Descripti on ON-VEH CLE EQUI PMENT FOR DETECTI'NG TRAVELI NG ROUTE Techni cal
Field [0001] This invention relates to an on-vehicle nachine for travel
route detection. In nmore detail, the present invention is
designed to be capable of determning a traveling route or travel route
accurately by use of a configuration sinple in hardware and software in
finding a route, by which a vehicle traveled, with the use of an estimted
position obtai ned based on data by a GPS receiver or the |like, and road

i nformati on. Background Art [0002] As an electronic toll collection system
in atoll road, a radio-based toll gggggggtfghsysten1ls avail able. Wth the
radi o- based toll collection system comuhications are carried out between
a base station installed at a tollbooth of the toll road and an onboard or

on-vehi cl e machi pR-VRsiELE GbuabMenteBOR| Spt@dt D HiRACELIRGPROGEE M
recogni ti on and auorhenticari on of the vehi cle and payment. The

use of such a radi o-basgghi@ll ©Qilection system enables the vehicle to

pass the tollbooth in a nonstop, cashless manner.
[0001] This invention relates to anon- vehlclenmchlnefor

travel route detection.

In more detail, the present invention is designed
to be capable of determining a traveling route or travel
route accuratelybyuseof aconfiguration simple in hardware
and software in finding a route, by which a vehicle traveled,

- with the use of an estimated position obtained based on data
by a GPS receiver or the like, and road information.

Background Art
{0002] As an electronic toll collection system in a toll
road, a radio-based toll collection system is available.
With the radio-basedtoll collection system, communications
are carried out between é base station installed at a
‘tollbooth of the toll road and an onboard or on-vehicle

"machine installed on a vehicle (automobile) to perform'
recognition and authentication of the vehicle and payment.

The use of such a radio-based toll collection system -
enables the vehicle to pass the tollbooth in a nonstop,
cashless manner.

[0003] Further, a GPS (global positioning system) road toll
charging system, which detects the position of the vehicle,
the route of travel, and the distance traveled by use of
GPS, and charges a toll based on the detection data, is under
study as a next-generation radio-based toll collection

system.

[0004] With the GPS road toll charging system, radio waves



[ 0003) Further, a GPS (gl obal positioning system) road toll charging
system which detects the position of the vehicle, the route of travel, and
t he di stance travel ed by use of GPS, and charges a toll based on the
detection data, is under study as a next-generation radi o-based tol
collection system [0004] Wth the GPS road toll charging system radio
waves transmtted froma GPS satellite are received by a GPS receiver
provided in the on-vehicle nmachine. The GPS receiver detects the position,
where the vehicle is traveling, based on the received radi o waves. Wen the

vehicle enterg ' a exanpl e, a specific_urban area),
charging of a fgp%ﬁgtﬁ?gﬁ%gﬁ% %gn sékgij\?ﬁﬁ? cn%)lée d&E5EHE% Léﬁrﬁ"‘tﬁggt ol |

char gi ng ar earechavegr ngrafiddie imoltheeagsveMi 1 rided iviehi chige icpd raveling in
the toll chargigggjrare the vehicle position, the travel route, and the

travel distan %9Hg%5%?%ﬂFheFBébﬁioﬁmﬁh%ﬁﬁQQ%V%hé%%%hFﬁéagﬁéim%,
recording of bhgedcavele HRBEEvAL AdibMRaoMEN FRHE, LRI &éﬁcﬁ{}g 8{1§e£?e toll
e

charging area, determ nes the distance travel ed based on t ravel route
when the vehi gl ldxFharginmanse (60T exhaprdeng apeaifiharges aréo))] based on

the travel di ' m tall, charging information to a tol
chargi ng cent gﬁ@fﬁ%g?%&éﬁfg’t&&gshﬁg "’(f:}%ﬁr} géﬁare&ilﬁgeg%ﬁaé:rﬁsc FPbol i sh
the tol | boot htiigatc If ahakyth@sjrashi ehahgsndesn tnecessarandendesn i he

conventi onal éadio-ba ed toll collectjon system . The GPS road tol
chargi ng syst EnF i ©hifténdsd trgvehirgeln dilss tod lvehprepésaf aued ndthent o

Cities, ther cpynidIe pbag: 18, QRBUNL A dAdld | endRileaSlNG GPDOGRII O TN (he

cities. 100071 Fig. 7 is an explanation drawm ng show ng the 1 nmage of the
GPS road tol | 2Ehatgfiarfesyst em A vehicle 01 shown in Fig. 7 is

o Dot e AL ML AR MRS TR LSS TR
position of timiteehicchetDde emenyth®mtichy baveng tRet6PB fecRiMgRy receive
radio waves Sggga;fgggérmines the distance traveled based on the travel
route when the vehicle exits from the toll charging area,
charges a toll based on the travel distance, and transmits
toll charging information to a toll charging center.
[0006] Such a GPS road toll charging system can abolish
the tollbooth (gate facilities) which has been necessary
undertheconventionalradio—basedtollcollectionsystem.
The GPS road toll charging system ié intended to
charge tolls to vehicles flowing into cities, thereby
limiting the amount of traffic and easing congestion in the
cities.
[0007] Fig. 7 is an explanation drawing showing the image
of the GPS road toll charging system.
A vehicle 01 shown in Fig. 7 is equipped with an
on-vehicle machine having a GPS receiver, a GPA antenna,
and various sensors. This on-vehicle machine is one which

can estimate the position of the vehicle 01 every moment

by having the GPS receiver receive radio waves sent from



a plurality of GPS satellites 02. When radi o waves transmtted from
the GPS satellites 2 cannot be received and GPS positioning cannot be
performed, for exanple, while the vehicle 01 is traveling in a tunnel, a
sel f-sustai ni ng sensor (distance sensor or direction sensor) is used to
detect the distance traveled and the direction of travel, and information
on the current position is estinmated frominformation on the previous
position detected by the GPS receiver based on the travel ed di stance and
the travel direction detected by the self-sustaining sensor. [0008] The

on-vehicl e rracah%mariamwléﬁcbw dte 146Rkg! 6,01 finds the route fromthe
coordi nates of the estimated position, and takes records, for the purpose

of toll charging at #henmadilveratdret vatsncl g 0lf et ens GaStseltle 1¢haegi ng area

03. At a tine,when e vehicle 01 arts fromthe tol| chargi ngarea 03,
ol & nfkgx%v?%é%%?q?ﬁggﬁgﬁﬁﬁgﬁl??hW%F@Hn??bﬁﬁfﬁ? F8tfe, charges

t he on-vehi cl émac
a toll, and tFapsdrdrlteq! vhLhargiengen iy U@tiisoﬂré@eﬁi&%'ih £Rhangkng center
04. [0009] Next, the on-vehicle machine will be described with reference to
Fig. 8. An on?veRiEre Sty BerEes 4dbprrer dansorlPr daractbdrerati on

sensor 12, a uehigle §QQEQK§QQ§%%té§8 @hgy&fgééhcéiﬂ%&%@ﬁggnaggtgﬁ§ting
n : 7, an

section 15, a map matching sectio a storage section a toll
chargi ng treatiheatt bocofdray8l, ro0id]oriee iGRS T doetueredtdpoeteioes a radi o
wave sent fromgtgthP§:%gt llite_via ?.GPS ant.enna gpot shomm%, nmeasur es
the position basd HErson - Fhd s3rBaFE°T nt'orihst PGk VdRYEhROPHEEH on
(positional iaéoeaméd BR)thilBesactrlifkat bt SR d2aFel&Ehssagssl eration
along the direction in which the vehicle is traveling, and outputs an

accel eration 8pgrdie travel dirqpilrKlediestspely Wensed frgugbatreing t he

vehi cl e speedggfsdhe vehicle, and outputs a vehicle speed signal.

[0008] The on-vehicle machine installed on the vehicle 01
finds the route from the coordinates of the estimated
position,andtakesreéords,forthepurposeoftollcharging
at a time when the vehicle 01 enters a toll charging area
03. At a time when the vehicle 01 departs from the toll
chargingarea03, theon-vehiclemachineobtains thedistance
traveled from the route, charges a toll, and transmits toll
charging information to a toll charging center 04.
[0009] Next, the on-vehicle machine will be described with
reference to Fig. 8. An on-vehicle machine 10 has a GPS
receiver 11, an acceleration sensor 12, a vehicle speed
sensor 13, a gyro 14, a position estimating section 15, a
map matching section 16, a storage section 17, and a toll
charging treatment section 18.

[0010] The GPS receiver 11 receives a radio wave sent from
the GPS satellite via a GPS antenna (not shown), measures
the position based thereon, and outputs information on the
position (positional information).

The acceleration sensor 12 detects acceleration



The gyro 14, which is a direction sensor, detects the direction in which
the vehicle is traveling, and outputs a travel direction signal. [0011] If
positi on neasurenent by the GPS receiver 11 is possible, the position
estimating section 15 outputs the positional information, obtained by the
GPS receiver 11, as an estimated position X, Y. This estimted position XY
is outputted at every preset constant cycle. [0012] If position
measurenent by the GPS receiver 11 becones inpossible, on the other hand,

t he position estinating section 15 finds the position based on the

accel erat | on shapales ciliecaperd Sl ngh. candohhe Lravel digection,sional

and outputs the position as an est at & That
is, in order tatabkewathecasbetariain eigaansor 12 and the speed sensor 13 to

function as distance rs, the distance traveled and the travel
direction are cal cul & §d“§ﬁ§éﬁ?ﬂ?Qﬂ%ﬁQﬁﬂﬁ93ﬁ?%@@ﬁﬁFbﬁVébﬂﬁlﬁéﬁe@?

| ntegrating tbe 8aeevenaiion sidrkplibcs vokidiotancy Lataomtion obtained
by integrating the sgeed signal once, and the trav irectron signal

obt ai ned fromthe gy belgyr¢UM&h@mﬁﬁhelsaiﬁekactventsen&dn /Ndepestsion is
f oundby usi ng [ ti.on_at point in tine
g?é%f%e%%% Bﬁﬂgwﬁ Itheve ﬁlﬁbg¥?Y%}f 8H§ﬂ?t%y the GPS

i medi ately before a point 15 me 8t Snh©

receiver 11 canhoévék d&mhbﬁmvm Fakaaland the rel ative traveling position is
out putted as Z@ f ted 05|t|on X, Y. This estimated position X Y is
outputted at &V8 § pr s%@s.%H§IEWPSB§€W%ntﬂHOEQF §RS xaanizgs ddctd on 17 has

map data in speEaSle;, A&H@?O%Q:Lgﬁt@stﬂ(@tﬁnbog c{:fcfn’?rlrgatolu(l)_EP g %&OI’ ed, and

information on buildings, tollbooths or the”l ke Is not
positional 1nformat10n, obtained by the GPS receiver 11,

as an estimated position X,¥Y. This estimated position X,Y
is outputted at every preset constant cycle.
(0012] If position measurement by the GPS receiver 11
becomes impossible, on the other hand, the position
estimating section 15 finds the position based on the
acceleration signal or the speed signal, 'and the travel
direction signal, and outputs the found position as an
estimated position X,Y.

That is, in order to allow the acceleration sensor
12 and the speed sensor 13 to function as distance sensors,
_thedistancetraﬁeledandthetraveldirectionarecalculated
based on distance information obtained by integrating the
acceleration signal twice, ordistance information obtained
by integrating the speed signal once, and the travel
direction signal obtained from the gyro 14. Furthermore,
arelativetravelingpositionisfoundbyusing,asastarting
point, a position at a point in time immediately before a
point in time at which position measurement by the GPS
receiver 11 cannot be made any more, and the relative

traveling position is outputted as an estimated position



As the road information, a route R (Rl, R2, R3 ... Rn) set per road (link),
-and a node J (31, J2, J3 Jn) set per nodal point (or node) such as an
intersection or a corner are stored, in addition to positional information
al ong each road. [0014] The map matching section 16 carries out nmap
matching with the use of the estimated position X, Y and the road
information stored in the storage section 17. That is, a position on the
road, which is the closest to the position indicated by the estinmated
position X, Y, is outputted as a mapnat chedpositi onmX, mY . The

mapnat chedposiy QN 1 MG dtS u pr S

[ 0015] The toll charging trggﬁﬁgnggggg?%%gyﬁgxgtggﬁggggggé%ggﬁmgﬁg

mat ched posit iPegsefrxXcalysrntpuetad. one after another, fromthe map natching

ti 16 at h h t the,t || h At |
fle(r:ns\I \%en tﬁe ve%bgengepar gge;/reg‘?n f%%ﬁtqoﬁgg‘ﬁgre(%ﬁ%g stetg’r Igrr‘lrg ?%?ea : |

char gi ng treatnenmaﬁe@ﬁt@n<ﬁﬂgOQbaun§nEmeQt§ﬁaGQes&b&%@'eQn@ased on the
travel route found fromthe map mat ched positions nmyY, charges a tol

and transnltsngPFmEFb9@|9E)qqﬁ%ﬂiﬁﬁﬁvoﬁofbeQR?%(ﬂﬂ t@ﬁaﬂgkﬁgl%eﬁﬁEr [ 0016]
The confi gurati,en,9kqt he on-vehicle machine 10 shown in Fig. 8 is basically

the sanme configuration as that of an on-vehicle car navigation device

currently in wide usés tfamdfofaail finfoemdtuimot,i ensoutre GofRbn RZheRéw t h.

However, the I r ) e _car nayigation
devi ce ai ns aFRkH%¥% ?gn?g?%é’d? ve?’“*ﬁhg;(9ie‘%g-9'h|crerﬁach|ne f or
car navi gati opetegsls rtdaiadl spliay (&e )t sQBhods the iditiev8bcEioMMbvehicle in

real tinme in a state superposed on the map By contrast, it is
i nport ant f or 2t G- FERISHOE SRmchr ﬁé‘diéli&%&@rp?%t@@# saformitiathar gi ng

systemto findithe &ist aneg.and the route correctly, and display in real
time is not required of the on-vehicle machine 10.
[0014] The map matching section 16 carries out map matching

with the use of the estimated position X,Y and the road
information stored in the storage section 17. That is, a
position on the road, which is the closest to the position
indicated by the estimated position X,Y, is outputted as
amapmatchedpositionmX,mY. ThemapmatchedpositionmX,mY
is outputted at every preset constant cycle.

[0015] The toll charging treatment section 18 starts to
record the map matched positions mX,mY outputted, one after
another,» from the map matching section 16 at a time when
the vehicle enters the toll charging area. At a time when
the vehicle departs from the toll charging area, the toll
charging treatment section 18 obtains the distance traveled
basedon the travel route found fromthe mapmatched positions
mX,mY, charges a toll, and transmits toll charging
information to the toll charging center.

[0016] The configuration of the on-vehicle machine 10 shown
in Fig. 8 is basically the same configuration as that of

an on-vehicle car navigation device currently in wide use,



2) A low cost is demanded of the on-vehicle nmachine 10 under the GPS road
toll charging systemfor the purpose of use. Thus, the data volune which
can be held is limted to a | ow volune as conpared with the car navigation
device. Under this situation, the on-vehicle machine 10 is desired to hold
only road information (positional information along the road, route R node
J), and not to hold information necessary only for navigational di sp! ay,
such as topography, buildings or |andmarks. [0017] Patent Document 1:

JP- A-61-56910 Di scl osure of the Invention Problens to be solved by the

i nventi on [ 0QkR] £Thei Moy MRIENORY SOCORAB LE S N FiG 8 sglects the

position on the road that is the closest to the estinmated posi‘tion X, Y, and

outputs it as fHéowapIndiEhetepess taxdstnX, . |f the cal cul ati g_nl _erro][ of
the estinmated positi i reat, .however,, there is a possibility for
the sel ection of theq\%r éﬁ%{er%é{ a(%ﬁgﬁttéo AEVIGE PO EBRARIHEat AR une t hat
a road al ong tdfe doiter R1TANH, aheoadvahobUe nheni QEEr R rda9iBLESEAL . as

h in Fig. 9, and the _vehicle is actually trayellpg_on the road al ong
fhgwpout e R% .neFHSF‘?%.JISV?,plFM SRR IRRS {tAPNSP ey drhBesss jaret wdhpobéti ons X,
Y, solid circligsrég) €eRot & thesdme gﬁb@?ﬁgsed on the map.

By contrast, it is important for the on~vehicle
machine 10 under the GPS road toll charging system to vfind
the distance and the route correctly, and display in real
time is not required of the on-vehicle machine 10.

2) Alow cost is demanded of the on-vehicle machine
10 under the GPS road toll charging system for the purpose
of use. Thus, the data volume which can be held is limited
to a low volume as compared with the car navigation device.
Under this situation, the on-vehicle machine 10 is desired
toholdonly road information (positional information along
the road, route R, node J), and not to hold information
necessaryonly fornavigational display, suchas topography,
buildings or landmarks.

[0017] Patent Document 1: JP-A-61-56910

Disclosure of the Invention

Problems to be solved by the invention
(0018] The map matching section 16 shown in Fig. 8 selects
the position on the road that is the closest to the estimated
position X,Y, and outputs it as the map matched position
mX,mY. If the calculation error of the estimated position
X,Y is great, however, there is a possibility for the
selection of the wrong road (route R).

[0019] For example, assume that a road along the route R1

and a road along the route R2 are present, as shown in Fig.



positions mX, my, and Rl and R2 represent the routes indicating the roads.
Further, the' estimated positions X, Y and the map nmat ched positions nX, my
represent data later in terns of tine (data newer in ternms of tine) as
their adscripts are larger. [0020] In the case of Fig. 9, the
estimatedpositions (X, Y1) , (X2, Y2) and (X3, Y3) are close to the route
R1 . Thus, the map matched positions (nX1, n¥l) , (mX2, n¥2) and (X3, n¥Y3)
are located on the route R1L indicating the road where the vehicle is

actual ly traveling. However, the estimatedpositions (X4, Y4) and
(X5, Y5) are renmphe thieovether t : he, rout e . _Thus,
therrapnntchedp?gsit i ons (W4,é&%)§%%%x§?h§§§lg éjtnl g%%t%o doR%?ﬂ% route
R2. That is, tthe rnpelte®le iEn&igoleduslangiladgeyl) Eoghery cay@lsiAga08qt he road
i ndi cat edby the._r .~ al though . the vehicle is actually traveling on the
road i ndi cat e§%8§9?1g1§5 rF%uYt'e Sﬁrljll.g Fbﬁ‘é%’s S‘v%h PN o s p) nageked of the
travel route posutsonwinh) mer, hiagh probadi k2 taepRAhiccyhar Ly abier passing an
i ntersection or a brancg oint. [0022] If the vehicle is erroneously
judged to be tPAVETTHY bR 4oRrEHt e THTHIETe fthere Ynimated oot &t inver 8, ¥ he
vehicle is ackdal #pe taadveht Jm|nti.an there i s_the problem
that the correct trave% rou?ge%g?\bnot tdg%dfeﬁ?éﬁ%%dr,esaeﬁ& géiﬁrg‘:{‘%glf ol |

chargi ng cannéf BRIt tihgs (datdeneawer iin redest bat tsakpcis ongeiaf the

wr ong road (rgggg)di&es %%%;§?§§§r and accuracy in determ ning the correct

route be increased. a technology for inproving the route

det er m nat i on[@@2doImahe eask otfire grag, ﬂﬁéé@tﬂ%%&&@ﬂti&hé by Gary havi gation
devi ce, there i%’ t echni que whi ch conprises checki ng positional ’
i nformation off | B0t F° of3 ) R&S Fkese viirefheheowiehiRl.c Phssesthe , agai nst

the position mfp e chek! Rootdy H1L thQ1NER:) ?”&l@i}mﬁf%p?arﬁﬁé@@ft%uﬂ) or

recogni zing a building i'n the surroundings, sim agai nst
map i nf or mat | O lacdtadlkemEhe conted®l dmdicating thd froadchinérd @skni que is

adopt ed, howeyg{;.1lt ;Re cessary. to store the position of the
tol | booth, or e|6Hnlfcoremalttgi %gggal?ﬁet%au‘ﬁldinﬁg, a landmark or the like in the

storage section, andidwesee,itheedteiath tHealpcdi%eB8I(X43 YRS QEESSIFNIFsyNi t,
software or the like n{;cessary forbui | di ng recognition or recognition of
9y

i nformati on SH G oTTBSot P PERS Zgutedi! srFliFE9sngotthe posig Ron iMhuseal ti ne.
;I'Egts;’ ursrzrslt gmﬂ}w]rfaipghbl't@‘je@rbcbﬁcﬁq%% Gr@(’li%'y‘é?taﬁg’(m&%?%%? a2 1%’&%‘%2%i ve

on the route R2. That is, the vehicle is erroneously judged
tobeétravelingonthe road indicated by the routeR2, although
the vehicle is actually traveling on the road indicated by
the route R1.

[0021] Such an erroneous judgment of the travel routeoccurs,
with a high probability, particularly after passing an
intersection or a branch point.

[0022] If the vehicleis erroneously judged to be traveling
on a route different from the route where the vehicle is
actuallytraveling, asmentioned above, there is the problem
that the correct travel route cannot be determined, and
accurate toll charging cannot be done. Thus, a demand is

made that selections of the wrong road (route) be decreased,

and accuracy in determining the correct route be increased.



Hence, the adoption of such a position correcting technology for car
navigation is not realistic for the on-vehicle machine for the GPS road
toll charging systemwhich is required to be |lowpriced. [0024] The
present invention has been acconplished in the light of the above-described
‘conventional technologies. It is an obj ect of the invention to provide an
on-vehicle machine for travel route detection, which can accurately detect
the route of travel even after a vehicle has passed an intersection or a
branch point, although the system configuration of the on-vehicle nmachine

is sinmple and i ensd V& VA ; | t r Qb [ 0025] An _
aspec?pof the[Spgggn?é?ﬁeﬁﬂtioE%'é?ﬁégﬁ%¥ﬁgg¥ﬂggh‘%§§¥§Q§EFP%€ lBboblems IS
an on-vehi cl e peaéhicmen¢epfithgwelp mauttel rdes ecticonin ehepairIiavdgation a GPS

recei ver which _receiv radi o waves sent from GPS satellites, makes
posi tion rreas%regr%réﬁt g@%lé%l Thér &6 AR olit belt CPT S EPSFHEBE nat i on;

travel i ng di spasteiorsBehifbgmaeass on0s teutBUbELRG Lhavehlng, i stance
information indicating a distance travel ed by a vehicle; traveling
direction det EEPLRYS RATREH dit oaspinst e Pavéring of rtdet itod lbnpth mat i on

indicating a bhaweldpd é:j’id'rﬁ&ﬁjirﬁfa abLog: v&h Sl g'écognizingabuilding
in the surroundings, similarly checking it against map
information, and making a correction.

If such a technique is adopted, however, it becomes'
necessary to store the position of the tollbooth, or
information on the building, a landmark or the like in the
storagesection,andthereisaneedforasensor,aprocessing
unit,softwareorthelikenecessaryforbuildingrecognition
or recognition of information on tollbooth passage for
modifying the position in real time. Thus, system
configuration becomes complicated, leading to expensive

- instruments.

Hence, the adoption of such a position correcting
technology for car navigation is not realistic for the
on-vehicle machine for the GPS road toll charging system
which is required to be low-priced.

[0024] The present invention has been accomplished in the
lightoftheabove-describedconventionaltechnologies.-It
isanobjectof theinventiontoprovide an on-vehiclemachine
fortravelroutedetection,whichcanaccuratelydetectthe
route of travel even after a vehicle has passed an
intersection or a branch point, although the system
configuration of the on-vehicle machine is simple and
inexpensive.

Means for solving the problems



a position estimating section which, if the position nmeasurenent can be
made by the GPS receiver, cyclically outputs a position, indicated by the
positional information outputted by the GPS receiver, as an estinated
position (X, Y) , but if the position neasurenent cannot be nade by the GPS
receiver, finds a traveling position of the vehicle based on the traveling
di stance information and the traveling direction information, and
cyclically outputs the found position as an estimted position (X Y);

a storage section having road information in storage, the road information

i ncl udi ng posi L} | Al tion ,al ong roads, a.r.out R) .set per road in
order to dist i[ggg?ghA}rlergs%{aec i \92 5 5,%S§ﬂg Ja{ivr?c%éofl\]?"ge%dﬁépgi H%rsecti on,
branch poi nt, absveeadewtr itfed groiead; i s an on-veldi MBI Gl &l 8844 0N for
cyclically outputting a position on the road, which is closest to the
position indi€ ?Eﬁiqéiﬁqﬁ%QQﬂJQRQPéast%ition (X, Y), as a map natched

position (mX n¥) by yspObetley&SLHTRL L RITEL! Péhi%g%%%% ntt A, 0ad

i nformation; and a buffering nodification sec or cyclically
out putting a @ddiskited lpssht invrkgscXosYyjombeaisnedmbyt adicki tiadiem, of t he map

mat ched posit] .. by, use of  the mat ched position (nX nY) and the
road i nfor nat%lgéjn,é%eurel ﬁos&itlonaﬂ h%P%ﬂ?n%g]ﬁnng nodi fi cation section has a

storage portion for starélihd ke stapcariahed ipgShédPNF LMuMti NRPt ted one
after another fromthe map matching section; _ if a plurality of the
map mat ched pod¥§idmY daRtarre wWhferakionindigatépasactistanca el ative to

the map mat ched poYd kYN o FERAY) i Nputted nost lately, were located on an
old route being a certain identical route, but the newest nmap matched

position (mX nv) is toretlddodirecioinreddt ¢ etrentmebnsmdreowt ghtrtaiige, t he
bufferi ngmdig'aqpe route to be a new

route, and ju gest]{i%zrét %?L%tg%vgﬂ#g?’gg?i%iaqgrsﬂng:ié%?%ﬁggﬂ%v? roteling

direction of the vehicle;

apositionestimating sectionwhich, if the position
measurement can be made by the GPS receiver, cyclically
outputs a position, indicated by the positional information
outputtedby the GPS receiver, as anestimatedposition (X, Y),
but if the position measurement cannot be made by the GPS
receiver, finds a traveling position of the vehicle based
on the traveling distance information and the traveling
direction information, and cyclically outputs the found
position as an estimated position (X,Y);

astorage sectionhavingroadinformationin storage,
theroadinformationincludiﬁgpositionalinformationalong
roads, a route (R) set per road in order to distinguish
respective roads, and anode (J) set per intersection, branch
point, or corner of the road;

a map matching section for cyclically outputting
a position on the road, which is closest to the position
indicated by the estimated position (X,Y), as a map matched

position (mX,mY) by use of the estimated position (X,Y) and



when the buffering nodification section judges that the vehicle has entered
the new route, the buffering nodification section incorporates the :
plurality of map matched positions (nX, nmY) on the old route fromthe
storage portion; referring to a state of arrangenent of the routes
(R) indicated by the road information, the buffering nodification section
determ nes whether the old route is present between the new route and an
old old route which is a route where the map matched position (mX, nmY) ol der
in terns of tine than the map matched position (mX, nY) |ocated on the old
route is |ocatad R ihrbpgaplghyop is present between the old old route
and the new route, the buffering nodification section determ nes that the
old route is a correct ndifteeingunodf £1dwet ioird seatitieni SonotyqriesaAnty bet ween
the old old route and the new rpute, the buffering modification section

det er ni nes thé?“%ﬁ%t&Fg ?oﬂ?%éfﬁe Qﬂ%ﬁﬁjopong:CYP' obtaipganbyhe buffering
nodi fication secliforadebarof nefe Wagt nhben& bdQutieni $mk MRy COLeaker OUt €,

the buffering nodification section does not change positional data on the
plurality of r?afptlh%‘f‘%ﬂ’l@atﬁ’é%‘iiPPéh%l?WﬁWYbﬁnﬂﬁgedloédridlﬁoéf}nab@lpni nst ead,
outputs a plurality Qf,dtfe,modified positions (cX cY) whose positional data
are identical with those of the plurality of map matched positions (n¥X nv);
and when t hehsubhéfengngodedi Tiatatdons eett bon deieranisnegagdat t he
old route is the _won rou&e . the bufferin nqgifiqation section changes
the positional°d&t8"ohCt N2 P tthIShS "6P Rahched drd et i(B%s™Y i, myY) on
the ol d rout e inpupesitéanalf tdat #nOhdMErBR0End HapOha Bbh B1Y LBRESLSI de of the
new route, and outputs the nodified positions (c§,c whose positional data
have been changed t o ifiRePpBs#tin odihemeampabcied perit henerinkamee, si de of
the new rout ey 0Q26lc BAQL DETe ASRESE 1Qind DE1 REESEN, FRY G A0t LN
on-vehi cl e machine for travel route detection, conprising: a
recei ver whi ciropétépweln¥, adi)oinpwesed ewistf L ate GPSweateldddtes] onvkes

posi ti on neasurenent. based thereqgn,, and oufputs positional information;
traveling dist %ﬁcre()l‘(ljteet %&llnﬁga nceear%fllr’o?g%ﬁjp‘g?tﬁt irﬁg‘tler RN ithg BF¥eshce
i nformati on i pepeaiticheddpddithiancant,mvel edobytad vah sb§te different

fromtheoldroute, thebufferingmodificationsection judges

GPS

this different route to be a new route, and judges that the
vehic_le has entered the new route;

when the bufferingmodification section judges that
the vehicle has entered the new route, the buffering
modification section incorporates the plurality of map
matched positions (mX,mY) on the old route from the storage
portion;

referring to a state of arrangement of the routes
(R) indicated by the road information, the buffering
modification section determines whether the old route is
present between the new route and an old old route which
is a route where the map matched position (mX,mY) older in
terms of time than the map matched position (mX,mY) located
on the old route is located, and if the old route is present

between the old old route and the new route, the buffering
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traveling direction detecting nmeans for outputting traveling direction
information indicating a traveling direction of the vehicle; a
position estimating section which, if the position neasurement can be nade
by the GPS receiver, cyclically outputs a position, indicated by the
positional information outputted by the GPS receiver, as an estinmated
position (X, Y) , but if the position nmeasur enent cannot be nmade by the GPS
receiver, finds a traveling position of the vehicle based on the traveling
di stance information and the traveling direction information, and

cyclically OubpdlisibheibRusdtPosi Ueed-Amnal Gt ML R0SbLEON (% V)

a storage section having road information in storage, the roa ormation
i ncl udi ng posiCOrBRaF ¥ e nhtEort dhenyld vadse i notterdfntsbétpesn road in

order to distinguj ive r ,..and_a_nod &&% t _per intersection
br anch point,%gg %ggnégégsﬁ%%%%¥baggg new rOUte”a% %H%?Sﬁ?ﬂ% section for
cyclically oumpdifiogtiopesctiondetetindsoatht vhé ehdirpuekasastrdy t he
position indicatgd‘by the estimated position (X, Y) , as a map natched
position (X, By uSe of the estimated position (X, Y) and the road

information; and when thefoREf & e NdodPei Jd1Gal 90-S&Gt gﬁg?eiﬁfnecsyd ically

outputting a nodified position (cX, cY) , obtained by no I cation of the
nappnatched pbBRti e (€ mpute By the efradmt mmptent thedopbSétinan (mX, ni)

. . : ' i fication
Section hae a"oter aob ot pFeRI L Roge nat chands Badt it ReriBhe (mx, my)
i nputted one Rltesrlinodhewpimareiduepamit itatsC Mg est ithB;old route,
but instead, outputs a plurality of the modified positions
(cX,cY) whose positional data are identical with those of
the plurality of map matched positions (mX,mY); and
when the buffering modification section determines
that the old route is the wrong route, the buffering
modification section changes the positional data on the
plurality of map matched positions (mX,mY) on the old route
to positional data on the node (J) on an entrance side of
the new route, and outputs the modified positions (cX, cY)
whose positional data have been changed to the position on
the node (J) on the entrance side of the new route.
[0026] Another aspect of the present invention is an
on-vehicle machine for travel route detection, comprising:
a GPS receiver which receives radio waves sent from
GPS satellites, makes position measurement based thereon,
and outputs positional information;
traveling distance detecting means for outputting
traveling distance information indicating a distance
traveled by a vehicle;
traveling direction detecting means for outputting

traveling direction information indicating a traveling

11



if aplurality of the map matched positions (nX, n¥) , which are old in
ternms of tine relative to the map nmat ched position (mX, nv)
chronol ogi cal 'y inmmedi ately before the map matched position (nX nv)
inputted nost lately, were located on an old route being a certain
identical route, but the newest map matched position (mX, nY) and the map
mat ched position (nX, nmY) chronologically imrediately before the newest map
mat ched position (nX, nY) are located on an identical route different from
the old route, the buffering nodification section judges this different

h
route to be a &%&% ebfagg? ‘?d’%gslr?ﬁhat t he vehicle has entered the new

rout e; he~bu dification section judges t hat the

vehicle has entered thposew do8seinddiedsddardmenhimdi {f eatisea;iseshion
i ncor por at es thespl urality of map matched positions (n¥, on the old
route from t h&"SOFaEE hoF T off made by theefBP ryegpivera syalécelly

arrangenment ofodthRitkQlbesi€fAn,| AL LAt € Q}}lv\hgﬁq s(}.%qlglhgflqr '}%S:mggiot he

buffering nodification section determ nes e-ol'd rou i'S present
bet ween t he néwtm@ttéd@mﬂaﬁ'ﬁm deot venus eankist himasedposit BonkEf €) f he map

iti nterms of ti t han mat ched
ggtsic'?iegnp?rsrlb( o f‘ocal{g(?? q?ﬁ & HSTeR %a‘r“’b%%#&dmaaﬁdox Ph%P%I d route
i s present betnseenvehe K)Jlrdisobdtfm&hrﬁy"lgoébﬁlcﬂe\&lfr oHt esetia ebyif&4 1 ng
nodi fi cati on sechInon determnes that the old route is a correct route, but

if the ol d rofPe™§ hbRVprEidtt e Fsernf A iProlags heet aave g new
route, . the bufdfl@ébagoﬁmmfd&@atdl% senhl epc HALANT REToLRat chhes Qi gy route is

a wrong rOUtepos:LtJ.on as an estimated position (X,Y);

astoragesectionhavingroadinformationinstorage,
theroadinformationincludingpositionalinformationalong
foads, a route (R) set per road in order to distinguish
respectiveroads,andeanode(J)setperintersection,branch
point, or corner of the road;

a map matching section for cyclically outputting
a position on the road, which is closest to the position
indicated by the estimated position (X,Y), as a map matched
position (mX,mY) by use of the estimated position (X,Y) and
the road information; and

a buffering modification section for cyclically
outputting a modified position (cX,cY), obtained by
modification of the map matched position (mX,mY), by use
ofthemapmatchedposition(mX,mY)andtheroadinformation,

wherein

the buffering modification section has a storage
portion for storing the map matched positions {(mX, mY)
inputted one after another from the map matching section;

ifa;ﬂuralityofthenmpnmtchedpositions(mX,mY),

which are old in terms of time relative to the map matched

12



when the buffering nodification section determnes that the old route is
the correct route, the buffering nodification section does not change
positional data on the plurality of mapmatchedpositions (mX, myY) on the old
route, but instead, outputs a plurality of the nodified positions (cX cY)
whose positional data.are identical with those of the plurality of map
mat ched positions (mX, nY); and when the buffering nodification
section determnes that the old route is the wong route, the buffering
nodi fi cation section changes the positional data on the plurality of map

mat ched posi t ipores tioX, (m¥), mgn dlh@n@lldgi@allﬁyEﬁn@@ﬂﬁéﬂﬂé‘éf@@@h?ﬂaéhe node
(J) on an entranc%ﬁﬁi de of the new route, and outputs the nodifie
posi tions (cX"EYFIRAGESEdent BnaY) ddipy thedandsseha tevingedre dotheeposi ti on

on the node (&h A the RNTAREE LS Je-&fr £5hE 4 route, [0027] Still another
aspect of the present inventi onnlas t%e al%végrgr}élﬁ ?%ne%o‘%tr?’v itcFB® machi ne

for travel rolE¥cdEtBeRimAtClag Positéonpmsimy) and the mapt Ahtceb@r gi ng
ravel ed based on a traveling

treat nent sect.qn:f ining a distance t

route found f:plg%gic gﬁmﬂﬁlﬁﬁ\@d Cglgs?in ?8%%%@@,’ cWrssiesGtveBefpem e
buf f eri ng nodntiweatimap sedtdhen) pasdtpenf aixing adohbcghangbng,t reat ment.
Ef fects of th§dlnventLon %002%} Accordinaﬁ;o the present invention, it is
determined, by°FRFEF&nE8UFD Tdersnt & :Rmatke phe nrode, Jthsf bufier bagl

information, wbeihetadiis RS bAN kL tched position
obt ai ned by map mat ching of the ég?gﬁﬁfg%§%o§¥f%%ﬁaﬁggfgggt58 Bh 1 he
~correct routelYfra¥ies podiltidessi shdboddeevenicidheanr @ng:ralitae pasi tional |
information igoppdified. As a result, determ nations of the wong road
(route) can be decreased, and the estinmated position can
whenthebufferingmodificationsectionjudgesthat'

the vehicle has entered the new route, the buffering
modification section incorporates the plurality of map
matched positions (mX,mY) on the old route from the storage
portion;

referring to a state of arrangement of the routes
(R) indicated by the road information, the buffering
modification sectioﬁ determines whether the old route is
present between the new route and an old old route which
is a route where the map matched position (mX,mY) older in
terms of time than the map matched position (mX,mY) located
on the old route is located, and if the old route is present
between the old old route and the new route, the buffering
modification section determines that the old route is a
correct route, but if the old route is not present between
the old old route and the new route, the buffering
modificationsectiondeterminesthattheoldrouteisavmong
route;

when the buffering modification section determines

that the old route is the correct route, the buffering
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be nodified to lie on the correct route. Thus, the correct route can be
found. [0029] Furthermore, the storage section of the on-vehicle machine
for travel route detection is designed to hold only the road information
(positional information along the road, the route R the node J) , andnot
to hold information necessary onlyfornavigational display, suchas

t opography, buildings or |andmarks. Thus, the configuration sinple in
software as well as hardware and decreased in-data volunme can be realized,
and cost reduction can be achieved. Brief Description of the Draw ngs

[0030] [Fig. Hodi¥iaa€hittabhonals H&@%@Hgé%@ﬁgoﬂgl P4eh ¢hg machi ne
for travel route detection according to Enbodiment 1 of the present
i nventi on. pluralitpiqf may mpsched Posktdpag rmk mkdwingheobdfdartieng

nodi fication ti d | ons vehjcl e hi ne .of . Enbodi.ment 1. _
[Fig. 3(a)] igﬁghiggﬁ#%ﬁafkgﬁgggéhf%%r% %Eﬁﬁg%§6h898%£l R¥YiAg Ecti ons in
the buffering (eddck) catosmpoedtional data are {ddrgic3(IbyithStbse of

i sti I how it | data before nodification (left
o umm) “and. podet PORERTUEY BT MaSaneR GaP o7 it el dnApd

col um) and posttP : _ : TR _ _
[Fig. 4(a)] is an exmh@ﬂaiu@audf@ﬂwméwmeg%%gég%gﬁ%%%hﬂﬂeéﬂ' ons in

the buffering nodification section. Isa
characteristi ¢8afabhe SHOWHFpdsi thenukodat rowed ortenbdiffiecatgon (| eft

col um) and paéh&%9@§%16k“§ééﬁﬂdﬁ’cﬁgﬁgééc@ﬁé(gbéféfﬁﬂélc%EQQ“%n the
plurality of map matched positions (mX,mY) on the old route
to positional data on the node (J) on an entrance side of
the new route, and outputs the modified positions (cX, cY)
whose positional data have been changed to the position on
the node (J) on the entrance side of the new route.
[0027] sStill another aspect of the present invention is
the above-mentioned on-vehicle machine for travel route
detection, further comprising:

a toll charging treatment section for obtaining a
distance traveled based on a traveling route found from the
modified positions (cX,cY) outputted from the buffering
modification section, and performing a toll charging
treatment.

Effects of the Invention
[0028] Accordingtothepresent invention, it isdetermined,
by reference to the route R and the node J of the road
information, whether the position indicated by the map
matched position obtained by map matching of the estimated
position is located on the correct route. 1If this position
is located on the wrong route, positional information is
modified. As a result, determinations of the wrong road

(route) can be decreased, and the estimated position can
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[Fig. 5(a)] is an explanation drawi ng show ng concrete nodifying actions

in the buffering nodification section. [Fig. 5(b)] is a
characteristics table showi ng positional data before nodification (left

colum) and positional data after nodification (right colum). _ _
[Fig. 6(a)] is an explanation drawi ng show ng concrete nodi fying actions in

the buffering nodification section. [Fig. 6(b)] is a
characteristics table showi ng positional data before nodification (left

columm) and positional data after nodification (right colum).

Fig. 7] is apecexddanald r.au S ] road toll charging system
% Fi g 8} i s a%gonf ilgf};r%?t ?gnl%ea%;{g}rea%&\é\%%% %8%% o(r)@\}leshl Jéli‘% cr?ﬁE%FFle for
travel route déeteettan lechywichg to a conventional technol ogy. [Fig.

\ \ . - i ' in the

o et onal J0BEaET P e o i oA T LR SIS0
machine for travel route detection is designed to hold only
theroadinformation(positionalinformationalongtheroad,
therouteR,thenodeJ),andnottoholdinformationnecessary
onlyfornavigationaldisplay,suchastopography,buildings
or landmarks. Thus, the configuration simple in software
as well as hardware and decreased in data volume can be
realized, and cost reduction can be achieved.

Brief Description of the Drawings
[0030] [Fig. 1] is a configurational diagram showing an
on-vehicle machine for travel route detection according to
Embodiment 1 of the present invention.

[Fig. 2] is a block diagram showing a buffering
modification section used in the on-vehicle machine of
Embodiment 1.

[Fig. 3(a)] is an explanation drawing showing
concrete modifying actions in the buffering modification
section.

[Fig. 3(b)] is a characteristics table showing
positional data before modification (left column) and
positional data after modification (right column),

[Fig. 4(a)] is an explanation drawing showing
concrete modifying actions in the buffering modification
section.

[Fig. 4(b)] is a characteristics table showing
positional data before modification (left column) and
positional data after modification (right column).

[Fig. 5(a)] is an explanation drawing showing
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[0031] 100 On-vehicle machine 111 GPS receiver 112 Acceleration sensor 113
Vehi cl e speed sensor 114 Gyro 115 Position estimating section 116 Map
mat chi ng section 117 Storage section 118 Toll charging treatnment section

concrete modifying actions in the buffering modification
section.

[Fig. 5(b)] is a characteristics table showing
positional data before modification (left column) and
positional data after modification {right column).

[Fig. 6(a)] is an explanation drawing showing
concrete modifying actions in the buffering modification
section.

[Fig. 6(b)] is a characteristics table showing
positional data before modification (left column) and
positional data after modification (right column).

[Fig. 7] is an explanation drawing showing a GPS

- road toll charging system.

[Fig. 8] is a configurational diagram showing an
on-vehicle machine for travel route detection according to
a conventional technology.

[Fig. 9] is an explanation drawing showing a map
matching technique in the conventional technology.

Description of the Numerals
(0031] 100 oOn-vehicle machine

111 GPS receiver

112 Acceleration sensor

113 Vehicle speed sensor

114 Gyro

115 Position estimating section

116 Map matching section

117 Storage section

118 Toll charging treatment section

200 Buffering modification section

201 Memory
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' i fi [ [ I Ni function
Buf fering nodification section 201 Menory 211 Determ ning _
'Sg?tion 212 ?ncorporating function portion 213 Mdifying function portion
Best Mdde for Carrying Qut the Invention [0032] The best node for caLrylng
out the present invention will now be described in detail based on the

foll ow ng enbodi nment s:

211 Determining function portion

212 Incorporating function portion

213 Modifying function portion

Best Mode for Carrying Out the Invention
[0032] Thebestmodeforcarryingoutthepmesentinvention
will now be described in detail based on the following
embodiments:

Embodiment 1
[0033] Fig. 1 shows an on-vehicle machine 100 for travel
route detection according to Embodiment 1 of the present
invention. '

The on-vehicle machine 100 has a GPS receiver 111;
an acceleration sensor 112, a vehicle speed sensor 113, a
gyro 114, a position estimating section 115, a map matching
section116,astoragesection117,atollchargingtreatment
section 118, and a buffering modification section 200.
[{0034] The GPS receiver 111 receives a radio wave sent from
a GPS satellite via a GPS antenna (not shown), measures the
positionofeavehiclebasedthereon,andoutputspositional
information.

The acceleration sensor 112 detects acceleration
along the direction in which the vehicle is traveling, and
outputs an acceleration signal.

The vehicle speed sensor 113 detects the vehicle
speed of the vehicle, and outputs a vehicle speed signal.

The gyro 114, which is a direction sensor, detects
thedirectioninwhichthevehicleistraveling,andoutputs
a travel direction signal.

[0035] If position measurement by the GPS receiver 111 is

possible, the position estimating section 115 outputs
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Enbodi ment 1 [0033] Fig. 1 shows an on-vehicle machine 100 for travel route
detection according to Enbodinent 1 of the present invention. ‘ The
on-vehicle machine 100 has a GPS receiver 111, an accel eration sensor 112,
a vehicle speed sensor 113, a gyro 114, a position estimating section 115,
a map matching section 116, a storage section 117, a toll charging
treatnent section 118, and a buffering nodification section 200. [0034] The
GPS receiver 111 receives a radio wave sent froma GPS satellite via a GPS
antenna (not shown), measures the position of a vehicle based thereon, and

out puts positigRnak ibAkOr It jon, obtaln-gaewgl iR tﬁétf&ﬂe SRS 911 112

detects acceleration along the direction in e ve I'S travellng
and out puts arrSageésérigpited migtdlon X, Y. Thlsmlmhedlwos;:pe@dl gensor 113

detects the ng'%%?ﬁﬁgﬁﬁg %? éﬁgnéggggl and o 3E§ta vehi cl e speed
I C

signal. The gy FEEtTof° Fact s
{0036] If position measurement by the GPS receiver 111

becomes impossible, on the other hand, the position
estimating section 115 finds the position based on the
acceleration signal or the speed signal, and the travel
direction signal, and outputs the found position as an
estimated position X,Y.

That is, in order to allow the acceleration sensor
112 and the speed sensor 113 to function as distance sensors,
thedistancetraveledandthetraveldirectionare calculated
based on distance information obtained by integrating the
accelerationsignal twice, or distance information obtained
by integrating the speed signal once, and the travel
direction signal obtained from the travel direction signal.
Furthermore, arelativetravelingpositionis foundbyusing,
as a startingpoint, apositionatapoint in time immediately
before a point in time at which position measurement by the
GPS receiver 111 cannot be made any more, and the relative
traveling position is outputted as an estimated position
X,Y. This estimated position X,Y is outputted at every
preset constant cycle.
(0037] The storage section 117 has map data in storage.
As the map data, only road information is stored, and
information on buildings, tollbooths or the like is not
included. v

As the road information, a route R (R1l, R2, R3 .
Rn) set per road (1ink) inorder todistinguish the respective

roads, and a node J (J1, J2, J3 ... Jn) set per nodal point
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the direction in which the vehicle is traveling, and outputs a travel
direction signal. [0035] If position neasurenent by the GPS receiver 111
is possible, the position estimating section 115 outputs positional

i nformation, obtained by the GPS receiver 111, as an estimated position
X, Y. This estimated position X, Y is outputted at every preset constant
cycle. [0036] If position neasurenent by the GPS receiver 111 becones

i npossi ble, on the other hand, the position estimating section 115 finds
the position based on the acceleration signal or the speed signal, and the

travel directi e sicgral,, sasd MtpUtstbbgetomd positi ;20 estimated
position X Y. That is, in orderet o al'l ow trhgggcé(zjrrgtr’aﬁroﬁ sensor

112 and the spe¥d'fendvPrdantedisghogibah abediespantevsensalsoinie, di stance
travel ed and the frovel ¢iLagti l.cul at ed based, on di stance
“information obtained by I nt egrg?ﬁlgggﬁ%%&ggﬁ rlﬁtf%ﬂag?ﬁﬁﬁﬁoflweéé,h or

di stance i nforif®d-on obtai ned by integrating the speed signal once, and the
di rection signal.

travel directj i gngl__obtajned fromthe trave

Furt her nor e, Jkﬁgﬁjt?320¥r89§#i+ﬁu§ﬁﬁ§QQﬁ? PE FBanemy il e aechisearting
poi nt, a posi tlidenfat taapel folite défEct MBAE;RLEh Y b It e tinme at
whi ch position neasurenent by the GPS receiver 1ffg%gaﬁ%?tgghﬁﬁggganynnre,
and the rel at i%v8% FabkIGhag9pasi Y okem s fout Pt ttedraseant estd mareds posi t i on

X, Y. This estigmates RASkd @ & LalnS . eVver reset constant
cycl e. [0037]a The storage section ]?L%ﬁe%;&sggrg%oﬁ%&atteéﬁ% %tlé’l”aﬁgf"%% t he map
data, only rodd Fefprred iWoith e stormayigutd omnbleriaei orornbyi & déngs,

t ol | boot hs orﬁ%geﬁé}$%%£ n%% bgcluﬂﬁg” , As t he road infornat!on, a
route R (Rl, R2, TERIRN e PR LT A GerhrTef ntoirdd e8lyi Beathgui sh t he
respective roadsormadien nodeidi¢ddl ihZorddtion allbhgSEhe RYadNOHGLL POI Nt
R, node J), and not to hold information necessary only for
navigational display, such as topography, buildings or
landmarks. By so doing, a configuration simple in software
as well as hardware and decreased in data volume is achieved.
[0039] Themapmatchingsection116carriesoutmapnmtching
with the use of the estimated position X,Y and the road
information stored in the storage section 117. That is,
a position on the road, which is the closest to the position
indicated by the estimated position X,Y, is outputted as
amapmatched positionmX,mY. Themapmatched positionmX, mY
is outputted at every preset constant cycle.
[0040] ThebufferingnmdificationsectionZOOnm@ifiesthe
map matched position mX,mY, and outputs a modified position
cX,cY. The modified position cX,cY is outputted at évery
preset constant cycle.
Details of the modification treatment by the
bufferingmodification section 200 will be described later.
By making this modification, the route can be determined

accurately even after the vehicle passes an intersection
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(or node), such as an intersection, a branch point, or a corner, in order
to distinguish the respective nodal points, are stored, in addition to
positional information along each road. [0038] A |Iow cost is denanded of

t he on-vehicle machine 100 for travel route detection, which is applied to
the GPS road toll charging system for the purpose of use. Thus, a data
vol ume which can be held is limted to a | ow volune as conpared with a car
navi gation device. In this view, the on-vehicle nachine 100 is designed to
hold only road information (positional information along the road, route R
node J), and nat at rBatd pefeE mati on necessary only for navi gational

di spl ay, such as topography, buildings or |Iandmarks. By so doing, a
configuration[QPﬁﬁﬂeT%ﬁ EBX%v@h%¥Q¥§9w§F¢abBenﬁuaﬁm&d@namm8dﬁnnﬂﬁsed in data

volure s achigveda [RD3%a Pe R, B chi ng. sectfen 416, carries. ou

mat ching with the use of thé estrnaté&d position o1 10 8

i nformati on stopeterncyhéisablndeonetkiart fetingToal fisatdoR@sktign on the
road, which is,phe gse§%mgotthe ﬁgS%tion i ndi cated by the estimated
position X Y, “i's “out putt ed AstArdBHac tRERHEET (hent b ARarhes area.
napnatchedposhtimnﬁm%,wﬁkhiﬁmQH&%Mkﬂ@ddééaﬁwﬁﬁﬁoﬂr€§§tt&QW%B§9&i§%CIe-
[0040] The buffering nodification section 200 nodifies ﬁhe map” mat ched
position mX, APeRarndStPpltSarHo fredtpert SeotioX, t¥8 okt imsdilié ed

posi tion cX, CYikBaoid R t t cle.

Details of the nodifi ca%?ggetar%ﬁve?eﬁ?p%%st%%gs%g%og%enéxu %iffriO@aYl?eon section
200 will be dB38#¥rdpoatronByX neki per fhins arodl f chakyong tkbethomt € can be

determ ned ac I v fter the vehicle passes an intersection or a
branch point . ?H‘f%%@f}%e%hgqtoglll Cocrhélorréqeﬁigt‘? &bstoﬁ'e?‘r’hané’éc?‘f%‘f?lﬂ% rsAtts to
record the nourdnsul groshdiingy D€ o rné tdlshpidatied 2088 +af11 6§ AN O
cyclically frqglthe buffering nodification section 200 at a tinme when the

vehi cl e ent er$"tHE%DI9®¢Rargi ng area. At a time when the vehicle departs

fromthe toll [@hergi g avfdidhectieh! aghangh B t section 118
obtains the distance travele baséd oﬁ the tr J%#F?%ﬁﬁg%Fo§%d fromthe

modi fi edposi t1HHEioRalcyor pEeioimsthe bolfifechag gioty ficeatisensedwialcul ates a
oh o et o 3 B esd YRl Ol E T Lo AL

block diagram, and Figs. 3(a), 3(b) to 6(a), 6(b).

[0043] Thebufferingnmdificationsection200luu;anmmory

201 and a modifying portion 210.

ThemodifyingportionZlOhasanewroutedetermining
functionportionle,anincorporatingfunctionportionfor
incorporating a map matched position on an old route, and
a modifying function portion 213 for modifying the
incorporated map matched position on the old route.

The respective function portions 211, 212, 213 are
functional portions for computing and determining by
software. They are shown in Fig. 2 as a block diagram.
(0044] The respective function portions 211, 212, 213
incorporate the routes R (R1, R2, R3 ... Rn) and the
intersections or nodes J (J1, J2, J3 ... Jn) stored in the

storage section 117.
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[0042] The configuration and nodifying actions of functional portions in
the buffering nodification section 200 will be described by reference to
Fig. 2 as a functional block diagram and Figs. 3 (a) , 3 (b) to 6 (a) , 6
(b) . [0043) The buffering nodification section 200 has a menmory 201 and a
nmodi fyi ng portion 210. The nodifying portion 210 has a new route
determ ning function portion 211, an incorporating function portion for
incorporating a nap matched position on an old route, and a nodifying
function portion 213 for nodifying the incorporated map matched position on
the ol d route.[0045] The maﬁwﬁat@prbsyei&vm;in%yla%t:h@ﬂf o%:!:éut , 213 are
functional portions for conputing and determ ning by software. They are
shown in Fig. f3o8sthe piaR kel Admamsepbden] 13T‘§1R813 glssmmtlegne)ahdngt![ﬁn portions
211, 212, 213;i £ r.ut , e an e _
i ntersecti onslgggﬁ%ﬁgés@%&(lf{l{,% Jt%% ?gm&;§R%% stored in the storage section
117. [0045] The nafhewesiey Ashds aprexemhempelyicalalcy tout put teds from t he
ted and incorporated into the nenory 201.

. . e . .
'rltﬁg g%?;ngofigﬁa@)goéf elstle a%%&‘ry’%ﬁﬁgé‘}aﬁ?. SAPAHits oReforyY 20hich f data on
the map mat chegde@asd thab nBhJBY cap Gt vEXCeeds 1L Ning IRERN Ve 1ARRGLdY, 1S

newmy inputted, the oldest data on the map matched position mX is

erased, and tfREHEN YhEnPER et decaPrenl then wip Ml e exthgeoki BhortheX, ni i s

stored. newly inputted data on the map matched position mX,mY is
stored.

[0046] Thenewroutedetermining functionportion211 checks
themapmatchedpositionsmX,mY(e.g.,(le,mYl),(mX2,mY2),
(mX3,m¥3), (mX4,mY4), (mX5,mY5) .-.), which are inputted
one after another into the buffering modification section
200, against the routes R (R1l, R2, R3 ... Rn) of the map
data (road information) stored in the storage section 117,
thereby determining whether the vehicle has entered a new
route.

Concretely, assume that a plurality of the map
matched positions mX,mY, which are old in terms of time
relative to the map matched position mX,mY inputted most
lately, were located on a certain identical route (this is
called “old route”), but the newest map matched position
mX,mY is located on a route different from the old route.
In this case, the new route determining function portion
211 judges this different route to be a new route, and makes
a judgment that the vehicle has entered the new route.
[0047] When the new route determining function portion 211
judges that the vehicle has entered the new route, the
incorporating function portion 212 incorporates the

plurality of map matched positions mX,mY on the old route,
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[ 0046] The new route determ ning functionportion 211 checks

t hemapmat chedposi tionsnX, my (e.g., (nX1, n¥l), (nmX2,n¥2), (nX3, mv3), )
(nMX4, mv4), (nX5,ny5) ...), which are inputted one after another into the
buffering nodification section 200, against the routes R (Rl, R2, R3 Rn) of
the map data (road information) stored in the storage section 117, thereby
determ ni ng whet her the vehicle has entered a new route.

Concretely, assune that a plurality of the map mat ched positions nX, ny,
which are old in terns of tine relative to the map matched position nX, myY

. inputted nost lately, were located on a certain identical route (this is
called "old route"), but the newest map matched position mX, n¥Y is | ocated

on a route different fromthe old royte.. In_this e, .the W route
det er ni ni ng f un@t4 éﬁ“ﬁ%r"trqeﬂht?ﬁhﬁ ﬁ‘aéégy’t igu‘&‘f%o(eé?éorft\tlrogu%{eﬁto be a new
route, and makegogugjudgeenédifydhgt hevotebn gierthas 2% eakes tinethew rout e.

[ 0047] When the new_route determni function, p I Ludges that the
vehicl e has entRFEFLERE Gtk Sﬁngeélﬁgs%tnlcogrspng(r’é@ir%%%Bﬁﬁ%j%ll !(C)n portion 212

i ncor por at es t heerd irahithe ahcoripmmtohetnpbsen ippasieK 292, obharhe ol d route,
and sends themto, the modi fying functio Ltio . [ 0048l The nodi fying
function porti off éeﬁg’%@ ‘i ﬁnghoeu ﬁluu?a'%]i"{%%lo?e%é;%%%% gg'%)%'si tions mX, n¥
on the ol d rout ppeent Theonetihe pAcordidlastivg fianes ifodleesti on 212, then

modifies them and outlr))utﬁleamoréggiyirilgeguﬁr%gj?h%g%%%ﬁ szYde%n%%nJhe met hod of

nodi fication is as follows: yi'ng function portion 213
deens the new rguite to shewthderoecectouteut BhatHa, Fhe moddfvi fyi ng

function portiop 213 deens. t epy L et 6d AlcaReRQsd tion

i ndi cated by th‘gur}ﬁjetl Is’tpc’%ﬁagra 1gh€%m\éom§% fe“%n r%X,GmY on gcﬁeenew route

2) Then, the noalpbyithgnfinddcsiord jpoths mavept dap mhbehedResifdoR AW of
arrangenent of r.o hown by the road i nformation, and determ nes
whet her the ol d&PgﬁlteeHée‘gisrg'ltagébet ween the new route and the route where the
map matched position @X, riiesl ddwe nadifging fectirpdorhitr thd *AEfF St ched

posi tion mX, my \%Q%Eegteg:ré bR 0l gRLAL 8¢i nd 26aL&H R( Ehbwn boUfR i s cal | ed
"old old route") . If thé old route is present between the old old

route and the ressdinfesnatlqredsddesarnnesvberrcthanld roREe 6t Yute is the

correct route_ porween the hel NRuekhdOULS rbStOhepE aSeNbahabveeri t he ol d ol d
route and the new route, an the other hang, a d%taer%nati on, is fde that
the ol d route iROFHFEOWBGY hseg in terms of time fhan, the RARMASFHRS ¢ inct i on
portion 213 detgsdiicaes dh)aly Loeat@ladok aiteold rbhige cer Lecdtatoytiels i t does not
change the positional data on“thqej plur altit,,x of map mat ched positions nX, my
on the ol d rout¥vHuts; FR4ERd. °V t‘%&t EO%%lFurality of nodified positions
cX, cY (c.X=rnX, cY=nf tHeosel pasictisomaisedabateesn tireobankd aguthose of the

plurality of nagndn%gé:ggvgroute, a determination is made that the old route
is the correct route.

If the old route is not present between the old old
route and the new route, on the other hand, a determination
is made that the old route is the wrong route.

3) Ifthemodifying functionportion2lldetermines
that the old route is the correct route, it does not change
the positional dataonthe pluralityofmap matched positions
mX,mY on the old route, but instead, outputs a plurality
ofmodifiedpositionscX,cY (cX=mX, cY=mY) whose positional

data are the same as those of the plurality of map matched
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posi tions mX, ni. I f the nodifying function portion 213 determ nes
‘that .the old route is the wong route, it changes the positional data on
the plurality of map matched positions nX,n¥ on the old route to positional
‘data on the node J on the entrance side of the new route, and outputs

inmodi fied positions cX cY whose positional data have been changed to the
‘position of the node Jon the entrance side of the new route. [0050]
‘Concrete nodi fying actions in the buffering nodification section 120 wll
*be described using concrete exanples of the map matched position nX, m¥ and
-the map data (route data R). [0051] In the exanple of Fig. 3(a), the newest
map mat ched position nX5, nmY5 is |ocated on the route R3, a plurality of the
“map mat ched positians 2), (mX3,nY3) and (mMX4,nY4) old in terms of
‘time are | ocat e8°%‘ﬁ:ﬁ°ﬁ%q§%3‘qzoute R2, and the map matched position

(X1, mvl) is |located af the reiddfeint fonteidd pofOUBPR1SI deternhzemewest nmap
mat.ched positio my5, | s |l pocated,on th e | i ifferent from
the old route Rg},'gr{(%gen Jvé ﬁ?ﬂ?% J‘c?egg?n‘l”wn ggrgunec't ﬁgn%ﬂ ISO?]h 11 judges the
‘route R3 to be posieionalitdetaandtheigdesalitat of mepvitiched feasteonsered t he new

‘route. [0053] n.Jhe. new.r d [T DI f i HROL & 4 1 judges
“that the vehi cl\/\@?ﬁrglso%ﬁ?‘er%ldpgégtengéveprogh?% ,H?ﬁée o|9nntcor poreg’?icﬁé function
“portion 212 i ncopenatase hidglafr she npwofoutsp amd chisHuppFeELBed (X2, niv2) ,

(X3, m¥3), and c%%ﬁ.gyg)cglé?fv\ggﬁg? %gsimngllddartg%ﬁle@eer{ praﬁx%]edﬁonce the old

route R2 i s not™ presen
the position of the node J on the entrance side of the new

route,

[0050] Concrete modifying actions in the buffering
modification section 120 will be described using concrete
examples of the map matched position mX, mY and the map data
(route data R).

[0051] In the examplev of Fig. 3(a), the newest map matched
position mX5,mY5 is located on the route R3, a plurality
of the map matched positions (mX2,mY2), (mX3,mY3) and -
(mX4,m¥4) old in terms of time are located on the old route
R2, and the map matched position (le,mYl) is located on
the old old route Rl. ]

[0052] Since the newest map matched position mX5,mY5 is
located on the route R3 which is different from the old route
R2, the new route determining function portion 211 judges
the route R3 to be a new route, and judges that the vehicle
has entered the new route. A '
[0053] When the new route determining function portion 211
judges that the vehicle has entered the new route R3, the
incorporating function portion 212 incorporates the
plurality of map matched positions (mxX2,mY2), (mX3,my3),
and (mX4,mY4) located on the old route R2.

[0054] Since the old route R2 is not present between the
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old old route R1L and the new route R3, the nodifying function portion 213
determnes that the old route R2 is the wong route. Further, the .
nodi fyi ng function portion 213 changes the positional data on the plurality
of mapmatched positions (nX2 nmy2) , (mX3,mv¥3) , and (X4, mv4) | ocated on
the old route R2 to positional data (J1)t,J1Y) on the node J1 on the
entrance side of the newroute R3, and outputs three nodified positions cX,
cY whose positional data have becone the changed positional data (.71X,
J1Y) . [0055] After all, the nodifying function portion213 outputs the
nmodi fi ed positions cX cY whose positional data have becone the positional
data (J1X, J1Y) on the node 31 on the entrance side of the new route R3

deened to be the correct route, instead of _th . t ched
positions (nX2, S’M rf’ﬁ%%?ﬁﬁ%? t%leélﬁﬁ r("r%?&lR?rVE?gﬁ'%gﬁ eé‘tggfﬁmt ]gor{/\T/raong ol d
route R2. In thpsrtiman2l3 detenmeesstiddt ehanoldt raorteoR?2 tilsetheoureng s

prevent ed. Fig. SW shows the positional data before nodification
(left col um) ahd e positional data after nodification (right- columm)

(00563 I n 'the exanpl e RufrtReg, t¥g apdiiviing fmewesin pakivat2d Aedapasd tion

posi t1ons. (i XAy ot bR b 1Ay Btk isb haPind iR TR CO2C e
are |l ocated on ti2,ole) r duX® r¥B2, aaddmkhentfdplorateded thoold kowtq nal | enyll)

is located on :T%{z%gl §I s:ﬁli%n%?é%@a'?%%%, J1[Y9Qa%@lgf?o\'%%%ltﬁ%h%%}@ﬂné@p mat ched

posi tion nX15, ocated on 't route ichis ferent fromthe
ol d route R12, #ive ofevhemanmoudetRdr rhdonEpiiatditiesmogdfigdnes2Eiono

eX,cY whose positional data have become the changed
positional data (J1X,JlY).

[(0056] Afterall, themodifying functionportion2l3outputs
the modified positions c¢X,cY whose positional data have
become the positional data (J1X,J1Y) on the node J1 on the
entrance side of the new route R3 deemed to be the correct
route, instead of the data on the map matched positions
(mX2,myY2), (mX3,mY3), and (mX4,mY4) located on the wrong
old route R2. In this manner, erroneous determination of
the route is preventea.

Fig. 3(b) shows the positional data before
modification {(left column) and the positional data after
modification (right column).

[0056] 1In the example of Fig. 4(a), the newest map matched
position mX15,mY15 is located on the route R13, a plurality
of the map matched positions (mx12,my12), (mX13,mY13) and
(m¥14,mY14) old in terms of time are located on the old route
R12, and the map matched position (lel,in'I) is located
on the old old route R1l. _
[0057]1 Since the newest map matched pqsition mX15,m¥15 is
located on the route R13 which is different from the old

route R12, the new route determining function portion 211
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j j hi cl e has

dges the route R13 to be anew route, and judges that the ve _
Lﬁtgred the new route. [0058] Wen the new route determ ning functlﬁn
portion 211 judges that the vehicle has ente{ed Eﬂe n?“ﬂé??is R13, the
i ncorporating function portion 212 incorporates e plu _
of mapnmat chedposi tions (nX12, my12), (nX13,nvl3), and (nX14, nY14) Loggtﬁgegn
the old route R12. [0059] Since the old route R12 is not.present. nee
the ol dol drouteR11 andt henew oute R13, thenodifying function por IOE he
determ nes that the oId_rout;@R;égls ttﬁﬂﬁﬁong_[?ute. 2 thrglﬁiélity
modi fyi ng fungtdees pokt +ont L k3 schanges rBOsLt iy #u
of mapmat chedposj tions (nX12, n¥12), (nX13, nY13), ang1a ngg%’§§T§?|T%ﬁazﬁg on
the ol d rout eVEI1® osiantemer gheaned 1MoatEL1Y) ﬁn thﬁngﬁfsed ogitions
o, v whose. pooy 1 ooy asra e Eoee A PHARhE yBa S poRiR oriar Gt a
cX, cY whose positional data have becone the ( ! .
(J11X,J11Y). J{dw80FhALtEralviehithermd by agédnsd aap%uw&léwr@?t,t Zl
nodi fi ed posi CXTQY ose §03|t|onal d%ﬁa_have becone t he posi |onR13
dat a (JllX,Jl}ll%) n the 'Hod8"5i O%np?%%h@rggégcgraér@te@ Hehnew {gﬁteg _
deened to be pheraidriyest mi®ubechedpbeadi Ofs (g 8¢ n Qe fap,
positions (mX12, n¥1l2), (nmX13, nv¥1l3), and (nxi4,nﬂi&??€%cgﬁgdy§n:& f wrong
ol d route R1Z"Y n"¥ids midAhet ocbedrasoidedetidr mbnaei B2 of the route is

{ iti di fication
revent ed. thed _ itiopal data pefore no
?Ieft coIunn)“gﬁg]tEEQE§E$?%6%Q?@EE%EQQ$?§P ﬁ%gﬁFF¥§?VbﬁeFV?%%ﬁijlunn).
[0061] |n thelskaktht eutof RF gnd Shapnewtdon te@uess tt Heb dBtyehebrunct ion
portion 213 determines that the old route R12 is the wrong

route.
Further,thenwdifyingfunctionportion213changes
thepositionaldataonthepluralityofmapmatchedpositions
(mX12,mYy12), (mX13,mY13), and (mX14,mY14) located on the
0ld route R12 to positional data (J11X,J11Y) on the node
J11 on the entrance side of the new route R13, and outputs
three modified positions cX,cY whose positional data have
become the changed positional data (J11X, J11Y) .
[0060] Afterall,themodifyingfunctionportion213outputs
the modified positions c¢X,cY whose positional data have
become the positional data (J11X,J11Y) on the node J11 on
theentrancesideofthenewrouteR13deemedtobethecorrect
route, instead of the data on the map matched positions
(mX12,mY12), (mX13,mY13), and (mX14,mY14) located on the
wrong old route R12. 1In this manner, erroneous
determination of the route is prevented.
' Fig. 4(b) shows the positional data before
modification (left column) and the positional data after
modification (right column).

[0061] In the example of Fig. 5(a), the newest map matched

25



_position mX25, ml25 is |ocated on the route R23, a plurality of the map

i mat ched positions (nX22, ml22) , (raxX23, n¥23) and (mX24, ny24) old in terns
:of time are located on the old route R22, and the map matched position

- (TaX21,nY¥21) is located on the old old route R21. [0062] Since the newest
; map mat ched position mX25,mMY25 is |ocated on the route R23 which is
idifferent fromthe old route R22, the new route determ ning function
“portion 211 judges the route R23 to be a new route, and judges that the

. vehicle has entered the new route. (0063] Wen the new route determ ning
function portion 211 judges that the vehicle has entered the new route R23,
the incorporating function portion 212 incorporates the plurality of map

- mat ched positiaqns..(p , railj&@ 24, . ,ocated on

~the old route @.;g%&%@zﬁc% F%%a%oel r%)l?ﬁ g%%ﬁ% %g?%%@elgggt bet ween
the ol d ol d routfetRe haprmuktiched Wik bene (REZR, mYRe) nodk? §iHE3) (¢t i on portion

213 det erm nes {er}]é;; &Pﬂagﬁlﬂ iﬁgéﬁtiﬁe 5@@%3\59&9{ P Eo1d route Furt her,

t he nodi fyi ng functfon 1 on anges the positional data on th
plurality of me#fataibdhponin MehchgdRRL ki YmXL X3 hidE3focatadd -
(mX24, mv24) | ocat o) o] odbe R22 to positional data (J21X, J21Y) on
the node J21 on %gee%&r gggell%f%eﬂo? the new route R23, resgeqti vely, and
out puts three niddi6Ri e@inesithe meyesXmap maksbed POSsTHToR%ES dXE2 Wfave becone

the changed poaio%%gggh%ng%é ;(o?a%é&ﬂ?fla)(}égxk 0063} rAfdeBl Bbdm thée1@0di fying

functionportion uts the nodifi positions cX cY whose positional
' data have becomuthei2Zesthe oad| rapseLetezminy fy)ctden PRFYHEAEL1721 on the

~entrance side ajf Juddl @ 183 rdeL el ARt be hhejeeeEatht yneut e, instead
- of the data on%tuﬁggﬁn}glg#atched ositions (n1>(12:2?r?i{22 L,@%( mx23, mL23), and

L (MX24, my24) | ovghéalerhashenty tHE PP FCEER22. I n this manner, erroneous

determ nation O(foo%?? WRAY €hé BeRBMEOUBHermining functidh pSriioh 23hows t he
positional data before nodification (left col urmé and t he gosi tional data
after nodificativgaes thghitheorehante hF0BBRI*aht i BeRERREE &261 Fg. 6(a), the
newest nmap nmat GhedrPOsitingnriReti oRYsoriionl oratiedospotdi@st o e R33, the map

e are’ | ocat GHUGH TR AP HARERBILE LRP (A2 NRIy it (Han G (o

(MX31, my51) i s amacadoerh,me2i heladatteal sh bt €1dRIbute R22.
[0064] Since the old route R22 is not present between the
oldold route R21 and the new route R23, themodifying function
portion 213 determines that the old route R22 is the wrong
route,

Further, the modifying function portion 213 changes

the positional data on the plurality of mapmatchedpositions
(mX22,mY22), (mX23,mY23), and (mX24,mY24) located on the
old route R22 to pesitional data (J21X,J21Y) on the node
J21 on the entrance side of the new route R23, respectively,
and outputs three modified positions cX,cY whose positional
data have become the changed positional data (J21X,J21Y).
[0065] Afterall, themodifyingfunctionportion2l3outputs
the modified positions cX,cY whose positional data have
become the positional data (J21X,J21Y) on the node J21 on

the entrance side of the new route R23 deemed tobe the correct



[ 0067] Since the newest map matched position mX35, my35 is |ocated on the
route R33 which is different fromthe old route R32, the new route .
determ ning function portion 211 judges the route R33 to be a new route,
and judges that the vehicle has entered the new route. [0068] Wen the new
route determning function portion 211 judges that the vehicle has entered
the new route R33, the incorporating function portion 212 incorporates the
plurality of map matchedpositions (m X32, mv32) , (mX33,n¥y33) , and

(mX34, my34) |ocated on the old route R32. [0069] Since the old route R32 is
present between the old old route R31 and the new route R33, the nodifying
function portion 213 determnes that the old route R32 is the correct

route. Furt her, the i fying function portion 213 does not change
t he positional Ha‘ftae'or’rnfﬁ%adpl°glr)§?? t‘{?tgf"‘?ra errﬁ?%,ﬁ‘ba&cb%%ﬁ"u%ﬁ%"’tsrrx32, m32),
(MX33, MY33) , anex42,iR634, Mil43, my230¢aired (M4 he2¢) docatéd oR32e but

i nstead, outputs the dified Egsigio S, cX.cY whose gositional dat a have
become these untRIHGEAPEITE BAal &%t HS FEDYY) AFFRISR®™ , t henodi f yi ng
functi onporti ond@dsminepids ofhehemnabutie etk posveniss cX, cY whose positional
dat a have becone the me itional _.data_on th hed positions
(nmX32, my32) , (mx33, rr%g?) ?@n&hfﬁ%@i‘ﬁeﬁgﬁ)p’]%@;%& aoﬁ%%ﬁ%e correct old
route R32. modifilkhagio® (Lbft hawsn} Fadpos: poehziordat datzeh b

nodi fication (left, colum nd, 1t he .positional data after nodification
(right col um) @oéﬂgfﬁgéméQ%ﬁﬁPéfx?%gﬁLbsitional data before and after
nmodi fi cation ar ¢0tdd Smnehe EREELS dfhFide 6paesbhe newbsidmapmatclxsi descri bed
above, the erroncous defermoati on 8L, L0P 0Bs (iRbohss, Wb Gl S apt to
occur after pas%age S AW 'Rt érsection or a branch point’, 1's prevented, and
the route wher emétuhedgivisdktons 2edY22n b&33co¥ddt d (Wedemhidled. (0072)
Furthernore, th 1A 39665 k 7 I in 00 for
travel route de g%%?on, ﬁﬁ?ﬁ%&ﬁga%%pc?%ﬁgggxfﬁgyéggq%gg torlﬁg%arging
system is designedap ahohed oabiticsa i3, ot bt Lenlocpbet PRJTHEl ©4hf or mati on
al ong the road, ;{oUt.8cR g0de J) , and not to hold infornation necessary

only for naviga?%onal di spl ay, such as topography, buildinas or | andmarks.

Thus, the confi §eR&Hi GHnNSE heenguess gRPAEhEE Rest o) "KaF dWaPe sand
decreased in daj g MRLUSE haNrHfed R8LIERN B Giieestadiedust ithe ¢an be

achi eved. . : .
route R32, the new route determining function portion 211
judges the route R33 to be a new route, and judges that the
vehicle has entered the new route.

[0068] When the new route determining function portion 211
judges that the vehicle has entered the new route R33, the
. incorporating function portion 212 incorporates the

plurality of mapmatchedpositions (mX32,mY32), (mX33,my33),
and (mX34,mY34) located on the old route R32.
[0069] Since the old route R32 is present between the old
old route R31 and the new route R33, the modifying function
portion 213 determines that the old route R32 is the correct
route. ' '

Further, the modifying function portion 213 does
not change the positional data ontheplurality of mapmatched

positions (mX32,mY32), (mX33,mY33), and (mX34,mY34)
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Enbodi nent 2 (0073) I n Enbodi mrent 1 described above, if a plurality of the
‘map matched positions nX, mY, which were old in terns of tine relative to
the map matched position mX, m¥Y inputted nost lately, were |ocated on a
certain identical route (this is called "old route"), but the newest nmap
mat ched position mX,n¥Y is |ocated on a route different fromthe old route,
‘the new route determining function portion 211 of the buffering

nodi fication section 200 judges this different route to be a new route, and
judges that the vehicle has entered the new route. [0074] In Enbodi nent 2,
t he above nethod of determnation is replaced by the followng nethod: If a
plurality of the map matched positions mX, myY, which were old in terns of
time relative t t i LEHN , on ircatly i mmedi ately
before the map ?r%%{ﬁ%gg&gotgﬁ ?gﬁdr%l(&%w&?%ptﬂ%egyﬁé?'lg%%mﬁ %Nere | ocat ed on
“a certain i denthedifieduositionscX clcuidsedrogitdopalidaty hapgbees®® newest map
mat ched posi ti op, % XA NEoSBR oRBE Cied, posi tion X, n¥ chronol ogi cal 'y
~imedi ately before the newest nmap nmatched position nX, ny are | ocated on an
i dentical rout el¥1TeAdker atbnheoddEdirdinct LoRROFEW 238 LRt %er mi ni ng
function portiom2lbal BAGESobDE Sorfl bk eEERhokRULEs ilt@uhEl JaREVRIWRUt €, and
judges that the vehicle has entered the new route. [0075] In the

" above- ment i onedeeRpEdhe JanePoeAtEoRHeta A et RBRRBH- ReAFTEdt pIS ti ons

mX, mY, i€, tNEueWREs2 0NemREY di8) NRKL ARYESYINE Lodkeed Gaaid on the
sane route different fromthe old route, this different route is judged to
be a new rout e, c¥@ch PliFeehe ¥ -made that the vehicle has entered the new

route. Thus, the accuiagy &fp)] YHGNE RheOboLitiloMal N at Becdk@w route inproves.
[0076] The configuration, actions_and functions of other portions are the

‘ same as t hose iTPHEABSHFIREN{L1ft column) and the positional data after
modification (right column). In this example, the

positional data before and after modification are the same..
[0071] In the present embodiment, as described above, the
erroneous determination of the road (route), which is apt
to occur after passage of an intersection or a branch point,
is prevented, and the route where the vehicle traveled can
be accurately determined.
(00721 Furthermore, the storage section 117 eof the
on-vehicle machine 100 for travel route detection, which
is applied to the GPS road toll chaxging §ystem, is designed
to hold only road information (positional information along
the road, route R, node J), and not to hold information
necessgaryonly fornavigational display, such as topography,
buildings or landmarks. Thus, the configuration simple in
software as well as hardware and decreased in data volume
can be réalized, and cost reduction can be achieved.
Embodiment 2
{0073] In Embodiment 1 described above, if a plurality of
the map matched positions mX,mY, which were old in terms

of time relative to the map matched position mX, mY inputted
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Caims [11An on-vehicle machine for travel route detection, conprising:

a GPS receiver which receives radio waves sent from GPS satellites, nakes
position neasurenent based thereon, and outputs positional information;
traveling distance detecting nmeans for outputting traveling distance

information indicating a distance traveled by a vehicle; _ traveling
direction detecting means for outputting traveling direction information
indicating a traveling direction of the vehicle; a position

estimating section which, if the position neasurenent dcgn bﬁ nmade {oy thle

GPS recei ver, me%eligalilky POt d A, i t.e the positiona

i nfor mati on Oth%put tagg}lby tvﬁgeodggsé? ece?vgr ,qucglanr&d%eg_[atlln%tle%o%@s(. Bh (X, V),

but if the poditianaredsid ewente”sammdt tive nardet mapt heer BRG pesetyven, finds a
t he traveling distance

travel i ng positi of .the,.vehicle based, o

i nf or mat ?oﬁ a&rﬁ%’gﬂel? rlé)\?élltieﬁgoﬂiar §8P|‘§“Snd}_l et FHAR Hifd odgicF P4 y out put s
the found positheonedsrauntesidvingdiRGSEin&E dnXp¥rition 211 of SiHrage
section having road information in storage, the road information including
posi tional i n%ﬁ%ﬁﬂ% mddiid crsaas, sertigu 0P Rjudgas pad srdhbfererdr der to

di stinguish r tdy a ang-&a nades(d Rerintersection, branch
poi nt, gor corﬁif)@%fﬁ t %gr (raoggvﬁq é gl %‘gp%%’%ﬁ:}h#né:hsee%%:bﬁf phrafgcycl ically
out putting a PRSPEeDrihen newe nowad, which is closest to the position

i ndi cated by 1{5'@’749]St kﬁr%%dqgl%ln i?,n th(’ abYc}\ie %gtgogaf gg%gpn?jfjnation

' is replaced by the following method: If a plurality of the
map matched positions mX,mY, which were old in terms of time
relative to the map matched position mX, my chronologically
immediatelybeforethenmpnmtchedpositionnM,mYinputted
most lately, were located on a certain identical route (this
is called “old route”), but the newest map matched position
nX,mY and the map matched position mX,mY chronologically
immediately before the newest map matched position m¥X,mY
are located on an identical route different from the old
route,thenewroutedeterminingfunctionportionlejudges
this different route to be a new route, and judges that the
vehicle has entered the new route.
[0075] In the above-mentioned manner, in a case where the
two map matched positions mX,mY, i.e., the newest one and
the next newest one, are located on the same route different
from the old route, this different route is judged to be
a new route, and a judgment is made that the vehicle has
entered the new route. Thus, the accuracy of judgment of
entry into the new route improves.
[0076] The configuration, actions and functions of other

portions are the same as those in Embodiment 1.
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position (mX, my) by use . of the estimated position (X Y) and the road

i nformation; and a buffering nodification section for cyclically
outputting a nodified position (cX, cY), obtained by nodification of the map
mat ched position (nX, nY), by use of the map mat chedposition (mX, n¥) and the

road i nformation, wherein the buffering nodification section has a
storage portion for storing the map matched positions (nX, nY) inputted one
after another fromthe nmap nmat chi ng section; if a plurality of the

map mat ched positions (nmX, nY), which are old in ternms of tine relative to
the map matched position (nmX n¥) inpu¢igd,drost |ately, were | ocated on an
old route being a certain identical route, but the newest

mapmat chedposition (nX, nmY) is |ocated on a route di fferent fromntheol droute,

t hebuf f eri ngnodiyf i catal,08,,Se&H | g dif eret route to be a new

route, and judges that the ve Jma%ggg%n @r e&atvﬁ ergl#g‘:tlon' when
t he bufferingardicistagi on sectl on judges that the veh| cle has entered the
new route, the bufferi nmodi ficati section incorporates the plurality of

map mat ched positiond FIivT Xﬁrt“ﬂ‘écgl FTONSS FROM VRESS (S gET PRIt i on;

referring to &Ppstadtelafitas!, arﬂ@@é@@bs@i:169%&&1%%&%%@5@%15’%@ ‘E%?Q ll?y the road
information, the buffering nodification section determ nes ether the ol d

route is presé‘ﬁfj BRERMEeh RIFe tieRatodipEonmalt sam ol d oI d route which is a
route where the nmap A ( I nter of time than
E?E@Q?ﬁ%é)%sttaﬁee @3%4@@ n%e S n nfgu\”bjc‘bgl ed. and

the map mat ched position ( Focated on t rout8
if the old rotitavekinr elieritance information indicating a distance

traveled by a vehicle;

traveling direction detecting means for cutputting
traveling direction information indicating a traveling
direction of the vehicle;

apositionestimatingseqtionwhich,iftheposition
measurement can be made by the GPS receiver, cyclically
outputs a position, indicated by the positional information
outputtedbytheGPSreceiver,asanestimatedposition(X,Y),
but if the position measurement cannot be made by the GPS
receiver, finds a traveling position of the vehicle based
on the traveling distance information and the traveling
direction information, and cyclically outputs the found
position as an estimated position (X,Y);

astoragesectionhavingroadinformationinstorage,
theroadinformationincludingpositionalinformationalong
roads, a route (R) set per road in order to distinguish
respectiveroads,andjanode(J)setperintersection,branch
point, or corner of the road;

a map matching section for cyclically outputting
a position on the road, which is closest to the position

indicated by the estimated position (X,Y), as a map matched

30



between the old old route and the new route, the buffering nDd!flgatlon
section determnes that the old route is a correct route, but if the old
route is not present between the old old route and the new route, the

buf fering nodification section determnes that the old route is a wong
route; when the buffering nodification section determines that the
old route is the correct route, the buffering nodification section does not
change positional data on the plurality of map matched positions (nX n¥) on
the old route, but instead, outputs a plurality of the nodified positions

f
CX, cY) whose geedicibanaix,dat)an 'h@e'&ie@hbc@s!tl\ﬁ‘fattlédt theyplynality o
gap n;%ched posi tions (mX, nw)'ﬁan Ig@%e‘ﬁerlng nnglflcatlon
section deterﬁﬁﬁe§°ﬁﬁa%nf?%ﬂ%ﬂkPW«nﬂﬂ@ i's the wwong route, the buffering

modi fication section c@§998§15ﬁ #%?% nal, dat %PP|%§glgﬂg{ ity of map

mat ched positions (X nv) e to po Y% he node
(J) on an ent cagpetside @ﬁdemfnadebemtéonandxﬁnﬂxunébﬁAB%e@Dgyf|ed

ositions (cX 0Sit onal data have been changed to the position
gn t he nod(e &) %g)lfw{;%?lmﬁt rfarlf & UPRJYrChatk PREW 1801 é‘“g'[“@{[)Anbdnu@@hl cle
machi ne for toawdle naphet @eseés Dot 0D Y K the road infdridpib§Cel ver
whi ch receives radi o waves sent from GPS satellites, nakes position

measur ement based t h&P88R1%and outputs positi onal |nfornat|on
the buffering modification section has a storage

portion for storing the map matched positions (mX,mY)
inputted one after another from the map matching section;

if a plurality of the map matched positions (mX,mY),
which are old in terms of time relative to the map matched
position (mX,mY) inputted most lately, were located on an
old route being a certain identical route, but the newest
map matched position (mX,mY) is located on a route different
fromtheoldroute, thebufferingmodification section judges
this different route to be a new route, and judges that the
vehicle has entered the new route;

when the bufferingmodification section judges that
the vehicle has entered the new route, the buffering
modification section incorporates the plurality of map
matched positions (mX,mY) on the old route from the storage
portion;

referring to a state of arrangement of the routes
(R) indicated by the road information, the buffering
modification section determines whether the old route is
present between the new route and an old old route which
is a route where the map matched position (mX,mY) older in
terms of time than the map matched position (mX, mY) located

on the old route is located, and if the old route is present
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traveling distance detecting nmeans for outputting traveling distance

information indicating a distance travel ed by a vehicle; travel ing
direction detecting nmeans for outputting traveling direction information
indicating a traveling direction of the vehicle; a position

estimating section which, if the position nmeasurenent can be made by the
GPS receiver, cyclically outputs a position, indicated by the positional
information outputted by the GPS receiver, as an estinmatedposit ion (X Y)
, but if the position neasurenent cannot be made by the GPS receiver, finds

a traveling pasitiicen ©fe the Mf&lir%&ebéﬁsda}%“nwer&{tae",e%Qgﬁ{fé ghce

information and the traveling direction infornmation, ‘a ¢alfy out puts
the found posifPFdhigatian ese¢hrredigiegintines (Kat)the old route is a

ast or agesect i Qahay| Qﬁgg n i,oni nstorage,,the road information

i ncl udi ng positi ongP%l n or’rr%?‘%g% é:?’gn%f‘?ora? e L M6t BreRpns &etyernr oad in
order to distithgubdhh obdpesite/andats neandog&odad ‘Buﬁ%tripxgr

i ntersection, Q int, or corner of the road, map nat chi ng

r.apch_ po , (
section for ci/ncfj%gjaﬁtgl%?ﬁﬁf%?rh@eéeﬁ%%ﬁl?i bhabhheled dsade ihaelong cl osest
to the positiesutadi cated by the estimated position (X, Y), as a nap matched
position (nX, nY) by use of the estimted position (X, Y) and the road
i nf ormation; and when thephyf£ei g modificationssetiovnictermeyssical ly

outputting a pRgfi it .cX. ¢Y), obtained by nodification of the map
mat ched position (ﬂrrlféjr?%(a,s ggfc&%sg%oFﬁ?hgoﬁﬁ%c Edp&EetL PBALERMIGNY) and t he
road i nfor mathewl fideerieimsection dobbamdwiEh£iddgosDEL bhg&RWLRR 2EHd ON has a

i er ot ner TSR RS aAS A SR R, B2 m on ehe s1d Louce, ¢ "
but instead, outputs a plurality of the modified positions
(cX,cY) whose positional data are identical with those of
the plurality of map matched positions (mX,mY); and

when the buffering modification section determines
that the old route is the wrong route, the buffering
modification section changes the positional data on the
plurality of map matched positions (mX,mY) on the old route
to positional data on the node (J) on an entrance side of
the new route, and outputs the modified positions (cX,cY)
whose positional data have been changed to the position on

the node (J) on the entrance side of the new route.

[2] _ An on-vehicle machine for travel route detection,
comprising:

a GPS receiver which receives radio waves sent from
GPS satellites, makes position measurement based thereon,
and outputs positional information:

traveling distance detecting means for outputting
traveling distance information indicating a distance

traveled by a vehicle;
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if aplurality of the map matched positions (mX nY), which are old in terns
of tinme relative to the map matched position (mX, n¥) chronologically

i mredi ately before the map matched position (mX, nmY) inputted nost |ately,
were |l ocated on an old route being a certain identical route, but the
newest map mat ched position (nX, nmY) and the map mat ched position (nX nv)
chronol ogically i medi ately before the newest map matched position (nX, nv)
are located on an identical route different fromthe old route, the
buffering nodification section judges this different route to be a new
route, and judges that ; ! new rout.e; . when
the buffering nodifi ?zﬁa%%%léggﬁoeﬁcélﬁgggeﬁggl#ﬂ%al\]/%\r%lloglOeuﬁg’élgtéﬂf’ered t he
new route, thénayelénongl nediforationrmeedbhonndhcat pog at esatldeipfural ity of

map mat ched pqQsi tions (X, on the old route fromthe storage portion;
referring to %ig%gggggfggr%g‘é%éﬁqedf the routes (R) indicated by the road

information, the buf besodig ookt malt iy S@adienedier It Res paagthsy the ol d
route is present between the new route and an old old route which is a
route where tAE3REPSHARLHERP goisitaden PYmkhaVGED| Brgeiveecyslofailye t han

the map natch@dtpgggtaixgggﬁﬂ@gmnéﬁ&ﬁ%d% gh%{b%sqltqoﬁg'ftig]tio%rggﬁcat ed, and

if the old route is present betwee route an eW'rout e,
t he bufferi ng®HdEPE T edbydhesER rore Uotmras agssthattéheosl diswukeyj s a

correct route ut i.f t route i s _no resent between the old old
route and thebﬁgvv{_]; c?&teepgfElég%ﬁfr?eearslur{gemr?’c}éi g?’&%ﬁfi ¢ DaHEi v thet &FFi nes t hat

the ol d rout ergseavew orfgndsubetraveling po¥beiod ke BHETRIHING NBLYEsLH cati on
section determ nes tthat the old route is the correct route, the buffering
modi fi cation SBctiontidoss gt distageepbef ereaiordaa dhet heapelind ity

of mapmat ched Qosé&t oS (6 i0R,t BEOL G T A8, LRgt ead, QU puts a
plurality of the nodified posi t?i ons (cX gcY) \Ahos?,e%%gtgu??oggg jEjgz@il%hacpare

i dentical w tROFHES! &S e spitdmalketdypositiegn nt,0hed positions (mX, nY); and
when the buffering npdifi [ Lon determnes that the old route is
the wrong route, the gu%ge?lélﬁggﬁgglﬁbfgéw5ﬂa%é8??ﬁrﬂa€h%fhb%§t?ﬁ%g%osi ti onal
data on the pthe abadyndbrmapiontahaddpogbbsobsofaiXi A¥YrMd: 1dia My route to
positional data on the ng‘?eed%i)ﬁon an entrance side of the new route, and

out puts the noditied g EX BSS TRrss e hosdeironal ddsEnFEaS been

changed t o t hee gositdiverdud, hended@del)r) Mt her SRLEABCE: £ide, of he new
route. [3] The on-vehicle machine for travel route detection according to

claim1 or 2,PHUtthé&r C8FpEFsPhgthe road;

a map matching section for cyclically outputting
a position on the road, which-'is closest to the position
indicated by the estimated position (X,Y), as a map matched
position (mX,mY) by use of the estimated position (X,Y) and
the road information; and

a buffering modification section for cyclically
outputting a modified position (cX,cY), obtained by
modification of the map matched position (mX,mY), by use
ofthemapmatchedposition(mX,mY)andtheroadinformation,

wherein

the buffering modification section has a storage
portion for storing the map matched positions (mX,mY)

inputted one after another from the map matching section;
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a toll charging treatment section for obtaining a distance traveled based
on a traveling route found fromthe nodified positions ((_:X, cY) outputted
fromthe buffering nodification section, and performng a toll charging

treat nent.

if aplurality of the map matched positions (mX,mY),
which are old in terms of time relative to the map matched
position (mX,mY) chronologically immediately before the map
matched position (mX,mY) inputtedmost lately, were located
on an old route being a certain identical route, but the
newest map matched position (mX,mY) and the map matched
position (mX,mY) chronologically immediately before the
newest map matched position (mX,mY) are located on an
identical route different from the old route, the buffering
modification section judges this different route to be a
new route, and judges that the vehicle has entered the new
route;

when the bufferingmodification section judges that
the vehicle has entered the new route, the buffering
modification section incorporates the plurality of map
matched positions (mX,mY) on the old route from the storage
portion;

referring to a state of arrangement of the routes
(R) indicated by the road information, the buffering
modification section determines whether the old route is
present between the new route and an old old route which
is a route where the map matched:position (mX, mY) older in
terms of time than the map matched position (mX,mY) located
on the old route is located, and if the old route is present
between the old old route and the new route, the buffering
modification section determines that the old route is a
correct route, but if the old route is not present between
the old old route and the new route, the buffering
modification sectiondetermines that the old route is awrong

route;
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when the buffering modification section determines
that the old route is the correct route, the buffering
modification section does not change positional data on the
plurality of map matched positions (mX,mY) on the old route,
but instead, outputs a plurality of the modified positions
(cX,cY) whose positional data are identical with those of
the plurality of map matched positions (mX,mY); and

when the buffering modification section determines
that the old route is the wrong route, the buffering
modification section changes the positional data on the
plurality of map matched positions (mX,mY) on the old route
to positional data on the node (J) on an entrance side of
the new route, and outputs the modified positions (cX,cY)
whose positional data have been changed to the position on

the node (J) on the entrance side of the new route.

[3] The on-vehicle machine for travel route detection
according to claim 1 or 2, further comprising:

a toll charging treatment section for obtaining a
distance traveled based on a traveling route found from the
modified positions (cX,cY) outputted from fhe buffering
modification section, and performing a toll charging

treatment.
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