1 DESCRI PTI ON LOCATI ON | DENTI FI CATI ON DEVI CE, LOCATI ON | DENTI FI CATI ON
METHOD, AND PROGRAM 5 TECHNI CAL FI ELD [ 0001] The present
invention relates to a location identification device, a |ocation
identification nmethod, and a programfqr identifying a |ocation where
the device itself is 10present. Priority is clained on
Japanese Patent Application No. 2QJHsCi@iidN fil ed Septenber 27,

2011, the contents of which are incorporated herein by reference.
BACKGROUND ART 15[ 0002] In recent years, attention has been drawn to
services that are provided for a vehicle based on the |ocation of the

and i nter Yo O BRERAT TP T R TR BN S BR e,

by a location identification device such as a car navigation system
based on a GPS (d obal 20Position%NE”§y§ggﬁﬁﬂand/or dead reckoni ng.
Moreover, in order to enhance the precision of a vehicle |ocation,

t here has been used a nethod of correcting a vehicle |ocation by
receiving a signal on a carrier wave such as a radio wave or a |light,
from a beacon provided on a roadlBCHBICANFIERDr ecting the | ocation
where the conmunication is established, to the beacon |ocation (for
exanmpl e, [@beyr to Patent Document 1). 25[Prior Art Docunents]

The present invention relates to a location identification device, a location
identification method, and a program for identifying a location where the device itself is
10 present.
Priority 1s claimed on Japanese Patent Application No. 2011-2107135, filed

September 27, 2011, the contents of which are incorporated herein by reference.

BACKGROUND ART
15 [0002]

In recent years, attention has been drawn to services that are provided for a
vehicle based on the location of the vehicle, such as information provision services,
alerting services, and intervention control services. A vehicle location is identified by a
location identification device such as a car navigation system, based on a GPS (Global

20 Positioning System) and/or dead reckoning. Moreover, in order to enhance the precision
of a vehicle location, there has been used a method of correcting a vehicle location by
recelving a signal on a carrier wave such as a radio wave or a light, from a beacon provided
on a road side, and correcting the location where the communication is established, to the
beacon location (for example, refer to Patent Document 1).

25 [Prior Art Documents]



2 [Patent Docunents] [0003] [ Patent Docunent 1] Japanese
Unexam ned Patent Application, First Publication No. 2009-026056 5
SUMMARY OF | NVENTI ON [ Techni cal Probleny [0004] However, in order to
reliably comunicate with the location, dentification device, 10a
beacon emits a carrier wave for a predeterm ned range (for exanple, a
range of [xtemeDecemetelth in the traveling direction). Consequently,
in location information estinmated by the location identification

devi ce bagggspn the |ocation where a signal is received fromthe
beacon, an error occurs in the size of the carrier wave em ssion

above pr obl m vt RS ROERsd ! BEAs et Rl TR Bl KBl e Puteon

devi ce, o) i identification method, and a program for reducing
errors dﬁ@ot%?@-&gﬂag of a carrier wave em ssion perfornmed by a

beacon, in order to identify a | ocation where the device itself is
preseﬁi. [ Sol ution to Problen] 20[ 0006] A first aspect of the
present invention is a location identification device including: a

| ocation estimation unit confSlgUNARY@OEENVBHTEOE | ocation of the
device itself; a beacon location acquisition unit configured to
acqui re allkersied Prelgh]l on based on a signal received froma beacon
that emts a carrier wave carrying the signal, the beacon | ocation

being a [0004]
However, in order to reliably communicate with the location identification device,

10 abeacon emits a carrier wave for a predetermined range (for example, a range of 10 meters
width in the traveling direction). Consequently, in location information estimated by the
location identification device based on the location where a signal is received from the
beacon, an error occurs in the size of the carrier wave emission range.

[0005]

15 The present invention takes into consideration the above problem with an object
of providing a location identification device, a location identification method, and a
program for reducing errors due to a range of a carrier wave emission performed by a
beacon, in order to identify a location where the device itself is present.

[Solution to Problem]

20 [0006]

A first aspect of the present invention is a location identification device including;
a location estimation unit configured to estimate a location of the device itself; a beacon
location acquisition unit configured to acquire a beacon location based on a signal received
from a beacon that emits a carrier wave carrying the signal, the beacon location being a

25 location within a range of a carrier wave emission performed by the beacon; and a location



25l ocation within a range of a carrier wave em ssion perfornmed by the
beacon; and a location 3 identification unit configured to calcul ate
a location indicated by a weighted average of an estinmated | ocati on,
which is a location estinmated by the |ocation estinmation unit, and
the beacon location, while taking a weighted val ue which becomnes

greater amleArifiedign uaft chifBguséd (ol Aalcubdy £10R MiiSin 8 ate8 bl aWeReht&Yavehe of an
beacon becones narromer as a weight of the 5beacon | ocation ach|red

by the be % eaﬁ %ﬁwaﬁs&] ewﬁﬁaiteogggmg%aﬁ&ﬁgt&gﬁtfon%mho hgn

|nd|cated e mel average as a ion o vice i

0007 ver .the first. a t he present invent.i.on,
the I ocat P%%%OP et .chﬂet hEfmer il IRCEhieR betodte Bt ardies o e
| ocation indicated by .the weighted average of the 10 estinmated

| ocati on SHHCE WaVarLastan paé%mes vy tknhb@aéom BRSO Aarieveghasy werhbel Yini ch
beconmes greater as an error range of a |location estinmation perfornmed
by t hed | obeachniocation apuires by Hietbepeqolveationaacqwsion uait, andwiiidtittifipthet he
estimated | ocation. [0008] Furthernore, in the first aspect of the
present i locetidr mdicate &yhleawoighled agéragnamiocdtiideofahd@dvideritseitat
indicates a location within the range of the carrier wave em ssion
perfornedﬁnm7 he beacon in a predeterm ned orthogonal coordinate
system The estimted |ocation may be a matrix that indicates a

location where {fe devicg. 'fﬁ&%#]ec't 3f t%%ﬁ% g&#ﬁ&eﬁq%gﬁ “he [0%?0 ) a1tde1r£t1f§ ragon

or t hogonal coor dinate’syst gacon

be a vari an vari that j.ndicate vari a

ocat o NHCFifG D5 FPHGGHAI caisis Blasaliah oy Cembaiis soRRE s gags of e
t he beacon is receivable nornall [ 0009] Mor eover, in the
firstlhspegimaied bopationand dhg bﬁaﬁ%%pﬁtm “thh!etal@iggmwekgbtedweh@e*du@ihbecomes

| ocati on nmay becone snaller as an installation height of the device
i tsel f begoaesahamdran rafg@®@I@jlocation estimation performed by the location estimation unit

becomes narrower, as a weight of the estimated location.
[0008]
Furthermore, in the first aspect of the present invention, the beacon location may
15 be a matrix that indicates a location within the range of the carrier wave emission
performed by the beacon in a predetermined orthogonal coordinate system. The estimated
location may be a matrix that indicates a location where the device itself is estimated to be
present in the orthogonal coordinate system. The weight of the beacon location may be a
variance-covariance matrix that indicates a variance of a location in the orthogonal
20 coordinate system where the signal from the beacon is receivable normally.
[0009]
Moreover, in the first aspect of the present invention, the weight of the beacon
location may become smaller as an installation height of the device itself becomes higher.
[0010]

25 Furthermore, in the first aspect of the present invention, the location identification



25Furthernore, in the first aspect of the present invention, the

| ocation identification 4 device may further include: a road
identification unit configured to identify a road on which the device
itself is present, based on the estimted | ocation estinated by the

| ocation estinmation unit; and a beacon wei ght acquisition unit

confi gur egevi& MeFHIrtRr Rk Moa@lideatinEARRANINiIRSATERB] EPIERSHANFAdE t O
the road identified by the road identification unit. The 5l ocation

e b Rl o TR R ERRT bAIST ol LR IR L Ao B 38k

t he beacon wei ght acquilsition dn to i Ion o

device itself.. [0011 Moreover, .in the first aspect of the

b esent | FUBHBANT: g hsaeuPBEATU Rt Fed T o Apteht of
configured to estimate the beacon | ocation upon conpletion of
10nor nal %@8@%ioca@%mrfeép@n%@dhwaaﬂdqnmﬁé%gvtﬂy: rgpd tdeatileation apitndhe
of the signal, and on a relationship between the beacon | ocation and
t he i nt enbicatyoroidentifecatiam nhié maydve eonfi@oddio uses the welight abqrired by thé beache
first aspect of the present invention, the |ocation identification
devi ce mayefght adigisitionalnicte i¢enCifly & i@ativvBythe BEEESItde)r, r ecor di ng uni t
configured to 15sequentially record an intensity of the carrier wave
fromthe gpn in a carrier wave intensity nenory unit while
associating the intensity with a | ocation where the carrier wave is

recei ved. The cati Lshtion unjt e.configured to
estimate a | ocg[tg]i% geg)ggljsgno@%g? %3%% ﬂﬁlg% R%)%?n#ﬁ'ﬁ\/e\'/@?%{jetﬁ)eo?eatcﬂ%iol%ﬂtt’ghsi ty
of the carrier.wave recgrde(% in the carrier, wave intensity nepory
unit, as XYSHPNGBAY POFPHFUEd B SHBIE dhhsagouioraan wan coppistienpf
Moreover, in the first aspect of the present invention, the beacon

| ocat [bn weredl sighalagacaptipe, hesgd grarcinimbigueletie coTigs wavmefdhesigadcand on a

| ocation in a direction orthogonal
relationship between the beacon location and the intensity of the carrier wave.

[0012]
Furthermore, in the first aspect of the present invention, the location identification
device may further include a carrier wave intensity recording unit configured to
15 sequentially record an intensity of the carrier wave from the beacon in a carrier wave
intensity memory unit while associating the intensity with a location where the carrier
wave is received. The beacon location acquisition unit may be configured to estimate a
location associated with a maximum value of the intensity of the carrier wave recorded in
the carrier wave intensity memory unit, as a beacon location in a road extending direction.
20 [0013]

Moreover, in the first aspect of the present invention, the beacon location
acquisition unit may be configured to estimate a beacon location in a direction orthogonal
to the road extending direction, based on the maximum value of the intensity of the carrier
wave recorded in the carrier wave intensity memory unit, and on a relationship between a

25  beacon location in the direction orthogonal to the road extending direction and the



to the road extending direction, based on the maxi num val ue of the
intensity of the carrier wave recorded in the carrier wave intensity
menory unit, and on a rel ationship between a 25beacon | ocation in the
direction orthogonal to the road extending direction and the 5
intensity of the carrier wave. [0014] A second aspect of the
present i imv@Rity ofthksadick ®@@aé.i on identification nethod that uses a

| ocation identification device that identifies a |ocation where the
devi ce itﬁ%ﬁﬁLiS S5present, the nethod including: estinmating the

| ocation of the device itself using a location estimation unit;
acquiring a bea ' I . . i L.Siti it
based on'asi grisrosoedaneab e bl iNRREGY 1 68| Rlo e iRk ol e
carrying the signal,. the beacon. | gcatjon_bei a location wthin_a
Fange of USSANPGUPN dspETgoadeyine HE ASPHES BiPCHiE Wate B dekige tself i
calculating, using a |location identification unit, a |ocation )

i ndi cat edris§es. thoRsthgdtiedudivgrasimatng e lesstipnaf dig devicaitbabhusinghd tgatien
a location estimated by the |location estimation unit, and the beacon
| ocat i on, estdmdtien akj avquiaingeibgitoadocatibuiesing i bbacbe tumaBen gresiten uak, Based
range of the carrier wave em ssion perfornmed by the beacon becones

nar r ower , o8 signiet@hled dont HBedo6RERANhREALAHS: Wafr?ﬁlgtﬂﬂs il RR@BG@Ron
| ocation acquisition unit, and identifying the |ocation i ndi cat ed by

the wei ghto%gmvf?eﬁ@@@lo%ﬁﬁ& WRER A r éé&ﬁié}%vavs%ﬂiésﬁﬁﬁerfo&ﬁ&PQ}gk A

third aspect of the present Invention s a programt causes

| ocation jdentifi.cati device that identifies a |location where the
dovi ce 1t BEAEPh S Blp8 oG 1hHop iocinedi il » Sk liBRby i
that estimates the | ocation of the device itself; a beacon | ocation
acqui 't | gehifdavemge aheRtEeddogatignowhich dnt [osatitsrsiinatsd by the tpcation

received froma _ _ ] . .
estimation unit, and the beacon location, while taking a weighted value which becomes

greater as a range of the carrier wave emission performed by the beacon becomes narrower,

as a weight of the beacon location acquired by the beacon location acquisition unit, and

identifying the location indicated by the weighted average as a location of the device itself,
15 [0015]

A third aspect of the present invention is a program that causes a location
identification device that identifies a location where the device itself is present, to function
as: a location estimation unit that estimates the location of the device itself’ a beacon
location acquisition unit that acquires a beacon location based on a signal received from a

20  beacon, the beacon emitting a carrier wave carrying the signal, the beacon location being a
location within a range of a carrier wave emission performed by the beacon; and a location
identification unit that calculates a location indicated by a weighted average of an
estimated location, which is a location estimated by the location estimation unit, and the
beacon location, while taking a weighted value which becomes greater as a range of the

25  carrier wave emission performed by the beacon becomes narrower, as a weight of the



20beacon, the beacon emtting a carrier wave carrying the signal, the
beacon | ocation being a location within a range of a carrier wave

em ssion perforned by the beacon; and a | ocation identification unit
that calculates a location indicated by a weighted average of an
estimated | ocation, which is a |location estimated by the |ocation

esti mat i 0Bed¢dh locafitfladqueed BRER behOMALEAIDN AokhikiGoh akit Bdadomeirigded
val ue whi ch becones greater as a range of the 25carrier wave em ssion

per f or mdld%ﬁti&ﬂ‘ﬁd%ﬁ%g épﬁgei t%d@%ﬁgeé@am@ém Weholdvifiskire ©

beacon | ocation acquir he beac | ocation acquisition unit, and
identifie | td i ndi.cat.ed, by the weighted average as a

| ocati on @?&\[&ﬁféaggé%i%ﬁé&}tstors}ghe%ﬁlﬁ ant ageous Effects of |nvention]

[ 0016] SA@qrﬂi ng to the present invention, the |ocation

identific 8h unit calcul ates a location indicated by a wei ghted
average of an estimated | ocation and a beacon |ocation, as a |ocation
of thed devi ce ifswrdingtietsipyesent inventioos®i hicstiemidentificéion univcelcdatss no
a range of carrier wave enission performed by the beacon, and to
identify chbeaintoatedbe reveidinedioniaze of isedtimatal Ipcaivanhd a béacBRldktion, as
DESCRI PTI ON OF DRAW NGS [ 0017] FIG 1 is a schematic bl ock

di agr am sh@Watien af e abvied tslf. OMmedbyait iasatibRo k&Rt kb ALk g_ng'l: ﬁ%g& g?

according to a first enbodi nent of "the present invention. is

di : [t . . > - .
fo the 11 vanCi MhibioH G 88 By URBAREbAL b Aikifa IEhAA AR B M D
fl owchart n operation of the location identification device
accordi ng

e Pretet i nvent i
rst enbodi ment of the present invention.
FIG 4 is a diagram showi ng an exanple of a beacon error stored in a
beacol’ 20accor di ng to a second enbodi nent of the present invention.
BRIEF DESCRIPTION OF DRAWINGS
[0017]
FIG. 1 1s a schematic block diagram showing a configuration of a location
identification device according to a first embodiment of the present invention.
15 FIG. 2 is a diagram showing a vehicle location identification method according to
the first embodiment of the present invention.
FIG. 3 is a flowchart showing an operation of the location identification device
according to the first embodiment of the present invention.
FIG. 4 is a diagram showing an example of a beacon error stored in a beacon,
20 according to a second embodiment of the present invention,
FI1G. 5 1s a schematic block diagram showing a configuration of a location
identification device according to the second embodiment of the present invention.
FIG. 6 is a diagram showing an example of a state of a road intersection where a

beacon is installed.

25 FIG. 7 is a diagram showing an example of a beacon error stored in a beacon,



FIG 5 is a schematic block diagram showi ng a configuration of a
| ocation identification device according to the second enbodi nent of
the present invention. FIG 6 is a diagram show ng an exanpl e
of a state of a road intersection wherg a beacon is installed. 25FI G
7 is a diagram show ng an exanple of a beacon error stored in a

beacon,

dcoaediog o i @nboliimhdnd offie pedsBRThvedftiohhe present invention.

FIG 8 is a schematic bl ock diagram showi ng a configuration of a

| ocation identifiLati 9&1@@»&@61&&9&@9&@9@@@ heoh Jr&m@‘{ﬁﬂqb }1 of

the present invention s a

| agr am show n ati onsh

where-a bRl dBrEh AROR R R bR SRR kBl o
EMBODI MENTS [ O ]%[2! 8<<F| rst Enbodi meni >>B%hé%Here| nafter, a first

enbodi nent of t

i EAgraRhaWIEhe adiopuR betigen fravediag Mpcptions and carrier

reference to the draw ngs. FIG 1 is a schematic bl ock diagram
showi iy awevhiiggitigs ironcase wieregaacemlocaen is presentionrn 1g9ed fide accor di ng
to the first enbodi nent of the present invention.
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DESCRIPTION OF EMBODIMENTS
[0018]
<<First Embodiment>>

Hereinafter, a first embodiment of the present invention is described in detail,
with reference to the drawings.

FIG. 1 1s a schematic block diagram showing a configuration of a location
identification device according to the first embodiment of the present invention.

The location identification device is a device that is mounted on a vehicle and that
identifies a location where the device itself is present. The location identification device
includes; a location estimation unit 1, a location memory unit 2, an estimation error
calculation unit 3, a beacon signal receiver unit 4, a beacon location acquisition unit 5, a
beacon error acquisition unit 6, a location identification unit 7, and a location output unit 8.
[0019}

The location estimation unit 1 estimates a location of the device itself based on
GPS and dead reckoning, and records an estimated location P, that indicates the estimated
location, in the location memory unit 2, while associating the estimated location P, with an
estimation time. The estimated location P, is a matrix illustrated by Equation (1).

[0020]

[Equation 1]



The | ocation identification device is a device that is nounted on a
vehicle and that 15identifies a | ocation where the device itself is
present. The | ocation identification device includes; a |location
estimation unit 1, a |ocation nenory u@ t 2, an estinmation error
calculation unit 3, a beacon signal receiver unit 4, a beacon

| ocation acquisition unit 5, a beacon error acquisition unit 6, a

| ocation identifigatyon unit 7, and a |l ocation output unit 8. [0019]
20The Iocati99 egt¥amation unit 1 estimates a location of the device
itself based‘erm UPS and dead.regkpning, and records an estinmated

| ocation Pc that \\Indf cates the estimated | ocation, in the |ocation
menory unit 2, while associating the estimated | ocation Pc with an

estimatiomepiie. The estimated |ocation Pc is a matrix illustrated by
Equati on Pﬂ). [ 0020] 25[ Equation 1] [0021] where x" and ye

are values that _respectively indicate a J.atitude and .a |ongitude of
an esti mat ed Io‘évé?rgéhgﬁ%hﬂ%ﬁ?]ues (hat e 8%’1'%%5‘[%?06156 aﬂ%?ﬁo@‘mg@ of
stores location ipforpation that indicates a | ocation of the device

i tself th%ﬂe$§n%§fbﬁﬁggﬁ by the location estimation unit 1 or
identified by the location identification unit 7. The estination
error Zal Eﬁﬂzﬁii on unit 3 calculates an estimation error Re, which is
10a vari ance-covariance matri x that indicates an error in the

| ati tude |ine dThelbotitmn meadodyangtstutes Ibénondifoasitionnhafindib@eesbiamhed
| ocation Pc estimated by the |location estimation unit 1, based on a

history ofheqRlicEhbkafthaPRatiimBRd BY tRCIOMMInasEMatith &M€1 bPRdhi MY BRHER! Y

unit 2 and a UPS estimation precision of the location estinmation unit
1. The est(}ﬁg‘%d fa@mﬁi Ahn Reichs @ matrix illustrated by Equation (2).
quat 1 on ‘{a ’

15[ 0023] [
The estimation error calculation unit 3 calculates an estimation error R, which is
10 a variance-covariance matrix that indicates an error in the latitude line direction and
longitude line direction of the estimated location P, estimated by the location estimation
unit 1, based on a history of estimated locations P, accumulated in the location memory

unit 2 and a GPS estimation precision of the location estimation unit 1. The estimation

error R, is a matrix illustrated by Equation (2).

15 [0023]
{Equation 2]
2 2
R = O-c__:(x Uc_xy
c 2 2 s e (2)
Oy T yy
[0024]

where o;_xx is a value that indicates a variance of an estimated location in the
20 latitude line direction. Moreover, o, is a value that indicates a variance of an estimated

location in the longitude line direction. o  is a value that indicates a covariance of an



[ 0024] where cre_x,,, is a value that indicates a variance of an
estimated location in the 20l atitude |line direction. Moreover, oe is
a value that indicates a variance of an estimated |location in the
longitude line direction. ck_,3. is a walue that indicates a
covariance of an 9 estinmated location in the latitude line direction

and | ongi tuiheatdd loeattbnrie ic Iatiudd g direetib® as@ongRudéalnélirtti @R ClmatlsesBAL
of an estimation error R becomes greater as an error range of a

| ocation gshiuRBEERR RSHdP bIMBHedin4iBE e}rglcﬁt b&Bnfes %fegﬁl’ hO H‘%r rarll%e of a

becomes wider. [0025] 5The beacon signal feceiveP unit

carrier 9% road, si de an ext ract S
a signal \régtﬁgﬁj S@%&&r{ %rf Wa\gg)g tgé @ﬁéﬁ?‘gb‘?ﬂw&@@i‘ %ﬁg E’Scoﬂledn% Cr.
The beacoLbagllzgﬁatl on acquisition unit 5 reads a beacon |ocation Pb
t hat i ndi a location wwthin a range of a carrier wave eni ssion
erformed by the beacon, fromthe 10signal received by the beacon
p
si gnalS recei ver Timbaacan sigeal secener unibé aepikTes ecatrico warbputaul bycabéasen
where the beacon is installed or a |ocation where the radi o wave
i nt ensi t ypiosideHenhirgiksite, \wnt bktmadthesignil Sonothercan e wiase sethereb eccbiracin
| ocation Pb is a matrix illustrated by Equation (3). [ 0026]
signal.
The beacon location acquisition unit 5 reads a beacon location Py, that indicates a
location within a range of a carrier wave emission performed by the beacon, from the
10 signal received by the beacon signal receiver unit 4. Here, as a beacon location Py, a
location where the beacon is installed or a location where the radio wave intensity is the
highest within the emission range is set. The beacon location Py is a matrix illustrated by
Equation (3).
[0026]

15  [Equation 3]

- (3)

[0027]
where X, and y, are values that respectively indicate a latitude and a longitude of a
beacon location.
20 [0028]
The beacon error acquisition unit 6 reads from the signal received by the beacon
signal receiver unit 4, a beacon error Ry, which is a variance-covariance matrix that

indicates a carrier wave emission range with the beacon location Py, being the center



15[ Equati on 3] [0027] where xb and yb are val ues t hat
respectively indicate a latitude and a | ongitude of a beacon

| ocati on. 20[ 0028] The beacon error acquisition unit 6 reads fromthe
signal received by the beacon signal rﬁ?ei ver unit 4, a beacon error
Rh, which is a variance-covariance matrix that indicates a carrier

wave em SicRE! ARIFcatbh Brrbl1E, DaasAix IRGALELEBy PRubfing) t he center 10
t hereof The beacon e?rror rgg@hlls a m;t(ri X illugt@ragt eéﬂg%/ Equation (4).

[ 0029] [Eﬂ}é)%] on 4] ( 22\ Cb_xx ab_xy 22 \1/4Crb_xyCfb_yy 5[ 0030]

[Equation 4]

2 2
_R _ o-b_xx O-b__xy
E T 2 2 - . . (4)

5 [0030]
where oy _y is a value that indicates a variance in the latitude line direction at a
location where a signal emitted from the beacon is received. Moreover, oy, v is a value that
indicates a variance in the longitude line direction at a location where a signal emitted from
the beacon is received. oy 4 IS a value that indicates a covariance in the longitude line
10 direction and latitude line direction at a location where a signal emitted from the beacon is
received. That is to say, a value of each element of the beacon error Ry, becomes greater as
a range of carrier wave emission performed by the beacon becomes wider.
[0031]
Taking the estimation error R, calculated by the estimation error calculation unit 3
15 as a weight of the beacon location Py, acquired by the beacon location acquisition unit 3,
and the beacon error Ry, acquired by the beacon error acquisition unit 6 as a weight of the
estimated [ocation P stored in the location memory unit 2, the location identification unit 7
calculates a weighted average of the beacon location Py, and the estimated location P, and
identifies an acquired location P as a location of the device itself. Specifically, the location
20 identification unit 7 solves Equation (5) to thereby identify the location P of the device
itself. Moreover, the location identification unit 7 overwrites the estimated location stored

in the location memory unit 2, with the identified location P.

[0032]



where (3E, _" is a value that indicates a variance in the |atitude
line direction at a |ocation where a signal emtted fromthe beacon
is received. Moreover, ab ", is a value that indicates a variance in
the longitude line direction at a |ocajjon where a signal enmtted
fromthe beacon is received. ab xy is a value that indicates a
covariance in tfiguhtiongdjt ude line 10 direction and latitude line
direction at a location where a signal emtted fromthe beacon is
received. That is to say, a value of each el enent of the beacon error
Rb becones greater as a range of c r_{ier wave em ssion perforned by
t he beacon bBc—‘er(Rg&/ine?bPCDgﬁg»l-}R; ing the estigption error 12,

cal cul ated by the estimation error calculation unit 3 15 as a wei ght
of the bemges] | ocation Pb acquired by the beacon |ocation acquisition
unit 5, and the beacon error Rb acquired by the beacon error

acqui sition unin,fe8st iﬁdl‘egtiegt&%iéﬂ%sfe msdt&&mtaﬁﬂ%kpcati on P. stored in

the | ocation nenory unit ocation i dén ication unit 7

cal culates a wei ghted aver of the heacon |ocation Pb and the .
ot meteq | ocac ot pesl SRS MSesRAGRR e R duRoR Bekdyation

| ocation of the i:le,vi ce itself Specifically, the location

20i dent i f$TEAtSRlsHIaAN Lnif 3dplalet aswaienbet the peacgn deraiiam s aqguied by thene

| ocation P of the device itself Mreover, the |location identification
unit 7 ovigagpn losstierasqesitiorangd, hut tieibeacontenroe &, iaoquited blydleabdaoon error
menory unit 2, with the identified |location P. [0032] 11 [Equation

5] P =(R RiguRitReXHix 6HRidkeh Q0 33eighh @r theXsfimhiedilaties Pagtoded Ve 8odMibA | X
of a matrix X. 5ln the present enbodinent, the estinmation error Re

cal cul at eglelyryf it 2SThaT 10Q8y, 8hd REiRPARCH BE EQIMMA Toctidn e, lifkiEReSvAue

wei ght of the "beacon | ocation Pb acquired by the beacon |ocation

i&ti A0t i by the, b
21 ] A 0 5 DR B 1 R S8 0 R
I ti P,. st. dinthe |l tion. it 2. That, is t ,.th
R N N T I R N

greater than the weight R, of the beacon |ocation Pb as a range of
| ocat i on mdicates a value Telatively greater than the weight R, of the estimated tocation P, as a

beacon communication range becomes narrower.
[0034]

5 FIG. 2 is a diagram showing a vehicle location identification method according to
the first embodiment of the present invention,

In the present embodiment, the estimation error R, and the beacon error Ry, are
indicated by a 2 x 2 variance-covariance matrix. Accordingly, when projecting these
errors on a two-dimensional plane with the latitude line and longitude line serving as the

20 axes thereof, errors spread in an elliptical shape as shown in FIG. 2.
[0035]

The location output unit § outputs location information stored in the location

memory unit 2 to a display.

[0036]



estimation error becomes narrower. Simlarly, the weight Re of the
beacon | ocation Pb indicates a value relatively greater than the
wei ght Rb of the estinmated | ocation Pe as a beacon communi cati on
range becomes narrower. [0034] 15FI G % is a diagram show ng a
vehicle location identification nethod %ccordi ng to the first

enbodi ment  of t hEhPHRSERHenl MBI QRe beacon inclddésﬁ%nﬂfrfﬁﬁi‘ﬂ r storing a
enbodi nent, the estination error R and the beacon error are

i ndi cat ed - vari - p a [ cqrdi.ngl en
orof et  niicRR Aot oy 814 FRERHE BHL CRAE RN pbiona SRR O e
line and |l ongitude |ine serying,as the 20axes. thereof, errors spread
i n an ol | PRn CREBAAETCAEIRh & ot EWass VB mspredetcrmincd HEisFigh &nEsn
output unit 8 outputs location information stored in the |ocation
memory un ilfe begegn grrgy Bpmay be pogke]that jppreliminarily decided wheaglesigning the
enbodi nent, the beacon includes a nenory unit for storing a beacon

| ocati®dn Peacandorat mernbon velue drat Rmcqaine! ipumpking tle wihgphadraveh aid adtiaily
information stored in the nmenory unit through a carrier wave within a
pr edet er mhizachri a3 O6h ¢t ®g. The beacon error Rh may be a val ue that
is prelimnarily decided when designing the 5beacon, or it nmay be a
val ue thajggsgyacquired by making the vehicle travel and actually
measuring a beacon error Rb. [0037] Next, an operation of the

[ [ i {i ' [ i : . n inment is
nggﬁ : 82 dl denti h!%)?tagi’ll 8;5'era for §thé O%thoclill lggntstf%a%lgne d&ngess%c:(t)rd?nrébtg tlerr]g’esent

embodiment is described.
10 FIG. 3 is a flowchart showing an operation of the location identification device
according to the first embodiment of the present invention.
First, when the location identification device is activated, the location estimation
unit 1 estimates, by means of GPS or dead reckoning, a location of the device itself, that is,
a location of the vehicle with the device mounted thereon (step S1). The location
15 estimation unit I includes a Kalman filter that estimates a current location based on past
location information history stored in the location memory unit 2, and the location
acquired by means of GPS or dead reckoning, and the location estimation unit 1 outputs an
output value of the Kalman filter as an estimated location P.. Then, the location estimation
unit 1 records the estimated location P, into the location memory unit 2 (step S2).
20 [0038]
Moreover, the location estimation unit 1 calculates an estimation error R, of the
estimated location (step S3). Specifically, in the case where the location estimation unit 1
performs a location estimation by means of GPS in step S1, a DOP (dilution of precision)
value is calculated based on directional vectors of GPS satellites used for location

25  estimation, and an estimation error R, is calculated based on the DOP value. On the other



10FIG 3 is a flowhart showi ng an operation of the |ocation
identification device according to the first enbodi nent of the
present invention First, when the location identification
device is activated, the location estipation unit 1 estinates, by
means of UPS or dead reckoning, a location of the device itself, that

is, a | oCRiidm ME chRavepbing!iScatibh BstirhRioiaWiCiS TRMAL ﬁ‘f‘oé‘aﬂﬁﬁ gﬁﬂne&ﬁh?g

SI). The location 1bestimation unit | 1ncludes a Kal man ter t

esti mates ' I ti i nf.or Lo .
st ory TR TR reRihe BshPSEapaob ARty 28 B maMeBEER ocaton
acquired % m%ans of 'UEP?ti or dead.reckonin and the | ocation

esti mat i ofsWHALON Pnf JiSTRkEN 3% g GEHNRUARATRE Rof the Kal man filter as an
estimated | ocation P,. Then, the location estimation unit 1 records
the estinti088l | ocation Pc into the |ocation menory unit 2 (step S2).
20[ 0038] Moreover, the location estimation unit | cal cul ates
an estd mati on eNexdythRbeadontsignabsté¢inatumit 4 detatning wistlep o589t a signal has
Specifically, in the case where the location estimation unit 1

perforns Bedn@e@liveddroRstheMBhIAMSBY SHE AT behcoRBnhlvesdied ualt4 RteRFMes that
(dilution of precision) value is cal cul ated based on directiona

I
vectors o g i r t) j i :
ot mat | o SeraT el eb e iRt hlier PR Sohf PERERLL R iR RY,
other 13 hand., .in the cas ere t | pcation estimation unjt 1
per for s Sogim 't o BSief oS il dhe BE RN SRaftrbiek R 4 Rlbpmgs ga
an error |earned in {he Kalman filter of the |location estimation unit
1 is takethebsaqonesignal repgivergmitet hasreqryed paizsel framdhe beagore(strpatdo Y ES), the
signal receiver unit 4 determ nes whether or not a signal has been
recei Mbd beagem lasatigyeangoivitiontuag SSeyuirdhisfdimatonthet igdahtes @ beaoperdocsnivn Pg
determ nes that the beacon signal receiver unit 4 has received a

si gnal fr owludoeirbiasignalweivedibgiad boaesregnad Fective @it tedd W Flt@simore,
errors. |If the beacon signal receiver unit 4 determ nes that the

beacon si gRdeadRGRioY %cbdi'dﬂién thib@acdifesh ¥esboft eRbERRIncIddRM e s&%@lc on

(step S4: YES), the 10beacon location acquisition unit 5 acquires

i nformati &@G&Q@B%g}{%%g&%‘es? i geég&&;lﬁ"{ige;gsttép%rfb i ncluded in the

signal recerved eacon sign el'ver unit 4 (step S5).
Furt her rmfo%’40}

15 Next, the location identification unit 7 solves Equation (5) above using the
estimated location P, the estimation error R., the beacon location Py, and the beacon error
Ry to thereby identify a vehicle location P (step S7). According to Equation (5), a weight
can be dynamically decided depending on the resulting magnitude of error. Moreover, the
weight R of the beacon location Py, becomes smaller as the error range of location

20  estimation becomes narrower {as estimation precision becomes higher), and therefore, the
vehicle position P to be identified is located in proximity to the estimated location P..
Similarly, the weight Ry, of the estimated location P, becomes smaller as the beacon
communication range becomes narrower, and therefore, the vehicle position P to be
identified is located in proximity to the beacon location Py,

25 Next, the location identification unit 7 records the identified vehicle location into



t he beacon error acquisition unit 6 acquires a beacon error Rb
included in the signal received by the beacon signal receiver unit 4
(step S6). [0040] 15Next, the location identification unit 7 solves
Equation (5) above using the estinated %ocation P' the estinmation
error Re, the beacon |ocation Pb, and ﬁ e beacon error Rb to thereby
identify It ' et j ' a
wel ght | e a7 MG A8 o YR Bk AR I ISal Y HEP st they
magni t ude error. Moreover, the weight Re of the beacon | ocation Pb
beconmes snal'ler as the error range of |ocation 20estinati on becones
nar r ower ggﬁ fstination preci sion becones higher), and therefore, the
vehicle p fion P to be identified is |located in proximty to the
estimated location P. Simlarly, the weight Rb of the estinated

| ocation PC becBtisvelidde [osaticnsisomervigo om step e it tieibsaconaigyel treciveres
narrower, and therefore, the vehicle position Pto be identified is

| ocat el i nnip# detemihys inGteptd theiaoaiznhidea beanreEivedihive Kie bebdtdr (ke 841 190)
identification unit 7 records the identified vehicle |ocation into

14 the | ogRUbQEoHBIRIYUHIE butduts Tred¥ @ FiMokdeR VehRIeS Rk itTRS the! '
recorded in steg Sg@( slil ep S%?u [ 0041] Iof t he veﬁ%ltgﬁﬁﬁggtl%ﬁk?g{%mmy

overwittegn:b of the beacon signal receiver 5 unit 4
det erm nes fnra%?ltg??s t(ﬁg{) SP]?) signal has been received fromthe

beacon (step 54; the | ocaljon output unit. 8 outputs the | ast
recorded vehi cﬁ@e’%‘g&'ﬁ]?%ﬁo‘? I&Pﬁﬁﬂtmﬁ?ﬁaﬁdﬁ‘smﬁ? YYH‘?t erprigt § pcess end
display (step 59). . Next, the | ocation identification device
det er m neXAiFS IRBPCCH ARG LToR! igide dyowaiich yser0RS RtGIA 8N BBGTL ppLeesst poiie
outside through a user operation, an interrupt process, or the 10li ke
( st epl&B10bike (steptHE).| 6wt lpention ddamtifitatmtdevive deteimnmedidharaproess tinbitcqnet
process end request is input fromoutside (step SI 0: NO, the

process rBtinguSolrooBsieP(sp AVIND) MBbpokess kgt tofep S1 Aftd Vet @docbn is
the other hand, if the location identification device determ nes that

a estimated. On the other hand, if the location identification device determines that a

?

process end request is input from outside (step S10: YES), the location identification
device ends the process.
15 [0042]
As described above, according to the present embodiment, a location indicated by
a weighted average of the estimated location P, and the beacon location Py, is calculated
while taking the weight value R., which becomes greater as a range of carrier wave
emission performed by the beacon becomes narrower, as the weight of the beacon location
20 Py, and the Iocation is identified as a location of the device itself. Thereby, in the case
where the range of carrier wave emission performed by the beacon is narrow, that is, where
the beacon location Py is reliable, a location in proximity to the beacon location Py, is
identified as the vehicle location P. Also, in the case where the range of carrier wave
emission performed by the beacon is wide, that is, where the beacon location Py is

25  unreliable, a location, which is closer to the estimated location P, than the beacon location



process end request is input fromoutside (step 10: YES), the

| ocation identification device ends the process. 15[0042] As
descri bed above, according to the present enbodi nent, a | ocation

i ndi cated by a wei ghted average of the fstinated | ocation Pc and the
beacon location Pb is calculated while taking the weight value R

whi ch becpasidgnt R4S 1RSvehid ARSI P. Cﬁ{e'%étﬁ/" It‘{!alyc%51§fé‘ B 3eRRe EﬁérfsQFug%ja
by the beacon becomes narrower, as the weight of the beacon | ocation

20Pb, and ?é:“ Bf c%: e eﬁnésﬂﬁ érfo'rr?lg%e tl?e 66918&% RN 12161{‘[%?&\{1&18& where

itsel f. e case ere ran carrier Ve em

perfor rred by, t e]g.con is narrow, that is, where the beacon Iocatl on
Pbis relf QHF‘é*FegSfi S&S6M-in proximity to the beacon location Pb is

identified as the vehicle location R Also, in the case where the

range of A%} er wave enission perforned by the beacon is wide, that
is, where the beacon |location Pb is 25unreliable, a |location, which
is cldser to thdomsvenratcedlihgtoethe preséd ctribadinidng ddecation ihdcatd ona 15
Pb, is identified as the vehicle |ocation R Thereby, it is possible

t o reduceweigh@d<veldge bPtha estangied RicaGéd PJ id theb@cemictaiienPAeeilenlarRd by
t he beacon and to rdentify a location where the device itself is

present. gél?akl s&g@%iﬁﬁgﬁﬁéﬂoﬂﬁs B%a%e'i‘? %ﬁ%ﬁ%man fe’gb Octestlﬁ‘lat]

| ocation 1 ndicat ted aver&ge (0] e eStI atlon

o o DecTRREB 1875400 St fon R ehE R Miroyfer RERE Selehfal e Sinlad

by the locatio 3[{]1? ti on uni t beconmes narrower, . as, the wej %}t of

the esti nQEPn v:pe thergass shgre theerrordn docalon aisingation s apalh that s,

| ocation estimation is small, that is, 10where the estinmated |ocation
PC i sl el wheredhe estimategltlpention B. jsrelidbid, a\,l/oqabom eprexdtiityde & esovaled docaten
is identified as the vehicle location P. Also, in the case where the
error in Poeaddntifiee ad ihenthiol losatioaPgelsd, atheicase wiee eheteh@r aslocatined

| ocation Pc is unreliable, a location, which is closer to the beacon

locati on Eintdien if ReseCtia fmvﬁé}e krec@hhfa&d%m%nmder\}dréua% a%éahen which
vehicle location. As a result, it is possi bl e to identif vt

| ocati on %s@r t{om?e 9&%\56? F('chh]tii(ﬁﬁi’bfthé RE&RFALd EO-%%&% fd@#t'lf%!i dsr?llié)vehlcle

account t I'nfluence o stlna Ion error

location. As aresult, it is possible to identify the location where the device itself is present,
15  while taking into account the influence of the estimation error.
[0044]

Furthermore, according to the present embodiment, the estimation error R, and
the beacon error R, are respectively indicated by a 2 x 2 variance-covariance matrix. With
use of the matrix, it is possible, in a two-dimensional orthogonal coordinate space shown

20 with latitudes and longitudes, to identify a vehicle location with use of the weights R, and
Ry that spread in an elliptical shape. Moreover, not only in the case where axes orthogonal
to the latitude line direction and longitude line direction are taken as the major axis and
minor axis as shown in FIG 2, but also in the case where axes which intersect with the
latitude Iine direction and longitude line direction are taken as the major axis and minor

25  axis, the errors can be expressed by a variance-covariance matrix. Most ranges of carrier



Furthernore, according to the present enbodi nent, the estimation
error 1:2c and the beacon error Rb are respectively indicated by a 2
X 2 variance-covariance matrix. Wth use of the matrix, it is

possi ble, in a two-dinmensional ort hogogﬁl coordi nate space shown
20with latitudes and longitudes, to identify a vehicle |ocation with

use of thevawaﬁmlgn Berrarttd® thdBlactRbaRGE a@r@amﬁ{e‘alt bh Eﬁmémﬁ&e with

Moreover, not only in the case where axes thogona l'at'itu

line dire 9 I

axi's and eiRo R GRERSGR ot SRR ET O &ﬁ%ﬁ}%ﬁ@ﬁ%‘% %Pgmg
axes whi ch. intersect h the i tud di.rection | ongi t ude
line diredyin dpes qoa“%wawﬂlﬁ ik e st lar e s e dirggtigq. For
errors can be expressed by a variance-covariance matri Xx. Most ranges
of carri ethis rE@sOfabe uHing 8 Siagix {6 theowveishted yaluhas prgdend io dlre tyesent
approximated to an elliptical shape with the major axis along the
road ext eadbodjmeint; &ds pamsibln itéreifpt vehickkdochtion mathrisadt e xeerhdswithble for
direction does not always match the latitude |ine direction or

| ongi t udetHeisRgrecifltBEEanSMof Efiert Ve &t perRYmES bPehetedBI. i X for the
wei ghted val ue as practiced in the present 5enbodinment, it is

possi bl e L entlfy a vehicle location with use of a weight suitable
for the shape of the range of carrier wave em ssion perforned by the
beacon 5 odi nment >> Next, a second
enbodi nentggg‘?clopﬁgnﬁjpg ‘?{Egl)nventl on | s described in detail, vvi t h
10reference to the drawin e second enbodi nent |s
configuration iNeX¥fht gqqogd §WB?@WW?%‘F§WW@% IFYeRHPBISis s BRd éﬁdﬂﬁ‘é With
first enbodi nent includes a beacon error Rb for each vehicle type.

[ 0046]0  reference to therdr@wingsi s a di agram showi ng an exanpl e of a beacon
error stored in the beacon, 1l5according to the second enbodi nent of

t he present i nveinddeosnd embodimetﬁhﬁoﬁlﬁ@&ﬁgu&ti@ﬂi aswiigh a sigasiatngaltted from a
vehi cl e beacon error Rbv, a bus beacon error Rbb, and a notorcycle
beacon er pQicofBf ﬂle"ﬁ“'rst%%@ﬂnéﬁ ERRIER be A eh‘b?‘ﬁ% T‘Brte'ﬁc@véh&@ %J\k)g

i ncluding the respective beacon errors Rb through a carrier ve The
passenger ryg ]cl e beacon error Rbv stored in the beacon is a val ue
greater t[1

FIG: 4 1s a diagram showing an example of a beacon error stored in the beacon,
15  according to the second embodiment of the present invention.

The beacon stores as a passenger vehicle beacon error Ry’ a bus beacon error Ry,
and a motorcycle beacon error Ry™ as beacon errors Ry, and transmits a signal including the
respective beacon errors Ry through a carrier wave.

The passenger vehicle beacon error Ry, stored in the beacon is a value greater than

20  that of the bus beacon error Ry’. This is because the installation height of the location
identification device on a passenger vehicle is normally positioned lower than the
installation height of the location identification device on a bus, and therefore, the location
identification device installed on the bus is closer to an antenna than the location
identification device installed on the passenger vehicle, and the range of carrier wave

25  emission for the bus is smaller than that for the passenger vehicle.



20t hat of the bus beacon error Rbb. This is because the installation
hei ght of the location identification device on a passenger vehicle
is normally positioned |ower than the installation height of the

| ocation identification device on a bu and therefore, the | ocation
identification device installed on the bus is closer to an antenna

than the |ocatingdseghid Jtov@ithOPeadEr b6 RITERY i fhe PRadoNDePARSEMAIer as

vehicle, and the range of carrier wave 25em ssion for the bus iIs

smmal | er tih' sttaﬁe%onfh%ﬁ Hy Bﬁbh@efféa?l&g?cfenﬁﬁ?ﬂtfbh%evw%% comes hi r_descrl bed
above, the Dbeacon er tor stored 1n € Dealon "heconeEs Siral | er as an
install at@gn fei ght of the location identification device becones

hi gher. [ 47 FIG 5is a schematic block di agram showi ng a
configuration of the | ocation 5identification device according to the
second enbodi M. dis & sreeppbesblack fiagemm showingraeonfigusatiospf the location
identification device according to the second enbodi nent is such that
a vehiicl eideptpiecaiinh devred acenrducgtoi the sdcond eimbodithentsoffthe plesent pmeutiiadled f or
the | ocation identification device of the first enbodi nment, and the

operation of thehdlgafRn i@értiPicatdsititvidetdcitdingitd tHe sesorfdlil dnliRiaanént fid Qidh
that the first enbodinent. 10The vehicle type information acquisition

unit 9 acﬁhﬁié9&11%F@?i@gﬂ%&dﬁ%‘gﬁﬂsﬁioﬁ%}‘ﬁt%s AHEHRE P*@ﬁ%?@oﬁg?&ﬁﬁaﬁi on

of a vehicle in 1tsel i's insta

1< associ Beat il phareS bihP Brd Sl RRf SRR GePRRGAT BB ™

vehicle type_ information acqujsition unit 159, anong the beacon

errors RoAGOHISIHRNHIS Gisdpferentdrom thag fgityaenipdimentpeacon si gnal

receiver unit 4. As a result, by using the beacon error Rb according

to thE instal | atlicovehisdd gyire igorneaion acquisition unit 9 acquires, from an on-vehicle
device, vehicle type information of a vehicle in which the device itself is installed.
[0048]

The beacon error acquisition unit 6 acquires a beacon error Ry, that is associated
with the vehicle type information acquired by the vehicle type information acquisition unit

15 9, among the beacon errors Ry, included in the signal received by the beacon signal receiver
unit 4,

As aresult, by using the beacon error Ry, according to the installation height of the
device itself, the location identification unit 7 can more precisely identify the vehicle
location.

20 [0049]
<<Third Embodiment>>

Next, a third embodiment of the present invention is described in detail, with

reference to the drawings.

The third embodiment is of a configuration in which a signal transmitted from a

25  beacon of the first embodiment includes a beacon error Ry, for each road.



device itself, the location identification unit 7 can nore precisely
identify the vehicle |location. 20[ 0049] <<Third Enbodi nent >>

Next, a third enbodi nent of the present invention is described in
detail, with reference to the draw ngsyg The third

enbodi nent is of a configuration in which a signal transmtted froma
25beacon @fosohe first enbodi ment includes a beacon error Rb for each
road. 18 [0050] FIG 6 is a diagram show ng an exanple of a
state of a roadidiias 3 AELHENHNALaRRARAO0 & SalehThAbAE o LB PRRAGEY
carrier wave em ssion range nay er I'n sone cases, dependi ng on

5t he envi nt. t.hat, surrounds the beacon installation place. The
exanpl e if’%gﬁ%a‘i’ét&ﬁ‘?% FIG 6 is an exanple of a road intersection
where a road 3 jglzfaé)rovi ded in the extending direction of a road 1, a
road 4 is provi GAROR FETIBVRYSRIHES IO FAB8e M@y differan peraelcases, sgpending on
roads | and 3 intersect with the roads 2 and 4. Here, at the road

i nt er sect therengiennent phat s@rowgids thedbeaiait instalbdtiontpdaceo Jis ekarapid ilBisaned in
wi der than the widths of the roads 2 and 4. Cear 10 spaces are

present oRI(bétibarndfagdabl s rahddnefscttig winae a 2oadBlis|pddigedsih e UERINAr €
present on both adjacent sides of the road 4. Moreover, a beacon is

i nst al | eddggetioRdf atrbRi 1,8G84d P ﬁ}f)\[fiﬁaﬁint}ﬁéﬁﬂenéiﬁg Hf?édt{oiel%gﬁ‘#oﬁz,taﬁglﬂg

center of the road intersection. [0051] In the éxanp own I'n

et i o SR L BRS RcORE B BIER IS BORCA G A0 el

therefore, t _ \ m'ssion range Tn AW
he 1 oadsoana At oRp Eordh Tond 3 ML e ee SHNERITRTong 4 Anb e bigs
on both adjacent sides of the road 4, the carrier wave em ssion range
in t hE) r otithcesare RERsAy offibodtadiensnt gdesand tassnd 2h Bwildingtstrogturas are pragenpon
with the clear spaces on both adjacent sides thereof

both adjacent sides of the road 4. Moreover, a beacon is installed so that the location of the

beacon is positioned at the center of the road intersection.

[0051]

In the example shown in FIG. 6, the roads 1 and 3 are wider than the roads 2 and 4,

15 and therefore, the carrier wave emission range in the widthwise direction of the roads 1 and
3 is wider than the carrier wave emission range of the roads 2 and 4. Furthermore, since
there are building structures on both adjacent sides of the road 4, the carrier wave emission
range in the road extending direction is narrower than that of the road 2 with the clear
spaces on both adjacent sides thereof.

20 As described above, the carrier wave spreads in a different manner depending on
the road, and therefore, it is preferable that the beacon error Ry, is made different for each
road.

[0052]

FIG. 7 1s a diagram showing an example of a beacon error stored in the beacon,

25 according to the third embodiment of the present invention.



20As described above, the carrier wave spreads in a different nmanner
depending on the road, and therefore, it is preferable that the
beacon error Ro is nade different for each road. [0052]

FIG 7 is a diagram show ng an exanpl e of a beacon error stored in

t he beacon, 25accordi ng to the third enbodi nent of the present

invention. 19 The heacon'§t g??@&ﬂ c%ﬁ @erxSRa% %?&ﬁa%%? g&reraageac intthe

beacon error for each roa e exanp n error

R0 o HeerBIRCE IO A BRRN B Sy PEB“FEB%‘ bt 5 bfe@% pada”

transmts a signal Iudin each_beacon error Rb through a carrier
wave. 5[ OBEEPN R, offhg ol 1. 4nd 2 LEFRORKTTPE R | B IE TARAHE aw# GHsWItG signal
configuration of the location identification device according to the
third enbidglugingeach beasen grresBnthroupharaaiam wave. The | ocation
identification device according to the third enbodi nent is such that
a roads i dg9b6Bfication unit 10 is further provided for the | ocation
identification device of the 10first enbodi ment, and the operation of

the beacon err opicagGi %h%h@ﬁc HRkk d@lgl'a?n sHdwiigs %énﬁcru?z'iﬂotnhﬁtthé%cétnﬁ
first enmbodi nent. he road identification unit 10 identifies a

road on ""fa'eﬁﬂ‘féc?'ﬁﬁn‘égﬂb&%&o}cﬁn@&th@ﬁhﬂdyen% @ﬁ@ho{@%ﬁﬁ?s ﬁ{.:ul’.lk jopehi cle

| ocation store n nmenory uni eacon

error acquisiti uni.t uires a. beaco err

nss0ci ated v ¢ h o bage T B edieR S eRang e PR bR isaght et
10, anong the beacon errors Rb included in the signal received by the
beacon si g idensifeatingruniini® s furthes pepvided fpr the igeatien Higntifieative deviae @fﬁhér

Rh that is associated with the road on which the device itself is
preseHt , fitseembediticon andithatopéiatian dbithe beddon Erronacquisitenpmédi is different from
identify the vehicle | ocation.
that of the first embodiment.
The road identification unit 10 identifies a road on which the vehicle is currently
present, based on the vehicle location stored in the location memory unit 2.
[0054]

15 The beacon error acquisition unit 6 acquires a beacon error Ry, that is associated
with the road identified by the road identification unit 10, among the beacon errors Ry,
included in the signal received by the beacon signal receiver unit 4. As a result, by using
the beacon error Ry, that is associated with the road on which the device itself is present, the
location 1dentification unit 7 can more precisely identify the vehicle location.

20 [0055]
<<Fourth Embodiment>>

Next, a fourth embodiment of the present invention is described in detail.
The fourth embodiment is of a configuration in which a beacon location Py, is

identified with a method different from that of the first embodiment.

25 In the first embodiment, the case where a beacon location is included in a signal



20[ 0055] <<Fourth Enbodi nment >> Next, a fourth enbodi nent of the
present invention is described in detail. The fourth enbodi nent is of
a configuration in which a beacon location Pb is identified with a
met hod different fromthat of the firs% enbodi nent. 25In the first
enbodi nent, the case where a beacon | o %ti on is included in a signal

20 transmddetutd f0d REGP And Er{e%%eﬁﬂﬁ IBEAEA %C&L?Eiﬁ&!il Bttt §99dd%§{1& h%l@nires

unit 5 reads and acquires the aco ocation tromthe sig

been descyi .hn the fourth. e di.nmen a. configuration.is.

descr | bed R eUReaiof SeRb fRista P L sl oo Folieh Shoimsnsi o
of a carrier_wave at .the tjme of receiving a signal froma beacon.
5[ 0056] configurafigp s deseripesintyiieh %ke’e@p@i?&@n%@éﬁtﬂm%d beBbRER NSty okt
fromthe beacon location, the intensity of the carrier wave at the
tinme of staynial wavecasphd thne bemoemmg aongnal iTmer edfagere, wit h know edge of
t he signal reception |location and carrier wave intensity, and the

rel atidnsfi6pet ween the reception |ocation and the intensity, the
| ocation identification 10device can estinmate a beacon | ocati on.

The beacon accopwgiefthd i9cdidd JretthhineEppiod baBMesTh@hé Front HRtRAbnAbcion,
beacon location, information that indicates a relationship between

h di i i ) i i | i
ot ho be et U ol d UL AEDE Serll RTLAYG dBOREL i AERLRT

to the beacon eacon i n¢l udi

this information through a carrier ve. 15The .beacon | ocati o

acaqui si 1 SHNRPYIE P P s EaCaberbion ohenon AL TIg W HRVIEES e 8 B ng t o
the fourth enbodi nent reads the carrier wave intensity at the tine
when t he Béawphigibghveen thecspspsion lpfation apdihgiigtersityni@e dgcghen ideptigasion
as information included in the received signal. Next, the beacon

| ocat 1®n devjce sintastmaigrs teadorr lpaat®on. from t he read i nformation, the

di stance to the beacon location that is associated with the carrier

wave 20 intensThybatort A& okdin®tdthe FhfthSdngivdiméR GRIPdS) Mtead BEAbedchR
read distance is added to the current estimated | ocation stored in

the | ocat R0 SR MRbMnatdntha il dlcddle: LRAISHS ?&%&&h@ ira}{]dz&%vggé;igge%ny and the

vehicle traveling direction) to thereby calculate t
ocat i on. ok BRRY o n EREH IR ARRYE 1neARG0N T D ich ard e BE&R Bansmits o
signal including this information through a carrier wave.

15 The beacon location acquisition unit 5 of the location identification device
according to the fourth embodiment reads the carrier wave intensity at the time when the
beacon signal receiver unit 4 receives the signal, as well as information included in the
received signal. Next, the beacon location acquisition unit 5 reads, from the read
information, the distance to the beacon location that is associated with the carrier wave

20  intensity at the time of the signal reception. Then, the read distance is added to the current
estimated location stored in the location memory unit 2 in the road extending direction (or
vehicle traveling direction) to thereby calculate the beacon location.

[0057]

As described above, according to the present embodiment, it is possible to

25  calculate a beacon location based on a carrier wave reception intensity at the time of signal



21 reception fromthe beacon. [0058] "Fifth Enbodi nent" Next, a fifth
enbodi mrent of the present invention is described in detail. 5The
fifth enbodinent is of a configuration in which a beacon |ocation Pb
is identified with a nmethod different Homthat of each of the first
enbodi nent and the fourth enbodi nent. In the first enbodi nent,
the case yggg[?]t% PrrOR O bQpation is included in a signal transmtted
froma beaco and the beacon | ocation acquisition unit 5 reads and
acqui res E&}égf beacon | ocation fromthe signal has been descri bed.
Mor eover, he fourth enbodi nent, the case where a beacon | ocation
IS estlmatelg_ n;)a(? intensity of a carrier wave at the tine of

recei vi ng<a @i% IMEHTE beacon has been described. In the fifth
enbodi ment, a configuration is described in which a beacon |ocation

i s estimted ba¥ex. dfifth epbarinealt abtheforesenti invastion isydesériteddadetadr wave
froma beacon. 15[ 0059] When the | ocation identification

devi ce5 and t he Peafifih embodiricanishéaeorfiglraser intwhigas beaabh &icatidhp, is
intensity of the received carrier wave becomes higher. Therefore,

i s possi bi®ntife@®ith ARicEh AFERAt M&ﬁ&l@atbh@adh%tfmwa%o&rh@m%ga V&?%unh
wave received by the |location identification device Is peake

the | ocat lal?lg odiflept i fication device passes by the 20beacon | ocati on,
as being a beacon | ocati on. A beacon | ocation acqui SI tion unit

5 of the locati ent i atio evi c or di to the h
enbodi ment asso@‘lr}a?g tﬁ?ﬁ’@éﬂeﬂﬁiﬁ&c EF ea?mtnl%@afmdamc ed in a signal

identification device with a carrier wave intensity detected at the
est i mat edURERtEGHOBA beapern @bk theihyaean lpeationvasquisifipt uait S aerds and acquires
sequentially stores them Next, when the carrier wave

10 the beacon location from the signal has been described. Moreover, in the fourth

embodiment, the case where a beacon location is estimated from an intensity of a carrier
wave at the time of receiving a signal from a beacon has been described. In the fifth
embodiment, a configuration is described in which a beacon location is estimated based on
a peak value of an intensity of a carrier wave from a beacon.

15 [0059]

When the location identification device and the beacon location become closer to
each other, the intensity of the received carrier wave becomes higher. Therefore, it is
possible to estimate a point where the intensity of the carrier wave received by the location
identification device is peaked when the location identification device passes by the

20 beacon location, as being a beacon location.

A beacon location acquisition unit 5 of the location identification device
according to the fifth embodiment associates an estimated location of the location
identification device with a carrier wave intensity detected at the estimated location by a
beacon signal receiver unit 4, and sequentially stores them. Next, when the carrier wave

25  intensity detected by the beacon signal receiver unit 4 has passed its peak point, the beacon



25intensity detected by the beacon signal receiver unit 4 has passed
its peak point, the beacon 22 |ocation acquisition unit 5 reads the
estimated | ocati on associated with the peak intensity as a beacon

| ocation. [0060] As described above, aggording to the present
enbodiment, it is possible to 5cal culate a beacon | ocation based on a

carrier wavgidreRQpisiton unfitseasdstiie adtinidi&l fobfRonQlss i Aaplvith hk Qﬁeﬂ‘sitpm
t he beacon. [0061] <<Si xth Enbodi nent>> Next, a sixth enbodi nent of

the presepd, havsNidcQiod. s described in detail. 10In the fifth

enbodi nent, the nethod of deciding a beacon | ocation based on a peak
intensity F carrier wave has been described. However, while this
met hod eng@ 8 i dentification of a beacon | ocation in the road

extendi ng directiqgn, is unable. to identify a beacon_ locatjon in
the road widt h %@ g%seffb%a oa%r@e‘efééxgttpwe DrRseat eRBeiRY & it PRSSIbBCAL | on
of a beacon is not in the center of the road and the beacon is

i nst alJ edcaenlate ebaarogileration basst ko @ cartBr iese rectibniintensiey a ihetthme of signal
enbodi ment is used to identify the beacon | ocation, and thereby

i dentify tchepthmdemn thedeateoron in the road extending direction as well
as in the road width direction. [0062] FIG 9 is a diagramshow ng a
rel ationsfygogipetween traveling locations and carrier 20wave
intensities in a case where a beacon |location is present on a road

si de. <<Sixth Embodiment>>
Next, a sixth embodiment of the present invention is described in detail.

10 in the fifth embodiment, the method of deciding a beacon location based on a
peak intensity of a carrier wave has been described. However, while this method enables
identification of a beacon location in the road extending direction, it is unable to identify a
beacon location in the road width direction. Consequently, in a case where the location of
a beacon is not in the center of the road and the beacon is installed on a road side, a method

15 described in the sixth embodiment is used to identify the beacon location, and thereby
identify the beacon location in the road extending direction as well as in the road width
direction.

[0062]
FIG. 9 is a diagram showing a relationship between traveling locations and carrier

20  wave intensities in a case where a beacon location is present on a road side.

When the location of signal reception becomes further from the beacon location,
the intensity of the carrier wave at the time of signal reception becomes lower. Therefore,
as shown i FIG. 9, at a point of the peak intensity of the carrier wave, in a case where a
vehicle is traveling at a location close to the beacon location in the road width direction, the

25 carrier wave reception intensity is higher than that in the case of traveling at a location that



When the | ocation of signal reception becones further fromthe beacon
| ocation, the intensity of the carrier wave at the tinme of signal
recepti on becones | ower. Therefore, as shown in FIG 9, at a point of
the peak intensity of the carrier wave,,in a case where a vehicle is
traveling at a location close to the b%3acon | ocation in the road

width di TRGiH ok BERRNTbERNEY Rt eGRE LA KRR oY yiehelk HRSKs iy of

than that in the case of traveling ["Ocati on t

fromthe That ed of .t he peak
| neensi ﬁ%?%?%é VG5 el R chsﬂwﬂﬁ%w e ac on
| ocation in the r@gp wi dth directjon anggigg P i.ntensity, the

| ocat i on fieketion and iensak s e location Hetdical wadedse saeatmak 2 beacon
5[ 0063] The beacon according to the sixth enbodi nent stores,

i nst ead ofocatidseacon | ocation, information that indicates a

rel ati onshi p between the peak intensity of the carrier wave and the
beacort | of®@6Bbn in the road width direction, and the beacon transmts
a signal including this information through a carrier wave. 10The

beacon | ocati onTigCilaben hdcBtitdHolthSsiRfh én%dhrﬁ@lﬁtstd?& irdRA8 bf h 6addopn
devi ce according to the sixth embodi nent reads the peak intensity of

the carri ﬁ:)r atf@ SRR ¥r(11£§1&%5 Fa?lens%lggﬂue&?&%lp\é%%ﬂsﬁ¥ éf thg%arrler

well as in ornﬁ Ion 1 nclu € recei signal eacon

| ocation acg! th N unit 5 re dsl, tdhereaddtgfﬁrrratlon . |
beacon |o&’&¥ hOFA5EN jasaon i g foge IWé BRCHHatn AR Ay ’W%‘%Pa
t he peak |ntenS|ty of the carrier 15wave. As a result,

accor di nginebdingsh BriBloEnatienbEmehararier wave possible to cal cul ate a
beacon | ocation in the road extending direction and in the road width
di rectl on, basethobeagore bxcaticar acopstionend@tdfdhe lonstenmsidentifantiothdevicere of
signal reception fromthe beacon. [0064] 20The above is a detailed

descri pt i avoafin@rethe satdmbrtiment rtRB iy S8@nhtehdityITtheOthrrivavicgétestens e
to the drawi ngs. However, the specific configuration of the invention

is not li metb%gcénosi%rﬁﬂecgﬁ&cﬁﬂlpﬁ% %ﬁ‘é@11nf€H1qat}€ﬁ\r1h<9H§edqﬁ%ﬁ@x@ceivedhsxgnal

nodi fications or t made w thout departing fromt

scope of

orondi men et *ﬁéb%%@@os&%@?eacgmﬁﬂ n T S e R e dela WGem RN e henogn

beacon | ocati. on. g li;]edacon error Rh has b%hen descri bed. wever,
ocation mt e road widt ection t 1at 1S associated with the peak intensity of the carrier

itis
IS5 wave.
As aresult, according to the present embodiment, it is possible to calculate a
beacon location in the road extending direction and in the road width direction, based on a
carrier wave reception intensity at the time of signal reception from the beacon.
[0064]
20 The above is a detailed description of one embodiment of the present invention

with reference to the drawings. However, the specific configuration of the invention is not
limited to that described above, and various design modifications or the like may be made
without departing from the scope of the invention.

For example, in the above embodiments, the case where a beacon outputs signals

25  indicating a beacon location Py and a beacon error Ry, has been described. However, it is



24 not limted to this, and the location identification device my
prelimnarily store a beacon |ocation Pb and a beacon error Rh of the
beacon while associating themw th identification information of each
beacon. [0065] 5Moreover, in the above2€modi ments, the case where a
vehicle location is estimted using an“estimation error

cal cul at eglyday,itda go?l‘ﬁg 'e{x;ﬁﬁttleé)f&ce?tHHQHexﬁmcﬁH&%év?& ﬂ’l{i}! tm tw ﬂﬁgie‘%eacon

error Rh acquire eacon error acquisitio

descri bed S. not dtot est.i,mat i .
rror Re IoggRBEP, St BukERal G sl rm i By facion
enbodi rrent the case _where the estimation error Ft is used as the
wei ght of! YE95en ObradhRaTINon Pb and t he beacon error Rh is used as
the weight of the estimated | ocation Pc has been described. However,
it is not[UUpdlted to this, and, for exanple, an inverse of the
estimation error Etc may be used as the weight of the estinmated

| ocation Pe andMarcovaly ar the abfvel dnshdi@acas) ths ca3e wRbremyehide loseatbais t he
wei ght of the beacon 15l ocation Pb. [0067] Mor eover, in the

above enmbeginRaf Find ﬁtﬁesﬁﬁfaﬁoﬁ"@ﬁ&ef{ @At &by Thet2@dadich érhﬁ c‘ﬂfchgt%n unit
val ues Rh and Re has been descri bed However’, it iIs not |mte

this, andat?fft%{c):of( Qrﬁ%wﬁgfbgﬁl%%v\ﬁéon%fog u\fﬁtl&?ﬁmt g%suﬂ yé?]tb%d

in the above odi I 'ance- covarlance

d th Rh Re .has been descr wever
1 hor opareran it et TS A A8 hes e %Wﬁtﬁ RSP TR

standard devi ation or a range of the beacon |ocation nmay be used, or
a represe[ﬁoéé] ve val ue such as an average val ue and nedi an val ue of
the distance froma reception |ocation to a beacon |ocation may be
used. 1®25[ 0068] F@&thermore, in the above embodiments, the case where the estimation error R, is

used as the weight of the beacon location Py and the beacon error Ry, is used as the weight
of the estimated location P, has been described. However, it is not limited to this, and, for
example, an inverse of the estimation error R, may be used as the weight of the estimated
location P, and an inverse of the beacon error R, may be used as the weight of the beacon
15  location Py.
[0067]

Moreover, in the above embodiments, the case where a matrix is used as the
weight values Ry, and R, has been described. However, it is not limited to this, and scalar
values may be used as weight values.

20 Furthermore, in the above embodiments, the case where a variance-covariance
matrix is used as the weight values Ry, and R, has been described. However, it is not
limited to this, and another scattering degree such as a standard deviation or a range of the
beacon location may be used, or a representative value such as an average value and
median value of the distance from a reception location to a beacon location may be used.

25 [0068]



The above |l ocation identification device has a conmputer system

t herei nside. The operations of the respective processing units

descri bed above are stored in a programfornmat on a conputer-readabl e
recordi ng medi um and the above processes are performed by the

conput er readi ng and executing of this program The

" conput er - r eadaiph@above l&RALA idREABROH VIO & d &fiffifterls9sBmTRERRLIIE. The
di sc, a magnetic-optical disc, a CO-ROM a DVD a sem conduct or

menory, OB%ért orlsi HfBhe ﬂé@is@ﬁw\/@ rocc%s?fg% uﬁﬁm&tcﬁ neaﬂ{b%% a0 JiRY g Pﬁaa program

distribute rough a comuni cat | I'ne, and a conputer

receives this,distribution execut e t.he progra [ 0069

oFur ¢ her kit O RebhBHbLRR0THY wr RERE Pediim, Brgh AP Wetesacs pesfosmed
descri bed, ahove. .Moreover, the program may be a program

capabl e oPY feA0mputey rsadingAnchracuimgof gHs Prograse nbi sompyefireadable
prelimnarily recorded programon a conputer system that is, a

so- cal ¥ edragprdieg madiunl” herd refefsiiof f magnetic discps mggmatic-optibalINDUSTRI-RDM, a
APPLI CABI LI TY [ 0070] The present invention is such that in a

| ocat i on DAEHRIGNVIc@enaibortliRicios enenfory, @€ e 1k, MteBdVeE,ithid LbRPuteBhoethm AR
a programfor identifying a |location where the device itself is

20pr esent pe distrdffid! t%u%ﬁl & 0bmiruG RhtGNiA) bhd £ @(Blﬁb’t'ltfr[tﬁe?t rBodiRE it Bﬂgibution
i ndi cated by a wei ghted average of an estinated | ocation and a beacon
| ocat i on, i the device itself Thereby, it is possible
to reducengﬁfg?éﬁgﬁgpgggg%range of carrier wave em ssion performed by
t he beacopﬁéggd to identify a | ocation where the device itself is

present. rence Signs List] 25[0071] 26 1 Location estinmation
uni t 10 Furthermore, the above program may realize part of the functions described
above.
Moreover, the program may be a programn capable of realizing the above functions
in combination with a preliminarily recorded program on a computer system, that is, a
so-called differential file (differential program).
15

INDUSTRIAL APPLICABILITY
[0070]
The present invention is such that in a location identification device, a location

identification method, and a program for identifying a location where the device itself is
20 present, alocation identification unit calculates a location indicated by a weighted average

of an estimated location and a beacon location, as a location of the device itself. Thereby,

it is possible to reduce errors due to a range of carrier wave emission performed by the

beacon, and to identify a location where the device itself is present.

[Reference Signs List]

25 [0071]



2 Location nenory unit 3 Estinmation error calculation unit 4 Beacon
signal receiver unit 55 Beacon |ocation acquisition unit 6 Beacon
error acquisition unit 7 Location identification unit 8 Location
output unit 9 Vehicle type information,acquisition unit 1010 Road
identification unit 27 CLAIMS 1. A I%@ati on identification device

conpri si ng:; &.ligcakifRofshiimation unit configured to estimate a
| ocation of the device 1tself; 5a beacon | ocation acquisition unit

configuregé%oalcqu%re a bgacon | ocation based on a signal received
froma beacdH'HAPBY XYY carrier wave carrying the signal, the
beacon | ocation being a location within a range of a carrier wave
em ssi on periFHHen epyr ¢heulgoadmt and

4 Beacon signal receiver unit

5 5 Beacon location acquisition unit

6 Beacon error acquisition unit

7 Location identification unit

8 Location output unit

9 Vehicle type information acquisition unit

10 10 Road identification unit



a location identification unit configured to calculate a |ocation

i ndi cated by a 10wei ghted average of an estimated | ocation, which is
a location estimated by the location estimation unit, and the beacon
| ocation, while taking a weighted vaIu$7mhich becones greater as a
range of the carrier wave em ssion perfornmed by the beacon becones
narrower, as a weight of the beacon ¢pgaikon acquired by the beacon
| ocation acquisition unit, and to identify the | ocation indicated by
t he wei ghted average as a location of the device itself 15 2. The

| ocation identification device according to claim1, wherein the

| ocation |1denti iicai.i on upét 1S co.nfi(?rtﬁr ed to calculate a | ocation
i ndi cat ed by t b Q6aHgR{degtiticAtion JEVise CPHRIYIEE nat ed | ocation and t he

beacon | ocation, while taking a weighted val ue whi ch becones greater

as an error ranyBcaionesHiBatey Bt eenigvead tosstiante grlaeadion pf thedeyige #6¢16n

20estimation unit beconmes narrower, as a weight of the estinmated

| ocatin. 3. Thbedcor hichoon aadeisitioni uwnatdoofiguled txacqnoe abdaquy loatioh hased 1
or 2, wherein: t he beacon location is a matrix that indicates

a | ocati oon wsighaltedddediamgebedcoh iat ERTLS h BArridBvEy RIA§HigQhe N8HA QheBehcby
t he beacon in a predeterm ned orthogonal coordinate 25system 28
e
e

the esti j i: SRt Walell : 'Iﬂ%ﬁﬂfo-
t he devi gg]tc ?@Cge fﬁf’f%mggl(?nnﬁ%te a[ﬂgﬁ%ete&%trcéﬁlggﬁt@ﬁ%t lg;éldor oé@%ﬁawﬁ{
coor di nat - éﬁ'ta% and the wei ght of the beacon location is a

vari ance-covariance matrix that indicates a vari ance of a

| ocation in the E’E?t hogonal . cqordi nate. system where the signal from

the Sbeacon is FKCEIQMMPRHITHGHRAR Y configuigddo calenlaisghlorgian indicatsd byA

device according to claim2, wherein the weight of the beacon _

| ocat 1bn peiehindaverpge pean edimated Ineationl whichns albcglien estimated bt tsation

itself becones higher. 10 5. The location identification device

accor di ngedtnaioy vaitcamlfthe bedcos ldcatiord wiilerialing a e@ightddsvahg: which becomes
greater as a range of the carrier wave emission performed by the beacon becomes narrower,
as a weight of the beacon location acquired by the beacon location acquisition unit, and to
identify the location indicated by the weighted average as a location of the device itself.

15

2, The location identification device according to claim 1, wherein the location
identification unit is configured to calculate a location indicated by the weighted average
of the estimated location and the beacon location, while taking a weighted value which

becomes greater as an error range of a location estimation performed by the location

20  estimation unit becomes narrower, as a weight of the estimated location.

3. The location identification device according to claim 1 or 2, wherein:
the beacon location is a matrix that indicates a location within the range of the
carrier wave emission performed by the beacon in a predetermined orthogonal coordinate

25  system;



a road identification unit configured to identify a road on which the
device itself is present, based on the estimated | ocation estinated
by the location estimation unit; and 15a beacon wei ght acquisition
unit configured to acquire a weight of%a beacon | ocati on
corresponding to the road identified by the road identification unit,
wherein the | oGRL LAMdteleREAldnG&h nARrik fHat indfaRQA1bQHOR IR tﬁ@@é\_/i%é;ﬁsaelf

wei ght acquired by the beacon weight acquisition unit to identi

| ocation gof t vice |1 ' ,dentification device
accordi nggte(s)élg%tﬁggonee @F ée(’:-‘? %%%&Ec(’)g-rog‘%l ‘%ﬁ%g(ﬁé%ﬁg%%gﬁb@gcon | ocati on
acqui sition unih is.%onéig%red 0 estimate. the beacon Iooat'on(ygon
conpl etion of riBf W&iShE PLiEPeFcordpralion is %‘é?é@&c%ﬁovéiﬁap?ﬁ@%é‘?‘ttbﬂté@ iFaies a
carrier wave of the signal, and on a relationship between the beacon
| ocat i on whtinehel 4 leetingi ipnghogrthogend speidiaategysem whee the signed fiosctiei on
identification device according to any one of clainms Ito 5, further
conpr isi nigcaaoic srre¢edvableancamialiy.ensity recording unit configured to
sequentially record an intensity of the carrier wave fromthe beacon
in a carrier wave intensity nmenory unit while associating the
intensity wwth a | ocation where the carrier wave is received,
Swherein jhe b i COUE St L npt o LS | QL

cstimat o 5 I ocanancaREHeReRRA Il o LB AGHRT: highton e
of the cayrier ve recorded in the.carrjer ve i ntensit. nmor

ini t, as CEBERIMSAITLRE TRl % AL IS ElA sl G e daviny o bechles

| ocation jdentification device according to claim?7, wherein the
beacon 10WgB&t i on acquisition unit is configured to estinate a beacon
|l ocation in a direction orthogonal to the road extending direction,
basedl(bn t he maxi num val ue of the intensity of the carrier wave
recorded in the carrier wave intensity nenory unit, and on a

rel ati onshi p beTivgecatbnddatdicali@cddvi@mctdrdingao dhy e8d dfonmaiaistinogonaihet o
the road extending direction and the intensity of the carrier wave.
15 9. A lgealidin identification nmethod that uses a |ocation
identification device that identifies a |ocation where the device

isell 1S Presebnd [dRaEhAdnf QORELRLA iaGRE) HRIN iflth QB8 iLOReRs

the device itse using a i-on I on
present, based on the estimated location estimated by the location estimation unit; and
15 a beacon weight acquisition unit configured to acquire a weight of a beacon
location corresponding to the road identified by the road identification unit,

wherein the location identification unit is configured to uses the weight acquired

by the beacon weight acquisition unit to identify a location of the device itself.

20 6. The location identification device according to any one of claims 1 to 5, wherein
the beacon location acquisition unit is configured to estimate the beacon location upon
completion of normal signal reception, based on an intensity of the carrier wave of the
signal, and on a relationship between the beacon location and the intensity of the carrier

wave.

25



acquiring a beacon |ocation using a beacon |ocation acquisition unit,
based on a 20si gnal received froma beacon that emts a carrier wave
carrying the signal, the beacon |ocation being a location within a
range of a carrier wave em ssion perfo& d by the beacon; and
calculating, using a location identifiCation unit, a |ocation

i ndi cated7by a i bk iBURITRAB0PHAR REbIIMRLBYnY 8FALT QBmsWoS filrfheft

| ocation estimated by the |ocation estimation 25unit, and the beacon

| ocati on, j, - i i ) r_as

30 range SPpiEnd BEhE: Aol R B R T s B S e B e
narrower, . as . ght of the, beacon |ocation, acquired by the beacon,
ocat i on’ HEGTSPT IMBSART avefrom TerhRace it A T ase HYFTSHY msciceR By
t he wei ghted average as a |ocation of the device itself 510.A program
t hat causa%ogialigkteiigansitgeyith 4 Jasaiorovhere thecaritiarave deleesiveds a

| ocation where the device itself is present, to function as: a

| ocatidbn est i mawhaminthé bedchaiocation aauesticnheid i cafigumedto cktimageMbesion
itself; a beacon |l ocation acquisition unit that acquires a

beacon | ogabéiardagrdmetinting i g0abf the aabway of R Bafidk AR Recoldtd iRERCON
emtting a carrier wave carrying the signal, the 10beacon | ocation

being a | oAk QBvelntdibily RemBROEiLhs 8 bERLR 1EaibR Hfa BFh SHAlinP At Al dred
by the beacon; ane\(ljrn ty a locat’ion |%rent| fal catlion unlft ?lﬁat rectiof”
calculates a location indicated by a wei ghted average of an esti nmated
| ocation, which is a |location estimted by the |ocation estimation
unit, and_the b$acon loc_?iti _&n, Wwhi | e taking a wei ghted val ue which
becones gPeat er | Bslogatiopgdentisatien devies acgprding toqiaid e hgisibihe Herdosr med
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9. A location identification method that uses a focation identification device that
identifies a location where the device itself is present, the method comprising:
estimating the location of the device itself using a location estimation unit;
acquiring a beacon location using a beacon location acquisition unit, based on a
20 signal received from a beacon that emits a carrier wave carrying the signal, the beacon
location being a location within a range of a carrier wave emission performed by the
beacon; and
calculating, using a location identification unit, a location indicated by a weighted

average of an estimated location, which is a location estimated by the location estimation

25  unit, and the beacon location, while taking a weighted value which becomes greater as a
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range of the carrier wave emission performed by the beacon becomes narrower, as a weight
of the beacon location acquired by the beacon location acquisition unit, and identifying the

location indicated by the weighted average as a location of the device itself,

10. A program that causes a location identification device that identifies a location
where the device itself is present, to function as:

a location estimation unit that estimates the location of the device itself®

a beacon location acquisition unit that acquires a beacon location based on a
signal received from a beacon, the beacon emitting a carrier wave carrying the signal, the
beacon location being a location within a range of a carrier wave emission performed by
the beacon; and

a location identification unit that calculates a location indicated by a weighted
average of an estimated location, which is a location ¢stimated by the location estimation
unit, and the beacon location, while taking a weighted value which becomes greater as a
range of the carrier wave emission performed by the beacon becomes narrower, as a weight
of the beacon location acquired by the beacon location acquisition unit, and identifies the

Jocation indicated by the weighted average as a location of the device itself.



