: ghe3eeb| \ 6TAE SPECI FI CATI ON METHOD FOR | DENTI FYI NG VEH CLE POSI TI ON ON
MUILTI - LAYER ROAD 5 TECHNI CAL FI ELD The present invention relates a nethod
for identifying a position of a vehicle on a road using GPS (d obal

Positioni ng System, and in particular, to a method for det g mmN
ng

i dentifying a position of a vehicle on a nmulti-layer road
at which layer of a nulti-layer road thq vehicle (such as a vehiglsg driven
by a user) is positioned. 10 BACKGROUND ART As a tool for identifying or

detecting a position of a vehicle by a user, various types ﬂ | |
system are known. Fig. 6 is a block diagram show ng gener al ﬂﬂ[ummm@”mra
navi gation system as known in the $PECIFICABONavi gati on system sj&own N Fg.
6 15 conprises a GPS satellite 28, vehicle position calculating ME4ns 20
for calculating a position of a vehicle based on data fromthe GPS

satellite 28, information retrieval neans 23 for retrieving data such as a

facility to bfEtHOD FeR IDENTIEYINEAVERICIE POSITION DN MULTRRAPERMDADF oute up
to the facility, guiding nmeans 22 for guiding the vehicle along the

searched route, display control neans 25 for displaying data on display
means 26 such 20 as liquid crystal display unit or CRT display, and a map
data 27gstored in a storage nedi W‘E@HRICA@TS]FIEBDRO\A Now, description wll be
gi ven on neasurenent of the position of the vehicle based on the

information f r%ﬁg}%@ﬁ\géﬁd&%a@%fﬁﬁﬁwﬂ Beﬁﬁfﬂggég?é‘lﬁbr{: oS vefidefldn® 7 Shows

an exanple, in sat Ites 1nt can be seen fromthe

(oL 1%, | el or bR Al s bt oAby (1
or identifying a position of a vehicle on a multi-layer road and for finding at which layer of
a multi-layer road the vehicle (such as a vehicle driven by a user) is positioned.
10
BACKGROUND ART
As a tool for identifying or detecting a position of a vehicle by a user, various types
of navigation system are known. Fig. 6 is a block diagram showing general features of
a navigation system as known in the past. The navigation system shown in Fig. 6
15 comprises a GPS satellite 28, vehicle position calculating means 20 for calculating a
position of a vehide based on data from the GPS satellite 28, information retrieval means
23 for refrieving data such as a facility to be utilized, route searching means 21 for
searching a route up to the facility, guiding means 22 for guiding the vehicle along the
searched route, display control means 25 for displaying data on display means 26 such
20  asliquid crystal display unit or CRT display, and a map data 27 stored in a storage
medium such as CD-ROM.
Now, description will be given on measurement of the position of the vehicle based
on the information from GPS satellite referring to Fig. 7 and Fig. 8.  Fig. 7 shows an

example, in which three GPS satellites in the sky can be seen from the vehicle. If this is

25  represented in the sky chart shown in Fig. 8, the GPS satellites are seen at three different



2 bearings or azinmuths with respect to the advancing direction of the
vehitcle, and correct position neasurenent can be achieved in this case.
Specifically, using azimuth of the vehicle and azinuth of the road, a
correct road is identified by map matching. If the GPS satellites are under
this condition, it is possible to correctly identify the position of the 5
vehi cl e and the road where the vehicle igs runni ng. However, when the
vehicle is running on a road, which conprises two or nore parallel roads
constructed in nultiple layers, it is difficult for a conventional type
navi gation systemto identify the position on the road. That is, on a road,
whi ch conpibeasrgstonazimuthswith respeat todihe advadsingdidedtien ofthe Vehiae, erdicordd
multiple |ayers, there are an upper layer and a | ower |ayer. Because the
posi tion ofpobiten measuréreentroan detachieest ihthis caze! abpgdificaly, usind dmatarstthei t i S
difficult to correctly identify on which of these |layers the vehicle is

| ocat ed. Awehicleand bkimuihefithe fvad s edredt robdl izddertifidt Ighmay maghiriga e for city
expressway), audi o gui dance, or energency information system conplete

reliabilitGPSsatelitesireaydenthiseoadton] bistossibletecdreetypitontieh positor ¢ihdreen
proposed to provide a gyro, which can detect pitching of the vehicle

(whet hep | iyehitle ah@ SetbA@wWREredRS vatide Beunrihggdvanci ng direction). In this
case, it is detected whether the vehicle has gone up on an ascendi ng sl ope

to enter a roafioRBvamedraMalericls istinmig 61 a PR, GRS coipphseltwd ofipdeendi ng
slope to | eave the el evated road, and 1t is judged whether the vehicle is

running on parcfiédhcs\tBRGUCSAI? LiBIR 14/2R% it s i@k 191k dchiGerfioRdrRthaicalioypy . of

it is running on a planar road (lower layer) under the elevated road.

Hovever, i RyQsmies ideRifpFepBlibrsbn hairsagoncept, it is necessary to install a
new gyro, ahd this nmeans higher cost for the navigation system To solve

the above probimgitts, oh b rbad, MhichioRphsd twbRP mFesatlel t0AME Bhd BEohsiniicdih de a
met hod for identifying a position of a vehicle on a multi-layer road, by

Whi ch g | SnuRipRSIafErS thre bie Arfigpet faYeﬁ’HthahGWertlﬁs%r.V HecaLSe he pbeifish dfthe®n upper

| ayer or lower |ayer of the nmul'ti-layer 3 road wi thout using additional
new devi Ce%elﬁl&leﬂ&fgéc?ec%h ﬁd?ﬁoﬁtal\ﬁléiﬁtié P8 sapat i?i@‘difﬂ?ﬁﬁ&féﬂn’é@tl}i&erﬁﬂ?orﬂﬁtﬂ@r?t of

the present invention, there iIs provided a nethod for identifying a

posi 1 on_ O hedlajers thelenie B obhiel 2R a FeRaN wiianitikAuch iz higRiey ilapy e cf e

runni ng on one of "the layers of the nulti-l'ayer road is running on the

upper nost | I hdib 8Yi r of the
mul ti-| ayer(a?l?hgg(fj? a\%?ee%%y\)a?)‘r{]‘@%%{&; gbﬁ? %%dépgrﬁrgérgféndg |£n§gaﬁ§§ gﬁ%rﬁ,a section

where GPS pggpletetBidPhfSsh@HRMys@a8ureg achi eved in a predeterm ned traveling
di stance is equal to or higher than a predeterm ned threshold for _

i denti fi5cat i onT@éolidRe pRIBRIMI, ANES beériprb?osledq’@ dvidBalgytd) @hicAldas Hetekss T unni ng
on the upper |ayer (the uppernost layer), and if the'ratio is |ower than
the other prEHiRS & HE PRI (WheHP E as&sndHy dr desiehbing # aRBn8hg Hiféﬁ‘%n).' aper, It
is judged that the vehicle is running on the lower |ayer (a layer under the
upper nost  kjy@isb. it i Abctet wHetheP #i2S/eRicid Ha8 gBREYp B8 aﬁfa&%l"ﬁﬁgtsibpé?@t&?]tgrf 4

whet her the vehicle is on the upper layer “or the lower |ayer o

mul L1 - | 3Y ChoddRbrididyaRt by or S bbhORdn B1PAIdEaEhaRG sBbe RABAR HE ! e

navi gati on system 1In the present Specification, the term"upper |ayer”
nmeans t he e i i “efwer | ayer”
TERns ' FaJRREERS, MRS Bed b nng a8 LA

structyge, chhgueisash %Séle\}a?é@r‘ii%tié\ﬁ?)}, Ot ié‘ﬁ.@@@g'oﬁyaeﬂlana?‘%ﬁ%%r I‘ég?r?]%’dérayer S

under the uppernost layer 1s t ower According to an er aspect
of the pre } o) i L f; i LY a
position o?%g l%\}&@lbﬁrpé&oﬂﬂlog@ %f’ﬁq@%@%?@%ﬂsﬁ@%@ﬁ%ﬁ@é \?\Aé"léeé'%ﬁéeryft(%"hgﬂl\l/ehi cle

a new gyro, and this means higher cost for the navigation system.

To solve the above problems, it is an object of the present invention to provide a
method for identifying a position of a vehicle on a multi-layer road, by which itis possible

25 toidentify whether the vehicle is running on upper layer or lower layer of the multi-layer



20 running on one of the layers of the nulti-layer road is running on the
.upper nost layer or on a |lower |ayer under the uppernost |ayer of the

mul ti-layer road, whereby, in case the section where GPS position

neasur enent can be achieved in the predeterm ned traveling distance is
discrete, it is identified as the |lower layer, and it is possible to
identity the |lower |ayer of the multi-Ilayer road w thout using additional
new devi ces and parts on 25 the navigation system 4 According to stil
anot her aspect of the present invention, there is provided a nethod for
identifying a position of a vehicle on a nmulti-layer road to identify
whet her t hgoaehittdut using addiipnaimemwdevides toh partsagrethe natigation systemi - | ayer road is
runni ng on the uppernost |ayer or on a | ower |ayer under the uppernost

l'ayer of the mActordingteone aspécet offttes sresent Infvelftionatherelis presided anwdtiiodod i ght
are equally seen with respect to the advandng direction of the vehicle, it

i s identifij@shtfthgaysositionef a léhi@s on é!hﬁlJlti-Ib¥élQbad iotidérfﬁfgivtd@@tﬁé%ehi&fé | ower
| ayer. Thus, it is possible to provide effects to identify the upper |ayer

or the | owaindify & o ofthelafrs of hayault-apérdodd is RtHHing 6 the upsEHrosaaRr opew

devices or parts on the navigation system According to still another

aspect @f tdwea IBWESIEPEr unBEaRé Llﬂb’ermlbgﬂéy‘ér bfthe Frit-Egst réadl Aherbi fflcds@ithe

identifying a position of a vehicle on a nmulti-layer road to identify

whet her t heafitedtiaidistariceriih BEctRR wheks GPStHasitibrArRESurihehttanMaldchiel@yifa road is
runni ng on the uppernost |ayer or on a | ower |ayer under the uppernost
llayer of t hpedBibriinddvelingislancai®eqyio dr hi ' Fi?estﬁélbef N
opposite dimr?ect irorllnvvi th |respecr'} tlo ?%goaévlagﬂg?ﬁ%@gﬂéedgﬁﬁég t he vgllhi cle
i's seen, i tgdmfid & i ¥ \bhide | inaton ”%tggg s the
| ower | ayer'qér?%da#' ugﬁh' t§ péﬁ%ﬁgg%?&e@?ﬁ%r ovi giacj eg?ﬁfgg{ngt%nﬁ? nt F&?ﬁt he

upper | ayerahpb&fndsPiaér), lahd Fineatid BfoBHdn the BEr fredsteibitdPHiesHSIH RS

addi ti onal ‘new devi ces 02 parts on the navigation system Accorﬂl ng to yet

anot herygas pgsHificlion Jlaﬁogéﬁ%ggﬁt id juugéath%e %Hﬁ%g?%rfi I%Ltﬁs 'efé;églgﬁ(aa

position of a vehicle as cri'bed above can pro if the
evel of T qaR RS GRBIMOLRALA. ST HisHBsAIEXFrBvlSEfd ite
direction wth respect 'to ti% vanc@h‘gb?gsﬂl?rieegerle\gn 0 thgm\/égﬁ’?cl eis

| ower than wiethdr yeRlenife i Bﬁﬁie‘ﬂpPgr |8y RRS 1GWEByRy éﬁaﬁ@@uiﬁtlsyér PoddSMPIOSE

direction to the l'ane in opposi direction, it 1s judged the vehicle is
Funni ng on amg2RRRGRN hew RBGEed & 8R the/ g fope upper layer and there

forfs
are provided effects that an apparent upper Fbay r 1dentified erroneously

because of ref i : b lacd 1 b b St i i as a
- ok (R bl B b R kAR i 6,

true upper |ayer.

2 5. oo, SO ol o Thbed ol i o0 o
Thatis, in case of 3-layer structure, the uppermost layer is the upper layer, and each of
two layers under the uppermost layer is the lower layer.
According to ancther aspect of the present invention, there is provided a method for

identifying a position of a vehicle on a multi-layer road to identify whether the vehicle

20  running on one of the layers of the multi-tayer road is running on the uppermost layer or
on a lower layer under the uppermost layer of the multi-layer road, whereby, in case the
section where GPS position measurement can be achieved in the predetermined
traveling distance is discrete, itis identified as the lower layer, and it is possible to identify

the lower layer of the multi-layer road without using additional new devices and parts on

25  the navigation system.



Fig. 2Ato Fig. 2D each represents a drawi ng to show that the range where
‘GPS 5 satellite can be seen differs according to a position of a vehicle on
a multi-layer road in the detection procedure of the present invention;

Fig. 3is a flowchart to explain operation of a first enbodi ment of the
present invention according to a position neasuring ratio; Fig. 4 is a flow
chart to explain operation of a second @nbodi nent of the present 10

i nvention according to a position nmeasuring ratio; Fig. 5is a drawing to
show how an apparent GPS position neasuring condition is arranged by
reflection froma building with respect to a vehicle on a nulti-Ilayer road
in the det ect i Aocquding kil anatifiertaspeqt obthe presentirventiom thefe ig.pravidesi aa bl ock
diagramto explain an arrangenent of a conventional type 15 navigation
system Fi gnethiod fer identifyirvg anpoditionoiawehide ern anulielayéraoad pddentiy whiaiEer thesi t i on
measur enent can be achieved; Fig. 8 is a drawing to show an exanpl e where
gener al GPSelids niriningy onesrewf thedajersafithdmubiddyeeroad imnaing oy theagppermd@d Fig. 9
is a drawing to explain a third enbodi nent of the present invention to

identify tigyetgiera lbagayafdérise Lspermostaayer oftbie rultiHaysr readawherebgifent  of
visible satellites on a sky chart and not depending on the position

e e o B e B by
utilizing gekigegasrehtiel a¥ir Wper lapéredrid it s, ittsjudged as the lower layer. Thus,
itis possible to provide effects to identify the upper layer or the lower layer of the muilti-
layer road without using additional new devices or parts on the navigation system.
According to still another aspect of the present invention, there is provided a
10  method for identifying a position of a vehicle on a multi-layer road to identify whether the
vehicle running on one of the layers of the multi-layer road is running on the uppermost
layer or on a lower layer under the uppermost layer of the multi-layer road, whereby, if a
satellite above a lane in opposite direction with respect to the advancing direction of the
vehicle is seen, it is judged as the upper layer, and if not, it is judged as the lower layer.
15  Thus, itis possible to provide effects to identify the upper layer or the lower layer of the
multi-layer road without using additional new devices or parts on the navigation system.
According to yet another aspect of the present invention, a method for identifying a
position of a vehicle as described above can be provided, wherein if the level of receiving
signal from a satellite above alane in opposite direction with respect to the advancing
20 direction of the vehicle is lower than the level of receiving signals from a satellite in
' reverse direction to the lane in opposite direction, it is judged the vehicle is running on an
apparent upper layer and not on a true upper layer and there are provided effects that an
apparent upper layer identified erroneously because of reflection from a building or the

like is not identified as a true upper layer.

25



25 a sky chart and not depending on the position neasuring ratio. 6 BEST
.MODE FOR CARRYI NG OQUT THE | NVENTI ON Description will be given bel ow on
enbodi ments of the present invention referring to the drawings. Fig.1 is a
drawing to explain a nethod for identifying or detecting a 5 position of a
vehicle on a nulti-layer road in an enbodi nent of the present invention. In
Fig. 1, a vehicle Ais shown as a vehicl® running on a road constructed on
an el evated highway. Also, a vehicle B and a vehicle C are shown as

vehi cl es running on a road under the elevated highway It is assuned that a
first building and a second buil ding higher than the el evated road are
constructed each on one BRIEFESCGRIATIAN OFERdE DRAWINGS O vehicles is
provided with a navigation system by which a position information can be
cal cul at ed usi Fiy. Ci3S dratviriglto xplaifran etribedireint of 2eméthod fonidegtifginga posiich on t he
upper layer, there is no obstacle, which hinders the receiving of

i nf or mat i ornf &vetiEB asadlihlayert read acdondingloghepresert invepiiont of the first

bui | di ng. However, for the vehicle B, although there is no obstacle to

hi nder the recfigpAe Fif. 2Déachrepiesentt adravimetoskipwathat ke rahgs Where@diPSl e, it
is not 15 possible to see the sky in leftward and rightward directions from
t he vehpcl eakitpssmbe deeh Biffbisrdesreihghy apbsitidn of aitvehidlel o nvaiuld-Teet foad ¢ tag at ed
road. For the vehicle C, the sky cannot be seen in |leftward and rightward

di recti ons delerfdn pracdtitfd ofithe pres@mtirlefiorect i on. These conditions can be seen
in the sky charts shown in Fig. 2Ato Fig. 2D. A vehicle shown by a mark 1

i's positioned glg 8Rea fowéHut tOExildls op&ratidiGFialfirst afboblimensofdRe presented t hat

advancing direction of the vehicle is directed fromthe bottomto the top

of each ch%}enﬁ&mcgg,@ir@ttagrp%iﬁ&,mg%*ljnf-,'?%ﬁoher einafter, it is assunmed that
each of _the vehicles is _runni ng on | ef ,fside on the ro_ad to_facilitate t he
expl anation. Fglg & fxes figaéHzro Sxplaih éﬁébﬁéd &tlabetdnd ErfbstirnesTof the préseper ed
slightly by the first building as shown in Fig. 2A, but it is possible to
see al oot fiRenfs dceoRfngitd & pekiordPe&stiing Riovehi cl e B, there is no obstacle
to shield the sky in the advancing direction as 7 shown in Fig. 2B, but
in leftward angig s &J‘édrawﬁmlg% IR h6W an appareit GIPS pbslichf méakririfd totRftioh fs
shielded by the first building and by support pillars of the el evated road.

Far the V?@rr@h@eﬁ?’ refetisf¥orf @ bulging ARA rdsPe tda vehi€é oh Beng! badindhd ection
as shown in Fig. 2C, but visual field of the driver is shielded in |eftward

and ri ght wayetbchorfiro&sduredithdprebéift inviehtidn; bui | di ng and by support pillars of
the elevated road. As it is evident fromFigs. 2A, 2B and 2C, the area of

each of the sheagediohbdiagrahaye 'ﬁﬁﬁaﬁﬁﬁ%@n%@f&o&ﬁ%nﬁ ite can be
seen fromthe vehicle is narromedﬂg%vm in the order of vehib?},ﬂ()aéA ~ vehicle
B ~ veRQicl aligatldn syfempr esent specification, the expression "the satellite
can be seen" neans that electric field intensity of electric wave

Fig. 7 is a drawing to show an example where general GPS position measurement

can be achieved;
Fig. 8is a drawing to show an example where general GPS position measurement
can be achieved on a sky chart;

20 Fig. 9is a drawing to explain a third embodiment of the present invention to identify
the upper layer and the lower layer by utilizing arrangement of visible satellites on a sky
chart and not depending on the position measuring ratio; and

Fig. 10is a drawing to explain a fourth embodiment of the present invention to
identify the upper layer and the lower layer by utilizing arrangement of visible satellites on

25  asky chart and not depending on the position measuring ratio.



10 fromthe satellite received by the vehicle is equal to or higher than a
.predeterm ned value, and it does not nean that the satellite can be seen in
optical sense of the words. Al so, the expression "the sky can be seen”
means that, under the assunption that innunerable satellites are present in
the sky, electric field intensity of electric wave received fromthese
satellites by the vehicle is equal to org higher than a predeterm ned 15

val ue. When the vehicle C advances) the sky can be partially seen in

|l eftward and right directions in case the vehicle is at a position where
there is no obstacle at left and right, e.g. when the vehicle is going to
enter an intersection. As it is evident fromthe above expl anati on, when
the position of the vehicle on a 20 nulti-layer road is identified, i.e.
when it is identifiedBESTWIODE FOROQARRMNGOUT TEIE IBVENTIONoned) predi ction
can be made to sone extent dependi ng upon whether the visible range to see
GPS sat el | i t es Descripbien Wil eigivenibaiowasn ematiadiments of the grisettinviehis refénm[gpr obl em
gquantitatively, a position neasuring ratio is defined as follows: Position
neasuring fedhe@ravihgs. Fig 3¥%ea 8RwiHgb aRsigin WhestBodIBBdeRRjing Hticiiasyai g is
effective) x 100/ ( rangLd 25 diségncgﬁ._By this def?ﬁx;%pn of position
measuri Bg pkitiéh ofiavehRleRPsSimblifayePrdad®in &vbbdifent & tiRQbddreRveitiohhenvehi cl e
on the road. For exanple) it is assuned that a vehicle has traveled a

di stance ofFigl §0fveRicieA sHownasH vePicRsratRg ol Badad @hsihitted drf @vabagedli st ance
of 1000 m sum of sections where GPS position neasurenent can be achieved
i's 800 m ‘hiypay! MRsd)askehiclRB &RPS WHIAECaré skbvrPasiittidesirurriy dPs Fdaldon
measuring ratio is higher than 5 a threshold for identification of the
upper, it ipdériioaevatsd ﬁigmawpﬁﬁs_ asi¥ifed et aliRebiRiNgEna SERAlitig" atio is
not higher than a threshold for identification of the lower layer? it is

j udged as iyt Rafethel chfifed rblid e dofiin AR bRBNE SHE oNAE 1A NERBRSH e TENT

can be achi eved" neans that it is under the condition that at

satel | ppes Vgﬁaegg_p&ﬁﬁdédg@m%ﬁﬁﬁgéﬁ&?syg@n,ﬁg%%%&fﬁoﬁ%férﬁﬁﬁéﬁéﬁr% by GPS

satellites. This i's base e sarfe principle as trigononetrical survey.
I'f the dat 2aR{I81000bing GRS Sibifte.l MEIPHENRIdd RRINhiMG %R a¥8h&bh He_‘?ﬁ;g?f'el%yér,s

regarded as "GPS position neasurenent cannot be achi eved”. ore, in

t he presenthdréi¢eiobece! WiSich Rihiés tHe répé“iﬁg?}éﬂﬁémﬁﬁtioﬁ hremEPS saRfte¥nahe GPS
posi ti on neasurenent can be achieved in the traveled distance of a given

secti on i s gfkpeEBpta SAHA e st O Hbvedkr, i fielvehica®, bRfbugh thdigisteper

layer, it is judged as the upper layer. If it is lower than the threshold

for identiioheatie hifder HirebOWRE of iffsPhatioh fromthd 2B f h Gehi@¥stis hayer - I n

this case, for the lower layer, the position nedsuring ratio is _
except ij §nabbysipd f RBYREKY I eftRBrd dhﬁ?ipﬁﬁfé}d Qfectiotd flofh hBSeRies ibbERReTBASUr | Ng

ratio is equally good for the upper layer, and the position of the vehicle

on the mul hngb@AdY theomst tefdindSnd HE Bldvated FoadT NFortfe L&HiGE B0Ind skPEannot

identification can be deternmined as an arbitrary value, and it Is not an
absol ute vakdBen NMwHEAS i { aﬁ?ééﬁbn@@xcﬁ?t’&ﬁarﬁﬂf&w&&iﬂe@ﬁbrf?f embodi ment s
of the present invention retferring to the tlow charts of Fig. 3 and Fig. 4.

Fig. 3 is a floMeehanbiieiaashe seBfindhé Sy Bhrdshdviriih FRITBAS FBMD.OTAL he

present invention based on the position neasuring ratio. In 25 Step 31 (St.

grleisgnz he g/blﬁlélé Showrt BY & Friar A i@ pdaiioned bfthe béntérfof tHEadKy chart @nWit &l her the
20 assumed that advancing direction of the vehicle is directed from the bottom to the top of
each chart. Unless otherwise specified hereinatfter, it is assumed that each of the
vehicles is running on left side on the road to facilitate the explanation. For the vehicle A,
visual field of the driver is hindered slightly by the first building as shown in Fig. 2A, but itis
possible to see all other parts of the sky.

25 For the vehicle B, there is no obstacle to shield the sky in the advancing direction as



position of the vehicle is on a nulti-layer road section or not.
Specifically, a signal to show whether it is on multi-layer road or not is
included in the road map in advance, and it is identified fromthe relation
with the position of the vehicle. If the answer is "No", the procedure is
conpl eted wi thout identification procedure. If the answer is "Yes", it is 5
advanced to Step 32, and the position nmemsuring ratio is cal cul ated. Then,
in Step 33, the threshold for identification of upper or |ower |ayer
corresponding to the traveled distance is retrieved fromthe table. In Step
34, it is identified whether the position measuring ratio is higher than

t he upper Ishgen ir Fig.c2B) blidn Eftwarat and rightweed directiens, visudl feld'of thetdrives ig udged as

t he upper layer. If 10 the answer is "No", it is advanced to Step 35, and
it is judgehiekdeetbydie firktdulidrsy andiy suppent pilarg of the iefevatedireater t han the
threshold for the Iower layer or not. If the answer is "Yes", it is judged
as the |ower | fgethe veihiclk G tharskyean be séddd a patt of hejaddarethgdiettiantascannot  be
identified whether it is the upper layer or the lower layer. Fig. 4 is a
flow chart spBaninTElg @ bt visual feld & tiseaiveeis erieried irEstwart ahb agitvagent 15

i nvention based on the position neasuring ratio. First, in Step 41, it is

j udged whetdpgétiohs b¥&e§rﬂbﬁiﬁn§ﬁﬁ%%§éﬁﬁl@ébﬁﬁb@léﬂl@& redg. In Fig. 3

descri bed above. IT the answer is " No", the procedure is conpleted wthout

identifying. |asihCoidnifomiFys 2&IB ard2C, hedhiaBfsstnidPthalsPBddporfid t he

position neasuring ratio is calculated for each section of 100 m Then, in

Step 43, 1 ishbRingWrafge\ iRt e $8Iitd BhRbd SseriRmitha/eHIB ishatbvied downGh St ance

of 800 m 20 Here, the distance 100 mor 800 mis not an absol ute val ue,

and it is 3 &E8EIERE PR %ﬁbb@—ﬁ%ﬁiﬁﬁic‘.e%%b%éehﬁsgfebﬂi@dﬁ@ﬁ,ttﬁélces on the
road. If the condition for the Step 43 is not satisfied, i.e. when the

answer is "e%‘ﬁiéssiér!il%é)é&émé BAPbé Sed? FidaRs St dbéOrEld RSk dndlettic wale t he
answer is "Yes", it is advanced to Step 44, and the difference between
m ni nuRpVval B! SRHT i it ¢ [ fiond

obt ai nggl. Nﬁgﬁpﬁag’% |ant éﬁ“ﬁ’glﬁ%%dﬁ?ﬁggﬂy%é Hﬁ;ﬁéﬁﬁ gciléft?r@ﬁeér?c@%e's
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not nade. the answer iIs t can be identified as the [ower’ |ayer.

Speci fical kpg e)%)?@éioﬁ@hb% cArHBeda” MBahdifial, QH\T@.{r tHePRUmphidHthROS | L on

measuring ratio 1s generally | ow because the elevated road is present above

the vehi cl gyybitradle éélélﬁé§&fégﬂr&bnt iR ,releéb’ﬂﬁieﬂﬂﬁtbﬁéigfbf ERAREWaR ratio

i ncreases because visual field of the driver 1s opén in lateral

di rection. asiediftthbse isitsh by thé G8i8e RUINERS o MheF BN 2bragetBfidndd ni mum
val ue of the position neasuring ratio is higher than the predeterm ned

_val ue. 1Basgguen this principle, it is judged as the |lower |ayer in case the
di fference between maxi num val ue and m ni num val ue of the position

MeasUr i Ng T at | urieh 1k Rl EAarIdES, 16 BHRLALE ARRIS i iRhiardkhdABhdescr i bed

above, according to the present invention, the range where electric wave

from GPS safrsbohs ) B3 HRYhRRN Hetbdsiol AheRRcte ANotad s Idehdigif ¢ 11

case of the [ower layer road as shown in Figs. 2Ato 2C. As a result,

aver age nung_éf(,vhg tHaehieli g&m#gﬁentérl‘aﬁriﬂtg\@ééﬁan.el ectric wave can be received,
ed, [

i s decreas and the probabiTity not to acconplish position neasurenent is

mmasuring rati o B Mo B e B A ROR R BNG PR BB B fen the
or “and ¢ PR eRNe IRRuH, i AR SidR R RS e VEROER" 0%, Liged as
Shown' 1 FoOSEneD freiPhcr el T B e R g LBl WM NS RePEL Ly 20
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| over | ayerql.lantit::m'vely, a position measuring ratio is defined as follows: Position measuring ratio

(%) = (Traveled distance where GPS position measuring is effective) X 100/(Traveled

25 distance). By this definition of position measuring ratio, it is possible to identify the



Further, wi thout. relying on the position nmeasuring ratio, when the vehicle
s driven on the nmulti-layer road and if satellites can be seen above the

| ane in opposite direction with respect to the advancing direction of the
vehicle as shown in the sky charts shown in 25 Fig. 2A, Fg. 2B or Fig. 2C
it can be identified as the upper layer. If not) it can be 11 identified
as the lower layer. That is, in case th@ vehicle is running on left side on
the road, and if satellite is seen on right wi ndow as shown in Fig.10, it
is judged as the upper layer. If not, it is judged as the | ower |ayer.

Al so, as shown in Fig. 5, there nmay be an apparent (.e. untrue) condition
wher e 5 t hipesiticratféie vahicte arathelneads e Eor daople; i isdsstmed trett Beehicleaé r om an

obj ect such as a building. Mre concretely, a satellite X and a satellite Y
can be dir ¢ravélyd a distanes os1000mM,i amdiithiealéo gesumeddinat, df ithés teaveteddistanoeldfem i n
position neasurenent. But, the signal froma satellite Zis reflected by a
bui | di ng. AS0@nT, swmlof sedtibry where GRS poxitionemdasarenttint cambé ackievied isBO0ERS
satellites can be seen. However, intensity of the signal fromthe satellite
Z ref | ect edhbiy, idpdditenimedsdiimpraticis\8084 eif thdpositiohendaslitmpratioyisbighehaat her
satellite X or Y, and this situation can be easily discrimnated from each
ot her. §herafiresitold for elenticgtion ot the upBekiiti$ jddged\d e gpRr lag&i Clf the gositiomni ng on
a multi-layer road, and if the satellite is not seen above the lane in
opposi t e dimieegtrirgytatid ik Aof g HantathidaRola by aRpiiftatich ofEs lower Igfertihe vehi cl e,
it is identified as the upper layer, and if not) it is 15 judged as the

| ower |aye¥udgb@é§tl‘\%ﬂowérflayehe | evel of the receiving signal fromthe
satellite Trom above the lane in opposite direction is |ower than the |evel

of the recei vi Agresth@abrebEiOMGIPS psafich hédstirdrierit 3¢ b6 ActiléverC richs that it he | ane
of the opposite direction, it is judged as an apparent (i.e. untrue) upper

layer, andifirdenseesnditehana it least tiree 2RIBAE BAn BOB&IN toARIMFRWSESodRN of
reflection froma building or the |like should be avoi ded. 20 | NDUSTRI AL

APPLI Ci@I L inEXefriedfaGrs Ba@iiBOVnis BHasédbrmesametinaBit Redidoremesieat i fying a

position of a vehicle on a nmulti-layer road according to the present

invention, sgye 9itheQAts aferibt BeailBbR Yo Pifofe than Afbe saRMited, RISFEgRAEH &8s | ower
| ayer of the nulti-layer road can be identified w thout using 25 additional

new devi cesGPS pBsiidrimeasurerinticephdt®e sehisvedm 12 Specifically, an
i.nformati on necessary for calculation of vehicle position using GPS

3 talt f: 'z'eé ebiys a?mégtébs Fﬁhéﬁ@éﬁtiirﬁ\@nﬁdﬁ, tHe'TBid 613, disditeldithe debficPisWietedn 1S
' GPS position measurement can be achieved in the traveled distance of a given section is
15  more than the threshold for identification of the upper layer, it is judged as the upper layer.
If it is lower than the threshold for identification of the lower layer, itis judged as the
lower layer. In this case, for the lower layer, the position measuring ratio is exceptionally
increased near an intersection, while the position measuring ratio is equally good for the
upper layer, and the position of the vehicle on the multi-layer road can be identified. The
20 threshold for identification can be determined as an arbitrary value, and it is not an
absolute value.
Now, description will be given on operation of embodiments of the present invention
refeming to the flow charts of Fig. 3 and Fig. 4.  Fig. 3 is a flow chart showing operation

of a first embodiment of the present invention based on the position measuring ratio. In

25  Step 31 (St. 31 in the figure), referring to map data, it is identified whether the present



types of navigation systens as an information of whether position
measurenent' is effective or ineffective. Because the nethod according to
the present invention utilizes 5 this information, superb effects can be
provi ded without using additional new devices or parts in alnost all types
of navigation systens. 13 WHAT IS CLAIMED IS: 1. A nethod for identifying
a position of a vehicle on a nulti-layem road for judgi ng whether a vehicle
runni ng on one of the layers of the multi-layer road is running on the
uppernost |layer or on a | ower |ayer under the uppernost |ayer of the
multi-layer road, 5 whereby, in case a ratio of a distance of a road

secti on wheuositicsRS tipeeshidieis omeaamulti-laygr road séation ohmnaty eBpedficallypa siged & mi ned
traveling distance is equal to or higher than a predeterm ned threshold for
i dent i fi catshow whiethenit ispamnulti-2yer road or mct i inchgrizd in thetroadweap etadvercs, and itnni ng
on the upper layer of the nmulti-layer road, and in case said ratio is | ower

than the ofididentifeefierheierecrztion Wi tetpokidort ofthe vehidie. f ilfdiaé anmswenfs “Nof, dwer | ayer,
it is judged that the 10 vehicle is running on the |ower |ayer of the

mul ti - | ayerprécedgre i€conipléed itHodt Mentiféatdr protatiure) Mase answer @f ‘Yes"vigibi cl e on a
mul ti-layer road for judging whether a vehicle running on one of the |ayers

of the gul tigvareato SRpG2] éwdﬂﬂléﬂbﬁﬂarﬂﬁeédﬁuﬁn?mmsfmlaie‘weﬂ'hm, irPStep 3BOVer
| ayer under the uppernost |ayer of the multi-layer road, ' 15 mhereby, in

case a secihRrashaH for idBRtRASOH HAPPEES T 858 cohBpaRind rMeleled a
predeterm ned traveling distance is discrete) it is judged as the | ower

layer. 3. AisBHNcBrYehieved fsRtHd b8 a position of a vehicle on a nmulti-layer
road for judging whether a vehicle running on one of the layers of the

nul ti-layer rogfsths 34 4N8ideatfiel whather Pre\HoBiBsTRRAsUNAY Pitio®s higherdhdraMer | ayer
under the uppernost layer of the multi-Ilayer road,
upper layer threshold or not.  If the answer is “Yes”, it is judged as the upper layer.  If
10 the answeris “N0", it is advanced to Step 35, and it is judged whether the position
measuring ratio is lower than the threshold for the lower layer or not.  If the answer is
“Yes”, itis judged as the lower layer. Ifthe answer is “No”", itis judged that it cannot be
identified whether it is the upper layer or the lower layer.
Fig. 4 is a flow chart showing operation of a second embodiment of the present
15  invention based on the position measuring ratio.  First, in Step 41, itis judged whether it
is a multi-layer road section or not as in Fig. 3 described above.  [f the answer is “No”,
the procedure is completed without identifying.  If the answer is “Yes”, itis advanced to
Step 42, and the position measuring ratio is calculated for each section of 100 m.  Then,
in Step 43, it is judged whether the data has been accumulated for a distance of 800 m.
20 Here, the distance 100 m or 800 mis not an absolute value, and it is an adequate road
section determined from the circumstances on the road.  If the condition for the Step 43
is not satisfied, i.e. when the answer is “No”, the procedure is completed without
identifying.  If the answer is “Yes”, it is advanced to Step 44, and the difference_ between

minimum value and maximum value of the position measuring ratio is obtained. Next,

25  in Step 45, itis judged whether the difference is higher than the threshold or not.  If the



whereby, if satellites at left and right are equally seen wth respect to

t he advancing direction of the vehicle) it is judged that the vehicle is
runni ng on the upper layer of the multi-layer road, and if the satellites
are not seen equally, it is judged that the vehicle is running on the | ower
| ayer of the nmulti-Ilayer road. 25 14 4. A nmethod for identifying a
position of a vehicle on a multi-layer ngad for judgi ng whether a vehicle
runni ng on one of the layers of the multi-layer road is running on the
uppernost |layer or on a | ower |ayer under the uppernost |ayer of the

mul ti-layer road, whereby, if a satellite above a |l ane in opposite

di recti on winsWer i $We'ciudgmerititenct chegied nif the asiswerds I'Yes”, itfcan be ideetified|as thes seen,
it is judged that the vehicle is running on the upper layer, and if not, it
is judged tddridyer \Spatifddly,irsa vehidk AGINMG ohhite loweraydralie position rasurieg hod f or
identifying a position of a vehicle on a nulti-layer road according to

- claim 4, wheiss Qerhéralg/h@v beseglse tie dl@atddroadisprapent adfove theavehitdee| Iridre above a
| ane 10 in opposite direction with respect to the advancing direction of

the vehi cl gntbgettnEriowdver tdpostiey fleadinngeats indregsesibgoaise isuahieli dfgies! | i t e
in reverse direction to the lane in opposite direction, it is judged the

vehi cl egi s Jiyeid HSeriR |afdtaldBioANt AL BIRELIL! Ay Eiferanck iatveaMmaxiirurevalRper
| ayer. .ASn. AS9. Ay& Af NO. Ay9. AS&. Af 9. A@. Af & Ay9. Ay. Aa&, . AS{ 9. Af a&K]
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the lower layer road as shown in Figs. 2Ato 2C.  As aresult, average number of GPS

satellites, from which electric wave can be received, is decreased, and the probability not
to accomplish position measurement is increased.

15 Also, there is no need to necessarily rely on the position measuring ratio. From
the sky charts shown in Fig. 2A and Fig. 2B, when the vehicle is running on the multi-
layer road and if satellites can be seen on left and right with respect to the advancing
direction, it can be judged as the upper layer.  If not, it can be judged as the lower layer.
That s, as shown in Fig. 9, a left window and a right window are provided on the sky

20 chart, and if satellites can be seen in both windows, it is judged as the upper layer.  [If
satellites are seen only in one window, it is judged as the lower layer.

Further, without relying on the position measuring ratio, when the vehicle is driven
on the multi-layer road and if sateliites can be seen above the lane in opposite direction
with respect to the advancing direction of the vehicle as shown in the sky charts shown in

25  Fig. 2A, Fig. 2B or Fig. 2C, it can be identified as the upper layer.  If not, it canbe
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identified as the lower layer. ‘That s, in case the vehicle is running on left side on the

road, and if satellite is seen on right window as shown in Fig. 10, it is judged as the upper

layer. If not, itis judged as the lower layer.

Also, as shown in Fig. 5, there may be an apparent (i.e. untrue) condition where

5 three satellites can be seen because of the reflection from an object such as a building.
More concretely, a satellite X and a satellite Y can be directly seen as shown in the figure,
and there is no problem in position measurement.  But, the signal from a satellite Z is
reflected by a building.  As a result, there is an apparent condition that three GPS
satellites can be seen. However, intensity of the signal from the satellite Z reflected by

10  the building is weaker than the intensity of the other satellite X or Y, and this situation can
be easily discriminated from each other.

Therefore, from Figs. 2A, 2B and 2C, when the vehicle is running on a multi-layer
road, and if the satellite is not seen above the lane in opposite direction with respect to
the advancing direction of the vehide, it is identified as the upper layer, and if not, it is

15  judged as the lower layer. However, if the level of the receiving signal from the satellite
from above the lane in opposite direction is lower than the level of the receiving signal
from the satellite in reverse direction to the lane of the opposite direction, it is judged as
an apparent (.. untrue) upper layer, and erroneous judgment of an apparent upper layer
caused by reflection from a building or the like should be avoided.

20

INDUSTRIAL APPLICABILITY

As described above, according to the method for identifying a position of a vehicle

on a multi-layer road according to the present invention, such effects can be provided that

an upper layer and a lower layer of the multi-layer road can be identified without using

25  additional new devices or parts on a navigation system.
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parts in aimost all types of navigation systems.



10D>EEQ\ GHI | }[ <1: 10
10{y1"10% & ()-'ayl"109& ()-f'"109%& ()-'af'"10%& ()-y-#10% & ()-!'ly-#10%&' (
)-1111~JIKILgH 10 10{y!10%&' ()-!;!109%& ()- "109%& ()-"!
"10%p& ()-'910%& ()- 10{ 10{1LMWVAOOP?Q@XxX9.: 1
10y' #109%&' ()-3!p,y #1009 ()-3!ky' #10922& ()-3'ay' #10%&' ()-3"10%& ()-! D'10%&
() - @ABQEQ RR=TTdB: 1 13
1001109 ()-! @109 ()-!'1"109%& ()-!1"10%b& ()-10%& ()- 10 10TUSVWW\Ka?B:
1 10!\ y3#109%&' ()-s1109%& ()-y/ 109& ()-'
10%&' ()-"10%& ()-! @ 10%& () - XXXXXXFYYYbC
10! "10% & ()-10% & ()-:10% & () - WHNRIS GLAIMEDAS10Z
10Zy3#10%Z&' () - YNZZZ2Z72Z2ZZhC .
1. Amethod for identifying a position of a vehicle on a multi-layer road for judging
whether a vehicle running on one of the layers of the multi-layer road is running on the
uppermost layer or on a lower layer under the uppermost layer of the multi-layer road,
5  whereby, in case a ratio of a distance of a road section where GPS position measuring
can be achieved in a predetermined traveling distance is equal to or higher than a
predetermined threshold for identification of an upper layer, it is judged that the vehicle is
running on the upper layer of the multi-layer road, and in case said ratio is lower than the
other predetermined threshold for identification of a lower layer, it is judged that the

10  vehicle is unning on the lower layer of the multi-layer road.

2. Amethod for identifying a position of a vehicle on a muiti-layer road for judging
whether a vehicle running on one of the layers of the multi-layer road is unning on the  +-
uppermost layer or on a lower layer under the uppermost layer of the multi-layer road, ™

15  whereby, in case a section where GPS position measurement can be achievedina ,

predetermined traveling distance is discrete, itis judged as the lower layer. P

3. A method for identifying a position of a vehicle on a multi-layer road for judging
whether a vehicle running on one of the layers of the multi-layer road is running on the
20  uppermost layer or on a lower layer under the uppermost layer of the multi-layer road,
whereby, if satellites at left and right are equally seen with respect to the advancing
direction of the vehicle, it is judged that the vehicle is running on the upper layer of the
multi-layer road, and if the satellites are not seen equally, it is judged that the vehicle is
running on the lower layer of the multi-layer road.

25
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RomanAr i al @hether a viskicls inurRing oreonerof thierlayars oithe multi-layer road is running on the
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uppermost layer or on a lower layer under the uppermost layer of the multi-layer road,

whereby, if a satellite above a lane in opposite direction with respect to the advancing
5 direction of the vehidle is seen, it is judged that the vehicle is running on the upper layer,

and if not, it is judged that the vehicle is running on the lower layer.

5. The method for identifying a position of a vehicle on a multi-layer road
according to claim 4, wherein if the level of receiving signal from a satellite above a lane
10 in opposite direction with respect to the advancing direction of the vehicle is lower than
the level of receiving signals from a satellite in reverse direction to the lane in opposite

direction, itis judged the vehicle is running on an apparent upper layer and not on a true

upper layer.



