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(57) Abréegée/Abstract:

VWhen transmitting an on-road location on a digital map, an information provider transmits, as on-road location information, string of
coordinates information representing the road shape of a road section including the on-road location having a predetermined
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(57) Abrege(suite)/Abstract(continued):

length, additional information including at least one information item chosen from a group of the attribute information on the road
Including the road location and detailed information on the nodes Is the road section, and relative information indicating the on-road
location In the road section. Recelving party receiving this on-road location information performs shape matching to identify the
road section on a digital map and uses relative data to identify the on-road location In this road section. The recelving party can

identify the road shape with high accuracy even when only a small amount of string of coordinates data Is available. This makes it
possible to reduce the data transmission amount and identify an on-load location with high accuracy.
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ABSTRACT OF THE DISCLOSURE

When transmitting an on~road location on a digital map,

aninformationprovider transmits, ason-road location information,

string of coordinates information representing the road shape

of a road section including the on-road location having a

predeternined length, additional information including at least
one information item chosen from a group ‘of the attribute
information on the road iﬁcludir;q the foad location and detailed
information on the nodes in. the road section, and relative
inf'qrmtion- indicating the oﬁ-road location in the road saction.
Receiving pa'rty.rtceiving this on~road Jlocation information
performs shape matching to identify the road sectionon a digital

nap and uses ralative data to identify the on-road location in

this road section. The receivinq'party can identify the road

shape with high accufacy even when only a small amount of string

6! coordinatas data is available. This makes it possible to

reduce the data transmission amount and identify an on-load

location with high accuracy.
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A METHOD FOR TRANSMITTING LOCATION INFORMATION
ON A DIGITAL MAP

BACKGROUND OF THE INVENTION
1.Field of the Ihvention -

The present invention relates to an information transmission
method for reporting on~road location {information such as traffic
jams and accidents in a traffic information provision system,
and in particular to sgch a method that can correctly report

a location on a digital map.

2. Description of the Related Art

| In recent years, the number of vehicles that have car-mounted
navigatioen apparatus has been increasing rapidly. The
car-mounted navigation system has a digital map database and
is capable of displgying the map around the vehicle on a screen
based on the latitude/longitude data received by a GPS receiver
as well as dispia-yinq the travel locus and the result of search
for a2 route to the destination on the map.

In Japan, digital map databases are prepared by several
cpmpani es. The problefn is that map data contains errors inherent
in t;hc rcducodfscalg maps_.; Some df the maps on the market drawn
on the scale of 1:25000 contains ar_:rors of about SO0meters depending

on the locatiorf, and the 'errofs 'vary with digital maps available

from those companies.
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Latitude/Lonqitude data obtained from a GPS receiver may
contain errors of s@vcral tens of meters.

Some modals of car-mountednavigation apparatus ori themarket
receive traffic jam information and accident information from
a traffic‘ infomation ppovision system and d.isz:lay the traffic

jam and accident locations on the map or performs route search

‘using such information as additional search conditions.

In a prior traffic ihformation provision systenr, as sp_ow'n

- in Fig. 8, <traftic imfdmation is provided Ifrom a traffic

information collecting center 71 that has local jurisdiction
over an area to an information delivery center 72. Traffiﬁ
information edited for each .t:ansmission medium including FM
broadcasts, road beacons and cezll phones is transmitted via
respecfive media.

The traffié ‘inforrn-a.ti‘bh collectiriq canter 71' exchanges
traffic information with a traffic¢ information collecting center
78 in othex areas to co.lect tzaffic information in a wide service
area including the peripheral areas.

In the traffic information, for example, Iin case
latitude/lonqitudi data on the location is presented sione in
order to report a traffic jém location or accident location,
various errors are contained depending on the kind of digital
map database of the car-mounted navigation apparatus as mentioned

earlier. Thus, different locationsonthercadcouldberecognized

as the accident location by the car-mounted navigation apparatus

retaining a digital map database from Company A and the car-mounted

.9



10

15

20

25

CA 02372286 2002-02-14

navigation apparatus retainingadigitalmap database fromCompany
B.

In order to alleviate incorrect information transmission,
as shown in Fig. 9A, croasingé. 3, b on a road r.etwork are assumed
as nodes, and a road ¢ connectinq the nodes as & link. Each
node 1s assigned a node number uniquely representing the node
(a=111l, bw=3333). Each link is assigned a link number uniquely
represgntinq the link (c~i1113333)o The node numbers and link

numbers thus assigned are stored in the digital map database
of each company. in co:.’:ispondehce with each crossing and road.
Traffic informaticn represents a point on the road by first

specifying a link number then the distance in meters from the

"start of the link. For example, a representation "Location 200

meters from the start of the road with link number=11113333"
allows the' user to obtain the location P on the same road oYy
tracing the road with link number=11113333 as far as 200 meters
from the node with node number- 1111, irrespective of what digital
map data 1s used by the car-mounted haviqation system in question.
- Node numbers and link numbers detinéd on a road network

must be changod to new numbers in case a road d is constructed
dr a road is modified as shown in Fig. 9B. Such modifications
to node numbers and link numbéx:.s require updating of digital
map data from each company.

Construct‘idn of ind modification to a road continue into

the future. As long as on-road location representation is made

using node numbers and link numbers, maintenance of digital map

-3
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databasesis pémin‘ently acconipaniod byhugeworkloadandresulting
costs.

The information delivery center must send information that
complieswithpast node numbers and 1ink numbcrs forapredetermined |
period, for example three to five years, as well as the information
of Qhe latest year, in order to support navigation systems sold
in the past. This causes huge maintenance workload.

Inorder to solve such problems,_ the inventor of the invention
has proposed a location information transmission rﬁethod that
canreportalccationonadigital mapwithout excessivemaintenance
workload (JP2001?041757 A) .

In this locatidn' information transmission method, an

information provider transmits on-road location information by

. -using road shape data consisting of string of coordinates

representing the road shape of a road section including the on-road
locationhavingapredetermined lengthandrelativedataindicating
the on-road location in the road section. A party receiving
the on-road location information performs shape matching to

identify the road section on the digital map and uses relative

data to identify the on-road location in this road section.

For example, in case a traffic jam has occurred in the section
A to B on the road shown in Fig. 6, the road shape of the road
including the seétion’is displaved in a string of ccordinates

consisting of 601 points in S-meter intervals, Po¢ (Xo, Yo).,

Pr{Xi, Y1) s vs Peoo(Xgoc, Ycoo); Here, xx and y« are latitude and

longitude data of the on-road point Py acquired from the digital



CA 02372286 2002-02-14

map databa:e retained by the information provider. Further,
‘the distance 1, from the point Po(Xo,Ye) to the traffic jam start
point A and the distance 1, from the point Pe(Xe,ye) to the traffic
jam end point B are obtained and the road shape data:

K (Xo,Ve) (X1, Vi)s .../ (X¢oo,Yeoo) and traffic jam distance data: 1,
to l; m are generated as location information. This location
infoxmation :.s convetted to a predettrmined transmission format
and sent to the receiving party.

The rec‘:eiving party that has received this information

10 performs shape matching of map data in the digital map database
retained by the receiving party and the received map shape data,
and'identif.ies the map shapeon itsowndigital map. The receiving
party identifies the .traffi;: jam section to be displayed on its
digital map based on the distance data from the start point of

15 the road sebt'icn. -

Fig. 7 shows an examplae of 'shape matching.

Roads Q, R included within the error range around the Pq
(X0, Yo) poOint of map data read from the digital map database ?
are selected as candidates.

20 Then, locations Q¢, Ro on aa'ch candidate road closest to
Po (Xo,Yyo) are obtained and distance P¢-Qo and distance Po~R, are
calculated.

This operation 1is carried out for each point P;(x:,
Yi), .. .,Psoo(xsoﬁ,ycoo) and the road section where the summation
25 value of the root mean square of the distances from each point

Po, Pi/e.or Peoo 1S SMmal.lest 1is obtained.

. ‘5'
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Then the section .l,-1; meters from the start point of the
road section is identified as a traffic jam section.

Inthisway, it i$ possible for the receiving party to identify
an on-road location without dofininq node numbexs or link numbers,
by providing road shape dafa representing a road shape using
a string of coordinates.. This location information can be used
when traffic information is exchanged between traffic information

collecting centers or when traffic information is provided from
an M station or road heacon.

This mot'hod is disadﬁantagcous in that it requires location
information oh agreat numbe'z",osf pﬁihts on the road tobe transmitted
in order to corrqctly rdpo-rf the road shape and is consoquently
accompanied by huqe’traxﬁismit data. Reducing the number of points

on the target road could invite erroneous matching at the receiving

party.

SUMMARY OF THE INVENTION

The invention solves such problems and aims at providing

a location information transmission method that can report a

road shape by using only a small amount ¢f data in transmitting

- the road shape by using location information on a plurality of

points on the road.

Accor@inq totheinvention, whenreportinganon-roadlocation

~on a digital map, an ‘information provider transmits, as on-road

location infomation, string of coordinates information
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representing the road shape of a road section including

the on—road location having a length that depends on the

situation, additional information including at least one

P

information 1item chosen from a group of the attribute

information on the road including the road location and
detalled 1nformation on the nodes in the road section,
and relative information indicating the on—road location

1n the road section. A party that has received this on-

road location 1nformation performs shape matching to
ident1fy the road section on a digital map and uses the
relative data to 1dentify the on-road location in this

road section.

In this way, by transmitting additional information

P

together with string of coordinate information, the

receiving party can 1dentify the road shape with high
accuracy even when only a small amount of string of

coordinate data 1s available. This makes it possible to

reduce the amount of data transmissions and identify an
on—-road locatlion with high accuracy.

As an aspect of the present 1invention, there 1s

provided a method for identifying a location of a road
segment 1n digital maps, each map containing errors

inherent 1in the reduced—scaling of the digital maps

and/or depending on the kind of the digital maps, the
digital maps 1ncluding a first digital map and a second

digital map, the second digital map showing the road

segment at a different location from the first digital

map due to the errors, the first digital map being stored
1n a transmitting apparatus, the second digital map being

stored 1n a recelving apparatus, the method comprising

the steps of: creating location information based on the

first digital map by the transmitting apparatus, the

p—

location information including: a string of coordinates

-] -
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of points which represents a first road shape of the road

segment on the first digital map, and attribute
information about the points or the road segment;
transmitting the location information from the
transmitting apparatus to the receiving apparatus;

receiving the location information by the receiving

apparatus; selecting from one or more road shapes on the

second digital map a second road shape which is most

closely matched with the first road shape specified by
the received location information; and identifying the
location of the road segment on the second digital map as
the location of the second road shape.

As another aspect of the present invention, there is
provided a transmitting apparatus for providing location
information to a receiving apparatus for identifying a
location of a road segment in digital maps, each map
containing errors inherent in the reduced—scaling of the

digital maps and/or depending on the kind of the digital

maps, the digital maps including a first digital map and

a second digital map, the second digital map showing the

road segment at a different location from the first
digital map due to the errors, the transmitting apparatus
comprising: the first digital map; an information
generator that generates, based on the first digital map,
location 1nformation including: a string of coordinates

P

of points which represents a first road shape of the road

segment on the first digital map, and attribute

information about the points or the road segment; and a

transmitter that transmits the location information from

the transmitting apparatus to the receiving apparatus.
As another aspect of the present invention, there is

provided a receilving apparatus for receiving location

information from a transmitting apparatus for identifying

_'7a_..
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a location of a road segment 1n digital maps, each map
containing errors inherent in the reduced—scaling of the
digital maps and/or depending on the kind of the digital
maps, the digital maps including a first digital map and
a second digital map, the second digital map showing the

road segment at a different location from the first

digital map due to the errors, the receiliving apparatus

comprising: a receiver that receives the location

ﬁ

information including: a string of coordinates of points

which represents a first road shape of the road segment
on the first digital map, the first digital map being
stored 1n a transmitting apparatus, and attribute

information about the points or the road segment; the

second digital map; and an i1dentifying unit that selects

from one or more road shapes on the second digital map a

second road shape which 1s most closely matched with the

first road shape specified by the received location

information and i1dentifies the location of the road

segment on the second digital map as the location of the

second road shape.

F

As another aspect of the present invention, there 1s

provided a system for identifying a location of a road

segment 1n digital maps, each map contalning errors

pr—

inherent 1n the reduced—scaling of the digital maps

and/or depending on the kind of the digital maps, the

-

digital maps including a first digital map and a second

digital map, the second digital map showing the road

g
b

segment at a different location from the first digital

map due to the errors, the first digital map belng stored

in a transmitting apparatus, the second digital map beling
stored 1n a receiving apparatus, the system comprising:

the transmitting apparatus that includes: the first

digital map; an 1information generator that generates,

- bh-
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based on the first digital map, location 1information

p— -

including: a string of coordinates of points which

represents a first road shape of the road segment on the

-

‘1rst digital map, and attribute information about the

points or the road segment; and a transmitter that
transmits the 1location information to the receiliving
apparatus; and the receiving apparatus that includes: a
receiver that receives the location information from the

transmitting apparatus; the second digital map; and an

ldentifying unit that selects from one or more road

shapes on the second digital map a second road shape

which i1s most closely matched with the first road shape

specified by the received 1location information and

identifies the location of the road segment on the second

—

digital map as the location of the second road shape.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A shows a flowchart of the procedure at the

sending party for 1implementing a location 1information

transmission method according to the 1nvention;

P

FF1g. 1B shows a flowchart of the procedure at the

receiving party for implementing a location information
transmission method according to the embodiment of the
invention;

Fig. 2A shows nodes and interpolation polnts as well

aS
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- connecting link angles at crossing nodes in a location information

transmission method according to the embodiment of the invention;
Fig. 2B shows connectinglink angles bywayof another method:
Figs. 3R and 3B are explanatory drawings of the processing

for omitting the interpolation points in a location information

| transmiSs ion method according to the embodiment of the 'i~nv'ontio;n;

Fig. 4 is a flowchart showing the procedure for omitting
portions of data from transmit data in a location information
transmpission mathéd accordinq td the embodiment of the invention:

Figs. SA and 53 show the structure of data transmitted via

" a location information transmission method according to the

embodiment of 'thc invention;

Fig. © is an explhnatory drawing of .road shape data and
distance data constituting the on-road location information in
a location information.-t:'rahszﬁissibn mathod previously proposed;

Fig. 7 is an explanétorﬁ drawinq showing an example of shape
matching; |

Fig.8ilsan exﬁiaﬁatory'drawihg showinga traffic information
provision system;

Fig. SA is an explanatory drawing of node numbers and link
numbers;.

Fig. 9B is an explanator-y drawing of modifications to node

numbers and link numbers made when a new road is congtructed.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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A location infofmation transmission method in an embodiment
of the iﬁvention, information that already exists in a digital
map database is used to transmit a road shape to the distant
party. | '

§ . .. This location information transmission method uses nodes
and interpolation pbints for nodes included in a digital map
database, as a plura;ity o# poix}ts‘ cn a road reprosohtinq string
of coordinat'es.' The nédés aré on-road points specified. in
corresporﬁdencc with crossings, entrances/exits of tunnels,

10 entrances/exits of bridges and boundaries of administrative

districts. The.interpolation points are pcints specified to

reproduce the road.shape AacCross nodses.
. Flig. 2A illustrates Py, P:, P;, ... as nodes and interpolation
points on a digital m;p . Of these points, P; and Ps indicating
15 crossings are nodes and the other point are intcrpolation points.
frhe location mromation transmission method transmits,
- 8s additional infermation, detailed information oﬁ road types,
road numbers or crossiﬁg nodes that already exists in a digital
map database, on top of the .stri-ng of coordinate information
20 on the nodes and interpolation points.

The road type is information to distinguish between
exXpressways, z{ational highways, and major local highways. . The
road numbers are numbaers assigned to roads, such as National
‘Highway 246. Detailed.informatidn On Crossing nodes includes

25 the number of cros‘si'ng l'ihks that. connect to the node and the

angle of crossing links that connect to the "node._ The number

T A 8 e e S ey
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of crossing links of the crossing node P¢ in Fig. 2A is 2. The

. angle of connecting links 1is represented as d,, d; formed by the

lin.ks. The angle betwéen. connecting links may be represented
as d':, d's measured with respect to the true north of each link
(dotted line) as shown in Fig. 2B.

The additional information includes crossing names used
for crossing nodes and information on entrances/exits of tunnels,
entrances/exits of bridges and boundaries of administrative
districts represented by nédes.

The additional information includes information on the
accuracy level of the base map such as data obtained from the
nap on a scale of 1 to 25,000 or 10,000, in order to provide
a standard for accuracy of transmitted information.

In the location information transmission method, from the

viewpoint of reducing the data amcunt, length of a string of

node/interpolation point coordinates to be acquired from the

periphery of the event location is changed and the coordinates

of interpolation points that contribute less to the improvement
of accuracy in shape matching are omitted.

Generally, in case the road dens.ity is high and a number
of roads are runninq in pﬁrallel, the receiving party tends to -
suffer from erroneous matching thus making it more difficult
toperformcorrect shapematching. Thus, thelocation information
transmission system retrieves the road density of the periphery
of the eveht location and presence/absence of roads runninq in

parallelwiththe target roadwhenacquiringastringof coordinates

.10..
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of nodes and interpolation point from the periphery of the event
location. Themethod thenacquires a longer string of coordinates '
of node/interpolation point in case erronecus matching iS likely
to result\by 2ls0 considéring the accuracy level of the map,
and a shorter node/in;erpolation point string of coordinates
in case erroneocus matching is unlikely to result.
Interpolation point omitting processing determines whethar
the interpolation points are to be omitted in accordance with
the omit;inq conditions that are based on the distance and the

angle. An interpolation point is omitted only when the bearing

has changed by less than an angle of o (degrees) from the preceding

node or int.rpolation'point against the bearing and the distance .

from the preceding node or interpolation point is less than B
(m) .

In Fig. 3A, the interpolation point Pu., i8 omitted because

the beariﬁg de from the interpolation point is less than g and

the distance g« from the interpolation point Px is less than B.

For the next interpolation point Py, it is determined whether

the bearing d', and the distance g'x from the interpolation point

P. satisfy the thinning~-out conditions. In fact, the distance

g'x is shorter than B but the bearing deviation d'x is larger than

o S© that the interpc;ation point Puxez is not omitted.

Inthecaseocf Fig. 3B, the interpolationpoint Px..is omitted.

For the ir_xterpolatio'n point Py, the bearing deviation d'. is

.;11.
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smaller than g but distance g'. is longer than B, so that the

interpolation point 5»: 13 not omitted.
Fig. 4 shows the flow of the thinning~out procedure.
(Step 21:) For the interpolation pdint Pn whexe n=1, (Step
22:) it is determined whether the bearing deviation d,. froin the

preceding intorpolationvpoiht or node is smaller than . 1In

case it is smaller than g, (Step 23:) it is determined whether
the distance g, fxrom the preceding interpolation point or node
is shorter than f. In case it is shorter than g, (Step 24:) the

intarpolation point P, 1s omitted.
(Step 25:)Processing of Step 22 through 24 is repeated for

interpolation points P. where n is incremented by 1.
In case d, is larger than ¢ in Step 22, and in case gnh 18

longer than B, execution proceeds to Step 25 without omitting
the .interpolation point P,.

Figs. SA and 5B show the data structure of a string of
coordinates of the node and interpolation point data (node line
information) obtained after omitting the interpo'lation points
and the corresponding additional information.

The node string information in Fig. SA assumes the nodes
and interpolition pdints on the taréet road as nodes. In the
node string information, longitude/latitude data of the po‘sition
P1 18 entered as cooxdinate values of the first node number Py,
‘Longitude/Latitude data of the positions P;, ..., P, as well as

difference data (X2, y2).,..., (Xn,ya) from the longitude/latitude

o 12.
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data of the position P, is entered as coordinate values of the

. next and subsequent noce numbers P; ,...,Pr. In this way, by’

representing the second and subsequent node pogitions in relative

coordinates, it is pos‘s'ible to reduce the data amount.
Whilerelative céo:dinate isrepreasentedbyusingdifferences
from the longitude/latitude of the position P; in this example,
1t is possible to represent relative coordinates in difference
from the immediately preceding node (for exanple difference from

Pp-1 in the'caso of P.). By doing so, it is possible to further

reduce the data amount in the dat"n line information.

The. addiltional information in Fig. SB displays the roa&
type code, roadnumberof the target road and thenumber of crossings
representing the numbexr of crossing nodes included in the
additional information. Moreover, for crecssing riodes, the |
additional information "'diéplays the node number (P;) linked to
the node string 1nformatioﬁ, the number of connecting links (12)
to the crossing node (P;!. th. connecting link angle of the first
connecting link (1) to the .crossinq node (P:),..., the connecting
link angle of the twelfth connecting link (12) to the crossing
node (P:) respectively for each crossing node.

The node line inmrma:tion and the additional information

are used to set the i:oad shape of a predetermined road section.

The relative data is used to set the on-road location in the

road section to be identif‘iﬁe‘d. |

Figs. 1A and 1B show flowcharts of the procedures at the

sendingpartyand thereceivingparty for implementing the Location

- 18-
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information tr’ansmissibh method.

The g;nding party, .
(Step 1:) on input of the location of an on-road event such as
a traffic jam Or an accident, -
(Step 2:) acquires the string of coordinates of the nedes and
interpolation points on the périphc'ry of the event location from
the digital map database retained by the sending party.
(Step 3:) acquirés\the aéditidnhl information frem the digital
map database,
(Step 4:) omits the interpolationpoints, represents the resulting

string of coordinates of nodes and interpclation points after

. omitting the interﬁolation ‘points in relative coordinates,

19

20

28

generates node string information,
(Step 5:) -converts the node strinq‘information and additional
information representing the road section as well as the relative

data representing the event location in the road section to the

transnission format,

- (Step 6) and transmits the resultinq information.

The receiving party |
(Step 1l1) ﬁpon receiving datd,

(Step 12:) performs shape matching by checking the received node

string information and additional information against the data
in a diqittlmgp database retained by the receiving party, and
identifies the road section corresponding to the transmitted

road shape information.

The shape matching can be made using the approach shown

. 14.
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in Fig. 7 as'mentioned earlier. In this practice, it is possible
to limit the candidatg roads based on the road type code andf
the,road-number inthe additional information. When the locations
Q«, R« on each candidate road corresponding to the location P,
having each node number in the node line information is obtained
while Px is a crossing node, it is possible to check the received

data against the crossing information on the crossings located

in the close vicim}ty oL Qx, R;thereby removing the nonconforming

roads from the can'didatel roads.' This cbtains the corresponding
road  section quite accuratelysahd quickly.

(Step 13:) The receiving party, identifying tt}e target road
section, verifies thea event locationinthe identitied road section
based on the rglétive data representing thé event location, then '
displays the cvent‘-iécationw in the display s?:reen.

In this way,. accordiné-'; to the location information

transmission method, additional information is transmitted so

that it is possible for the recaivmq party to correctly grasp

the on-road location on a digital map even when the data amount

in the string of coordinates is reduced.

It 18 of course possible to use some location information

‘represented on a digital map beside traffic information as long

as the location infoxmation is calculated by using shape matching.

The location in:.omation transmission method may be also used

in the following applications:

- Shape data other than road data (house shape, river shape,

administrative boundary, contour line) is used together with

.15'..
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additional information to transmit location information.

- When a piurality of events axre adjacent to each other, aplurality
of events are defined in a . single shape data item to reduce the
information amount.

5 '~ More than one reference points are defined on éhape .data.
Each event point off the road is represented in distance and
direction from eich reference point. Shape data matching is
made, thentheoff~rocadeventpointsarecobtainedusingthedistance
and direction from each reference point obtained anew.

As understood from the foregoing description, a location

10
information transmission method according to the inv-ntion can
correctly tzansmit the location on a digitai map to a distant
party without using nc}de numbers or link numbers on a road netwoxk.

The method transmits additional information as well as node

18 1line information. This substantially reduces the amount of data
transmission necessary for reporting location information and
allows the receiving party to grasp the location quite accurately
and quickly. '

" With this method, it is possible to substantially reduce

20 workload and costs for maintenance of digital map databases thus
reducing ghe social costs formaintaining the traffic information

provision system.

.16.
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THE EMBODIMENTS OF THE PRESENT INVENTION IN WHICH AN
EXCLUSIVE PROPERTY OR PRIVILEGE IS CLAIMED ARFE DEFINED AS
FOLLOWS:

-

1. A method

for identifying a location of a road
segment 1in digital maps, at least one o©of each map
containing errors inherent in the reduced-scaling of the
digital maps or depending on the kind of the digital
maps, the digital maps including a first digital map and
a second digital map, the second digital map showing the
road segment at a different location from the first
digital map due to the errors, the first digital map
being stored in a transmitting apparatus, the second
digital map being stored in a receiving apparatus, the
method comprising the steps of:

creating location information based on the first
digital map by the transmitting apparatus, the location
information including: a string of coordinates of poilnts
which represents a first road shape of the road segment
on the first digital map, and attribute information about
the points or the road segment;

transmitting the location 1information from the
transmitting apparatus to the receiving apparatus;

receiving the location information by the receiving
apparatus;

selecting from one or more road shapes on the second
digital map a second road shape which is most closely
matched with the first road shape specified by the
received location information; and

identifying the location of the road segment on the

second digital map as the location of the second road

shape.

17
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2. The method according to c¢laim 1, wherein the

attribute i1nformation includes at least one information

item chosen from a group consisting of road type code,

road number, toll highway code, number of traffic lanes,

regulation information, road width, number of connecting
links to a crossing node, and connection angle of each

connecting link to a crossing node.

3. A transmitting apparatus for providing location
information to a receiving apparatus for identifylng a
location of a road segment 1n digital maps, at least one
of each map containing errors 1nherent 1n  the
reduced—scaling of the digital maps or depending on the
kind of the digital maps, the digital maps including a
first digital map and a second digital map, the second
digital map showing the road segment at a different
location from the first digital map due to the errors,
the transmitting apparatus comprising:

the first digital map stored in the transmitting
apparatus;

an information generator that generates, based on
the first digital map, location information including: a
string of coordinates of points which represents a first
road shape of the road segment on the first digital map,
and attribute information about the points or the road
segment; and

a transmitter that transmits the location
information from the transmitting apparatus to the

receiving apparatus.

4. A receiving apparatus for receiving location

information from a transmitting apparatus for identifying

P

a location of a road segment in digital maps, at least

18
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one of each map containing errors 1inherent 1in the

reduced—scaling of the digital maps or depending on the
kind of the digital maps, the digital maps 1ncluding a
first digital map and a second digital map, the second
digital map showing the road segment at a different
location from the first digital map due to the errors,
the receiving apparatus comprising:

a receiver that receives the location information

F

including: a string of coordinates of points which

represents a first road shape of the road segment on the
first digital map, the first digital map being stored 1in
a transmitting apparatus, and attribute information about
the points or the road segment;

the second digital map stored 1in the receiving
apparatus; and

an identifying unit that selects from one or more
road shapes on the second digital map a second road shape

which is most closely matched with the first road shape

specified by the received location information and
identifies the location of the road segment on the second

digital map as the location of the second road shape.

5. A system for identifying a location of a road
segment in digital maps, at least one of each map

containing errors inherent in the reduced—scaling of the

digital maps or depending on the kind of the digital

maps, the digital maps including a first digital map and

a second digital map, the second digital map showing the

road segment at a different location from the first

digital map due to the errors, the first digital map

being stored in a transmitting apparatus, the second
digital map being stored in a receiving apparatus, the

system comprising:

19
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the transmitting apparatus that includes:

the first digital map stored in the transmitting
apparatus;

an 1nformation generator that generates, based on
the first digital map, location information including: a

string of coordinates of points which represents a first

road shape of the road segment on the first digital map,
and attribute information about the points or the road
segment; and

a transmitter that transmits the location
information to the receiving apparatus; and the receiving
apparatus that 1includes:

a receiver that receives the location information
from the transmitting apparatus;

the second digital map stored 1n the receiving
apparatus; and

an identifying unit that selects from one or more
road shapes on the second digital map a second road shape

which 1s most closely matched with the first road shape

specified by the received 1location information and

identifies the location of the road segment on the second

digital map as the location of the second road shape.

6. The transmitting apparatus according to claim 3,

wherein the attribute information includes at least one

information item chosen from a group consisting of road
type code, road number, toll highway code, number of
traffic lanes, regulation information, road width, number
of connecting links to a crossing node, and connection

angle of each connecting link to a crossing node.

7. The receiving apparatus according to claim 4,

wherein the attribute information i1ncludes at least one

20
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F

information item chosen from a group consisting of road

type code, road number, toll highway code, number of

F

traffic lanes, regulation information, road width, number

of connecting links to a crossing node, and connection

F

angle of each connecting link to a crossing node.

3 . The system according to c¢laim 5, wherein the

attribute information includes at least one information

P

item chosen from a group consisting of road type code,

gr——

road number, toll highway code, number of traffic lanes,

-

regulation information, road width, number of connecting

links to a crossing node, and connection angle of each

connecting link to a crossing node.

21
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