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DESCRI PTI ON

ON- BOARD DEVI CE AND ROUTE | NTERPOLATI NG METHOD THEREFOR

Technical Field
[ 0001]
The present invention relates to an on-board device and a

route interpolating nethod therefor.

Background Art

[ 0002]

Conventionally, a technol ogy called map mat chi ng, which
uses positional information acquired by use of a GPS or the
i ke and map i nformation provided in advance to specify a
nmovi ng route has been known as one of functions of a car
navi gati on systemor the |ike.

In addition, for exanple, a fee-charging system known as
road pricing in which a collection fee determ ned dependi ng on
a distance travelled in a fee-charging area is charged in a
case of entering the fee-charging area and thereafter going
out of the fee-charging area, and a fee-charging systemin
which a collection fee determ ned dependi ng on a di stance
travelled on a fee-charging road is charged or an across-the-
board road usage fee is charged in a case of entering the fee-

charging road and thereafter going out of the fee-charging



road, have been known.

[ 0003]

In such a road pricing, the map mat chi ng descri bed above
is used to estimate a position on a map, for exanple, and this
estimated position crossing a border between the fee-charging
area regi stered in advance and the outside of the fee-charging
area causes determ nation of entering the fee-charging area
and going out of the fee-charging area.

However, for exanple, in a case where the border of the
fee-charging area is set at a part of a conplex intersection
as shown in FIG 10, a problemas follows is brought about.

[ 0004]

That is, since the map matching is perforned at regul ar
intervals, even if a vehicle actually has noved on a noving
route illustrated in FIG 10 by a broken line, in a case where
a position previously detected is a point Ain the figure and
a position detected next tine is a point Bin the figure, the
novi ng route recogni zed i nstantaneously is to be a route
illustrated by a solid line in the figure. In this case, it
may be probabl e that erroneous recognition is nade that a
border D of the fee-charging area is not crossed.

Even in the case where the erroneous noving route is
specified in this way, the on-board device, which has a
function to correct the noving route by tracing back to its

past, may correct this noving route ex post facto to recognize
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that the border of the fee-charging area was crossed.

[ 0005]

However, in recent years, it has been demanded that a
driver is instantaneously notified of an event of starting the
road pricing or fixing the collection fee. In order to
respond to such a denmand, the erroneous noving route owng to
the map mat chi ng descri bed above needs to be corrected
earlier.

[ 0006]

There has been disclosed the follow ng technology in
Patent Citation 1 as a technology for inproving an accuracy of
the map mat chi ng descri bed above, for exanple.

One or nore candidate links are extracted with respect to
a nobile object positional information by nmeans of map data
with positional information defined in units of |inks and the
nobi | e obj ect positional information to take one |ink as being
definite fromthe extracted one or nore candidate links. In a
case where the noving route forned of the decided links is
di sconti nuous, candidate |links for interpolating a
di sconti nuous zone are searched for to decide one link to be
enpl oyed fromthe searched candidate |inks and the
di sconti nuous zone is interpolated by use of the decided |ink.

[ 0007]

Patent G tation 1. Japanese Unexam ned Patent

Application, Publication No. 2011-76279



Summary of Invention
Techni cal Probl em

[ 0008]

However, in Patent Citation 1 described above, the noving
route is specified according to a certain algorithm
Therefore, for exanple, the specified noving route may not
necessarily match an actual noving route. Moreover, in the
case where the noving route is erroneously specified, if a
fee-charging position is set for the erroneously specified
moving route, a fee may be charged in spite of not entering
the fee-charging area, which probably nmakes a driver feel
unconf ort abl e.

[ 0009]

An object of the present invention is to interpolate a
di sconti nuous zone by use of an interpolated route appropriate
in ternms of fee-charging.

Solution to Problem

[ 0010]

A first aspect of the present invention is an on-board
device including a positional information acquisition nmeans
acquiring positional information of a nobile object, a nap
i nformation storage neans storing map information in which a
road is divided into a plurality of Iine segnments in a pseudo

manner and each of the divided |ine segnents is nmade to
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correspond to unique identification information and the
positional information, a |line segnent specifying nmeans
specifying a line segnent on the map i nformati on correspondi ng
to current positional information of the nobile object, an
interpolated route information storage nmeans storing
interpolated route information in which (i) a conbination of
two di scontinuous line segnents and (ii) a |ine segnent
constituting an interpol ated route for connecting the forner
line segnents are uniquely defined, and a route interpolation
means using the interpolated route information to interpolate
a di scontinuous zone in a case where two |ine segnents
consecutively specified by the line segnent specifying nmeans
are di sconti nuous on the map information.

[ 0011]

According to the above aspect, if the |ine segnents
specified by the |line segnent specifying neans are
di sconti nuous, the interpolated route information stored in
the interpolated route informati on storage neans is used to
i nterpol ate the discontinuous zone. Therefore, the
di sconti nuous zone can be interpolated with the interpol ated
route suitable for the fee-charging by storing in advance the
interpolated route suitable for the fee-charging as the
i nterpol ated route information.

[0012]

The above on-board device may further include a fee-



6
charging information storage nmeans storing notified |line
segnent information in which the identification information of
a line segnent which is required to be notified relating to
fee-charging is registered, a determ nation neans determ ning
whet her or not the line segnents specified by the |Iine segnment
speci fying means and the |ine segnment constituting the
interpolated route interpolated by the route interpolation
means are registered in the notified line segnent information
in the fee-charging informati on storage neans, and a
notification means notifying information concerning the fee-
charging in a case where the determ nation neans determ nes
the registration

[ 0013]

According to the above configuration, registered in
advance is the identification information of the |ine segnent
which requires to be notified relating to the fee-charging,
allowing the informati on concerning the fee-charging to be
rapidly notified in a case where a vehicle passes through a
road corresponding to this |line segnent.

[ 0014]

In the above on-board device, the interpolated route
informati on may be preferably updated at a predetermned tinme
i nterval

[ 0015]

In this way, the interpolated route information is
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updated, allowing the interpolation using the interpolated
route informati on depending on a road condition at the
corresponding tine.

[ 0016]

In the above on-board device, it may be such that the
interpolated route information is prepared dependi ng on at
| east one of a time zone and a type of vehicles, and the route
i nterpol ati on neans uses a interpolated route information
satisfying a condition to interpolate the discontinuous |ine
segnents.

[0017]

In this way, the interpolated route information is
prepared depending on the tinme zone or the type of vehicles,
allowng to deal with, for exanple, the case of a road cl osed
to traffic depending on the tine zone or a road which a
vehicle is prohibited from passing through dependi ng on the
type of the vehicle.

[ 0018]

In the above on-board device, in the interpolated route
i nformation, fee-charging cancel information may be made
addi bl e as attribute information to the |Iine segnent
constituting the interpolated route.

[ 0019]

In this way, the fee-charging cancel information is nmade

addible to the line segnent constituting the interpol ated
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route, avoiding the fee-charging.

[ 0020]

A second aspect of the present invention is a route
i nterpol ating nethod for an on-board device in which map
information in which a road is divided into a plurality of
line segnents in a pseudo manner and each of the divided |ine
segnents is nade to correspond to unique identification
information and the positional information, and interpol ated
route information in which a combination of two discontinuous
line segnents and |ine segnments constituting an interpol ated
route for connecting the fornmer |line segnents are uni quely
defined are prepared in advance, the nethod including a
positional information acquisition step of acquiring
positional information of a nobile object, a |line segnent
specifying step of specifying a |line segnent on the nap
i nformati on corresponding to current positional information of
the nobile object, and a route interpolation step of using the
interpolated route information to interpolate a discontinuous
zone in a case where two |ine segnents consecutively specified
in the line segnment specifying step are di scontinuous on the
map i nformation.

[ 0021]

A third aspect of the present invention is a route
interpolating programfor an on-board device in which map

information in which a road is divided into a plurality of
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line segnents in a pseudo manner and each of the divided |ine
segnents is made to correspond to unique identification
information and the positional information, and interpol ated
route information in which a conbination of two discontinuous
Iine segnents and |ine segnents constituting an interpol ated
route for connecting the former |line segnents are uniquely
defined are stored in a storage neans in advance, the program
causing a conputer to execute a positional information
acqui sition process of acquiring positional information of a
nobi | e object, a line segnent specifying process of specifying
a line segnent on the map information corresponding to current
positional information of the nobile object, and a route
i nterpol ation process of using the interpolated route
information to interpolate a discontinuous zone in a case
where two |ine segnents consecutively specified in the |ine
segnent specifying process are discontinuous on the map
i nformati on.
Advant ageous Effects of Invention

[ 0022]

According to the present invention, an effect can be
obt ai ned such that a discontinuous zone is interpol ated by use

of an interpolated route appropriate in terns of fee-charging.

Descri ption of Enbodi nents

[ 0023]
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[FIG 1] FIG 1 is a functional block diagram of an on-
board device according to an enbodi ment of the present
i nventi on.

[FIG 2] FIG 2 is an illustration for explaining map
i nformati on according to an enbodi nent of the present
i nventi on.

[FIG 3] FIG 3 is a diagramillustrating an exanple of
i nterpol ated route information.

[FIG 4] FIG 4 is an illustration showi ng an exanpl e of
an interpolated route in a case of assum ng U-turn.

[FIG 5] FIG 5 is a diagramillustrating the
interpolated route information which is created assum ng the
case of U-turn shown in FIG 4.

[FIG 6] FIG 6 is a diagramillustrating an exanple of
[ink information.

[FIG 7] FIG 7 is a diagramillustrating an exanpl e of
the link information after interpolating a route.

[FIG 8] FIG 8 is a diagramillustrating an exanple of
nmoving route information created on the basis of the Iink
i nformation.

[FIG 9] FIG 9 is a diagramillustrating an exanple of
the interpolated route information to which cancel information
i s added.

[FIG 10] FIG 10 is an illustration for explaining

probl ens of related art.
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Description of Enbodi nents [ 0024]

Hereinafter, a description is given of an enbodi nent of
an on-board device and a route interpolating nethod therefor
according to the present invention with reference to the
dr awi ngs.

An on-board device according to the enbodi ment, which is
wi dely used for a road pricing, is applied to, for exanple, a
fee-charging systemin which an across-the-board fee may be
charged in passing through a fee-charging road, and a fee-
charging systemin which a fee nay be charged depending on a
travel distance in a predeterm ned fee-charging area. In
addition, the on-board device may be applied to either of a
case where a collection fee is fixed or charged in entering a
fee-charging area or fee-charging road, or a case where the
collection fee is fixed or charged in going out of the fee-
chargi ng area or fee-chargi ng road.

[ 0025]

FIG 1 is a view showing a functional block diagram of an
on-board device 1 according to an enbodi ment of the present
i nvention. The on-board device 1 has a conputer nounted
t hereon, for exanple, in which a function of each unit shown
bel ow i s achi eved by hardware corresponding to the function or
achieved by an arithmetic processing device executing a

program stored in a conputer-readabl e storage nedi um (route
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i nterpol ati ng progran

As shown in FIG 1, the on-board device 1 includes a
Rout e specifying processing unit 10 perform ng a process of
specifying a noving route, and a fee-chargi ng processing unit
20 perform ng a process concerning fee-charging.

First, a description is given of the Route specifying
processing unit 10, and then, of the fee-charging processing
uni t 20.

The Route specifying processing unit 10 includes a
positional information acquisition unit (positional
informati on acquisition nmeans) 11, a map infornation storage
unit (map information storage neans) 12, a |link specifying
unit (line segnent specifying neans) 13, an interpol ated route
information storage unit (interpolated route information
storage neans) 14, and a noving route creation unit 15.

[ 0026]

The positional information acquisition unit 11, which is
a GPS or the like, for exanple, acquires positional
information of a nobile object. In a location where the GPS
cannot be used (e.g., in a tunnel), a gyro, an acceleration
sensor and the like may be used to detect a position.

[ 0027]

The map information storage unit 12 stores nap
information in which a road is divided into a plurality of

line segnents (hereinafter, referred to as a "link") in a
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pseudo manner and the divided link is nade to correspond to
uni que identification information (link ID) and the positional
information (e.g., latitude and longitude). This map
information is described with reference to FIG 2. The map
information is obtained by editing an actual map to facilitate
speci fying the noving route. For exanple, in the map

i nformati on, one |l ane and an opposite | ane of a two-way
traffic road are illustrated as different roads as shown by a
broken line arrowin the figure. Nodes are set at
intersections and turnoffs on the road (see black circles in
the figure) where basically a |line segnent between the nodes
is defined as a link. The link set in this way may be further
divided into finer portions such that a plurality of nodes are
configured between the nodes.

[ 0028]

Each link is nade to correspond to the link ID (see
numer al 44885, 43492, 31847 or the like in FIG 2, for
exanpl e) and the positional information.

[ 0029]

The link specifying unit 13 specifies the link
corresponding to the positional information acquired by the
positional information acquisition unit 11 by use of the map
information stored in the map i nformati on storage unit 12.

The link specifying unit 13 determ nes whether or not the |ink

having the Iink ID previously specified and the |ink having
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the link 1D specified this time are discontinuous on the map
information. Then, the unit 13 creates link information in
which a result of the determination, the Iink ID specified
this time, and an clock tine when acquiring the positional
informati on are associated with each other, and outputs this
link information to the noving route creation unit 15.

FIG 6 shows an exanple of the link information. In the
link information shown in FIG 6, a junp flag, which is a flag
i ndi cati ng whether or not the link specified this tinme is
di scontinuous with the previous link, indicates that the |inks
are continuous in a case of 0 and that the links are
di sconti nuous in a case of 1.

[ 0030]

The interpolated route informati on storage unit 14 stores
therein the interpolated route information 30. The
interpolated route information 30 is information in which, as
shown in FIG 3, a combination of |inks which are not
connecting wth each other, that is, are discontinuous, and
one or nore |links constituting an interpolated route for
connecting the fornmer links are uniquely defined. A
conbi nation of two discontinuous links is defined by a junp
source link and a junp destination |link, for exanple. For
exanple, the interpolated route information 30 specified by a
junp source link I D of 44885 and a junp destination link ID of

43487 has the interpolated route in which the link | Ds 44885,
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43492, 31847, and 43487 are set.

[ 0031]

Then, the interpolated route information 30 is created
which is expected to be required for route interpolation
depending on a road structure and stored in the interpol ated
route informati on storage unit 14, allow ng easy and rapid
route interpolation in the case |like the above of |inks
di scontinuity occurrence.

The interpolated route information 30 is created for at
| east an area around a notification point where the driver is
notified of the information concerning the fee-charging. The
notification point is set in advance on a fee-charging
operator side (e.g., road managenent conpany, the governnent,
or the like).

[ 0032]

The interpolated route information 30 is acquired by the
on- board device 1 downl oadi ng those created on the fee-
charging operator side at a predetermned timng. In this
way, the creation of the interpolated route information 30 on
the fee-charging operator side allows an interpol ated route
appropriate in ternms of fee-charging to be set, making it
possible to create a route interpolating table to which a
managenent principle on the fee-charging operator side is
reflected.

[ 0033]
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For exanple, in a case where there are, as a link
candi date of the interpolated route for connecting a junp
source link and a junp destination link, an interpolated route
passing through a link that is a toll road and an interpol ated
route passing through a link that is not a toll road, either
interpolated route can be selected by a will on the operator
side to create the interpolated route information 30. In this
way, according to the enbodi nent, the interpolated route to
which the will on the fee-charging operator side is reflected
can be created, such that the interpolated route can be
custom zed on the basis of a free criterion, for exanple, a
distance is prioritized for an interpol ated route, a charged
fee is prioritized for an interpolated route, or the liKke.

[ 0034]

The interpolated route information 30 nmay be prepared
depending on a type of vehicles or a tinme zone. For exanple,
there is a road through which a small-size vehicle can pass
but a | arge-size vehicle cannot pass, or a road closed to
traffic depending on the tinme zone. |In order to deal with
such a case, a part of the interpolated route infornmation 30
may be prepared for each type of vehicles (small-size vehicle,
| ar ge-si ze vehicle), or for each time zone. This allows the
route interpolation using the interpolated route information
30 appropriate depending on the type of vehicles or tinme zone.

[ 0035]
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The interpolated route informati on 30 al so includes the
interpolated route in a case of assumng a U-turn or the I|ike.
For exanple, as shown in FIG 4(a), assum ng a road
configuration of branching off such as froma link ID 3010
into alink ID 3011 and a link I D 3051. In the road
configuration like this, if the junp source link is 3052 and
the junp destination link is 3013, it nmay be assuned that, as
showmn in FIG 4(b) by a broken line, a road of the link ID
3052 is travelled part of the way but a U-turn is made to
return to the turnoff and a link 1D 3011 is entered.
Therefore, the interpolated route information 30 is preferably
created assum ng the case of the link discontinuity by way of
the U-turn like this. In this case, the interpolated route
information 30 is the information as shown in FIG 5.

[ 0036]

In the case where the link I Ds consecutively specified by
the link specifying unit 13 are continuous, that is, the junp
flag of the link information (see FIG 6) input fromthe |ink
specifying unit 13 is O, the noving route creation unit 15
(see FIG 1) outputs the relevant link information to the fee-
chargi ng processing unit 20 described later. On the other
hand, in the case where two |inks consecutively specified are
di sconti nuous on the map information, that is, the junp flag
of the link information is 1, the unit 15 uses the

interpolated route information 30 stored in the interpol ated
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route information storage unit 14 to interpol ate that
di sconti nuous zone and create the link information to which
the link ID of the interpolated route is added (route
interpolation neans). FIG 7 shows an exanple of the link
information after interpolating the route. As shown in FIG
7, inthe link information after interpolating the route, the
clock time of the link information this time is set as the
clock time information for the link IDin the interpol ated
route and the junp flag is changed to 0. The nobving route
creation unit 15 outputs the link information after the
interpolation to the fee-charging processing unit 20.

[ 0037]

Further, as for the link information specified by the
link specifying unit 13 and the link information having
required to be interpolated, the noving route creation unit 15
creates the noving route using the link information after the
interpolation. FIG 8 shows an exanple of the noving route
information. In the link information having the junp flag set
to 1, of the nmoving route information shown in FIG 8, the
information for interpolating the discontinuous zone is not
defined in the interpolated route table, indicating that the
i nterpol ati on was not perforned.

[ 0038]

Next, a description is given of the fee-charging

processing unit 20.
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The fee-charging processing unit 20 includes the fee-
charging information storage unit (fee-charging information
storage neans) 21, the determination unit (determ nation
means) 22, the notification unit (notification neans) 23, and
t he fee-chargi ng nmanagenent unit 24, as shown in FIG 1.

The fee-charging information storage unit 21 stores
therein notified link information (notified |line segnent
information) in which the link IDwhich is required to be
notified relating to the fee-charging, and fee-charging |ink
information in which the link IDof the [ink in which there is
a border between the fee-charging area and an outside of the
fee-charging area are registered.

[ 0039]

The determ nation unit 22 determ nes whether or not the
l[ink I D described in the link information input fromthe
nmoving route creation unit 15 is registered in the notified
link information stored in the fee-charging information
storage unit 21, and in a case of determning that the link ID
is registered, outputs that determ nation to the notification
unit 23.

In addition, the determ nation unit 22 determ nes whet her
or not the link ID described in the link information input
fromthe noving route creation unit 15 is registered in the
fee-charging link information stored in the fee-charging

information storage unit 21, and in a case of determ ning that
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the link IDis registered, outputs that determ nation to the
f ee- char gi ng managenent unit 24.

[ 0040]

The notification unit 23, in a case of receiving a
notification fromthe determ nation unit 22, notifies the
driver of the information concerning the fee-charging. For
exanple, the unit 23 notifies of entering the fee-charging
area in the case of entering the fee-charging area, and
notifies of going out of the fee-charging area in the case of
goi ng out of the fee-charging area. The notification may be
t hose appealing to a sense of hearing such as voice, or those
appealing to a sense of sight such as a nessage displayed on
an on-board display screen.

When the fee-chargi ng managenent unit 24 receives the
notification fromthe determnation unit 22, the unit 24
starts the fee-charging in a case of existing outside the fee-
charging area until this tinme and ends the fee-charging in a
case of existing inside the fee-charging area.

[ 0041]

Next, a description is given of an operation of the on-
board device 1 configured to include the above descri bed
configuration.

First, current positional information of the vehicle is
acquired by the positional information acquisition unit 11 by

means of the GPS or the like, and this positional information
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is made to correspond to tine informati on and output to the
link specifying unit 13. The link specifying unit 13
specifies the link ID of the Iink corresponding to the current
position by use of the input positional information and the
map information stored in the map information storage unit 12.
Further, the link specifying unit 13 determ nes whether or not
the specified link is discontinuous with the previously
specified link. Then, the unit 13 creates the |link
information in which a result of the determination, a position
acquiring clock time, and the link ID are associated with each
other (see FIG 6), and outputs the created information to the
nmovi ng route creation unit 15.

[ 0042]

The noving route creation unit 15 refers to the junp flag
of the link information input fromthe |ink specifying unit
13, and, if the junp flag is 0, outputs the link information
fromthe link specifying unit 13 as it is to the fee-charging
processing unit 20. In contrast to this, if the junp flag is
1, the unit 13 refers to the interpolated route information 30
stored in the interpolated route information storage unit 14
to interpolate the noving route, and outputs the |ink
information after interpolating the route to the fee-charging
processi ng unit 20.

[ 0043]

Further, the noving route creation unit 15 couples the
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[ink information (link information after the interpolation is
used for the link informati on having required the route
interpolation) with each other in a tine series manner to
create the noving route information (see FIG 8).

[ 0044]

The link information output fromthe noving route
creation unit 15 is occasionally input to the determ nation
unit 22 in the fee-charging processing unit 20. The
determ nation unit 22 determ nes whether or not the link ID
defined in the link information occasionally input fromthe
nmoving route creation unit 15 is registered in the notified
link information stored in the fee-charging information
storage unit 21, and in a case of determining that the link ID
is registered, outputs that determnation to the notification
unit 23.

In addition, the determi nation unit 22 determ nes whet her
or not the link ID defined in the link information
occasionally input fromthe noving route creation unit 15 is
registered in the fee-charging link information stored in the
fee-charging information storage unit 21, and in a case of
determning that the link IDis registered, outputs that
determ nation to the fee-chargi ng managenment unit 24.

[ 0045]

The notification unit 23 notifies the information

concerning the fee-charging according to the information input
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fromthe determ nation unit 22. This allows the driver to be
tinmely notified of entering the fee-charging area and going
out of the fee-charging area.

Addi tionally, when the fee-chargi ng managenent unit 24
receives the notification fromthe determnation unit 22, the
unit 24 starts the fee-charging in a case of existing outside
the fee-charging area until this tinme and ends the fee-
charging in a case of existing inside the fee-charging area.

[ 0046]

As descri bed above, according to the on-board device 1
and the route interpolating nmethod therefor, and the route
interpolating programin the enbodi ment, the interpolated
route information 30 interpolating the discontinuous zone
between the links is prepared in advance, and if the |inks
consecutively specified by the Iink specifying unit 13 are
di sconti nuous on the map information, this interpolated route
information 30 is used to interpolate the discontinuous zone.
Therefore, the discontinuous zone can be interpolated with the
interpolated route suitable for the fee-charging by storing in
advance the interpolated route suitable for the fee-charging
as the interpolated route information 30. This allows a
vehi cl e occupant to be tinely notified of the accurate fee-
charging information and a di sadvantage al so to be cancel | ed
that the fee is charged in spite of not entering the fee-

chargi ng area.
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[ 0047]

In addition, the interpolated route information 30 is
prepared depending on the tinme zone or the type of vehicles,
allowing to deal with the case of a road closed to traffic
depending on the tine zone or a road which a vehicle is
prohi bited from passing through depending on the type of the
vehi cl e.

Further, the interpolated route information 30 is updated
at a predetermned tine interval, which nakes it possible to
i nterpol ate the discontinuous zone on the basis of the
interpolated route information 30 suitable for an occasi onal
road condition.

[ 0048]

Note that in the interpolated route information 30
according to the enbodi nent, fee-charging cancel information
may be added to the individual link IDs constituting the
i nterpol ated route.

For exanple, in the road configuration as shown in FIG
4, assunme a case where the link IDs 3051 and 3052 are the
links to be fee-charged and stored in the fee-charging |ink
information. In this case, if the link IDs consecutively
specified by the link specifying unit 13 are 3052 and 3013,
the route interpolation owing to the link discontinuity is
performed on the basis of the interpolated route information

30 shown in FIG 5 and the link informati on after
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interpolating the route is link information of passing through
the link I Ds 3052, 3051, 3011, 3012, and 3013. The
determ nation unit 22 receiving the link information |ike
this, which includes the link IDs 3051 and 3052 to be fee-
charged, determines that the fee-charging link information has
regi stered therein the link IDs, and then, the fee-charging
managenment unit 24 starts the fee-charging.

In such a case, there is a case where the fee-charging
operator may want to avoid the fee-chargi ng because of turning
back in the mddle of the toll road which was actually
ent er ed.

[ 0049]

In order to cancel such a disadvantage, the information
for cancelling the fee-charging is added in the interpol ated
route information 30. For exanple, as shown in FIG 9, the
fee-charging cancel information is associated so as to
correspond to the Iink IDs 3052 and 3051. The link IDto
whi ch the fee-charging cancel information like this is added
is not to be determ ned by the determ nation unit 22.

This can avoid the fee-charging owing to even the case
where the interpolated route includes the link determned to
be the toll road.

[ 0050]

Note that the present invention is not limted to only

t he enbodi nents descri bed above but various nodifications may
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be made such as by conmbining a part or all of the enbodi nents

descri bed above wi thout departing fromthe scope of the

i nventi on.

Ref erence Signs List:

[ 0051]

1: On-board device

10:

11:

12:

13:

14:

15:

20:

21:

22:

23:

24:

Rout e specifying processing unit

Positional information acquisition unit

Map i nformation storage unit

Li nk specifying unit

I nterpolated route informati on storage unit
Movi ng route creation unit

Fee- char gi ng processing unit

Fee-charging information storage unit
Determ nation unit

Notification unit

Fee- char gi ng nanagenent unit
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CLAI M5

1. An on-board device conpri sing:

a positional information acquisition nmeans acquiring
positional information of a nobile object;

a map information storage nmeans storing map i nformation
in which aroad is divided into a plurality of |ine segnents
in a pseudo manner and each of the divided |line segnents is
made to correspond to unique identification information and
t he positional information;

a line segnent specifying nmeans specifying a |ine segnment
on the map information corresponding to current positional
informati on of the nobile object;

an interpolated route informati on storage nmeans storing
interpolated route information in which a conbination of two
di scontinuous |ine segnents and a |ine segnment constituting an
interpolated route for connecting the former |line segnents are
uni quel y defined; and

a route interpolation neans using the interpolated route
information to interpolate a discontinuous zone in a case
where two |ine segnments consecutively specified by the |ine
segnent specifying neans are di scontinuous on the map

i nf ormati on.

2. The on-board device according to claim1, further

conpri si ng:
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a fee-charging informati on storage neans storing notified
[ine segnent information in which the identification
information of a line segnent which is required to be notified
relating to fee-charging is registered,

a determ nation nmeans determ ning whether or not the line
segnents specified by the |line segnent specifying neans and
the line segnent constituting the interpol ated route
interpolated by the route interpolation neans are registered
inthe notified line segnment information in the fee-charging
i nformati on storage neans; and

a notification nmeans notifying information concerning the
fee-charging in a case where the determ nati on neans

determ nes the registration.

3. The on-board device according to claim1 or 2, wherein
the interpolated route information is updated at a

predeterm ned tine interval

4. The on-board device according to any one of clains 1 to
3, wherein
the interpolated route information is prepared dependi ng
on at least one of a tine zone and a type of vehicles, and
the route interpol ation nmeans uses a interpolated route
information satisfying a condition to interpolate the

di scontinuous |ine segnents.
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5. The on-board device according to any one of clainms 1 to
4, wherein

in the interpolated route information, fee-charging
cancel information is nmade addi ble as attribute information to

the line segnent constituting the interpolated route.

6. A route interpolating nmethod for an on-board device in
whi ch map information in which a road is divided into a
plurality of Iine segnents in a pseudo manner and each of the
divided line segnents is nade to correspond to uni que
identification information and the positional information, and
interpolated route information in which a conbi nation of two
di scontinuous |ine segnents and |ine segnents constituting an
interpolated route for connecting the former |ine segnents are
uni quely defined are prepared in advance, the nethod
conpri si ng:

a positional information acquisition step of acquiring
positional information of a nobile object;

a line segnent specifying step of specifying a |line
segnent on the map information corresponding to current
positional information of the nobile object; and

a route interpolation step of using the interpol ated
route information to interpolate a discontinuous zone in a

case where two |line segnents consecutively specified in the



30
I ine segnment specifying step are discontinuous on the map

i nf or mati on.

7. A route interpolating programfor an on-board device in
whi ch map information in which a road is divided into a
plurality of Iine segnments in a pseudo manner and each of the
divided line segnents is nade to correspond to unique
identification information and the positional information, and
interpolated route information in which a conbi nation of two
di scontinuous |ine segnents and |ine segnents constituting an
interpolated route for connecting the former |ine segnents are
uni quely defined are stored in a storage neans in advance, the
program causi ng a conmputer to execute:

a positional information acquisition process of acquiring
positional information of a nobile object;

a line segnent specifying process of specifying a line
segnent on the map information corresponding to current
positional information of the nobile object; and

a route interpolation process of using the interpol ated
route information to interpolate a discontinuous zone in a
case where two |line segnents consecutively specified in the
i ne segment specifying process are di scontinuous on the map

i nformati on.



