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7) ABSTRACT

In a car navigation system (1), a position information
detection means (11) detects position information on a
vehicle using, for example, a GPS. A travel information
history of the vehicle obtained based on the detected posi-
tion information is accumulated in a travel information
history means (15). When detecting an event such as start of
an engine, an action prediction means (17) predicts a des-
tination of the vehicle by referring to a route to the current
time and to the accumulated travel information history.
Commercial or traffic information regarding the predicted
destination is acquired by an information acquisition means
(18) from a server (2), and then is displayed on a screen, for
example, by an information provision means (19).

<SERVER>

WAIT FOR RECEPTION OF
POSITION-RELATED
INFORMATION

RECEIVE
POSITION
INFORMATION?

TESLA 1005



US 2004/0128066 A1

Jul. 1,2004 Sheet 1 of 31

Patent Application Publication

NOLLYINANNOOV
NOILVINYOANI

A4

NOILd4303Y
/NOISSINSNYS L
NOILVIWHOJNI

1z MHOMLIN €

d3AY3S ¢

L v

NOILO3.13a
NY3L1lVd T3AVHL

:

WALSAS —

NOLLVOIAVN HVYD

| 'Ol

|

NOILOIO3Yd zo_wm.h_b_\%xoo,q
! NOLLOV NOILLVWHOANI §1
_ T3AVHL
|
NOILISINDOY
NOILVWHOANI IGETE Pl
— IWIL ANV 3Lva
8l 4
el
| NOISIAOYd zo_wwﬂ__\,ﬁ_ummwmo Ve
|
e
! "NOILO313d
_ 3svav.iva NOILVINYOANI
| dvin NOILISOd
| 4! —
L

. S s & Gk ¢ — - G- —a — . — . — . — . — - ——




US 2004/0128066 A1

Jul. 1,2004 Sheet 2 of 31

Patent Application Publication

08 b¥ bE 8L .97 ,GEl 8ZFN
WS 1Y P8 .15 .62 ,5€1 (VLY VQ3IWN) VIV | LZhN
L2218 .22 08 ,SE! (301440) YUVWANY1 | +ZIN
88 .2V PE 8% 61 ,5€) (3WOH) YIVWANV1 | €ZIN
SE LY ¥ .5E .22 ,5€) NOILO3SYALNI LN
OL 9% ¥ A AR NOILOISHILNI ON
6L .9 e 0222 8¢l NOILO3SHILNI GN
.09 Sv e 0L .22 8¢l NOILO3SHILNI PN
8L Y PE 9022 ,SE NOILO3SYILNI EN
98 b¥ ¥E .SE ¥T 88l NOILOZSHALNI N
.S b e _.SE.02.SEL NOILO3SHILNI IN
3ANLILV ] 3ANLIONO 1 3dAL | 93GANN
HLYON 1Sv3 300N
¢Old




Patent Application Publication Jul. 1, 2004 Sheet 3 of 31 US 2004/0128066 A1

FIG.3

S11 ' S12

DETECT USER'S
VEHICLE ~~S13

POSITION
<
Yes S14

DETECT
GURRENT TIME|™ S1°

REGISTER | _— S16
INFORMATION




US 2004/0128066 A1

Jul. 1,2004 Sheet 4 of 31

Patent Application Publication

3AWOH
NOILVNLLS3Q
02:12 'te AINP N
0S:€l ‘1€ ATNP VEN
o¥:€l ‘Le AP ZIN
30v1d
34N18vd3a
NOLLVNILS3Q
0L:8 "LE ATNP ZIN
90:8 ‘Le AINP 8N
G0:8 ‘Le AINP ON
30V1d
N.LHVYdIa
AWOH
JNIL H38ANNN
ANV 31vd@ 300N
(9

NOILVYNILS3a
£6:8 18 AINP 8ZIN
NOILLVYNILS3Q i .
ge:el ‘1€ AINP 8ON ) ]
- : LB ‘1€ AINP YEN
. . 60:8 ‘1€ AINC 6N
9g:21 ‘1€ AINP GZIN 80:8 ‘1€ AN ZIN
62:21 ‘1§ ANP ObIN 90'8 ‘1€ AINP 8N
6z:z1 '1e AINP 8ZIN 80’8 ‘1€ AN oN
30V 1d 30V d
UNLYVd3Q 3N LHYd3a
JNILL d39NNN JNIL d39ANNN
adNV 31vd JAON ANV 31va 4AdON
ST
¥'OI4 ©




Patent Application Publication Jul. 1, 2004 Sheet 5 of 31 US 2004/0128066 A1

FIG.5
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| FIG.11
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. FIG.16
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FIG.31
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INFORMATION PROVIDING METHOD AND
INFORMATION PROVIDING DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a technology for
providing users with information by using information
equipment capable of detecting position information such as
car navigation systems and personal digital assistants
(PDASs).

BACKGROUND ART

[0002] In recent years, it has become possible to detect
position information with car navigation systems, PDAs or
cellular phones by utilizing, for example, antennas for global
positioning systems (GPSs) or cellular phone networks.
Accordingly, various services have been provided by utiliz-
ing this position detection function.

[0003] The car navigation systems offer a service of
displaying information on the neighborhood of a user’s
vehicle captured with a GPS through FM multiplex telecast-
ing or light beacons. With respect to the cellular phones,
offered are services such as “i-area” provided by NTT
DoCoMo, Inc. or “J-SKY” provided by J-PHONE Co., Ltd.
Each of the services pinpoints the area where a user of a
cellular phone is located within the range from several
hundreds meters to several kilometers and provides the user
with event information or service information regarding this
area.

[0004] In addition, terminals which are cellular phones
including GPS units have been put on the market, so that the
position can be detected with an error of about several
meters in an area where the precision is high. Various
services regarding such position information are expected to
become available in the future.

[0005] Problems to be Solved

[0006] Various services now available identify the current
position of (an information terminal used by) a user and
provide the user with information regarding the current
position. It is expected in the future that there arises the need
for provision of information regarding a place for which the
user is heading as well as information regarding the current
position of the user.

[0007] In systems such as currently-used car navigation
systems, a user can specify a destination or a route clearly,
so that a mechanism for providing the user with information
regarding the specified destination or route can be easily
attained. However, in fact, the operation of searching for a
destination or a route is complicated. In addition, it is
considered that if such operation performed by the driver
during the drive will cause momentary lapses of attention
and thus obstruct careful driving.

[0008] In view of this, achievement of such a technology
that enables provision of information regarding a destination
of a user accurately without special operation by the user
will allow the user to drive more comfortably and safely than
now.

[0009] Therefore, an object of the present invention is to
enable accurate provision of information regarding the des-
tination of the user without requiring the user to perform
complicated operation.

Jul. 1, 2004

DISCLOSURE OF INVENTION

[0010] Inorder to solve the problems, an inventive method
for providing information to an occupant of a vehicle
includes the steps of: detecting position information on the
vehicle with information equipment installed in the vehicle;
accumulating, as a travel information history, routes of the
vehicle obtained from the detected position information;
predicting a destination of the vehicle by referring to a route
along which the vehicle has traveled to the current time and
to the accumulated travel information history, when detect-
ing the occurrence of a given event; and providing infor-
mation regarding the predicted destination to the occupant
via the information equipment.

[0011] According to the present invention, when the
occurrence of a given event is detected, a destination of a
vehicle is predicted by referring to a route along which the
vehicle has traveled to the current time and a travel infor-
mation history as accumulated past travel routes. Then,
information on the predicted destination is provided to an
occupant of the vehicle via information equipment installed
in the vehicle. Accordingly, the vehicle occupant can receive
useful information regarding his/her destination appropri-
ately without special operation and also can travel by the
vehicle comfortably and safely.

[0012] In the inventive information providing method, the
given event is preferably a given action of the occupant.

[0013] In the inventive information providing method, the
travel information history is preferably accumulated in the
manner of transition among nodes. In addition, at least one
of the nodes is preferably a landmark, an area or an
intersection. Alternatively, the inventive method preferably
includes the step of defining, as a node, an intersection
which is located on the routes and through which the vehicle
has passed in at least two directions. Alternatively, the
inventive method preferably includes the step of defining an
area including a plurality of nodes satisfying a given require-
ment.

[0014] In the inventive information providing method, in
the predicting step, a destination to which estimated required
travel time exceeds a predetermined value is preferably
eliminated from being a predicted destination.

[0015] The inventive information providing method pref-
erably includes the step of identifying the occupant of the
vehicle, the travel information history is preferably accu-
mulated for every occupant, and the predicting step is
preferably performed by referring to the travel information
history accumulated for the occupant identified at the occur-
rence of the given event.

[0016] The inventive information providing method pref-
erably includes the step of accumulating preference infor-
mation regarding a place which the occupant of the vehicle
prefers and the frequency with which the occupant visited
the place, and the predicting step and the information
providing step are preferably performed in consideration of
the accumulated preference information. In addition, a place
where the vehicle made a stop for at least a predetermined
time period is preferably determined to be the place which
the occupant of the vehicle prefers.

[0017] The inventive information providing method pref-
erably includes the step of accessing a scheduler to acquire
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a schedule of the occupant, and the predicting step is
preferably performed in consideration of the acquired sched-
ule.

[0018] The inventive information providing method pref-
erably includes the steps of: accessing a scheduler to acquire
a schedule of the occupant; and providing, when the pre-
dicted destination of the vehicle deviates from that in the
acquired schedule, the occupant with a message indicating
the deviation.

[0019] The inventive information providing method pref-
erably includes the step of calculating estimated required
time or estimated arrival time with respect to the predicted
destination, and in the information providing step, the esti-
mated required time of estimated arrival time that has been
calculated is preferably provided to the occupant.

[0020] In this case, the inventive information providing
method preferably includes the step of acquiring traffic
information regarding a route to the predicted destination,
and the estimated required time or estimated arrival time is
preferably calculated by referring to the acquired traffic
information.

[0021] Alternatively, the inventive information providing
method preferably includes the steps of: accessing a sched-
uler to acquire a schedule of the occupant; and comparing
the estimated required time or estimated arrival time that has
been calculated with the schedule of the occupant, thereby
detecting at least one of the presence or absence of idle time
and the presence or absence of a possibility of being late. In
such a case, when the presence of idle time is detected,
information for suggesting how to spend the idle time is
preferably provided to the occupant, in the information
providing step. Otherwise, when the presence of a possibil-
ity of being late is detected, information on another route for
shortening required time is preferably provided to the occu-
pant, in the information providing step.

[0022] Alternatively, the inventive information providing
method preferably further includes the steps of: acquiring
commercial information regarding the predicted destination;
and filtering the acquired commercial information by refer-
ring to the estimated required time or estimated arrival time
that has been calculated, and in the information providing
step, the filtered commercial information is preferably pro-
vided to the occupant.

[0023] Another inventive method for providing informa-
tion to an occupant of a vehicle includes the steps of:
detecting position information on the vehicle with informa-
tion equipment installed in the vehicle; predicting a desti-
nation of the vehicle by referring to a route which is obtained
from the detected position information and along which the
vehicle has traveled to the current time and to a travel
information history in which routes along which the vehicle
traveled in the past are accumulated, when detecting the
occurrence of a given event; and providing information
regarding the predicted destination to the occupant via the
information equipment.

[0024] An inventive method for providing information to
a person traveling includes the steps of: detecting position
information on the person with information equipment held
by the person; accumulating, as a travel information history,
routes of the person obtained from the detected position
information; predicting a destination of the person by refer-
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ring to a route along which the person has traveled to the
current time and to the accumulated travel information
history, when detecting the occurrence of a given event; and
providing information regarding the predicted destination to
the person via the information equipment.

[0025] An inventive system installed in a vehicle and used
for providing information to an occupant of the vehicle
includes: means for detecting position information on the
vehicle; means for accumulating, as a travel information
history, routes of the vehicle obtained from the detected
position information; means for predicting a destination of
the vehicle by referring to a route along which the vehicle
has traveled to the current time and to the accumulated travel
information history, when the occurrence of a given event is
detected; and means for providing information regarding the
predicted destination to the occupant.

[0026] An inventive system held by a person and used for
providing information to the person includes: means for
detecting position information on the person; means for
accumulating, as a travel information history, routes of the
person obtained from the detected position information;
means for predicting a destination of the person by referring
to a route along which the person has traveled to the current
time and to the accumulated travel information history, when
the occurrence of a given event is detected; and means for
providing information regarding the predicted destination to
the person.

BRIEF DESCRIPTION OF DRAWINGS

[0027] FIG. 1 is a diagram showing a configuration of the
whole of a system according to a first embodiment of the
present invention.

[0028] FIG. 2 shows an example of data stored in a map
database.
[0029] FIG. 3 is a flowchart showing a process of accu-

mulating a history of travel information in the first embodi-
ment of the present invention.

[0030] FIG. 4 shows examples of the accumulated history
of travel information in the first embodiment of the present
invention.

[0031] FIG. 5 is a flowchart showing a process of action
prediction and information provision in the first embodiment
of the present invention.

[0032] FIG. 6 is a diagram showing an example of node
transition.

[0033] FIG. 7 shows an example of position-related infor-
mation stored.

[0034] FIG. 8 shows relationship between position infor-
mation and URL addresses for providing information related
to the position information.

[0035] FIG. 9 shows diagrams respectively showing how
to determine nodes.

[0036] FIG. 10 is a diagram showing a configuration of
the whole of a system according to a second embodiment of
the present invention.

[0037] FIG. 11 shows an example of accumulated history
of travel information in the second embodiment of the
present invention.
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[0038] FIG. 12 is a diagram showing a configuration of
the whole of a system according to a third embodiment of
the present invention.

[0039] FIG. 13 is an example of preference information in
the third embodiment of the present invention.

[0040] FIG. 14 is a diagram for use in describing action
prediction in the third embodiment of the present invention.

[0041] FIG. 15 is a diagram showing a configuration of
the whole of a system according to a fourth embodiment of
the present invention.

[0042] FIG. 16 is an example of a schedule of a user
controlled by a scheduler.

[0043] FIG. 17 is a diagram for use in describing action
prediction in the fourth embodiment of the present inven-
tion.

[0044] FIG. 18 shows an example of a message displayed
when action prediction obtained from a history of travel
information differs from that in a schedule.

[0045] FIG. 19 is a diagram showing a configuration of
the whole of a system according to a fifth embodiment of the
present invention.

[0046] FIG. 20 shows an example of the accumulated
history of travel information in the fifth embodiment of the
present invention.

[0047] FIG. 21 is an example of a travel pattern detected
from the travel information history shown in FIG. 20.

[0048] FIG. 22 is a flowchart showing the flow of a
process of action prediction and information provision in the
fifth embodiment of the present invention.

[0049] FIG. 23 shows an example of information for
notifying a user of estimated arrival time.

[0050] FIG. 24 is a diagram showing a configuration of
the whole of a system according to a modified example of
the fifth embodiment of the present invention.

[0051] FIG. 25 shows an example of information to be
provided to a user in the presence of idle time.

[0052] FIG. 26 shows an example of information to be
provided to a user in the presence of possibility of being late.

[0053] FIG. 27 is a diagram showing a configuration of
the whole of a system according to a sixth embodiment of
the present invention.

[0054] FIG. 28 shows examples of commercial informa-
tion acquired.

[0055] FIG. 29 is a diagram showing a configuration of
the whole of a system according to a seventh embodiment of
the present invention.

[0056] FIG. 30 is a diagram for describing definition of an
area including nodes.

[0057] FIG. 31 shows an example of information indicat-
ing possible areas.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0058] Hereinafter, embodiments of the present invention
will be described with reference to the drawings.
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[0059] It should be noted that in the following embodi-
ments, descriptions will be given on the assumption of a case
where a user receives information while driving a vehicle
equipped with a car navigation system. However, the present
invention is not limited to the case of car navigation systems
and can be achieved by utilizing information equipment
such as PDAs or cellular phones capable of acquiring
position information.

[0060] In the following embodiments, the ideas of “land-
mark”™ and “area” will be used. The “landmark” indicates
facilities, stores or buildings such as stations, department
stores, tourist destinations, entertainment places, houses or
offices. The “area” indicates an area including a plurality of
landmarks (e.g., “Kobe Shigaichi” and “Kansai Gakken
Toshi”).

EMBODIMENT 1

[0061] A first embodiment of the present invention relates
to a system for predicting a destination of a user based on a
stored action pattern of the user and providing the user with
information regarding the predicted destination.

[0062] FIG. 1 is a diagram showing a configuration of the
whole of a system according to this embodiment. In FIG. 1,
reference numeral 1 denotes a car navigation system
installed in a vehicle in which the user rides in, reference
numeral 2 denotes a server for providing information in
response to a request from the car navigation system 1, and
reference numeral 3 denotes a network, e.g., the internet, for
connecting the car navigation system 1 and the server 2. In
this case, the user as a vehicle occupant may be or may not
be a driver.

[0063] In the car navigation system 1, reference numeral
11 denotes a position information detection means for
detecting information regarding the current position of the
user’s vehicle by using a GPS, for example, and reference
numeral 12 denotes a map database for storing map infor-
mation. Reference numeral 13 denotes a position storage
determination means for determining whether or not the
detected current position is to be stored (whether or not the
detected current position is a node, which will be described
later) by referring to the current position detected by the
position information detection means 11 and to the map
database 12, reference numeral 14 denotes a date and time
detection means for detecting the current date and time, and
reference numeral 15 denotes a travel information history
accumulation means for chronologically storing, in pairs, the
current position and the current date and time detected by the
date and time detection means 14 when the position storage
determination means 13 determines that the current position
should be stored. Reference numeral 16 denotes a travel
pattern detection means for detecting a chronological travel
pattern based on information on the position and the date and
time (travel information) stored in the travel information
history accumulation means 15, and reference numeral 17
denotes an action prediction means for predicting a desti-
nation of the user’s vehicle based on the travel pattern
detected by the travel pattern detection means 16. Reference
numeral 18 denotes an information acquisition means for
acquiring information regarding the destination of the user
predicted by the action prediction means 17 from the server
2 via the network 3, and reference numeral 19 denotes an
information provision means for displaying, to the user, the
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information acquired by the information acquisition means
18 and the map information stored in the map database 12
on a liquid crystal display, for example.

[0064] With respect to the server 2, reference numeral 21
denotes an information transmission/reception means for
transmitting/receiving information to/from the car naviga-
tion system 1, and reference numeral 22 denotes an infor-
mation accumulation means for storing information to be
transmitted to the car navigation system 1.

[0065] FIG. 2 is a table showing an example of data stored
in the map database 12 and partly excerpted from the data to
be used as a reference in this embodiment. In this embodi-
ment, intersections, landmarks and the names of areas, for
example, are indicated by the idea of “node”. In FIG. 2,
node numbers have ID numbers allocated to the respective
nodes and are stored together with information on the types
of nodes and information on latitude and longitude. The
latitude and longitude information is position information on
representative points of the respective nodes, and there
exists information representing the range (e.g., a radius from
each of the representative points) in accordance with the
types of the nodes, i.e., intersections, landmarks and areas.
For example, in the case of intersections or landmarks, the
range is set at a radius of 10 m of a representative point. In
the case of areas, the range is set at a radius of 1 km of a
representative point. Of course, the range may differ depend-
ing on areas.

[0066] In addition to proper names such as “ABC inter-
section” or “DEF amusement park”, places specific to the
user such as “user’s house” and “office” represented by the
nodes numbers N123 and N124 can be registered as nodes.

[0067] Instead of using ID numbers, the names of inter-
sections, landmarks and areas may be identified by the
respective nodes. That is to say, it is sufficient to identify
intersections, landmarks, areas, and so on, on the route
stored in the travel information history accumulation means
15.

[0068] In this embodiment, information on the nodes is
controlled in the map database 12 provided in the car
navigation system 1. Alternatively, information on the node
ID numbers, for example, may be stored in the server 2 so
that when receiving position information such as latitude
and longitude from the car navigation system 1, the server
2 notifies the car navigation system 1 of the associated node
ID number.

[0069] Now, the flow of a process in which routes of a
vehicle are accumulated in the travel information history
accumulation means 15 as a travel information history will
be described with reference to a flowchart shown in FIG. 3.

[0070] First, in the car navigation system 1, the position
information detection means 11 determines whether or not
the engine of the vehicle is running (S11). When the engine
is running (No at S11) the position information detection
means 11 determines whether or not it is timing of detecting
the current position of the vehicle (S12). This determination
is performed by determining whether or not a predetermined
time period, e.g., three seconds, has elapsed after the pre-
vious detection.

[0071] When it is determined to be the timing of detection
(Yes at S12), the position information detection means 11
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detects the position information (latitude and longitude) on
the user’s vehicle by using, for example, a GPS (S13). Then,
the position storage determination means 13 refers to data
stored in the map database 12 as shown in FIG. 2 based on
the detected position information and determines whether or
not the current position is contained in one of the nodes
(S14). When it is determined that the current position is
contained in one of the nodes (Yes at S14), the date and time
detection means 14 detects the current date and time (S15).
On the other hand, when it is determined that the current
position is not contained in any of the nodes (No at S14), the
process returns to S11 and the determination is performed
again.

[0072] When the current date and time is detected at step
S15, the number of a node corresponding to the place where
the vehicle is currently located, and the current date and time
are stored in the travel information history accumulation
means 15 (S16). Thereafter, the process returns to step S11,
and it is determined whether or not the engine is running
again.

[0073] FIG. 4 shows examples of a travel information
history accumulated in the travel information history accu-
mulation means 15. As shown in FIG. 4, the node numbers
and the passage date and time are chronologically stored in
pairs. For example, it is represented that the vehicle passed
through a node N6 at 8:05 on July 31, a node N8 at 8:06 on
the same day, and then a node N12 at 8:08 on the same day.

[0074] In an example shown in FIG. 4(a), travel informa-
tion is divided into segments each from a departure place to
a destination, i.e., is segmented into parts each from start of
the engine (i.e., departure place) to stop of the engine (i.e.,
destination). On the other hand, in an example shown in
FIG. 4(b), segments each “from departure from the user’s
house to return to the user’s house” are accumulated. Alter-
natively, segments each having “the same date” may be
accumulated or travel information may be accumulated
without being segmented.

[0075] In this embodiment, the time is represented by
month, day, hour and minute. Alternatively, units such as
year, second and day of the week may also be stored, or one
of these units may be selected and stored.

[0076] In addition, the time at which the engine is started
or the time at which the engine is stopped may also be
stored. Further, in addition to storage of the start time and
stop time of the engine, only the node number of a node
through which the vehicle passed may be stored without
storing the passage time of the node.

[0077] Now, it will be described how the travel pattern
detection means 16 operates. The travel pattern detection
means 16 extracts a tendency in traveling of the user’s
vehicle from a travel information history as shown in FIG.
4 accumulated in the travel information history accumula-
tion means 15. In this case, the tendency in traveling refers
to a rule such as “if the vehicle travels along the route
including the nodes N6, N8, N12 and N9 between 8 a.m. and
11 a.m., the vehicle is likely to head for a node N34 next”.

[0078] Now, everyday action of a person will be consid-
ered. The pattern of the everyday action of a person does not
change so much depending on the day. For example, there
seem to be tendencies as follows. Those who use cars for
commuting, they probably travel from home to the office in
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the morning and travel from the office to home in the
evening on weekdays. In addition, if the driver is a father, he
is likely to head for the office but if the driver is a mother,
she is likely to go to a supermarket. That is to say, if position
information on the place where the user is currently located
and travel information until the current time are grasped, it
is considered to be possible to predict the future action of the
user to some extent.

[0079] The tendency in traveling can be extracted in the
following manner. The entire travel information history
accumulated in the travel information history accumulation
means 15 is searched so as to find data representing the route
including the nodes N6, N8, N12 and N9 along which the
vehicle traveled between 8 a.m. and 11 a.m., and then node
numbers after traveling along the route are extracted
together with the frequencies thereof. For example, if the
vehicle travels to the node N34 seventeen times, a node N18
twice and a node N17 once, after passing through the route
including the nodes N6, N8, N12 and N9, the probabilities
of traveling to the nodes N34, N18 and N17 are represented
by the following posterior probabilities:

P(N34|R)=17/20
P(N18|R)=2/20
P(N17|R)=1/20

[0080] where the event in which the vehicle traveled along
the route including the nodes N6, N8, N12 and N9 is R. As
the value of the probability for a node increases, the prob-
ability that the user’s vehicle will head for the node after the
event R increases.

[0081] In this embodiment, the node N9 corresponding to
the current position and the previous three nodes N6, N8 and
N12 are used for reference. However, reference nodes are
not limited to this number and may vary in number. That is
to say, the number of the nodes may be appropriately set in
accordance with the accumulated data structure. For
example, if the travel information is made by accumulating
segments each “from a departure place to a destination”, a
series of nodes from the node at the departure to the node at
the current time are used for reference. Alternatively, the
node representing the place at which the user made a stop
just before the current time such as a landmark or an area and
the current node may be referred to. Moreover, all the nodes
representing landmarks or areas at which the use made a stop
after departure from the user’s house and the current node
may be referred to.

[0082] In addition, the following technique may be used.
In general, as the number of reference nodes increases, the
accuracy in prediction increases because requirements
become more rigid, whereas the amount of data which can
be extracted from the accumulated travel information history
decreases. As a result, from a statistical viewpoint, there is
a possibility that data sufficient for the prediction cannot be
obtained. In view of this, the number of reference nodes is
increased by using previous nodes starting from the current
node in reverse chronological order, and a series of nodes
with the maximum length satisfying the requirement that the
amount of data exceeds a predetermined value is determined
as the reference nodes. The previous nodes to be used may
include nodes of all the types, or may be limited to nodes of
a type representing any one of landmarks, areas and inter-
sections or a type representing a combination thereof By
using such a technique, it is possible to make the require-
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ments rigid with the maximum number of reference nodes,
while satisfying the amount of data necessary for prediction
in terms of statistics. As a result, the accuracy in prediction
can be enhanced.

[0083] Now, action prediction on the user’s vehicle and a
process for providing the user with information according to
the action prediction will be described with reference to a
flowchart shown in FIG. 5.

[0084] When the occurrence of a given event is detected
(S21), the action prediction means 17 predicts future actions
of the user’s vehicle after the current time by referring to the
travel pattern detection means 16 (S22). The operation of the
travel pattern detection means 16 described above may be
performed beforehand or may be performed when the given
event is detected.

[0085] Examples of the given event include start of an
engine and operation of a car navigation system (e.g., the
operation of requesting information provision) as given
actions of an occupant of the vehicle. The examples also
include passing through an intersection (or after the pas-
sage), departure and arrival from/at a landmark or an area,
regular timing such as a predetermined time interval, and
acquisition of new information.

[0086] Now, a method for predicting the action will be
described. Suppose that the user’s vehicle runs along a route
including the nodes N1, N2 and N3 and is now at the node
N3 in FIG. 6. If the route including the nodes N1, N2 and
N3 is represented by the event R, the posterior probabilities
that the vehicle will head for nodes N4 and N11 after passing
through the node N3 are represented by P(N4|R) and
P(N11|R), respectively, by referring to the travel information
history accumulated in the travel information history accu-
mulation means 15. Since such posterior probabilities are
provided to respective nodes, the probabilities that the
vehicle will head for nodes N7 and N14 are represented, as
products of the posterior probabilities, by the following
equations:

P(NT)=P(N4|R) * P(NG|RAN4) * P(NT|RAN4ANG)

P(N14)=P(N11|R) * P(N13|RAN11) *

P(N14RAN11AN13)
[0087] The action prediction means 17 selects a node
whose probability value satisfies a given requirement as a
destination to be predicted. The given requirement means
that the probability value exceeds a threshold value o
indicating certainty of the prediction. For example, provid-
ing that, between P(N7) and P(N14), it is P(N7) that exceeds
the threshold value o, the action prediction means 17 selects
the node N7 as a direction in which the user’s vehicle will
run.

[0088] In this embodiment, the probabilities are calculated
with respect to the nodes N7 and N14. Alternatively, the
action prediction means 17 may calculate the probabilities of
the current node and all the nodes subsequent to the current
node, for example. The action prediction means 17 may also
calculate the products of posterior probabilities until the
node whose product is less than or equal to the threshold
value o is found, may calculate nodes through which the
user passed in the past, or may calculate only nodes repre-
senting landmarks and areas.

[0089] In the case where there is no node whose posterior
probability in the route information to the current time

37



US 2004/0128066 Al

exceeds the threshold value o, the probabilities of nodes
may be calculated every time the vehicle passes through the
nodes after the current node, and prediction on the direction
may be started when a node whose probability exceeds the
threshold value o is found.

[0090] In addition, the car navigation system 1 may be
previously notified of nodes corresponding to tourist facili-
ties, entertainment places, stores and the like whose infor-
mation is suggested to be provided to the user or of nodes
corresponding to intersections near the nodes so that the
action prediction means 17 calculates the probabilities with
respect to routes to these nodes. Of course, the car naviga-
tion system 1 may be previously notified of position infor-
mation such as latitude and longitude so that mapping is
performed on the latitude and longitude and the node IDs by
referring to the map database 12 in the car navigation system
1.

[0091] When the action prediction means 17 predicts that
the user’s vehicle is heading for, for example, the node N7
with any of the above-described methods, the information
acquisition means 18 transmits position information on the
predicted node N7 to the server 2 via the network 3 (S23).
FIG. 2 shows that, as position information, the node N7 is
at 135 degrees 22 minutes 35 seconds east longitude and 34
degree 47 minutes 35 seconds north latitude. When it is
confirmed that the information transmission/reception
means 21 in the server 2 receives the position information
from the car navigation system 1 (S31, S32), information
accumulated in the information accumulation means 22 is
searched so as to find information regarding the received
position information (S33).

[0092] FIG. 7 shows an example of position-related infor-
mation stored in the information accumulation means 22. As
shown in FIG. 7, the names and positions of information
providers and information that the providers want to provide
are accumulated in the information accumulation means 22.
Then, information provided by an information provider
close to the position indicated by the position information
transmitted from the car navigation system 1 is selected as
position-related information. The determination whether or
not the provider is close to the position indicated by the
transmitted position information is made based on whether
or not this position is included in a circle with its center at
the position of the provider and with a given radius (e.g., 400
m). Alternatively, the determination whether or not the
provider is close to the position indicated by the transmitted
position information may be performed, based on whether or
not this position is included in a range represented as a
rectangle in which the information provider provides infor-
mation, by identifying information for specifying the rect-
angle (e.g., northeast end and southwest end) with the
information accumulation means 22 beforehand.

[0093] In this embodiment, “Sato Shop” is selected as an
information provider close to the position indicated by the
position information transmitted from the car navigation
system 1, and “all products are 20% off today” is found as
position-related information to be provided. The position-
related information thus found is transmitted from the infor-
mation transmission/reception means 21 to the car naviga-
tion system 1 via the network 3.

[0094] The information acquisition means 18 of the car
navigation system 1 waits for reception of the position-
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related information from the server 2 (S24). When it is
determined that the information acquisition means 18
receives the position-related information (Yes at S25), the
information provision means 19 displays the received infor-
mation to the user (S26). Examples of methods for providing
information include visually displaying the information on a
screen and auditorily conveying the information to the user
by sound.

[0095] Search for the position-related information can be
performed with other methods. For example, in the case
where the car navigation system 1 and the server 2 share a
node ID system, node IDs may be previously associated with
respective pieces of information shown in FIG. 7 and the car
navigation system 1 may transmit the ID of a predicted node
as position information so that information on an informa-
tion provider associated with the transmitted node ID is
selected as position-related information.

[0096] Alternatively, the car navigation system 1 may
transmit not only position information but also route infor-
mation (e.g., “N3—=N4—-N6—N7”) so as to perform a
search using a criterion such as whether or not the position
information or node ID of the information provider exists on
the extension of the route indicated by the route information
as well as whether or not the node IDs coincide with each
other.

[0097] As described above, in this embodiment, it is
possible to predict a destination of a user’s vehicle. Accord-
ingly, the user can receive useful information regarding the
destination before reaching the destination, without per-
forming any special operation. Even if the user does not
intend to drive toward the destination, the information
provision can motivate the user to travel to the destination.

[0098] In this embodiment, the route of the user’s vehicle
is represented in the manner of transition among nodes
corresponding intersections, landmarks, areas and the like.
Accordingly, the destination of the user can be newly
predicted every time the user passes through a node after
departure. As a result, it is possible to predict a destination
as quickly as possible in the middle of the route.

[0099] In this case, position information on the destination
of the user is transmitted from the car navigation system 1
to the server 2. Alternatively, a table showing a relationship
between position information and the names or IDs of nodes
may be provided in the car navigation system 1 so that the
names or IDs of nodes obtained from the predicted position
information by referring to the table is transmitted to the
server 2 so as to acquire latest information.

[0100] Alternatively, a table showing a relationship
between position information and URL addresses of web
sites which provides information related to the position
information as shown in FIG. 8 may be stored in the car
navigation system 1 or the server 2 so that when position
information is determined, information is acquired from a
web site having a URL address corresponding to the position
information by referring to the table.

[0101] In this embodiment, position information regarding
nodes is stored together with date and time information.
Alternatively, the position information detection means 11
may detect position information regularly to store the posi-
tion information together with date and time information,
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irrespective of whether or not the detected information
corresponds to a node, or may not store date and time
information.

[0102] In addition, in predicting a future destination, esti-
mated travel time required to reach the destination may be
taken into consideration. This is because even if a node
through which the user is quite likely to pass is predicted, it
is not always appropriate to provide information regarding
the node in the case where the arrival at the node is six hours
later or on the next day. That is to say, destinations to which
estimated required travel time exceeds a given time period
are preferably eliminated from being predicted destinations.

[0103] For example, suppose that the action prediction
means 17 predicts two nodes, i.e., nodes N100 and N200, as
destinations of the user. In this case, detected position
information and the date and time of the detection are stored
in pairs in the travel information history accumulated in the
travel information history accumulation means 15. Accord-
ingly, the travel time required to reach each of the nodes
N100 and N200 from the current place can be predicted from
the accumulated travel information history.

[0104] Suppose that the idea of a threshold value to the
required time is introduced and a rule such as “nodes to
which the required time exceeds three hours are eliminated
from being predicted nodes™ is applied. In addition, suppose
that the required times to reach the nodes N100 and N200
are predicted to be two hours and six hours, respectively.
Then, the node N200 to which the required time exceeds
three hours is eliminated from being a predicted node. As a
result, the action prediction means 17 selects only the node
N100 as a destination of the user.

[0105] In this embodiment, commercial information is
provided as information regarding predicted destinations.
However, information to be provided is not limited to the
commercial information and may be information such as
traffic information indicating a traffic jam or information on
traffic control by the police.

[0106] In this embodiment, a travel information history is
accumulated in predicting a destination. However, the
present invention is not limited to this specific embodiment.
For example, after a certain amount of the travel information
history has been accumulated, the destination may be pre-
dicted by referring to the accumulated travel information
history, without further accumulation of the history.

[0107] (Method for Deciding Node)

[0108] In this embodiment, it is sufficient to decide a node
by referring to the map data beforehand. Basically, places
where the user’s vehicle stops (e.g., a landmark or an area)
and intersections are defined as nodes by referring to drive
routes of the user’s vehicle. In addition, nodes can be added
or removed by using information on the drive routes of the
user’s vehicle.

[0109] For example, as shown in FIG. 9(@), some inter-
sections through which the user’s vehicle has run in two or
more directions may be defined as nodes. Specifically,
intersections a and ¢ through which the user’s vehicle has
run in two directions are defined as nodes Na and Nc,
whereas an intersection b through which the vehicle has run
only in a direction is not defined as a node.
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[0110] Thereafter, as shown in FIG. 9(b), when the user’s
vehicle runs through the intersection b in a different direc-
tion, the intersection b is added as a node Nb because the
vehicle have run through the intersection b in two directions.
Alternatively, as shown in FIG. 9(c), if the user’s vehicle
has run through the intersection a only in a direction in a past
given time period, the node Na is removed. Such settings of
nodes do not always require the map data but may be
performed using only a drive history of the user’s vehicle.

EMBODIMENT 2

[0111] FIG.10is a diagram showing a configuration of the
whole of a system according to a second embodiment of the
present invention. In this embodiment, even an identical car
navigation system predicts action in different manners
depending on different drivers and then provides informa-
tion. The system shown in FIG. 10 is different from that
shown in FIG. 1 in that a car navigation system 1A is
provided with a driver identification means 25.

[0112] The driver identification means 25 identifies a
driver when the engine of a vehicle is started, for example.
Examples of techniques for the identification include a
technique of using keys or semiconductor cards individually
provided to drivers and a technique of recognizing a tele-
phone number by communicating with a cellular phone held
by the driver. These techniques are not specifically limited.
A result of identification by the driver identification means
25 is stored in the travel information history accumulation
means 15 together with a node number obtained as, for
example, a user ID in the same manner as in the first
embodiment and the time at which the user passed through
the node, as shown in FIG. 11.

[0113] In this manner, a travel information history for
every user is stored, thus making it possible to calculate
transition probabilities among nodes for every user. Accord-
ingly, it is possible to provide predictions for respective
drivers such as “the user with ID “2” drives toward the node
N12 after traveling along a route including the nodes N6 and
N8 in the morning” whereas “the user with ID “4” drives
toward the node N28 after traveling along a route including
the nodes N6 and N8” in the morning. With respect to such
predictions, every user can be provided with suitable and
detailed information.

[0114] In addition, occupants of a vehicle other than
drivers may be identified. Specifically, if information for
identifying not drivers but passengers is stored in the travel
information history accumulation means 15, it is possible to
perform predictions such as “if the driver drives alone,
he/she will go to the node N5, whereas if the driver drives
with his/her family, they will go to the node N16”. Further,
information on the driver and the information on the pas-
senger may be stored together.

[0115] Examples of information which is preferably stored
for every driver include information on the map database 12,
for example, as well as travel information. In the first
embodiment, users can register nodes to be stored in the map
database 12. However, if users register a name such as
“office™ or “theater”, the object indicated by the name might
differ among the users. For example, the node of “office”
indicates “ABC Fabrication Co. Ltd. when the driver is a
father, while indicating “DEF Trading Co. Ltd.” if the driver
is an eldest son.
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[0116] In view of this, the map database 12 may store
nodes other than proper names for every driver and may
change node information to be referred to, depending on an
identification result obtained by the driver identification
means 25. In addition, the node information for every driver
may be stored separately from the map database 12. For
example, a memory card on which the node information for
every driver is recorded, for example, may be inserted in the
car navigation system 1A so that reference is made to both
of the map database 12 and the memory card. Alternatively,
the node information may be present on the network.

EMBODIMENT 3

[0117] FIG. 12 is a diagram showing a configuration of
the whole of a system according to a third embodiment of
the present invention. In this embodiment, preference infor-
mation regarding places which a user prefers is previously
stored in a car navigation system to provide the user with
information to which the preference information is added
together with a predicted destination. In this case, places
such as a place which the user has set in the car navigation
system as a destination and a place where the vehicle
stopped for a predetermined time period or longer with the
engine thereof halted are defined as places which the user
prefers.

[0118] The system shown in FIG. 12 is different from that
shown in FIG. 1 in that a car navigation system 1B is
provided with a stop position detection means 31, a set
destination analysis means 32 and a preference information
accumulation means 33. The stop position detection means
31 determines whether or not the vehicle has stopped for a
predetermined time period or longer with the engine thereof
halted and detects latitude and longitude information as
position information on the user’s vehicle that has stopped.
The set destination analysis means 32 analyzes where a
destination set in the car navigation system 1B by the user
is located. The preference information accumulation means
33 refers to the map database 12 and stores information
representing the frequency about the place detected by the
stop position detection means 31 and the place analyzed by
the set destination analysis means 32.

[0119] FIG. 13 shows an example of data stored in the
preference information accumulation means 33. As shown in
FIG. 13, each data item has attributes of position, name and
frequency. In this case, when the user sets a destination, the
map database 12 is searched with the position on the map,
the telephone number, the name and like attributes used as
keys. Therefore, almost all the places to be analyzed by the
set destination analysis means 32 have names. On the other
hand, position information detected by the stop position
detection means 31 does not necessarily have a name
registered for the search in the map database 12. Therefore,
there exists data whose name has not been set yet such as in
the lowermost line in the FIG. 13. Of course, if there is a
node corresponding to position information, it is sufficient to
describe the ID or name of the node.

[0120] The preference information is updated in the fol-
lowing manner. That is to say, when a place detected by the
stop position detection means 31 or the set destination
analysis means 32 has been already registered in data, the
frequency about the place is increased by one, whereas when
the place is unregistered, new data is added and the fre-
quency is set at one.
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[0121] It will be described how an action prediction means
17A of this embodiment operates with reference to FIG. 14.

[0122] Suppose that the user’s vehicle is now at a node
N103 by way of nodes N101 and N102. Then, a probability
P(N106) that the user’s vehicle will run toward a node N106
by way of nodes N104 and N105 and a probability P(112)
that the vehicle will run toward a node N112 by way of a
node N111 can be obtained by the method described in the
first embodiment. Suppose that

P(N106)=0.6, P(N112)=0.4

[0123] where a threshold value a=0.5. Then, it is deter-
mined that the vehicle is likely to run toward the node N106
in the first embodiment.

[0124] In the third embodiment, the preference informa-
tion accumulation means 33 is additionally used for refer-
ence. From the data shown in FIG. 13, it is found that the
user fairly frequently visits Family Plaza located in the
direction to the node N112. The proportion P(famipla) of
frequency with which the vehicle stops at Family Plaza
among all the places where the vehicle has ever stopped is
0.64(=64/(25+64+6+5). Then, a formula for calculating a
value in consideration of both action prediction and prefer-
ence information is defined as follows:

{P(N112)+P(famipla)}/2

[0125] Then, the calculation with this formula obtains a
value of 0.52 that exceeds the threshold value a. Accord-
ingly, the action prediction means 17A outputs two possible
directions toward the respective nodes N106 and N112 as a
prediction on future action of the user.

[0126] The information acquisition means 18 receives the
node numbers N106 and N112 from the action prediction
means 17A and transmits the received node numbers to the
server 2 via the network 3. The subsequent operation of
information provision is the same as in the first embodiment.
The action prediction means 17A may output latitude and
longitude information on the nodes N106 and N112 or the
names of facilities and stores such as Sato Shop or Family
Plaza, instead of the node numbers.

[0127] As described above, according to this embodiment,
information is provided in consideration of preference infor-
mation on the user as well as action prediction on the user.
Accordingly, the user can acquire information regarding
places which the user prefers other than a place for which the
user is heading. As a result, the user have a wide range of
choice in future action such as changing the schedule based
on the acquired information, thus making it possible to
propose new action to the user.

[0128] In this embodiment, the proportion of frequency
regarding a place which the user prefers is obtained in
consideration of frequencies regarding all the places accu-
mulated in the preference information accumulation means
33. Instead, the proportion may be obtained in consideration
of the frequency of only preferred places to which the user
is expected to drive.

[0129] In this embodiment, action prediction is performed
by the method described in the first embodiment. However,
a function of considering preference information can be
added as in this embodiment and is effective with any other
method for action prediction.
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EMBODIMENT 4

[0130] FIG. 15 is a diagram showing a configuration of
the whole of a system according to a fourth embodiment of
the present invention. In this embodiment, a schedule con-
trolling function is utilized in addition to the action predic-
tion so as to improve the accuracy in action prediction. The
system shown in FIG. 15 is different from that shown in
FIG. 1 in that an action prediction means 17B in a car
navigation system 1C refers to a scheduler 41 provided with
a function of controlling a schedule such as a PDA in
predicting the action of a user. Examples of techniques for
allowing the car navigation system 1C to refer to the
scheduler 41 include a technique of communicating with
equipment having a scheduling function such as a PDA or a
cellular phone with or without a cable, a technique of using
a memory card such as an SD card as a medium, and a
technique of referring to schedule information present on the
network. However, the present invention is not limited to
these techniques.

[0131] FIG. 16 shows an example of schedule information
controlled by the scheduler 41. The schedule in FIG. 16
shows that the user has a meeting in a home office from
10:00, moves to a research laboratory between 12:00 and
14:00, observes the laboratory from 14:00, and then goes
home at 18:00.

[0132] A procedure of predicting an action by referring to
the scheduler 41 will be described with reference to FIG. 17.

[0133] Suppose that the user leaves the home office around
a node N201 and is now at a node N203 by way of a node
N202 and the current time is 13:00. Then, the action
prediction means 17 of the first embodiment calculates,
referring to a travel information history, a probability
P(N206) that the user will head for the node N206 at which
the research laboratory is located and a probability P(N212)
that the user will head for the node N212 at which a factory
is located, shown by the following equations:

P(N206)=0.4, P(N212)=0.4

[0134] A threshold value indicating the certainty of pre-
diction is 0.7. Any of the probabilities P(N206) and P(N212)
does not exceed the threshold value and the direction in
which the user is heading cannot be determined.

[0135] On the other hand, the action prediction means 17B
of this embodiment acquires a schedule of the user from the
scheduler 41 in addition to the travel information history,
and refers to the acquired schedule and travel information
history. It is described in the scheduler 41 that the user
observes the research laboratory from 14:00. When it is
determined that the research laboratory is located at the node
N206 from the map database 12, the probability
P(N206|schedule) that the user will head for the node N206
before 14:00 obtained from the schedule is defined, for
example, as follows:

P(N206|schedule)=0.5

[0136] Then, the action prediction means 17B adds the
predicted value P(N206)(=0.4) obtained from the travel
information history to the predicted value P(N206|schedule)
(=0.5), thereby obtaining 0.9 as a final predicted value. Since
this obtained value exceeds the threshold value, i.e., 0.7, it
is found that the user is likely to head for the node N206 as
a future action. As a result, the action prediction means 17B

41
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predicts the direction toward the node N206 as a direction in
which the user will travel and the information acquisition
means 18 acquires information regarding the direction
toward the node N206, thereby making it possible to provide
the information to the user.

[0137] In this manner, according to this embodiment, the
schedule of the user is grasped by using information equip-
ment having a scheduling function such as a PDA in
combination so that a destination is predicted in consider-
ation of the schedule, thus allowing a prediction with higher
accuracy. For example, in the case where it is difficult to
determine the direction of traveling by using only the
predicted value obtained from the travel information history,
the direction may be predicted by adding the predicted value
obtained from the schedule with reference to the schedule of
the user.

[0138] The predicted value obtained from the schedule is
fixed at a given value (0.5). Alternatively, this predicted
value may be defined in various manners, e.g., may be
obtained based on a past record concerning whether or not
the user has acted as scheduled in the past, or may be set
differently depending on places such that a value with
respect to a place where the user acted as scheduled in the
past is set relatively high.

[0139] Ifinformation to be acquired from the scheduler 41
includes not only names such as “research laboratory” but
also information regarding the position thereof (e.g., latitude
and longitude information or a node ID), it is possible to
predict a place whose name is not included in the map
database 12.

[0140] In addition, in the case where the destination
obtained from the travel information history deviates from
that in the schedule acquired from the scheduler 41, a
process for displaying a massage showing the deviation may
be performed. FIG. 18 shows an example of a displaying
screen of a car navigation system when such a massage is
displayed. As shown in FIG. 18, if the action prediction and
the schedule deviates from each other, a massage indicating
that the destination for which the user is heading is different
from that in the schedule is displayed to the user. In this case,
the address and telephone number of the place for which the
user is to be heading according to the schedule may be
included in the massage. Alternatively, if the user’s vehicle
is equipped with a telephone function, a telephone call may
be automatically made according to the request of the user.
Further, a place where the user is to visit according to the
schedule may be newly set as a destination in the car
navigation system so as to notify the user of the route to the
destination.

[0141] In this embodiment, the action prediction is per-
formed by the method described in the first embodiment.
However, the reference function of the scheduler can be
added as in this embodiment and is effective with any other
method.

EMBODIMENT 5

[0142] FIG. 19 is a diagram showing a configuration of
the whole of a system according to a fifth embodiment of the
present invention. In this embodiment, a destination of the
user is predicted, and in addition, information such as
estimated required time or estimated arrival time regarding
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the destination is presented. The system shown in FIG. 19
is different from that shown in FIG. 1 in that a required time
calculation means 51 for calculating estimated time required
to reach a predicted destination based on information
acquired by the information acquisition means 18 via the
network 13.

[0143] FIG. 20 shows an example of a travel information
history accumulated in the travel information history accu-
mulation means 15 in this embodiment. In the example
shown in FIG. 20, dates, times of departure, places of
departure, routes and destinations are accumulated as travel
information. The places of departure are places where the
engine was started, and the destinations are places where the
engine was halted.

[0144] Examples of techniques for expressing places of
departure and destinations include various techniques. For
example, if the place where the engine was halted is a
landmark or an area stored in the map database 12, it is
possible to express the place by the name or the node ID. If
there is neither a landmark nor an area corresponding to the
place where the engine was halted, the place may be
expressed by a name or a node ID of a landmark or area at
a small distance (within a predetermined distance) from the
place or of a representative (famous) landmark or area
located near the place. Alternatively, the place may be
represented by the name or node ID of a nearby intersection
or the address of the neighborhood of the place.

[0145] With respect to a place where the engine is fre-
quently halted, a message urging the user to register the
name of the place is output at given timing. Further, the
name corresponding to the place (e.g., “Ms. A’s house”)
may be automatically registered by referring to an address
book, for example, held by the user or existing on the
network.

[0146] A travel pattern detection means 16 refers to a
travel information history as shown in FIG. 20 to detect a
travel pattern as shown in FIG. 21. Specifically, the past
drive of the user as shown in FIG. 20 is classified according
to groups such as day of the week of departure or time of
departure. In each of the groups, a set of departure places,
routes and destinations are expressed using the average
required time and the frequency. For example, FIG. 21
shows that in the morning on weekdays, if the departure
place is the user’s house, the destinations of ABC Co. Ltd.,
PQR Clinic and XYZ Supermarket have frequencies of
70%, 25% and 5%, respectively.

[0147] Now, action prediction according to this embodi-
ment and the flow of a process for providing information to
the user according to the action prediction will be described
with reference to a flowchart shown in FIG. 22.

[0148] When detecting, for example, the start of the
engine as a given event (S41), the action prediction means
17 acquires current date and time and information on the
current position (S42 and S43). The information on the
current position can be acquired by utilizing the position
information detection means 11. Alternatively, a place where
the engine was halted in the previous drive may be obtained
by referring to the travel information history accumulation
means 15 and defined as the current position. In this manner,
information on the current position can be obtained quickly.

[0149] Suppose that the current date and time is 9:10 on a
weekday and the current position is the user’s house. Then,
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the destination of the user is predicted by referring to
information as shown in FIG. 21 and detected by the travel
pattern detection means 16. (S44). In FIG. 21, in the case
where the user left the user’s house as a place of departure
between 8:00 and 11:00 on a weekday, the destinations are
ABC Co. Ltd., PQR Clinic and XYZ Supermarket at fre-
quencies of 70%, 25% and 5%, respectively. If the idea of
a threshold value for showing the certainty of prediction as
described in the first embodiment is introduced and desti-
nations with frequencies of 20% or higher are defined as
possible destinations, ABC Co. Ltd. and PQR Clinic are
predicted. When the destination is predicted by the action
prediction means 17, the information acquisition means 18
transmits, to the server 2, information on routes to the
respective predicted destinations (S45).

[0150] Upon receiving the route information from a car
navigation system 1D (S51), the server 2 searches traffic
information accumulated in the information accumulation
means 22 to find information concerning the route received
(S52) and transmits the traffic information found to the car
navigation system 1D (S53).

[0151] In the car navigation system 1D, when the infor-
mation acquisition means 18 receives the traffic information
(S46), the required time calculation means 51 calculates
estimated travel time required to reach each of the possible
destinations by referring to the received traffic information
and the time periods required to reach the destinations
shown in FIG. 20 (S47). For example, estimated required
time is calculated with current traffic information taken into
consideration as follows: “it takes 60 minutes from the
user’s house to ABC Co. Ltd. normally but 80 minutes in
consideration of traffic information™ or “it takes 20 minutes
from the user’s house to PQR Clinic without any traffic
jam”. Since the current time is 9:10, it is calculated that the
estimated arrival time at ABC Co. Ltd. is 10:30 and the
estimated arrival time at PQR Clinic is 9:30.

[0152] When the required time calculation means 51 cal-
culates the estimated times of arrival to the respective
possible destinations, the information provision means 19
provides the user with the calculated information (S48).
FIG. 23 shows an example of information presented on a
screen of the car navigation system 1D. In FIG. 23, in
addition to the estimated times of arrival, related traffic
information is provided to the user. Instead of the estimated
times of arrival, information regarding estimated required
time may be provided.

[0153] In this embodiment, the estimated required time to
reach each of the predicted destinations is calculated based
on the average required time in the past drive of the user and
the current traffic information. Alternatively, the distance
from the current position to the destination may be measured
by referring to the map database 12 to roughly estimate the
required time utilizing average speed of the vehicle.

Modified Example

[0154] In addition, in the case where comparison is made
between estimated required time or estimated arrival time
and the schedule of the user to determine the presence or
absence of idle time or the presence or absence of possibility
of being late, to find the presence of idle time or the
possibility of being late, it is possible to provide new
information.
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[0155] FIG. 24 is a diagram showing a configuration of
the whole of a system according to a modified example of
this embodiment. As compared to the system shown in FIG.
19, a determination means 52 for comparing a calculation
result obtained by the required time calculation means 51
with the user’s schedule obtained from the scheduler 41 is
provided. The determination means 52 compares the esti-
mated required time or estimated arrival time that has been
calculated with the user’s schedule, thereby detecting the
presence of idle time or the possibility of being late.

[0156] For example, provided that the user is scheduled to
go to a research laboratory at 15:00 according to the sched-
uler 41. If the current time is 13:10 and the estimated time
required to reach the research laboratory from the current
position is 50 minutes, it is found that there is idle time of
about one hour. If the determination means 52 detects the
presence of the idle time of about one hour, the information
provision means 19 provides the user with information for
suggesting how to spend the idle time. For example, as
shown in FIG. 25, the user is provided with information
regarding recommended places (e.g., coffee shops and book-
stores) which is located near the route to the research
laboratory and which the user can visit within the idle time
of about one hour.

[0157] Provided that the user is scheduled to go to the
research laboratory at 15:00 according to the scheduler 41,
the current time is 14:20 and the estimated travel time
required to reach the research laboratory from the current
position is 50 minutes, it is found that there is a possibility
that the user will be slightly behind time. If the determina-
tion means 52 detects the possibility of being late, the
information provision means 19 provides the user with
information on another route with which the required time to
reach the destination can be shortened. For example, in an
example shown in FIG. 26, the user is recommended to use
a highway running in parallel with the route to the research
laboratory.

EMBODIMENT 6

[0158] FIG. 27 is a diagram showing a configuration of
the whole of a system according to a sixth embodiment of
the present invention. The system shown in FIG. 27 is
different from that shown in FIG. 1 in that the required time
calculation means 51 described in the fifth embodiment and
a filtering means 61 for filtering acquired commercial infor-
mation by referring to estimated required time or estimated
arrival time obtained by the required time calculation means
51 are provided.

[0159] Suppose that the action prediction means 17 pre-
dicts the nodes A and B as destinations of the user’s vehicle.
Then, the information acquisition means 18 acquires traffic
information on the routes to the nodes A and B and com-
mercial information related to the nodes A and B from the
server 2 via the network 3.

[0160] FIG. 28 shows an example of commercial infor-
mation acquired. As shown in FIG. 28, souvenirs are
presented during the period from 9:00 on June 1 to 15:00 on
June 2 at Children Plaza at the node A and female drivers
receive a gas discount at GS Umeda at the node B. In this
case, it is assumed that the required time calculation means
51 predicts that the arrival time at the node A is 15:20 on
June 2 and the arrival time at the node B is 16:00 on June
2.
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[0161] The filtering means 61 determines whether or not
the predicted arrival times are included in an effective period
of the commercial information and outputs only pieces of
the information included therein. In this case, the estimated
arrival time at Children Plaza at the node A, which is 15:20
on June 2, is after the effective period. Accordingly, the
information on Children Plaza is eliminated from being
information to be provided. On the other hand, the estimated
arrival time at GS Umeda at the node B, which is 16:00 on
June 2, is within the effective period. Accordingly, informa-
tion on GS Umeda is determined to be useful to the user and
thus is output to the information provision means 19.

[0162] Alternatively, instead of being eliminated, com-
mercial information for which the estimated arrival time is
after the effective period may be presented with a message
notifying the user of high possibility of not being in time.
Alternatively, the possibility of being in time may be dis-
played as a numerical value to call attention of the user.
Further, the estimated arrival time may be repeatedly
updated in accordance with a travel status of the user’s
vehicle and a traffic jam status so that value indicating the
possibility of being in time is changed from moment to
moment in accordance with updating of the estimated arrival
time.

[0163] Furthermore, the commercial information may be
filtered in the server 2.

EMBODIMENT 7

[0164] FIG. 29 is a diagram showing a configuration of
the whole of a system according to a seventh embodiment of
the present invention. The system shown in FIG. 29 is
different from that shown in FIG. 1 in that an area definition
means 71 for defining “area” including a plurality of nodes
using a travel history information is provided.

[0165] Suppose that there are nodes 1 through 7 as shown
in FIG. 30(a). In this case, the area definition means 71
refers to a travel information history accumulated in the
travel information history accumulation means 15, and if
there are a plurality of nodes which are located within a
predetermined range of area and which the user has visited
a given number of times or more, the area definition means
71 defines the nodes as an “area”. In an example shown in
FIG. 30(b), the nodes 2, 3, 5 and 6 are brought together
within an area.

[0166] When predicting that the destination of the user is
the node 3, the action prediction means 17 refers to infor-
mation on the area defined by the area definition means 71
to recognize that the nodes 2, 5 and 6 are included in the area
also including the node 3. Then, the action prediction means
17 instructs the information acquisition means 18 to acquire
not only information regarding the node 3 but also infor-
mation regarding the nodes 2, 5 and 6. As a result, not only
the information regarding the node 3 but also information
regarding the nodes 2, 5 and 6 included in the same area are
presented to the user.

[0167] The range of nodes to be included in an area may
be changed depending on the distance from the user’s house
or the office where the user stays mainly. For example, the
area may be enlarged, as the distance from the user’s house
increases. The range may be also changed depending on the
transportation means of the user. For example, in the case
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where the transportation by car is a premise as in the case of
car navigation systems, the range may be set wide, while in
the case where the transportation on foot is a premise, the
range may be set narrow.

[0168] The technique for defining an area is not limited to
this embodiment. For example, the following technique may
be used. As shown in FIG. 31, groups of nodes which can
be defined as areas are previously defined corresponding to
respective possible areas (e.g., an area 1 corresponding to
“Umeda area” and an area 2 corresponding to “Namba
area”) Then, when one of possible areas satisfies a require-
ment that the number of user’s visits exceeds a predeter-
mined number with respect to a given number or more of
nodes out of the corresponding groups of nodes, the possible
area is defined as an area. Alternatively, nodes where the
user visits on the same day or in the same time of day may
be defined as an area.

[0169] In addition, the area definition as described above
may be performed on areas already defined by considering
the areas to be nodes.

[0170] Further, the area definition may be performed by
previously setting a large area (e.g., “Higashi-Osaka area™)
so that, when the number of nodes included in the arca
increases, the area is divided. In the case of dividing an area
to define new areas, the methods described above may be
used.

[0171] In the foregoing embodiments, description is given
on the assumption that a car navigation system is used as
equipment for providing information to the user. However,
in the present invention, information equipment is not lim-
ited to car navigation systems. Even an information terminal
such as a cellular phone or a PDA that the user holds
everyday may be used so long as sensing for position
information can be performed. In such a case, the same
advantages as that obtained in the embodiments can be
achieved.

[0172] In the foregoing embodiments, the user is assumed
to travel by car. However, even the cases where the user
travels by means other than car, e.g., on foot or by train, the
present invention is applicable so long as the user holds
information equipment.

[0173] In the embodiments, examples in which the travel
information history accumulation means 15, travel pattern
detection means 16, and action prediction means 17 are
provided inside information equipment such as a car navi-
gation system. Alternatively, these means may be provided
in an external server connected by a network. Specifically, a
configuration in which information detected by the position
information detection means 11 or the date and time detec-
tion means 14 is transmitted to the external server and
accumulated therein so that when a given event happens, the
server predicts a future action to send necessary information
to the car navigation system may be used. Such a configu-
ration is effective especially when the information equip-
ment held by the user is a cellular phone or a PDA.

[0174] In the embodiments, a travel pattern is extracted
from an accumulated travel information history. Alterna-
tively, the travel pattern may be acquired from outside such
as the network or may be set by the user himself/herself For
example, when an information provider wants “to provide a
user who is running along a route passing through node
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A—node B—node C with information on a shop C near a
node T”, the travel pattern detection means 16 is made to
store this requirement. Then, when the user actually runs
along the route passing through node A—node B—anode C,
the node T is predicted as a direction in which the use will
travel, so that the information acquisition means 18 requests
information regarding the vicinity of the node T of the server

2.

[0175] In addition, to acquire information, a VICS or
airwaves may be utilized instead of the network. In such a
case, the information acquisition means 18 may extract only
information regarding the destination predicted by the action
prediction means 17 to provide the information to the user.

[0176] As described above, according to the present
invention, a destination of the user is predicted based on the
travel information history of the user and the route along
which the user has traveled to the current time. Accordingly,
even if the user does not perform any special operation,
information on facilities or shops relating to the destination
can be provided to the user appropriately.

1. An information providing method for providing infor-
mation to an occupant of a vehicle, the method comprising
the steps of:

detecting position information on the vehicle with infor-
mation equipment installed in the vehicle;

accumulating, as a travel information history, routes of the
vehicle obtained from the detected position informa-
tion;

predicting a destination of the vehicle by referring to a
route along which the vehicle has traveled to the
current time and to the accumulated travel information
history, when detecting the occurrence of a given event;
and

providing information regarding the predicted destination

to the occupant via the information equipment.

2. The method of claim 1, wherein the given event is a
given action of the occupant.

3. The method of claim 1, wherein the travel information
history is accumulated in the manner of transition among
nodes.

4. The method of claim 3, wherein at least one of the
nodes is a landmark, an area or an intersection.

5. The method of claim 3, including the step of defining,
as a node, an intersection which is located on the routes and
through which the vehicle has passed in at least two direc-
tions.

6. The method of claim 3, including the step of defining
an area including a plurality of nodes satisfying a given
requirement.

7. The method of claim 1, wherein in the predicting step,
a destination to which estimated required travel time
exceeds a predetermined value is eliminated from being a
predicted destination.

8. The method of claim 1, including the step of identifying
the occupant of the vehicle,

wherein the travel information history is accumulated for
every occupant, and

the predicting step is performed by referring to the travel
information history accumulated for the occupant iden-
tified at the occurrence of the given event.
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9. The method of claim 1, including the step of accumu-
lating preference information regarding a place which the
occupant of the vehicle prefers and the frequency with
which the occupant visited the place,

wherein the predicting step and the information providing
step are performed in consideration of the accumulated
preference information.

10. The method of claim 9, wherein a place where the
vehicle made a stop for at least a predetermined time period
is determined to be the place which the occupant of the
vehicle prefers.

11. The method of claim 1, including the step of accessing
a scheduler to acquire a schedule of the occupant,

wherein the predicting step is performed in consideration
of the acquired schedule.
12. The method of claim 1, including the steps of:

accessing a scheduler to acquire a schedule of the occu-
pant; and

providing, when the predicted destination of the vehicle
deviates from that in the acquired schedule, the occu-
pant with a message indicating the deviation.
13. The method of claim 1, including the step of calcu-
lating estimated required time or estimated arrival time with
respect to the predicted destination,

wherein in the information providing step, the estimated
required time or estimated arrival time that has been
calculated is provided to the occupant.
14. The method of claim 13, including the step of acquir-
ing traffic information regarding a route to the predicted
destination,

wherein the estimated required time or estimated arrival
time is calculated by referring to the acquired traffic
information.

15. The method of claim 13, including the steps of

accessing a scheduler to acquire a schedule of the occu-
pant; and

comparing the estimated required time or estimated
arrival time that has been calculated with the schedule
of the occupant, thereby detecting at least one of the
presence or absence of idle time and the presence or
absence of a possibility of being late.

16. The method of claim 15, wherein when the presence
of idle time is detected, information for suggesting how to
spend the idle time is provided to the occupant, in the
information providing step.

17. The method of claim 15, wherein when the presence
of a possibility of being late is detected, information on
another route for shortening required time is provided to the
occupant, in the information providing step.

18. The method of claim 13, further including the steps of:

acquiring commercial information regarding the predicted
destination; and

filtering the acquired commercial information by referring
to the estimated required time or estimated arrival time
that has been calculated,

wherein in the information providing step, the filtered
commercial information is provided to the occupant.
19. An information providing method for providing infor-
mation to an occupant of a vehicle, the method comprising
the steps of:
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detecting position information on the vehicle with infor-
mation equipment installed in the vehicle;

predicting a destination of the vehicle by referring to a
route which is obtained from the detected position
information and along which the vehicle has traveled to
the current time and to a travel information history in
which routes along which the vehicle traveled in the
past are accumulated, when detecting the occurrence of
a given event; and

providing information regarding the predicted destination
to the occupant via the information equipment.

20. An information providing method for providing infor-
mation to a person traveling, the method comprising the
steps of:

detecting position information on the person with infor-
mation equipment held by the person;

accumulating, as a travel information history, routes of the
person obtained from the detected position informa-
tion;

predicting a destination of the person by referring to a
route along which the person has traveled to the current
time and to the accumulated travel information history,
when detecting the occurrence of a given event; and

providing information regarding the predicted destination
to the person via the information equipment.
21. An information providing system installed in a vehicle
and used for providing information to an occupant of the
vehicle, the system comprising:

means for detecting position information on the vehicle;

means for accumulating, as a travel information history,
routes of the vehicle obtained from the detected posi-
tion information;

means for predicting a destination of the vehicle by
referring to a route along which the vehicle has traveled
to the current time and to the accumulated travel
information history, when the occurrence of a given
event is detected; and

means for providing information regarding the predicted
destination to the occupant.
22. An information providing system held by a person and
used for providing information to the person, the system
comprising:

means for detecting position information on the person;

means for accumulating, as a travel information history,
routes of the person obtained from the detected position
information;

means for predicting a destination of the person by
referring to a route along which the person has traveled
to the current time and to the accumulated travel
information history, when the occurrence of a given
event is detected; and

means for providing information regarding the predicted
destination to the person.
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