Description ON VEH CLE EQU PMENT FOR DETECTI NG
TRAVELI NG ROUTE Technical Field [0001] This invention
relates to an on-vehicle machine for travel route
detection. In nore detail, the present invention is
designed to be capable of determ ning a traveling
route or travel route accurately by use of a
configuration sinple in hardware and software in
finding a route, by whichegcyahitGlos traveled, wth
the use of an estinmated position obtained based on
data by a GPS receiver or the |ike, and road
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[0004] Wth the GPS road toll charging system radio
waves 1 B3R REP¥FFom a GPS satellite are' received

bXO@ngSAs an electronic toll collection system in a toll

road, a radio-based toll collection system is available.
With the radio-based toll collectionsystem, communications
are carried out between a; 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



receiver provided in the on-vehicle machine. The GPS
recei ver detects the position, where the vehicle is
traveling, based on the received radi o waves. Wen
the vehicle enters a toll charging area (for exanple,
a specific urban area), charging of a toll starts,
and when the vehicle departs from the toll charging
area, charging of the toll ends. Wiile the vehicle is
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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
under the conventional radio-based toll collection system.

The GPS road toll charging system is 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



When radi o waves transmtted fromthe GPS satellites

2 cannot be received and GPS positioning cannot be
performed, for exanple, while the vehicle 01 is
traveling in a tunnel, a self-sustaining sensor

(di stance sensor or direction sensor) is used to

detect the distance traveled and the direction of
travel, and information on the current position is
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gyro 14, a position estinmating sec

nedredng section 16, a storage section 17, and a tol
charging treatnent section 18. [0010] The GPS receiver
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03. At a time when the vehicle 01 departs from the toll
chargingarea03,theon—vehiclemachineobtainsthedistance
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



outputs an accel eration signal. The vehicle speed

sensor 13 detects the vehicle speed of the vehicle,

and outputs a vehicle speed signal. 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 position measurenent by

the GPS receiver 11 is possible, the position
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That is, in order to allow the acceleration sensor
12 and the speed sensor 13 to function as distance sensors,
thedistancetraveledandthetraveldirectionarecalculated
based on distance information obtained by integrating the
accelerationsignal 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



preset constant cycle. [0013] The storage section 17

has map data in storage. As the nap data, only road
information is stored, and information on buil dings,
toll booths or the like is not included. As the road
information, a route R(R, R2, R3 ... Rn) set per

road (link), and a node J (J1, J2, J3 ... Jn) set per
nodal point (or node) such as an intersection or a
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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
basedonthe travel route found fromthe map matched positions
mX,mY, charges a toll, and transmits toll charging
information to the toll charging center.

[0016] The configuration of the on-vehiclemachine 10 shown

in Fig. 8 is basically the same configuration as that of

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



follow ng differences exist: 1) The car navigation
device ains at the navigation of a driver. Thus, the
on-vehicl e machine for car navigation needs to

di splay the position of the driver's own vehicle in

real tine in a state superposed on the map. By

contrast, it is inportant for the on-vehicle nachine

10 under the GPS road toll charging systemto find
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siltuation, the on-vehicle machine 10 is desired
toholdonlyroadinformation(positionalinformationalong
the road, route R, node J), and not to hold information
necessaryonlyfornavigationaldisplay,suchastopography,
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
thepositionontheroadthatistheclosesttotheestimated
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.



route RI. In Fig. 9, triangles (A) signify the
ggsinated positiong X, Y, solid circles (0) denote the
map mat ched positions mX, mY, and R and R2 represent
the routes indicating the roads. Further,
the-estimated positions X, Y and the map matched
positions nmX, n¥Y represent data later in terns of tine
(data newer in terns of tinme) as their adscripts are
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al though the vehicle is actua rave |ng
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d nt _of the travel route occurs, wth a
HAREPES she S OEéﬁlﬂ iy 5wsaﬂwem” st ame 01,11,
h 022 e vehic
e 5, A2E0CRESE, o eagoie B b oulBus, “the

dw@fmaénheﬂrpusuheom@uumxwhmyg thgmxghmq?ﬁ béd mXﬁémYB
actu& travellng as mentioned above er

teHaPnt HaS copiee Rl riaiicatdute thanmoacbehere the
@%hgeqbngg a@@ a1 %5§te t.ol | charging cannot be
Smand 1S de

done. ‘that sel ections of the

wWrong r da:dve(vm,t ehel@%tq%rt%@sge&sltf&gs Qﬁ‘éu&%‘%};alrtdabég] Y5)

deternining@the correct route be increased

ASS TEAifor bgY ey rowbe diti agd cheseoud ehdetqite Rat i OMhus,
themapmatchedpositions (mX4,mY4) and (mX5,mY5) are located

on the route R2. That is, the vehicle is erroneously judged
tobetravelingonthe 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 route occurs,
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, as mentioned 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.



performance of the map matching section in the car
navi gation device, there is a technique which

conpri ses checking positional information on a
tol Il booth or the |ike, when the vehicle passes it,
agai nst the position of the tollbooth on the map,
andneking a correction; or recognizing a building in
the surroundings, simlarly checking it against map
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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
light of theabove-described conventional technologies. ‘It
isanobjectof theinventionto provide anon-vehiclemachine
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 machine is simple and

inexpensive.

Means for solving the problems



above-described problenms is an on-vehicle nachine for
travel route detection, conprising: a GPS receiver
whi ch receives radi o waves sent from GPS satellites,
makes position nmeasurenent 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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map mat ching section for cyclically output
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outputs a position, indicated by the positional information
outputtedbyﬁjuaGPSreceiver,asenuestimatedposition(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,andanode(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



a buffering nodification section for cyclically
outputting a nodified position (cX cY), obtained by
nodi fication of the nmap mat ched position (nX, nmY), by
use of the map matched position (nX n¥) and the road
i nformati on, wherein the buffering nodification
section has a storage portion for storing the map
mat ched positions (nX nY) inputted one after another
f tdve trdoadvem foatahiingh seatd on; if a plurality of the
map mat ched positions (mX,nmY) , which are old in

terns of 3 iRRLreFHy BOEHIipet hep Aacthed fposbybd)rhlcglly
input_t t | atel.y,. wer ocated on an q
PPk il 80 ed ko U r&%’ecabutoqtr?elm

rout erng a certaln i

mapdidt ched opositt the nEY, AYkched! 9631 89oRN (AX ! A¥] € by use
different from .

t REJITh Bap Batirdipef @3 1 hhom dinKi 1l isonsele iroajdudgisrmat ion,
this diffq{ent.route to be a new route, and judges

that the "Wehi'dle has entered the new route; when the

buf feri n&@@ﬁﬂﬂ@ﬂﬁ n%fﬂhdl%gte%eé%ﬁér} 1€ a storage

vehi cl e has entered e new route, ering
nbdktiioat fon stotiog itheomper akeshicke ppisuraldntsy @fx e
mat ch ositions (mX,n¥) on the old route fromthe
stLBPHgge PO i DS SEtHiaTy frematbe anep gra el g ereerition;

of the r 1.ndi eat the, road Lnformtiaqn,
t he buffg:fit%%lu%?dilf%g??gﬁed@%%ﬂ%ﬁh@éf ?ﬁ%%@%ﬁ (SPray)
theichhroutlel ia tprrsesf tigiaveenatheenew £R8tE Rt hed
old old route which 1is a route where the map nat ched

PRSP+ FoAn (IAKAWS) cirdasrt tierl mositmd ask lyi meerhabocheedem an
f e N e T T
ahab ek ched! o et & emXg Wy ous @ ohRe P4 Berdge 19 £ ferent
nmodi fication section determ nes that the old route is
z;romtheoldroute,thebufferingmodificationsectionjudges
this different route to be a new route, and judges that the
vehicle has entered the new route;

whenthebufferingnmdificationsectionjudgesthat
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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correct route, but if the old route is not present
between the old old route and the new route, the
buffering nodification section determ nes that the old
route is a wong route; when the buffering _
nodi fication section determines that the old route is
the correct route, the buffering nodification section
does not change positional data on the plurality of
napdidt chéd oposietitdom @@Xemfines thetolthd Gute,rol is a

i nst ead tputs a plurality of the nodified positions
|(§§r g%ftmi%‘g‘égepﬁ%lﬁ ﬁdﬁw&hed%i/% LUt denpptabresent thetseen

t al i of e sitigns nvy) ;
gﬁgemggﬁp%%g %EP%Srﬁﬁgaﬁggﬁbggang See '%mﬁqggﬁﬁﬁHQNS
thadifheabl dnrseuttel drsdéber 009 thautihe bhe RHfdLILAG rong

nmodi fication section changes the positional data on
the"t®f urality of map matched positions (nmX nY) on the

t I, 1d | data.on the node (J) on an .
oL T OUt SnehOcROS {4 A1 Sk g, gRcLbe fode () on.an
noida £ i ede posdit ronse(eX, eXp cvwhosetr peéhtke?”%'kl)ed%%f%%‘i%g
been changed to the position on the node.(J on the
didahten 5l o ssicttiinn deas mmit ehanfoQRed i hatdhedaaspestthe

' ' [ - vehi cl hi ne for
AL P U Ty P ST S TR
hitchnseeeidesutpdie MpMeS- 387y EF0Re (;ﬁ)o%f‘%%egd %{(}%gﬁ’figns

makes positi on neasurenent baséd thereon, _
P&t tGOnahdse pomdtiiomalt datel ang Hettahcel dei€etiliGe of

for outputtin travel ing di stance i nformation
im‘re{1 Pipa]tu?rnaglja%ﬁi ‘Ltafﬁ%% 3T GhRY deP it Bowehi®KemY) ; and

L avel | pandhriaft baRcAgy 80IMA0: FRAN: L0ls QUL bEbdrmiges
traveling direction information indicating a trav
Thadi rtéet o ofouttee iehiled eyrong 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



a position estimating section which, if the position
nmeasur enent can be nmade by the GPS receiver

cyclically outputs a position, indicated by the
positional information outputted by the GPS receiver,
as an estimated position (X, Y) , but if the position
nmeasur enent cannot be nade by the GPS receiver, finds
a traveling position of the vehicle based on the

- t vaveldtigndicst amee et i on and the traveling
direction information, and cyclically outputs the

found posPPEdfiias et betting edcposhtviarer(,Xi¥)thedposition
starage section _havin oad information in storage,.

¢ R R R o A £ AR 0H righeh S PR Yo or et} brRLLy
aborgutsandssidibauUt End R as i ;ie 0 :
dist?ﬁguisﬁ s%eépective r%é%%?@?%gggégéggogﬁ. éﬁéofﬁﬁtlon
i puEPyEteddry the &fShrepoivtr, as axpsnetmafed o sieadn ex,v),

magchi ng sectjon for cyclically outputting a
BB Thrtoh ROl s Met IeTan CIaest B TRASpbs; therSEs
i pdi by i it (X ,..as.
ot chode pob e (rl g Fed et e Bhe i vt edn S Faced
posi thent £Xv¥] iagddishencead nfdfraafabnoBnd@Rthed traveling

byffering nodification section for cyclically
ogfﬁﬁ?F?%@.énﬁBHWFFé@npo§Pﬁi@NC@éX§éYY,O@wp@kﬁedh@yfound

A . Sc{ %78 ¥y, oulSealtmed ey
RO 25 8h haF G o bEeESB ik ny) sand (b ok

i nf or mat e@torades&¢Hibhaakuhl@idigi ishihd €85h 9 storage,
section has a storage portion for storing the map
net ¢ Keadpidsh anmsl grmknevpdingmastidd coved. afh fermanbbherlong

f h t chi tion; iff.a plyrality of the
n%%ﬂ%%ig ggg%ggiggéﬂgefﬁ§?h§¥b?5 &HigﬁggFetGY&lﬁﬁlHQUISh

tesspeof i té FBabel, atide doad (¢) gap g&lﬁh@é‘rséﬁt%ﬁi bHrQfch
(mX, m) chronol ogical ly i nmedi atel'y before the map
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;

rEapluralityofthenmpnmtchedpositions(mX,mY),

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

12



mat ched position (nX, nY) inputted nost lately, were

| ocated on an old route being a certain identica

route, but the newest map matched position (X nv)

and the map nmatched position (nX nY) chronol ogically

i mredi ately before the newest nap matched position

(mX, mY) are located on an identical route different
fromthe ol d route, the buffering nodification

sBEPL & OPUdHe M hFEranpl eséae L A yimenadd e lay bafwke the map

| 5 a he vehicle has entered the new
A e B LSS (el TR 5 BoP B St oo ddaeated
thatanthbdve@mtéeb@ﬂﬁge@t@gf%gigma&gw%{égg6%04¢Fi but the
buffering nodification section incorporates €

pPEVafFtYaBf nahphednpoRed iposi(mkony f) ( Wmteglﬂ'taa&i;?laﬁﬂedj}ed
ortion; referrin

e BT oL ABSpchBattliy’ Tharbindels, Sedere the

roae s f 08 Bhh 88 e liNBo BYE E BRI NEy, FDY Bkgaﬁb{%'%g%%ég%n

det erm nes whether the old route 1S presen

tHEHelF2 buoa tandi SRevkdt of tbm ok Wdirelt e, Stife AR ring

the map matched position (mX older in termns
W‘gf’?ﬁs ?%%%I?t%eec?ﬂa%“ nﬁf%ﬁ%ﬂ toist t@il?fpe(n@(itgn\t)out@a;oeabe a
I te,d a Lf.,the o route is
gfée"tsteiﬁ)tu&ege?\%geﬁudtj %goi g 1gld%ler ggpécc%re]dh?ﬁee.rhte%?‘glﬁ}& new
thitsf fering nodification section deternines that

he old route is a__correct route, but if the old
:oﬁt e i s"Agt %ﬁﬂee@éﬁ?e’éé’ﬂ%@ﬁilﬁwtdl@ sedtiontidyes that

; I dification section
gcg% e rn)?né%nl :ecg l% ahaatSt [bﬁl eé%f%f rﬂo}{]uE%1 eﬁ'?‘% 2%k on g&_’? JetEtenkRa
tilvel iifciadriiong st ffdre aitri oY @t 0N led @510 NS + § hat ap
th | d route is the correct route, the buffering 1
H%‘%F?’iegaw Dht$8LEI G -dbes orothe rdisyeopbsi fianahedat arage

P8 rihen;

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
modificationsectiondeterminesthattheoldrouteiseawrong
route;

when the buffering modification section determines

that the old route is the correct route, the buffering
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plurality of map matched positions (nX n¥) on the old
route, but instead, outputs a plurality of the
nmodi fied positions (cX cY) whose positional data are
identical with those of the plurality of map natched
positions (nX n¥); and when the buffering nodification
section determnes that the old route is the wong
route, the buffering nodification section changes the
p&eicifaicat igat aeohiohaloqd pal cligngd pmﬂtm@hed?t% on the
L on the old route to positiona ata
oL a RS e T e Er e ePsicd irdmb e henaloreste,
apd+to t ifie hti . fwhgse ..
SREH  el pC R T Ch T G e SIEEEE
t heXnode YhPsenpohiteobahntetsiale abehitd J2AWWEUt hose of

27) . Still, another aspect of the present invention
| ORe R Tn 0 £ Tiomo HOG ARG e Nt G Ly sore

t d LoR, rd.sing. a_toll charging,
tr ?gasrren?ﬁi%?%nb‘%%%é%ﬁ%?{%@%&%at&o& gﬁggl?Pa%e%e‘ﬂ‘%nes
besetl bheaofravelitrgikothe feuwnd fieme,hehdRdifisd ng

i.itions (cX c outputted fromthe buffering _
Efgéi!jf%gﬁﬂiéﬁnség)ﬁcéﬁ? ghangest 6hei pgsa tioinalchirtgi nn the

he | ti 00 Accor di ng
BSRLER 0Ly O R Bl LB ek 03Pl S Sl e

red eventiei doal hea towre tReanddehe nogds In Oéné.ig&néﬁasdide of
i nformati on, whether the position indicated by the map

el & R Fo8its roﬁnélbpatpéaswherappdmﬁhm r}gasnifttidfms t(cx, cY)

' ..position.i s located on the correct route.
Iq?kf“%%@tsp polst:%{)olsr{oanl %Llag:al Baxe Th %%doﬁﬁ FRGtResition on
pss tiedal (Infef mehé 08nt $anfRIEE h8dorABHE HESULLLte .

determnations of the wong road (route) can be
dettebkedtidhdanpshest espeed pdsitheopreaentldnb@ntion is

ggg%&%%gvéfhéégiggéérghgggﬂfgierggégingh%gi gggvel 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] Accordingtothepresentinvention,itisdetermined,
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. If 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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route can be found. [0029] Furthernore, 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) , and not to hold information
necessary only for navigational display, such as

t opography, buildings or |andmarks. Thus, the

cbafiqi Btedriosliplen ithesobtweee rds: del |Th<’zh% h@hgv@éﬁrect
and gecreased in data volunme can be realize and
cbet'tFeddRt PEnfedRdpe achleved Bri ef Descrlpt|on of

fi tional
arooPon ettt {Ehi o8 %5’%2%%%%%%%%@ ~vehicle

r nateidetfent mavaczcw@t@giett%ct@mp%@éﬁlén@é tid'fiold only
present invention. [Fig. 2] is a block diagram show ng

t%%FPéI%ﬂfo?ﬁﬁﬁ¥9%éPPéhtS@OﬁﬂGmﬁmﬂm¢UMDnimongtheroad

Fig. 3(a)] is an
T SR E R BiahPRs Lt go e qaeqéaaawﬁ@necessary
aot 1 pIAs rinfa ik HWHLr 408p 19 '%b%ﬂt 8895%8? ﬂﬂi#&lngs
3(b)] is a characteristics table s fiona
Pk spdiThiusat £ba ‘Qbefignnditlmjn)l ambl@om tdo@alare

di f t ht col umm) Fig. 4(a IS
an expf;ﬁ&%qg I%*%afhgggg%%?ﬁﬁaSEGnéPe?éLﬁDHPﬂVWﬁgCan be

acdd Dinsed N dhe bydf efé@tgcf@ghfi:gﬁt 1%8”acﬁ§?8%8” [Fig.

4(b)] is 'a characteristics tab OW Ng~ poSitiona
dat a bef%réeﬁnaesccaptonn(béftheobuﬁmhn@ﬁd posi tiona

VB SFEtFont br £ RoCehbh Rt 1shbNgicaeamoahbying an
-V d1e hAenBHEf £61 19 SR LLGRL @ et ion 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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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

nodi fication section. [Fig. 6(b)] is a

characteristics table showing positional data before

neaPFreae sadifefingcetuimpsand tiposidf ol ngatddaf{&ition
i i.gation(right colum). [Fig. 7] is an _

epra:ﬁaPi'on drawi ng showing a GPS road toll charging

t i1 Hys@ 4 [ ' I_.di agram show ng,
Z%S gnm- vEe[ E}%'e@n%ic)h]i nlgso;go r&ﬁ%%f%osugﬁc de’f‘.fr'e}g%f ¥ o\#’?‘glng
a@@@iﬁiﬁgaiodaaacbafeméimbdﬁfﬁe@hﬂ@hoglefkﬁdbld%nﬂ5%nd
| anatign _drawi ng showing a map mtching
?ﬁ%ﬁ%?ﬁ%galing?ﬁé ebhEENTPEAAE CREERAOI(BdPht Dedamindt.i on

of the N I 31] 0 -vehi.cl e chi ne 11 GPS
recei ver Lﬂﬁqu?c(gqgr fJJ\ltSl (])a% _se(e%g)sl@rnétfﬁ’_ @’?ﬁ“@‘rrég ng
seorsoret d Modiyf wild 5 Bosbh 4 o asid '%tf!f‘&ﬁﬁgc?do%fi]c]a@ion
Map nmt ching section 117 Storage section 118 Tol _
c?écfb}r% treatnent section 200 Buffering nodification

;g?::gg [%9&.“%?85% 1% %1%hg%%%EgEgE@%gg“¥§ﬂfg]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 On-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

16



212 Incorporating function portion 213 Mdifying
function Bortion Best Mdde for Carrying Qut the .

I nvention [0032] The best node for carrying out the
present invention wll now be described in detai
based on the following enbodiments: Enbodiment 1
[0033] Fig. 1 shows an on-vehicle machine 100 for
travel route detection according to Enbodinent 1 of
the presedtl PavenmioangTiiencnivehpeleigachi ne 100 has
a GPS recgiyver 111 an,acc%leratlon sensor 112, a
vehicl e $péed BEREBPTIt3NIafuggtdoniporsipssiti on

torage aootion Tig FapPRRREbERE Wpeat mont . ¢

storage section 11 grng-treatment

sectign Best Mndeafbuf Caminyg mpdit edld amvesatisn 200.

[ T S receiver 111 receives a radi o wave senp
from- E&g%%soeasttemf’g?ef% g2ar@rsganittenhe fredershdwekention

Hosi 1) vehicl e based thereon, and
gﬁ?ﬁﬂggﬁéggff?ona1£6§¢#%§ré%F%%% SR AceR| Bhgt fehlowing

SaEWperinert stet ect s accel eration al ong the direction
in which_the vehicle is traveling, and outputs an
acceleraIW%ﬂdgm%%%ll The vehicl e speed sensor 113

' eed of .the vehicle, and outputs
§©?§ﬁf]§|?§b£?*§‘§snaﬁ§fo THE Gyile Teghingi 4RO ox travel

prget i ieor acdeira@ehy tberAbhaEHEAR i nophigh Lhe
3§ﬁ$§fse?§$$r§32ffng, an outguts a travel d|$e0?¥%ﬁent

e D o e et oact og

ecti on 115 RIS LT Eb4ne bRAING hroPRR FoRsiver 111,
shtacoetlebytibe HEsLCLIVE Llhicie 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
the direction inwhich the vehicle is traveling, and outputs
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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as an estimated position X, Y. This estimated position
X, Y is outputted at every preset constant cycle.

[0036] If position measurenent by the GPS receiver 111
becones i npossible, on the other hand, the position
estimating section 115 finds the position based on the
accel eration signal or the speed signal, and the

travel direction signal, and outputs the found
peesnt@nnaé anfoematmahedombsime@&nXtKe Ehstrégeit@r 111,
order to all tffghe accel eration sensor 112 and the
spaet §&i<8R PP§ifdRBLX oh- aSTl'dlI%?ﬁﬁé@aé‘;@ﬁlSD@Sltlph@(: Y

di: st d t
is @HE?uEE@&eIa% e@@ggl gee%f %V%Jo B! 'Og(” e by

cal cul a based tance in orna

i h0eghat iIfg pided t iaec eleAaldaersd GNAltHM TS Sdceiver 111
stance information obtained by Iintegrating the
é%%8m§?ghﬂpoéﬁé€lean8ntﬁéet9§@§K hémﬂecﬁh@npﬂqyuﬂon

OBUELREC S OIERECh! 8! COLEECLLGNSRLIBAL, ponco on cne

Fur t her nor atlve

f avoelbyvst hgn sagnalssbar thBgspekdt signReSI hihen tile %ravel
point in tine imediately before a point in tinme at

\Aﬂ%%’é%cbb%lﬂt$bﬁnﬁ%as@ﬁ@nentpby8t hbe GPSndepesv¢rohlhs an

and the relative traveling
p03|$£on [ ¥?2§ gs an estimated position X Y.
Thi s est E‘Hateﬂspofﬂ Jrerr xXc ¥ h31 MK ted Ate Vteircyn Ppsor

preset constant cycle. [0037] The storage sectio
hek? rag td épiiﬁdﬁﬁﬂseigfelwksv fhecohpn datdi s tahye rs@ald;ors,

0 Lon i s _st red i nformption on buil dings

T BISt e s e |e|d1?é“$ghﬁHaveﬂrgﬁﬁfé?otl%a%éaﬁ@a@ated
IHHéHdm&ﬂ@ﬂst@nb@ulﬁfg&ﬁggloﬁ&ob%gépe% g&é%ﬁng the
road (link) in order to distinguis e respe
,qgﬂﬁﬂenﬁﬂﬁqnﬁ@gealuwxbeJ@rdi&tancehﬁfdﬁﬁaﬁ&ﬁnabﬁahned
oint . 18 (.or qﬁg such as an_intersection, a branch
ﬁﬁﬁ eﬁr@%lng 'speed signal once, and the travel
directlon31gnalobtainedfromthetraveldirectionsignal.
Furthermore,arelativetravelingpositionisfoundbyusing,
asastartingpoint,apositionatapointintimeimmediately
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.

As the road information, a route R (R1, R2, R3 ...

Rn)setperroad(link)inordertodistinguishtherespective

roads, and a node J (J1, J2, J3 ... Jn) set per nodal point
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corner, in order to distinguish the respective noda
points, are stored, in addition to positional

i nformati on al ong each road. [0038] A low cost is
demanded of the on-vehicle nachine 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 linmted to a | ow

VOB Odgd e Sivislr ¢ it hngecarcidongaki beadeti peinth or a

cle machine 100 is designed to
SISy SEACT Y B At PGHLCBOLIA FoRRPCT ATBRMIoPOLALS,

ala@ﬁgsﬁdih_eed,oﬁ_ld,add)}ﬂﬁm Bo g2de 1+bna 12 g?ﬁaf%g?%&%&g each

|nfornat|on necessary only for naV|ga Iona
sti®Rdas t opography, buildings or [|andnarks. By so

40 Uag & S udtiact ferindast o i o6 e eviel machi ne
[ 008%oThe 0 FRLER Aok etldn] B RE 4S9 130 #BPre aes

matching wth the use o e estina

ah@adheot batharginy msgtsmm,stﬁaﬂedhlenphb o8k0b808se, Thus,
e road, which

Th osition on t
TS VA ofegeing "o nEaposbiake imdi pated by $ex volume
utte mat che
e R e Iy L BtOh SfeTie i DR, view,

om@)mme‘delaicbweﬂaclpiﬁéGIO@%tcﬁ{Hufd&i &o f%@]onll;.gﬁ road
buf%erl gbnndlflcatlon section 200 nodifies the

QR t (RSP enal dad comaduton alpodi thedroad, route
T di,f,ied_position cX,cY is
o S g ST BE EB8PAA L 6 cfes ezt sy 1anlur for
trivev ingecki forcal | s I &7 NBREL bé\(stlf' pogﬂgﬁﬁfé' n?Ulldlngé or
dification section 200 will be describéd Tater
%{f i s Ry0PP idediidona qohﬂeflrguﬂae:mnsbmpr'ﬂetﬁ{ ﬁbmedare

%%Cwéfi ed'Sthz\_(c%gaor dbégﬁzé%ghl aga?sglgge is achieved.

I ntersection
[0039] Themapmatchingsection116 carries out mapmatching

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
amapmatchedpositionmX,mY. ThemapmatchedpositionmX,mY
is outputted at every preset constant cycle.

[0040] The bufferingmodification section 200 modifies the
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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[0041] The toll charging treatnment section 118 starts
to record the nodified positions cX cY outputted, one
after another, cyclically fromthe buffering _

nmodi fication section 200 at a tine when the vehicle
enters the toll charging area. At a time when the
vehicle departs fromthe toll charging area, the tol
chargi ng treatnent section 118 obtains the distance

t Pdvel dFapgdedodmtt.ne travel route found fromthe

g Cp X, .cY, perf orms a toll charging

Ohig0 A AT, S 0, pell e e oLl eharalng,
i L E Ly s ghargin

eRCSnee L BIE | e LBISTLASE L Wi, ong arver

anpther) 00421 cRiel yc 6nbingivesibi Dfe By B Y CAG 1261 4 ONS1 on
0 ] ortions in_the buffering nodification

. } | 3 e
g%@?if e G5 PR the VeBifilpentsrs shert@idecherbigy @rea.

nct | di d.Figs. 3(a),.3(b) .
oae 2 08l B KLt conCe o 2ol A0
sered prtidG dids charyiergy t ra@imend 3e8PdbhYi D8 AL QY the

.. Th di fyin ortion 210 has a new route _
5%3? %‘f"ﬁ’?g? %a‘f%}rﬁfg iht%\’ﬁ?eyﬁ’opfli blive Xrevedn rontcer fonatli figom the

j 1 ' ti map mat ched
D B L O it SR Pe sy g PP g e tment
poralonl 248s b0t o IDAdnAid¥hd 1ol 1HOHROE §hed PRR JPLSNEY 4

position on the old route. The respective function
por3t Pkt 2eharging iz e i druhca 1 onbat otbilanst d Ohe toll

C&(ﬁé"g}gﬁr{lg ahg deternining by software. They are shown
in FTg.

as a bl ock di agram [ 0044] The respective

ot jon r &t 312 1 I or. e
];[out ezs]oRT](@@RL&bﬁRg,&g%gﬁ.t.l.%;iRﬁ)néaﬁgd?Egghgntag%gé)c |63r;fs or
ipnaj poyziop® in.thebustierehg noth€ i csitdicdg8ect ion

C%%)golt JIIJJ(Q:.) gﬂ l:lb;e7 gﬁt%%al&ggés}ly Eheefer{*ae%crgi%:g hFeidg .p CZ)S;\; |a02 ugz(t riﬁ:)(nal

block diagram, and Figs. 3(a), 3(b) to 6(a), 6(b).
[0043] The buffering modification section 200 has a memory
201 and a modifying portion 210.

Themodifyingportion 210 has a new route determining
function portion 211, an incorporating function portion for
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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fromthe map matching section 116 is inputted and
i ncorporated into the nenory 201. The menory 201 has a
preset nenory capacity. In this nenory 201, if data
on the map matched position mX nmyY, which exceeds this
menory capacity, is newy inputted, the oldest data
on the map matched position nX nY is erased, and the
new y inputted data on the map matched position nX, nmY
i $004pbr ddie paDABIt sl pewitmuner;q)d,gnecyp?_ttaglﬂyrtcﬁﬁ@\tted
' 211 checks. .the map matched positions
ﬁ%ﬁ%ﬁ}?g?‘a.?‘a{’n&ﬁﬁ#ﬂ’? ERRE1MP2ILLE dgxdnmydted and
(0dor¥6 et 6BXONEYSL ne: nbotyi gqare inputted one

after another into the bu i ng nodi fication section

200, agaThstmehery @otldsaRaResdnefSry cag@®)itaf. 18 this
na dat (ro?d information) stored in the storage '
s%%lf‘%ﬁﬁ 2P17 1T G5By tha BRI T Fehemhersdlt iomem¥ ey ¢ lwhich

e,. t el .assune that a
R Ry s R T BBk TRl "B B et

adatdlch itinet ewns mak chiegepok et abhviex) Ayt he dmpsdmt ched the
position mX, m¥ inputted nost Ilately, were |ocated on

TEY Py e | 4t a ruttdh o mis Mad Cheal Ipe itdlah mX, mY is
roui.ely, but the newest map natched position nmX n¥ is
| ocated on a route different fromthe old route. In

t (&4 €JasBhe bledr Maye & Qut Erideh BRFIENINRS 1 ShyNSH Q8 @?i%%%ks
211 judges this different routé to be a new route, an

Felee82P Baf GaGAEMNS 1thians 18, mEHiecige ,haeX Bt er )eplf(tnb{et, REW) ,
r . 0047], Waen, .t he new route determ ning function

S B 1 g e HE i cl-d h45 L6 6red pRE ted
REW BOULE, ahBehekNCRF OO G ANGl] PdﬁggEbQQQ%;gegtion

i ncorporates the plurality of map nmatc position
ROy egr it dihe mowtes Rl (Rid ®End&3them Ra)tBE the map

%%@Ef¥£8§dff%¥éiéﬁk Sﬁ§ié¥55§§511the 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 routé 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
Jjudges 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,

21



0048] The nodifying function portion 213 takes in the
EJ| ura? ity of map matched positions nmX my on the old
route sent fromthe incorporating function portion
212, then nodifies them and outputs a nodified _
position cX, cX [0049] The nethod of nodification is
as follows: 1) The nodifying function portion 213
deens the new route to show the correct route. That
i §n% FENRSdithpngo fhiee tnicsh fyaimtg oi_urﬁ:‘ItSLd_ 'oiedqrmrb ttit‘tli:i 2he,

nGlee 1 ated at osition indicate y e
xg@ggtﬁn;a%éna Oc(#]]egyjp%%i ?‘i”gﬁtw Wrt?a?lnt%é?’ n’é@\)??éutié_ the
2plukani tihe £ s fd fehddinedd on MY hOR2 53 [REeLSy L0+
tﬁe st a?eiyof ar?%ngein%t gﬁfgtlhe rout eéaﬁzsﬁomebc)’/ fheoute
r 688ti Aremmahieod ncamg odetténg rfem(?mﬁim@ror:ﬂi@mrﬁlzilz,?htﬂerﬁan
exLat g Retween the new route and the route where
8B e et Eflos PAFOR ARUGR & Bt oS 16R.r e, ox.
thap4bhe TRRP rERIHRED £ R L £ Q8 196, °C$é§o%g$%é gled

old route is located (this routeis ca

route”). I)f The moidi fyoiriefuacpiesgirhieinees dd@ndtle new
old {oute and the new route, a determination is nqde .
t hRECE heC oF PV ot CoEredle EovEect Thait a5/l frhehaanlifying

i t tween.the. pold old . rout and_
trﬁlgﬁﬁte%/vé? %%ﬁﬁe{%e%geteﬁ%r %RgﬁdFRS Bt b he nit ilnrated at

rmﬁest'Lhabntﬂr&ijniate’d)hy&liesnéxh@sM’fn@fl%a{t%ﬁé?ﬂ[iaga)_;i{:iﬁfll?ﬁ(,mY
nodi fying function portion 213 determn nes hat the
oty ToutEY steWeScorrect route, it does not change

e, PO ol b B A o TR RS
gm pilites Si:ap:leu;‘oaﬂ iatntar@fenf@t fd 24 ROFII@RS RCXrSYn b  the

(cX=nX, _cY=n¥) whose positional data are the sane
tHRFEIBHF Ot pPRIr aNCAe tefrviee seh e hledr tB2 qlabibubesxist s

Bt Neen the new route and the 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 (this
route is called “old old route”).

If the old route is present between the old old route
and the new route, 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 function portion 213 determines
that the old route is the correct route, it does not change
thepositional data on the pluralityof mapmatchedpositions
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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If 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, nmY on the old route to positional data
on the node J on the entrance side of the new route,
and outputs nodified positions cX cY whose positiona
dat a_have been changed to the position of the node J
oRCBhELEREr BfeBYsi de of the new route. [0050]

Concrete ILfying,actions_in the buffering
nodi f i catI'lrEggChsée/ WIY iU C e 3% e 4153 ridetermines

CORstetBe BXaNPbLAS eOf st osi.tiQn mX
and the ﬁap dat a Frégtgﬁggﬁgog%F%F®%§g]%Fnéﬁ%§gégﬁéhe
eRafpF eontl Higta rf ahe pllheanewssb fragp MM €AREH positions
Hﬁfl% on qXS,gKS is located on the route R3, a

plut Bl i ¥ S0t Rk TREb ek SR phand ] sl g e thw2hiode J on
(S, s a el s { HX4, in ternms of tine are .

| ocat ed on the. o?%( ?%E(ttﬁ%ae Q’Lg] %n&&et’hean%ﬁ%uctﬁeﬁ‘wlfled
gosd it oong X, alivRhoise bosat ednan ddte nahd Eégnr%ﬁged to

rF:I%E.Be EH%SSSZ‘JSI Since the newest map matched position

: AP 1t on pdatb@ BAdEhE apihe RBtwWANCR s3ddi 6 f ertentew
framd he old route R2, the new route determ ning
function portion 211 judges the route R3 to be a new

ridt%)] andnipudgesmbbatryting wekiiehe ihasHNLRIAL Lihe;
new route. [0053] Wien the new route determ ning
LGt iseFtErn 1RGdgesltbatdeswer et alsd rhagoncrete

the .| ti f ti
A R e A e S R A AR R LR X
pasiutteors A, MY2) , (X3, my3), and (nmX4, mv4) | ocat ed

on the old route R2. [0054] Since the old route R2 is
HO0 >greskbhtt iseeweap lehef P23y.0Bdadl, dtheutearddt ag wheched

E%‘élirtqgnem%’,m%e iréo iofc)éitg% folrjlncé ieogoute R3, a plurality
of the map matched positions (mX2,mY2), (mX3,mY3) and
(mX4,mY4) old in terms of time are located on the old route
R2, and the map matched position (mX1,mY2) is located on
the old old route RI1.

[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.

[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 (mX2,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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portion 213 determines that the old route R2 is the

wong route. Further, the nodifying function portion

213 changes the positional data on the plurality of

map mat ched positions (nX2, my2), (nX3, n¥3) , and

(mX4, mv4) |ocated on the old route R2 to positiona

data (J1X, J1Y) on the node JI on the entrance side

of the new route R3, and outputs three nodified
p&dict ¢ bhgougk RY andosiee pesi téwmal\lifdai[:}g%??idqp\ ; ¢TBuhBeion
hanged I tional data (J1X J1Y). er

PR AR, AP ERE OOt | B TS S0RS Fehée the wrong
medikeed positions cX, cY whose positional data have
beconme the positional data (J1X J1Y) on the node J1 on

the ent fardshest dehefmddief ynievy Fante B3 SeEEsh a Behanges
route, instead of the data on the map

| Lﬁ?s&%&r gtsqrtﬁloﬂgta ﬂ%@%ﬁéwaéﬁrm,qﬁlmp ﬁaﬁawmyons
t ., 1n 1S nner,,
o A Lo RO, 2 AT 1 48R B BB B route

FRE to{dnitshaws] thae apasixt, ong) odaiia REHEA on the entrance
nodi fication (left colum) and the positional data

af 1 e8¢ O LR REE&0USE R34 gRe opdiowrhs) thf @086 i Fietimsitions

[ 4. ( t.h west . map mat ched
ros T oufosy SonfriBhat 1afaaRENe: hECPB & R shagoed
phaos bt i dyal oflat he (pwR, pavehed positions (nXl 2, nyl2),

(mxI 3, mvl 3) and (nXl 4,nY14) old in terns of tine are
| X324 Bhtereld dthoupdifRing fang: ttileen praapt heh ehedutputs

5 U 208 Loceted, o0 Lhe,olo oo Lou(s
e omdlthd posliecanad athherIRusey Rl WLCHOLE 71 on the
different fromthe old route K12, the new route .
dBtleranian B¢ feundt Eba pow ticrt 2 RB d2dmeddgesod hevd edtr@ect
%]o?htleo, biens enae cgi(:)u’tt:lr?e’ gggajggggksletgglt) Itnggched positions
(mX2,mY2), (mX3,mY3), and (mX4,mY4) located on the wrong
old route R2. 1In this manner, erroneous determination of
the route is prevented.

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

[0056] In 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,m¥12), (mX13,mY13) and
(mX14,mY14) old in terms of time are located on the old route
R12, and the map matched position (mX11l,mY12) is located
on the old old route R11.

[0057] Since the newest map matched position mX15,mY15 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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vehicle has entered the new route. [0058] \Wen the new
rgute determ ning function portion 211 judges that

the vehicle has entered the new route R13, the

i ncorporating function portion 212 incorporates the
plurality of map mat ched positions(nX 2, nvl 2),
(mXI3,mvI 3), and (nXl 4, myl4) |ocated on the old route
R12. [0059] Since the old route R12 is not present
betdRes e rosite BLA touteaRhel mndtd handew:aguber RS the

[ fyi f ti ortion 213 determ nes that
:{épo géI%%?ge%ﬁgg?éOEHSpRFBnQOUFEUte. Further, the
nEe 3] NEREUNGHS e wPRshE ORI EhANNCE . LRE ROSLEL 00815, )
data on the plurality of nmap matched posrtion
(A= mMEbAL, theXtshinyl 8)haareht(ePdd ti¥1Adw!| BS# ERON the
Lq§ | d route 2 tp positional data (JIIX J11Y) on
tﬁu??é?(gaﬁ%qg(#ﬁQ?ﬁﬁ%ﬁt?%ﬁEéO%i%bzofnﬁﬁépﬂe;teiutbise

i £ i1 cX,C

Bk At DUE Bl a8 BN ALEY ARSI LA o Y UN0ge )
darch (KIBX IY) . 1dO068) o teial d1dtReuPodkiying

tj.on.portiqn 213 outputs the nodified positions
g;é@%?l]\?\h%g%c%ﬁ§ iGfhrog&eaRhadves rydc pestent between the

o n node i|l_on the
SRSl nok 8RS A 1S BBt M Hiccion

vortéon 2idudeteimshead ft tthe daharoncd r1:‘51 Jal Cg}ggng
ositions (mX12,nv12), (nmXl 3, nvy13), and nKI%ig§%4
E885Fed on the wong old route R12. In this manner,

o a(i ohou ERE o8 Y GiaF vBaTa St on 213 changes
trbelipfoisciatiicon I( def & opOlX 1u§aﬂiEE}%M%%g\'ﬁ%ﬂ?aﬂﬁ%saitions
after nodification (right colum). |
é%%l !@YéE)FiQmX$3(a¥l3ﬁheanéMEmX%ﬁgmfgﬁ%ghﬁg%tég on the
%&3:% 1??3'@%5'%{2;3504;&18&1 LoD IR 3 B Lode
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 cX,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
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of the map matched positions (nX22, my22), (nmX23, my23)

and (nmX24,my24) old in terns of time are |located on

the old route R22, and the nap nmat ched position

(mX21, mv22) is |located on the old old route R21.

[0062] Since the newest map matched position nmX25, my25

is located on the route R23 which is different from

the old route R22, the new route determ ning function

poP £ 1 bhon X2 § ¢ ishkocaued dR28heardaet caRAGW &PMifrality

apngd J,udges th%t the vehicle has entered the new

route.” ?(5‘@651]3 GhHE Pﬂﬁlﬁéﬁp?o(}%z%lléﬁ‘é?%i ni h?@iug@figbh and
] ' t ehj S entere e

P20/ Ld) g dRlob N KELELG RS POLSTR0, 1S o

| Bcor povcttdee e mpiturtedd oy sdftimap @adahed 130siitd QRTated

(nN%: my’ , £nN23,nV23% and (nmx24, mY24) |ocated on

tHe érﬁ‘%é%t% FoBOUEP0R4] - Since the ol d rgute R?Z is

n esek d rqute an e _new,

r%%g]mg?h?%?%%@%%gm%kfnlg%{cgrﬁeg it o2 2& myz> is

detertFches titat rdwe 0lRE I ottt A2 oS frRe eWoRg onf @MC 014

Further, the nodifying function portion 213 changes

& 550 PP oRBE DRV ar Qe Weetpﬁsmr:?zian/ fofndqtz(ai@mﬁxoawi;g;%n 211
. . J ) an 1)

bR (PR T LIS, ML UISE DEY,

(ERI1E2HYs amtdiediade: il @suide entrance side of

the new route R23, respectively, and outputs three
tOdieFi e dhRR itheoRsw eube dhbsemposingi Huratt i chatom avm 211

DBBBT hFer GFF an B o By Pt horm b 523, che
Qutpitpd rathie grediddtad P @i 103 f?a&}%%%%%g%%al

data have becone the positiona
PhBrAddEYIZiman matinhesipomiicEoss dexal , e 20 e W(Hfi0RS8 Sy 23)

B AR A B ooy idid g™ of the
[0064] Since the old route R22 is not present between the
oldoldrouteR2landthenewrouteR23,themodifyingfunction
portion 213 determines that the old route R22 is the wrong
route. ‘
 Further, themodifying function portion 213 changes
thepositionaldataonthepluralityofmapmatchedpositions
(mX22,mY22), (mX23,mY23), and (mX24,mY24) located on the
old route R22 to positional data (J21X,J21Y) on the node
J21 on the entrance side of the new route R23, respectively,
andoutputsthreenwdifiedpositionscX,chhosepositional
data have become the changed positional data (J21X,J21Y).
[0065] Afterall,themodifyingfunctionportion213outputs
the modified positions cX,cY whose positional data have
become the positional data (J21X,J21Y) on the node J21 on

theentrancesideofthenewrouteR23deemedtobethecorrect
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(mMX22, my22), (nX23, nv23), and (mX24, my24) | ocated on
the wong old route R22. In this manner, erroneous
determ nation of the route is prevented. Fig. 5(b)
shows the positional data before nodification (left
colum) and the positional data after nodification
(right colum). [0066] In the exanple of Fig. 6 (a) ,
the newest map matched position mX35, my35 is |ocated

onotibe, r bt eedB3oft BReMAtaNMBhChAd RESI kbeBSed positions
mXx32 WSZ%), (mX33, my33) and (mMX34,nmy34) old in terns

gffﬂ%?%ern%@ I otBX 23, B2 8 he 1d fr@t&@,nﬁaam) alrcﬁ:auefrg araphe
d sition 31, mv¥32).is |located on the o

THERS e Rty bgsy i ol anardite eroRdehed

st & RN MBS YBSche rboeat 8 gPReLBREQUt e R33 which

is different fromthe old route R32, the new route

det er ni nFig-f Gribd i shoper then pb1 t ijondde Slatthze ettt R33
new rout e anqh%udges hat the  vehicle has

SR T ot St LiDasP b PRS i tdanedute s after

AR3Er M A UnStdion POTLLON. 211 judges that the
vehi cl e has entﬁgr%d tﬁe newproute R33, the

i XX qlor anitite fexaotdlenoparid ore (212 ktheoipesst emp hatched

lurality of mat ched positions (nX32, my32),
?Rf%%—,llrw}sléfﬁ35dﬁ%3? @@34%%%%@%&%@ 6<ﬁutﬁeRéBd £bat map

. . Sk I ut ' esent we
PR cs08Eh P08 A TN TSR, a8 ST pRURER
rodi fiyi hgrhanctitime pard iloka2kd dat engides ddigte 32, and
old route R32 is the correct route. Further, the

FOE PEPIEA T oReeiRes Hoken dmX3ia micks imotoecabadeon fide old

| tional ta on the plurality of map matched
%33 EOUE Bt my32), (nX33,m¥33), and (X34, nv34) 27

l[ooa7gd Dintded tevewtemBBdna bttied B Lad oD MkBYL S35 s
located on the route R33 which is different from the old
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 thepositionaldataonthepluralityof mapmatched

positions (mX32,mY32), (mX33,mY33), and (mX34,mY34)
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nodi fied positions cX cY whose positional data have
becone these unchanged positional data. [0070]
Afterall, the nodifying function portion 213 outputs
the nodified positions cX cY whose positional data
have becone the sanme positional data on the map

mat ched positions (mX32,nY32), (nX33, n¥33), and .
(mX34, my34) |ocated on the correct old route R2. Fig.

6{brasbawent haeposid irondle @aba Bekone st MiIGAHAE the
(left colum) and the positional data after

nBapt Féarires{tigns cdola¥mihosemadiitsi exabhplata hhee become
pgﬁ%tional dat a before.and_after nodification are the
s
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(route), which is apt to occur after passage o

i bhermedifondopoaibianshcioeiciit whose poevertonc,] mﬁidluave
rout e re the vehicle traveled can be accurately
d%?%?ﬂ?mr}?gk? S§BR PSS Hurtier Bk @ ot Hae &gy Bgkched masi tions

Lot s pessshesune e 001 iRl o cne

chargeny sydteontesRéesigned to hold only road
informatign (positional information along the road,
route R EdGde 6JP) Sh@wsottheo Pestid liosredr ifGaobefore

y navy i 0 i spl ay.,, .such a
nacaseatyeshy fon a0 got) Sl e D, Baca st
cosdi fleation srophe E6Lusnf !l ware @si yvedkams1 bar gyar e
and decreased in data volume can be realized, and

R et dgacant pEe adtd afber maEhioidiateien 2 re0tvglsame .

di ' o i f | | of
RSREH S S BN e L v, o
tef fne®is idgte e radd Msh 10F the ABRANPE&HEd) POhidONs apt

mX, mY inputted 28 nost lately, were |ocated on a
cle? PEFH T }iEkR T Palssagist ef @rhigtersection or a branch point,

is prevented, and the route where the vehicle traveled can .
be accurately determined.
[0072] Furthermore, the storage section 117 of the
on-vehicle machine 100 for travel route détection, which
is applied to the GPS road toll charging system, is designed
to hold only road information (positional information along
the road, route R, node J), and not to hold information
necessaryonly fornavigationaldisplay, suchas topography,
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.
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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is called "old route”) , but the newest map natched
position nmX nY is [ocated on a route different from

the old route, the new route determ ning function
portion 211 of the buffering nodification 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, the above nethod of
devetmaﬁﬁhxmweremuqﬂmmednhyceheatﬂud@MﬂntdE&Beéedéhls

I map mat ched positions nX n¥, which
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r&nﬁ&réﬂfﬁﬁéeméwff@ﬁtéhe ol d route the new route
determining function portion 211 judges this
di¥¢ & lenfnrioeedimebt 2 tb® abave meirtbd wdgdstehat nbhd on

e e new route. [0075
D Ebalan BDAIE S oI SuIRY FOMEA, L 2l et bt e the
nedciedchesi pé onsi o WX, my-, Bwh i ENGSIRVE B 19‘[‘€e§fﬂg of B8me
next newest one, are | ocat éd on the sane rout
dqeflfaetrléifq toﬂel@enntammgtqhed@cmlttmlsmﬁ ﬁﬂechﬂbnbmbbecaily
new route, and a judgnent is made that

e velhl cﬁlé/ Hggorgntke? &FR ﬂ@tﬁgﬁfirl%ﬁﬁjethfhﬁ’é( mYhénputted
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| nproves. 0076] The configuration, I ons
ﬂ@n@@lbﬁ@‘Uﬂibtbeme"porbubn3mﬁnewebeIﬁﬂﬂmaﬁﬁhkhp§éshﬁlon
29 Ca [1] An_on-vehicle nachine for

pggv IapguFéed@FBCWFBﬁ ed position mX,mY chronologically
immediately before the newest map matched position mX,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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conprising: a GPS receiver which receives radi o waves
sent from GPS satellites, nmakes position nmeasurenent
based thereon, and outputs positional infornmation;
traveling di stance detecting neans for outputting
traveling distance information indicating a distance
travel ed by a vehicle; traveling direction detecting
nmeans for outputting traveling direction informtion
indicating a traveling di¢egimsn of the vehicle; a
position estimating section which, if the position
nmeasur enent can be nmade by the GPS receiver,

cythical lpp cautputisia Rg%hﬁh%nfggnngQ%fq%éﬁéél&%tectlon,

positional information output recei ver
aSoBRrésingat ed p03|t|on (XY , but if the position
measur emgn annot, be e by the GPS receiver, finds

a travel Png’ pdsiqs ool ﬁ@ Q%ﬁ?%V%SB§§Bd>Wéﬁe§h%ent from
t f | i
ey eldthd 10t ANge K BB%SHLSH RO tﬁggrg%r%\&{e s{cﬂghereon,

di rection infornation, cyclica
fmnhdoumsm|msaslana93tnﬁamdtpeﬁlti on (X, Y); a

st or age sectl n having road information in storage,

the roadtFAVGLARE] %SgﬁEF@d@W@e@bsmgumﬁms ifefro oG ing

adoNg 1 t t road, in ord
dIStIndﬁ?%ﬂ§l?§%%£%t?%ég%%§ logaﬁadécﬁgagg(ﬂ)S%@FaB€?
ittaersslent ion, a brentdle poi nt, or corner of the road; a
map natchlng section for cyclically outputting a

posi t i ontBAVEhENE sl e Gt @th deg ecitdsgshe s ns tirer pospticeiing

Rl T TR ERy Wi tees Ho calFravebing

phisdetdtaron X;f Yhenehides y0oad i nformation; and a
buffering nodification section for cycllcally
ap031tlonest1mat1ngsectlonwhlch if the position

measurement can be made by the GPS receiver, cyclically
outputseaposition,indicatedknzthepositionalinformation
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,andiinode(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
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outputting a nodified position (cX cY), obtained by

nDdeicat?on of the map matched position (nmX nY), by

use of the map matched position (nX, n¥) and the road

information, wherein the buffering nodification

section has a storage portion for storing the map

mat ched positions (nmX n¥) inputted one after another

fromthe map matching section; if a plurality of the

nBpSkhtenetmposY I onsseme mifp st intdd s iadibrd NX, Y) and

terms of ti relative to the map matched position
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the u%fer'ngnndificationsectlon judges this different
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entered wheredw route, the buffering nodification

section incorporates the plurality of map matched
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old route is present between the new route and an ol
ol d routéfWhPéHraﬂstaCﬂbuheIthmetthedmmwifﬁ@mﬁde,mY),

T ( ol der i .ternms_of . time than the map
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the old old route and the new route,” the buffering
red FPeaei bAlsace | o tet riraresi ddiatrdutes ol Qbhteenletﬁest

i f the old route is not presen
g. \(;\rgée%&(féd rp%usti ’iok%lutlmgimep is located on a routepdifferent
fromtheoldroute,thebufferingmodificationsectionjudges
this different route to be a new route, and judges that the
vehicle has entered the new route;
whenthekmfferingmodificationsectionjudgesthat
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 sStorage
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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he old old route and the new route, the buffering
Lngification 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

mat ched positions (nX n¥) on the old route, but

i hstwadn e mitd cd plrongki aydofhd heweditibed: Rash 805i ng
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entpance side of the new route, and outputs the

nmodi fi'ed positions (cX cY) whose positional data have

itd ; he .
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entrance side of the neé#%oute. [2] An on-vé%|3¥%
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estimating séction which, if the positio

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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measur enent can be nmade by the GPS receiver

cyclically outputs a position, indicated by the
positional information outputted by the GPS receiver,
as an estimated position (X, Y) , but if the position
measur enent cannot be nade by the GPS receiver, finds
a traveling position of the vehicle based on the
traveling distance information and the traveling

di rect i ortsiavedriveg ddmecandncyet écad hy rMHANIES rtdi® putting
f ound EositLon as an estimated position (X Y); a '
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position (X, Y) and the road infornation;
bR ¥ e g enpdistiitéan oraseceirentf cenopt! beahhyle by the GPS
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i nformati on, wherein the buffering nod
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terns of tinme relative to the”map natche posi
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F§&#4Seg @ route (R) set 'per road in order to distinguish
respective roads, and a node (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
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
of themapmatchedposition (mX,mY) and the road information,

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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on an old route being a certain identical route, but
the newest map matched position (nX nY) and the map
mat ched position (mX, nY) chronol ogically i mediately
before the newest map matched position (mX n¥) are
| ocated on an identical route different fromthe old
route, the buffering nodification section judges this

different route to be a_new route, and judges that

the vehi dife? RA&rédiidweqr tthe mammatslyest pO\héhlﬁhe (mX,my) ,
[ i ticati tion_judges that . the
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between, the qld old rqute and the new route, the
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dhdpoute is a wong route; 34 when the buffering
nodi ficati on section deternines that the ol d route is
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Jges ol shenge positional, data on the pLurelity ol
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 isa wrong

route;
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but instead, outputs a plurality of the nodified
positions (cX cY) whose positional data are identica
with those of the plurality of nap matched positions
(mX, my); and when the buffering nodification section
determnes that the old route is the wong route, the
buffering nodification section changes the positiona
data on the plurality of map matched positions

(mX, n)  @mhenhen 8l it #hg h%dﬁ?%'ctaltggﬁl sdat 2 AdNenines

node (J) on an entrance side of the new route, an
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according to claiml further cdnpri Si ng:
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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 the buffering
modification section, and performing a toll charging

treatment.
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