has a GPS 31, a direction sensor
32, a distance sensor 33, an altimeter (not shown), and so on, and is capable of
detecting the current position, direction, traveling distance, or the like of the vehicle.

[0034]

Further, the data recording portion 22 has a hard disk (not shown) as an
external storage device and a storage medium, and a recording head (not shown)
which is a driver for reading a navigation side traffic information database (navigation
side traffic information DB) 36, a navigation side map information database
(navigation side map information DB) 37, a traveling history database (traveling
history DB) 38, a predetermined program, or the like stored in the hard disk, and for
writing predetermined data in the hard disk.

[0035]

Here, the navigation side traffic information DB 36 stores current traffic

information 36A created from road traffic jam information regarding a current traffic
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Jam on a road or the like which includes the actual length of a traffic jam, the degree
of a traffic jam (traffic jam/congestion/uncongested road, or the like), required time,
cause of a traffic jam, an expected time when the traffic jam is alleviated, and/or
traffic restriction information due to road construction, building operation, or the like,
which are received from the information distribution center 3 and the vehicle
information and communication system center 5.

[0036]

Further, in statistical traffic information 36B of the navigation side traffic
information DB 36, statistical traffic information distributed via the communication |
device 27 from the information distribution center 3 as will be described later is stored
(refer to FIG. 9). Then the contents of the statistical traffic information stored in the
statistical traffic information 36B are updated by downloading update information
distributed from the information distribution center 3 via the communication device
217.

[0037]

Further, the navigation side map information DB 37 stores navigation map

information 37A used for traveling guidance or a route search by the navigation

“device 2 and is subject to update by the information distribution center 3. Here, the

navigation map information 37A includes various information needed for route
guidance and map display similarly to the update map information 14A, and includes,
for example, newly built road information for identifying each newly built road, map
display data for displaying a map, intersection data regarding intersections, node data
regarding node points, link data regarding a road (link), search data for searqhing for a
route, shop data regarding POI such as a shop or the like which is one type of
facilities, search data for searching for a point, and the like. Then the contents of the
navigation side map information DB 37 are updated by downloading update
information distributed from the information distribution center 3 via the
communication device 27. Note that the navigation device 2 may be structured so as
to ‘update the contents of the navigation side map information DB 37 by storing
update map information supplied via the CD-ROM 7 or the like.

[0038]

Further, for every travel through a link, the traveling history DB 38
sequentially stores link traveling information (for example, month, day, time, link

information (mesh ID, link ID, link length, presence of traffic signal, road type, and
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the like), traffic status (travel time, degree of traffic jam, speed, and the lAike), vehicle
position, secondary mesh ID to which the vehicle position belongs, operation status of
wipers, temperatures of outside vehicle/road surface, weather, antilock brake system
(ABS) operation information, road surface condition, vehicle information (vehicle
type, performance specification, vehicle speed, occupant, weight distribution ratio of
the vehicle, way of application of torque, and the like)).

| Further, in the traveling history DB 38, as will be described later, there is
stored an average vehicle speed table 48 (refer to FIG. 4) in which average vehicle
speeds during uncongested road traveling for respective road types are stored.

[0039]

When a probe car 6 is traveling, the navigation device 2 mounted in the probe
car 6 transmits link traveling information and data of average vehicle speeds during
uncongested road traveling for respective road types, which are newly stored in the
traveling history DB 38 from the previous transmission time of transmitting probe
information, as probe information to the information distribution center 3 via the
communication device 27 at every predetermined time (for example, “every minute”,
“every five minutes”, “every fifteen minutes”, “every thirty minutes”, or the like) or at
every time when traveling a link, as will be described later (refer to FIG. 5).

[0040]

Further, as shown in FIG. 2, the navigation control portion 23 constituting the
navigation device 2 has a CPU 41 as a processing device and a control device
performing overall control of the navigation device 2, and internal storage devices
such as a RAM 42 which is used as a working memory when the CPU 41 performs
various calculation processing and in which route data when searching for a roﬁte,
statistical traffic information received from the information distribution center 3, or
the like is stored, a ROM 43 in which a probe information transmission processing
program for obtaining probe information and transmitting probe information or the
like to the information distribution center 3 at every predetermined time, and the like
are stored besides a control program, and a flash memory 44 storing a program read
from the ROM 43. The navigation control portion 23 also has é timer 45 for
measuring time, and so on.

[0041]

Further, in the present embodiment, various programs are stored in the ROM

43, and various data are stored in the data recording portion 22. However, the
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program, data, or the like can be read from a same external storage device, memory
card, or the like and can be written in the flash memory 44. Furthermore, the
program, data or the like can be updated by replacing a memory card or the like.

[0042]

Furthermore, various peripheral devices (actuators) of the operation portion
24, the liquid crystal display 25, thc; speaker 26, the communication device 27, and the
reading portion 28 are electrically connected to the navigation control portion 23.

[0043]

The operation portion 24 is operated when modifying the current position at
the time of starting traveling and inputting a place of departure as a guidance start
point and a destination as a guidance end point, whén searching for information
regarding a facility, or the like and is structured from a plurality of operation switches
such as various keys. Then, the navigation control portion 23 performs control for
executing various corresponding operations based on switch signals outputted by
pressing down of respective switches, or the like. In addition, the operation portion
24 can also be structured from a keyboard, a mouse, or the like, or a touch panel
provided on a front face of the liquid crystal display 25.

Further, the liquid crystal display 25 displays operation guidance, an operation
menu, guidance for keys, a guiding route from the current position to a destination,
guidance information along a guiding route, traffic information, news, weather
forecast, time, an e-mail, a television program, or the like.

[0044]

_ Further, the speaker 26 outputs traveling guidance along a guiding route, audio
guidance for warning to stop or to confirm the safety at an intersection or crosswalk,
or the like based on an instruction from the navigation control portion 23. Here, audio
guidance to be given is “200 meters ahead, in the right hand direction at XY
intersection”, or the like for example.

[0045]

Further, the communication device 27 is a communication unit by means of a
mobile phone network or the like performing communication with the information
distribution center 3, and performs transmission/reception of the latest version of
update map information, statistical traffic information, or the like to/from the
information distribution center 3. Further, the communication device 27 receives

traffic information including respective information such as traffic jam information or
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a congestion status at a service area transmitted from the vehicle information and
communication system center 5 or the like, in addition to the information distribution
center 3.

[0046]

The reading portion 28 is structured to be capable of reading a predetermined
version of map information, statistical traffic information, or the like recorded in units
of prefectures from the CD-ROM 7 as a recording medium. In addition, the reading
portion 28 may also be structured to be capable of reading not only the CD-ROM 7
but map information or the like recorded in a DVD.

[0047]

Next, average vehicle speed table creation and update processing will be
explained based on FIG. 3 and FIG. 4, in which the CPU 41 of the navigation device 2
in the navigation system 1 having the above structure creates and updates an average
vehicle speed table from vehicle speeds during uncongested road traveling in the past
for respective road types.

FIG. 3 1s a flowchart showing the average vehicle speed table creation and
update processing executed by the CPU 41 of the navigation device 2 for creating and
updating an average vehicle speed table from vehicle speeds during uncongested road
traveling in the past for respective road types. FIG. 4 is a figure showing an example
of the average vehicle speed table 48 stored in the traveling history DB 38. Note that
the program shown by the flowchart of FIG. 3 is stored in the ROM 43 of the
navigation device 2, and is executed at every predetermined time (for example, at
every 0.1 second) by the CPU 41.

[0048] A

As shown in FIG. 3, first in step (hereinafter abbreviated to S) 11, the CPU 41
detects the current position of the vehicle (hereinafter referred to as “vehicle
position”) and a vehicle direction representing the direction of the vehicle by the
current position detection processing portion 21, and stores coordinate data (for
example, data of latitude and longitude) representing the vehicle position and the
vehicle direction in the RAM 42. Further, the CPU 41 executes determination
processing of determining, from the navigation map information 37A, whether or not
the vehicle position has passed a node point that is the end point of the link on which
the vehicle is currently traveling, that is, whether or not it has passed the link on

which the vehicle is currently traveling.
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[0049]

Then, when the vehicle position has not passed the node point that is the end
point of the link on which the vehicle is currently traveling, that is, when it has not
passed the link on which the vehicle is currently traveling (S11: NO), the CPU 41
ends the processing.

On the other hand, when the vehicle position has passed the node point that is
the end point of the link on which the vehicle is currently traveling, that is, when it
has passed the link on which the vehicle is currently traveling (S11: YES), the CPU
41 proceeds to processing of S12.

[0050]

In S12, the CPU 41 obtains link information (mesh ID, link ID, link length,
presence of traffic signal, road type, and the like) related to the passed link from the
navigation map information 37A and stores it in the RAM 42. Further, the CPU 41
obtains a travel time for the passed link and stores it in the RAM 42, divides the link
length of the link by the travel time to calculate the vehicle speed, and stores it in the
RAM 42.

[0051]

Subsequently, in S13, the CPU 41 executes determination processing of
determining whether or not the degree of traffic jam of the passed link is an
uncongested road from the road traffic jam information stored in the current traffic
information 36A.

Then, when it is determined that the passed link is an uncongested road (S13:
NO), the CPU 41 ends the processing.

Note that the CPU 41 may determine that the link is an uncongested road
when the vehicle speed in the passed link is approximately 30 km per hour and over in
an open road such as a national highway, a prefectural road, or the like, approximately
50 km per hour and over in an urban expressway, or approximately 70 km per hour
and over in a national expressway.

[0052]

On the other hand, when it is determined that the passed link is an
uncongested road (S13: YES), the CPU 41 proceeds to processing of S14. In S14, the
CPU 41 reads the road type and the vehicle speed of the link from the RAM 42, and
stores together with the current date and time information (for example, year, month,

day, day of the week, time, and the like) in the traveling history DB 38. Further, the
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CPU 41 reads vehicle speed data of a predetermined period (for example, for the past
six months) corresponding to the stored road type from the traveling history DB 38,
and calculates an average value of these vehicle speed data. Then, the CPU 41 stores
and updates the calculated average value as the “average vehicle speed during
uncongested road traveling” corresponding to the road type of the passed link in the
average vehicle speed table 48 (refer to FIG. 4) stored in the traveling history DB 38,
and thereafter ends the processing.

[0053] _

Here, an example of the average vehicle speed table 48 stored in the traveling
history DB 38 will be explained based on FIG. 4.

As shown in FIG. 4, the average vehicle speed table 48 is constituted of “road
types” and “average vehicle speed during uncongested road traveling” representing
average vehicle speed during uncongested road traveling for the “road type”.
Therefore, the average vehicle speed table 48 represents the driver’s driving
characteristics during uncongested road traveling for respective road types.

[0054]

For example, when the “average vehicle speed during uncongested road
traveling” corresponding to a “national expressway” is “83.5 km/h”, it represents that
the driver travels an uncongested foad on a national expressway at approximately 83.5
km/h.

[0055]

Next, explanation will ibe given based on FIG. 5 to FIG. 7 about “probe
information transmission processing” in which the CPU 41 of the navigation device 2
transmits link traveling information including link information or the like and data of
the “average vehicle speeds during uncongested road traveling” of the average vehicle
speed table 48 as probe information to the information distribution center 3 at
predetermined intervals (for example, approximately every five minutes), in the
navigation system 1, and “statistical traffic information creation processing” which
the CPU 11 of the information distribution center 3 executes when receiving probe
information from the navigation device 2.

FIG. 5 is a flowchart showing the “probe information transmission
processing” executed by the navigation device 2 mounted in a probe car 6 in the
navigation system 1 and the “statistical traffic information creation processing”

executed by the information distribution center 3.
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[0056]

First, based on FIG. 5, the “probe information transmission processing”
executed by the CPU 41 of the navigation device 2 mounted in the probe car 6 will be
explained. In addition, in FIG. 5, the program shown by the flowchart of S111 to
S116 is stored in the ROM 43 provided in the navigation device 2, and is executed at
every predetermined time by the CPU 41 (for example, every 0.1 second).

[0057]

As shown in FIG. §, first in S111, the CPU 41 detects the vehicle position and
the vehicle direction by the current position detection processing portion 21, and
stores coordinate data (for example, data of latitude and longitude) representing the
vehicle position and the vehicle direction in the RAM 42. Further, the CPU 41
executes determination processing of determining, from the navigation map
information 37A, whether or not the vehicle position has passed a node point that is
the end point of the link on which the vehicle is currently traveling, that is, whether or
not it has passed the link on which the vehicle is currently traveling.

[0058]

Then, when the vehicle position has not passed the node point that is the end
point of the link on which the vehicle is currently traveling, that is, when it has not _
passed the link on which the vehicle is currently traveling (S111: NO), the CPU 41
ends the processing.

On the other hand, when the vehicle position has passed the node point that is
the end point of the link on which the vehicle is currently traveling, that is, when it
has passed the link on which the vehicle is currently traveling (S111: YES), the CPU
41 proceeds to processing of S112.

[0059]

In S112, the CPU 41 obtains link information (mesh ID, link ID, link length,
presence of traffic signal, road type, and the like) related to the passed link from the
navigation map information 37A and stores it in the RAM 42. Further, the CPU 41
obtains a travel time for the passed link and stores it in the RAM 42, divides the link
length of the link by the travel time to calculate the vehicle speed, and stores it in the
RAM 42. Then the CPU 41 stores information associated with the link information,
travel time, vehicle speed, vehicle position, month, day and time data, and so on as
link traveling information and stores it in the RAM 42.

[0060]
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Subsequently, in S113, the CPU 41 reads from the RAM 42 transmission time
data representing the previous transmission time of transmitting probe information or
the like to the information distribution center 3, and executes determination
processing of determining whether or not a predetermined certéin time (for example,
about five minutes) is passed from the previous time. That is, the CPU 41 executes
determination processing of determining whether or not it is a communication timing
to transmit probe information or the like to the information distribution center 3.

[0061] |

Then, when the predetermined certain time has not passed from the previous
transmission time of transmitting probe information to the information distribution
center 3 (S113: NO), the CPU 41 ends the processing.

On the other hand, when the predetermined certain time has passed from the
previous transmission time of transmitting probe information to the information
disfribution center 3 (S113: YES), the CPU 41 proceeds to processing of S114. In
S114, the CPU 41 reads the “average vehicle speed during uncongested road
traveling™ for respective road types from the average vehicle speed table 48 (refer to
FIG. 4) stored in the traveling history DB 38, and stores them in the RAM 42 as
average vehicle speed information to be transmitted to the information distribution
center 3.

[0062]

Subsequently, in S115, the CPU 41 reads from RAM 42 the link traveling
information (link information (mesh ID, link ID, link length, presence of traffic
signal, road type, and the like), travel time, vehicle speed, vehicle position, month,
day and time data, and the vlike) and the average vehicle speed information, and
transmits them as probe information to the information distribution center 3 together
with a navigation identification ID identifying the navigation device 2.

Then in S116, the CPU 41 reads current time data from the timer 45, stores it
as transmission time data indicating the time of transmitting the probe information td
the information distribution center 3 in the RAM 42, and ends the processing.

[0063]

Next, based on FIG. 5, the “statistical traffic information creation processing”
executed by the CPU 11 of the information distribution center 3 will be explained. In
addition, the program shown by the flowchart of S211 to S215 in FIG. 5 is stored in

the ROM 13 provided in the information distribution center 3, and is executed at
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every predetermined time (for example, about every 0.01 second to 0.1 second) by the
CPU 11.

[0064]

First, in S211, the CPU 11 executes determination processing of determining
whether or not there is received probe information which is transmitted from the
navigation device 2 in above S115 and includes link travel information (link
information (mesh ID, link ID, link length, presence of traffic signal, road type, and
the like), travel time, vehicle speed, vehicle position, month, day and time data, and
the like), average vehicle speed information, and the like.

Then when the probe information is not received (S211: NO), the CPU 11
ends the processing.

[0065]

On the other hand, when the probe information including link traveling
information (link information (mesh ID, link ID, link length, presence of traffic
signal, road type, and the like), travel time, vehicle speed, vehicle position, month,
day and time data, and the like), average vehicle speed information, and the like is
received (S211: YES), the CPU 11 stores the received probe information in the RAM
12, and thereafter proceeds to processing of S212. In S212, the CPU 11 reads the link
ID and the road type of each link included in the received probe information,
associates the link ID with the road type and stores it in RAM 12.

[0066] | |

Then, in S213, from the road type corresponding to each link ID and the
average vehicle speed information, the CPU 11 reads the user’s average vehicle speed
during uncongested road traveling for the road type corresponding to the link ID,
associates the road type corresponding to the link ID with the user’s average vehicle
speed during uncongested road traveling, and stores them in the RAM 12. Then the
CPU 11 determines the vehicle speed region that corresponds to the road type
corresponding to the link ID and the user’s average vehicle speed during uncongested
road traveling from a vehicle speed region determination table 50 stored in the center
side traffic information DB 16. Thereafter, the CPU 11 reads the mesh ID, link ID,
road type, travel time, and day and time data from the probe information, associates
them with the determined vehicle speed region, creates traffic information (mesh 1D,
link ID, road type, vehicle speed region, day and time data, and travel time) for each

road type, and stores it in the center side traffic information DB 16.
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[0067]

Here, an example of the vehicle speed region determination table 50 stored in
the center side traffic information DB 16 will be explained based on FIG. 6. FIG. 6 is
a figure showing an example of the vehicle speed region determination table 50 stored
in the center side traffic information DB 16.

As shown in FIG. 6, the vehicle speed region determination table 50 is
constituted of “road type” representing road types of respective links, “user’s average
vehicle speed” representing a plurality of ranges of user’s average vehicle speeds
during uncongested road traveling corresponding to the road type (for example, four
types of ranges of average vehicle speeds), and “vehicle speed region” representing
classification of the “user’s average vehicle speed” (for example, four stages of rank
A to rank D).

[0068]

For example, when the “road type” is “national expressway”, as the “user’s
average vehicle speed”, four types of ranges of average vehicle speeds, “less than 80
km/h”, “less than 100 km/h”, “less than 120 km/h”, and “120 km/h and over” are
stored. Further, as the “vehicle speed region” representing the “user’s average vehicle
speed”, “rank A” for “less than 80 km/h”, “rank B” for “less than 100 km/h”, “rank
C” for “less than 120 km/h”, and “rank D” for “120 km/h and over” are stored.

[0069]

Therefore, in S213, the CPU 11 takes the road type corresponding to the link
ID as the “road type” of the vehicle speed region determination table 50, and
identifies the range that includes the user’s average vehicle speed during uncongested
road traveling for the road type corresponding to the link ID from the four types of
ranges of average vehicle speed of the “user’s average vehicle speed” corresponding
to the “road type”. Thereafter, the CPU 11 can determine the “vehicle speed region”
representing the identified classification of “user’s average vehicle speed”.

[0070]

For example, when the road type corresponding to the link ID is “national
éxpressway” and the average vehicle speed of the user for “national expressway” is
“83.5 km” (refer to FIG. 4), the CPU 11 identifies “national expressway” for the
“road type” and “less than 100 km/h” for the “user’s average vehicle speed” in the
vehicle speed region determination table 50, and determines the “rank B” as the

“vehicle speed region” representing the identified classification “less than 100 km/h”.



10

15

20

25

30

WO 2009/113386 PCT/JP2009/053308

21

Thereafter, the CPU 11 reads the mesh ID, link ID, road type, travel time, and
day and time data from the probe information, associates them with “rank B”, which
is the vehicle speed region corresponding to the link ID, to create traffic information
(mesh ID, national expressway, link ID, vehicle speed region “rank B, day and time
data, travel time) for the road type “national expressway”, and stores it in the center
side traffic information DB 16.

[0071]

Subsequently, in S214 as shown in FIG. 5, the CPU 11 reads traffic
information in a certain period (for example, for the past six months) including
matching link IDs, road types, vehicle speed regions and time zones to which day and
time data belong (for example, a time zone of 9:00 to 9:14) from the traffic
information stored in the center side traffic information DB 16 in above S213,
statistically processes respective travel times to calculate a link cost 51C (refer to FIG.
7) corresponding to the link ID, road type and vehicle speed region, and stores it in
the RAM 12.

[0072]

Then in S215, the CPU 11 reads the link cost 51C from the RAM 12. Taking
the link ID, road type, vehicle speed region and time zone to which day and time data
belong of the traffic information stored in the center side traffic information DB 16 in
above S213 as the link ID 51A, vehicle speed region 51D, and time zone 51B of the
relevant road type of the statistical traffic information 16B, which are substituted into
the link cost 51C corresponding to them in the statistical traffic information 16B to
update it, and then ends the processing.

Therefore, for each road type, updates are performed to the link cost 51C of
the vehicle speed region 51D (refer to FIG. 7) of the statistical traffic information 16B
corresponding to the “average vehicle speed during uncongested road traveling” for
each road type in which driving characteristics of the driver, who is the user of the
navigation device 2 which transmitted probe information, appear most significantly.

[0073]

Here, an example of a data structure of the statistical traffic information 16B
stored in the center side traffic information DB 16 will be explained based on FIG. 7.
FIG. 7 is an explanatory diagram showing the example of the data structure of the
statistical traffic information 16B stored in the center side traffic information DB 16.

[0074]
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As shown in FIG. 7, the statistical traffic information 16B is generated, for
example, for each mesh ID added to each secondary mesh as an area and classified by
road type such as “national expressway”, and includes statistical traffic information
per vehicle speed region 161 to 164 which are classified by vehicle speed regions 51D
of rank A to rank D. Note that the rank A to rank D of each vehicle speed region 51D
corresponds to the rank A to rank D (refer to FIG. 6) of the “vehicle speed region” in
the vehicle speed region determination table 50.

[0075]

Further, the statistical traffic information per vehicle speed region 161 to 164
each have link costs 51C for the link ID 51A of each link for every time zone 51B.
The time zones 51B are the time zones that are set for every 15 minutes (for example
“0:00” to “0:14”, or the like). Further, the link cbsts 51C are the data each indicating
an average required travel time when passing the link thereof during a certain time
zone 51B, and is shown as “20 (seconds)” or the like for example.

[0076]

Further, the link costs 51C of the statistical traffic information per vehicle

| speed region 161 to 164 are each generated by reading traffic information in a certain

period (for example, for the past six months) including matching vehicle speed
regions 51D, link IDs 51A and road types of the statistical traffic information per
vehicle speed region 161 to 164 from the traffic information (mesh ID, link ID, road
type, vehicle speed region, day and time data, and travel time) stored in the center side
traffic information DB 16 in above S213, and statistically processing for each of the
time zones 51B a travel time of day and time data belonging to the time zone 51B, in
above S214 and S215.

[0077]

Therefore, by executing above S211 to S215, every time the probe information
including link traveling information (link information (mesh ID, link ID, link length,
presence of traffic signal, road type, and the like), travel time, vehicle speed, vehicle
position, month, day and time data, and the like), average vehicle speed information,
and the like is received from the navigation device 2, the CPU 11 can determine the
rank A to rank D of the vehicle speed region 51D in the statistical traffic information
per vehicle speed region 161 to 164 of the relevant road type from the link traveling
information and the average vehicle speed information of the probe information, and

update the link cost 51C corresponding to the time zone 51B of the relevant vehicle
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speed region 51D from the link ID and the day and time data included in the probe
information.

[0078]

Next, “route guidance processing” executed by the CPU 41 of the navigation
device 2 and “statistical traffic information distribution processing” executed by the
CPU 11 of the information distribution center 3 for distributing the statistical traffic
information 16B to the navigation device 2 in the navigation system 1 will be
explained based on FIG. 8 and FIG. 9.

FIG. 8 is a flowchart showing the “route guidance processing” executed by the
CPU 41 of the navigation device 2 and the “statistical traffic information distribution
processing” executed by the CPU 11 of the information distribution center 3 for
distributing the statistical traffic information 16B to the navigation device 2.

[0079] »

First, based on FIG. 8, the “route guidance processing” executed by the CPU
41 of the navigation device 2 will be explained. Note that the program shown by the
flowchart of S311 to S315 in FIG. 8 is stored in the ROM 43 provided in the
navigation device 2 and is executed by the CPU 41.

[0080]

As shown in FIG. 8, first in S311, the CPU 41 executes determination
processing of determining whether a destination is set or not by an input operation or
the like with the operation portion 24 such as a touch panel or operation switches.
Then when no destination is set (S311: NO), the CPU 41 ends the processing.

On the other hand, when it is determined that a destination is input (S311:
YES), the CPU 41 temporarily stores coordinates and so on of the destination in the
RAM 42 and thereafter proceeds to processing of S312.

[0081]

In S312, the CPU 41 reads the “average vehicle speeds during uhcongested
road traveling” for respective road types from the average vehicle speed table 48
(refer to FIG. 4) stored in the traveling history DB 38, and stores them in the RAM 42
as average vehicle speed information to be transmitted to the information distribution
center 3. Then, the CPU 41 transmivts the navigation identification ID, coordinate data
of the vehicle position, coordinate data of the destination, the average vehicle speed

information, a route search condition, version information of the navigation map
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information 37A, and so on together with a request command reqﬁesting for the
statistical traffic information 16B to the information distribution center 3.

[0082]

Thereafter, in S313, the CPU 41 receives the statistical traffic information
distributed from the information distribution center 3, and stores it in the statistical
traffic information 36B of the navigation side traffic information DB 36.

Here, an example of a data structure of the statistical traffic information 36B
will be explained based on FIG. 9. FIG. 9 is an explanatory diagram showing the
example of the data structure of the statistical traffic information 36B stored in the
navigation side traffic information DB 36.

[0083]

As shown in FIG. 9, the statistical traffic information 36B is formed for each
mesh ID added to each secondary mesh as an area for example, and has link costs 51C
for the link ID 51A of each link for every time zone 51B. The time zones 51B are the
time zones which are set for every 15 minutes (for example “0:00” to “0:14”, or the
like). Further, these link costs 51C are data each indicating an average required travel
time when passing the link during a certain time zone 51B, and is shown as “20
(seconds)” or the like for example.

[0084]

Subsequently, in S314, the CPU 41 searches for a recommended route from
the current vehicle position to the destination by Dijkstra’s algorithm or the like based
on the statistical traffic information 36B and the navigation map information 37A, and
stores it in the RAM 42.

Then, in S315, the CPU 41 performs a route guidance according to the
recommended route and finishes the processing.

[0085]

‘Next, the “statistical traffic information distribution processing” executed by
the CPU 11 of the information distribution center 3 based on FIG. 8 will be explained.
Note that the program shown by the flowchart of S411 to S415 in FIG. 8 is stored in
the ROM 13 provided in the information distribution center 3, and is executed by the
CPU 11 when a request command requesting for the statistical traffic information 16B
is received from the navigation device 2.

[0086]
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First, in S411, the CPU 11 receives the vehicle information such as the
navigation identification ID, the coordinate data of the vehicle position, the coordinate
data of the destination, the average vehicle speed information, the route search
condition, the version information of the navigation map information 37A, and so on
together with the request command requesting for the statisfical traffic information
16B transmitted from the navigation device 2 in above S312, and stores the vehicle
information in the RAM 12. Then the CPU 11 selects, with respect to all the road
types for each secondary mesh, statistical traffic information per vehicle speed region
of a predetermined vehicle speed region 51D (for example, the statistical traffic
information per vehicle speed region 162 in which the vehicle speed region 51D is
rank B) from the statistical traffic information per vehicle speed region 161 to 164
constituting the statistical traffic information 16B.

[0087]

Then, in S412, the CPU 11 searches by Dijkstra’s algorithm or the like for a
basic route to the destination according to the received search condition based on the
update map information 14A corresponding to the version information of the
navigation map information 37A stored in the center side map information DB 14 and
the statistical traffic information per vehicle speed region (for example, the statistical
traffic information per vehicle speed region 162 in which the vehicle speed region
51D is rank B) selected in above S411 for each secondary mesh, and stores it in the
RAM 12.

. [0088]

Subsequently, in S413, the CPU 11 extracts the mesh IDs of all the secondary
meshes through which the basic route searched in above S412 passes and stores them
in the RAM 12, and determines the range of secondary meshes in which the statistical
traffic information 16B to be transmitted to the navigation device 2 is selected.

[0089]

Then, in S414, the CPU 11 sequentially reads the statistical traffic information
per vehicle speed region 161 to 164, which are classified by road types, for each mesh
ID of all the secondary meshes through which the basic route extracted in above S413
passes.

[0090]

Further, the CPU 11 reads the “average vehicle speed during uncongested road

traveling” for respective road types from the average vehicle speed information
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received from the navigation device 2, and identifies the vehicle speed regions 51D -
(rank A to rank D) corresponding to each received “average vehicle speed during
uncongested road traveling” for respective road types received from the vehicle speed
region determination table 50 stored in the center side traffic information DB 16.
Thereafter, the CPU 11 reads, that is, selects the statistical traffic information per
vehicle speed region corresponding to the vehicle speed regions 51D identified for
respective road types from the statistical traffic information per vehicle speed region
161 to 164, which are classified by road types, for each mesh ID of all the secondary
meshes through which the basic route passes, and stores them in the RAM 12 as
statistical traffic information matched with the user’s “average vehicle speeds during
uncongested road traveling” for respective road types.

[0091] '

For example, in the case where the statistical traffic information per vehicle
speed region 161 to 164 are included (refer to FIG. 7) in the statistical traffic
information 16B of the “national expressway” corresponding to the mesh ID of the
secondary mesh through which the basic route extracted in above S414 passes, and

the “average vehicle speed during uncongested road traveling” corresponding to the

“national expressway” of the average vehicle speed information received from the

navigation device 2 is “79.5 km/h”, the CPU 11 takes the “79.5 km/h” as the “user’s
average vehicle speed” corresponding to the “national expressway” of the vehicle
speed region determination table 50 and identifies the vehicle speed region 51D as
“rank A”.

[0092]

Then the CPU 11 reads from the statistical traffic information 16B, that is,
selects from the statistical traffic information 16B the statistical traffic information
per vehicle speed region 161 in which the vehicle speed region 51D is “rank A”, and
stores it in the RAM 12 as statistical traffic information of the “national expressway”
of the relevant mesh ID to be transmitted to the user.

[0093]

Subsequently, in S415, the CPU 11 distributes the statistical traffic
information selected for the respective road types corresponding to the mesh IDs of
all the secondary meshes through which the basic route stored in the RAM 12 in
above S414 passes to the navigation device 2 corresponding to the navigation

identification ID received in above S411, and ends the processing.
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[0094]

As has been explained in detail above, in the navigation system 1 according to
the present embodiment, the CPU 41 of the navigation device 2 obtains link traveling
information (link information (mesh ID, link ID, link length, presence of traffic
signal, road type, and the like), travel time, vehicle speed, vehicle position, month,
day and time data, and the like) when passing each link. Then, when the passed link
is an uncongested road, the CPU 41 reads the road type and the vehicle speed of the
link, and stores them in the traveling history DB 38 together with the day and time
data (for example, year, month, day, day of the week, time, and the like). Further, the

CPU 41 reads from the traveling history DB 38 vehicle speed data for a

predetermined period (for example, for the past six months) corresponding to the road
type of the link, and calculates the average value of these vehicle speed data. Then
the CPU 41 stores and updates the calculated average value as the average vehicle
speed during uncongested road traveling corresponding to the road type of the passed
link in the average vehicle speed table 48 (refer to FIG. 4) stored in the traveling
history DB 38 (S11 to S14).

[0095]

Thus, it becomes possible to obtain average vehicle speed during uncongested
road traveling in which the driver’s driving characteristics for respective road types
appear.

[0096]

Further, in the navigation system 1, the CPU 41 of the navigation device 2
transmits to the information distribution center 3 at every predetermined time (for
example, every five minutes) the probe information including the link traveling
information for the passed link (link information (mesh ID, link ID, link length,
presence of traffic signal, road type, and the like), travel time, vehicle speed, vehicle
position, month, day and time data, and the like) and the average vehicle speed
information including data of the “average vehicle speed during uncongested road
traveling” in the average vehicle speed table 48 (S111 to S115). |

[0097]

On the other hand, when the probe information including the link traveling
information (link information (mesh ID, link ID, link length, presence of traffic
signal, road type, and the like), travel time, vehicle speed, vehicle position, month,

day and time data, and the like) and the average vehicle speed information is received
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from the navigation device 2, the CPU 11 of the information distribution center 3
reads the road type corresponding to each link ID included in the probe information
and the user’s average vehicle speed during uncongested road traveling, and
determines a vehicle speed region for each road type corresponding to the link ID
from the vehicle speed region determination table 50 stored in the center side traffic
information DB 16. Thereafter, the CPU 11 creates traffic information (mesh ID, link
ID, road type, vehicle speed region, day and time data, and travel time) from the
vehicle speed region and the probe information and stores them in the center side
traffic information DB 16.

[0098]

Then the CPU 11 reads traffic information in a certain period (for example, for
the past six months) including matching link IDs, road types, vehicle speed regions
and time zones to which day and time data belong from the traffic information stored
in the center side traffic information DB 16, and statistically processes respective
travel times to calculate a link cost 51C. Taking the link ID, road type, vehicle speed
region and time zone to which the day and time data belongs of the traffic information
as the link ID 51A, vehicle speed region 51D, and time zone 51B of the relevant road
type of the statistical traffic information 16B, the CPU 11 substitutes them into the
link cost 51C corresponding to them in the statistical traffic information 16B to
update it (S211 to S215).

[0099]

Thus, link costs 51C of each link ID 51A classified by road type can be
created for each vehicle speed region 51D, and the “average vehicle speed during
uncongested road traveling” for respective road types which varies according to the
driver’s driving characteristics can be reflected on the link costs 51C of each link ID
51A. That is, the average vehicle speed during uncongested road traveling for
respective road types which varies according to the driver’s driving characteristics can
be reflected on the link costs 51C of each link ID 51A to create the statistical traffic
information 16B of each link.

[0100]

Further, in the navigation system 1, when a destination is set, the CPU 41 of
the navigation device 2 transmits the navigation identification ID, coordinate data of
the vehicle position, coordinate data of the destination, average vehicle speed

information, a route search condition, version information of the navigation map
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information 37A, and so on together with a request command requesting for the
statistical traffic information 16B to the information distribution center 3 (S311 to
S312).

[0101]

On the other hand, when a request command or the like requesting for-the
statistical traffic information 16B is received from the navigation device 2, the CPU
11 of the information distribution center 3 selects for each secondary mesh the
statistical traffic information per vehicle speed region of a predetermined vehicle
speed region 51D from the statistical traffic information per vehicle speed region 161
to 164 classified by road types constituting the statistical traffic information 16B.
Then the CPU 11 searches for a basic route to the destination by Dijkstra’s algorithm
or the like based on the selected statistical traffic information per vehicle speed region
and the update map information 14A according to the received search condition.

[0102]

Subsequently, the CPU 11 sequentially reads the statistical traffic information
per vehicle speed region 161 to 164 classified by road types for each mesh ID of all
the secondary meshes through which the basic route passes. Further, the CPU 11
identifies a vehicle speed region 51D (rank A to rank D) for each road type from the
average vehicle speed information received from the navigation device 2 and the
vehicle speed region determination table 50 stored in the center side traffic
information DB 16.

[0103]

Thereafter, the CPU 11 selects the statistical traffic information per vehicle
speed region corresponding to the identified vehicle speed region 51D of each road
type from the statistical traffic information per vehicle speed region 161 to 164
classified by road types and distributes it to the navigation device 2 (S411 to S415).

[0104]

Further, the CPU 41 of the navigation device 2 receives the statistical traffic
information classified by road type distributed from the information distribution
center 3 and stores it in the statistical traffic information 36B of the navigation side
traffic information DB 36. Then the CPU 41 searches for a recommended route from
the current vehicle position to the destination by Dijkstra’s algorithm or the like based
on the statistical traffic information 36B and the navigation map information 37A, and

performs route guidance (S313 to S315).
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[0105]

Therefore, the CPU 41 of the navigation device 2 is able to obtain the
statistical traffic information 36B corresponding to the average vehicle speeds during
uncongested road traveling for respective road types on which the driver’s driving
characteristics are reflected. Thus, the CPU 41 is able to perform a route search
considering the driver’s characteristics.

[0106]

Further, the CPU 11 of the information distribution center 3 selects statistical
traffic information to be distributed to the navigation device 2 from the statistical
traffic information 16B corresponding to secondary meshes through which the basic
route passes, and thus it is possible to quickly select the statistical traffic information
only in a necessary area to be distributed to the navigation device 2. Further, since the
statistical traffic information to be distributed to the navigation device 2 is selected for
the secondary meshes through which the basic route passes, it is possible to reduce the
data amount of the statistical traffic information to be distributed to the navigation
device 2.

[0107]

It should be noted that the present invention is not limited to the above
embodiment, and various improvements and modifications may occur insofar as they
are within the scope of the present invention. For example, the followings are
possible.

[0108]

(A) For example, as shown in FIG. 2, the statistical traffic information 16B
stored in the center side traffic information DB 16 and the vehicle speed region
determination table 50 may be recorded together in the CD-ROM 7 to be supplied to
the navigation device 2. Then when reading the map information from the CD-ROM
7 by the reading portion 28, the CPU 41 of the navigation device 2 may read the
statistical traffic information 16B and store it in the statistical traffic information 36B
of the navigation side traffic information DB 36, and may also read the vehicle speed
region determination table 50 and store it in the navigation side traffic information
DB 36, thereby updating them. Note that the CPU 41 executes the processing of
above S11 to S14, and the average vehicle speed table 48 is stored in the traveling
history DB 38.

[0109]



10

15

20

25

30

WO 2009/113386 PCT/JP2009/053308

31

Therefore, in this case, the data structure of the statistical traffic information
36B is generated for each mesh ID added to each secondary mesh similarly to the
statistical traffic information 16B shown in FIG. 7 and classified by road type, and
includes the statistical traffic information per vehicle speed region 161 to 164
classified by vehicle speed regions 51D of rank A to rank D. Further, the CPU 41 can
determine the vehicle speed region 51D of each road type according to the user’s
“average vehicle speeds during uncongested road traveling” based on the vehicle
speed region determination table 50 stored in the navigation side traffic information
DB 36.

[0110]

Here, an example of the “route guidance processing” executed by the CPU 41
of the thus structured navigation device 2 will be explained based on FIG. 10. FIG.
10 is a flowchart showing the example of the “route guidance processing” executed
by the CPU 41 of the navigation device 2 in another embodiment.

[0111]

As shown in FIG. 10, in S511, the CPU 41 executes determination processing
of determining whether a destination is set or not by an input operation or the like
with the operation portion 24 such as a touch panel or operation switches. Then,
when destination is not set (S511: NO), the CPU 41 ends the processing.

On the other hand, when it is determined that a destination is inputted (S511:
YES), the CPU 41 temporarily stores coordinates and so on of the destination in the
RAM 42 and thereafter proceeds to processing of S512.

[0112]

In S512, for each of secondary meshes matching with the “average vehicle
speeds during uncongested road traveling” for respective road types stored in the
average vehicle speed table 48, the CPU 41 generates statistical traffic information for
navigation which is classified respectively by road types.

[0113]

Specifically, the CPU 41 reads the “average vehicle speeds during
uncongested road traveling” corresponding to the road types from the average vehicle
speed table 48 stored in the traveling history DB 38. Then the CPU 41 identifies
vehicle speed regions 51D (rank A to rank D) corresponding respectively to the

“average vehicle speeds during uncongested road traveling” for the road types from
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the vehicle speed region determination table 50 stored in the navigation side traffic
information DB 36.

[0114]

Subsequently, for each mesh ID of all the secondary meshes, the CPU 41
sequentially reads the statistical traffic information per vehicle speed region 161 to
164 classified by road types, selects the statistical traffic information per vehicle
speed region corresponding to the vehicle speed regions 51D identified for respective
road types from the statistical traffic information per vehicle speed region 161 to 164,
stores them sequentially as the statistical traffic information for navigation in the
navigation side traffic information DB 36, and thereafter proceeds to S513.

[0115]

In S513, the CPU 41 searches for a recommended route from the current
vehicle position to the destination by Dijkstra’s algorithm or the like based on the
statistical traffic information for navigation and the navigation map information 37A
stored in the navigation side traffic information DB 36, and stores it in the RAM 42.

Thereafter, in S514, the CPU 41 performs route guidance according to the
recommended route and thereafter ends the processing.

[0116]

Therefore, the CPU 41 of the navigation device 2 is able to generate the
statistical traffic information for navigation corresponding to the average vehicle
speeds during uncongested road traveling for respective road types on which the
driver’s driving characteristics are reflected. Further, the CPU 41 is able to perform a
route search considering the driver’s driving characteristics.

[0117]

(B) Further, in above S115, the CPU 41 may read the road type corresponding
to the link ID included in link traveling information from the navigation map
information 37A, read only the “average vehicle speed during uncongested road
traveling” for the road type corresponding to the road type of the link ID included in
the link traveling information from the average vehicle speed table 48 (refer to FIG.
4), and may transmit the read “average vehicle speed during uncongested road
traveling” and the link traveling information as probe information to the information
distribution center 3.  Accordingly, it is possible to reduce the amount of
communicated data.

[0118]
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(C) Further, when destination is not set in above S311 (S311: NO), the CPU
41 reads the “average vehicle speed during uncongested road traveling” for respective
road types from the average vehicle speed table 48 stored in the traveling history DB
38, and stores them in the RAM 42 as average vehicle speed information to be
transmitted to the information distribution center 3. Then the CPU 41 may transmit
the navigation identification ID, coordinate data of the vehicle position, the average
vehicle speed information, and so on together with a request command requesting for
statistical traffic information 16B of the surrounding area of the véhicle (for example,
50 km square with the vehicle position in the center, or the like) to the information
distribution center 3.

[0119]

Further, in this case, instead of above S412 and S413, the CPU 11 may extract
mesh IDs of all the secondary meshes in the surrounding area of the vehicle position
(for example, 50 km square with the vehicle position in the center, or the like) and
store them in the RAM 12, determine the range of secondary meshes in which the
statistical traffic information 16B to be transmitted to the navigation device 2 is
selected, and thereafter execute the processing of above S414 and S415. Thus, the
CPU 41 becomes capable of obtaining the latest.statistical traffic information 36B
corresponding to the “average vehicle speeds during uncongested road traveling” for
respective road types on which the driver’s driving characteristics are reflected
regarding the surrounding area of the vehicle position.

[0120]

(D) Further, after the CPU 11 of the information distribution center 3 executes
the processing of above S414, the CPU 11 may execute the route search processing to
the destination executed by the CPU 41 in above S314, and may transmit in above
S415 route data of a searched recommended route to the navigation device 2. Thus, it
is possible to reduce the processing load of the‘navigation device 2.

[0121]

(E) Further, instead of above S412 to S413, the CPU 11 may designate all the
secondary meshes as the range of secondary meshes in which the statistical traffic
information 16B to be transmitted to the navigation device 2 is selected. Accordingly,
the CPU 11 becomes capable of creating and distributing statistical traffic information
according to the user’s “average vehicle speeds during uncongested road traveling”

for respective road types for all the secondary meshes. Further, the navigation device
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2 becomes capable of obtaining statistical traffic information 36B corresponding to
the average vehicle speeds during uncongested road traveling for respective road
types on which the driver’s driving characteristics are reflected regafding all the

secondary meshes.
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CLAIMS

1. A traveling information creating device, characterized by comprising:

a collecting unit collecting traveling information of each link and an average
vehicle speed for each road type as probe information from each of a plurality of
vehicles; and

a traffic information creating unit classifying the probe information into
predetermined vehicle speed regions based on the average vehicle speed for each road
type and statistically processing the traveling information of each link included in the
probe information for each of the classified probe information to thereby create traffic

information of each link corresponding to the vehicle speed regions.

2. The traveling information creating device according to claim 1, characterized
in that

the collecting unit collects as the probe information from each of the plurality
of vehicles the traveling information of each link and the average vehicle speed while

traveling a link of the same road type as the aforementioned link.

3. The traveling information creating device according to claim 1 or 2,
characterized in that
the average vehicle speed is an average vehicle speed during uncongested road

traveling.

4. A traveling information creating method, characterized by comprising the
steps of:

collecting traveling information of each link and an average vehicle speed for
each road type as probe information from each of a plurality of vehicles; and

classifying the probe information into predetermined vehicle speed regions
based on the average vehicle speed for each road type collected in the collecting step
and statistically processing the traveling information of each link included in the
probe information for each of the classified probe information to thereby create traffic

information of each link corresponding to the vehicle speed regions.

5. A program that causes a computer to perform the steps of:
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collecting traveling information of each link and an average vehicle speed for
each road type as probe information from each of a plurality of vehicles; and

classifying the probe information into predetermined vehicle speed regions
based on the average vehicle speed for each road type collected in the collecting step
and statistically processing the traveling information of each’ link included in the
probe information for each of the classified probe information to thereby create traffic

information of each link corresponding to the vehicle speed regions.
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FIG.4
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