1 -DESCRI PTI ON VEHI CLE POSI TI ON MEASUREMENT DEVI CE AND VEHI CLE PCSI TI ON
MEASUREMENT METHOD 5 TECHNI CAL FI ELD [ 0001] The present invention
relates to a vehicle position nmeasurenment device and a vehicle position
measurenent nmethod. 1O0Priority is clainmgd on Japanese Patent Application No.
2009- 131376, filed May 29, 2009, the content of which is incorporated herein
by reference. BACKGROUND ART [ 0002]DESCRMNEDNI onal |y, a toll charging system
has been proposed in which a GPS (gl obal positioning system) is used to
measure the position of a vehicle and detect that the vehicle enters a
charging area, and thereby a toll is charged (see Patent Docunent 1). Such a

system has a prnaMENEFDSIIRIN MMEUREMERT CIEVICE ANIS VEHOOEHE POSIEONOCat i on wher e
it is difficult for the vehicle to receive radio waves froma GPS satellite,
the accuracy in MEASUREMENT METHOD
5
TECHNICAL FIELD
[0001]
The present invention relates to a vehicle position measurement device and a
vehicle position measurement method.

10 Priority is claimed on Japanese Patent Application No. 2009-131376, filed May

29, 2009, the content of which is incorporated herein by reference.

BACKGROUND ART

[0002]

15 Conventionally, a toll charging system has been proposed in which a GPS
(global positioning system) is used to measure the position of a vehicle and detect that
the vehicle enters a charging area, and thereby a toll is charged (see Patent Document 1).
Such a system has a problem in that, when a vehicle is positioned in a location where it is
difficult for the vehicle to receive radio waves from a GPS satellite, the accuracy in

20  measuring the vehicle position degrades, and thereby it becomes impossible to accurately
charge atoll. For example, this problem has been found in high-rise buildings,
basement parking areas, inside tunnels, under expressways, and the like.
[0003]

In the above-described locations, dead-reckoning navigation using a vehicle

25  speed signal and a gyroscope, or map matching using map data has been generally used



20 neasuring the vehicle position degrades, and thereby it becones inpossible
to accurately charge atoll. For exanple, this problem has been found in

hi gh-ri se buil di ngs, basenent parking areas, inside tunnels, under
expressways, and the like. [0003] In the above-described |ocations,
dead-reckoni ng navigation using a vehicle 2 as alternative neans for the GPS.
Use of the alsta@emaive\ngeane@nte@ises Ust ofias slicbhadve mesmmasilteeit péswibfpasi tion of a
vehi cl e even when the vehicle is positioned in a |ocation where the vehicle

cannot receiMésh@didpoddve st £ vhldevePSheaihe betitle is foStidAlliONIdchimh Wikad ent
Docunent] [0004] [Patent Docunent 1] Japanese Unexam ned Patent Application,

First Publi c@t ieiiciNeanna 30432686 3aldd flhnSCEESUREIEF THE | NVENTI ON Probl ens to
be Sol ved by the Invention [0005] However, the neasurenent accuracy of

the conventional alternative neans is 15 |ower than that of the GPS, thereby
causing a problemthat the nmeasurenent accuracy deteriorates with the | apse of

time. 5 CITATION LIST
[Patent Document]
[0004]
[Patent Document 1] Japanese Unexamined Patent Application, First Publication No.
2004-326263
10
DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0005]
However, the measurement accuracy of the conventional alternative means is
15  lower than that of the GPS, thereby causing a problem that the measurement accuracy
deteriorates with the lapse of time.
The present invention has been made in view of the above-described situations.
An object of the present invention is to provide a vehicle position measurement device
and a vehicle position measurement method that enables enhancing the accuracy of
20 measuring the position of a vehicle in a location where the vehicle cannot receive radio

waves from a GPS satellite.

Means for Solving the Problems
[0006]

25 According to an embodiment of the present invention, a vehicle position



The present invention has been made in view of the above-described situations.
An object of the present invention is to provide a vehicle position
measurenent device and a vehicle position nmeasurement nethod that enables
enhanci ng the accuracy of 20 neasuring the position of a vehicle in a |ocation
where the vehicle cannot receive radio waves froma UPS satellite. Means for
Sol vi ng t he Reablees: 0RO GlcludbAbads ditiighited tan pestiadhamradesafg drliiethgr esent

i nvention, a vehicle position 3 measurenent device includes, but is not
[imted to: @atipRgshkicomdnt ostoReE s seligeWditiohial irestdated @srig witthent posi tion of
a vehicle; a positioning information storing unit that accunul ates and stores

the positi ona@fimtibes vehietehepédiimtog thebyhicResposed byome peifn@gessing unit in
association with an estimated tine; a communication unit that receives 5 a

si gnal transpiobdsQfy {ifiPMaBsotRNTRRIIE At dsfiMafle Vikeea tddshaliéBen ahit Raf dede@gbs| ocat i on,
and detects, based on the signal received, a position of the vehicle at a tine

when the si g@ﬁ@wu SafBERIMEH a @&thﬁtﬁcét!ﬁg@@\hg@inktﬁlletd at DakedipdAbeSndbased on the
position of the vehicle detected by the communication unit, the position of

the vehicle , ; | soci ation
o e BARAEtLoL B QRS LT GLRETEIT Lo SR A0 e utssoc

communi cat | O i and 800k w taIGfdatéQqa\%ﬁééinrtgxttﬁe‘ﬁdssttfgﬁéf&'e%gﬁﬂgﬁ!a%ct giore 2

val ue of tine ag gener I's recelve

comuni cati o tﬁ@!c% gati%B nﬁ’oasft%ﬁ o?&e%ﬁt% %@Bteﬁ'fgmg%ﬁﬁﬁ%rﬁxgg det ect .ed. by. the

communi cati o uni e pos he Ve e stor 15 posi tioni ng

i nformation sk ori nLt associatio fie |ne
obt ai ned by sucbrfn P I %ﬂgn ma%?féatgfl “tlﬁﬂlevﬂfrﬁe at%\j&éi{%}h%tr% e?‘ the Jl%t}%htﬁ
t he COHHUHIC?tIOﬂ unit. [0008] To update t he p03|t|on of

|
fkgnSehl ;eﬁgﬁggﬂﬁﬁé??ﬁﬁnﬁHFF-ﬁﬁ? repl ace, with the
[0007]

The updating unit may previously store a value of time lag generated at the time
when the signal is received by the communication unit, and update, based on the vehicle
position detected by the communication unit, the position of the vehicle stored in the

15  positioning information storing unit in association with a time at and after a time
obtained by subtracting the value of the time lag from the time when the signal is
received by the communication unit.

[0008]

To update the position of the vehicle, the updating unit may replace, with the

20 position of the vehicle detected by the communication unit, the position of the vehicle
stored in the positioning information storing unit in association with the time obtained by
subtracting the value of the time lag from the time when the signal is received by the
comrnunication unit.

[0009]

25 According to another embodiment of the present invention, a vehicle position



20 position of thc vehicle detected by the comruni cation unit, the position of
the vehicle stored in the positioning information storing unit in association
with the tine obtained by subtracting the value of the tine lag fromthe tine
when the signal is received by the commynication unit. [0009] 25According to

anot her enbodi mrent of the present invention, a vehicle position 4 neasurenent

.....

vehi cl e position neasurenent device estimating a current position of a

vehi cl e, t hevetizhd pokigiop osbduiadenniai eamening deviree pediprdfaivalgicle, thesi ti oni ng
information storing unit; a positioning information storing step of the

vehi cl e posi{chRit RISt FrRiRdmededdvie chaptlimgd gdsitivging iidostativh Rgritdenipasi ti on of
the vehicle estimated in the positioning processing step in association with

an esti mat edpdsitidBing afeRMTbNEERid Bp Ftiepvcblcletfisitivehe@unpasidvicon neasur enent
device receiving a signal transmtted froma comunication device installed at

a fixed |pcaldapula@pdndelas itdPosiBasa@dnoORhideessingodin hep@itathe a position of

the vehicle at a tine when the signal is received; and an updating 10 step of

the vehicl e posiLih ORI BASWERARNitdSViER MR dRl! NmBASQBoRRe) BENPOSi tion of the
vehicle detected in the comunication step, the position of the vehicle stored

in the positinidthshih HeAREdM: SO 4 sidddl RasQGleatiopn Wi th a time at and
after the tine en the signal Is received inh the comunication step.

15Ef f ect f . i ; i : V| ti ,
ects of . 1 he, | avenid.en 11[15929133911’5aﬁ}%edal.od\%gﬁr?%ﬁle&gegﬁﬂ%tgg%gﬁgﬁ%%ml nvention

accuracy in neasuring the position o In a location

where the veli gl AR of BESkNEIe 2P iRe WRYE e MAMirebER aS Al plifing

10  step of the vehicle position measurement device updating, based on the position of the
vehicle detected in the communication step, the position of the vehicle stored in the
positioning information storing unit in association with a time at and after the time when

the signal is received in the communication step.

15  Effects of the Invention
[0010]
According to the present invention, accuracy in measuring the position of a
vehicle can be enhanced in a location where the vehicle cannot receive radio waves from
a GPS satellite.
20
BRIEF DESCRIPTION OF THE DRAWINGS
[0011]
FIG. 1 illustrates an environment where a vehicle C mounted with a vehicle
position measurement system travels.

25 FIG. 2 is a brief block diagram illustrating a functional configuration of the



20 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0011] FIG1 illustrates an
envi ronnent where a vehicle C nounted with a vehicle position neasurenent
systemtravels. 25FIG 2 is a brief block diagramillustrating a functional
configuration of the 5 vehicle positiors neasurenent system FIG 3
illustrates an outline of a process for a positioning processing unit to
nmeasur e t he whidepsitipo sictjuprmenf system. vehi cl e C based on coordi nate val ues read
out by a DSRC processing unit. 5FIG 4 is a flowhart illustrating operation
of the vehicl e podi@idaiusters ar ertbmt ofdgvicess. foBERFitMIDE pRORSDARRYING OUT THE
| NVENTI ON [ 0012] 1OHereinafter, the present invention is explained with
ref erence t omspeithd arentoditingof the véhipgeCdosedskicbdrddatevainbereat tutdban make
various types of different enbodi mnents based on the description of the present
i nvention. FDERO@Eacedsh® ypttesent invention is not linmted to the enbodi ments
illustrated for explanation_

5 FIG. 4 is a flowchart illustrating operation of the vehicle position measurement

device.

BEST MODE FOR CARRYING OUT THE INVENTION
[0012]

10 Hereinafter, the present invention is explained with reference to specific
embodiments. A person skilled in the art can make various types of different
embodiments based on the description of the present invention. Further, the present
invention is not limited to the embodiments illustrated for explanation.

[0013]

15 FIG. 1 illustrates an environment where the vehicle C mounted with a vehicle
position measurement system 100 travels. Multiple communication devices A are
arranged in a region where the vehicle C mounted with the vehicle position measurement
system 100 travels. The vehicle position measurement system 100 communicates with
a communicable communication device A (a communication device Al located closest to

20  the vehicle C in the case of FIG. 1), and thereby measures the position of the vehicle C.
[0014]

Each of the communication devices A stores identification information (antenna
ID) uniquely allocated thereto and transmits a signal containing the antenna ID by radio
communication. Since a communicable range of each of the communication devices A

25  is from dozens of centimeters to several tens of meters. The communication devices A



[0013] 15FIG 1 illustrates an environnment where the vehicle C nounted with a
vehi cl e position neasurenent system 100 travels. Miltiple comrunication
devices A are arranged in a region where the vehicle C nounted with the
vehi cl e position neasurenent system 1004 ravels. The vehicle position

measur enent system 100 communi cates with a comruni cabl e conmuni cati on device A
(a communi cear¢ amanged/suck thal the geamedicdilowess of Gie2@pediee yahingnieationdpviedse case of
FIG 1), and thereby neasures the position of the vehicle C. [0014] Each of the
communi cat i oh devotces:rlap Stnor @ethedemnyf existinigotechnviagymaty dn {rpttadimée 12D)

uni quely allocated thereto and transmts a signal containing the antenna |ID by
radi o comuniceatuinbntioSinethed asaomthaicomblueicetamgdveks dac hicofinafthie acesenmni cat i on
devices A 25 is from dozens of centineters to several tens of neters. The
conruni cat i owhidievdch @$ thA cofmameadsr &rgpedAducinfighat td becaonvmniuciafsioe byanges of

t he respective conmmuni cati on devices A do not overlap one another. Any

exi sting 3 echsRt o@ydicasd bieorapaigk cablntunication) Cionerphiied! | 0N additibodmulielt by t he
conmmruni cation devices A Hereinafter, a case in which each of the

communi cat i OfnHRWIGESH ActiSesCORfd Guinel (Da eXRGH he@TaRBiveAtd @Bmby GPSDSRC
(dedi cated short range conmmunication) is explained. In addition, nmultiple

COﬁﬂuniCatiQﬁﬂﬂﬁ&h@%&sﬁkﬁﬁﬁHQthﬂgﬁﬂE&ﬂ_a | ocati on where radio waves from a
UPS satellite are less likely to or unable to reach. [0015] FIG 2 is a brief

bl ock di agr amnpdiowi ng a functional configuration of the vehicle 10 position
measur enent syst'em 100. The vehicl e position neasurenent system 100 includes a

vehi cl e position FEaSULerk b&@&vdi&?an%sho%vi@asﬁﬂ&%gﬁ&hﬂgumntof%e Rhighi cl e
speed neasurenent unit 3, and a gyroconpass 4.
10  position measurement system 100. The vehicle position measurement system 100
includes a vehicle position measurement device 1, a GPS processing unit 2, a vehicle
speed measurement unit 3, and a gyrocompass 4.
[0016]
The GPS processing unit 2 includes a GPS antenna, a calculation device, and the
15 like. The GPS processing unit 2 receives radio waves from a GPS (global positioning
system) satellite and measures the current position of the vehicle C mounted with the
GPS processing unit 2.
[0017]
The vehicle speed measurement unit 3 calculates the traveling speed of the
20  vehicle C based on values such as the rotation number and the rotation speed of wheels
of the vehicle C mounted with the vehicle speed measurement unit 3.  Then, the vehicle
speed measurement unit 3 outputs the traveling speed to the vehicle position
measurement device 1. The rotation number and the rotation speed of wheels may be

calculated by the vehicle speed measurement unit 3 based on signals output from sensors

25 mounted on the wheels and axles. Alternatively, the rotation number and the rotation



[ 0016] The UPS processing unit 2 includes a GPS antenna, a cal cul ati on devi ce,
and the 15 |like. The GPS processing unit 2 receives radi o waves froma GPS

(gl obal positioning systen) satellite and neasures the current position of the
vehicle C mounted with the GPS processing unit 2. [0017] The vehicl e speed
measurenent unit 3 calculates the traveling speed of the 20 vehicle C based on
val ues such smsed h&whedlatriaprbenatroktedanda trbtetieroiambay mepoededfdewiseahd aof t he
vehicle C nounted with the vehicle speed neasurenent unit 3. Then, the vehicle
speed neasuretsEnt spead meZueantigpttsidehigfdreravehi thg velpde dpded ntcheranetni whie3.posi ti on
measur enent device |. The rotation nunber and the rotation speed of wheels may
be cal cul at eglrthyr, thevehilt gleed spe@cmpastit 8nentmemint (B hasddg speedioftial s out put
from sensors 25 nounted on the wheels and axles. Alternatively, the rotation

nunber and t¥idlOCabdsan on Hilspeediitd ohetdsesndijfelon: fadchit abed fayhnalaget ati on
nunber neasurenent device and a rotation speed neasurenent device different

from the yehielevapaBsh MEaskiEe M RlvesatkdarEURE Retlicle thRd vedahebigers paRd
measurenent unit 3 may nmeasure the traveling speed of the vehicle C based on

ot her exi stifgmieGh ot} eseedidb@Eonin { BRRvVADRigaAOve technol ogy. 5 Moreover,
when the vehicle C noves backward, the vehicle speed neasurenent unit 3
outputs the traveli,pgyRe&aphst aREBRM Mbiifl BirlA6K VAR hBRAC mounted with

the gyrocompass 4 (a direction in which the front of the vehicle C faces).

[0018]

10 Then, the vehicle position measurement device 1 is explained. The vehicle
position measurement device 1 includes a CPU (central processing unit), a memory, an
auxiliary memory device, a communication device, and the like, which are connected via
a bus. The vehicle position measurement device 1 executes a vehicle position
measurement program, thereby functioning as a device including: an input/output unit

15 101; a DSRC processing unit 102; an antenna ID storing unit 1021; a positioning
processing unit 103; a road position storing unit 1031; a positioning information storing
unit 1032; a charging location storing unit 104; a determination processing unit 105; a
charging basic-information storing unit 1051; a charging table storing unit 106; a
charging control unit 107; an IC card processing unit 108; and a wide-area

20  communication processing unit 109.

[0019]

The input/output unit 101 receives an input from a user and displays an image
on an image display device. The input/output unit 101 generates, for example: a screen
for displaying a charging price stored in the charging table storing unit 106 (a charging

25  price displaying screen); a screen for displaying a charging location stored in the



The gyroconpass 4 detects a noving direction of the vehicle C nounted with the
gyroconpass 4 (a direction in which the front of the vehicle C faces). [0018]
10Then, the vehicle position neasurenent device 1 is explained. The vehicle
positi on neasurenent device 1 includes & CPU (central processing unit), a
menory, an auxiliary menory device, a comrunication device, and the |ike,

whi ch are comaebdigeldcarion storibg snit TA¢ (v elfirgite loseisint disgpayingasstacalngricregetice 1
executes a vehicle position nmeasurenent program thereby functioning as a

devi ce i ncl ullspkgingathe poxdtinn/ of thepuehicleniitasdrsd byl Ok, positiDSRCPProeieg shihd0U@i t 102; an
antenna I D storing unit 1021; a positioning processing unit 103; a road

posi tion st ovehivdy pinition HEBhying sposi) amdrd seeeh ifrotispéeyingre s4fbe congestiontarch032; a
charging location storing unit 104; a determ nation processing unit 105; a
char gi ng baslaged nhotafft icongesti@r informanioh @5k by clramgderged abheusicationng uni t
106; a charging control unit 107; an IC card processing unit 108; and a

W de- ar eas 20pr6@R¥HNIGAT00QH tRfie @OSgEtG didh displfithg stR6d)9] Then, the inplieutbmput / out put
unit 101 receives an input froma user and displays an i mage on an i nage

di spl ay devigg: 10Thsplappite/contrned scetiths odl 03 9RO sevibar Rxanpleatisplayscr een for
di splaying a charging price stored in thc charging table storing unit 106 (a
char gi ng 25pidvee fip HealicRded Gh €88)samd BEEBENas ar pAh 2Pl By i RGicR ghaig ng

| ocation stored in the 8 charging |location storing unit 104 (a charging

| ocation di spLai-R@nSetREMb: mBy BEERRREOE 1t isplAWpRtuA®] ROS idiibrafe t he
vehi cl e neasured by the positioning processing unit 103 (a vehicle position

di spl ayi ng sgreenlimrand St Rakid Rkiidh $RhAYIG: &vidal fic congestion area
based on traffic congestion information received by the w de-area

connunicg%io&oﬁnpropessing unit 109 (a traffic congestion area displaying
screen). Then, the input/output unit 101 displays the generated screens on the

it 52 el MR SRR 42 LY S

housi ng as a part © position ne Ice y be

connect ed to.the. Lnput (ot Rt w1 1, A9, 85,8, deNi g8, SEuthe ARUalag, dyf feren

sitron asurenent device antenna | D

SLori 0 U AP AL SO PR S U SR8, B BTt
1021 St oo SO0 A b oS B LSRR S5 SR ccar o
of each (Ijg tpoemmunication devices A. In addition, the antenna ID storing unit 1021 may be

configured to store a coordinate value which indicates a position on the road closest to

each of the communication devices A, instead of a location at which each of the

communication devices A is installed.

[0021]

20 The DSRC processing unit 102 receives a signal transmitted from a
communication device A through DSRC communication, and obtains an antenna ID of
the communication device A contained in the rececived signal. Then, the DSRC
processing unit 102 reads out, from the antenna ID storing unit 1021, a coordinate value

corresponding to the obtained antenna ID.  Further, when the signal is received from the

25  communication device A, the DSRC processing unit 102 detects the time at which the



15 conmuni cation devices A In addition, the antenna ID storing unit 1021 nay
be configured to store a coordinate value which indicates a position on the
road cl osest to each of the conmunication devices A instead of a |ocation at
whi ch each of the comrunication devices A is installed. [0021] 20The DSRC
processing unit 102 receives a signal transmtted froma comunicati on device
A t hrough DSR@atwsengiviedati on, and obtains an antenna | D of the conmunication
device A contained in the received signal. Then, the DSRC processing unit 102
reads out, fi6&t he antenna ID storing unit 1021, a coordinate val ue
corresponding to the obtained antenna ID. Further, when the signal is received
fromthe 25 comruniheabadopositeni inérAatidchgoDBRGip 0tle sseanfjgumd twitORegtetyect s t he
time at which the 9 signal is received. [0022] The road position

i nformati on &dviues nghus bkerlidddduter membiygisyied and 4 mapmestio hyrdetiski deesuthe as a

sem conductor nenory device and a nmagnetic hard-di sk device. The 5 road

posi tion § nf @adabkiabn Sifomialign Whiring 10X 1@t oftess coatithhmatAucy akvitigs indaeh i ndi cat e
positions at which a road is |aid out. The positioning processing unit
103 measur espdsiing bwigdH a Pasistiai@puof the vehicle C based on the current
position received fromthe UPS processing unit 2, a traveling speed received

fromthe vehicle speedsinBAsBIRMg il 1033neaturdPE Bk pOFHInT theekicked 10 from
t he gyroconpass 4, and a coordi nate val ue received fromthe DSRC processing

unit 102. Speaisfdcad e cubBf ReSIE :QRIVEY AREPHESSING:odfikihg 1OR JRasiEes, t he
current position of the vehicle C based on the current position received from

the UPS pr ch?%é& RV ok R AGEO WRKER A RIS, SR INE Sl G cBei RS

satellite (hereinafter, this nmeasurenent process is referred to as a "UPS

posi tioning REAGRSKrdcomBED, AR { AALRMEVER: N Grom the DSRC processing unit

102. Specifically, the positioning processing unit 103 measures the current position of
the vehicle C based on the current position received from the GPS processing unit 2
when radio waves can be received from a GPS satellite (hereinafter, this measurement
process is referred to as a “GPS positioning process”). When no radio waves can be
15  received from the GPS satellite, the positioning processing unit 103 uses existing
dead-reckoning navigation based on the fraveling speed and the moving direction, and
thereby estimates the current position of the vehicle C (hereinafter, this measurement
process is referred to as a “dead-reckoning navigation positioning process.” Further,
when the DSRC processing unit 102 receives a signal from a communication device A,
20  the positioning processing unit 103 performs a recalculation process based on coordinate
values read out by the DSRC processing unit 102, and thereby updates coordinate values
written into the positioning information storing unit 1032 (hereinafter, this process is
referred to as a “recalculation process™).
[0023]

25 The positioning information storing unit 1032 is configured with memory



15 received fromthe UPS satellite, the positioning processing unit 103 uses
exi sting dead-reckoni ng navi gation based on the traveling speed and the noving
direction, and thereby estinates the current position of the vehicle C
(hereinafter, this nmeasurenment process iig referred to as a "dead-reckoning
navi gati on positioning process." Further, when the DSRC processing unit 102
recei ves a sdeayiva$ sfichom a ssoinendictatmenorsedavice afd P Maghdicplrsi-tisrdemigepr ocessi ng
unit 103 perfornms a recal cul ati on process based on coordi nate val ues read out
by t he DSRC Preomesisning infointativd toriggubit HE2ebyesplatdichciodicdésrasdiswaltheges written
into the positioning information storing unit 1032 (hereinafter, this process
is referred messasmant' patamed gt thenpgitoomgsprpces§it 28jt RPBTheSppasidllyomieng
infoitnation storing unit 1032 is configured with nenory 10 devices such as a
sem conduct ofioshipAbE \infdevitiee sandg aniragieitbes havodthaskvatlevwideh infiivetepdsi ti oni ng
information storing unit 1032 stores a | og which indicates results of the
measur ement @efchopdRbnhy thdheepasit t0nilAg Py aeessitinging préced:dd. wiBpess fui cal |y,
the positioning information storing unit 1032 stores a coordi nate val ue which

i ndi cates t hgsfuidtih el thP Ak theR tefvehdR v ehidsitiendd ahcetoatifte Pilud (igne _
positioning processing unit 103 in association with the tine when the vehicle

C is positiopgd @l cddh@nfOeeH Balegsuvahue (time when the coordinate value is
nmeasured). [0024] The charging location storing unit 104 is configured with
menory devi cggrguch 10 as a sem conductor nmenory device and a magnetic
har d- di sk device. The charging location storing unit 104 stores coordi nate

val ues which indi %E%hﬁgihg?&aﬁ&{ staﬁﬂgﬁ%?litai%ﬁ% LonkiuE M@ G HEHARTLEY |

referred to as "chargin arget roa e charging target” road is a road for

whi ch a od $ s&ﬂﬁ&%gt& 9116‘%%{38%%?8 Ra & ngighé‘tﬁ:r hf-dkRSleVel! Chie &aké&élﬁ,”

t he
vehicl e enters the road. e determ nation processing unit

105_gener at eg. ¢ALAL00,BA% L] QMR OORESAIMiLAR ROS kAol hhe vei cle

C measured by posttioni ng processing unit and the coordinate val ues

nf ormat i on WEAFBPRRHIDACERAL o Pleiny Bl 8 2 AR ARGy it 107

dependi ng. ont ALRAr GG ot Hba e e Aabpted teah Cehane Brinea e B | i o

charged in accordance with a traveling distance, the determ nation processing
unit 105 caJE%ﬁ%ﬁ§§nﬁmr%Pgﬁivalue of distances which the vehicle C travels on
t he char?ing target road, and wites the value into the charging

basi c-i nfor ni'%dn storing unit 1051 as the charging basic information.

25Further, when a _toll is charged in accordance with a,peripdh?f stay, t he
det ermi nati on The determination processing unit 105 generates charging basic informatio

based on the position of the vehicle C measured by the positioning processing unit 103
and the coordinate values stored in the charging location storing unit 104. The charging
basic information is information that is required when the charging control unit 107
20  performs a charging process. The charging basic information differs depending on a
charging method to be adopted. For example, when a toll is charged in accordance with
a traveling distance, the determination processing unit 105 calculates a total value of
distances which the vehicle C travels on the charging target road, and writes the value
into the charging basic-information storing unit 1051 as the charging basic information.

25  TFurther, when a toll is charged in accordance with a period of stay, the determination



11 processing unit 105 calculates a total value of a period for which the
vehicle C stays on the charging target road, and wites the value into the
chargi ng basic-information storing unit 1051 as the chargi ng basic
information. [0026] 5The charging basiciinformation storing unit 1051 is
configured with nmenory devices such as a sem conductor nmenpry device, and a
magnet i ¢ harrfoetisske del | Becalcphéeseralyatey Washesiof Arrore thereliels G sigrsumi t 1051
stores chargi ng basic infornmation. The charging table storing unit 106
i s confi gur etie whargingrtangst yoadeard vagesthe Malasingp e nhagng beionfomadmysteéng ce, and a
magneti ¢ hard-di sk device. The charging table 10 storing unit 106 stores a
char gi ng t ablret Mhi ehthe shargihpbasat inormdton. char gi ng. For exanple, when a toll is
charged in accordance with a traveling distance, the charging table storing
unit 106 stojtessla charging table in which a charging price is associated with
each total value of the traveling distance. Further, when a toll is charged in
accordance w th aTperchagingfbasit-dfornidien clvaingivny 10&bliecatiguict gvithnintmdB6 stores a
charging table in which a 15charging price is associated with each total val ue

of a period @fvicst aych §082éhiconductor nldigore iavige, NghdCO MagmticUitkd dik@7deoRbCul ates a
charging price for the vehicle C based on the charging basic information

stored in thendhaddiodsibagbendioh abABL iR 051 elokdd Ghdigihl bds@bidfoanstidnhe char gi ng
table stored in the charging table storing unit 106. 20The I C card processing

unit 108 writes theeechasids BBleRid&e ubdh 6aHsabshuby wikemeha, dkBesGas 4501 unit 107
into an IC card (integrated circurt card). [0028] The w de-area conmuni cation
processi ng ulidicoh@fid AR EvRe CRATOinAgheRE HGR-disk device. The charging table
10  storing unit 106 stores a charging table which is information for charging. For example,
when a toll is charged in accordance with a traveling distance, the charging table storing
unit 106 stores a charging table in which a charging price is associated with each total
value of the traveling distance. Further, when a toll is charged in accordance with a
period of stay, the charging table storing unit 106 stores a charging table in which a
15  charging price is associated with each total value of a period of stay.
[0027]
The charging control unit 107 calculates a charging price for the vehicle C based
on the charging basic information stored in the charging basic-information storing unit
1051 and the charging table stored in the charging table storing unit 106.
20 The IC card processing unit 108 writes the charging price calculated by the
charging control unit 107 into an IC card (integrated circuit card).
[0028]
The wide-area communication processing unit 109 transmits a charging price
calculated by the charging control unit 107 to a charging price management server via a

25  wide-area communication network by radio communication. Further, the wide-area



cal cul ated by the charging control unit 107 to a charging price managenent
server via a 25 wi de-area communi cati on network by radi o conmuni cati on
Further, the wide-area 12 conmunication processing unit 109 receives traffic
congestion information fromthe trafficjgongestion informati on nmanagenent
server via the w de-area conmuni cati on network. [0029] 5FIG 3 illustrates an
outline of acopmooésord procedsmgpaosi 10% riceigespirofie songrgtieminforr@gon drofed®ur e t he
current position of the vehicle C based on coordinate val ues read out by the
DSRC pr ocesstraffic woidesti@2 inf@mation medinegirest serpasyit itn vode-trhe combriupicetiod

cal cul ated by the positioning processing unit 103 based on the GPS positioning
process or thwewekad-reckoni ng navigation positioning process at the tinme of
Tn. RVp is a vector which 10 indicates a road direction detected by the

posi tioni ng oaglessi ng unit 103 based on a coordinate value of Pp_n and a
nmovi ng direction of the vehicle C. The positioning processing unit 103 detects
a road clypsest toHOS waarehsnatbatmabie pakedSPomntha pekitidnsq dedeediSua: 103i t vect or
extending in the noving direction of the vehicle C along the detected road as
RVp. Pp_n+1 fonflisat @ drResidsition odthetiBickanbike ofcoatiabit ahves RYd biteylS

posi tioning processing unit 103 based on the GPS positioning process or the

dead- r eckoni g jy®\d ﬁ@ée@sﬁﬂ% ReSidl 0np NOInBIEAEES Sosiion o hetveMBle @ caldiitalod Hy0030]
Pd _n indicates a coordinate val ue read out by the DSRC processing unit 102 at

the tinme of dp. Rhichink WHh&RUSS uhiiel0Beslld $nOfhe BGPEGRLIGMAIAL iR BCERS at the
position of the 20 vehicle Cat the time of Tn (recal culation value). At the

time of Tn \Oglfgg_r gﬁgﬁ@%@gﬁgg@wtlﬁ&éﬁﬂ%m HRECRYpNYa Yldr v the

coordi nate e e DSRC processing unit 102 matches a

recal cul a1 ORaNAUE (I eltiol BRLOLEy WY fRiiichie AL OHNGPLACESAING uni !

103 regards a rec Ion value at etinme n the DSRC processing

UL 302, eoRLXERAL R FFAL B, ATAPARIS, (PSSR0 oV Do o0 2
processing unit 103 detects a road closest to the coordinate value of Pp_n and also
detects a unit vector extending in the moving direction of the vehicle C along the
detected road as RVp. Pp n+l indicates a position of the vehicle C calculated by the

15  positioning processing unit 103 based on the GPS positioning process or the
dead-reckoning navigation positioning process at the time of Tn+1.
[0030]
Pd_n indicates a coordinate value read out by the DSRC processing unit 102 at
the time of Tn.  Pr_n indicates the results of a recalculation process at the position of the
20  vehicle C at the time of Tn (recalculation value). At the time of Tn when a signal is
received by the DSRC processing unit 102, the coordinate value (Pd_n) read out by the
DSRC processing unit 102 matches a recalculation value (Pr_n). In other words, the
positioning processing unit 103 regards a recalculation value at the time of Tn when the

DSRC processing unit 102 receives the signal as a coordinate value read out based on an

25  antenna ID received at the same time of Tn.



13 [0031] RVr is a vector in which a starting point of the vector of RVp
is substituted for Pd_n. This is a vector which indicates a road direction
detected by the positioning processing unit 103 based on the coordi nate val ue
of Pp_n and a noving direction of the 5jyehicle C. Pt n+l indicates a position
of the vehicle C at the tinme of Tn+l obtained by the dead-reckoni ng navi gation
posi tioni ng [fPddess perforned based on a recal cul ati on value at the previous
time (Tn). A vector connecting Pp_n with Pp_n+l matches a vector connecting
Pd n with Pt_n+l1 RNt fser netonin whghiat tetiengaprintdif tkectecon of RVp isrdubstgutad foi nt  at

whi ch a perpendicular |ine drawn down fromPt_n+l to RVr intersects with Rvr,
10and i ndi cakdks. aThiedakousttat ivhivhviallivgesas rodueditactien détecFeiby the0PBR]onikige
positioning processing unit 103 stores a predeterm ned value of a tinme |ag.
The val ue of prbdeesitig et 108dabeal ca thatdasedintet erlod o _pred s awsing diyctexpéthienent s and
sinmulation. The value of the time lag indicates a tine lag fromthe tinme when

the vehicd e fehpes fSnaliagiests 4 foshioh QFtAdNeEialei (DR theWhE 8f Tr-tiobtdieedtiyme when
DSRC communi cation is conpleted i1n a case where the DSRC processing unit 102

mount ed on t{e eEl iy da 4G P&tichind G6A8! B8y Shde GnSPREM (iR exanpl e,

50 km per hour) communi Cates wth the conmuni cation device A Wien the DSRC

br ocessi ng upife 07, LECELY Ry A8 0Nl LLOMANSE MI:6a6) G0 diglie A the

positioning processing uni etects 't e tinme
obt ai ned by subtr [ val f. th i lag fr [
y vector cgncr;[ectyn% Igt{l g Wil% lytfnﬁ intterglstof rrrn%gm%%e am? Tlr;[:cttllgn.t Ilyfn-l\—,\(n ies%

point at which a perpendicular line drawn down from Pt_n+1 to RVr intersects with RVr,

10 and indicates a recalculation value at the time of Tn+1.
[0032]
The positioning processing unit 103 stores a predetermined value of a time lag.
The value of the time lag is a value determined previously by experiments and simulation.
The value of the time lag indicates a time lag from the time when the vehicle C comes
15 closest to a communication device A to the time when DSRC communication is
completed in a case where the DSRC processing unit 102 mounted on the vehicle C
traveling at a general traveling speed (for example, 50 km per hour) communicates with
the communication device A. When the DSRC processing unit 102 receives a signal
from the communication device A, the positioning processing unit 103 detects the time
20 closest to the time obtained by subtracting the value of the time lag from the time when
the signal is received, from among the times stored in the positioning information storing
unit 1032 (hereinafter, referred to as “processing target time™), and thereby reads out a
coordinate value corresponding to the processing target time as Pp_n. Then, the

positioning processing unit 103 replaces the coordinate value stored in the positioning



the signal is received, fromanong the tines stored in the positioning
information storing unit 1032 (hereinafter, referred to as "processing target
time"), and thereby reads out a coordinate val ue corresponding to the
processing target tine as Pp_n. Then, the positioning processing unit 103

repl aces the coordinate value stored in the positioning 14 information
storing uni tinfoed2tidnnstersgowiiti 38ninvissdsiatihe wilobe seasepingaiergst timematinilich t he
coordi nate val ue read out by the DSRC processing unit 102. Then, the
posi ti oni ng q@ootsgs vaige uradtoul 03 the D& Cheroctreing ewdl K4l alham thyr poseimgingn t he
coordi nate values stored in the positioning information storing unit 1032 in
associ at i on mbtehsingsyieti3i pegotnianibs reatlcdatnFaddesy ont the cqrdioss silng staed@t ti ne,
and thereby cal culates and rewites a recal cul ati on val ue. [0033]

Speci fi cal | ythe bh€tiqgphgy infonmnativg gormgeniilAge indstockfisn edthaedpaties tianey ecdnar
connecting both points based on the coordinate values Pp_n and Pp_n+1 at the
processi ng tdregaie pkdcaBinanagéthignen@xd thérthyecalcliatel indRtaittededajcutaion GRS,
positioning process or the dead-reckoning 10 navigation positioning process.
Then, the pogbtijoni ng processing unit 103 sets a vector which is equal in
magni tude and direction to a vector calcul ated by regarding a coordinate val ue
Pd_n (Pr_n) read qutcifsalynge RSonRp0G6&sdingumnid3 Libdlad 4 NRioPkOERsSNg t ar get
time as a starting point, and thereby cal cul ates an endi ng point of the vector

as Pt_n+l. Then ?ih@%asl%a Mﬂe%i)fa&ag\{aﬁl?gs_@l&ne ?b%@%@m@%&bgsﬁ{gg\&ﬁé time

recal cul ation value 15 (Pr_n+l) a ime of " Tn+l based on and Pt_n+1.

TSt Ler. 45, 85Ot B OGERRL 18 A o AL Shr ReyRlu ol 71 =

t he af or ementi I"es val'u

aforeneniioned_PL_n+1,,and therebﬁ cal cul ates, a recalculatign valu% at each
time at snd HHEHOR RSNBELERy (AT e RATHENOE SEPSAT IS 0RI A 45 & VEC'HT owchart
illustrating operation of the vehicle position neasure t device 1. First,
thc positi onRigh pf ge8dsinngiagiifude ro8 @%@E@l@%aavﬁﬁgi?ﬁ%ﬁggbbbﬁﬁ%% 8% (% he GPS
posi tioning process or the dead-reckoning navigation positioning process)
(Step 3101). Soprimmic vates Bosin BHPHOBPBEEISTRGPOAHNE 08¢ LB @S (1 e
when a coordi nate val ue has been neasured (positioning tine) with the

coor di nat e V’@rggé}img@g aygtartiegs peipie and thereby calculates an ending point of the vector as

Pt n+1. Then, the positioning processing unit 103 calculates a recalculation value
15 (Pr_n+l) at the time of Tn+l based on RVr and Pt n+l. Thereafter, the positioning
processing unit 103 handles a value of Pt n+1 as the aforementioned Pt n, and also
handles a value of Pt n+2 as the aforementioned Pt n+l, and thereby calculates a
recalculation value at each time at and after the processing target time.
[0034]
20 FIG. 4 is a flowchart illustrating operation of the vehicle position measurement
device 1. First, the positioning processing unit 103 executes a positioning process (the
GPS positioning process or the dead-reckoning navigation positioning process) (Step
S101). Then, the positioning processing unit 103 associates the time when a coordinate

value has been measured (positioning time) with the coordinate value, and writes the



15 tinme and the coordinate value into the positioning information storing unit
1032 (Step S102). The determ nation processing unit 105 totals traveling

di stances and the period of stay based on the infornmation witten into the
positioning information storing unit 1032, and thereby calcul ates the charging
basic information (Step S301). The DSRC 5 processing unit 102 constantly
execut es i dlfimg ashthe spaditster eduyinionthf pogtigighmiformgtipregieiingunit t&h @tep

comuni cation device A (Step S201, Step 5202-N0). Upon receipt of the signal
transmtted $108m tThe dctammwicx:lairb@Bﬁimwﬁché)SAOKaSt’f@pel'&goﬁstarES) andtthe pBIRC
processing unit 102 obtains an antenna ID fromthe signal received (Step
S203). The DSREGypvwaekssitmyinfminatidO@ritteadso thet paitivome difahsionastamgbased on t he
obtained antenna ID (Step 10 S204). Then, the DSRC processing unit 102
notifies thel(pasitd theiehg cgcdaeste rijarging thadid Infofmadibe (SopSd0Nat €hevBASBE and
comuni cation tinme read out (Step S205). [0035] The positioning

processi gy UftbéessiOButiepiadoasthntlyexesids edlidshad pradassiundf o Step iStOdveand St ep
S102 until being notified fromthe DSRC processing unit 102 (Step 15 S103-NO) .
On the ot herihandomwheRathel ReichalBhkp 8201 seMSLENDSRAIpIeas iontheuintl 102 (Step
5103-YES), the positioning processing unit 103 executes a recal cul ation

process baseghonid-n g0 MARheaihiaiion ddRean giitN82@0vES), At BSK@Ipdeettel fi ed
(Step S104), and thereby updates the content stored in the positioning

i nformation ghiofdNGbidk tanLAZDYDUSHAGHE s f%ﬁa{e@éib@&t [sp v20we {1t eBREL0D) .
Then, the positioning processing unlit 103 20notifies the determ nation

processi ng Uﬁbées;g%mg{ dmaésaﬁakmmatb%amg@ée@uh el DA A RRR A een

executed (Step 81 The determ nation processing unit 105 repeatedly

execut es § hespy Ceﬁi%no%x R SROLHOL, B0 DQEAONEidoAle LiR:LAGANAL ¢ he

recalculatlon p ocess exec from?2 posi tToni ng processing

unit 103 (Stgp oﬁ%%o’&@nate%&e%ﬁd Q&rﬁﬁ&u%'aﬂ imden REIsAY s205).
[0035]
The positioning processing unit 103 repeatedly executes the processes of Step
S101 and Step S102 until being notified from the DSRC processing unit 102 (Step
15 S103-NO). On the other hand, when being notified from the DSRC processing unit 102
(Step S103-YES), the positioning processing unit 103 executes a recalculation process
based on the communication time and the coordinate value notified (Step S104), and
thereby updates the content stored in the positioning information storing unit 1032 by
using a recalculation value (Step S105). Then, the positioning processing unit 103
20  notifies the determination processing unit 105 of the fact that the recalculation process
has been executed (Step S106).
[0036]
The determination processing unit 105 repeatedly executes the process of Step
S301 until being notified of the fact that the recalculation process has been executed from

25  the positioning processing unit 103 (Step S302-NO). On the other hand, when being



16 notified of the fact that the recal cul ati on process has been executed from
the positioning processing unit 103 (Step 5302-YES), the determ nation
processing unit 105 totals the traveling distances and the period of stay
based on the updated content stored in the positioning information storing
unit 1032, and thereby updates the content stored in the 5charging

basi c- i nf or metifiof o the fach ghatiiic recapglutior] Progpy has been eyequieh &ogche pPsEigpasi t i on
measur enent device 1 and the vehicle position neasurenent system 100 havi ng
the above combéggsinmtioh(3 (Yep L YEDnieglepromessi pygeassing utid30htdgatles t he
current position of the vehicle C based on a signal received froma 10

communi cat i oimavdbng distadces land tth periodsdfamayebased oo drediymiated ogafentestovhd dth thendi cat es
the position of the comrunication device Ais accurate. Therefore, accuracy of
t he neasur engmitiopihgdefesndrias etbriog uhin @03 snd thorebpipddte thoomimt catedon tldevi ce A i s
hi gher than that of the conventional dead-reckoning navigation positioning
process. ForcHahi ¥a€iaSobmALe elotth@gnit 05the vehi cl e position nmeasurenent device
1 and the vehicle position 15 nmeasurenent system 100, it is possible to
enhance the peagurenent accuracy of the current position of the vehicle C even
when the vehicle Cis positioned in a |ocation where it is difficult for the

vehicle C to receiryent adih@ageasol Mdactde sai@! i el dH03BLIcFysdder, the
positioning processing unit 103 executes the positioning process 20 based on a

time lag in 4BR.CARMNLERNTI0RaRAOHE 360RRONELRRNCOPPINN Gl PhecdeM & A and the
DSRC processing unit 102. Therefore, it is possible to enhance the accuracy of

measuring t hﬁ)ﬁfﬂééfsﬁll% tl&oﬁirltehpﬁbbsﬁfontﬁ%é/ Gt € Gased Qx@%%ldgnﬁmgé&édeﬂorg&arml e)

251 n place of cal culating RVr  based on RVp as descri bed above, the positioning
17 10  communication device A. In this instance, a coordinate value which indicates the

position of the communication device A is accurate. Therefore, accuracy of the

measurement process based on the position of the communication device A is higher than

that of the conventional dead-reckoning navigation positioning process. For this reason,

according to the vehicle position measurement device 1 and the vehicle position
15  measurement system 100, it is possible to enhance the measurement accuracy of the

current position of the vehicle C even when the vehicle C is positioned in a location

where it is difficult for the vehicle C to receive radio waves from a GPS satellite.

[0038]

Further, the positioning processing unit 103 executes the positioning process

20  based on a time lag in the communication process between a communication device A

and the DSRC processing unit 102. Therefore, it is possible to enhance the accuracy of

measuring the current position of the vehicle C.

[0039]

{Modified Example)

25 In place of calculating RVr based on RVp as described above, the positioning



processing unit 103 may cal cul ate RVr based on a coordinate value of Pd_n and
a noving direction of the vehicle C on calculating RVr. Specifically, the
positioning proccssing unit 103 may detect a road cl osest to the coordinate
val ue of Pd_n, and then detect a vectorigextending along the detected road in a
novi ng direction of the vehicle C as Rvr. 5[0040] The positioning
processi ng unptessiQBumiteli3 siagcelcalatg AV dassfl on 2cperdinhiggalup oBBRE SERA R IONING t h each
of the communi cation devices A In this instance, the positioning processing
unit 103 reatsciout oftthe vetatle € of caltnatng iVl agpesifiorlbu therpoakiswol atdcowingi t h an
antenna I D of a signal received by the DSRC processing unit 102, and thereby
execut es 10timét ri8cakscddtet iaanadrlossis®. the coordinkgrizherof Rdhe qpdshen daiéahg
processing unit 103 nay store a value of a tinme lag in association with each
travel i ng speedr edténdidy Sorignkd dereed rodddn pasivingalivectpnpf deeskicied asiMr. 103 r eads
out the value of the tine lag corresponding to the current traveling speed of
the vehi c) e [Gpand thereby executes the recal culation process. 15[ 0041]

The positioning processing unit 103 may be configured to wite, when a

cal cul ated_ coor di mat &oviabtifg ipgfodddid @hit i 10BOmbNSiROSI VAleNioNG: iiRfeotagaini on
storing unit 1032, the coordinate value in association with an identifier

whi ch i ndi calsesiatbe WG eadte BOhIhiRlatoy AdwitRs AS @ W HQaka] eepaitedliday the GPS
positioning process, a value cal culated 20 by the dead-reckoni ng navi gation

posi tioning Iﬁ&&@ﬁg@m@ﬁoﬁﬁﬁ%h@ﬁ% kiR HBie 140)60red i QsRORmtibA WithNG
processing unit 1 may be configured so as not to recal cul ate a val ue

cal cul at ed béﬁtctn!ﬂg é@?a rs’%ﬁ;ﬂt EQNA By RELEERE prisideQmit€08! £l il & aidedindat e only
by the J

a val ue cal cul ate ead-rectkoni ng navigation positioning process in the

recalculﬁ}iqﬂeg%g&ﬁaimiﬁékgp42] 18 The details of the enbodi nents of the
present 1 nvention have been explained with reference to the acconpanying

present Fnventit “been ext  reference Lo conpanyi ng
rani ngs Speci 16 SR ULALLANG, GloLl RIPI8NI) RN LA 8 £ 4Ry i ed Lo

t he above-describ I'nc ange I n design and the |ike

without deparling fi (o8 LB ERRE sRbal NG Rl FRERLe, Y SRRy o NRASHR AL
APPLI CABI LI T%
103 reads out the value of the time lag corresponding to the current traveling speed of the
vehicle C, and thereby executes the recalculation process.
15 [0041]
The positioning processing unit 103 may be configured to write, when a
calculated coordinate value is written into the positioning information storing unit 1032,
the coordinate value in association with an identifier which indicates whether the
coordinate value is a value calculated by the GPS positioning process, a value calculated
20 by the dead-reckoning navigation positioning process, or a recalculation value. Then,
the positioning processing unit 103 may be configured so as not to recalculate a value
calculated by the GPS positioning process, but to recalculate and update only a value
calculated by the dead-reckoning navigation positioning process in the recalculation

Process.

25  [0042]



[ 0043] The present invention is applicable, for exanple, to
measur enment of the position of a vehicle in a |ocation where the vehicle
cannot receive radio waves froma UPS 10satellite. DESCRI PTI ON OF REFERENCE
NUVERALS [ 0044] 1: vehicle position neasurenent device 152: GPS
processing unit 3: vehicle speed neasurenent unit 101: input/output unit 102:
DSRC processi ng ufhe dgeds opihsienibointegtspridbe swhang invehtion pys ibe¢ropinkngdr ocessi ng
unit, update unit) 20104: charging location storing unit 105: determ nation
processi ng uwith refdi@6ce tohbe gicomptmiigedswongs.ndgSreiit coffituciiangphthecuereniol uni t
108: 1 C card processing unit 25109: w de-area conmmuni cation processing unit
invention are not limited to the above-described embodiments, and may include change

in design and the like without departing from the scope of the present invention.

INDUSTRIAL APPLICABILITY
[0043]
The present invention is applicable, for example, to measurement of the position
of a vehicle in a location where the vehicle cannot receive radio waves from a GPS

10 satellite.

DESCRIPTION OF REFERENCE NUMERALS
[0044]

1: vehicle position measurement device
15 2: GPS processing unit

3: vehicle speed measurement unit

101: input/output unit

102: DSRC processing unit

103: positioning processing unit (positioning processing unit, update unit)
20 104: charging location storing unit

105: determination processing unit

106: charging table storing unit

107: charging control unit

108: IC card processing unit

25 109: wide-area communication processing unit



A: communi cation device C. vehicle 20 CLAIMS 1. A vehicle position

measur enment devi ce conprising: a positioning processing unit that estimtes a
current position of a vehicle; 5a positioning information storing unit that
accunul ates and stores the position of the vehicle estimted by the
positioning processing unit in association with an estinmated tine; a
communi cat i on uni ¥ coamupiegwndedcy signal transnitted froma conmuni cation
device installed at a fixed |location, and detects, based on the signal

recei ved, a positiComeli@eof the vehicle at a tine when the signal is received;
and an updating unit that updates, based on the position of the vehicle
detected by the comrunication unit, the position of the vehicle stored in the
positioning information storing unit in association with a tinme at and after
the tinme when the signal is received by the comrunication unit. 15 2. The
vehi cl e position neasurenent device according to claim1, wherein the updating
unit previously stores a value of tinme |lag generated at the tinme when the
signal is received by the comruni cation unit, and updates, based on the
vehi cl e position detected by the communication unit, the position of the
vehicle stored in the positioning 20 information storing unit in association
wth atine at and after a tinme obtai ned by subtracting the value of the tine
lag fromthe tinme when the signal is received by the conmunication unit. 3.
The vehicl e position nmeasurenent device according to claim2, wherein to



25update the position of the vehicle, the updating unit replaces, with the
position of the 21 vehicle detected by the conmunication unit, the position
of the vehicle stored in the positioning information storing unit in
association with the tine obtained by spfptracting the value of the tine |ag
fromthe tinme when the signal is received by the communication unit. 5 4A
vehi cl e position nmeasurement nethod cehPHYSing: a positioning processing step
of a vehicle position nmeasurenent device estimating a current position of a
vehicle, the vehicle position nmeasurenent device conprising a positioning
information storing unit; 10a positioning information storing step of the
vehi cl e position deabisleameitivn desursmeaedsnivakampigngand storing the position of
the vehicle estimated in the positioning processing step in association with
an estimated ti nmegapositioningproawinminctthitesintteys efrentiesitienptd ehipbsi ti on

measur enent device receiving a signal transmtted froma comuni cati on device
install eds at a fi xedsitiadat infmpatimdtdbg etie dtat mgpmblase ehdovtorthibe posgproalofr ecei ved,
a position of the vehicle at a time when the signal is received; and an
updati ng st efhe 0fhidlb estivatid by ehgpositibhiag proeasing ente hit assteldioe withedatdtinggedbased on
the position of the vehicle detected in the comunication step, the position
of the vehicfige;stored in the positioning information storing unit in
association with a tine at and after 20 the tinme when the signal is received
in the communi cat ia@Bm&fuBRation unit that receives a signal transmitted from a communication

device installed at a fixed location, and detects, based on the signal received, a position
10  of the vehicle at a time when the signal is received; and
an updating unit that updates, based on the position of the vehicle detected by
the communication unit, the position of the vehicle stered in the positioning information
storing unit in association with a time at and after the time when the signal is received by
the communication unit.
15
2. The vehicle position measurement device according to claim 1, wherein the
updating unit previously stores a value of time lag generated at the time when the signal
is received by the communication unit, and updates, based on the vehicle position
detected by the communication unit, the position of the vehicle stored in the positioning
20  information storing unit in association with a time at and after a time obtained by
subtracting the value of the time lag from the time when the signal is received by the

communication unit.

3. The vehicle position measurement device according to claim 2, wherein to

25  update the position of the vehicle, the updating unit replaces, with the position of the



10

15

20

21

vehicle detected by the communication unit, the position of the vehicle stored in the
positioning information storing unit in association with the time obtained by subtracting
the value of the time lag from the time when the signal is received by the communication

unit.

4 A vehicle position measurement method comprising:

a positioning processing step of a vehicle position measurement device
estimating a current position of a vehicle, the vehicle position measurement device
comprising a positioning information storing unit;

a positioning information storing step of the vehicle position measurement
device accumulating and storing the position of the vehicle estimated in the positioning
processing step in association with an estimated time;

a communication step of the vehicle position measurement device receiving a
signal transmitted from a communication device installed at a fixed location, and
detecting, based on the signal received, a position of the vehicle at a time when the signal
is received; and

an updating step of the vehicle position measurement device updating, based on
the position of the vehicle detected in the communication step, the position of the vehicle
stored in the positioning information storing unit in association with a time at and after

the time when the signal is received in the communication step.



