, ope3e8d8a| (6TAG# Sept enber 2002 aVwaWv SPECI FI CATION  METHOD FOR
-1 DENTI FYI NG VEHI CLE POSI TI ON ON MULTI - LAYER ROAD 5 TECHN 58Lofe fhﬁelp 51%
present invention relates a nethod for identifying a positio R vehicl e
"on a road using GPS (d obal Positioning Systen), and in particular, to a

1UVIvy

‘met hod for detecting or identifying a position of a vehicle on a
multi-layer road and for finding at whlch layer of a nulti-|I
vehicl e (such as a vehicle driven by a user) is positioned. @Wm
ART As a tool for identifying or detecting a positron of a v
user, various types of navigation stem are known. Fig. 6

di agram show ng gener al f eat ur esS Bf\éé(: t|on system as ’mm ”mg
past. The navigation systemshown in Fig. 6 15 conprises a GPS,

28, vehicle position calculating nmeans 20 for calculating a po on of a
vehi cl e based on data fromthe GPS satellite 28, information retrieval
means 23 f oMETHODEOR IPENTIEYENG NERCIE P@SITIQNOH\U\A%THMYEB EDAR out e
searching neans 21 for searching a route up to the facility, guiding neans
22 for guiding the vehicle along the searched route) display control neans
25 for displaying data on display neans 26 such 20 as liquid crystal

di spl&y unit or CRT display, antEGHM@ABRIEAI®7 stored in a storage nedi um
such as CD-ROM Now, description will be given on neasurenent of the

posi ti on of Thepresémtinventiasektessa mbtod fdrademtifyingra position GPS velitielohiat e
refering to Fig. 7 and Fig. 8. Fig. 7 shows an exanple, in which three GPS
sat el | i t egadiusingl@PS kGlobaPdsitiosing Systemnantdn paticutareto d rhethbd foridstez2ing
represented in the sky chart shown in Fig. 8, the GPS satellites are seen
at t hr eeodidéhtdyirena 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 vehidle 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 vehicle based on data from the GPS satellite 28, information retrieval means
23 for retrieving 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 confrol means 25 for displaying data on display means 26 such
20  as liquid 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 referming 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

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

o
e



4 Septenber 2002 2 bearings or azinmuths with respect to the advancing
direction of the vehicle, and correct position nmeasurenen %%@e ra{dyz eved
in this case. Specifically, using azimuth of the vehicle gn azrﬁﬁ%t 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 vehicle and the road where the vehicle is running. However, when
the vehicle is running on a road, which conprises two or nore parall el
roads constructed in multiple layers, it is difficult for a conventi onal
type navigation systemto identify the position on the road. That is, on a
road, whi beargepr adesthswathaespest lo thmadaneng deedion ahiteivehiglenand eamest i n 10
multiple |ayers, there are an upper layer and a | ower |ayer. Because the
posi ti on pésitdmensasirerhent can pe athigvartin this casent Spepicaiy usisg eheutaofdeit is
difficult to correctly identify on which of these |layers the vehicle is
| ocat ed. wshicde aed atithuthvdidre robd, asmrectroad iszéantidedbygimapynatetpnd. a litagp for city
expressway), audi o gui dance, or emergency information system conplete
reliabili GPS satalitds &b wnger tihis sonaiibn, it isPosdible sotorrectihieleptifp begnsition bf thas been
proposed to provide a gyro, which can detect pitching of the vehicle
(whet ger vdhidis arms e ichdghere tiedahiieis Aghniny. advanci ng direction). In this
case, it is detected whether the vehicle has gone up on an ascendi ng sl ope
to enter a radsveer,ames ity adtite Binginviy/orod rdziswiieh eotiphgestivo ar Ageendi ng
slope to |l eave the elevated road, and it is judged whether the vehicle is
runni ng ogaréllel Rads comEiattet &y @Ukpd (aye ) s/ diffiduitdorancdnbenttinaMpbectviisgbray,  or
it is running on a planar road (lower |ayer) under the el evated road.
However , dyateph @aderity the pesidn sthé Pde®l. concept, it is necessary to install a
new gyro, and this means higher cost for the navigation system To solve
t he above pr OtHaeBEon & foadSwiith ebinBides o bhMof B &l roady and isednéttuddini de a
met hod for identifying a position of a vehicle on a multi-layer road, by
whi chioi t rnaltiple &yeR, erbark @niugpait ibjer anb alidvesr Idyer \Buthodethepokitidofigs on upper
| ayer or |ower layer of the nmulti-Iayer 4 Septenber 2002 _, road w thout
usi ng addighicstbjetiewofl @vhiRetal plang &'the sameitie diffauit Bajonesttysieritgn witieh pr esent
i nvention provides a nethod for identifying a position of a vehicle on a
muf ti - | aysfthasesefsthe vittige iRboddied. hes aresdt)ivbbe theluzat otizeda Rigeway miabe | ayers
of the mufti-layer road is running on an uppernost |ayer or on a tower
layer 5 uyadedp ohety eRpressnay), duriceguidinct, W emergéndy aiernatioadystérac! udi ng the
steps of: sunm ng sections of a travelled distance in which GPS position
measur e el rdligbiitg [3irty Sitkayoadared. ng a position neasuring ratio by
di vidi ng the summed sections by said travelled distance; and 10 where said
posi tibon neasbisbivg tHeagrotsles, iEtisdlech praposad ierovitidha gyrd, whied eae detetted
threshold for identification of a travelled |ayer as said uppernost |ayer,
det er m nipitghihdp et thé behisle (Wiaatieriitds asoending oodessandingipreivamsitg digyssn) of int he
mul ti- |layer road, and where said position nmeasuring ratio is Power than
anot hga(r]I Phiedﬁeaﬁiﬁdmd:tédmh@iﬂdemﬁdéldﬁ@drfdmd anastiendiag diope averitéred | ayer
as sai ower

road on an elevated highway or has gone down on a descending slope to leave the

elevated road, and it is judged whether the vehicle is running on a road (upper layer)
20  constructed on the elevated highway, or it is running on a planar road (lower layer) under
the elevated road. However, in order to accomplish this concept, it is necessary to install
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

o
O

to identify whether the vehidle is running on upper layer or lower layer of the multi-layer



15 layer, determning that the vehicle is running on said Power |ayer of
.the nufti-layer road. Thus it is possible to provide effeféépt[e&bbﬁ%ﬁify
whet her the vehicle is on the upper |layer or the tower Layer of

nmufti-layer road without using additional new devices or parts on the
“navigation system 20 In the present specification, the term"upper |ayer”
nmeans t he uppernost |ayer as described above, and the term"tower | ayer™
means a | ayer under the uppernost layer. That is, in case of 3-layer
structure, the uppernost |ayer is the upper |layer, and each of two | ayers
under the uppernost layer is a |ower layer. According to one enbodi nent of
the present invention, there is providegd a 25 nethod for identifying a
position of a vehicle on a nufti-layer road to identify whether the vehicle
runni ng on one of the layers of the nufti-layer road is running on the
upper nost MG O\l'/:ﬁm r \ t he

mul til ayel;éar%o‘gcp d?th\/\/rlfgfri“ aadd‘ﬂ?’éﬁ{a(l:gg\)g t VeH:Ié g?(glp% g r@é’% ﬂp‘?@ss:vté'|teglfr’1

measur enent caThé)@resﬂntenmuam ptw:ctasedemethudnéﬂ' tdteamﬁylmg ragpdsﬁablamfeal S

di t ' dentj.fi ed h

dent |y AREIP SRR TUliarR0rBee AR o e BENE L UR ng e g R a0t onal
new devi qaferarst tishisti-Riyet P@dﬁ@vrugainﬁcm §u@bpé}most4a§@méreéﬁparro@9% er!_
According to anot her enbodi nent of t resent invention, there is” provided

a met hdd unger theurparyosylayepesthe 'BH”'d@Y%f roadh ipeleding therstens of ayer road to
| dentify whet gmrifg (8Bl wg;engva@dt fistaEs Ofn { WAIHRYEPS O;;%;. o

mufti-layer road isrunnlng upper nost (aver on under
t he uppemmenﬂuréragﬂircarfbéachevemftl -l ayer road, whereby |f satel lites at

| eft and right ghe-eaqu seen With r ect { advanci,n irection of

the vehicl e PPRInG duRes ol dersting RN Haddos M dFlrieurseclions B, udged

as the tgmrtreﬁ\@y@m distdnee; ahl is possible to provide effects to identify the
upper Iayer or the I ower | ayer of the nufti-layer road w thout using

addi tilonal neWNBEiTRE BPSIE t MEFAUTME 19H0i fat DRl s Y&t @mhigheradbat dang to
still angidgte rﬁ{mkm@ﬁoxeffoﬁ RerlfiestRin of 8\esveles. nawe?@ shﬁiaﬂgﬁé/

met hod for i1dentif 8 ‘goleon of a vehicle on a mu roagto
i dent i fylamatdeéermlweg o] ee/ehm!ﬁnafgmmmgmsam Ltnp@nmyéhayeocf theemulti-

mut - | aGEr 130 ia! YABHd S SOGIPRAIEhg! RNE i0110RA: AERYSINEYST

under t per nos ayer road, Wwhere

above a ;bredetanmlrmd tmpshnld e‘oduden:tif‘cahnr&@fwald] traareﬂedtlaYm- hhesaﬁ@l\lm ng
direcgLign of the vehicle.s see is jud as _the and if
ot - 15 WRyéh deBEmIas fidl the xR Gabming A8 158er Bel B e wiliFaiercio

ef fects rbadi dentlfy t he upper layer or the lower layer of the nufti-I|ayer
r oad vm'thout addl H onal new devi ces ortggarts on the navigation

system Accor Uﬁg £ POy &ieRrAKide 1 Rddentdy whetheitbe vghidanisaanthen, a
met hod f el ayied 8P )evm xayé:r%?'the%may%rvsaawlﬁ,oﬁfyoma%d&& lfh e can be

provi ded, mhereln if the | evel of receiving signal a sa e above a
| ane i nd@mssgmr@aasmdhe(ﬂﬁvwatuhn F¥¥BEEt to the advancing direction of the

h I f I t
Yeveibe di el e ppEtert Wptftdton? e 365 Mflertall Meai R BlbRY e
vehi cl e layerrasdéesagibed alrovep @mdetine teprpe'ﬂOWalyayed'nmaamsraa layez yndavithked 25

ret 1 oot BRerPEh EREH Tt B ek A Er B B AP R RHGav R 02 Lpper
| ayer. upper layer, and each of two layers under the uppermost layer is a lower layer.
According to one embodiment of the present invention, there is provided a
25 methed 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 muiti-layer 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 travelling distance is discrete, it is identified as the
30 lower layer, and it is possible to identify the lower layer of the multi-layer road
without using additional new devices and parts on the navigation system.



4 Septenber 2002 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a drawing to
.explain a nethod for identifying a position of a vehicle &S@ﬁeﬁﬁbgptgozl ayer
road according to an enbodi mrent of the present invention; Fig. 2A to Fig.
2D each represents a drawing to show that the range where GPS satellite can
-be seen differs according to a position of a vehicle on a nulti |ayer road
I n the detection procedure of an enbodi nent of the present invention; Fig.
3is aflowchart to explain operation of a first enbodi nent of the 10
present invention according to a position neasuring ratio; Fig. 4 is a flow
chart to explain operation of a second enbodi nent of the present invention
according to a position neasuring rati.g-Fig. 5is a drawings to show how
an apparent GPS position neasuring condition is arranged by reflection from
a building wwth respect to a vehicle on a 15 nufti-layer road in the

bl ook f agr am A g pa G aEHe i ent 167 B RReh DB 00, ek g8 on
system Fhygvidédi & neetHodfomgentifyirigow prsitienasiid eehivhy enge meultklaygrFoad ot i on
wher o gorigPally S RANe BRI AR e G BEl RIAY iockl 1BR MUGNGIRLAES . Fi g
¥ diefu a drié“f‘ﬁﬁ‘ﬂn%%ne '@mrﬁgghl]aryer BALS HuwBNhydt undis EOGSIEmdRY BRE BF O

y the upper layer and thé |lower layer by utilizing arrangénent of
vi si bl® 25e snullitiayarerwadn wiessy iratellitgsdatnisft ancheght aie equalie spesiwitron
Trasur ekl i el na drtcied BB YR R SRR AR o
utilizi ngndrif aofgdtrisfidgeid as teblowes tdyar] iThes, ibis possiblectogprovidedeffents to
dependi ngde%rt]'rfys rthee %BB'e} 'la%rér rg?_at%grlwv%r rlgy}e'rodf the multi-layer road without using

additional new devices or parts on the navigation system.

10 According to still another embodiment of the present invention, there is
provided a method for identifying a position of a vehicle on a muilti-layer road to
identify whether the vehicle running on one of the layers of the multi-layer road is
running on the uppemmost layer or on a lower layer under the uppermost layer of
the multi-layer road, whereby, if a satellite above a lane in an opposite direction

15 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. Thus, it is 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 embodiment of the present invention, a method for

20 identifying a position of a vehicle as described above can be provided, wherein if
the level of receiving signal from a satellite above a lane 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, it is
judged the vehicle is running on an apparent upper layer and there are provided

25 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.



4 Septenber 2002 G BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Descri pti on
Wl be given bel ow on enbodi nents of the present inventi i to
the drawings. Fig. 1 is a drawing to explain a nmethod fofpggg%bﬁﬁi?gggor
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 show as a vehicle
running on a road constructed on an el evated hi ghway. Al so, a vehicle B and
a vehicle C are shown as vehicles running on a road under the el evated

hi ghway. It is assumed that a first building and a second buil di ng hi gher
than the el evated road are constructed each on one side of the road. Each
of the 10 vehicles is provided with a-davigation system by which a
position informati on can be cal cul ated using GPS satellite. For the vehicle
A running on a road on the upper layer, there is no obstacle, which hinders
the receiving of information from GPS satellite on the sky except a part of
the first building. However, for the vehicle B, although there is no
obstacl e to hinder theBRIEEIRERGRIPTIH OMBHIEIMRAVINGS e sky ahead of the
vehicle, it is not 15 possible to see the sky in leftward and ri ghtward
directions fromthe vehicle because it is hindered by the first building
and the el evafgf Tisatldrawing tdexpieii  metiad fdnéderitifyinganpdsifion kg Nehidle

|l eftward and rightward direct.ions except,.,a part,in forward direction. These
condi 41 oRB EAHIHEYERkIRd 3PN 13,26 RETERIBRRAAT the PEFRENt INenboRi g, 2D A

vehicle ShOMﬁg;Yzmaaﬁb. 3Di ez chYepldsenfda arravwhg ﬁé%’hb@/thiéft thd argeWwidlar t. and

it is 20 assuneéd that advanci ng directi on of e vehicle 1s directed from

the bott &MY satelite cap ke seer HifEens accondingetosa posiion efea ygbisla pad multi-

her el naf o . : ) on | eft
oi do. on PRe" {asijnind BRNERdy ppStedife Ut &) erbBabfRhiiRe Ll AMBRAGE |7l
field of the Eigi Beis msfléw chartetb ekpight bpetationhef fi fist dmbddimegt @f tsdown in
Fig. ﬁA, but it is.possibl.e io see.tal! ot her paﬁt_s_ of the sky. 25 For the
vehi ¢Pe ;ggs?ﬂgpgeqtgoonn%ccgﬁ@pg ¢ 8 ROSUORIMFPUNE "8KS" i n t he advanci ng
direction as Fig44S6R #6WWharOR2exi4inveperatidri 6f a2fbcobdterBodifidnna@f thand

rightward directions, visual field of the driver is shielded by the first
bui | di nPrasentdyventigpAacofing kg 3 pesition qaseiagdati®.oad. For the vehicle C,

t he sk i t h ' ' [Wolal -in Fig.
2C bt vioudi® rard oy RES o RoRCHA iR R iR AR ar 8 6
di rect i cmosdbipntisearfangsd thyrafigiction feo Bybuildingowith pespectstoad vehielecteaat ed

d it ' ;S h of th
chadkts ariie bt ' RBtocRer e AL SrlEmindht R Bhe SBERA om the
vehi cl e inventiany owed down in the order of vehicle A vehicle B -~ vehicle C
In th t ificatjon th eSS "th tellit "
moans. that  oFi 8t PIERSIPHIRENG SPI0F o8] SERPenmaRUe 4 6onFRTenAC YRR ol | i o
recei vedabigatib® systBhel e is equal to or higher than a predeternm ned val ue,

and it does not nean that the satellite can be seen in optical sense of the
wor ds. Al so) Fithe? d& R <HIWVE 19 SBo¥k @ncaxppRles wBgre asnssal KRS pestien t he

assqut hidastiaheht vin e alieveptel lites are present in the sky, electric
field intensity of electric wave received fromthese satellites by the

vehicle is efigal8 i adravipgeto shaw anpexamerler whaed geperl| GBS pasition he
i reot | DEeR e e (et 38U RBD Y, o where hero s o obstacl e
at left and FiggBtis agdrgwinghtorexplain adhird emticglimentef the peesent inuention & sect i on.
identify the upper layer and the lower layer by utilizing arrangement of visible
25 satellites on a sky chart and not depending on the position measuring ratio; and
Fig. 10 is a drawing to explain fourth 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.



As it is evident fromthe above explanation, when the position of the
vehicle on a 20 nulti-layer road is identified, i.e. when,id, .j.S.d hfied
on which layer the vehicle is positioned, prediction can %esteﬁilaegré&{’%%égne
extent dependi ng upon whether the visible range to see GPS satellites in
‘the sky is wde or narrow In order to treat the problemquantitatively, a
position neasuring ratio is defined as Gollows: Position measuring ratio
(%9 _ (Travel ed di stance where GPS position neasuring is effective) x

100/ (Travel ed 25 distance). By this definition of position neasuring ratio,
it is possible to identify the 4 Septenber 2002 b position of the vehicle
on the road. For exanple, it is assuned that a vehicle has traveled a

di stance of 1000 m and it is also assuned that. of this travel ed distance
of 1000 m sum of seBESHMOREHRR GAGHANG PUT THERNVENERIN can be achi eved
is 800 m Then, the position neasuring ratio is 80% If the position
measuri ng r at Pesdrigtion wihbe givaahelbwonamkesdioerts bbiheipkesnt invendion eferong t he
upper, it is judged as the upper layer. If the position neasuring ratio is
not hi gheto thédrawingshr Bighblsca draninigde expléin @anétbod tof idehiyingaedeteetingra, it is
judged as the lower |ayer. Here, the expression "GPS position neasurenent
can beé acpositivadf avehinls onteanultidayesroad drean eémbodonedt dfitfumnpreberit irnventamasin t hr ee
satellites can be seen to determne the position of 10 the vehicle by GPS
sat el | i t elig. Tl ehicke Aesbdworstehehskmenmng oc apdba e strudiedonarlevatall sur vey.
If the data are not available fromnore than three satellites, it is

regar ded RghWw&PSABDsa vetode el v C esanstaiwrbes \@bidesvedting dinareddor e, in
the present invention, the ratio of a distance of the sections where GPS
posi ti on umees theateatedtdghvimy. alt Isi assamied that bdrst baildeigenddi sscamtbuildinga gi ven
section is 15 nore than the threshold for identification of the upper

| ayer, i thigiserjthethghe elzsated eoadmpe cohstryeted ebéh bh ons sidewtthe rdemin  Baeh bitheshol d
for identification of the lower layer, it is judged as the lower layer. In
t hi s ldasevehides i$ pevidedwith hageigatidnieysieos by mbithragacsition imformatiorocarsbe
exceptionally increased near an intersection, while the position measuring
rati o i s cxipuldtédusiup@PBamatdlitee Hopthie ViehiglerA ruanidg tohe rpad b theruppkr leper, vehi cl e
on the multi-layer road can be identified. The 20 threshold for

i dent i f i cheredsing apstade, chdrichr indeesithasee@nirg dfirtforarapon &bmeG Pa sdtellite angh@ot  an

sky except a part of the first building. However, for the vehicle B, although there is no
obstacle to hinder the receiving of information from the sky ahead of the vehicle, itis not
15 possible to see the sky in leftward and rightward directions from the vehicle because itis
hindered by the first building and the elevated road. For the vehicle C, the sky cannot
be seen in leftward and rightward directions except a part in forward direction.
Th?se conditions can be seen in the sky charts shown in Fig. 2Ato Fig. 2D. A
vehicle shown by a mark A is positioned at the center of the sky chart, and itis
20 assumed that advancing direction of the vehicle is directed rom the bottom to the top of
each chart. Unless otherwise specified hereinafter, 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, butitis
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



absol ute val ue. Now, description will be given on operation of enbodi nents
of "the present invention referring to the flow charts of ki hg. 4.
Fig. 3is a flowchart show ng operation of a first enbodiﬁn%ﬁ%e%g?é}%ogh

" present invention based on the position neasuring ratio. In 25 Step 31 (St.
31 in the figure), referring to map data, it is identified whether the

pr esent 4 Septenber 2002 9 position gf the vehicle is on a multi-|ayer
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 wth the position of the vehicle. If the
answer i ssHoMai'in Figh2Bu adeftwardiasd dghtplet dicbctiwrishaatal ieldmtf tHei driaerion
procedure. If the answer is "Yes", it is 5 advanced to Step 32, and the
posi ti on shigded bhyntpe fisst building apalbysuppatpilarhefthe elevakedpodB, the threshold for
identification of upper or |ower |ayer con-esponding to the travel ed

di stance is Ry Heanpitid C e skecandded seenlia bt pf B¢ advandr didetdn 46 ed whet her
the position nmeasuring ratio is higher than the upper |ayer threshold or

not. If tdr@wans PRI 2CShut Viesal feldlof ihe drivstdsshigiGed intefiapganti@gltivard f 10 the
answer is "No", it is advanced to Step 35, and it is judged whether the

posi t i5on diasatsin)thd fbt Hildieg bAdBY sighah pliae df Heesdalteh foae, t he | ower | ayer or
not If the answer is "Yes", it is judged as the |ower layer If the answer

is "No", it issifise@ashtirba Fibd. 2rapBahd be heepdd biicadh WwhekBRdéd pdrfordshe upper
| ayer or the lower layer. Fig. 4 is a flow chart show ng operation of a

second erdpadindRRe rple WiRrdihe Safliteldanibe\seBh e thasesicie s AdHwRRddwnaA
measuring ratio. First, in Step 41, it is judged whether it is a

nul ti -1 ayes ofdeAsk veRilel AR>0fchit Bas Vdhidd G: A tHe prasbResheah@iten, thé t he answer
is "No", the procedure is conpleted without identifying. If the answer is

"Yes", i texbfesaiEl R Ssteife cAh @R séan” rAdkhs!tha dRREictieRNntBRSS/ i eRBrE A8 1S
cal cul ated for each section of 100 m Then in Step 43, “it is judged whet her

t he dpt a fhpstnBagRiitressnedbefle Vafida is@@bﬁa%ﬁhi@ﬁeﬁtﬂ&n BpredbtdrgirRd VahR,

di stance 100 mor 800 mis 'not an absolute value, and it is an adequate

road sectingnt ek AHThERthEf B shBfiteah BURBERM @A Rehdioftiddords! RS

condition for the Step 43 is not satisfied, i.e. when the answer is "No",

t he procegbiégréssichotiel ski 88n Be E8SHIimdaAe Hak, furdBathe bbsdrhgioansaer is "Yes", it
is advanced to Step 44, and the difference between m ni num val ue and

B et har e T ar one e o e Yhreshol d or "
not. If té&&iveddronthbssbRelitd®BythtQeRicle is equal to or higher than a predetermined
15 value.
When the vehide C advances, the sky can be partially seen in leftward 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 itis evident from the above explanation, when the position of the vehicle on a
20  mult-layer road is identified, i.e. when it is identified on which layer the vehicle is
positioned, prediction can be made to some extent depending upon whether the visible
range to see GPS satellites in the sky is wide or narrow.  In order to treat the problem
quantitatively, 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



10 15 20 answer is "No", judgnent is not made. If the answer is "Yes", it
-can be identified as the |ower |ayer. Specifically, in a | AHhHong on
the lower |ayer, the position neasuring ratio is generall &ngug\q/:vélﬁte)%ause t he
elevated road is present above the vehicle I'n an intersection, however, the
‘position measuring ratio increases because visual field of the driver is
open in lateral direction. Pas a resultd the difference between maxi num
val ue and m ni mrum val ue of the position nmeasuring ratio is higher than the
predeterm ned val ue. Based on this principle it is judged as the | ower
| ayer in case the difference between nmaxi mym val ue and m ni nrum val ue of the
posi ti on PRsdSOC g vehicientige Fﬁ@hlﬁ%%ﬁﬂ%é’%ﬁ?@rﬂﬁtﬁé@rﬁ%@nol d. As
descri bed above, according to the present invention, the range where
el echi ¢ \iEaveledramistare @ao&a m, ead & #ralsrassmadieat. ¢idhin ayaleRdsi@pomobn t he sky
chart in case of the |lower |ayer road as shown in Figs. 2Ato 2C. As a
resul t, al\¥0agesunueaisecions vwirs: SiSqsition Measummeai Febe eievadds B89 ®. can be
received, is decreased, and the probability not to acconplish position
measur enehiten, theiposiieagedsuningsato is Be%e ifthepogiisadneasuriegratie i higherthdrny on t he
position neasuring ratio. Fromthe sky charts shown in Fig. 2A and Fig. 2B,
when Bhe athteshble forsdentificsition ofthe Ubpemitis judged s ther upper Ewer. | #f thepadiiont es can
be seen on left and right with respect to the advancing direction, it can
be | udgedneasurihg raiipeenot higher thah & threshold for clentfisatigrunfdeslioasr laper, tiswer | ayer.
That is, as shown in Fig. 9, a left window and a right w ndow are provided
on t he slydgeldastthe mmar afersatel | ites can be seen in both windows it is
judged as the upper layer. If satellites are seen only in one wi ndow, it is
j udged as t hdidrawies exprgssion “GRS pasition wigdsorgmend £ beadnieved? mpass thHabib
measuring ratio, when the vehicle is driven on the nulti-layer road and if
sat el | i t esunden tHesconeition tlabatdedsh thréenseteliites oprplos seam tdideterminerthepodiiones pect to
t he advancing direction of the vehicle as shown in the sky charts shown in
25 Filg. 2ie véhide bpBR& saeliges. 2Thisiis based doghé deme pfin@ple as trigosompiieal | ayer. | f
not, it can be 4 Septenber 2002 11 identified as the | ower |ayer. That
is, in caseeyhdfheliat are net avaitablenijoromdre tanshree satellitdseit isveghrdeahds i f
satellite is seen on right window as shown in Fg. 10, it is judged as the
upper | ay@PS pdsitinnmeastrerrenj catgetbeaachidwed.ower | ayer. Al so, as shown in
Fig. 5 there may be an apparent (.e. untrue) condition where 5 three
satel | i t es cdhelefors grthelpeesenbieverition Hhe rasiblofa distamce ochire sactmipsederssuch as a
bui l di ng. More concretely, a satellite X and a satellite Y can be directy
seen as $Bwpositontrheasureoend caabe athieves in thenravpledisistancerof pgiienisedtion is
measurenment. But, the signal froma satellite Zis reflected by a building.
As albesumary thamdhe thrashald faigentiéeation oftietpper layestit is judeed @Pbesppet layares can
be seen. However, intensity of the signal fromthe satellite Z reflected by
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
increaseg near an intersection, while the position measuring ratio is equally good for the
upper layer, and the position of the vehidle 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 cperation of embodiments of the present invention
referring to the flow charts of Fig. 3and 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), refemring to map data, it 1s identified whether the present



10 the building is weaker than the intensity of the other satellite X or Y,
and this situation can be easily discrimnated from each fore,
fromFigs. 2A, 2B and 2C, when the vehicle is running on ﬁbgﬁ{e{".b—ergggg
"road, and if the satellite is not seen above the lane in opposite direction
Wwith respect to the advancing direction of the vehicle, it is identified as
t he upper layer, and if not, it is 15 Pudged as the | ower | ayer. However,
if the level of the receiving signal fromthe satellite from above the | ane
in opposite direction is |lower than the | evel of the receiving signal from
the satellite in reverse direction to the |lane of the opposite direction,
it is judgsidornes the velliga isean a Mui- laxﬁﬁmadegeca@'p@'rnqtay%qecmaﬁl 2pigoHEDUS
j udgnment of an apparent upper |ayer caused by reflection froma building or
t he |i ke shhowethss itis/es heti-2yEg readDusTRS imcludpein taBad map msadyases, abdd above,
according to the nethod for identifying a position of a vehicle on a
mul ti - | aysidentiad framdbe dilatipnivathttirepgaitos ofithei vetisier | dithe anawter isf'NeG e can be
provi ded that an upper layer and a | ower |layer of the nmulti-layer road can
be i dent iprocedurs is borapletesl withoRE derdificatioo padcedene. dHthecaswer isp¥ed’stisn a
navi gati on system 4 Septenber 2002 12 Specifically, an information
neces$ar adancedad Btepsd2, and te positior Meagwkigtratiois galcnlgteGPSTIsear, @ $tep83) s a
position neasuring information, and this information is utilized by al nost
al | typeshesthreshulddartidentificatist efeppes odoweriayerwatrespondihgud gietravelpdsi t i on
measurenent is effective or ineffective. Because the nethod according to
t he pr eseistaricavsretieosd hrithembleS this i nformation, superb effects can be
provi ded without using additional new devices or parts in alnost all types
of navi gat i oim Stgps Bg/iBs identificSoptictndy tie REM2N niehstyratiGisClighehPanits 1. A
met hod for identifying a position of a vehicle on a nmufti-layer road for
j udgi ng whpdriayer threstiolddranct. uriithe gnswer (e 1es it istieddealyzartise ofpdrtayenutit i - | ayer
road is

10 the answeris “No”, 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.  [f the answer is
“Yes”, itis judged as the lower layer.  If the answer is “No”, it is 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, it is judged whether it
is a multi-layer road section or not as in Fig. 3 described above.  If the answeris “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 100m.  Then,
in Step 43, itis 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 itis 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



5 running on an uppernost |layer or on a | ower |ayer under the uppernost

| ayer of the nmufti-layer road, including the steps of: su 'g&eﬁﬁ,@ 'Qgghs of
a travelled distance in which GPS position neasurenent can be achi eved,
obtaining a position nmeasuring ratio by dividing the sunmed sections by 10
said travel |l ed distance; and where said position nmeasuring ratio is equal
to or higher than a predeternmned thrediiold for identification of a

travell ed | ayer as said uppernost |ayer) determ ning that the vehicle is
runni ng on said uppernost |ayer of the nulti- |ayer road, and where said
position neasur,i g&p,_r_ati 0 is lower than another 15 predeterm ned threshold
for i dent RPPPWES WO ofdgraer i nefades d If e answes iss Xes, if GaRie idadied ager i ni ng
that the vehicle is running on said | ower Payer of the nufti-layer road.

4 Sept embéwer rygr. 1-Spegfically, ifed Hehticle snningeat the {avwey layep Bisipastian 61eaguinghi cl e on
a multi-layer road for judging whether a vehicle running on one of the

| ayer s of ratinds generdllyleyy becausa the alevatgthioad isppresamt abgyedhegehicleayleranor on a

| ower | ayer under the uppernost |ayer of the nmulti-layer road, whereby, if
a sat el | i interadxtior, howeser therpositipo sisgsuritigrate inoeasds recaespésuyal field thtbe
advancing 5 direction of the vehicle is seen, it is judged that the vehicle
i S rurhi ngrivan ist dpenuplakEral ldageion. aAslairésutahe differanse petdged maahurmnivelueehi cl e i s
running on the |ower layer. 5. The nethod for identifying a position of a
vehi cl e oandminiintim vaiueesf theqzoditiac curadinmg tato islhigher than irespredeteinhinethe | evel  of
receiving signal froma satellite above a ane 10 in opposite direction

wi t h respedte.t B3dded cadvieprinaple, itis jpdgedas thé Idves layehin chse the diftererncet han t he

| evel of receiving signals froma satellite in reverse direction to the

| ane i n opgaseh enakimen valoa pnd miniswmuiaiesoftthepasiion oheasusng watoistighmn an
apparent upper layer and not on a true upper |ayer.

. A. A3. . A{thah yHie priadetéd@ringd threshold.

.. A Ah. AF. AF. A, . AS, . Al A" (dv#?>at : Pl wnhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cH] ca] ca] Asadlesttibed atmjvepdacaldireg to dHecprserit ¢wkotincthE cageapMedradlecaibca! C<I L
" HAHMBSS990%A8R&E} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] caheafroalGRS sadlita lcam be egoeived i rariovedcaivnadndae 8§ chart in case of

"I MN)))) *,y/ {01115 89992;

; ; <Wk<=h=the Bxwénlayehcayas ahow) odfiga Pédd €6 c Ak aadsidt] aerags mahba]jof @PSa] ca] ca] ¢
a] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! >?" ??@ @Al AAAAAFHAIuJxJzJ}
JJJ[ MIN\2 GzesliRES, ToQviismeldctrt veed car] lbafevailved isddoredsed) arad thaprbkbily caf ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! @BRRRRGTWKXY][ ZI ZoZZ" [ s
[['\[\I\ co\dehorkplishiposiivramebdurerentitintidased.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! bcrcc+d8dXX
Y[ ZI 26ZZ" | s[ [Alsg, \therg is\riohrieistito heceabariy’ telyixn the pbsiton] roedseaig edtica] Emfpca) ca] cal ¢
a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca'
(dvf H* 10%hé&'sky ez hént ) Fig. 2A and Fig. 2B, when the vehicle is running on the mult-

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.
Thatis, as shown in Fig. 9, a left window and a right window are provided on the sky
20 chart, and if satellites can be seenin 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 satellites 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 can be
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10%& () - topdl @ubiksatglite sEEen on right window as shown in Fig. 10, it is judged as the upper
layer. If not, it is 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 Zis
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 vehidle, it is identified as the upper layer, and if not, itis

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 (i.e. untrue) upper layer, and erroneous judgment of an apparent upper layer

caused by reflection from a building or the like should be avoided.

INDUSTRIAL APPLICABILITY
As described above, according to the method for identifying a position of a vehicle
ona multi-ayer road according to the present invention, such effects can be provided that
anupper 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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5 thisinformation, superb effects can be provided without using additional new devices or

parts in almost all types of navigation systems.
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U& ()
5 running on an uppermost layer or on a lower layer under the uppermost layer of

the multi-layer road, including the steps of:
summing sections of a travelled distance in which GPS position
measurement can be achieved;
obtaining a position measuring ratio by dividing the summed sections by
10 said travelled distance; and
where said position measuring ratio is equal to or higher than a
predetermined threshold for identification of a travelled layer as said uppermost
layer, determining that the vehicle is running on said uppermost layer of the multi-
layer road, and where said position measuring ratio is lower than another
15 predetermined threshold for identification of said travelled layer as said lower
layer, determining that the vehicle is running on said lower [ayer of the multi-layer

road.
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whereby, if a satellite above a lane in opposite direction with respect to the advancing

5 direction of the vehide 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 vehide 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.



