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" VEHI CLE PCSI TI ON ON MULTI - LAYER ROAD 5 TECHNI CAL FI ELD The BEREMBEr 2002
invention relates a nethod for identifying a position of a vehicle on a
road using GPS (d obal Positioning Systen), and in particular, t hod
for detecting or identifying a position of a vehicle on a M\ﬁ“\\“ﬂ\ﬁ@ﬁﬂm oad
and for finding at which [ayer of a mJI]ti-Iayer road the v as a
vehicle driven by a user) is positioned. | o BACKGROUND ART As aiseligidl for
identifying or detecting a position of a vehicle by a user, various types
of navigation system are known. Fj i | ock di agram sw mm %w MIE
features of a navigation system aéﬁﬁ‘r:f%\}\;ﬁi]—‘g) he past. The n m “ m
shown in Fig. 6 15 conprises a GPS satellite 28, vehicle positi gmooo*

cal cul ating neans 20 for calculating a position of a vehicle based on data

dat a such asME e PR ey R PERHE PR oMy AVERRGRE, o7 ™
searching a route up to the facility, guiding nmeans 22 for guiding the
vehicle along the searched route, display control neans 25 for displaying

data on di splay nmeans 26 such 201?15 | QUi stal display unit or CRT
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Fig. 7 shows an e, .in which three GPS sate|lites in e . sky. can be
segn fron{qaﬂé’s\'i’gwuﬁl Plgﬁ'%’?%%e@eﬁﬁj‘éml%ﬁo?I’?éetg%il%f:%? "ghown in
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tem

a muiti-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. 6is a block diagram showing general features of
a navigation system as known in the past. The navigation system shown in Fig. 6
15 comprises é 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 refrieving data such as a facllity 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 referning 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. [f this is

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



4 .Sept enber 2002 2 bearings or azinmuths with respect to the advancing
‘direction of the vehicle, and correct position neasurenent4 Septeatbencbdzved
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 vehicle and the road where the?vehicle is runni ng. 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 s ste&%to.'dentif ositLon.on,ghe rqu. That on a
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case, it is detected et her the vehicle has gone up on an ascendi ng sl ope
to enter a rodPWRYSAMWNEN &iRat %FW%‘@WQ@%&% e8 WU JBYEendi ng
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it is runni n% ong\qnglyanar r oad (ﬂlﬂower | ayer) under the el evated road.
However, iSYSEMHYer NERRFAONSA h¢i08Cconcept, it is necessary to install a

new gyro, and_this neans higher cost for the navigation system To solve
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elevated road, and it is judged whether the vehicle is running on a road (upper layer)

20  constructed on the elevated highway, or itis running on a planar road (lower layer) under
the elevated road. However, in order to accomplish this concept, it is necessary to install
anew 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 it is possible
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to identify whether the vehicle is running on upper layer or lower layer of the multi-layer



Thus it is possible to provide effects to identify whether the vehicle is
on the upper |ayer or the |lower layer of the nufti-Ilayer 4cagtemider@002usi ng
addi ti onal new devices or parts on the navigation system 20 In the present
specification) the term"upper |ayer"” neans the uppernost |ayer as

descri bed above, and the term "l ower |ayer"” nmeans a | ayer under the
uppernost |ayer. 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 | ayer. According to one enbodi ment of the present invention, there is
provi ded a 25 nethod for identifying a position of a vehicle on a
mufti-layer road to identify whether the-vehicle running on one of the

| ayers of the nmufti-layer road is running on the uppernost |ayer or on a

| ower | ayer under the uppernost |ayer of the nultilayer road, whereby, in
case the geadiwithouhesing 6BSitiposli navwdeviees or pareion tlennbeigatidn systémi n t he

pr edet er m ned avel I i ng, di st.ance i,a di scr he, e{t s i.dentified as 1;he 30
| oner |ayer, and®i Prqs'?“gﬁ'ﬁ’@i“ P2 REBVIPER M i”?‘?j ¢ dof ddentfyiRge? RositioReof a
mufti -1 ay ' | iddi oxf LHrGh e
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t he presefayersobihe roulti-layesrroadds pironinglea aa vRRSGWSE @yer geani & iowey layer

posi ti ' i 2 ] tad [ kher the vehicle
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mul ti-layer road Wner&%y it satellites at left and right are equally seen

with respBte@SHEMeM CRAPERIVRYES: rection of the vehicle, it is identified as

the upper | ayesptamitty af pdsdtion hrieals@ring dgesl basdivibingl theesumanRy sediidns byt 1S
possible to provide effects to identify the upper layer or the |ower |ayer
of the nmu$didiraygiiad diskaacqi @Mbut using additional new devices or parts on

the nqyigationysyrst eald IdefiepOTHbdMining 9atid 'isa@QUQiﬁ&toe%Poﬂfg'ﬂEF'tth% Ehe

present invention, I's provided a nethod for entifyrng a position of
a vehi cl epredeterminedi thregheid farddentficatientdf fa traKeliase layen @svedid cippermosti ng on

one of thg@rf&g{g@ﬁ%g@%&ém&@ﬁgrmﬁwoh%awpaéﬂgn%ﬁa? fRRERRRL | aver

or on a | e upper nos ayer o |"ayer 'road,
wher eby, layerarsad, eand twhereosaida pbaitien i measurdyg oatio eisdioveart than Ehotlierh

the upperPrPag BRI SoheR 6 ldeRlnRisholr K81, Ra%alsi PORE s Salghiahiey "
possi b3 e layerpdererrriniraf fhatthe vehiclddsririning be sajtblowdrdypsr afrthé heullidayer | ayer
of the multi-layer road w thout using additional new devices or parts on

the navi §889-on system According to yet another enbodi ment of the present

invention, a MALERGs hessiBIR th Pedvidd Bffaets do Rty WRetblkr the/GoHigk s 8F trkescr i bed
above can be P?;OVI ded, wherein recei ving si %nal froma

, if the | evel of rg¢ )
sat el | i t &PaBo\RYeRoN Higclowgr Bysh of the Autblayeoread withedysing adéitiondl newvanci ng
directiopaobel BPpYROLA e hévi%&ws}slfﬁﬁ, the level of receiving signals from

a satellite in reverse direction to the lane in opposite direction, it is
judgeX® t he vehi teeplesentiapesiicatinnatheaisis@r aippenpar means hedipdesmesar e

Pecause. B o SETERTeshE, BRETRE o Reler BV, (PR, o i, BhAOrER 2.
true uppepperayast layer4 Thapisimeas@002-layer structure, the uppermost layer is the
upper layer, and each of two layers under the uppermost layer is a lower layer.
According to one embediment of the present invention, there is provided a
25 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, 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



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a drawing to explain a nethod
for identifying a position of a vehicle 5 on a nmufti-Paye# Sapember@®0ai ng
to an enbodi nent of the present invention; Fig. ZAto Fig. ZD 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 nultilayer road in the
detection procedure of an enbodi nent of the present invention; Fig. 3 is a
flow chart to explain operation of a first enbodi ment of the 10 present

i nvention according to a position nmeasuring ratio; Fig. 4 is a flow chart
to explain operation of a second enbodi nent of the present invention
according to a position neasuring ratio4-Fig. 5 is 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

det ecti on procedltoceding &n adiiost eemttodiienhef pthes gniesemty énveintion, fige B is a
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wher e gener al S position neasurerent can be achi'eved on a sky ' chart; Fig.

9 is a drdswurniog caxtprainpeamest iRuekabdioweniaysr usler fhe sppermestdaaraf t o
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neasur i ng resgech fo thedadvancirpOdirectian dif diné Mghitle, ipidentified @stthe eppediagent of

Lt 1|21 ng 387 raGelin g Ao ek Blpt T FBls. Si¥ PasPle aprodimemed o ™

dependi ngidemtifythePQppéd Riyendaghe iloger &yep of thd rSelkitiaydreroadO@ghéut 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 muiti-layer road to
identify whether the vehicle running on one of the layers of the mult-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 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.



BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Description will be given bel ow on
enbodi nents of the present invention referring to the dra#iSeptemtpar@002 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 ment of the present invention. fn
Fig. 1, a vehicle Ais shown as a vehicle 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 elevated road are
constructed each on one side of the road. Each of the 10 vehicles is

provi ded with a navigation system by Which a position information 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 fromGPS satellite on the sky except a part of the first

bui | di ng. However, for } -1 em!gé] no obstacle to
hi nder the receiving of bﬁﬁ?%ﬁ%@%’rﬁl?@n@?he smggof the vehicle) it

is not 15 possible to see the sky in leftward and rightward directions from
t he vehicle begcause it is. hindered by t first ildin nd t.he el evated
road. For the Ghilds@ drawingtog ?%%ﬁdB?thQ fag 'gﬁn%]('qge? P&é?ﬂ”&tﬁa"refg war d
di rect '50n§n%xrﬁ§lﬁtla?erﬂ%éa a‘cBorfding/\@réi'x drnb@@mémmmeereseﬁnﬁvmw can be seen
in the sky charts shown in Fig.~ 2A to Fig. 2D. A vehicle shown by a mark ~

i s positioned &ig. aﬁéodﬁm?é? e@fv‘htfﬁ@'e§k®t5(?Iﬁﬁat’v'”%FRjSh@Wlﬂéatheé@@ﬁﬁr’é’ﬂeﬁlat
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I tion. he i cl WV i f .t i j i d
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see alfip girbééntﬁwérﬁloﬂfadcb&flng(waﬁBSIEom melasumgl'ratloe B, there is no obstacle
to shield the sky int eag %r} d|rect|on f % er 2002 shown in
Fig. 2B, but ifi9141% fAV &8 !ﬁé(?&%‘ﬁ*'@&t‘? cﬁ1§e°Q/” gaeodinpent Sithene

driver '%ré&!rﬁ'nﬂ%tx@ﬁ aTcBSrdMq@tabb%nh&i A@agifnddatupport pillars of the

el evated road. For the vehic C, the sky can be seen in a part of the
advanci ng di r &g.i 6@&%&%@&5 ite shey. how, an@praiefi PP redticn measudrdver is
shi el ded [ ing and
by suppor? Hg#'?f‘a rs oi‘rl 6Eﬁ Hy‘ ﬂgégﬁrgfréggé b%ﬂalhgWﬁltﬂs)yeeg\/dé?ft i ES"tr.goh% ngé] 2A, 2B
and 25 nhdtidayen rodelnc theoidetaoion rrgeeryier of éﬁse@h@dﬁm@ttﬁethﬁang&seMere t he
satellite C%]’ﬂ Ee seen fromthe vehicle is narrowed down in the order of
vehicle AVEDYQRhicle B -~ vehicle C In the present specification, the
expressi on "t Fig. Saised blotke disgrainetosspidin maarcangeaient|af @t convehtiehal typet ensi ty
of electric wave 1 fromthe satellite received by the vehicle is equal to
or hi gheF‘aY'ﬂa ’bsﬁﬁﬂ’et ermned value, and it does not mean that the

sat ellite canffe 'pegra idrawiplgi fRlshewnae eXantgle wheds gelérab GRS epasitioressi on
“tee sky can be seen" .neans that, under the assunption that innumerable

sat el40) tE‘aeaél-’Ee”b?’étsc@thq ?\cri'?\‘ée ky, electric field intensify of electric

wave recei vedrigl @nid fyewawlageid shew &y éxamplehitsdre general@PS paaitiohi gher
than a predeterm ned 15 val ue.. When the yehicle C advances, the sky can be

parti al | eRELRMeN I@Pthﬂa@ﬂ"%ﬁ?@ 31 38K 8% Ections in case the vehicle is at a
posi tion wher Figt 59 & drawi t8RShRM 8 thitd éﬁbbdﬁ@wtrdfm predeft invBabnttBe

vehicle is goifig to enter an intersection. it is evident fromthe above
expl anat identifyhtne umerpkayem aod tbe lower mrchYeuwmeg Zrangerient £ eisiblead i s
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the vi SI bI e rﬁggeon@asdxaw(ﬂgﬂosevtmdnmfomﬂw embodimerdyofi the irégend inveatioow | n
der tot bl e I TRa t
det  ned BBy JhS JHGE DMRs Aanbe 1Pkl Bkt b8 ROZhG' SRRl FitRce wnere
GPS posi ddteMtesriss skyghars and hetcﬂepeﬂ)dmg dridthe( fositice] redaddring ratiance) . By this
definition of position neasuring ratio, it is possible to identify the



4. Sept enber 2002 position of the vehicle on the road. For exanmple, it is
assunmed that a vehicle has traveled a distance of 1000 m A8gptembes2@ds0
assuned that, of this travel ed distance of 1000 m sum of sections where
GPS position neasurenent can be achieved is 800 m Then, the position
measuring ratio is 80% If the position neasuring ratio is higher than 5 a
threshold for identification of the upp&', It Is judged as the upper |ayer.
If the position nmeasuring ratio is not higher than a threshold for
identification of the |lower layer, it is judged as the |ower |ayer. Here,
the expression "GPS position nmeasurenment can be achi eved" nmeans that it is
under the condition that at |east three satellites can be seen to determ ne

(e post L1on of, 10 U SeS RSbE o CRRRVIAIO L e MERgoPase o0 10 s
T o L SRR 62 by FAE A o FS B AP AR
chstance o hisaRar, BB, 1A Fafig oAh RREH OIS AReeaREll o/
TR T BTN T BT JRTCE I A SR
S9e oS e Ul LR SSd 9 IS LU LAYEL L 051 (1 07
TR R T AR o ML
1 shol o ol LSO SEND) S8 B8 Rl BRE AR SRt AR 1 o2
enbodi rrentr%gr%‘r tt%arr]ﬁhg cralgéﬁgé roiaréva?é' E:gn%ﬂ'ucted each on one side ofthe road. Each of the
10 vehidles is provided with a navigation system, by which a position information can be
calculated 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
obstacle to hinder the receiving of information from the sky ahead of the vehicle, it is not
15 possible to see the sky in leftward and rightward directions from the véhicle 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.
ﬂ'lfase condiions 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 from 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



referring to the flow charts of Fig. 3 and Fig. 4. Fig. 3 is a flow chart
showi ng operation of a first enbodi nent of the present i nw&éptembealei®? on
the position nmeasuring ratio. In 25 Step 31 (St. 31 in the figure),
referring to map data, it is identified whether the present 4 Sept enber
2002 9 position of the vehicle is on a pulti-layer road section or not
Specifically, a signal to show whether ¥t is on nulti-layer road or not is
included in the road map in advance, and it is identified fromthe rel ation
with the position of the vehicle. If the answer is "No", the procedure is
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received from these satellites by the vehicle is equal to or higher than a predetermined

15  value.
When the vehicle 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 it is evident from the above explanation, when the position of the vehicle ona
20 multi-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, itis possible to identify the



15 20 answer is "No", judgnent is not made. If the answer is "Yes", it can
be identified as the |ower |layer. Specifically, in a vehicheepiebengomn the
| ower | ayer, the position nmeasuring ratio is generally | ow because the

el evated road is present above the vehicle. In an intersection, however,
the position neasuring ratio increases hecause visual field of the driver
is open in lateral direction. As a resulPt, the difference between nmaxi 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 c . i Lfer we I V. e al ue of the
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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 vehicle on the multi-layer road can be identiied. 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
refemng 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

[\
a

Step 31 (St. 31 in the figure), referring 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 fromeach o §gstembbBerafor e,
fromFigs. 2.A 2B and 2C, when the vehicle is running on a nmulti-|ayer
road, and if the satellite is not seen above the |ane in opposite direction
with respect to the advancing direction of the vehicle it is identified as
the upper layer, and if not, it is 15 j@dged as the | ower |ayer However, if
the I evel of the receiving signal fromthe satellite fromabove the lane in
opposite direction is lower than the | evel of the receiving signal fromthe
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measurenent is effectiye or iégffective. Because the nmethod according to
the preseftSANGE STEMEYELTGM 8. this information, superb effects can be

provi ded without using additional new deyvices or parts in alnost all types
of navi gati onP”s%}?FP s 'de@ﬁ@eﬁ??m%ﬁﬂemé@m TeagyiRg rate isPighREDR e

upper layer threshold or not.  Ifthe answer is “Yes”, it is judged as the upper layer. K

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.  If the answer is
“Yes”, it is judged as the lower layer.  If the 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, it is judged whether it
is a mult-layer road section or not as in Fig. 3 described above.  If 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 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 it is an adequate rcad
section determined from the circumstances onthe 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”, itis 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



1. A nethod for identifying a position of a vehicle on a nufti-layer road
for judging whether a vehicle running on one of the |ayersadeptdifiber 2002
mufti-layer road is 5 running on an uppernost |ayer or on a | ower Layer
under the uppernost |ayer of the nmufti-layer road, including the steps of:
sunmm ng sections of a travelled distance in which GPS position nmeasurenent
can be achieved; obtaining a position négsuring rati o by dividing the
sumed sections by 10 said travell ed distance; and where said position
measuring ratio is equal to or higher than a predeterm ned threshold for

dentification of.a.t.ravelled | a t ernmnin
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wave from GPS satellite can be received is narrowed down on the sky chart in case of
the lower layer road as shownin Figs. 2At0 2C.  As a result, 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 measun'r"\g rato. From
the sky charts shown in 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.
That is, 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 relfying 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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& (O 1ra1 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 (.e. 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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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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for judging whether a vehicle running on one of the layers of the multi-layer road is
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 layer 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 muilti-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, it is judged the vehicle is running on an apparent upper layer and not on a true

upper layer.



