DESCRIPTION

Title of Invention
MAP MATCHING DEVICE, MAP MATCHING SYSTEM, MAP MATCHNG

METHOD AND PROGRAM

Technical Field

[0001]

The present invention relates to a map matching
device, a map matching system, a map matching metho d, and
a program.
Background Art

[0002]

For example, an on-board unit mounted on a vehicle
acquires a position measurement point (positioning point)
of a moving object by using a global navigation sat ellite

system (GNSS), various sensors, and the Ilike, and

determines a position of the position measurement p oint on

a map configured with a plurality of connected link S
(roads). In this case, a position measurement poin t
acquired in a case where a vehicle is located on a road

may not match a position of the vehicle on a link

corresponding to the road due to an error included in the
position measurement point or an error between shap es (for
example, a distance, a width, or an angle) of an ac tual



road and a link.

Thus, an on-board unit of the related art acquires
position measurement point in a predetermined cycle
example, per second), and performs a process called
matching for correcting a position measurement poin
that a movement trajectory of a moving object obtai
connecting a plurality of position measurement poin
which continue in a time series to each other confo
a shape of a link (for example, PTL 1). Consequent
on-board unit can determine a position of a vehicle
map by removing an error in a position measurement
and an error in a map.

Citation List

Patent Literature

[0003]

[PTL 1] International Publication No. WO2009/0607
Summary of Invention
Technical Problem

[0004]

However, for example, in a system in which a serve
collects position measurement points from a plurali
on-board units via a network, and performs a map ma
process, an interval of collecting position measure
points may be irregular according to a state of the

network or an interval of collecting position measu
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points may be set to be long in order to reduce a
communication amount between the on-board unit and
server. In such a case, a vehicle may move through
plurality of links after the server acquires a cert
position measurement point until acquiring the next
position measurement point. Since the server canno
understand which link the vehicle moves through amo
plurality of links connecting the certain position
measurement point to the next position measurement
in a case where even a link far away from the certa
position measurement point, which the vehicle canno
is judged as being a link closet to the next positi
measurement point, the server determines a position
link as a position of the vehicle. As mentioned ab
the map matching process performed by the server, t
a case where a position of a vehicle on a map canno
accurately determined.

[0005]

The present invention provides a map matching devi

a map matching system, a map matching method, and a

program capable of determining a position of a movi
object on a map even in a case where an interval of
collecting position measurement points is long.

Solution to Problem

[0006]
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According to a first aspect of the present inventi on,
there is provided a map matching device (20) which

determines a position of a moving object on a map

configured with a plurality of connected links on t he
basis of a position measurement point of the moving object.
The map matching device includes a candidate locati on
extraction unit (201) that extracts one or a plural ity of
candidate locations onto the link on the basis of t he
position measurement point; a movement cost determi nation
unit (202) that determines a movement cost for the link
connecting one of first candidate locations which a re the
candidate locations extracted on the basis of a cer tain
position measurement point to one of second candida te
locations which are candidate locations extracted o n the
basis of another position measurement point, for ea ch
combination of the first candidate locations and th e

second candidate locations; a movement possibility

judgment unit (204) that judges whether or not the moving
object is able to move from one of the first candid ate
locations to one of the second candidate locations for
each combination of the first candidate locations a nd the

second candidate locations on the basis of the move ment
cost; and a matching location determination unit (2 06)

that determines any one of the candidate locations

included in the combination for which movement is | udged



as being possible by the movement possibility judgm
unit, as a position of the moving object on the map

With this configuration, even in a case where a
certain position measurement point and another posi
measurement point are far away from each other, and
are a plurality of combinations of links connecting
certain position measurement points to another posi
measurement point, the movement possibility judgmen
judges whether or not a moving object can move thro
each combination of links on the basis of a movemen
and can thus determine only a candidate location fo
movement is possible in reality as a position of th
moving object on a map. Therefore, the map matchin
device can determine a position of a moving object
map even in a case where an interval of collecting
position measurement points.

[0007]

According to a second aspect of the present

invention, the movement cost determination unit det

a movement cost for each combination of the first
candidate locations and the second candidate locati

the basis of a movement cost table in which the mov

cost for the link connecting a certain linkage to a

linkage is recorded in advance for each combination

linkages.
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With this configuration, since a movement cost

between linkages is recorded in the movement cost t
advance, it is possible to reduce a process of the
movement cost determination unit determining a move
cost. The movement cost determination unit can sim
(accelerate) a process of determining a movement co
each candidate path on the basis of the movement co
table even in a case where there are a plurality of
candidate paths.

[0008]

According to a third aspect of the present inventi

the map matching device further includes a movable

distance estimation unit (203) that acquires a spee
the moving object at the position measurement point
estimates a movable distance which the moving objec
able to move between the time of measuring the cert
position measurement point and the time of measurin
another position measurement point on the basis of
speed. The movement possibility judgment unit judg
the moving object is able to move from one of the f
candidate locations to one of the second candidate
locations in a case where the movement cost is less
the movable distance.

With this configuration, the movement possibility

judgment unit estimates a movable distance which th
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moving object can move between the time of measurin
certain position measurement point and the time of
measuring another position measurement point, and t

is possible to improve the accuracy of judgment of
movement possibility in the movement possibility ju

unit.

[0009]

According to a fourth aspect of the present
invention, the map matching device further includes
score calculation unit (205) that calculates a scor
each candidate location on the basis of a distance
the position measurement point and the candidate lo
related to the position measurement point. The mat
location determination unit determines any one of t
candidate locations included in a combination for w
movement is judged as being possible by the movemen
possibility judgment unit, as the position of the m
object on the map on the basis of the score.

With this configuration, in a case where there are
plurality of combinations of candidate locations fo
movement is judged as being possible, a position of
moving object on a map can be determined on the bas
scores of candidate locations included in the combi

[0010]

According to a fifth aspect of the present inventi
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there is provided a map matching system including a
that measures a position of a moving object as a po
measurement point; a position measurement point col
section that collects the position measurement poin
measured by the client; and the map matching device
according to any one of the aspects.

[0011]

According to a sixth aspect of the present inventi
there is provided a map matching method of determin
position of a moving object on a map configured wit
plurality of connected links on the basis of a posi
measurement point of the moving object. The map ma
method includes a candidate location extraction ste
extracting one or a plurality of candidate location
the link on the basis of the position measurement p
movement cost determination step of determining a m
cost for the link connecting one of first candidate
locations which are the candidate locations extract
the basis of a certain position measurement point t
of second candidate locations which are candidate
locations extracted on the basis of another positio
measurement point, for each combination of the firs
candidate locations and the second candidate locati
movement possibility judgment step of judging wheth

not the moving object is able to move from one of t
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first candidate locations to one of the second cand
locations for each combination of the first candida

locations and the second candidate locations on the

of the movement cost; and a matching location

determination step of determining any one of the ca
locations included in the combination for which mov
is judged as being possible in the movement possibi
judgment step, as a position of the moving object o
map.

[0012]

According to a seventh aspect, there is provided a
program causing a computer of a map matching device
determines a position of a moving object on a map
configured with a plurality of connected links on t
basis of a position measurement point of the moving
to function as a candidate location extraction unit
extracts one or a plurality of candidate locations
the link on the basis of the position measurement p
movement cost determination wunit that determines a
movement cost for the link connecting one of first
candidate locations which are the candidate locatio
extracted on the basis of a certain position measur
point to one of second candidate locations which ar
candidate locations extracted on the basis of anoth

position measurement point, for each combination of
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first candidate locations and the second candidate
locations; a movement possibility judgment unit tha
judges whether or not the moving object is able to

from one of the first candidate locations to one of

second candidate locations for each combination of
first candidate locations and the second candidate
locations on the basis of the movement cost; and a
matching location determination unit that determine

one of the candidate locations included in the comb

for which movement is judged as being possible by t
movement possibility judgment unit, as a position o
moving object on the map.

Advantageous Effects of Invention

[0013]

According to the map matching device, the map

matching system, the map matching method, and the p
it is possible to determine a position of a moving
on a map even in a case where an interval of collec
position measurement points is long.
Brief Description of Drawings

[0014]

Fig. 1 is a diagram illustrating the overall
configuration of a map matching system according to
first embodiment of the present invention.

Fig. 2 is a diagram illustrating examples of
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position measurement points collected by a position
measurement point collecting section according to t
first embodiment of the present invention.

Fig. 3 is a diagram illustrating a functional
configuration of a map matching device according to
first embodiment of the present invention.

Fig. 4 is a diagram illustrating a process flow in
the map matching device according to the first embo
of the present invention.

Fig. 5 is a diagram for explaining a function of t
map matching device according to the first embodime
the present invention.

Fig. 6 is a diagram illustrating an example of a
movement cost table according to the first embodime
the present invention.

Fig. 7 is a diagram for explaining a process in a
movement cost determination unit according to the f
embodiment of the present invention.

Fig. 8 is a first diagram for explaining a process
in a movable distance estimation unit according to
first embodiment of the present invention.

Fig. 9 is a second diagram for explaining a proces
in the movable distance estimation unit according t
first embodiment of the present invention.

Fig. 10 is a diagram illustrating a hardware
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configuration example of the map matching device ac
to the first embodiment of the present invention.

Fig. 11 is a diagram illustrating a process flow i
a map matching device according to a second embodim
the present invention.

Fig. 12 is a diagram for explaining a function of
the map matching device according to the second emb
of the present invention.

Fig. 13 is a diagram for explaining a process in a
movement cost determination unit according to the s
embodiment of the present invention.

Fig. 14 is a diagram for explaining a process in a
score calculation unit according to the second embo
of the present invention.

Description of Embodiments

[0015]

<First Embodiment>

Hereinafter, a map matching system 1 according to
first embodiment will be described with reference t
1to 10.

[0016]

(Overall configuration of map matching system)

First, the overall configuration of the map matchi
system will be described with reference to Figs. 1

Fig. 1 is a diagram illustrating the overall
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configuration of the map matching system according to the
first embodiment of the present invention.

As illustrated in Fig. 1, the map matching system 1
includes a position measurement point collecting se ction
10, a map matching device 20, and a matching data
recording section 30.

The position measurement point collecting section 10

is a server collecting a position measurement point

indicating a position of a moving object such as a vehicle
or a pedestrian. The position measurement point

collecting section 10 collects position measurement points
transmitted from a plurality of clients A (A1, A2, ...) such
as an on-board unit mounted on a vehicle and a port able
terminal carried by a pedestrian, via a network NW such as

the Internet.

In the present embodiment, the client A records a

position measurement point indicating a position wh enever
the position of a moving object having the client A is
measured. The client A transmits a position measur ement
point measured when a predetermined time (for examp le, one

minute) elapses and when a predetermined event (for

example, starting and ending of the client A or sta rting
and stopping of a moving object), to the position
measurement point collecting section 10.

[0017]

-13-



Fig. 2 is a diagram illustrating examples of
position measurement points collected by the positi
measurement point collecting section according to t
first embodiment of the present invention.

As illustrated in Fig. 2, the position measurement
point collecting section 10 collects and accumulate
position measurement points received from the plura
clients A.

A position measurement point includes an apparatus
ID for specifying the client A, position informatio
(latitude and longitude) indicating a position of a
object, the measurement date and time at which the
position measurement point is measured, and a speed
and a movement direction (azimuth) of the moving ob
the time of measuring the position measurement poin
position measurement point may include altitude in
addition to latitude and longitude. The movement
direction of the moving object may include an incli
in the gravitational direction, indicating that the
object is traveling on a slope, in addition to an a

[0018]

The map matching device 20 performs a map matching
process on the basis of each of the position measur
points collected by the position measurement point

collecting section 10, and thus determines a positi
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(hereinafter, a matching location) of each of the c
A (moving objects having the clients A) on a map
configured with a plurality of connected links (roa

Details of a process of the map matching device 20
determining a matching location will be described |

[0019]

The matching data recording section 30 is a databa
on which a matching location of each moving object
determined by the map matching device 20 is recorde
association with a position measurement point.

[0020]

In the present embodiment, the position measuremen
point collecting section 10, the map matching devic
and the matching data recording section 30 are conn
to each other via the network NW. The position
measurement point collecting section 10, the map ma
device 20, and the matching data recording section
be connected to each other via a network LN such as
local area network (LAN).

[0021]

(Functional configuration of map matching device)

Next, a description will be made of a functional
configuration of the map matching device 20 with re
to Fig. 3.

Fig. 3 is a diagram illustrating a functional
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configuration of the map matching device according
first embodiment of the present invention.

As illustrated in Fig. 3, the map matching device
includes a candidate location extraction unit 201,
movement cost determination unit 202, a movable dis
estimation unit 203, a movement possibility judgmen
204, a score calculation unit 205, a matching locat
determination unit 206, a recording medium 207, and
operation management unit 208.

[0022]

The candidate location extraction unit 201 extract
one or a plurality of candidate locations onto a i
the basis of position measurement points collected
position measurement point collecting section 10.

Specifically, the candidate location extraction un
201 selects one or a plurality of links located wit
predetermined distance (for example, 10 m) from a p
measurement point on the basis of a map (Fig. 5), r
in advance on the recording medium 207, configured
plurality of links and a linkage connecting the lin
each other, and position information of the positio
measurement point. Details of the map will be desc
later.

The candidate location extraction unit 201 extract

a position which is located on the selected link an
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closest from the position measurement point, as a
candidate location. In a case where a plurality of
are selected, the candidate location extraction uni
extracts a candidate location for each link.

[0023]

The movement cost determination unit 202 determine
a movement cost for each combination of a link conn
a candidate location (first candidate location) ext
on the basis of a certain position measurement poin
candidate location (second candidate location) extr
on the basis of another position measurement point.
the present embodiment, the movement cost indicates
of lengths (distances) of one or a plurality of lin
connecting a certain linkage to other linkages, for
combination of linkages. In the present embodiment
movement cost table (Fig. 6) in which a movement co
set in advance for each combination of links is rec
on the recording medium 207. Details of the moveme
table will be described later. The movement cost
determination unit 202 determines a movement cost f
combination of links by referring to the movement c
table recorded on the recording medium 207.

In the following description, combinations of link
connecting the first candidate location to the seco

candidate location will also be referred to as cand
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paths.

[0024]

The movable distance estimation unit 203 estimates
movable distance which a moving object can move bet
the time of measuring a certain position measuremen
and the time of measuring another position measurem
point on the basis of a speed of the moving object
time (measurement date and time) of measuring the c
position measurement point and a speed of the movin
object at the time (measurement date and time) of
measuring another position measurement point.

[0025]

The movement possibility judgment unit 204 judges
whether or not the moving object can move through e
candidate path on the basis of the movement cost fo
combination (candidate path) of links determined by
movement cost determination unit 202.

Specifically, the movement possibility judgment un
204 compares the movable distance of the moving obj
estimated by the movable distance estimation unit 2
a movement cost for each candidate path. In a case
the movement cost for the candidate path is less th
movable distance, the movement possibility judgment
204 judges that the object can move through the can

path. On the other hand, in a case where the movem
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cost for the candidate path is equal to or more tha

movable distance, the movement possibility judgment

204 judges that the object cannot move through the

candidate path.

[0026]

The score calculation unit 205 calculates a score
each candidate location on the basis of a distance
a position measurement point and a candidate locati
related to the position measurement point.

In the present embodiment, a value obtained

multiplying the distance between the position measu

by

point and the candidate location by a predetermined

coefficient is used as a score of the candidate loc
As the distance between the position measurement po
the candidate location becomes shorter, a value of
becomes smaller.

[0027]

The matching location determination unit
determines, as a matching location, a candidate loc
for which a value of a score is smallest among cand
locations included in a combination (candidate path
links through which the moving object is judged as
capable of moving by the movement possibility judgm
unit 204.

The matching location determination unit 206 recor
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matching data in which the determined matching loca
associated with the position measurement point, on
matching data recording section 30.

[0028]

A map (Fig. 5) and a movement cost table (Fig. 6)
for each segment are recorded on the recording medi
in advance.

[0029]

The operation management unit 208 manages
operation of the client A (or a moving object havin
client A) specified on the basis of an apparatus ID
using the matching data recorded on the matching da
recording section 30.

For example, it is assumed that an on-board unit i
mounted on a truck or the like of a forwarding agen
the on-board unit is the client A specified on the
of an apparatus ID. The operation management unit
performs driving analysis such as a movement route,
movement distance, and a movement time of the clien
the truck mounted with the client A) specified on t
basis of an apparatus ID by using matching data cor
with the apparatus ID. The operation management un
may judge whether or not a matching location correl
with a certain apparatus ID is separated by a

predetermined distance (for example, 5 km) from a m
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route, a destination, a relay station, or the like,
designated for each apparatus ID (for each truck) o
basis of matching data. In this case, in a case wh

is judged that a matching location correlated with
apparatus ID is separated from a movement route or

like by a predetermined distance or more, the opera

management unit 208 may display alert information

indicating that the matching location is deviated f

movement route on a display unit (not illustrated)

map matching device, and may transmit a command for

outputting alert information to the client A via th

network NW. The operation management unit 208 may

generate a new movement route to a destination, a r
station, or the like from the latest (latest measur
date and time) matching location of the client A, a
cause the new movement route to be included in aler
information.

[0030]

(Process flow in map matching device)

Hereinafter, a description will be made of a proce
flow in the map matching device 20 with reference t
41009.

[0031]

Fig. 4 is a diagram illustrating a process flow in

the map matching device according to the first embo
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of the present invention.

As illustrated in Fig. 4, first, the candidate
location extraction unit 201 of the map matching de
selects a position measurement point which is a map
matching process target from the position measureme
point collecting section 10 (step S100).

In the present embodiment, the candidate location
extraction unit 201 selects a position measurement
Pi of which the measurement date and time is old as
matching process target from among a plurality of p
measurement points having a certain apparatus ID.
assumed that a matching location is specified throu
map matching process performed in the past with res
a position measurement point (for example, the prev
position measurement point Pi-1 of the position
measurement point Pi) having the older measurement
and time than that of the position measurement poin
and is recorded on the matching data recording sect

In the following example, a description will be ma
of a case where the candidate location extraction u
selects the position measurement point P2 having th
apparatus ID “00000001” as the position measurement
Pi which is a map matching process target from amon
position measurement points illustrated in Fig. 2.

assumed that, with respect to the position measurem
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point Pi-1 which is the previous position measureme
point of the position measurement point P2 and has
same apparatus ID as that of the position measureme
point P2, that is, the position measurement point P
candidate location x1 is determined as a matching |
through a map matching process performed in the pas

[0032]

Next, the candidate location extraction unit 201
extracts candidate locations of the position measur
point Pi (position measurement point P2) selected i
S100 (step S101).

Fig. 5 is a diagram for explaining a function of t
map matching device according to the first embodime
the present invention.

In the present embodiment, as illustrated in Fig.
a map configured with a plurality of links and link
connecting the links to each other is recorded on t
recording medium 207 in advance. Information indic
length (distance) of a link and attribute informati
each link are recorded in the map. The attribute
information of a link includes, for example, inform
indicating one-way traffic and a passable direction
information indicating an expressway or a pedestria
walkway, and information indicating a speed limit o

link.
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In a case where candidate locations of the positio
measurement point P2 are extracted, first, the cand
location extraction unit 201 selects three links su
link D-F, a link B-F, and a link D-G as links locat
within a predetermined distance (for example, 10 m)
the position measurement point P2.

The candidate location extraction unit 201 extract
positions which are present on the selected links a
closest to the position measurement point P2, as ca
locations. Specifically, as illustrated in Fig. 5,
candidate location extraction unit 201 extracts “x2
candidate location on the link D-F, extracts “x2b”
candidate location on the link B-F, and extracts “x
a candidate location on the link D-G.

[0033]

Next, the movement cost determination unit 202 rea

candidate locations of the previous position measur

point Pi-1 from the matching data recording section

The movement cost determination unit 202 determines
movement costs for links connecting the candidate

locations extracted on the basis of the position

measurement point Pi to the candidate locations of

previous position measurement point Pi-1 for each

combination (candidate path) of the candidate locat

(step S102).
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Specifically, first, the movement cost determinati
unit 202 reads the candidate location x1 of the pre
position measurement point P1 from the matching dat
recording section 30. The movement cost determinat
unit 202 determines a movement cost for a candidate
R1 connecting the candidate location x2a of the pos
measurement point P2 to the candidate location x1 o
position measurement point P1, a movement cost for
candidate path R2 connecting the candidate location
the position measurement point P2 to the candidate
location x1 of the position measurement point P1, a
movement cost for a candidate path R3 connecting th
candidate location x2c of the position measurement
P2 to the candidate location x1 of the position

measurement point P1.

In the present embodiment, the movement cost

determination unit 202 determines a movement cost f
candidate path on the basis of a movement cost tabl
6) stored in advance in the recording medium 207.

[0034]

Fig. 6 is a diagram illustrating an example of a
movement cost table according to the first embodime
the present invention.

In the present embodiment, a movement cost table o

which a movement cost (minimum movement cost) in mo
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from a certain linkage to another linkage is record
created in advance for each segment, and is stored
recording medium 207.

The segment is to divide a map for each range of a
predetermined distance (for example, 1 km) from a c
linkage (start point linkage). For example, as
illustrated in Fig. 6, in a segment 1, the linkages
located within a predetermined distance range from
start point linkage A are included, and a movement
movement from each linkage to another linkage in th
segment 1 is recorded. In a case where movement co
combinations of all linkages on a map are covered,
capacity of the movement cost table becomes large.
However, in the present embodiment, the movement co
table is created for each segment, and thus it is p
to reduce a capacity of the movement cost table.

The minimum movement cost indicates a movement cos
for a path having the smallest value (shortest dist
among movement costs for respective paths in a case
there are a plurality of combinations (paths) of pa
links in movement from a certain linkage to another
linkage. In the example illustrated in Fig. 5, in
where there are a plurality of paths from the linka
the linkage F, but a movement cost for a path passi

through the link A-D and the link D-F is smallest,
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movement cost for the path is recorded in the movem
cost table as the minimum movement cost.

[0035]

Fig. 7 is a diagram for explaining a process in th
movement cost determination unit according to the f
embodiment of the present invention.

With reference to Figs. 4 and 7, a description wil
be made of details of a process of the movement cos
determination unit 202 determining a movement cost
each candidate path.

For example, it is assumed that, as the candidate
path R1 connecting the candidate location x1 of the
position measurement point P1 to the candidate loca
x2a of the position measurement point P2, as illust
in Fig. 7, there are four paths such as a path Rla
candidate location x1 to the linkage E, the link E-
the linkage D to the candidate location x2a), a pat
(the candidate location x1 to the linkage C, the li
and the linkage D to the candidate location x2a), a
Rlc (the candidate location x1 to the linkage E, th
E-F, and the linkage D to the candidate location x2
a path R1d (the candidate location x1 to the linkag
the link C-F, and the linkage F to the candidate lo
x2a).

The movement cost determination unit 202 calculate
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movement costs for the respective paths Rla to Rld. For

example, in a case where a movement cost for the pa th Rla
is calculated, the movement cost determination unit 202
calculates a movement cost (distance) from the cand idate

location x1 to the linkage E and a movement cost
(distance) from the linkage D to the candidate loca tion
x2a on the basis of the map, and acquires a movemen t cost

for the link E-D from the movement cost table. The

movement cost determination unit 202 adds together the
movement cost (1.7 m) from the candidate location x 1to
the linkage E, the movement cost (22 m) for the lin k E-D,
and the movement cost (5.3 m) from the linkage D to the
candidate location x2a, so as to obtain the movemen t cost

(29 m) for the path Rla.

The movement cost determination unit 202 obtains

movement costs for the paths R1b to R1d in the same manner.
As illustrated in Fig. 5, in a case where informati on
indicating one-way traffic in which only traffic fr om the
linkage D to the linkage F is permitted is included as
attribute information of the link D-F, the movement cost
determination unit 202 judges that movement from th e
linkage F to the candidate location x2a reverses th e one-
way traffic and thus is not possible. Thus, the mo vement
cost determination unit 202 sets a movement cost fr om the
linkage F to the candidate location x2a to “ oo m”. As a

-28-



result, movement costs for the path R1c and the pat
including movement from the linkage F to the candid
location x2a is “ o m”,

The movement cost determination unit 202 determine
a movement cost having the smallest value (shortest
distance) among the movement costs for the paths R1
R1d calculated as mentioned above, as a movement co
the candidate path R1 from the candidate location X
the candidate location x2a. In the example illustr
Fig. 7, since the movement cost (29 m) for the path
has the smallest value, the movement cost determina
unit 202 determines a movement cost for the candida
R1 from the candidate location x1 to the candidate
location x2a as “29 m”.

The movement cost determination unit 202 repeatedl
performs the above-described process, so as to dete
movement costs for the respective candidate paths R

[0036]

Next, the movable distance estimation unit 203
estimates a movable distance which the moving objec
moving object mounted with the client A specified b
apparatus ID) can move between the measurement date
time t1 (hereinafter, referred to as a time t1) for
position measurement point P1 and the measurement d

time t2 (hereinafter, referred to as a time t2) for
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position measurement point P2 on the basis of a spe
the moving object at the time (the measurement date
time for the position measurement point P2) of meas
the position measurement point Pi and a speed of th
moving object at the time (the measurement date and
for the position measurement point P1) of measuring
previous position measurement point Pi-1 (step S103

[0037]

Fig. 8 is a first diagram for explaining a process
in the movable distance estimation unit according t
first embodiment of the present invention.

As illustrated in Fig. 8, it is assumed that the
moving object is traveling at a speed V1 at the tim
and is traveling at a speed V2 at the time t2. In
case, the movable distance estimation unit 203 assu
that the moving object is accelerated from the spee
the highest speed Vmax of the moving object, contin
travels at the highest speed Vmax, and is decelerat
the speed V2, and estimates a movable distance (max
movable distance) which the moving object can move

the time t1 to the time t2.

In the present embodiment, the highest speed Vmax,

acceleration performance, and deceleration performa
set in advance for each type of moving object (a ve

a pedestrian, or the like). The movable distance
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estimation unit 203 specifies the type of moving ob
the basis of the apparatus ID.

In the example illustrated in Fig. 8, the movable
distance estimation unit 203 assumes a change (an
inclination of acceleration) of the speed V of the
object which starts to be accelerated from the spee
the time t1 until reaching the highest speed Vmax,
basis of the acceleration performance of the moving
The movable distance estimation unit 203 assumes a
(an inclination of deceleration) of the speed V of
moving object which reaches the speed V2 from the h
speed Vmax up to the time t2, on the basis of the
deceleration performance of the moving object. The
movable distance estimation unit 203 estimates a mo
distance which the moving object can move on the ba
the changes of the speed of the moving object from
time t1 to the time t2, assumed as mentioned above.
illustrated in Fig. 8, an area M1 inside the inclin
of the acceleration, the highest speed Vmax, and th
inclination of the deceleration indicates a movable
distance of the moving object.

[0038]

Fig. 9 is a second diagram for explaining a proces
in the movable distance estimation unit according t

first embodiment of the present invention.
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There is a case where a moving object does not rea
the highest speed Vmax between the time t1 and the
such as a case where a period from the measurement
and time tl1 for the position measurement point P1 t
measurement date and time t2 for the position measu
point P2 is short. In this case, the movable dista
estimation unit 203 assumes a peak speed Vpeak at w
inclination  of acceleration based on acceleration
performance of the moving object intersects an incl
of deceleration based on deceleration performance o
moving object, to be a peak speed of the moving obj
between the time t1 and the time t2. In other word
movable distance estimation unit 203 assumes that t
moving object starts to be accelerated from the spe
at the time tl, and is continuously accelerated unt
reaching the peak speed Vpeak. The movable distanc
estimation unit 203 assumes that the moving object
to be decelerated from the time of reaching the pea
Vpeak, and reaches the speed V2 at the time t2. Th
movable distance estimation unit 203 estimates a mo
distance which the moving object can move on the ba
the changes of the speed of the moving object from
time t1 to the time t2, assumed as mentioned above.
illustrated in Fig. 9, an area M2 inside the inclin

of the acceleration and the inclination of the
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deceleration indicates a movable distance of the mo ving
object.

[0039]

Next, the movement possibility judgment unit 204
judges whether or not the moving object can move th rough
each candidate path on the basis of the movement co st for
each candidate path (the candidate paths R1 to R3)
determined by the movement cost determination unit 202 and
the movable distance of the moving object estimated by the

movable distance estimation unit 203 (step S104).

The movement cost in the present embodiment does n ot
indicate a movement cost for a path through which t he
moving object actually moves, but indicates a movem ent

cost for a path having the smallest movement cost

(shortest distance) among a plurality of paths supp osed
for each candidate path. The movable distance in t he
present embodiment does not indicate a distance whi ch the

moving object actually moves, but indicates the max imum
movement distance in a case where the moving object moves
at the highest speed of speeds estimated on the bas is of

speeds of the moving object at the position measure ment
point Pi-1 and the position measurement point Pi fr om the

measurement date and time ti-1 for the position
measurement point Pi-1 and the measurement date and time

ti for the position measurement point Pi. In other words,

-33-



the movement possibility judgment unit 204 of the p resent

embodiment judges whether or not the moving object can
move through a candidate path in a case of assuming that
the moving object moves through the shortest path a t the
maximum speed between the position measurement poin t Pi

and the position measurement point Pi-1.

In the above example, in a case where a movement

cost (for example, “29 m”) for the candidate path R 1anda
movement cost (for example, “35 m”) for the candida te path
R3 are smaller than a movable distance (for example , 37
m”), the movement possibility judgment unit 204 jud ges
that the moving object can move through the candida te path
R1 and the candidate path R3. On the other hand, i na
case where a movement cost (for example, “39 m”) fo r the
candidate path R2 is larger than a movable distance , the
movement possibility judgment unit 204 judges that the
moving object cannot move through the candidate pat h R2.
[0040]

Next, the score calculation unit 205 calculates a
score of each candidate location on the basis of di stances
between the position measurement point P2 and the
candidate locations x2a to x2c of the position meas urement
point P2 (step S105).

The score calculation unit 205 may calculate only a

score of a candidate location included in a candida te path
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through which the moving object is judged as being capable

of moving.

The score calculation unit 205 may change a score on
the basis of a movement direction at the time of me asuring
a position measurement point and a direction in whi ch a

link on which a candidate location of the position

measurement point is present. For example, in a ca se
where a movement direction at the time of measuring the
position measurement point P2 is “south” (Fig. 2), the
score calculation unit 205 may multiply a coefficie nt for
increasing a score since the movement direction (so uth) at

the position measurement point P2 does not match a

direction (east-west) in which the link D-F on whic h the
candidate location x2a is present extends. On the other
hand, since the movement direction (south) at the p osition
measurement point P2 matches a direction (south-nor th) in
which the link D-G on which the candidate location X2c is

present extends, the score calculation unit 205 may
multiply a coefficient not for changing a score or a
coefficient for decreasing a score.

[0041]

Next, the matching location determination unit 206

determines, as a matching location, a candidate loc ation
having the smallest value of a score among candidat e
locations included in a candidate path through whic h the
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moving object is judged as being capable of moving
movement possibility judgment unit 204 (step S106).

For example, a score of the candidate location x2a
included in the candidate path R1 through which the
object is judged as being capable of moving by the
movement possibility judgment unit 204 is compared
score of the candidate location x2c included in the
candidate path R3.

For example, it is assumed that a score calculated
on the basis of a distance between the position
measurement point P2 and the candidate location x2a

“0.3", and a score calculated on the basis of a dis

between the position measurement point P2 and the

candidate location x2c is “0.5". In this case, sin

score of the candidate location x2a is smaller than
score of the candidate location x2c, and thus the m
location determination unit 206 determines the cand
location x2a as a matching location for the positio
measurement point P2.

[0042]

Next, the matching location determination unit 206
records the determined matching location (candidate
location x2a) on the matching data recording sectio
association with the position measurement point P2

S107).
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[0043]

In a case where the map matching process for the
position measurement point Pi (position measurement
P2) is completed, the map matching device 20 return
S100, and repeatedly performs the map matching proc
the next position measurement point Pi+1 (position
measurement point P3).

[0044]

(Hardware configuration of map matching device)

Fig. 10 is a diagram illustrating a hardware
configuration example of the map matching device ac
to the first embodiment of the present invention.

Hereinafter, a description will be made of a
hardware configuration example of the map matching
20 of the present embodiment with reference to Fig.

[0045]

A computer 900 includes a CPU 901, a main storage
device 902, an auxiliary storage device 903, an
input/output interface 904, and a communication int
905.

The map matching device 20 is mounted in the
computer 900. The operation of each processing uni
stored in the auxiliary storage device 903 in the f
a program. The CPU 901 reads the program from the

auxiliary storage device 903, develops the program
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main storage device 902, and performs the process

according to the program. The CPU 901 secures a st orage
region corresponding to the recording medium 207 in the
main storage device 902 according to the program. The CPU
901 secures a storage region storing data which is being
processed in the auxiliary storage device 903 accor ding to
the program. The computer 900 is connected to an e xternal
storage device 910 via the input/output interface 9 04, and
a storage region corresponding to the recording med ium 207
may be secured in the external storage device 910. The
computer 900 is connected to an external storage de vice
920 via the communication interface 905, and a stor age
region corresponding to the recording medium 207 ma y be

secured in the external storage device 920.
[0046]
In at least one embodiment, the auxiliary storage

device 903 is an example of a non-transitory medium

Other examples of the non-transitory medium may inc lude a
magnetic disk, a magnetooptical disc, a CD-ROM, a D VD-ROM,
and a semiconductor memory, connected via the input /output
interface 904. In a case where the program is deli vered
to the computer 900 via a communication line, the c omputer
900 may develop the delivered program on the main s torage

device 902, and may perform the process.

[0047]
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The program may realize some of the functions. Th
program may be a so-called difference file (differe
program) realizing the functions in combination wit
another program which is already stored in the auxi
storage device 903.

[0048]

The map matching device 20 may be configured with
single computer 900, and may be configured with a
plurality of computers which are communicably conne
each other.

[0049]

(Advantageous effects)

As mentioned above, the map matching device 20

according to the present embodiment includes the ca

location extraction unit 201 which extracts one or
plurality of candidate locations onto a link on the

of a position measurement point, the movement cost
determination unit 202 which determines movement co

links (candidate paths R1 to R3) connecting one of
candidate locations x2a to x2c (first candidate loc

extracted on the basis of the position measurement

P2 to the candidate location x1 (second candidate
location) extracted on the basis of the position
measurement point (previous position measurement po

for each combination of the candidate locations x2a

-39-

nce

liary

cted to

ndidate

basis

sts for
the
ations)

point

int) P1,

to x2¢



and the candidate location x1, the movement possibi lity

judgment unit 204 which judges whether or not a mov ing
object can move from one of the candidate locations x2a to
x2c to the candidate location x1 for each candidate path
on the basis of the movement costs, and the matchin g
location determination unit 206 which determines an y one

of the candidate locations x2a to x2c included in a

candidate path through which the moving object is | udged
as being capable of moving by the movement possibil ity
judgment unit 204, as a position (matching location ) of

the moving object on a map.

As mentioned above, even in a case where the

position measurement point P2 and the position meas urement
point P1 are far away from each other, and there ar e a
plurality of candidate paths connecting the positio n
measurement points P1 and P2 to each other, the mov ement
possibility judgment unit 204 judges whether or not a
moving object can move through each candidate path on the

basis of a movement cost, and can thus determine on ly a

candidate location for which movement is possible a s a
position (matching location) of the moving object o n a map.
Therefore, the map matching device 20 can determine a
position of a moving object on a map even in a case where

an interval of collecting position measurement poin ts.

[0050]
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The movement cost determination unit 202 determine S

a movement cost for each candidate path on the basi s of
the movement cost table in which movement costs for one or
a plurality of links connecting a certain linkage t o other

linkages are recorded in advance for each linkage.

As mentioned above, since not only a distance

between a candidate location and a linkage but also a
movement cost between linkages is recorded in the m ovement
cost table in advance, the movement cost determinat ion
unit 202 can reduce a process of determining a move ment
cost. Even in a case where there are a plurality o f
candidate paths, the movement cost determination un it 202

can easily determine a movement cost for each candi date

path on the basis of the movement cost table.
[0051]

The map matching device 20 further includes the

movable distance estimation unit 203 which acquires speeds
of a moving object at the position measurement poin ts P1
and P2, and estimates a movable distance which the moving
object can move between the time of measuring the p osition

measurement point P1 and the time of measuring the

position measurement point P2 on the basis of the s peeds.
In a case where a movement cost for a candidate pat h is
less than the movable distance, the movement possib ility
judgment unit 204 judges that the moving object can move
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through the candidate path.

As mentioned above, the movement possibility

judgment unit 204 estimates a movable distance whic h the
moving object can move between the time of measurin g the
position measurement point P1 and the time of measu ring
the position measurement point P2, and thus it is p ossible

to improve the accuracy of judgment of movement
possibility in the movement possibility judgment un it 204.
[0052]
The map matching device 20 further includes the
score calculation unit 205 which calculates a score of
each candidate location on the basis of a distance between

the position measurement point P2 and each of the

candidate locations X2a to x2c related to the posit ion
measurement point P2. The matching location determ ination
unit 206 determines, as a position of the moving ob ject on
the map, any one of candidate locations included in a
candidate path through which the moving object is j udged
as being capable of moving by the movement possibil ity

judgment unit 204, on the basis of a score.

As mentioned above, in a case where there are a

plurality of candidate paths through which a moving object

is judged as being capable of moving, it is possibl eto
determine a position of the moving object on a map on the
basis of scores of candidate locations included in the

-42 -



candidate path.

[0053]

<Second Embodiment>

Hereinafter, a description will be made of a map
matching system 1 according to a second embodiment
reference to Figs. 11 to 14.

Constituent elements common to the first embodimen
are given the same reference numerals, and detailed
descriptions thereof will be omitted.

In the first embodiment, a description has been ma
of an aspect in which a map matching process is per
on the position measurement point Pi such that a ma
location is determined, and then a new map matching
process is performed on the next position measureme
point Pi+1, but the present embodiment is different
the first embodiment in that a map matching process
performed on a plurality of position measurement po

[0054]

(Process flow in map matching system)

Fig. 11 is a diagram illustrating a process flow i
a map matching device according to the second embod
of the present invention.

As illustrated in Fig. 11, first, the candidate
location extraction unit 201 acquires a plurality o

position measurement points which are map matching
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targets from the position measurement point collect
section 10 (step S200).

In the present embodiment, the candidate location
extraction unit 201 acquires position measurement p
Pi to Pi+n measured in any period among a plurality
position measurement points having a certain appara
as map matching process targets. In other embodime
among a plurality of position measurement points ha

certain apparatus ID, a predetermined number (n) of

position measurement points may be acquired as map

matching process targets.

In the following example, a description will be ma
of a case in which the candidate location extractio
201 selects position measurement points P3 to P5 ha
apparatus ID “00000001” as the position measurement
Pi to Pi+n which are map matching process targets.

[0055]

Next, the candidate location extraction unit 201
extracts candidate locations of the position measur
points P3 to P5 (step S201).

A process of the candidate location extraction uni
201 extracting candidate locations of each position
measurement point is the same as that in the first
embodiment.

Fig. 12 is a diagram for explaining a function of
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the map matching device according to the second emb
of the present invention.

Herein, as illustrated in Fig. 12, it is assumed
that the candidate location extraction unit 201 ext
“x3a” and “x3b” as candidate locations of the posit
measurement point P3, extracts “x4a” and “x4b”
candidate locations of the position measurement poi
and extracts “x5a” and “x5b” as candidate locations
position measurement point P5.

[0056]

Next, the movement cost determination unit
determines a movement cost for a link connecting on
candidate locations (first candidate locations) ext

on the basis of the position measurement point Pi t

odiment

racts
ion
as
nt P4,

of the

202

e of
racted

0 one

of candidate locations (second candidate location)

extracted on the basis of the previous position

measurement point Pi-1 of the position measurement
Pi for each combination (candidate path) of the can
locations (step S202).

Fig. 13 is a diagram for explaining a process in t
movement cost determination unit according to the s
embodiment of the present invention.

Specifically, as illustrated in Fig. 13, the

movement cost determination unit 202 determines mov

costs for candidate paths R21 and R22 connecting th
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candidate locations x3a and x3b of the position

measurement point P3 to the candidate location x2 ( not
illustrated) of the previous position measurement p oint P2

on the basis of the movement cost table (Fig. 6). In a
case where the previous position measurement point P2 is
not included in the plurality of position measureme nt
points acquired in step S200, information of candid ate
locations related to the position measurement point P2 is

read from the matching data recording section 30.

Similarly, the movement cost determination unit 20 2
determines movement costs for candidate paths R31 t o R34
connecting the candidate locations x4a and x4b of t he
position measurement point P4 to the candidate loca tions
x3a and x3b of the previous position measurement po int P3,
and candidate paths R41 to R44 connecting the candi date
locations x5a to x5b of the position measurement po int P5
to the candidate locations x4a and x4b of the previ ous
position measurement point P4 on the basis of the m ovement
cost table.

[0057]

Next, the movable distance estimation unit 203

estimates a movable distance (maximum movable dista nce)
which a moving object (the moving object mounted wi th the

client A specified by the apparatus ID) can move be tween
the measurement date and time for the position meas urement

-46 -



point Pi-1 and the measurement date and time for th
position measurement point Pi on the basis of a spe
the moving object at the time (the measurement date
time for the position measurement point Pi) of meas
the position measurement point Pi and a speed of th
moving object at the time (the measurement date and
for the position measurement point Pi-1) of measuri
previous position measurement point Pi-1 (step S203

Specifically, first, the movable distance estimati
unit 203 estimates a movable distance which the mov
object can move between the measurement date and ti
the position measurement point P3 and the measureme
and time for the previous position measurement poin
In a case where the previous position measurement p
is not included in the plurality of position measur
points acquired in step S200, information regarding
measurement date and time and a speed related to th
position measurement point P2 is read from the matc
data recording section 30.

The movable distance estimation unit 203 estimates
movable distance which the moving object can move b

the measurement date and time for the position meas

point P4 and the measurement date and time for the

position measurement point P3, and estimates a mova

distance which the moving object can move between t

- 47 -

ed of
and

uring

time

ng the

on

ing
me for
nt date
t P2.
oint P2

ement

the

hing

a
etween

urement

ble

he



measurement date and time for the position measurem ent
point P5 and the measurement date and time for the
position measurement point P4. A process of the mo vable
distance estimation unit 203 estimating a movable d istance
is the same as that in the first embodiment.

[0058]

Next, the movement possibility judgment unit 204
judges whether or not the moving object can move th rough
each candidate path on the basis of the movement co st for
each candidate path determined by the movement cost
determination unit 202 and the movable distance of the
moving object estimated by the movable distance est imation
unit 203 (step S204).

Specifically, as illustrated in Fig. 13, the

movement possibility judgment unit 204 compares the

movement cost for each of the candidate paths R21 a nd R22
with a movable distance (for example, “15 m”) of th e
moving object between the measurement date and time for
the position measurement point P2 and the measureme nt date
and time for the position measurement point P3, and judges
that the moving object can move through the candida te
paths R21 and R22 having a movement cost less than the

movable distance.
Similarly, the movement possibility judgment unit

204 compares the movement cost for each of the cand idate
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paths R31 to R34 with a movable distance (for examp
“5.5 m”) of the moving object between the measureme
and time for the position measurement point P3 and
measurement date and time for the position measurem
point P4, and judges that the moving object can mov
through the candidate paths R31, R32, and R33 havin
movement costs less than the movable distance, and
that the moving object cannot move through the cand
path R34 having a movement cost more than the movab
distance. Similarly, the movement possibility judg
unit 204 compares the movement cost for each of the
candidate paths R41 to R44 with a movable distance
example, “35 m”) of the moving object between the
measurement date and time for the position measurem
point P4 and the measurement date and time for the
position measurement point P5, and judges that the
object can move through the candidate paths R42 and
having movement costs less than the movable distanc
judges that the moving object cannot move through t
candidate paths R41 and R43 having movement costs m
than the movable distance.

[0059]

Next, the score calculation unit 205 calculates a
score of each candidate location on the basis of di

between the position measurement point Pi and the

- 49 -

le,
nt date
the
ent
e
g
judges

idate

ment

(for

ent

moving

R44

e, and

he

ore

stances



candidate locations of the position measurement poi nt Pi
(step S205).

Fig. 14 is a diagram for explaining a process in t he
score calculation unit according to the second embo diment
of the present invention.

Specifically, as illustrated in Fig. 14, the score
calculation unit 205 calculates a score of each of the
candidate locations x3a and x3b on the basis of dis tances
between the position measurement point P3 and the

candidate locations x3a and x3b of the position

measurement point P3. The score calculation unit 2 05
calculates a score of each of the candidate locatio ns x4a
and x4b on the basis of distances between the posit ion
measurement point P4 and the candidate locations x4 a and
x4b of the position measurement point P4. The scor e
calculation unit 205 calculates a score of each of the
candidate locations x5a and x5b on the basis of dis tances

between the position measurement point P5 and the
candidate locations x5a and x5b of the position
measurement point P5. A process of the score calcu lation
unit 205 calculating a score is the same as that in the
first embodiment.

[0060]

Next, the matching location determination unit 206

extracts a combination of candidate paths through w hich
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the moving object can move between the position
measurement point Pi and the position measurement p
Pi+n acquired in step S200 on the basis of a candid
path through which the moving object is judged as b
capable of moving by the movement possibility judgm
unit 204. In other words, among combinations obtai
selecting and combining candidate locations one by
from each of the position measurement points Pi to
acquired in step S200, the matching location determ
unit 206 extracts a combination of which all candid
locations are included in a candidate path through
the moving object is judged as being capable of mov
the movement possibility judgment unit 204. The ma
location determination unit 206 obtains a sum of sc
the candidate locations for each combination (candi
path) of the candidate locations on the basis of th
of each candidate location calculated by the score
calculation unit 205. The matching location determ
unit 206 determines a candidate location included i
combination of which a sum of scores is smallest, a
matching location for each position measurement poi
(step S206).

Specifically, the matching location determination
unit 206 extracts a combination C1 (R21 (x2 to x3a)

(x3a to x4a), and R42 (x4a to x5b)), a combination
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(x2 to x3a), R32 (x3a to x4b), and R44 (x4b to x5b) ), and

a combination C3 (R22 (x2 to x3b), R33 (x3b to x4a) , and
R42 (x4a to x5b)), as combinations (candidate paths ) of
candidate locations through which the moving object can
move, on the basis of the candidate paths through w hich
the moving object is judged as being capable of mov ing by

the movement possibility judgment unit 204.

The matching location determination unit 206 obtai ns
a sum (“0.8") of scores of the combination C1, a su m
(“0.7") of scores of the combination C2, and a sum (*1.17)
of scores of the combination C3, on the basis of th e score
(Fig. 13) of each candidate location calculated by the

score calculation unit 205. The matching location

determination unit 206 determines the candidate loc ations

x3a, x4b, and x5b included in the combination C2 of which

a sum of scores is smallest, as matching locations of the

position measurement points P3, P4, and P5, respect ively.
[0061]

Next, the matching location determination unit 206
records the determined matching locations (candidat e

locations x3a, x4b, and x5b) on the matching data

recording section 30 in association with the positi on
measurement points P3, P4, and P5, respectively (st ep
S207).

[0062]
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In a case where the map matching process on the
position measurement points Pi to Pi+n (position
measurement points P3 to P5) acquired in step S200
completed, the map matching device 20 returns to st
and repeatedly performs the map matching process on
next position measurement point Pi+n+1 and the subs
position measurement points.

[0063]

(Advantageous effects)

As mentioned above, in the map matching device 20
according to the present embodiment, the movement c
determination unit 202 determines, for each candida
a movement cost for a candidate path connecting one
candidate locations (first candidate locations) ext
on the basis of a certain position measurement poin
one of candidate locations (second candidate locati
extracted on the basis of another position measurem
point Pi-1. The matching location determination un
extracts a combination (candidate path) of candidat
locations through which a moving object can move be
the position measurement point Pi and the position
measurement point Pi+n acquired in step S200, on th
of a candidate path through which the moving object
judged as being capable of moving by the movement

possibility judgment unit 204. The matching locati
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determination unit 206 obtains a sum of scores of t he
candidate locations for each combination (candidate path)
of the candidate locations on the basis of the scor e of

each candidate location calculated by the score

calculation unit 205. The matching location determ ination
unit 206 determines a candidate location included i n a
combination of which a sum of scores is smallest, a s a
matching location for each position measurement poi nt.

For example, as in the first embodiment, in a case
where a candidate location having the smallest scor e is
determined as a matching location for each position
measurement point, and an error between a position
measurement point and a position of the position
measurement point on an actual road is large, a wro ng
candidate location may be determined as a matching
location. Since a candidate location of the next p osition
measurement point is determined on the basis of the wrong
candidate location, matching locations for the next
position measurement point and the subsequent posit ion
measurement points may be wrongly determined.

In the present embodiment, however, the matching

location determination unit 206 extracts a combinat ion of
which a sum of scores is smallest from combinations of
candidate locations of the position measurement poi nts Pi

to Pi+n through which a moving object can move, and
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determines a matching location for each of the posi
measurement points Pi to Pi+n. Thus, even in a cas

a position measurement point having a large error i
included in the position measurement points Pi to P

is possible to comprehensively judge the propriety

candidate location by referring to a sum of scores

combination of candidate locations. Therefore, the

matching location determination unit 206 can improv
accuracy of determining a matching location for eac
the position measurement points Pi to Pi+n.

[0064]

In the process flow, a description has been made o

an aspect of performing the process (step S202) in

the movement cost determination unit 202 determines

movement costs for all candidate paths of the posit
measurement points Pi to Pi+n (the position measure
points P3 to P5) acquired in step S200, but there i

limitation thereto.

In other embodiments, in a case where a movement

cost for a candidate path of one position measureme
point Pi (position measurement point P3) among
plurality of position measurement points Pi to Pi+n
determined, the movement cost determination unit 20
proceed to the next steps S203 and S204. In a case

there is another position measurement point Pi+1 fo
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a movement cost is not determined when the process
S204 is completed, the flow may return to step S202

In this case, for example, in a case where

the

movement possibility judgment unit 204 judges that

moving object cannot move through all candidate pat

including the candidate location x3b of the positio

measurement point P3 in step S204, then returns to

S202, and performs a process on the next position

measurement point P4, the movement cost determinati
202 may perform a process of excluding the candidat

R33 and R34 including the candidate location x3b am

candidate paths R31 to R33 of the position measurem

point P4, and determining movement costs therefor.

[0065]

As mentioned above, the embodiments of the present

invention have been described in detail, but the pr
invention is not limited thereto without being depa
from the technical spirit thereof, and some design
or the like may occur.

For example, in the embodiments, a description
been made of an aspect in which the movement cost t
created for each segment which is divided
predetermined distance (for example, 1 km) from a s
point linkage, but there is no limitation thereto.

other embodiments, a predetermined distance may be
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on the basis of an interval of collecting a positio n

measurement point (a time interval at which the cli ent A
transmits a position measurement point to the posit ion
measurement point collecting section 10) and a spee d
preset for each moving object (for example, 120 km/ h for a
vehicle, and 4 km/h for a pedestrian). In this cas e, for
example, a predetermined distance is set to be long er a
movable distance which a moving object can move unt il the
next position measurement point is transmitted afte ra

certain position measurement point is transmitted.

[0066]

In the embodiments, a description has been made of
an aspect in which a sum of lengths (distances) of one or
a plurality of links connecting a certain linkage t o other
linkages is indicated by a movement cost for each

combination of linkages, but there is no limitation

thereto. In other embodiments, a movement cost may be the
time required for a moving object to move through o ne or a
plurality of links connecting linkages to each othe r. A
movement cost may be changed according to an attrib ute of
each link. For example, in a case where movement b etween
links accompanies left or right turn, a movement co st may
be increased more than a case of advancing straight , and,
in a case where a link has an attribute indicating that

the link includes a slope, a curve, or the like, a
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movement cost may be increased. A movement cost fo r each

link may be changed according to an attribute indic ating
the speed limit of each link. In a case where a mo vement
cost for each link is changed, a predetermined valu e may
be changed according to an attribute (a change of am,a

change of o seconds, or the like), and a predetermined

coefficient may be multiplied.
Industrial Applicability
[0067]

According to the map matching device, the map

matching system, the map matching method, and the p rogram,
it is possible to determine a position of a moving object
on a map even in a case where an interval of collec ting

position measurement points is long.

Reference Signs List
[0068]
1 MAP MATCHING SYSTEM
10 POSITION MEASUREMENT POINT COLLECTING SECTION
20 MAP MATCHING DEVICE
201 CANDIDATE LOCATION EXTRACTION UNIT
202 MOVEMENT COST DETERMINATION UNIT
203 MOVABLE DISTANCE ESTIMATION UNIT
204 MOVEMENT POSSIBILITY JUDGMENT UNIT
205 SCORE CALCULATION UNIT

206 MATCHING LOCATION DETERMINATION UNIT

- 58 -



207 RECORDING MEDIUM

208 OPERATION MANAGEMENT UNIT

30 MATCHING DATA RECORDING SECTION
900 COMPUTER

901 CPU

902 MAIN STORAGE DEVICE

903 AUXILIARY STORAGE DEVICE

904 INPUT/OUTPUT INTERFACE

905 COMMUNICATION INTERFACE

910 AND 920 EXTERNAL STORAGE DEVICE
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CLAIMS
[Claim 1]

A map matching device which determines a position of a
moving object on a map configured with a plurality of
connected links on the basis of a position measurement point
of the moving object, the map matching device comprising:

a candidate location extraction unit that extracts one or
a plurality of candidate locations onto the link on the basis
of the position measurement point;

a movement cost determination unit that determines a
movement cost for the link connecting one of first candidate
locations which are the candidate locations extracted on the
basis of a certain position measurement point to one of second
candidate locations which are candidate locations extracted on
the basis of another position measurement point, for each
combination of the first candidate locations and the second
candidate locations;

a movement possibility judgment unit that judges whether
or not the moving object is able to move from one of the first
candidate locations to one of the second candidate locations
for each combination of the first candidate locations and the
second candidate locations on the basis of the movement cost;
and

a matching location determination unit that determines
any one of the candidate locations included in the combination
for which movement is judged as being possible by the movement
possibility judgment unit, as a position of the moving object

on the map.

[Claim 2]

The map matching device according to claim 1,

wherein the movement cost determination unit determines a
movement cost for each combination of the first candidate

locations and the second candidate locations on the basis of a
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movement cost table in which the movement cost for the link
connecting a certain linkage to another linkage is recorded in

advance for each combination of the linkages.

[Claim 3]

The map matching device according to claim 1 or 2,
further comprising:

a movable distance estimation unit that acquires a speed
of the moving object at the position measurement point, and
estimates a movable distance which the moving object is able
to move between the time of measuring the certain position
measurement point and the time of measuring another position
measurement point on the basis of the speed,

wherein the movement possibility judgment unit Jjudges
that the moving object is able to move from one of the first
candidate locations to one of the second candidate locations
in a case where the movement cost is less than the movable

distance.

[Claim 4]

The map matching device according to any one of claims 1
to 3, further comprising:

a score calculation unit that calculates a score of each
candidate location on the basis of a distance between the
position measurement point and the candidate location related
to the position measurement point,

wherein the matching location determination unit
determines any one of the candidate locations included in a
combination for which movement is judged as being possible by
the movement possibility judgment unit, as the position of the

moving object on the map on the basis of the score.

[Claim 5]

A map matching system comprising:
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a client that measures a position of a moving object as a
position measurement point;

a position measurement point collecting section that
collects the position measurement point measured by the
client; and

the map matching device according to any one of claims 1

to 4.

[Claim 6]

A map matching method of determining a position of a
moving object on a map configured with a plurality of
connected links on the basis of a position measurement point
of the moving object, the map matching method comprising:

a candidate location extraction step of extracting one or
a plurality of candidate locations onto the link on the basis
of the position measurement point;

a movement cost determination step of determining a
movement cost for the link connecting one of first candidate
locations which are the candidate locations extracted on the
basis of a certain position measurement point to one of second
candidate locations which are candidate locations extracted on
the basis of another position measurement point, for each
combination of the first candidate locations and the second
candidate locations;

a movement possibility judgment step of judging whether
or not the moving object is able to move from one of the first
candidate locations to one of the second candidate locations
for each combination of the first candidate locations and the
second candidate locations on the basis of the movement cost;
and

a matching location determination step of determining any
one of the candidate locations included in the combination for

which movement is judged as being possible in the movement
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possibility judgment step, as a position of the moving object

on the map.

[Claim 7]

A program causing a computer of a map matching device
which determines a position of a moving object on a map
configured with a plurality of connected links on the basis of
a position measurement point of the moving object, to function
as:

a candidate location extraction unit that extracts one or
a plurality of candidate locations onto the link on the basis
of the position measurement point;

a movement cost determination unit that determines a
movement cost for the link connecting one of first candidate
locations which are the candidate locations extracted on the
basis of a certain position measurement point to one of second
candidate locations which are candidate locations extracted on
the basis of another position measurement point, for each
combination of the first candidate locations and the second
candidate locations;

a movement possibility judgment unit that judges whether
or not the moving object is able to move from one of the first
candidate locations to one of the second candidate locations
for each combination of the first candidate locations and the
second candidate locations on the basis of the movement cost;
and

a matching location determination unit that determines
any one of the candidate locations included in the combination
for which movement is judged as being possible by the movement
possibility judgment unit, as a position of the moving object

on the map.
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