1 DESCRIPTION POSITION NOTIFICATION APPARATUS, VEHICLE POSITION NOTIFICATION
METHOD, ONBOARD UNIT, VEHICI F POSITION CALCULATION METHOD 5AND PROGRAM, AND
VEHICI F POSITION CALCULATION SYSTEM TECHNICAL FIELD [0001] The present invention relates
to a position notification apparatus and a vehicle 10 pagsition notification method that notify an onboard
unit mounted in a vehicle of a present position of the corresglonding vehicle, an onboard unit that is

mounted in a vehicle and calculates a position dO PRIt

Bhicle is present based on information

notified of by a position notification apparatus, a vehicle position calculation method and program, and a
vehicle position calculation system that calculates a position at which a vehicle is 15present.
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driving safety support systems (DSSS) in addition to display of a vehicle position by a car navigation

function. A wghicle pogiinprowmstd iseserepiitElyss@Eiem Eastioningdyses s PS)/dead 25

reckoning (DR) scheme of positioning a vehicle mainly by the GPS and correcting the 2
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TECHNICAL FIELD
[0001]

The present invention relates to a position natifan apparatus and a vehicle
position notification method that notify an onboardt mounted in a vehicle of a present
position of the corresponding vehicle, an onboaniti that is mounted in a vehicle and
calculates a position at which the vehicle is pnebased on information notified of by a
position notification apparatus, a vehicle positaculation method and program, and a
vehicle position calculation system that calcula@gmsition at which a vehicle is
present.

Priority is claimed on Japanese Patent Applicalon2011-155574, filed July

14, 2011, the content of which is incorporated imelg reference.

BACKGROUND ART
[0002]

Conventionally, an onboard unit mounted in a vehperforms positioning of
the vehicle. Vehicle positioning is used in roaidipg and driving safety support
systems (DSSS) in addition to display of a vehpdseition by a car navigation function.
A vehicle positioning method is exemplified by a@4l Positioning System (GPS)/dead

reckoning (DR) scheme of positioning a vehicle rabby the GPS and correcting the

Priority



vehicle position at any time based on output values of a speed sensor and a gyro sensor mounted in the
vehicle by DR. [0003] However, when vehicle positioning is performed according to the GPS/DR 5
scheme alone, detection errors of the speed sensor and the gyro sensor are accumulated with the lapse
of time, and thus there is a problem in that accuracy deteriorates under the condition of continuous use
due to accumulation of the corresponding errors. To solve this problem, there is a method in which a

beacon notifies ¥R UABRAHIANROAMYIIMRBERGS FreS i yXHehSRaretRRNEBSRIMh DIYHR W85 ponding
beacon, and the onboard unit 10 corrects a position of a vehicle based on the corresponding notification
according to the THRYAIRTSh B 'ﬁlgib%g eacon included in the notification (for example, see Patent
Document 1). [0 ] In addition, a method of correcting a position using an optical beacon is
15disclosed in Patent Document 2. PRIOR ART DOCUMENTS PATENT DOCUMENTS [0005] 20[Patent

Document 1] Japanese LRXGenIa LR ISR RBUGHIRM, Bist RUMIAYERAR HAQBRIBAT [Patent
Document 2] Japanese Unexamined Patent Application, First Publication No. 2009-026056 3 PROM

FMS TO BE5SOkpielh 8 ¥IdidEdMYEDT KMirs of the speed sandahe gyro sensor are accumulated

with the lapse of time, and thus there is a prolilethat accuracy deteriorates under the

condition of continuous use due to accumulatiothefcorresponding errors. To solve

this problem, there is a method in which a beaarii@s an onboard unit of information

representing an installation position of the cquoesling beacon, and the onboard unit
10 corrects a position of a vehicle based on the spmeding notification according to the

installation position of the beacon included in timgification (for example, see Patent

Document 1).

[0004]

In addition, a method of correcting a position gsam optical beacon is

15 disclosed in Patent Document 2.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0005]
20 [Patent Document 1] Japanese Unexamined Patenicafiph, First Publication No.
H10-281781
[Patent Document 2] Japanese Unexamined Patenic&pph, First Publication No.

2009-026056

25 DISCLOSURE OF INVENTION



[0006] However, a communication range of a beacon is about 5 meters, and it is impossible to know
at which point in the corresponding communication range 5communication is completed. For this reason,
when a vehicle position calculation method employing a method disclosed in Patent Document 1 is used,
there is a problem in that an error corresponding to a gjze of the communication range is included in a
post-correction vehicle %)gition. An object of the present invention is to provide a position notification

apparatus, 10 a DEIEEEYSitisA %Etﬁéﬁ(gprﬁ& &t DVENWDEN unit, a vehicle position calculation

method and pro é@%aﬂd a vehicle position calculation system capable of reducing an error that occurs
when a vehicle 3 Ian is corrected. MEANS FOR SOLVING THE PROBLEMS 15[0007] In order to

achieve the aforementiqqg\ge(y%ip%t%oﬁ]m?%ﬁ WPQW(%EL%E aangggw% RIESERY iilflysention is a position

notification apparatus that notifies an onboard unit m In a vehicle of a présent position of the

vehicle, and i”dﬂﬁzﬁééé}dﬁg%%mimﬁh%ﬁﬁ the Yshidaogid AmaHICRAN AYkthat notifies the

onboard unit of a 20detection time at which the detection unit has detected the vehicle and a correction

reference pasiticdbiiiuisicaesisabapacted Fpatmesiisbal Whiehithe yedhirle baslhegshpresent at the
detection time by wireless communication. [0008] In the position notification apparatus of the

present inventiomédtiedetepioningét Rethuaydisteckd ireRienp @eant iebsed atmansargrobem
communication range of wireless 4
in that an error corresponding to a size of theroamication range is included in a
post-correction vehicle position.
An object of the present invention is to providgosition notification apparatus,
10 avehicle position notification method, an onboand, a vehicle position calculation

method and program, and a vehicle position calcnaystem capable of reducing an

error that occurs when a vehicle position is caeec

MEANS FOR SOLVING THE PROBLEMS
15 [0007]

In order to achieve the aforementioned object®sitipn notification apparatus
of the present invention is a position notificatepparatus that notifies an onboard unit
mounted in a vehicle of a present position of thkiele, and includes: a detection unit
that detects the vehicle; and a notification umit ihotifies the onboard unit of a

20 detection time at which the detection unit has ctetéthe vehicle and a correction
reference position that is a position corrected pesition at which the vehicle has been
present at the detection time by wireless commtioica
[0008]

In the position notification apparatus of the présavention, the detection unit

25 may detect a vehicle present behind a boundarycofranunication range of wireless



communication by the notification unit in a vehicle travel direction. [0009] In the position notification
apparatus of the present invention, the detection unit may detect a vehicle present near the boundary of
the communication range of wireless 5communication by the notification unit. [0010] The position
notification apparatus of the present invention may include: a recording unit that sequentially records
detection times at which the detection unit has detected vehicles on a storage unit; and an erasure unit
that erases the FXEERINGRHRIDABIFRUHERYCME O R XEOIPEBMR! fBRFHRE-storage unit, and the
notification unit rr& g]erform sequential communication with onboard units in order of entry into the
communication @é of wireless communication, and notify an onboard unit that is a communication

farget of & detection iy FRIBSERIPGIRERUCSLImB ATarAU s ARIEsion mensiarga e storage

unit. 15[0011] In the position notification app e present invention, t

detect the onbogihyIiMPUEHidLIPRYEMTIER AN IN A BEREGIEHTMIEHOF IBHR R IGReRAZed Oon

reflected light of laser light emitted to the detection area by a laser sensor installed above a road surface,

and the notificatigghiriiRaxdirbtHeenetiaarshumitof 20the detection time at which the detection unit has
detected the onboard unit mounted in the vehicle by wireless communication. [0012] In order to

achieve the afor@@og@tioned objects, an onboard unit of the present invention is an onboard unit that is
mounted in a vehicle, calculates a position at which 25the vehicle is present based on information notified
of by a position notificatibte position notification apparatus of the presevention may include: a
recording unit that sequentially records detectiores at which the detection unit has
detected vehicles on a storage unit; and an erasiiréhat erases the detection time
10 notified of by the notification unit from the stg@unit, and the notification unit may
perform sequential communication with onboard ummitsrder of entry into the
communication range of wireless communication, @otify an onboard unit that is a
communication target of a detection time represgrie earliest time among the
detection times stored on the storage unit.
15 [0011]
In the position notification apparatus of the presavention, the detection unit
may detect the onboard unit mounted in the velpmsent in a predetermined detection
area based on reflected light of laser light erdittethe detection area by a laser sensor
installed above a road surface, and the notificatioit may notify the onboard unit of
20 the detection time at which the detection unitdetected the onboard unit mounted in
the vehicle by wireless communication.
[0012]
In order to achieve the aforementioned objectgrdioard unit of the present

invention is an onboard unit that is mounted irehigle, calculates a position at which

25 the vehicle is present based on information natiGéby a position notification



S apparatus, and includes: a calculation unit that calculates a position at which the vehicle is present
each time based on a distance traveled by the vehicle and records the position on a storage unit as travel
history information; a receiver unit that receives a detection time at which the vehicle has been detected
by the position notification apparatus and a 5correctios reference position that is a position to be
corrected as a position at which the vehicle has been present at the detection time from the position

notification appafRRA PYSwRBRECKERBFRISHENCAHNE WEWERES R (o Hea: LoMaetsthifeVsB4ifon at which
the vehicle is present based cﬁl a trabvel h(istor from the detection time to a curre%t% tﬁwe stared on the

storage unit and'tHY CSHEERGH FLPE AR %%% .tiﬂfﬁdi%jglﬁwWﬁ il ?P@éﬁﬁ% 3 entioned
biects. hicl e i ¢ : . iy \ati
cystom that calod L e S Bt L v e 8 e .

calculates the pRGHoR: N tRENBNMERIFSRENGEIE AP BRERHOH RoRHRiad NGISIRIE PLGRERL and a

15position notification apparatus that notifies the onboard unit of a present position of the vehicle in which

the onboardgunitdsrragtisiadidhempopdianorotieadiaapnonis irdidess a gesadioat wtdhaigletects the

vehicle; and a notification unit that notifies the onboard unit of a detection time at which the detection unit
has detected thevgbitiel&antezc prectiamr ¢ierécee positine fiuhp saigoaiiticaivreappadasia pysition at
which the vehicle 20 has been present at the detection time by wireless communication, and the onboard
unit includes: a culelg¢stceumniltteatieic alrdes copesiiivnuaitiimtects éhgebisid dmginghink teboard unit
installed therein is present each time based on a distance traveled by the vehicle and records the position
on a storage univ@Ri¢laie PRSIV NARSHItBiFayebbisiasy (iRmariecieerias fRadevéelibiMne at which the
vehicle has been detected by the 25position notification apparatus and the correction reference position

that is a position¥8" & Bf SIAERPE VAP iR AISEHAHRIE POSIER has been present at the detection

time from t% poEj 9 notification apparatus by wireless communication; and a correction unit that
corrects the position alt which the vehicle is present based on a travel history from the detection time to a

current time stored on the Strage HEIRHES GOLRSHABHG IR e rcle position calculation

system of the present invention is a vehicle pmsitialculation system that calculates a
position at which a vehicle is present, and inctu@a onboard unit that calculates the
position at which the vehicle having the onboard mmounted therein is present; and a
15 position notification apparatus that notifies thoard unit of a present position of the
vehicle in which the onboard unit is mounted, theifpon notification apparatus
includes: a detection unit that detects the vehate a notification unit that notifies the
onboard unit of a detection time at which the diacunit has detected the vehicle and a
correction reference position that is a positiorrected as a position at which the vehicle
20 has been present at the detection time by wirelssnunication, and the onboard unit
includes: a calculation unit that calculates a tomsiat which the vehicle having the
onboard unit installed therein is present each hiamed on a distance traveled by the
vehicle and records the position on a storageasiitavel history information; a receiver
unit that receives the detection time at whichwdleicle has been detected by the

25 position notification apparatus and the correctiference position that is a position to



5position. [0014] In order to achieve the aforementioned objects, a vehicle position notification
method of the present invention is a vehicle position notification method using a position notification
apparatus that notifies an onboard unit mounted in a vehicle of a present 10 position of the vehicle, a
detection unit detects the vehicle, and a notification urgt notifies the onboard unit of a detection time at
which the detection unit has detected the vehicle and a correction reference position that is a position
corrected as a pBSifiBH SR HhithtBfePositicie A 4 (SRS VSR R AL LRSRARIMARREIRF HAREiEe

communication.iéOOl 15In arder to,achieve the afor?%s{nenti ned objects, a vergdrf,le %osition calculation

method of the prBRBHY 1RSSR o8 R ARBEIRE Y L BR RIS I 6 h o FREEH Y that i
mounted in a velygle. d Galgiales @ RATIAR AL e Xelicle. s s Rer bassd. g ation

notified of by a position notitication apparatus, a c ation unit calculates a position at'which the vehicle

Is present each {gie hpeshRg 20dIFAREREYSES Gy ¢ RiGEARdHE EBFAS R PasiliproN a storage

unit as travel history information, a receiver unit receives a detection time at which the vehicle has been
detected by ghe pgsitign. notification apparatus and a correction reference position that is a position to be
corrected as a position at which the vehicle has been present at the detection time from the position
notification appaj@dag]by wireless communication, and a 25correction unit corrects the position at which
the vehicle is present based on a travel 7 history from the detection time to a current time stored on the
storage unit and the cortectider iefechirye josittaie [0a1B]nadetiEcts Ack aasitian alotiteadntioned objects,
a program of the present
method of the present invention is a vehicle positiotification method using a position
notification apparatus that notifies an onboard orounted in a vehicle of a present
10 position of the vehicle, a detection unit detebesyehicle, and a notification unit notifies
the onboard unit of a detection time at which tegdtion unit has detected the vehicle
and a correction reference position that is a ositorrected as a position at which the
vehicle has been present at the detection timeit®fegs communication.
[0015]
15 In order to achieve the aforementioned objectghacle position calculation
method of the present invention is a vehicle pasitalculation method using an
onboard unit that is mounted in a vehicle and dates a position at which the vehicle is
present based on information notified of by a posinotification apparatus, a
calculation unit calculates a position at which ké&icle is present each time based on a
20 distance traveled by the vehicle and records tlséipn on a storage unit as travel
history information, a receiver unit receives aedt@bn time at which the vehicle has
been detected by the position notification apparatd a correction reference position
that is a position to be corrected as a positiomhath the vehicle has been present at the

detection time from the position notification apgais by wireless communication, and a

25  correction unit corrects the position at which vedicle is present based on a travel



5 invention is a program for causing an onboard unit that is mounted in a vehicle and calculates a position
at which the vehicle is present based on information notified of by a position notification apparatus to
function as a calculation unit that calculates a position at which the vehicle is present each time based on
a distance traveled by the vehicle and records the position on a storage unit as travel history information,
a receiver unit that 10receives a detection time at which the vehicle has been detected by the position

notification appafitifeyalhen B ASCEEHPEHEIR AR & SRR HERR eNBSiflHaBEERNER as a position at
which the vehicle has been present at the detection time from the position notification apparatus by
wireless commuﬁ?&é?%l’?,narr? LeL6H LRSI Unit that corrects the position at which the vehicle is present
based on a travefrb % ry from the detection time 15to a current time stored on the storage unit and the
correction reference p%sition. EFFECTS OF THE INVENTION [0017] According to the present invention,

a notification unit does ’]H%‘F&’éﬁc%&q%?@%@i%'fb%rﬂb%ﬁ@rﬁ@@%ﬁé%k%%&%ﬁ'&ﬁ%%%&?osmon of a

vehicle to be corrected, but a detection unit that performs vehicle detection separately from a beacon is

prepared, amd n@iiftagien i@rbpargahitaf adairrianfine i uriehrie seteriavembidandetected the
vehicle and a correction reference position, thereby causing the vehicle position to be corrected.

Accordingly, it isqatsgiites to patifip the: amidaticeurshicldhe mebaaid veméten2&positaifiedwebpanding to
the detection time. 8 BRIEF DESCRIPTION OF THE DRAWINGS [0018] FIG. 1 is a constitution
diagram of a vehiokitippsitificsdicnlappar aiusténTunGrecasdegiatonitni et qiefeated @ prgiidment of the
present invention. FIG. 2 is a schematic block diagram showing a constitution of an information
processing appathwiich the vehicle is present each time baseal distance traveled by the vehicle and

records the position on a storage unit as trawbhi information, a receiver unit that

10 receives a detection time at which the vehicleldees detected by the position

notification apparatus and a correction refererasstion that is a position to be corrected

as a position at which the vehicle has been pregehe detection time from the position

notification apparatus by wireless communicatiorg a correction unit that corrects the

position at which the vehicle is present based wawel history from the detection time

15 to a current time stored on the storage unit aactdnrection reference position.

EFFECTS OF THE INVENTION
[0017]
According to the present invention, a notificatiorit does not notify of a

20 position of the notification unit itself to causgaesition of a vehicle to be corrected, but
a detection unit that performs vehicle detectiqrasately from a beacon is prepared, and
notifies an onboard unit of a detection time atchitthe detection unit has detected the
vehicle and a correction reference position, thecsusing the vehicle position to be
corrected. Accordingly, it is possible to notifyetonboard unit of the accurate vehicle

25 position corresponding to the detection time.



FIG. 3 is a sequence diagram illustrating an operation for the vehicle position calculation system to notify
an onboard unit of information. 10FIG. 4 is a schematic block diagram showing a constitution of an
onboard unit in accordance with the first preferred embodiment. FIG. 5 is a flowchart illustrating
operation of the onboard unit in accordance with the figst preferred embodiment. FIG.6is a
schematic block diagram showing a constitution of an information 15 processing apparatus in accordance
with a second preferred embodiment. PREFERRED EMBODIMENTS FOR CARRYING OUT THE

INVENTION [0019] (First preferredﬁﬁﬂﬁggﬁi gﬁjé(ﬁ;éere' E\)r t red embodiment of the
present invention will be described t Eg f h‘c@%&ﬁ%@ &HW&E#IG 1 is a constitution
diagram of a vell' iéiosition calculation system in accordance with a first preferred embodiment of the
present invention. A vehicle position calculation system includes a laser sensor (detection unit) 1,

R s B G e e
range on thesroagkeufirReR tARFERYiEE RSB e RRRNeAt idesent invention.
FIG. 2 is a schematic block diagram showing a ¢tigtn of an information
processing apparatus.
FIG. 3 is a sequence diagram illustrating an operdor the vehicle position
calculation system to notify an onboard unit obmhation.
10 FIG. 4 is a schematic block diagram showing a ¢trigtn of an onboard unit in
accordance with the first preferred embodiment.
FIG. 5 is a flowchart illustrating operation of theboard unit in accordance
with the first preferred embodiment.

FIG. 6 is a schematic block diagram showing a ¢tigtn of an information

15 processing apparatus in accordance with a seceferprd embodiment.

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTND

[0019]

(First preferred embodiment)

20 Hereinafter, a first preferred embodiment of thesent invention will be

described in detail with reference to drawings.

FIG. 1 is a constitution diagram of a vehicle positcalculation system in
accordance with a first preferred embodiment ofpitesent invention.

A vehicle position calculation system includesselasensor (detection unit) 1,

25 aninformation processing apparatus 2, a beacdifi¢ation unit) 3, and onboard units



5vehicle that passes over the road surface. When the laser sensor 1 detects a vehicle, the information
processing apparatus 2 specifies a detection time that is a time at which the corresponding vehicle has
been detected. In order of entry into a communication range B by the onboard units 4, the 10 beacon 3
performs sequential communication with the correspording onboard units 4 having made the entry. When
an onboard unit 4 enters the communication range B of the beacon 3, the beacon 3 notifies the onboard
unit 4 of a corredion reference position used for correcting position information in the onboard unit 4 and
the detection tin&&g@cified by the information processing apparatus 2. Here, the correction reference
15position may rmation representing a latitude and a longitude of the laser sensor 1, a combination

of an ID of the beacon ;@gqa%gj%t&%coq ﬁévl(ﬁsiﬁllg}?%cboc{@%)%éqj%mcﬁﬁié 4 (%Iﬂﬂ H%eg sensor 1, or

the like. The onboard unit 4 is mounte e vehicle, and sequentia ulates a position at which

the Co”esF’O”di'Mé@?&?ﬁii%eB@é%’&Eid?ﬁ'?Qméf@%ﬂQHQ%‘A&QU@E&VWQ@@Q&HE frigHaed-Rasition based on

the information notified of by the beacon 3. In addition, in the first preferred embodiment, the laser sensor

1 detects thg preggii€ie f2 yekieledtat iseieseatagbend a boundary of the communication range B of
the beacon 3 in a vehicle travel direction and near the boundary (for example, about 1 meter). Although

the communication rang&/iiknftbied d3eacensdisLidteesassahiyie Shamnsitdaniracessttipappaeitices due to
an installation position of the onboard unit 4, a 10
2 specifies a detection time that is a time at Wiie corresponding vehicle has been
detected.
In order of entry into a communication range B g onboard units 4, the
10 beacon 3 performs sequential communication withctiveesponding onboard units 4
having made the entry. When an onboard unit 4etive communication range B of
the beacon 3, the beacon 3 notifies the onboatdwfia correction reference position
used for correcting position information in the oald unit 4 and the detection time
specified by the information processing apparatust2ere, the correction reference
15 position may be information representing a latitade a longitude of the laser sensor 1,
a combination of an ID of the beacon 3 and a digtdretween the corresponding beacon
3 and the laser sensor 1, or the like.
The onboard unit 4 is mounted in the vehicle, saguentially calculates a
position at which the corresponding vehicle is erés Also, the onboard unit 4 corrects
20 the calculated position based on the informatiatifiad of by the beacon 3.
In addition, in the first preferred embodiment, thger sensor 1 detects the presence of a
vehicle that is present behind a boundary of teraanication range B of the beacon 3
in a vehicle travel direction and near the bound#oyexample, about 1 meter).

Although the communication range B of the beac@r®t necessarily

25 consistent according to vehicles due to an ingtatigposition of the onboard unit 4, a



material of a windshield, a vehicle speed, and the like, a position that serves as an average boundary of a
communication range is regarded as a vicinity of the communication range in the first preferred
embodiment. [0021] 5FIG. 2 is a schematic block diagram showing a constitution of the information
processing apparatus 2. The information processittg apparatus 2 includes a detection information
acquiring unit 21, a detection time specifying unit 22, a detection time recording unit (recording unit) 23, a
detection time qURRRIE"[RtGFHWIDARYIOW, AntPRiIS'E SRRYAD BB RCEHORITNES e VSR etection
information acquiring unit 21 acquires detection information. representing. whether or not a vehicle has

BN BHPdANSR BRRRAG

been detected frofT e 1QSHP SBRSD A CHTHBHYREIGL SRR 'inf o' &}Mip sy the detection
information acq%gﬂgn%iikéﬁorﬁpéﬁeagqﬁﬁ q{hg%(?ggg,,?eg @r%%?ﬁg% éhe detection time specifying unit 22
n e

specifies the 15corresponding time as a detection time. etection time recording unit 23 records
the detection ti cified by the detection time specifying unit 22 in the detection time queue 24. The
detection time queue 24 stores the detection time recorded by the detection time recording unit 23.

20When thespnboard uni{d@ entesssie sRibbicaliagrsAn g PtheBeRas Ot SethgRriRigiinit 25 extracts
the detection time from the detection time queue 24 and outputs the detection time to the beacon 3. In the

first preferred enpbachssén, digpxdraalion.from a queue” represents a process of reading information initially
recorded in the queue and erasing the corresponding information. In other words, the output unit 25
erases the 25detection flire intstifieation pyotesivacomp I dtom2Atirclickestaoiiotindagumatior24. Also, the 11

acquiring unit 21, a detection time specifying Wftf a detection time recording unit
(recording unit) 23, a detection time queue (steragit) 24, and an output unit (erasure

10 unit) 25.

The detection information acquiring unit 21 acgsidetection information
representing whether or not a vehicle has beercidetédrom the laser sensor 1.
When the detection information acquired by the ceda information acquiring unit 21
represents that a vehicle is present, the detettienspecifying unit 22 specifies the

15 corresponding time as a detection time.

The detection time recording unit 23 records theden time specified by the
detection time specifying unit 22 in the detectiibme queue 24.

The detection time queue 24 stores the detectioa tecorded by the detection time
recording unit 23.

20 When the onboard unit 4 enters the communicatioged of the beacon 3, the
output unit 25 extracts the detection time fromdk&ction time queue 24 and outputs
the detection time to the beacon 3. In the firefgered embodiment, “extraction from
a queue” represents a process of reading informatitally recorded in the queue and
erasing the corresponding information. In otherdspthe output unit 25 erases the

25 detection time notified of by the beacon 3 from die¢ection time queue 24. Also, the



beacon 3 notifies the onboard unit 4 that is a communication target of a detection time representing the
earliest time among detection times stored in the detection time queue 24. [0022] 5Next, an operation for
the vehicle position calculation system to notify the onboard unit 4 of information in accordance with the
first preferred embodiment will be described. FIG18 is a sequence diagram illustrating an operation
for the vehicle position calculation system to notify the onboard unit 4 of information. 10First, the laser

sensor 1 detectLPEHERet BHEEANFAMIBIEIHBEATNRT 15 GREBIRHPA gWe! & AHRISTHSBARt is emitted

tep Si). Here, the | 1 calculates a distance fr issj ition of the laser light t
eflacion point P EIE TRUBP AN GACEE S TG A LR DA T REHIL RS MEH e refocted

light is received,.gnd determines whether or not a vehicle is present according to whether or not 15the
corresponding distance has reached a predetermined threshold value or less. The laser sensor 1 outputs
detection inform?émfepresenting whether or not a vehicle is present to the information processing
apparatus 2 (step S2). Also, the laser sensor 1 sequentially outputs detection information to the

information grocessing apparafspe RitiBrefR terBRR IBEIHIRB NN BRESs 2 ¥RV Z3hotify Midien the laser
sensor 1 outputs the detection information, the detection information acquiring unit 21 of the information

processing appasahdmi actudres ittierchetiémti onaofordsattenitartinth @lefeereseasboditstep EBhdNext, the
detection time specifying unit 22 determines whether or not the detection information acquired by the
25detection infodaatidpedcquiring unit 21 represents that a vehicle is present (step S4). 12 When the
detection information represents that a vehicle is not present (step S4: NO), the process returns to step
53 and waits for acquisititfp SfinExeBRESHiRFERMAtiGHrating an opmrdor the vehicle position

calculation system to notify the onboard unit 4ndbrmation.

10 First, the laser sensor 1 detects whether or meh&le is present in a detection
range L to which laser light is emitted (step S1hlere, the laser sensor 1 calculates a
distance from an emission position of the lasédttlig a reflection point of the laser light
based on a time from when the laser light is enhittewhen the reflected light is
received, and determines whether or not a velsgiedsent according to whether or not

15 the corresponding distance has reached a predetsrtfireshold value or less. The
laser sensor 1 outputs detection information regrsg whether or not a vehicle is
present to the information processing apparats$ed (S2). Also, the laser sensor 1
sequentially outputs detection information to thi@imation processing apparatus 2 at
predetermined sensing intervals.

20 [0023]

When the laser sensor 1 outputs the detectionnr#ton, the detection
information acquiring unit 21 of the informationogessing apparatus 2 acquires the
detection information from the laser sensor 1 (88p Next, the detection time
specifying unit 22 determines whether or not theect&on information acquired by the

25 detection information acquiring unit 21 represehts a vehicle is present (step S4).



[0024] On the other hand, when the detection information represents that a vehicle is 5present (step S4:
YES), the detection time specifying unit 22 specifies the current time as a detection time (step S5). Next,
the detection time recording unit 23 records the detection time specified by the detection time specifying
unit 22 in the detection time queue 24 (step S6). [002%p10The vehicle passes through the detection range
L of the laser sensor 1, and then enters the communication range B of the beacon 3. The beacon 3
sequentially sen%§@H%ﬁsdﬁ¥P€mwmj %'B?é%ﬁ%%eﬂfstﬁ'@gﬁ;ﬁé?d"%ﬁirﬂsﬁfﬁt(g%oc%%h‘l@?ngéet‘lon target,
and determines whether or not a com |ca le on oard unit 4 is >é)éfsent based on whether or not there

is a response to H@ﬁ%%éﬂggﬂ)SOWG% Vf@ﬂ)t E\‘%L@‘ﬁ'qﬂg R AR Y mmunicable

onboard unit 4 |s[(ﬁg1 nt (step S7: NO) the process returns to step S7, and the beacon 3 repeats a
determination of' whether or not a communicable onboard unit 4 is present. On the other hand, when

itis determined that a CosAHARADIG AR RFANBIEHISRIESE P 6AieRepTas R ie-0R2508 & outputs

request for a detection time to the 20information processing apparatus 2 (step S8). [0026] When the

beacon 3 outputgiheregsieptdar aciptasiontstge thereuipeiimiild efpdaisiaraaipr Mr ogRSaNd
apparatus 2 acquires the request for a detection time from the beacon 3 (step S9). Next, the output unit
25 extracts the detittotiohnin& ¢steth85).  Next, the detectioe tiecording unit 23 records the
detection time specified by the detection time #peg unit 22 in the detection time
queue 24 (step S6).
[0025]
10 The vehicle passes through the detection rangethedfaser sensor 1, and then
enters the communication range B of the beacon 3.
The beacon 3 sequentially sends signals for chgctkim presence of the
onboard unit 4 that is a communication target, @etdrmines whether or not a
communicable onboard unit 4 is present based otheher not there is a response to
15 the corresponding signal (step S7). When it ismeined that no communicable
onboard unit 4 is present (step S7: NO), the pooetsirns to step S7, and the beacon 3
repeats a determination of whether or not a comoalnhé onboard unit 4 is present.
On the other hand, when it is determined that ancomcable onboard unit 4 is
present (step S7: YES), the beacon 3 outputs &sedfpr a detection time to the
20 information processing apparatus 2 (step S8).
[0026]
When the beacon 3 outputs the request for a detetithe, the output unit 25 of
the information processing apparatus 2 acquiresettpeest for a detection time from the
beacon 3 (step S9). Next, the output unit 25 eidréne detection time from the

25 detection time queue 24 (step S10). Next, theututpit 25 outputs the extracted



25detection time queue 24 (step S10). Next, the output unit 25 outputs the extracted 13 detection time to
the beacon 3 (step S11). [0027] When the information processing apparatus 2 outputs the detection time,
the beacon 3 acquires the corresponding detection time (step S12). Then, the beacon 3 5notifies the
onboard unit 4 of the acquired detection time and a prgyiously determined correction reference position
(step S13). Through the process described above, the beacon 3 can notify the onboard unit 4 of the
detection time offHEHOUR B {PtHe1RsBF Y RSP sHd dhe correction reference position. 10The output unit
25 of the informi{iﬁg rocessing apparatus 2 outputs detection time to the beacon 3 in order of recording
in the detection 7(g)ueue 24. Also, the beacon 3 performs communication with the onboard units 4 in

d f entry into th icati rd i ' ter th
communication range B oL B e o B St BB A e Bl R M e s o
correct detectionimes, Parifiasihib bR disbRinTgistermhpMpenoihe 1aser BRnBendoresects a vehicle

that is present near the boundary of the communication range B of the beacon 3. Accordingly, there is a

low probabilgy ofatifiekigke BAESHIA DRIWESNASRE IR dadwplifeating agsteviddiah dsehabiiy of a
detection order being identical to a notification order. Furthermore, in the first preferred 20embodiment,
the laser sensorcordetgiots @feetice possient (opgl#)e boundary of the
Through the process described above, the beacan Batify the onboard unit 4
of the detection time of the vehicle by the lagers®r 1 and the correction reference
position.

10 The output unit 25 of the information processingaatus 2 outputs detection
time to the beacon 3 in order of recording in te&edtion time queue 24. Also, the
beacon 3 performs communication with the onboarts 4nin order of entry into the
communication range B. Accordingly, even whenwaality of vehicles enter the
communication range B of the beacon 3 at diffetiem¢s, it is possible to notify the

15 onboard units 4 of correct detection times. Paldidy in the first preferred
embodiment, the laser sensor 1 detects a vehiglestipresent near the boundary of the
communication range B of the beacon 3. Accordintdjgre is a low probability of a
vehicle passing between detection and notificatom, a high probability of a detection
order being identical to a notification order. thermore, in the first preferred

20 embodiment, the laser sensor 1 detects a vehiegept behind the boundary of the
communication range B of the beacon 3 in the velti@vel direction. Accordingly, a
vehicle is detected by the laser sensor 1, andghtars the communication range B of
the beacon 3. For this reason, the beacon 3 caediately notify an onboard unit 4
having entered the communication range B of a tieteime without waiting for the

25 laser sensor 1 to end detection.



communication range B of the beacon 3 in the vehicle travel direction. Accordingly, a vehicle is detected
by the laser sensor 1, and then enters the communication range B of the beacon 3. For this reason, the
beacon 3 can immediately notify an onboard unit 4 having entered the communication range B of a
detection time without waiting for the 25laser sensor Lip end detection. 14 [0028] Next, an onboard
unit 4 in accordance with the first preferred embodiment will be described. FIG. 4 is a schematic
block diagram srﬂ%%ﬁ]g a constitution of an onboard unit 4 5in accordance with the first preferred

embodiment. The onboard unit 4 includes a positign acquiring unit 41, a sensor, information acquiring
(it 42, 2 map informatDR G AAGE R L DU CHECrIAN (A PELRAA AR a: & bositon
storage unit 45, a dj it 46, a receiver unit 47, and a position correction unit (correction unit) 48.
10[0029] The position acquiring unit 41 acquires a current position of a vehicle by a GPS function.

The sensor information arguirgg %EHME%H%&H&P%@#H%@&W&%@H6’6}9&1&3{{ g sensor

mounted in the vehicle. 15The map information storage unit 43 stores map information including a road

pattern. sThepasHinaLrie watane ks dTerfernesealgriatien of a current position at predetermined
time intervals by the GPS/DR scheme based on the position information acquired by the position

acquiring unit 41 or the dutpohheduesioit thinsedsers pasjtine dduyu 2Dy seseosnfvfioratatioacquiring unit
42, and records the calculated position information in the position storage unit 45. At this time, the
position calculat@eguiiingdpetrens amapiatatehingsteisad uhitdoesiipintelonidiom stoited in the map
information storage unit 43.
(calculation unit) 44, a position storage unit @%lisplay unit 46, a receiver unit 47, and
a position correction unit (correction unit) 48.
10 [0029]

The position acquiring unit 41 acquires a currevgifon of a vehicle by a GPS
function.

The sensor information acquiring unit 42 acquiretpot values of a speed
sensor and a gyro sensor mounted in the vehicle.

15 The map information storage unit 43 stores maprimétion including a road
pattern.

The position calculation unit 44 performs calcuatdf a current position at
predetermined time intervals by the GPS/DR scheasedbon the position information
acquired by the position acquiring unit 41 or thepaot values of the sensors acquired by

20 the sensor information acquiring unit 42, and rdsdhe calculated position information
in the position storage unit 45. At this time, gwesition calculation unit 44 performs
map matching based on the map information storéddemmap information storage unit
43.

The position storage unit 45 stores the positidormation calculated by the

25 position calculation unit 44 in association withné in time order.



The position storage unit 45 stores the position information calculated by the 25position calculation unit
44 in association with time in time order. 15 The display unit 46 combines the latest position
information stored in the position storage unit 45 with the map information stored in the map information
storage unit 43, and displays the combined informatiopson a display of the onboard unit 4. [0030] 5The
receiver unit 47 receives the detection time and the correction reference position notified of by the beacon

3. The position correctioGriftSPRY MBARCOTRIRSD H61 ARShBERIMIPIMEHARGHIIdRtSn the position
storage unit 45 based on the detectig time and the, c]prrection Eggfer n?ﬁ}ﬁOSi jon received by the receiver
it 47, At this R IRE OB AR i tPAe prIARe I e AR BRI S B on the

inf ti ' : ' ' ! it 43.. tion for th board
it 10 caleutmtd s A R R S A ey e DR e

described. 15FIGm&sis a flowchart illustrating operation of the onboard unit 4 in accordance with the first
preferred embodiment. When the onboard unit 4 starts a position information calculation operation,

first, the posgfion acquirimgelRit4lerQAHES RGBT THRORHION O A el dvea o fefungtien (step S21).
Next, the position calculation unit 44 performs a map matching 20 process based on the position
information acqucesitiby tiueifiesbidsy ale bieimepurdt 41 and map information stored in the map information
storage unit 43, thereby estimating a current vehicle position. Then, the position calculation unit 44
records position informatiog pepiteseeninectinn estindtodrsusismoiredidihesiasiiistoiaigemations in
association with the current time (step S22), and waits for a next position calculation
stored in the position storage unit 45 based omlétection time and the correction
reference position received by the receiver unit 4&t this time, the position correction
10 unit 48 performs a map matching process basedeomé#p information stored in the
map information storage unit 43.
[0031]
Next, operation for the onboard unit 4 to calculadsition information in
accordance with the first preferred embodiment balldescribed.
15 FIG. 5 is a flowchart illustrating operation of theboard unit 4 in accordance
with the first preferred embodiment.
When the onboard unit 4 starts a position infororatialculation operation,
first, the position acquiring unit 41 acquires arent position of a vehicle by a GPS
function (step S21). Next, the position calculatimit 44 performs a map matching
20 process based on the position information acquogetthe position acquiring unit 41 and
map information stored in the map information sheranit 43, thereby estimating a
current vehicle position. Then, the position ckldtion unit 44 records position
information representing the estimated positiothenposition storage unit 45 in

association with the current time (step S22), aadsiFor a next position calculation

25  timing.



25timing. 16 [0032] Next, the position calculation unit 44 determines whether or not the current time is a
position calculation timing (for example, 10 seconds after the previous position calculation time) (step
523). When it is determined that the current time is a position 5calculation timing (step 523: YES), the
position acquiring unit 41 acquires a current position afg¢he vehicle by the GPS function (step S24). Also,
the sensor information acquiring unit 42 acquires output values of the speed sensor and the gyro sensor
between the tim&43¢hich the position calculation unit 44 has calculated the previous position information

d th t time. Next, th itio) Iculati it 4 ds the 1 iousl Iculated iti
nformation rom the podiSh CERENON Ak I et At Cl AN BRI Dy e AoHE LR vigation

based on th t ' - ' j ifi [t4? (step s . Next, th
posiion caleciat Bt L R e e e D S PR by e

position acquirineamjra%nthﬁqW@Wzm%mﬁymmﬂé@éwﬁ@m%ﬂ@bt@ealp‘d@iﬂednformaﬁon

stored in the map information storage unit 43, thereby estimating a current vehicle position. Then, the

position calagllatigqicunitidd finaKISRESHR YHSIMAEPoitRgaeRBNhihe1esttiaircbRasHéen in the position
storage unit 45 in association with the current time (step S26). [0033] 20When the position calculation unit
44 records the ppstitioninfahmatibitie bixeheoSHSTisiotageuan )85 Alssichs26nsur def@maities that the
current time is not a position calculation timing in step S23 (step S23: NO), it is determined whether or not
the receiver unitacyhisisgetwivetcaaidtes iutptineaies af tbepdptnsosiardribe pysitiensavipetnedeacon 3
(step S27). When the receiver unit 47 has received a detection time and a
the time at which the position calculation unites calculated the previous position
information and the current time. Next, the positcalculation unit 44 reads the
10 previously calculated position information from thesition storage unit 45, and
estimates a current position by autonomous nawgdtased on the output values
acquired by the sensor information acquiring ui(gtep S25). Next, the position
calculation unit 44 performs a map matching protesed on the position acquired by
the position acquiring unit 41, the position esti@ebby autonomous navigation, and the
15 map information stored in the map information steranit 43, thereby estimating a
current vehicle position. Then, the position ckdton unit 44 records position
information representing the estimated positiothanposition storage unit 45 in
association with the current time (step S26).
[0033]
20 When the position calculation unit 44 records tbsifion information in the
position storage unit 45 in step S26, or determihasthe current time is not a position
calculation timing in step S23 (step S23: NO)sitletermined whether or not the
receiver unit 47 has received a detection timeaaodrrection reference position from

the beacon 3 (step S27). When the receiver urtiteé/eceived a detection time and a

25 correction reference position from the beacon &(§27: YES), the position correction



25correction reference position from the beacon 3 (step S27: YES), the position correction 17 unit 48
reads position information associated with the detection time received by the receiver unit 47 from the
position storage unit 45 (step 528). Next, the position correction unit 48 calculates a distance and a
direction between a position represented by the read ppsition information and the correction reference
position received by the 5Sreceiver unit 47 (step 529). Next, the position correction unit 48 performs a map

matching proces‘é'"ﬂa@%f?@ﬂ%ﬁ@?gi@%f%B%ﬂﬁ%?&%ﬂ@ﬁ%ﬁd%ﬁ%d@ﬁi@?@%ﬁ%@ tifit 45, the
dist d the directi ted in step 529, and th i i tored in th inf ti
Storage unit 43, IRETUS) B AL ) 18 ROt B0 SRR ARG oy S TRGBAPT  When the
o inf et ) o . . : e g
D orrection refetee AL o SR s BRE R iy v GBS AU SBl e R Celfely e =

determines whether, a5 A DL ISHARI TG Ias PSS BRRPARE DI ITREL NSy sine by

manipulation, interrupt processing, or the 15like by a user or the like (step S31). When it is determined

that the endgeqygséibasuiit PEeRdpBIdyOMNER QHESI ARSI SA UNPABtPEriyees SSigrns to step S3,

and the onboard unit 4 continues calculation of position information. On the other hand, when it is
determined that thatevidy popresishizssbe @n ithpuafestptsitiontsiftie { steped 3 thegS)sitlvn atdvaged unit 4
ends the process. 20[0035] As described above, in accordance with the first preferred embodiment,
the beacon 3 notifiégHhéhentisantarind el decsoticralitl stexterh POt Han thiter mapsoformaigdetected a
vehicle and a position reference position that is a position corrected as a position at which the

corresponding vEKIESE HaedefPpréRErRtiantfioRIB HIhAROBT I aliRgdRe BdRshasiéafion. Accordingly,

the beacon 3 can notify the onboard unit 4 of an
information (step S30).

10 [0034]

When the position information is corrected in sE38, or the receiver unit 47
has not received a detection time and a correcgifarence position from the beacon 3 in
step S27 (step S27: NO), the onboard unit 4 detersnivhether or not an end request for
the process has been input from the outside bypukation, interrupt processing, or the

15 like by a user or the like (step S31). When desermined that the end request has not
been input from the outside (step S31: NO), thegss returns to step S3, and the
onboard unit 4 continues calculation of positioiloimation. On the other hand, when
it is determined that the end request has beern frgm the outside (step S31: YES), the
onboard unit 4 ends the process.

20 [0035]

As described above, in accordance with the firstgered embodiment, the
beacon 3 notifies the onboard unit 4 of a detediioe at which the laser sensor 1 has
detected a vehicle and a position reference paditiat is a position corrected as a
position at which the corresponding vehicle has\jgesent at the detection time by

25 wireless communication. Accordingly, the beacaraB notify the onboard unit 4 of an



18 accurate vehicle position at a certain detection time, and it is possible to reduce an error that occurs
when a vehicle position is corrected by the onboard unit 4. [0036] Also, according to the first preferred
embodiment, the laser sensor 1 detects a 5 vehicle that is present behind the boundary of the
communication range B of the beacon 3 in a vehicle thavel direction. Accordingly, the vehicle is detected
by the laser sensor 1, and then enters the communication range B of the beacon 3. For this reason, the

beacon 3 can infEdiate VERIR PO THARGARICEHRA ASIRRHTEHIRPE ISP eSRMRINCRHUFF aRGE R of a

detection time Wi%u%ut Waiti%for the laser seqsor.l to end d@@gtign. 1 LOOtS ] Also, according to the
first preferred e DA, (ng]a%é(Fg'é: BPY RIS AL U R ARPH DHESErit near the boundary of the

communication (@pgg B of the beacon 3. Accordingly, a probability of the vehicle passing between
detection and noti |caJion becomes low. For this reason, a probability of an order of detection by the laser

sensor 151 being identigglo 24 0/dlRk @5 BRUHFRIGBIEN AR REREAN ehéS AUaP sEYBPY deteflS® according

to the first preferred embodiment, the output unit 25 of the information processing apparatus 2 outputs

detection tinges tHe1darEes FdRidssHhdasersbidathetinipatiardtios flrees’d thispetherbeacon 3

performs communication 20 with the onboard units 4 in order of entry into the communication range B.
Accordingly, eved iwherkbigéunalityl afreetiicies aoterdhnglgoehintedatimeetnd e Btbé thedvaansnril at
different times, it is possible to notify the onboard units 4 of correct detection times. [0039]
and then enters the communication range B of thedre3. For this reason, the beacon
3 can immediately notify an onboard unit 4 havingeeed the communication range B of
a detection time without waiting for the laser seristo end detection.
10 [0037]

Also, according to the first preferred embodiméme, laser sensor 1 detects a
vehicle that is present near the boundary of timengconication range B of the beacon 3.
Accordingly, a probability of the vehicle passingtlween detection and notification
becomes low. For this reason, a probability obeder of detection by the laser sensor

15 1 being identical to an order of notification bgtheacon 3 is high.
[0038]

Also, according to the first preferred embodimém, output unit 25 of the
information processing apparatus 2 outputs detedtinoes to the beacon 3 in order of
recording in the detection time queue 24. Alse,likacon 3 performs communication

20 with the onboard units 4 in order of entry into t@nmunication range B.
Accordingly, even when a plurality of vehicles erttee communication range B of the
beacon 3 at different times, it is possible tofiydtie onboard units 4 of correct detection
times.

[0039]

25 Also, according to the first preferred embodiméme, position calculation unit



25Als0, according to the first preferred embodiment, the position calculation unit 19 44 of an onboard unit
4 records a position at which a vehicle is present as travel history information in the position storage unit
45, and the position correction unit 48 corrects the position at which the vehicle is present based on the
travel history stored in the position storage unit 45 and@ detection time and a correction reference
position received 5from the beacon 3. Accordingly, the onboard unit 4 can reduce an error that occurs
upon correction BftREANPIORAF SO A. RIAGT CoeRYHONAETMRIMBNSIRISRFRERRS as travel iptankfter, a

second preferred ?mbodiment of thei}iresent invention will he 10described in detail %ith reference to a

drawing.  BANRERTAR KLl SHIB P R AR PRI SORAHIPS E ABSAIFRER, there is a

diference in the anstiyion. oL e YR IAHAN RIBRESSING ARRALIIOR istort 1B B A REhematic block

diagram showing a the Information processing apparatus 2 in‘accordance with the second

preferred emboqigieitnsed g dUARMBIHHR] AEESHON ARRAMabIS: &iBhRaBREE D MURIGRE GUaodiment

further includes an onboard unit position estimating unit 26 in addition to the information processing

apparatus 2f the fir sh@riaead mhedineng 0P ldnboarduARiS cdanCE E BaEPthacatding unit 21
acquires an arrival time of reflected 20laser light and intensity of the reflected light from the laser sensor 1

as detection upon correction of the vehicle position.
[0040]
(Second preferred embodiment)
Hereinafter, a second preferred embodiment of thegmt invention will be

10 described in detail with reference to a drawing.

Between the second preferred embodiment and stepfieferred embodiment,
there is a difference in the constitution of thi@imation processing apparatus 2.

FIG. 6 is a schematic block diagram showing a c¢trtin of the information
processing apparatus 2 in accordance with the dquaferred embodiment.

15 The information processing apparatus 2 of the stpoaferred embodiment
further includes an onboard unit position estingtinit 26 in addition to the information
processing apparatus 2 of the first preferred ernniert.

[0041]
A detection information acquiring unit 21 acquisesarrival time of reflected

20 laser light and intensity of the reflected lightrr the laser sensor 1 as detection
information representing whether or not there velaicle.

The onboard unit position estimating unit 26 estesa position of an onboard
unit 4 based on the detection information acquigthe detection information acquiring
unit 21. For example, when the intensity of thigerted light is less than a

25 predetermined threshold value, the onboard unitiposestimating unit 26 can



information representing whether or not there is a vehicle. The onboard unit position estimating unit
26 estimates a position of an onboard unit 4 based on the detection information acquired by the detection
information acquiring unit 21. For example, when the intensity of the reflected light is less than a
25predetermined threshold value, the onboard unit paggition estimating unit 26 can 20 determine that the
laser has been emitted to a windshield, and estimate that the onboard unit 4 is present at the
corresponding pS%FﬁBﬁ'“ﬂﬁ@%tB%é%ﬁ%é‘BﬁQSEFH%WH@WS@M%@H?%@&H&P iPRISRIGEDf vehicles.

Also, when a dlstan calculated bﬁsed on the ahrrllval time %ft e reflected I| hti | getermlned

threshold value 86‘.%5'6&{8%@‘5? ¢ %8?&5%5893 RN Fa%%ﬁ‘fé\%s&% \CH h ORGSR unit position
estimating unit 20,640 deleimingdal NGIRSRINAS Bagnemilahio b s dkeé%uﬂagaesag@%te that the

onboard unit 4 is pre sent att e corresponding position en the nit position estimating

unit 26 estimates,takanRAPARAE HMH<HISHRERSE RhHR IS AUGEHIMHTEE PRESHIR I &%@@EBHtﬂﬁdhe time

as a detection time. 10[0042] As described above, according to the second preferred embodiment, the

information grocessiRgigNRe atimdIRIREET AV amBeas HbkH=AoRB HIEdHR FokridielesarRaaRY A
predetermined detection area based on reflected light of laser light emitted to the detection area by the

laser sensor 1 inzgatiad ddieneisertad siwrfaser hasl iberbemianddaibtshitizs dnel estoard theit thef a
detection time at which the onboard unit 4 has been detected by wireless communication. Accordingly,
the information prokeasingibdgparnesentcdihecheespdodmdipiksiction error that occurs due to a length of
a hood. Specifically, when vehicle detection is performed by the laser sensor 1, there is a probability of an

error corresponding to a¥&GtHNefNRRYE SRHIRPFIHIPRRIEBALR G eficEBRates that an onboard unit

4 is present, a detection time specifying unit @2cHies the time as a detection time.
10 [0042]

As described above, according to the second pesfermbodiment, the
information processing apparatus 2 detects an adhodt 4 mounted in a vehicle
present in a predetermined detection area baseeflented light of laser light emitted to
the detection area by the laser sensor 1 instabege a road surface, and the beacon 3

15 notifies the onboard unit 4 of a detection timevhich the onboard unit 4 has been
detected by wireless communication. Accordindlg information processing
apparatus 2 can further reduce a detection erabottturs due to a length of a hood.
Specifically, when vehicle detection is performgule laser sensor 1, there is a
probability of an error corresponding to a lengtladood occurring between a detection

20 position of a vehicle and a mounting position ofomboard unit 4. However, according
to the second preferred embodiment, the correspgretror can be erased, and it is
possible to calculate a more accurate vehicle iposit
[0043]

Although an preferred embodiment of this inventi@as been described in detail

25 above with reference to drawings, a detailed ctrigin is not limited to that described



20 position of a vehicle and a mounting position of an onboard unit 4. However, according to the second
preferred embodiment, the corresponding error can be erased, and it is possible to calculate a more
accurate vehicle position. [0043] Although an preferred embodiment of this invention has been described
in detail 21 above, and various design changes or thelike can be made within a range that does not
depart from the spirit of this invention. For example, in the first preferred embodiment, a case in
which the laser S96r 216 YRBAUEIGHRCHRIVER PR PrBREIGMIE AR HALEA5SPescribed,
but this 5inventi<§1 IS n(i{t Iimiéed to thisf %ase. For.example, it is possible to use another sensor such as a
line sensor or thE TR %rg’t G R MHERI ¥ensor 1 is used, the type of sensing method used, such

as a scan type, a m“'i"%@ﬁa@%{)@ﬁgéqﬁs%é%?réa ShE kel ARl R TP uRRlen

processing apparatus 2 an unit 4 have computer systems therein. perations of the

respective procesgingsfits deRAABRSHARGY A PSHOIRL eRiEREIIH LRGP ELABE-INGUMARIUM in the

form of a program, and a computer reads and runs the program, so that the process is performed. Here,

the computes-reasabifohds aeelitedediisitisa mesnelisdiss podaseatorptndEiscsansd-ROM, a
DVD-ROM, a semiconductor memory, or the like. Also, the computer program may be delivered to a

computer througsuatcasnriing caicorimethanikéhe atmpaiten thhéiastaleezdhe dalivedy theagype alaused to
run the corresponding program. [0045] 20The program may be a program for implementing some of the
functions sensing method used, such as a scan type, a mtittabaxis type, and the like, is of
little import.
[0044]
10 The information processing apparatus 2 and theandbenit 4 have computer
systems therein.
Operations of the respective processing units destiabove are stored in a
computer-readable recording medium in the form pfagram, and a computer reads
and runs the program, so that the process is peetthr Here, the computer-readable
15 recording medium is a magnetic disk, a magnetazaptisc, a CD-ROM, a DVD-ROM,
a semiconductor memory, or the like. Also, the patar program may be delivered to
a computer through a communication line, and themmder that has taken the delivery
may be caused to run the corresponding program.
[0045]
20 The program may be a program for implementing sofitbe functions
described above.
Also, the program may be a program that can impierie functions described
above in combination with a program already recdiidea computer system, a so-called

differential file (differential program).

25



described above. Also, the program may be a program that can implement the functions described
above in combination with a program already recorded in a computer system, a so-called differential file
(differential program). 22 INDUSTRIAL APPLICABILITY [0046] The present invention relates to a
position notification apparatus and a vehicle position natification method that notify an onboard unit
mounted in a vehicle of a present 5position of the correigondin vehicle. According to the present
invention, it is possible to notify an onbo YR YRt Bl dchiG: dition of a vehicle corresponding to a
time at which thT vehicle has been detected. DESCRIPTION OF THE REFERENCE SYMBOLS 10[0047]
1Laser sensor 2 RPO ation processing apparatus 3Beacon 40nboard unit 1521Detection information
acquiring unit The present invention relates to a position neatifan apparatus and a vehicle
position notification method that notify an onboardt mounted in a vehicle of a present
5 position of the corresponding vehicle. Accordiadtte present invention, it is possible
to notify an onboard unit of an accurate positiba @ehicle corresponding to a time at

which the vehicle has been detected.

DESCRIPTION OF THE REFERENCE SYMBOLS

10 [0047]
1 Laser sensor
2 Information processing apparatus
3 Beacon
4 Onboard unit
15 21 Detection information acquiring unit
22 Detection time specifying unit
23 Detection time recording unit
24 Detection time queue
25 Output unit
20 26 Onboard unit position estimating unit
41 Position acquiring unit
42 Sensor information acquiring unit
43 Map information storage unit
44 Position calculation unit

25 45 Position storage unit



22Detection time specifying unit 23Detection time recording unit 24Detection time queue 250utput unit
20260nboard unit position estimating unit 41Position acquiring unit 42Sensor information acquiring unit
43Map information storage unit 44Position calculation unit 2545Position storage unit 46Display unit
47Receiver unit 48Position correction unit 24 23

46 Display unit
47 Receiver unit

48 Position correction unit



What is claimed is: 1. A position notification apparatus that notifies an onboard unit mounted in a vehicle
of a present position of the vehicle, comprising: 5a detection unit that detects the vehicle; and a
notification unit that notifies the onboard unit of a detection time at which the detection unit has detected
the vehicle and a correction reference position that is g4position corrected as a position at which the
vehicle has been present at the detection time by wireless communication. 10 2. The position notification
apparatus accordfhgts &aifmed iS:  wherein the detection unit detects a vehicle present behind a
boundary of a communication range of wireless communication by the notification unit in a vehicle travel
direction. 15 3. The position notification apparatus according to claim 1 or 2, wherein the detection

unit detects a velicle praseqtgar G bOUAdAN0L e CaMIHAIERIRRIANGS AL Nislees sommunication

by the notification unit. e position notification apparatus according to any one of claims 1 to 3,

further comprisingnicle & gpﬁpgggp,g MHWB?W%N@'Q’ E%‘E%S.S detection times at which the detection
unit has detected vehicles on a storage unit; and an erasure unit that erases the detection time
notified of by the notificafigatedtibAefraieisiesaagdidihicle; and
a notification unit that notifies the onboard umiita detection time at which the
detection unit has detected the vehicle and a ciiorereference position that is a

position corrected as a position at which the Vehias been present at the detection

time by wireless communication.

10
2. The position notification apparatus accordingléom 1,
wherein the detection unit detects a vehicle prelsehnind a boundary of a
communication range of wireless communication lgyribtification unit in a vehicle
travel direction.
15
3. The position notification apparatus accordingléom 1 or 2,
wherein the detection unit detects a vehicle presear the boundary of the
communication range of wireless communication lgyribtification unit.
20 4. The position notification apparatus accordingrg one of claims 1 to 3, further

comprising:

a recording unit that sequentially records detedtimes at which the detection
unit has detected vehicles on a storage unit; and

an erasure unit that erases the detection timéewtf by the notification unit

25 from the storage unit,



25 wherein the notification unit performs sequential communication with onboard units in order of
entry into the communication range of wireless communication, and notifies an onboard unit that is a
communication target of a detection time representing an earliest time among the detection times stored
on the storage unit. 5 5. The position notification appargtus according to any one of claims 1 to 4,
wherein the detection unit detects the onboard unit mounted in the vehicle present in a predetermined

detection area based on!f¥168¢0Ai AT LR MRS FAMRSSRAHR iRiER R iR Wi LR densor

installed above a road suréace and 10the notification unit notigjg the onboard unit of the detection time at

p
which the detect}gﬁtﬁmt% g@ét%'&@ﬂl’?e%%%%%ﬁ%%ﬁ I ?Hr .%%eqﬂmgﬂg}'%}'g%s%n Qmmunication.
6. An onboard upitdhat %}r‘gﬁ%} ¢4 IneDiS's A ARIGHRSsR Ao HAR LN RIGR i"g’épeesé{ﬁh‘ﬁ € IS present

based on information no y a position notitfication apparatus, comprising: a calculation unit

that calculates a pOsiipasAliMbIgh I YR G RSiBrESRRE RGP SihRRA M @ distance traveled by the

vehicle, and records the position on a storage unit as travel history information; 20a receiver unit that
receives a dgtection time at which the vehicle has been detected by the position notification apparatus
and a correction reference position that is a position to be corrected as a position at which the vehicle has
been present at the detetti®pdsiterirnatfibatipasipparanitfiaationiagngratesobylaiinglass dommunication;
and a correction unit that corrects the position at which the vehicle is present based 250n a travel history
from the detection time tghareinrénet detretcoradiotethetstivegehnaitcimpiinted in the vehicle

present in a predetermined detection area baseeflented light of laser light emitted to
the detection area by a laser sensor installedeahowad surface, and

10 the notification unit notifies the onboard unittbé detection time at which the
detection unit has detected the onboard unit mauntéhe vehicle by wireless

communication.

6. An onboard unit that is mounted in a vehicle ealtulates a position at which
15 the vehicle is present based on information natibéby a position notification
apparatus, comprising:

a calculation unit that calculates a position atcWhhe vehicle is present each
time based on a distance traveled by the vehink records the position on a storage
unit as travel history information;

20 a receiver unit that receives a detection timelatkthe vehicle has been
detected by the position notification apparatusacdrrection reference position that is
a position to be corrected as a position at whiehviehicle has been present at the
detection time from the position notification apgais by wireless communication; and

a correction unit that corrects the position atchithe vehicle is present based

25 on a travel history from the detection time to arent time stored on the storage unit and



26 the correction reference position. 7.A vehicle position calculation system that calculates a position at
which a vehicle is present, comprising: 5an onboard unit that calculates the position at which the vehicle
having the onboard unit mounted therein is present; and a position notification apparatus that notifies
the onboard unit of a present position of the vehicle impwhich the onboard unit is mounted, wherein the
position notification apparatus includes: 10a detection unit that detects the vehicle; and a notification
unit that notifies 2 SHESERNURIBENCEIBRSERM time at which the detection unit has detected the vehicle
and a correction reference position that is a position corrected as a position at which the vehicle has been
present at the detection time by wireless communication, and 15the onboard unit includes: a

calculation unit tl;gt cachl%%TsC %%ii%ﬂ églwmgig’wﬁé%ﬂﬁé?% i thpé’QHé?ﬁ%{ w_ﬂiitcmgunted therein is

present each time based on a distance traveled by t and records the position on a storage unit
as travel history %WETB@Q?JFééeFﬁC%\FﬁM&?Hgmat receives the detection time at which the vehicle has been
20 detected by the position notification apparatus and the correction reference position that is a position

to be correctgd as the pagitapclwhichtHE sebifeRasdpesitie et endedatdiandtime from the
position notification apparatus by wireless communication; and
onboard unit mounted therein is present; and

a position notification apparatus that notifies timdpoard unit of a present
position of the vehicle in which the onboard usimounted,

wherein the position notification apparatus inckide

10 a detection unit that detects the vehicle; and

a notification unit that notifies the onboard umiita detection time at which the
detection unit has detected the vehicle and a ciiorereference position that is a
position corrected as a position at which the Vehias been present at the detection
time by wireless communication, and

15 the onboard unit includes:

a calculation unit that calculates a position aicwithe vehicle having the
onboard unit mounted therein is present each tmsedon a distance traveled by the
vehicle and records the position on a storageasiitavel history information;

a receiver unit that receives the detection timghath the vehicle has been

20 detected by the position notification apparatus taedcorrection reference position that
is a position to be corrected as the position atlwvthe vehicle has been present at the
detection time from the position notification apgiais by wireless communication; and

a correction unit that corrects the position atchithe vehicle is present based

on a travel history from the detection time to aent time stored on the storage unit and

25 the correction reference position.



a correction unit that corrects the position at which the vehicle is present based on a travel history from
the detection time to a current time stored on the storage unit and 25the correction reference position. 27
8.A vehicle position notification method using a position notification apparatus that notifies an onboard
unit mounted in a vehicle of a present position of the yghicle, wherein a detection unit detects the vehicle,
and 5a notification unit notifies the onboard unit of a detection time at which the detection unit has
detected the vehicle and a correction reference position that is a position corrected as a position at which
the vehicle has heen present at the detection.time by wireless. communication. 109.A vehicle position
caloulation metbe usind 4R KBRS WACR b IREE 2 VLR A AL PR ERRA BB ion at which
the vehicle is pragepnhhecarinfaanAtan Aafifiesh of B 2 Basipcontisafion BPRAglss.uherein a

calculation unit calculates a position at w e vehicle Is present me based on a distance

traveled by the vehicle, gRd tqordedNgiRoailiP DB kRetPsaRFURH pS travel history information, a

receiver unit receives a detection time at which the vehicle has been detected by the position notification

apparatus apd a correctiphoigieiens e RORBIFR $NAkIS ARt e BR RFrEGRs] &SvhiBRSHION at which the
vehicle has been present at the detection time from the position notification apparatus by wireless

communication, dete2da coit deisatetautechbiiie cisHick posi tomnatendiacbribe petiticle tequiesent based on a
travel history from the detection time to a current time stored on the storage unit and the correction
reference positigrasition corrected as a position at which the Vethas been present at the detection

time by wireless communication.

10 9. A vehicle position calculation method using abaard unit that is mounted in a
vehicle and calculates a position at which the alehis present based on information
notified of by a position notification apparatus,

wherein a calculation unit calculates a positiowhich the vehicle is present
each time based on a distance traveled by theleehied records the position on a

15 storage unit as travel history information,

a receiver unit receives a detection time at wkhehvehicle has been detected
by the position notification apparatus and a cdiweceference position that is a position
to be corrected as a position at which the veltiake been present at the detection time
from the position notification apparatus by wiraleemmunication, and

20 a correction unit corrects the position at whiol ¥iehicle is present based on a
travel history from the detection time to a curreme stored on the storage unit and the

correction reference position.

10. A program for causing an onboard unit that @ainted in a vehicle and

25 calculates a position at which the vehicle is pnesased on information notified of by a



10.A program for causing an onboard unit that is mounted in a vehicle and 28 position notification
apparatus to function as: a calculation unit that calculates a position at which the vehicle is present
each time based on a distance traveled by the vehicle, and records the position on a storage unit as travel
history information; 5a receiver unit that receives a depgction time at which the vehicle has been detected
by the position notification apparatus and a correction reference position that is a position to be corrected

as a position at WARHLHBERRYSHERRERN DI BREIATRAS detection time from the position notification

apparatus by wireless communication;.and a c%ré‘ection unit that cor%cts the Po.sition at whicE the vehicle

is present base.d 100n aﬂﬁi’\%ﬂ”ﬁ@gm%n‘ﬂﬁg ?égﬁ(?hpt?ﬁ{g%% SHFHII'ﬁg [AEFTH s torage unit
and the correcthpnrggea(gﬁ [Sli gsd%(fgnce traveled by the vehinlkrecords the position on a storage

unit as travel history information;
5 a receiver unit that receives a detection timelatkthe vehicle has been
detected by the position notification apparatus acdrrection reference position that is
a position to be corrected as a position at whiehvehicle has been present at the
detection time from the position notification apgais by wireless communication; and
a correction unit that corrects the position atahthe vehicle is present based
10 on atravel history from the detection time to aent time stored on the storage unit and

the correction reference position.



