DESCRI PTI ON DEVI CE FOR MEASURI NG AN OBJECT TO BE MEASURED, PROCESSI NG
METHOD THEREOF, AND PROGRAM 5 Techni cal, Fiel d [0001] The
present invention relates to a device f'or nmeasuring an object to be
measur ed whi ch neasures a length of the object to be neasured, a
processi ng nethod thereof, and a 10 program Priority is

cl ai mred on Japanese Patent Appli c@DESCRMIIOR011-215483, filed

Sept enber 29, 2011, the content of which is incorporated herein by
ref erence. Background Art 15[ 0002] On toll roads, tolls are
set based on the sizes of vehicles passing through the roads of

predet erm ”%@@%F@R%E'&@Lﬂﬁﬂﬂd ' %ﬁjﬂfT %}9%9 'WEAS‘UR%@@?{Y%@S@IN@‘

ETC system and t I ke determ ne coherence between ve e type

i nformati on obtained thro j L.O i i,n-vehi cl e device
and a vehicle type speci f@%@ﬁmra%ﬂﬂgﬁwm shape of a
vehicle so as to execute a crackdown on illegal resetting of the
in-veh cl e device. Therefore, it is necessary to accurately determ ne
the size of the vehicle, that is, various factors of the vehicle such
as the | efgthmjcat Rieldhei ght, and the width of the vehicle, on the toll

road. Further, PTL 1 and PTL 2 disclose technol ogies to determ ne the
size of the vehjoobg 2 G tation List

The present invention relates to a device for measuring an object to be measured
which measures a length of the object to be measured, a processing method thereof, and a
10 program.
Priority is claimed on Japanese Patent Application No. 2011-215483, filed

September 29, 2011, the content of which is incorporated herein by reference.

Background Art
15 [0002]

On toll roads, tolls are set based on the sizes of vehicles passing through the
roads of predetermined sections. In addition, for example, an ERP system, an ETC
system and the like determine coherence between vehicle type information obtained
through communication with an in-vehicle device and a vehicle type specified by

20  measuring an external shape of a vehicle so as to execute a crackdown on illegal resetting
of the in-vehicle device. Therefore, it is necessary to accurately determine the size of
the vehicle, that is, various factors of the vehicle such as the length, the height, and the
width of the vehicle, on the toll road. Further, PTL 1 and PTL 2 disclose technologies
to determine the size of the vehicle.
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Patent Literature [0003] [ PTL 1] Japanese Unexani ned
Patent Application, First Publication . 5H11- 203588 [ PTL 2]
Japanese Unexam ned Patent Application,“First Publication No.

2000- 020876 Summary of Invention 10 Technical Problem [0004]

Here, although PTL 1 and PTL 2 include technol ogies to neasure the
size of aCwefibrcl.st by a | aser radi ated froma neasurenent device, it
i's necessary to consider the influence of acceleration and

decel er at poanfitdritgrevehi cl e traveling between a plurality of

15det ecti on devices which are installed spaced apart, when measuring
the size in a IRF@%E direction of the vehicle (hereinafter, referred
to as a vehicle*lTength). This requires the neasurenent accuracy of

the length of t vehicle to be inproyed. |t .is.necessary. to tract
b appropt i at e HHbk | Gtk vrecaited B G AumisRis SR et on
signals received froma plurality of detection devices installed
spaced ap&rld:2088%#8 i nprovi ng the 20 measurenent accuracy of the length
of the vehicle. [0005] Therefore, an object of the present
invention is to[RIM0} dmpanadeUinerarhined Retestukppligaidon, GosekitblicatideNo.
measured, a processing nethod thereof, and a program which are

capabl e oboERHMIgTg t he above probl ens.

Summary of Invention
10 Technical Problem

[0004]

Here, although PTL 1 and PTL 2 include technologies to measure the size of a
vehicle by a laser radiated from a measurement device, it is necessary to consider the
influence of acceleration and deceleration of the vehicle traveling between a plurality of

15  detection devices which are installed spaced apart, when measuring the size in a length
direction of the vehicle (hereinafter, referred to as a vehicle length). This requires the
measurement accuracy of the length of the vehicle to be improved. It is necessary to
extract an appropriate detection signal of the vehicle among the detection signals
received from a plurality of detection devices installed spaced apart, for improving the

20  measurement accuracy of the length of the vehicle.

[0005]

Therefore, an object of the present invention is to provide a device for
measuring an object to be measured, a processing method thereof, and a program which
arc capable of solving the above problems.
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3 Solution to Problem [0006] To achi eve the above object, the
present invention relates to a device for neasuring an object to be
nmeasured, including: an input unit t hat3 recei ves a detection 5si gna
representing a characteristic of the object to be nmeasured from each
of an entrance-side detection device and an exit-side detection

devi ce wWhiehtiah e Problenh | ed at a predetermned installation interva
in a traveling direction of the object to be neasured; a
characteristic gﬁmGFtion i nformati on generation unit that generates
characteristic detection information including characteristic

ocr ease of 1 ot ERAD e By PR bt T Ol P Bl g lEE RS,

characteristic. detection tinme incl _udea. in the detection signal, based
on the relEAvEREaBQbiset rpeanepsared. BSluding: A npHEUHEhEIIEFGYESS Gifgion s
received fromthe entrance-side detection device and the exit-side
det ect } onsigaalirepreseating achiveeferissici ofithmohjedt to bémeastieed fyers eactf efraat i on
passi ng through a point having a first characteristic detection tine
as a l1l5coemenessidenieration ddvidevanddateritisidendetietion dsvied whith are installed at a
entrance-si de detection device and the exit-side detection device and

a poi nt  haxde@nRinkd flstARASRRtRVAITA b trad8iRCditelfion b Be bBecttd Be AagREd 10
be neasured as a conponent in each of two detection devices, in a

e char aChRotFRYEALRR frdhphiEd LbRRL R AR Enl R ARGHIRICRELCEREN
devi ce detel-.cts t he to be measured 20in.a.tine axi,s after .the

bj.ect )
ent r ance. ETERNAP dRSTGIRE ShArRGLeHE MaareasE B HERsC oAt PHIGRINS & FRlRe

the object to be neasured and the characteristic detection tinme when
the ekl t - 3n Heragse ecdacemisyelihe eharagteristiss phiie ohjeetio beandssuigg addifed in
the time axis, the function representing a traveling tinme of each
char act er clstraatergtictdetecin) Bt incbuded imdasieteetion sighdlcbamed pmticaeside
detection device and the exit-side detection device at an average

25accel er aéte@onGigiah @adldiie the detddeioneRaLIriS eckivey dbinnlie BatrMRERidehe
entrance-side detection 4 device and the exit-side detection device;

an assumededii et bha tledRit¥idd ddididfon Gebied! AhR&ion-deriving unit that derives a

function passing through a point having a first characteristic detection time as a

15 component in each of two detection devices of the entrance-side detection device and the
exit-side detection device and a point having a last characteristic detection time for the
object to be measured as a component in each of two detection devices, in a
two-dimensional coordinate system representing a relationship between the characteristic
detection time when the entrance-side detection device detects the object to be measured

20  inatime axis after the entrance-side detection device first detects the detection signal for
the object to be measured and the characteristic detection time when the exit-side
detection device detects the object to be measured in the time axis, the function
representing a traveling time of each characteristic of the object to be measured in the
entrance-side detection device and the exit-side detection device at an average

25  acceleration of the object to be measured traveling between the entrance-side detection



t he ot her conponent by substituting the characteristic detection tine
included in the received detection signal as one conponent for the
function, and cal cul ates an assuned tirfe at which a characteristic

i ndi cated by the characteristic detection infornmation 5generated
based on the detection signal received fromany one detection device

of the enfgancndthél exiflelde abicOord@iieamRduibetifvéichicaiatien UR¥k Bfet tABylates
device may be detected in the other detection device, in a case of

assum ng i t
Rcce! er ot 1138t SEmBRAGELy LB TR R BHE bEte Ao i BXLROR the
exit-side_detection.device; a characteristic detecti.on informtion
candi dat eTCHEEE PRI ST PPOSHAR 1 SuichinG Ao dplcbRiss o8 prqumed
detection information which is generated based on one_detection

si gnal r ebBievibyhichrsharetepiglic waicated;byrthelelarecieristie daiscliomnburmaipnt j ¢

i ncrease-decrease information fromthe characteristic detection

i nf or nat i generaedibaspe on theaketdchon sigaalaetavddsiton ane e détestionnieviceaf then

i ncluding characteristic increase-decrease information indicating the

same val uentedncéide \d@lebBorPdevideandnké €as6idoetd@narsRe nivd Headet@dteliShyhe
the characteristic increase-decrease information which is read, anong

the char agher icitdifondBLRE ih ALald RO MaMHoTbidct ARREALRA (RASES: R
t he detection signal recelveg fromthe~ot her étectlon evice;, a
characteristjc detect.ion information specification unit.that .

spec 1 os "l AU bof BetrBr R ol Arksr Ao Bt Rt thd e Bh-sice
characteristic detection ting which is ¢losest to. an assuned tine
obt ai ned B§tedipgderice 4 Fprastrivec dpisrtion isfqraatien eandidaig %’ﬁ"lg‘licﬁ%‘mi e thated
in the one detection signal which is received fromthe one detection
devi ck0 asspeedies thepdaeasteriste detpetionuntorinationawbich & ganertgdhpseden ondher
conponent, anong the specified characteristic detection information;
and a det getedtivon sidgrghakeiced frosphe dhadete@iontdevios hitpdsdhb@t®@ris@d | on uni t
that determ nes one detection signal received fromthe one detection

devi ce anghcpadeli&eddsO thidimgiiRh FFik Hev@dradRliERIAAMN MfofRAURSAL hRDNspecifies
device used in generation of the characteristic detection 5

i nf or mat ' Bl c‘P(&JaEH&];iEt?c c?e?@ccfiioﬁ iilﬁ%ﬂﬁ%i&ﬁhﬁclﬁﬁ'ﬁé%ﬁérﬁ%}gﬁgtf-c 'n&@ﬁs%g&eicl%gse
information specification unit, as a correspondi ng detection signal
when a chararct i Stj

e o TS Bl B ek O SRR RSl

descri bed above o ) i o
by the characteristic increase-decrease information which is read, among the
characteristic detection information which is generated based on the detection signal
received from the other detection device; a characteristic detection information
specification unit that specifies characteristic detection information including a
characteristic detection time which is closest to an assumed time obtained by substituting

2()  the characteristic detection time included in the one detection signal which is received

from the one detection device as one component for the function and calculating the
other component, among the specified characteristic detection information; and a
detection signal corresponding relationship determination unit that determines one

detection signal received from the one detection device and a detection signal received

25  from another detection device used in generation of the characteristic detection



according to the present invention further includes a reference
detection device specification unit that conpares the nunber of tines
at which the entrance-side detection deVice detects the obj ect to be
measured between the first characteristic detection time and the |ast
characteristic detection tinme, with the nunber of tines at which the
exi t - si deirfoaeit@atwioch depedfedet ke charkiteriaij dxedctibe inferniatiaa Wp&ification
between the first characteristic detection tinme and the | ast

charact er iy £ addHe§idnahgldefRtioP§1Sn Rh fal BaratRAsES BRtIragk agéfdt &be
having a smal |l er nunber Of detectron tinmes of the object to be

measur ed rance-si de detection device and the exit-side
detectionﬂﬁ%%ﬁ%%kggmﬁﬁé'detection devi ce. [0008] 15Further, in the
devi ce for neasgh'?g an object to be neasured descri bed above
according to th b sent invention, the input unit respectively
receives a detection signal including a characteristic indicating
strength of a | Fesersthe 8@@@@ R mepgg anmbiass iraneagured dgsdribgéabove
radi ation signal which is radiated to the object to be neasured and a
char act er astordingl &t the prasenttinvaativh érthef inciudesr trdfercaced detgrtion dedee
detection device and the exit-side detection 20device, and the

char act er ksdcificatlen 86t ttancdhpRESME hMbaesTRINGds| 20 Whithi the SRAMEALIES detection
characteristic detection information including characteristic

:jgg; gg: g' gf‘ﬁ%‘ﬁ@éiﬁﬁ% ir?lfgg'tbgé‘réf o} méggﬁ%ﬁghfg&eﬁ‘ tlY@iin‘éF%ﬁfao?e‘i’isﬁ@&é&@&ﬁ)‘ﬁ tithe

Istic ect € neasure

i ndicatin ical characteristic of the object.to be ured and
" char act v e R oiess G SBleREOT R Bt P s S R a8
based, on the detection 25sjgnal. 6 [0009] Further, in_the

devi ct f oHetReigdervieg datscisiheeiicdt do bempansss katweradthe fipd ghapeiciastic
according to the present invention, the input unit respectively

recei ves detadiaadimemndsihg hast chanasteristio detactidnatirae tand ispecifiesi theldeteationg

hei ght information of the object to be neasured 5which is detected
usi ng a rdelied having & anslter samber dfrdeaschian tiles vEMd odjctrdibatrcBured oat ¢ffthe

t he
entrance-side detection device and the exit-side detection device as one detection device.
[0008]

15 Further, in the device for measuring an object to be measured described above
according to the present invention, the input unit respectively receives a detection signal
including a characteristic indicating strength of a light reflection signal corresponding to
a light radiation signal which is radiated to the object to be measured and a characteristic
detection time thereof, from the entrance-side detection device and the exit-side detection

20  device, and the characteristic detection information generation unit generates
characteristic detection information including characteristic increase-decrease
information indicating a value of an increase or decrease of the characteristic of the
object to be measured indicating an optical characteristic of the object to be measured

and a characteristic detection time included in the detection signal, based on the detection

25  signal.



i ght radiation signal and a reception tinme of the light reflection
signal and a characteristic detection tinme thereof, fromthe
entrance-side detection device and thetexit-side detection device,
and the characteristic detection information generation unit
generates characteristic detection information including
characteristic jgpgspase-decrease 10information indicating a value of
an i ncrease or decrease of the characteristic of the object to be

measured i ndicat| o) [ h 8L f ' :

meacur od and a EaRede 8RR LR AGR S PRl e RRuRRhbb e
det ecti on sigf%%gagased on the detection signal.. [0010] 15Further., in
the devi cBPBNGBEPIGIENARVIHPRARe MRULITHESRAGHEY dResties BAaeSliy Henal
according to the present invention, the detection signal

cor r espontfichyling4 eharantesistip intheasingihaight informatien géthe ohiesely byraeasured
detection signal received fromthe one detection device and a

det ect3j onwhichriatete@ed isingla tadiati cmAodnsmissihatiseivabbetdesn ¢ eadig®d tinre of the
generation of the characteristic detection information which is

speci fi ed}ibiy rhfigtisDA5RE bR b $ddeptiiDERE 8 tHeQiEht RIEHET Jighnl aegi fication
unit, as the correspondi ng detection signal when the characteristic

poi nt of b SBEE el BPuME AR b (AELARLE 108 Betkctidn dlifbe and the

characteri etection I'S Cl 0Ses e assunmed tine is

T RSB WSt b SSRGS LR BRSME e b

detection tine included in the one detection. signal which is received
f r om 25t h&ensraegeaeastarishc detgstian ipforyadortivavd aragleriheineisasa-esHeash d
cal culating the other 7 conponent, anong characteristic detection
t i mesl10 ncinfomaition indieatmgarabiesrfiagtinacate e dedrease ofifherahatacteristishoidhe i s
specified by the characteristic detection information candidate
speci fi cabbjes tdbkmeak@d #ldicating a geometric characteristic of the object to be measured
and a characteristic detection time included in the detection signal, based on the detection
signal.
[0010]

15 Further, in the device for measuring an object to be measured described above
according to the present invention, the detection signal corresponding relationship
determination unit determines one detection signal received from the one detection
device and a detection signal received from another detection device used in generation
of the characteristic detection information which is specified by the characteristic

20  detection information specification unit, as the corresponding detection signal when the
characteristic point of the object to be measured is detected, only if the characteristic
detection time which is closest to the assumed time is within a predetermined time
difference from the assumed time, the assumed time being obtained by substituting the

characteristic detection time included in the one detection signal which is received from

25  the one detection device as one component for the function and calculating the other



5Further, the device for neasuring an object to be measured descri bed
above according to the present inventi further includes a
corresponding rel ationship determ nati dn stop unit that conpares a
time relationship between the characteristic detection tine included
in the detection signal which is first received for the object to be
neasur ed tomporteht agng aharectsiisie detcaont tiows theluded irathd chiracteristic detection
characteristic detection tinme 10included in the detection signal
which is fifeigiatiof &&iiMeR spifiddey BRjcRarhctbGstRalcrRASH e nidtiechltBdate
exit-side detection device, with the tinme relationship between the
char act er | .St.i tion tinme included in the detection signal which
is |ast rgggpﬁgﬂ&igﬁtthe object to be neasured fromthe entrance-side
det ecti on deviCﬁ)ige the characteristic detection tine included in

t he detection s 8 which is last received for the object to be
measured from 15t he exit-side detection device, and stops the

det er i nati on ofurthse thedevdes,ion measpring|agobisstie by measpred dgsaribed pbpve
signals which are received fromthe entrance-si de detection device
and the esécordinglty thepres¢itonvention fether includes & coneespending mhativingspar e
different. [0012] Further, the device for measuring an object to be

measur ed deseriniash adowst haaceaiagdsnotihe rdldtfonphi@ Yetech Mivedhatteristis t her
includes a velocity calculation unit that cal culates a velocity for

each of 1t h8.GRAMARE Rciudbd f @E id@%@tié?f( si&ﬁ?vxfﬂthQF'lrstt ?eéaﬁreﬁg@lstﬂé %eﬂ%‘%@ d

on conbined I nformation of one detectton signal received from’the one

B L RS S
oo oL Ak o S TS D 1 e B ) o

installation 8 interval. [0013] ) ] ) o
the exit-side detection device, with the time relationship between the characteristic

detection time included in the detection signal which is last received for the object to be
measured from the entrance-side detection device and the characteristic detection time
included in the detection signal which is last received for the object to be measured from
15  the exit-side detection device, and stops the determination of the corresponding
relationship of the detection signals which are received from the entrance-side detection
device and the exit-side detection device, if the time relationships are different.
[0012]
Further, the device for measuring an object to be measured described above
20  according to the present invention further includes a velocity calculation unit that
calculates a velocity for each of the characteristic points of the object to be measured,
based on combined information of one detection signal received from the one detection
device which is determined as the corresponding detection signal when the characteristic
point of the object to be measured is detected and characteristic detection times included

25 in each of detection signals received from the other detection device, and the installation



Further, the device for neasuring an object to be nmeasured descri bed
above according to the present invention further includes a length
calculation unit that 5calculates a lefgth in the traveling direction
of the object to be nmeasured, based on a velocity for each of the
characteristic points and any one or both of a characteristic

det ecti onjdidH®m i ncluded in the detection signal received fromthe
entrance-si de detection device and a characteristic detection tine

i ncluded in thed%gigction signal received fromthe exit-side
detection devic%. [0014] Further, the present invention relates to

a processing nethad o devjice for.measuyri an object, to.b
rensur ed Caust nELE 1 EHe 0 feas el e b R RG] deb bk above
representing a characteristic of the object to be nmeasured from each
of an ent AeAPRANg fafilc gesserttinvmtige firdwr medndsha dspgth enleatipareithan

device which are installed at a predeterm ned 15installation interval
in a t¥avedlcuigiesia length mrthofravchiag dirpetoin dfdhdebjosds be edasuaed, based on a
characteristic detection information generation unit to generate

_char acter ivélbi:iﬁy ﬂﬁ%@&t éfahe b}iﬁrm&%ﬁb @Binitsﬂzﬁiduﬂ'y e 6RBHB QT @_rchﬁah&teristic
i ncrease-decrease information indicating a value of an increase or

decrease ghclif dﬁﬁﬂ@ﬁﬁﬁfd%& ﬁé&%‘&cﬁ@ﬁiﬁﬂ%ﬁﬁ@%&? veeH groﬁ?th%ﬂ%i{c%%i&{'tﬁt tion

characteristic detection tine 1nc etection signal, ased

on the regei.ved detection.si.gnal. each tine.20the detection si | is
Fecel ved: it g bRt U tapaBRE MebideR af e BerchBOT ARG Rref b Fom
detection device; a function-deriving unit to derive a function

passi ng t HeSHyrside §eoHenaYiIFRg a first characteristic detection tinme
as a conmponent in each of two detection devices of the entrance-side
det ect® on devi c0dAH the exit-side detection device and a point
having a | ast characteristic detection tinme for the object to be

measured as a 2Bmdigpoihe piesént ipantionfeldtentodgirocdssiag noghddosfs, devite dor
t wo- di nensi onal coordi nate system 9 representing a relationship

bet ween t hraGhiamioddcpid te Melsarlcikind: R iNfif init RSreRBivE @lAeRcBbidgnal
detection device detects the object to be neasured in a tine axis

oL AP AR IR IIISYR HhET PR A SRS
time Vmendétre]&io%x-et\ric%ia% ﬂ%%ﬁ-%ﬁe%@tegggg e%i(%evtvl%%ﬁ %re installed at a predetermined
15  installation interval in a traveling direction of the object to be measured; a characteristic
detection information generation unit to generate characteristic detection information
including characteristic increase-decrease information indicating a value of an increase or
decrease of the characteristic of the object to be measured and a characteristic detection
time included in the detection signal, based on the received detection signal, each time
20  the detection signal is received from the entrance-side detection device and the exit-side
detection device; a function-deriving unit to derive a function passing through a point
having a first characteristic detection time as a component in each of two detection
devices of the entrance-side detection device and the exit-side detection device and a

point having a last characteristic detection time for the object to be measured as a

25  component in each of two detection devices, in a two-dimensional coordinate system



5t he object to be nmeasured in the tine axis, the function
representing a traveling tine of each %paracterlstlc of the object to
be neasured in the entrance-si de detectl on device and the exit-side
detection device at an average accel eration of the object to be
measured traveling between the entrance-side detection device and the
exi t - si dercgetsentinigonretitongiep betweears therobdrattcnsticoddtaxtiba timerwhemithe t o

cal cul ate the other conponent by substituting the 10characteristic
det ect i Onerttdiee-kideldeRetod devidealctReahy B6icttab 86 hicasursd INadima axi9After the
conponent for the function, and to calculate an assuned tinme at which

e o A S DOG U U A PSR 0

t
i nformation generate rece|veé ?ron1any

ot -1 demeset 1o el AR BhP SHSF R R Bl e Bl fecs

device, in a case of assum.ng that 15the obgect to be neasured
travels afhcioRischipdicageasyreddn gr%{tm%mbéh%@ﬁ QIS PEsEH g Adravepg time of
detection device and the exit-side detection device; a characteristic
det ect i onedchfchanaterisiic efdhelpbiattdo bp awhasuredin the entrancesule siptectidydavies and
characteristic detection informati on which is generated based on one

det ect i onthgieghalider ddeetive deficOm dnhRe@ape actelettion@i titkeobje to bomesackd
characteristic increase-decrease information fromthe characteristic

detectio ”trh\ﬂﬂ‘hﬂ% HRiweR thelQHcd-Gde BaEdfoh debRe %ﬂ@ﬂﬁ%{ﬁfsﬁ&t de‘fec%ﬁ agditan

i nformation 1 ncluding characteristic iIncrease-decrease inf OFﬁHtIOﬂ

I ndi cat | nﬁbﬁs@ﬁrﬁl Al MRBR LAlYo YablSe e dogﬂer Jaf; é)%ﬁél}% bg 65?%‘[8’1

i ndi cat ed aracterrstic i ncrease creas | ch

is read, al %Cg the char acteri, Sﬁ)‘h‘f ﬁ’QCtI on i forrratl orl which is
gener I edClREEG 1HR dpiretiQimg inclpdediiny Ire‘ieé‘f?él Eegtien §gnalie opg frapponent
detection device; a characteristic detection information =
25speci f i Butheongtion, andtoseianlaty ae Apaed nesy whichet charactsiistio fndragtadiban
including a characteristic 10 detection tinme which is closest to an
assuned t theehafatiaristedddigction sfboimatianrggnerhted bhsedaet the detectondégmattecamed
time included in the one detection signal which is received from
from any one detection device of the entrance-side detection device and the exit-side
detection device may be detected in the other detection device, in a case of assuming that
15  the object to be measured travels at the average acceleration between the entrance-side
detection device and the exit-side detection device; a characteristic detection information
candidate specification unit to specify the characteristic detection information which is
generated based on one detection signal received from the one detection device, to read
characteristic increase-decrease information from the characteristic detection information,
20 and to specify the characteristic detection information including characteristic
increase-decrease information indicating the same value as any value of an increase or
decrease indicated by the characteristic increase-decrease information which is read,
among the characteristic detection information which is generated based on the detection

signal received from the other detection device; a characteristic detection information

25  specification unit to specify characteristic detection information including a characteristic



t he one detection device as one conponent for the function and

cal cul ating the other conponent, anong the specified characteristic
detection information; and a detectionlgsignal correspondi ng

rel ationship determ nation unit to determ ne one detection signa
received fromthe one detection device and a detection signal

recei ved féteronrtithdiwhicHed €164ds0Md HaiiiFRedAsRE obing@ B kabistianingfthé he
characteristic detection information which is specified by the

char act er |;st.1 i i I i g i RS :
cor oopond b e F SEkLASh il HoRlcl Ml RRAE deleEhd Sgnaf kot B¥ecPived from
obj ect to,be asur.ed,i s 10detect ed. 0 . Further, th
resent | HEQREREReNGT deviRedt oan e auions R tbimpetiar ngretleb e e e
measuri ng an object to be neasured to function as: input portion for
recei vi ngCAMPRICEE AMeRS egnssifipd phasacieristis gletecuominiurmatipr; and agfetecHan
object to be neasured fromeach of an 15entrance-si de detection

devi ce5 ansigaal cenesposilig releti@shipatetaiamnation whit ¢thdeterming enaddtentioatsignal
predetermned installation interval in a traveling direction of the
obj ect t ordeeive® &ty the on€ Haeaknalev Rk iafd ddbrefidrodignan teeeivad ifiom another
generation portion for generating characteristic detection

I nf or mat i gyedt |&Qic§%s&hﬁf§éﬁéﬁﬁ&%f the g%ﬁ&&@ﬁfcqﬁ&%ﬁ&?%ﬂnﬂa@ibmﬂi&ﬂs

i ndi cating a val ue an increase or decrease of the characteristic
of the object.t [ n 20char (isti ection tinme
"ncl uded retsd tydfe ERRENG GRS - Rut RECHRIRGH Sl Mo S ElE A ReC: | on
signal, each ti the detection signal is.received fromth .
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function-deriving portion for deriving a function passing through a
poi nt lhaviletectedf i rst characteristic detection tine as a conponent in
each of two detection devices of the entrance-side detection device

and t he 25exit-[i0d&] detecti on device and a point having a | ast
characteristic detection tinme for the 11 object to be neasured as a

conponent in eapfiek, th¥Bredait eichdn fevprogam dalsiag b\WomPue 64 8e\ate for
coordi nate systemrepresenting a rel ationship between the
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the ei(Sl t grllt(rjzgme-side detection device and an exit-side detection device which are installed at a
predetermined installation interval in a traveling direction of the object to be measured,
characteristic detection information generation portion for generating characteristic
detection information including characteristic increase-decrease information indicating a
value of an increase or decrease of the characteristic of the object to be measured and a

20  characteristic detection time included in the detection signal, based on the received

detection signal, each time the detection signal is received from the entrance-side
detection device and the exit-side detection device; function-deriving portion for deriving
a function passing through a point having a first characteristic detection time as a

component in each of two detection devices of the entrance-side detection device and the

25  exit-side detection device and a point having a last characteristic detection time for the



detection device detects the object to be nmeasured in the tine axis,
the function representing a traveling tinme of each characteristic of
the object to be neasured in the entrante-si de detection device and
the exit-side detection device at an average accel eration of the
object to be neasured traveling between the entrance-si de detection
10devi ce abdctithdc edatursd dea dehpatcnbin calely bLivo destiordetiteseincal cul ati on
portion for calculating the other conponent by substituting the
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to be treatherabipct iodeaneasyrediand the dhagmgeeristic deteqtionitone whenbe sxitisle
entrance-si de detection device and the exit-side detection device;
char act er isttétondeyme detentsitind ojedtd bameanuédiiattee Spe akisj thatfurmtiopor t i on
for specifying the characteristic detection information which is
20gener at gghrdsamart DRavelifg dalcatehectikielstiE 6£Bk W8 fcl fodP héieueaen the
detection device, for readlng characteristic increase-decrease
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the cHhr ade¥ies and the gat-side Mefection dsviel FSHmGH Hex crleulsing paitien tased on
the 12 detection signal received fromthe other detection device;
char act er f&eulatingesthe othepporpdnsnirby $ubstiwpiag Hei chatacteristimdatésion tipre included
speci fying characteristic detection information including a

char act er insthe eecéized detectiorn digreal whondcdnsponkmisesthe tfancsion aasiubechldulating an
obt ai ned by substituting the characteristic detection tine included
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anot her det ection device used in gener ation of the characteristic
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detection information specification unit, as a correspondi ng
det ect i onmsagmal travetsrat shecdvarage taecdlatiian lmeeﬂn thé enthencelsjdecketectobdevice
measured i s detected.
and the exit-side detection device; characteristic detection information candidate
specification portion for specifying the characteristic detection information which is
20  generated based on one detection signal received from the one detection device, for
reading characteristic increase-decrease information from the characteristic detection
information, and for specifying the characteristic detection information including
characteristic increase-decrease information indicating the same value as any value of an

increase or decrease indicated by the characteristic increase-decrease information which

25  isread, among the characteristic detection information which is generated based on the



Advant ageous Effects of Invention 15[0016] According to the process
of the device for measuring an object to be nmeasured of the present
invention, it is possible to extract ahZappropriate detection signal
of a vehicle anong the detection signals received froma plurality of
detection devices installed spaced apart, in the neasurenent of a

| engt h of géib&ioneifal Rceiv@d Bomahe Q@épaa@étioaraeﬁfce Lmawicrastid §dotionFl G 1
Is a di agram showi ng a configuration of a measur ement system
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obj ect to' sure agram s ovm ng an exanp

of data whi receive t

di agr am S RHORE G He Objectih GRE i b Hogsebtovinssmed e 8@‘@1"}5’;4 by
signal used in a process. 5FIG 5 is a block diagramshow ng

funct i onapubstmting theghamstesistiadeiestionrtimminslugedin thy pn%‘é%%wn@mal which is

5 received from the one detection device as one component for the function and calculating
the other component, among the specified characteristic detection information; and
detection signal corresponding relationship determination portion for determining one
detection signal received from the one detection device and a detection signal received
from another detection device used in generation of the characteristic detection

10 information which is specified by the characteristic detection information specification
unit, as a corresponding detection signal when a characteristic point of the object to be

measured is detected.

Advantageous Effects of Invention
15 [0016]
According to the process of the device for measuring an object to be measured
of the present invention, it is possible to extract an appropriate detection signal of a
vehicle among the detection signals received from a plurality of detection devices
installed spaced apart, in the measurement of a length of the vehicle.
20
Brief Description of Drawings
[0017]
FIG. 1 is a diagram showing a configuration of a measurement system.
FIG. 2 is a functional block diagram of the device for measuring an object to be

25  measured.



FIG 6 is a diagram showi ng a process flow of the detection signal
extraction unit. FIG 7 is a_diagram show ng neasurenent
result data based on information 10whi ¢f is received by the input
unit. FIG 8 is a diagram showi ng a data exanple of information
which is output froma detection signal extraction unit. FIG 9
is a di agram shBMj.13gs a dizfrah sleoveing pn bedmgle nf éaa whidhais aiedied diiaa input
detection tine and a velocity cal cul ated using the characteristic

det ecti onypjtnme. 15FIG 10 is a diagram show ng a process flow of the
device for measuring an object to be neasured. Description of

Enbodi ment s [ 0038 420k RGP FBLcR)] Pk AT Ui

devi ce for neasuring an ?‘Z@%ﬁ%g%‘é neasur ed acc

enbodi nment. ofI th&a. present invention will be described with reference
to drawi nifghdtused I 4RTELESS. s a di agram showi ng a configuration of a
measur enent system of the same enbodinment. 25In FIG 1, the reference
nuneral 10 is aFl§eviisa blask digesan showings fargtisasl qopligeratignof a detection

signal extraction unit.
FIG. 6 is a diagram showing a process flow of the detection signal extraction
unit,
FIG. 7 is a diagram showing measurement result data based on information
10 which is received by the input unit.
FIG. 8 is a diagram showing a data example of information which is output from
a detection signal extraction unit.
FIG. 9 is a diagram showing a relationship between each characteristic detection
time and a velocity calculated using the characteristic detection time.
15 FIG. 10 is a diagram showing a process flow of the device for measuring an

object to be measured.

Description of Embodiments
[0018]

20 Hereinafier, a measurement system including a device for measuring an object
to be measured according to an embodiment of the present invention will be described
with reference to drawings.

FIG. 1 is a diagram showing a configuration of a measurement system of the
same embodiment.

25 In FIG. 1, the reference numeral 10 is a device for measuring an object to be



measur ed whi ch nmeasures a size of the object to be neasured. In the
present enbodi nent, the device 10 for neasuring an object to be
nmeasured is intended to neasure the Ieh@th of a vehicle 30 as the
size of the object to be neasured. The vehicle 30 travels on a road
in atraveling direction (direction fromright to left in the FIG
1). 5In Fhieasuted Whth hedagireds Size UMk abjcilioi bt nadhseiellr ancChic ptadent
detection device, and the reference nuneral 22 is an exit-side

det ect | onefpNdifnt mgjeeg{&%rmggleﬁg%sgﬁpg% 861ck08 baSHdaSGed i iARfladd®

exit-side detection I ce ser ‘'sensors, and receive
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Thus, the_entrance-side detection device 21 and the 10exit-side

det ect i on3@ &Yoo repdip aitrayelipgsqiggetian {Erechen Epaeght i lefdn fieddl dy,
froma difference between the radiation tinme of the radiation si gnal
and t h'e r beElgt. ilothetrefiorenoé numeral 21 {senteantrancet-sdeadeteatioh devige,gind dlae
corresponding to the radiation signal and a velocity of the optical

si gnal , otefeteh@Giunidig 2tis emetibsidt deteetisreddviet | The shigiek-s{dehieteatiount
of reflected light). 15[0019] In addition, FIG 1 shows a

si tuati ongbRcdMt &l thb exigBide dBREHGI &’&n&%ﬁ%b Pd?.exds%ﬁéd%? a4d réRlelrBection
exit-side detection device 22 are |nstal ed in |nstal ation positions

whi ch are tr t e 30,
above no bt arestBRlebibl by R4 R R R et e e
di stance D st t| on inter I) bet ween fhe 20ent n

et ect i on GRYRLR e BT GoRE o Séllaentwaéwﬁéﬁtea%%@%cf;l wd e,
exanpl e, approximately 0.4 mto 0.6 m Hereinafter, it is assuned
that Hespewiride dpfeftinnsdeyinea2| dsfect @ distanre txthepbjest to lbe mgasnrRd.drareat i on
on the road at a point to be detected by the entrance-side detection

devi ce 21ddfeerce between thearadiation thme of tha, radinton egie ahd te rpaaptios time of the
parallel to each other in the width direction on the road at a point

to be det %ﬂeeﬁmbsi% fdreo Q@@Széﬁe@bcﬂﬁesﬁ@i@? ioahe HRVtOA sRAaPAR] 4 Wivityed the

as a point B. Although not shown plurality of the

ot oot on R SRRy R e b AR oL R e fFoFitiegt e

wi dt h di rﬁcht%on V\:hl ch i s perpendi cular to the traveling direction of
the vehic 0, at respective installation positions.

15 [0019]
In addition, FIG. 1 shows a situation in which the entrance-side detection device

21 and the exit-side detection device 22 are installed in installation positions which are
spaced apart in the traveling direction of the vehicle 30, above the vehicle 30 traveling on
the road. It 1s assumed that the distance D (installation interval) between the

20  entrance-side detection device 21 and the exit-side detection device 22 is, for example,
approximately 0.4 m to 0.6 m. Hereinalter, it 1s assumed that respective points parallel
to each other in the width direction on the road at a point to be detected by the
entrance-side detection device 21 are referred to as a point A, and respective points
parallel to each other in the width direction on the road at a point to be detected by the

25  exit-side detection device 22 are referred to as a point B.  Although not shown, a



5Al ternatively, the entrance-side detection device 21 and the
exit-side detection device 22 are proviged above the vehicle 30 at
the approximate center in the width di f2ction which is per pendi cul ar
to the traveling direction of the vehicle 30 at respective
installation positions, and the entrance-side detection device 21 and
t he exit - piutditylef thetehvancdewdeadetcBomdyviessH andchi pdhmalityadfitiad ¢xirside gnal s
in a wide-angle range in the width 10direction of the road, the

center of g¢tB@ion #eiceH o fhaf BB PRIV OMR velRIet ICi! thHvidde Hir@Mion which
In addition, a | aser sensor nmay be di sposed above the sides of the

road so a I I ' t 1G]
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of positions.such as both sides of the road. [0020] 15The device 10
for measuP?HYP%n object to be nmeasured is connected to the
entrance-si de detection device 21 and the exit-side detection device
22 thrdugh a cofiempdvaly.dhe ereranes-fide defgctiancdavice S 1fand tha gxdt-side detection
entrance-si de detection device 21 and the exit-side detection device
22, the dédtwot2Dbaretpromdandost thenghiclect0 athiee apptdankiedesicyimahe (idtb
anount of reflected light) which are detected by the devices and the
hei ght i nfipédthivanicl2R @ergehdiciiehiochetratlingidelctich efah€Wdhadle 4o byrebrtive

devices. The height information is information indicating any one of
"a differgReAD & hed 9itand-s; A RS o d:

devi ce Zlﬁgn atﬁ{eﬂ)ﬁel{b&%’%gf tﬁg aggétss’@?g%lt%%&rtl ogce?fldd?lﬁgﬁ% jegég)@to be
measur ed" , _.or.. "hgi ght,,of th ured portion.of the object to,be.
reasur ed 5 ETHapiHE VS 2 ey A% FERTL QiR asRRt i BEa Rk Ak blinefgarn
the entrance-side detection device 21 (or, the exjt-side 25detect]jon
devi c& 22¢irgcsioppd theegpe dheygenieg of ﬁ@é@&ﬁaﬂgeaﬁl%&%ﬂw&r WA UEROR | s
16 information indicating the "height of the measured portion of the
obj ect to be nelsadddnf a asertsarsar oeaybe disposadahowe dfe sides ofihieghad $asas to
obtained by the entrance-side detection device 21 (or the exit-side
det ect i onragléie sign&@jo thebehieled iraglihg e wilbkktlarse AntHihemeaht lased sensors
direction fromthe entrance-side detection device 21 (or the

exit - si deneheokdvededdf W ph@alie)ofpasitibss ERasERdidRobE ihefoff the obj ect
to be neasured” from"the diStance in the vertical direction fromthe
entrance- si de d@bgﬂi on device 21 (or the exit-side detection device
22) to the road". the height information to be output by the
entrance- si de tectio vice 21 (or,the exit-side.detecti evi ce
55) " th the devi bhe oy ol Tt kERn g 8 inbise ol et iE GutirarP Puhe
information indicating "a difference between the hei ght of the
entrance-side detection device 21 and the exit-side detection device 22 through a

communication network, and receives from the entrance-side detection device 21 and the
exit-side detection device 22, the detection time and strength of the reflected signal (the
amount of reflected light) which are detected by the devices and the height information
20  of'the vehicle 30 which is calculated by the devices. The height information is
information indicating any one of “a difference between the height of the entrance-side
detection device 21 and the height of the measured portion of the object to be measured”,
or “height of the measured portion of the object to be measured from the road”. Ifthe
height information to be output by the entrance-side detection device 21 (or the exit-side

25  detection device 22) to the device 10 for measuring an object to be measured is



10entrance-si de detection device 21 (or the exit-side detection

devi ce 22) and the height of the neasured portion of the object to be
nmeasured”, the device 10 for neasurlng lan object to be neasured
obtains the value of the hei ght as "the distance in the vertical
direction fromthe entrance-side detection device 21 (or the

exit - si deuﬂ&%&%hg{ul%ﬁg% Fright 6f thb ehdARasd pedioR OF tHebjRt td themeRirat
to be neasured", based on the detection result by 15the entrance- si de

detectiong I%Vthg Foa 4 t¥19 (/alhg' bf s !h%l&ﬁ{é fr% %bgaﬁe%%f' e Bﬂﬁiﬂcg Side AeteclidPdMice

Then, the dévice asurin asured neasures

the vehic e vehj cl e h&; ob

neasur ed, %Eﬂfﬁgﬂg ?’?Jp?ré‘? PSR 2?%5‘\\1\’%3 i ‘? fi VH’ eh'@ ﬂé%"?’gﬁ% dirgetion
detection device 21 and the exit-side detectlon 20 device 22

I'n additi &am the enEngerside detsciensdavised (ORHe exKeidsadgtestion deyigy 22) to the
measuring an object to be nmeasured according to the present

enbodi frenmeammsdparton hithe ehject to beemgsiredT frome ‘theedistahee 180hd veatiedl | | ng
on the road, the device 10 nay be applied to neasure the |engths of

ot her novynetieRifRm the cARhRRA2]e detebtion device £l @r tRe bdt-8dé daredtionnilice 22)
bl ock di agram of the deV| ce 10 for neasuring an object to be

measur ed. v, e oadAS ﬁ*% fﬁ&ngﬁ&"‘ﬂo'}ﬁ oulfie b ga&e éiﬁraﬂ% $i@¢ qiBaRM" i ng
an Obj ect to e maasur €S processing nts an st orage units:
an i nput

rel ati onsﬁ?vﬂce 1(5’? ?R ?\eé{lcl)tlrsa e@l#?#'%ﬁéevlﬁe éﬁgtlﬂg t %ﬁq’ﬁor@e fﬁ' %?Suégl sSAd bﬁeCt

rel ationship determ.nation unit 14, a second velocity cal culation

unit 15, B 9 me3sutrd)ipi W@élane'aﬂl%ﬁtmsnaérf grengg betwaea Abg heightiof tieat i on

unit 17, and a detection signal extraction unit 18. [0023] .

The | Hput eniringe-sileideteation deveeesd Ir(gr theiexitesiderdetastipe device?3) and dhg height of

et gt the measured portion of the object to be measured”, the device 10 for measuring an
object to be measured obtains the value of the height as “the distance in the vertical
direction from the entrance-side detection device 21 (or the exit-side detection device 22)
to the measured portion of the object to be measured”, based on the detection result by

15  the entrance-side detection device 21 (or the exit-side detection device 22).

[0021]

Then, the device 10 for measuring an object to be measured measures the
vehicle length of the vehicle 30 which is an object to be measured, using information
which is received from the entrance-side detection device 21 and the exit-side detection

20  device 22.

In addition, although it is described that the device 10 for measuring an object to
be measured according to the present embodiment measures the vehicle length of the
vehicle 30 travelling on the road, the device 10 may be applied to measure the lengths of

other moving objects.

25 [0022]



10i nformati on of the vehicle 30 and the strength of the reflection
signal fromthe entrance-side detection_device 21 and the exit-side
detection device 22. Further, the heigﬁ? correspondi ng rel ationship
determ nation unit 13 is a processing unit that classifies a
plurality of pieces of height information of the vehicle 30 which are
det ect ed r especFIiG/&l iy abyndtioaaldiidakadiggrami of ¢heddxtvaetliodbr nheasueiag aid obgeck to
the exit-side 15detection device 22 depending on a tine el apsed, for
each corrgspRpdirey rel ationship of height information indicating the

same portion of the vehicle 30. Further, the second velocity
cal cul ation uni kg »h?inﬁth@ﬂ%%ﬁoi&ﬁ@déﬁﬁetlot#afheﬁs%lrﬁg'aﬁtoﬁ ctatotﬂe']fﬁeafsured
di f ference between hel ght detection tines of respective pl eces o

hei ght information by th -side detection device 2 t
i Lo i do RLRBL PG WETts 356 YONER 4HIE 3 EM AR bshabrEo b Zodeiel

hei ght _information included in the corresponding rel ationship, of

hei ght3 i nf@Fssaending rehtioaship dgtermpaatemnip =taisdﬂﬂag$tl‘€tﬂﬁﬂl GOSISERANGINED, f or
each corresponding rel ationship of the classified height information,
and cal cutcatesskipvetconimatiominit ke acsfewt vdaityealvehsion edit 45, 4 fust Yedoatyt
detection tines in any one or both of the entrance-side detection

devi ce 21cab@atiditurfixid, adérbeh et @ationiteN af@a deetitin $@f extraction unit 18.
25corresponding rel ationship of the classified height information,

based on the tifg3)l8 difference between the height detection tines
and the installation interval Din the traveling direction between

the entrance: ! gi. HBLAR PN ISV SR u i hal RSV i LR SRLGHT 0"

10 information of the vehicle 30 and the strength of the reflection signal from the
entrance-side detection device 21 and the exit-side detection device 22.

Further, the height corresponding relationship determination unit 13 is a
processing unit that classifies a plurality of pieces of height information of the vehicle 30
which are detected respectively by the entrance-side detection device 21 and the exit-side

15  detection device 22 depending on a time elapsed, for each corresponding relationship of
height information indicating the same portion of the vehicle 30.

Further, the second velocity calculation unit 15 is a processing unit that
calculates a time difference between height detection times of respective pieces of height
information by the entrance-side detection device 21 and the exit-side detection device

20 22 that calculate respective pieces of height information included in the corresponding
relationship of height information indicating the same portion of the vehicie 30, for each
corresponding relationship of the classified height information, and calculates a velocity
of the object to be measured at the height detection times in any one or both of the
entrance-side detection device 21 and the exit-side detection device 22 for each

25  corresponding relationship of the classified height information, based on the time



SFurther, the signal strength corresponding relationship
deternlnatlon unit 14 is a processing unit that classifies the signal
strengths of a plurality of light refl&&tion signals which are
detected by the entrance-side detection device 21 and the exit-side
detection device 22 depending on a tine el apsed, for each

corres pondfﬂwerfce'beawe@ﬁm HRight de8&;icH @N&] andlihé itallaiisitink¥d Tointthe sane
portion of the vehicle 30. 10Further, the first velocity calculation

unit 16 i 5,4, ﬁ%%@ﬁéﬁé{tﬂetﬁ% th%: Btang g'sﬁfé'd@#&%ﬁo@dwl 1gé1{5drtﬁé @;p‘?-?ide

bet ween S|gn ren Fon T nes 6 respectiv

strengths t he, entrgnce-side detection device 21 and the exit-side
det ect i ondefEgHQuieywe gﬁat detect respective signal strengths included
in the correspondln rel ati onship of the signal strength indicating
the sanme portiolf08#I't he vehicle 30, for each corresponding
15rel ati onship of the classified signal strength, and cal culates a
vel ocify of theFwdirche sigfalatrendte ceiregpahdisg reatgpunshigetctecmimation img 44 ina
any one or both of the entrance-side detection device 21 and the

exit-si depﬂﬂbﬁﬁigl it tﬁ@tvmse]ﬁ%athet@@nstwﬂgﬂﬁ@fhlplmaletyfofﬁgmneﬂed@@hmms
the signal strength detection tines and an install at| on interval

for each @Eﬁheagg g?}gét%’ by ﬁ{eFu rrﬁlﬂferﬂl& %ttecttllaﬁ d@tlﬂé 5} b ﬁle%'xﬂ Ride deteft710n

st rengt h. I"'engt atl on unit

ot "t he. verarbesereifigitaib il fof %&Pﬂ?#@'ﬁ b Bib b ERknd"

cal cul ated for each .corresponding rel ationship of the classified

hei ght i np@sn&h l“éf?at“&%ﬂleﬁémﬁ@%wp O(tjé}iee‘@ﬂ“f%%-i me in any one or both
of the entrance-side detection 25device 21 and the exit-side

det ecl® on devi cBurtizrathd firdi #clpeitpeal euylatisin unifel Gols jagecessingenit that calculates a
nmeasured, which is calculated for each corresponding rel ationship of
t he cl asstifieatiffsiegteeetstanesigiahstremioth detecsiog tiades of rapeaitive dehelcttieogtht bye
in any one or both of the entrance-side detection device 21 and the

exi t - si deyfielfahdNdd8MtGRNWRyvice 21 and the eEHfs‘iJéQ{etechBﬁ deatess tand&egnal
extraction unit 18 is a pr ocessi ng uni t hat extracts a 5detection

si gnal - usedoLiivENfnBl 9%65tHs Honldag usiﬁl\é'cs&e;p%nm rORASHp Y g Ct

to be

strength indicating the same portion of the vehicle 30, for each corresponding

15 relationship of the classified signal strength, and calculates a velocity of the vehicle 30 at
the signal strength detection times in any one or both of the entrance-side detection
device 21 and the exit-side detection device 22, based on the time difference between the
signal strength detection times and an installation interval D, for each corresponding
relationship of the classified signal strength.

20 [0025]

Further, the length calculation unit 17 is a processing unit that calculates a

length in the traveling direction of the vehicle 30, based on the velocity of the vehicle 30,
which is calculated for each corresponding relationship of the classified height
information, at the height detection time in any one or both of the entrance-side detection

25  device 21 and the exit-side detection device 22 and the velocity of the object to be



nmeasur ed, anong the detection signals received fromthe input unit
11. [0026] FIG 3 is a diagramshow ng an exanple of data which is
received by the input unit 11. 10The ihgut unit 11 receives height

i nformati on showi ng the hei ght of the vehicle 30, an anmount of
reflected light which is the strength of a reflection signal, and a

i nf or mat i araamed] ethedt i ealctiatad foheick ebrréspopding ralationship@Mtiieassified signal
entrance-si de detection device 21 and the exit-side detection device

22, at a pr&Eai af iheRRMal dtfBoihHeRIME timERE aly S Yo HEafle Ehrck Rider val
is, for exanple, 10 nsec, and FIG 3 shows a data table in a 1l5case

where eac Lece iR f f] i i hyed at respective tines
ti, t2, t ?tgétﬁ)?] 462{%%\;@%ﬁgenéxﬁ’tnﬁ%leé\?{i/eg%kt1gﬁ d%ﬁ%ﬁ%éc t herebetween is
stored. FIG 3 shqws height.inforpation, an unt of reflected

T oht . and | nf b AR IRE SHleciont Bl Putooman AN B hiperseing uek i pyracke
entrance-si de detection device 21 for a point on the road. The input
unit 13 r defestipasignabpiediin the prpesseaf ¢ devitot frfarinesaswingn ejeattade 3 f or
a plurality of points in 20the width direction of the road

per pendi cmeasurdéd) amoeg tireadetdctiog signale cdcevad dfont the inpeitunit €1.30. The
interval in the width direction is, for exanple, 10cm Further, the

input unit 11 rppes)yes height information, an amount of reflected
light, and information on a detection tinme for a plurality of points

Uime it orval ol o o Aaenn M AR e oP Bda Shidh RLA55-TT i Hny

20 Fl|1§1 4 is a diagram showi ng an outline of an extraction
process of™ bet ection signal used for the processing.

10 The input unit 11 receives height information showing the height of the vehicle
30, an amount of reflected light which is the strength of a reflection signal, and a
information on detection time thereof respectively from the entrance-side detection
device 2] and the exit-side detection device 22, at a predetermined time interval. The
predetermined time interval is, for example, 10 msec, and FIG. 3 shows a data table in a

15  case where each piece of information which is received at respective times tl, t2, t3, t4,
t5, ... having an interval of 10 msec therebetween is stored. FIG. 3 shows height
information, an amount of reflected light, and information on a detection time which are
detected by the entrance-side detection device 21 for a point on the road.  The input unit
11 receives respective pieces of information shown in FIG. 3 for a plurality of points in

20 the width direction of the road perpendicular to the traveling direction of the vehicle 30.
The interval in the width direction is, for example, 10cm.  Further, the input unit 11
receives height information, an amount of reflected light, and information on a detection
time for a plurality of points on the road in the width direction of the road at a
predetermined time interval also from the exit-side detection device 22.

25 [0027]



The device 10 for measuring an object to be nmeasured sequentially
receives detection signals depending on a tine el apsed from each of
t he entrance-side detection 5device 212@&nd the exit-side detection
device 22. The detection signal includes height information, an
anount of reflected light, a characteristic detection tine (tinme at

whi ch any one cjgy qugﬂla%?dn?SMWlhﬁ'ﬁn Bedigb b AinEarachéh %c@s@%ffameteaﬁwnt

of reflected |ight is defected) dentification information of

detecti _on? ggéélggda@g%rg&s lhgt OThe height information is a hei ght of

t he vehic anou reflected light is an anount 100f

reflected |ight nal rength) radjiated. to the vehicle
in order to gccTJé“aé‘% ]@a“[PEG‘Ie ”é)“gﬁg @Fb&?hﬂyn%?ﬁure ﬁ‘éqqeﬁtﬁﬂﬁ’l{e‘c‘ﬁ“’ffshe

vehi cl e 30 based on the detection signal, it is necessary to specify
a pair of deteesicacignatsi dspendiegen 8 timeelapaed frgmeaaeh ghihe cetrncawiderdetaction
(the height and the anount of reflected Iight) for the vehicle 30,
anong 3 hedeéteeZt aninths exinaids detectionvdedider2dm tlhe detettianggnad idbudde height on
device 21 and the detection 15signal received fromthe exit-side

det ect i onj &yl dn2ah arh@M 8T reflected 11gﬁl"\ﬁ‘éﬁefracté]@sfnc%ﬁaﬁ%rﬁt1mbf(tlﬁlb at which
traveling velocity of the vehicle is extrenely slow (including a

case wher

o) "anciy it hpRite 5l AERERME %198@5?1‘0&;"11% ROAEH A e 1
det ecti on ,devi ce. kes der .the i ence

ke t hepdeseORidRARBOR B GRHR of naBiskBpn SAse pl oREe . PhohdiEW: ce
21 or the exit-side detection device 22 sends the det ectl on signal
for the sHMemiignate beigkiafdherehigle3Gamd thecamepniet eticriad lightcls ap gmonat
device 10 for neasuring an object to be nmeasured. In this case, the
devi cE) 100f mflected fight (signalrstrongtbriadiatedide theeedinied0.c aderet ingibditar t he
pair of the detection signals for the sane characteristic of the

25vehi cl eaé’&r@élk)éal’@ula&&h@Gél@éibnﬂidahéwngtmdfth@eehilﬁé 80 bhwed onithdadtection
received fromt 21 entrance-side detection device 21 and the

det ecti ongsiangl ﬁ&sﬁhéﬁg shERP 4 e Pthd a&ha%nq?gn%tlhaeat MhE8ant i N

time order "I n” whi are received. Accordingly, the device 10 for

perse oo Kk oI5 TS S Bl U grons o
det ot on S90Sl Sprfieiued Lrom e seruancesSide, devoclhan dshss
15 signal received from the exit-side detection device 22.

[0028]

However, for example, if the traveling velocity of the vehicle 30 is extremely
slow (including a case where vehicles are stopped due to traffic congestion, or the like)
and the entrance-side detection device 21 or the exit-side detection device 22 shakes

20  under the influence of wind, or the like, there is a possibility that the entrance-side
detection device 21 or the exit-side detection device 22 sends the detection signal for the
same characteristic of the vehicle 30 more than once to the device 10 for measuring an
object to be measured. In this case, the device 10 for measuring an object to be
measured cannot obtain the pair of the detection signals for the same characteristic of the

25  vehicle 30 only by associating a pair of the detection signal received from the



detecti on device 22, based on an extraction processing shown in FIG
4. [0029] The extraction processing of the detection signal

W Il be described nore specifically us%g FIG 4. 10First, the
horizontal axis in FIG 4 represents a characteristic detection tine
tE included in the detection signals received fromthe entrance-side
det ect i onemteanice-eid2 Hetedtian deridel Tadndahe detectionlsignabrecapefemtte exit-side
characteristic detection tinme tp included in the detection signals

recei ved HE@EidnRVRYDD 1S HAR HEres Whith HEVArE fecdRred | BecdtdBBRheaictREE
in which characteristic detection tines tEl, tE2, tE3, and fE4 are

=P L5t BB IO S RELASO AL Bl ok R
Bt e LSO A ST B, ot

detection signals of Pl to P8 which are received fromthe exit-side
det ectd oncrfeafice-sidg geterpupdgvicedteand the datedionsignplspeegiveddronethej exitzpide
detection signal that detects the characteristic of a single vehicle
30 first detetthom demice 2Bclnsed die anl exteactipnw prodessingeshadn ih RlGddi ti on, the
detection signal Pl is a detection signal that detects the
characteristic mo29] single vehicle 30 first in the exit-side
detection device 22. In a state where the detection signal including

t he hei ght inf ]@%51 -1 ndli i : ' i

received, if tﬁg 2 é@? té{):]}tfl gg%é%nﬁ%gﬂﬁledn%%gg{l%gh{ﬂﬁ@(ﬁhﬂé}ﬁjg%}}qeﬂ o Fat i on

hi gher than tfhe r oad ﬁt@f‘fice height is 22 received, it is possible
-h.

to deter nfR& l%%b(”%‘ﬂ% cle 30 which is an object to be neasured is

measur ed. Therefor eh s“he det ect i_onggi nal extraction unif 18 can
det er  ne det eckFrgnhe @%‘%ﬁltaﬁﬁtm Fls. [es@lts a glaragierigtiggdetection time tg
characteristic of the vehicle 30 first in the entrance-side detection
devi ce 21linghuled trethe deteciadrdsaguids weeiverthiramthe entamee-sido detebi@onhdsiviret21.
5information included in the detection signals.
The vertical axis in FIG. 4 represents a characteristic detection time tp included in the
detection signals received from the exit-side detection device 22,  FIG. 4 shows a case
in which characteristic detection times tg), tgz, tg3, and tgq are respectively included in

15  four detection signals of E1 to E4 which are received from the entrance-side detection
device 21. Further, FIG. 4 shows a case in which characteristic detection times tpy, tpz,
tp3, tpa, tps, tpe, tp7, and tpg are respectively included in eight detection signals of P1 to P8
which are received from the exit-side detection device 22.

[0030]

20 Here, the detection signal E1 is a detection signal that detects the characteristic
of a single vehicle 30 first in the entrance-side detection device 21.  In addition, the
detection signal P1 15 a detection signal that detects the characteristic of a single vehicle
30 first in the exit-side detection device 22. In a state where the detection signal

including the height information indicating the road surface height is received, if the

25  detection signal including the height information higher than the road surface height is



[ 0031] Further, the detection signal E4 is a detection signal
that detects the characteristic of a single vehicle 30 last in the
entrance-side detection device 21. In 33dition, the detection signal
P8 is a detection signal that detects the characteristic of a
10singl e vehicle 30 last in the exit-side detection device 22. In a

state wherR.f08 ihgipgkinik i @ét%ih@ﬂlahﬂﬂ%lliicfe%ﬁibﬁisré?ﬁdiaj&%'fcf ?&ﬁeasured

hei ght continues, if the detection signal including the height

i nformati Lndi gat i f i.ght i [ ek S
poss bre BBt TBeetoR® b @ldith sty e [ S8R QR mind ddtpgion
measur ed has ssed. Therefore, the detecti.on signal extraction unit
T5 oan deranah e tebetirisdogrpscaprgistens Hetdis 0By b ect ¢ ne
characteristic of the vehicle 30 last in the entrance-side detection
devi ce 21cuirancenisledricctian dryietcstleanditheexibside detpgtionfdeyiee 2Relrom thh height
information included in the detection signals. [0032] In addition,

al t hough irdferniatiee isaideddr theadetdation signals. t he characteri stic indicating
20t he vehicle 30, it is possible to determne a tinme at which the
road surface isgg‘gig,[]st detected after the height of the vehicle 30 is
continuously detected, as a time at which the height information of

the vehicle 30 1o Nr i : e at.- whi vighi cl e 30
has passed. In F e%gft g% g%’? Ctleo&r{)%%llaingﬁtlfa ?#e@lto?ltﬁg{g{ tﬁ\?\ﬁe?ictstlﬁg r oad
surface is first detected after e hejght of t.he . .vehicle 30 4.s
cont | nuoudhyeiSrLEess Sheltudnidtad Bt B ProAg 88 BRBRL hit g
information which is the characteristic of the vehicle 30 becones _ "0"
(a 23 ti addiien. kg deication signak Bt isardetqctien signglikat detrts the ¢haracigsistic of a
detected) is detected, for the sake of conveni ence. [0033] Then, if
t he dtt ecsingle vehighead0 IEbt in it exitetidrdatedtion deviae 32t elni asttate whierer the height
vehicle 30 5first and the detection signal E4 that detects the
char act er iiffbingatidh Hidter ughited ®adOuifasthelght Ediginues, if the detection signal
including the height information indicating the road surface height is received, it is
possible to determine that the vehicle 30 which is an object to be measured has passed.
Therefore, the detection signal extraction unit 18 can determine detection signals that
15  respectively detect the characteristic of the vehicle 30 last in the entrance-side detection
device 21 and the exit-side detection device 22, from the height information included in
the detection signals.
[0032]
In addition, although the road surface height is not the characteristic indicating
20  the vehicle 30, it is possible to determine a time at which the road surface is first detected
after the height of the vehicle 30 is continuously detected, as a time at which the height
information of the vehicle 30 becomes “07, that is, a time at which the vehicle 30 has
passed. In the present embodiment, the time at which the road surface is first detected

after the height of the vehicle 30 is continuously detected is determined as the time at

25  which the height information which is the characteristic of the vehicle 30 becomes “0” (a



entrance-side detection device 21 are determ ned anpbng respective
detection signals which are received, the detection signal extraction
unit 18 of the device 10 for neasuringzén obj ect to be neasured
extracts other detection signals including a characteristic detection
time between characteristic detection tinmes included in tw detection
si gnal s 16ikle aamdiidhdhe almmpingerishie of eachictenis $asgdatceditis déte@c® forethesa@dbl
fromthe entrance-side detection device 21. Through this processing,

t he detecthprnehemal extraction unit 18 extracts the detection signal
E2 including the characteristic detection tine tE2 and the detection
signal E3 incluﬁhggkthe characteristic detection time tE3. [0034]
15Further, if the tection signal Pl that detects the characteristic
of the vehicle first and.the d tiqn signal P8 that t ect, e
Charact orstic he Haio@iction Yase BEfar Aot HibheraietisundtiBe Fettinie 30
device 22 are determ ned anong respective detection signals which are
Fecei vbd, firshandifiaisicenen seai ALt tbxidetests bnchaaerisio ek thodshisiest(Hest in the
detection signals including a characteristic detection tinme between
char act er esttance-defeeletecoon daviees? i are detdaain2d amobguespketiee tetectioni sigalss Pl
and P8, anong the detection signals which are received fromthe

exit - si denwfeiheé +e@Bive@\he getéetion Sithal@trabfidibuilf PEESHE devicd B fAIRGHHRN
signal extraction unit 18 extracts the detection signal P2 including

the char aﬁl{l ﬁ%]'e&ttb e ARlaifikd %ra&isrg’?hérfﬂ%tecﬁ&?siglﬁ%gﬁltcituﬁglg?é@@gz{cte?ﬁtic .

i ncl udi ng characteristic detection tine 1on signal
et ectlont

P4 i ncl udi he. ch 4 . the d I
Ci'gnl | PRI I P EHEC R ST T Ry UBreae O 1S e Hghs

detection_signal P6 including the 24 characteristic detection tine
tpe ahy t Fd apdEdcamene e grlaftiqusignaly which gra meeivashirem ths sndtapee-side

detection tine tp7. [0035] Then, the detection signal extraction unit
18 ext r actlerectiqnadevicof21 c o hewipl thl$ prpcessing, the detection signal extraction unit 18

extracts the detection signal E2 including the characteristic detection time tg; and the
detection signal E3 including the characteristic detection time tg;.
[0034]

15 Further, if the detection signal P1 that detects the characteristic of the vehicle 30
first and the detection signal P8 that detects the characteristic of the vehicle 30 last in the
exit-side detection device 22 are determined among respective detection signals which
are received, the detection signal extraction unit 18 extracts other detection signals
including a characteristic detection time between characteristic detection times included

20 intwo detection signals P1 and P8, among the detection signals which are received from
the exit-side detection device 22.  Through this processing, the detection signal
extraction unit 18 extracts the detection signal P2 including the characteristic detection
time tpy, the detection signal P3 including the characteristic detection time tps, the
detection signal P4 including the characteristic detection time tpq, the detection signal P35

25  including the characteristic detection time tps, the detection signal Pé including the



5detection signals indicating the characteristic of the sanme vehicle
30, using the detection signals E2 and E3 which are extracted anong
the detection signals which are receivéd fromthe entrance-side
detection device 21 and the detection signals P2, P3, P4, P5, P6, and
P7 which are extracted anong the detection signals which are received

fromthe epdric&ise deREEST M8 LMl aR RiectidPEioRa includiné 1t GRardeteristie

bl ock di agram showi ng a functional configuration of a detection
signal ex i it. As shown in FIG 5, the detection

si gnal exbétg(gﬁngﬁnﬁﬁf't 18 is configured to include a characteristic
detection inf orﬂ%ééfn generation unit 181, a function-deriving 15unit
182, a referenc ection device specification unit 183, an assuned
time calculation unit 184, a characteristic detection_ informatiagn
candi dat e speci Thavathegistagtiph sigpal exgaetiparmit 1S axgasts agai of epaepponding
information specification unit 186, a detection signal correspondi ng
r el at i HnsHéetpetobatsegnaisnadicatinguhe tha8deristic of theesspendhicly 3(e bising dresdetqution
determ nation stop unit 188, and a processing result output unit 189.

20Her e, t hignfAID&DARE BRIvAHibICard @k@EedtePambiY ME WBfetdh GETMY RhichArdretdivéd 1
is a processing unit that generates characteristic detection

| nf Of MRLT ] e Lt sFRRARELES bohiler | BT ROIRARAIHIRR B2 bAI PRSP,

i ndicating a value of an 1 ncrease or decr characteristic
of the vehi Jﬁ ?lo and the characteristic detection tine ingcl de%in
the det ectibh BiFare nteisd Biongile Jdeaiopatbraboutth ok Reehiditont e,
time receiving the detection 25signal fromthe entrance-side
det ect i on®¥Eyide detggtiondevidsel2exi t - si de detection device 22. 25 [0037]
The function-deriving unit 182 is a processing unit that derives a
funct i®n passi nlf086k ough a point having the first characteristic
detection tine as a conponent in each of two detection devices of the
entrance-si de delectis anlak\digeard shawigigtafengontt®intiguration of a detection
signal extraction unit,
As shown in FIG. 5, the detection signal extraction unit 18 is configured to
include a characteristic detection information generation unit 181, a function-deriving

15  unit 182, a reference detection device specification unit 183, an assumed time calculation
unit 184, a characteristic detection information candidate specification unit 185, a
characteristic detection information specification unit 186, a detection signal
corresponding relationship determination unit 187, a corresponding relationship
determination stop unit 188, and a processing result output unit 189.

20 Here, the characteristic detection information generation unit 181 is a processing
unit that generates characteristic detection information including characteristic
increase-decrease information indicating a value of an increase or decrease of the
characteristic of the vehicle 30 and the characteristic detection time included in the

detection signal, based on the received detection signal, each time receiving the detection

25  signal from the entrance-side detection device 21 and the exit-side detection device 22.



5detection device 22 and a point having the |ast characteristic
detection tine for the vehicle 30 as a_conponent in two detection
devices, in a two-dinensional coordi naté systemrepresenting a
relationship bet ween the characteristic detection time when the
entrance-si de detection device 21 detects the vehicle 30 in a tine
axis after the poBrpnce-side detection device 21 detects the
detection signal for the vehicle 30 first, and 10the characteristic

detection tine yQefntfish- ﬁéﬁﬁn%ﬁﬂ?l@eﬁ%(i)tré&gsﬂfﬁﬁl?ﬂlatzaerﬁ%g ﬁ?ﬁrﬁm?ﬁ'g

vehicle 30 in the tine aX| S urt her funttion represents
traveling ri i

t he ent raﬁ%gémgitgrfg ugﬁ"ﬁ 28 %\ﬁ@%@} cegtfﬁa%ﬁtg;lgﬁ Xei%%@n g‘ s&rﬁoﬁ'@@pgﬁ m
devi ce 22, t an gverage, accel eration of the vehicle 30 trayelin
bet ween 1 RGP AEGCETEES 8 #IF&Htr@e@rengi R drvies guid b guttide
detection deV| ce 22. 15[0038] The reference detection device

speci f§ catéteetianfevice 23 and apopit bawag thedadi sharacthasticalstpstior smeHer thenber
of tinmes at which the entrance-si de detection device 21 detects the

vehi cl e 30echielt BOar atcbmpbnens in tWiadetation dstices, thed Bwi-diarentiona cobrdituee
vehicle 30 and the | ast characteristic detection tine with the nunber

of tinmes gfstadidphestitthExiclativhsifp Saiv@sh t}fé%hgﬁ%ﬁbt‘?@d&&tﬁﬁftﬁ%ﬁh%ﬁﬁe

vehi cl e 30 between the first characterlstlc detection time of

vehi cl e 3913?2{?13 %fa@ d% §tt10ncé]é%'i&%1 46&6%&51 thie ggﬁl@lﬁ%b%@gttlb{?&mf atfet Hl%r t he

reference 1 on EVI ce speciftication un rocessi ng

unit that semf:esthedtect v | er,

det ect | onCRTHGESISE deRENgLIRVETe 1é%t%§tthsﬁe@%eﬂé9&%rs?ewa11%¥e&écle€?ﬁe&iaeslﬂ
device 21 and the exit-side detection device 22 as one detection
devi cl) 28pEgbagpteristis detection timeavhendhepet-fidadeteeiondeaicedn dgtects thgs

substitutes the characteristic detection tine included in the
det ect i onvdiignal in $edinveakis.r dmrthke tlenfendeineepicsmtoibe tmeelingaimsaecablren
specified as one conponent for the function so as to cal culate the

ot her conpigRgdiristi df HegRhBUCIO it ALIPEEHS enfriiRe JRRUIFRALIbn 08yigAd ICAHdahE ON
unit 184 is a processing unit that
exit-side detection device 22, at an average acceleration of the vehicle 30 traveling
between the entrance-side detection device 21 and the exit-side detection device 22.
15 [0038]

The reference detection device specification unit 183 is a processing unit that
compares the number of times at which the entrance-side detection device 21 detects the
vehicle 30 between the first characteristic detection time of the vehicle 30 and the last
characteristic detection time with the number of times at which the exit-side detection

20  device 22 detects the vehicle 30 between the first characteristic detection time of the
vehicle 30 and the last characteristic detection time.  Further, the reference detection
device specification unit 183 is a processing unit that specifies the detection device
having a smaller number of detection times of the vehicle 30 out of the entrance-side

detection device 21 and the exit-side detection device 22 as one detection device.

25 [0039]



5cal cul ates die assuned tine at which the same characteristic as the
characteristic indicating the characteristic detection information
whi ch is generated based on the detect2®&n signal received fromthe
one detection device nay be detected fromthe other detection device,
in a case of assuming that the vehicle 30 travels at the accel eration

i ndi cated by thg,f %g&{i%@ﬂmg%téﬁﬁﬂ%i Dt o84 %&@%téitﬁ@%ﬂ%&&&{ié’ﬂe@@tﬁce

21 and the exit-si detection device 2 he characteristic
detection_.informati.on candi.date speci.ficatign unit 185 is.

or ocessi nETRHAD e PRS ErRgCe TR e eisg g Fdf that has been
information which is generated based, on one detection signal received
fromthe enseilpdiasens esmprnentor teclpationseragéq ealewte thg ABFIERTWOBR T ease
information fromthe characteristic detection information, and

speci f i esThfuple sudhcr protass,i the assuoied dotei caleulatipo unitl B4 is 4 prokesging gnit flaat
characteristic increase-decrease information indicating the sanme

val ue |s adyulxe e aefundid time stedsieh tie sd@e chaaetetistit sahd clgrdcheistic
characteristic increase-decrease information which is read, anong a

plurali tyirﬂgoagiéggﬁ%hﬁfacﬁh@ti&ﬁ@lé&ﬁh%ﬂoﬁﬁ&tfom%i@ﬂsi RReladVab®RE drofe Whi ch

IS generate on the detection signal received fromthe other

detecti on %g%g)égsﬂgq%ggeg%gé Erﬂxlntthi g%e;r Qe%ec%f&ﬂrd%gl{cg Haﬁ?e@g&?fcﬁ%@%&ﬁle other

informatig 'S a processi
specifies cha_r%gjggri stic detection i nforrr%ili n.inclyding a .
Char act or ASEstonley e ndrPass MEASHHTIER has tha Yebisds 30 Bavaleardlie thrglaration
obtai ned by substituting the characteristic detection tinme included
in one detndéaatedrbysthe fimctiomhetwieen thecatrorag-sideotntedion dawiceldt aed thggxit-side
25devi ce as one conponent for the function and cal cul ating the ot her
conpoh@ent dasxtivg dehize 227 specified characteristic detection
information. Further, the detection signal corresponding relationship
det erm nation unhd cheBateristic detection information candidate specification unit 185 is a
processing unit that specifies the characteristic detection information which is generated
based on one detection signal received from the one detection device, reads characteristic
increase-decrease information from the characteristic detection information, and specifies
15 the characteristic detection information including the characteristic increase-decrease
information indicating the same value as any value of an increase or decrease indicating
the characteristic increase-decrease information which is read, among a plurality of
pieces of the characteristic detection information which is generated based on the
detection signal received from the other detection device.
20 [0040]
The characteristic detection information specification unit 186 is a processing
unit that specifies characteristic detection information including a characteristic detection
time which is closest to the assumed time obtained by substituting the characteristic

detection time included in one detection signal that is received from the one detection

25  device as one component for the function and calculating the other component among the



is a processing unit that determ nes one detection signal received
from one detection device and the dete zi on signal received from
anot her detection device used in the 58 neration of the
characteristic detection information which is specified by the
characteristic detection information specification unit 186, as the
cor r esponspestficdeheticasticsdagetaion wfenmdtioa. characteri stic point of the
vehicle 30 is detected. [0041] The corresponding rel ationship

determ nation st@hedthé dd8&tidnSsighaPESRESHGIdNEE teRitiondHi BakrGias@A 185t BT
time relationship of the characteristic detection tine included in

the det ect. ' €0 ' i W& b&tsdti
the ot aiEBtobbanE nitdt deteAnf B0 lelRikcli8h slafiRl (NG Fori Bt éiBbiich” O

characteristic

detection,ti.ne incluyded.in.the detection sjgnal ich is received for
Cre e et ot feteinanaP el EE i hatren foratRnibvicd viSOR e |
time relationship of the characteristic detection_ tine included in

t he det ec&¥sratingdhe chracierisyc depeion;ipogmatinn whish yeeelfied 8p theast £ r om
t he entrance-si de detection device 21 and the characteristic

det ect i oncharagteristic [datdeion miarhmtide spectficanos inghdd6, whitekvorrsspoadmi\dettcliar
the vehicle 30 last fromthe exit-side detection device 22. Then, the

cor r espongiohgl wiehake cHasavtidrisie beinrbNit ivelicie3oMds betkdéted.88 i1s a
processing unit that determnes to stop the determ nation of the
corresponding r @]jonships of the detection signals which are
20received fromthe entrance-si de detection device 21 and the

crt e det <o o iR bbb B ISP ePiosimg an
ey Buteu R RS R L A T
the detection signal extraction unit 18 having ) )
detection signal which is received for the vehicle 30 first from the entrance-side detection
device 21 and the characteristic detection time included in the detection signal which is
received for the vehicle 30 first from the exit-side detection device 22, with a time
relationship of the characteristic detection time included in the detection signal which is
15  received for the vehicle 30 last from the entrance-side detection device 21 and the
characteristic detection time included in the detection signal which is received for the
vehicle 30 last from the exit-side detection device 22. Then, the corresponding
relationship determination stop unit 188 is a processing unit that determines to stop the
determination of the corresponding relationships of the detection signals which are
20  received from the entrance-side detection device 21 and the exit-side detection device 22,
if the time relationships are different.
The processing result output unit 189 is a processing unit that outputs the
processing result of the detection signal extraction unit 18.

[0042]

25 Then, through the processing of the detection signal extraction unit 18 having



28 the function of each processing unit, a pair of the correspondi ng
detection signals fromthe entrance-side detection device 21 and the
exit-side detection device 22, indicat2hg the sane characteristic of
the vehicle 30, is extracted, anong the detection signals which are
recei ved respectively fromthe entrance-si de detection device 21 and
the exit - glcdinARRIRChUOBL0ERYIhE Anr 2 pdiPOABE coitEpofih® d@tedliondichils from
showi ng a process flow of the detection signal extraction unit.

Next, thegpr y'%o) . . ' i I - Ji QTR CANY

be. descri BRSTBREIAR ioh dEuPESF Ehd 1R gRANR! acRIbRGH AP, etk e
unit 11 of the device 10 for urin n.,obj ect. to be. neasured.
ocei ves. e St 0L s Eh LTl S P a et e frETioR Rt hich are
entrance-side detection device 21 and the exit-side detection, device
22 t hr ougfeceivedrasneatiyalyi ftom Herenarce-sridefestiondenise 21 gadiheisxiisidfes t he
signal strength such as the anmpbunt of reflected |ight (first
15charfct detegtidnadesfcet2Be vehicl e 30) of the light reflection signa
corresponding to the light radiation signal which is radiated to the
vehi cl e 30, andjgpghgl hei ght information (second characteristic of the
vehicle 30) of the object to be neasured which is detected using a
radi ati on-transm$; L ‘ =t ki

| i ght radiationﬁgfgkgﬁdgﬁ%ﬁé%@kwggggﬁﬁgﬁigﬁﬁg?g%q%ﬁgﬂ?éSﬁﬁﬂgg?%ggpion
si gnal . Fur#her, t he detection signal includes 20the characteristic
detecti onnes and the identification nunbers of the detection

devi ces representing the entrance-sjde detection device 2

i] or th%
exit-si de det echPEnigavecess Bow phiherfctrstion signglipatrastipnamitayifl g gleseribed

(amount of reflected light) and the height information. The input
unit 14 ossquentsallyhsingdiflec6i on signal which is input to the detection
signal extraction unit 18. 25[0044]
First, the input unit 11 of the device 10 for measuring an object to be measured
receives the detection signals which are received from the entrance-side detection device
21 and the exit-side detection device 22 through a communication network. - The
detection signal includes the signal strength such as the amount of reflected light (first
15  characteristic of the vehicle 30) of the light reflection signal corresponding to the light
radiation signal which is radiated to the vehicle 30, and the height information (second
characteristic of the vehicle 30) of the object to be measured which is detected using a
radiation-transmission interval between the radiation time of the light radiation signal and
the reception time of the light reflection signal. TFurther, the detection signal includes
20  the characteristic detection times and the identification numbers of the detection devices
representing the entrance-side detection device 21 or the exit-side detection device 22
which detects the signal strength (amount of reflected light) and the height information.
The input unit 11 outputs the detection signal which is input to the detection signal

extraction unit 18.

25 [0044]



29 Next, the characteristic detection information generation
unit 181 of the detection signal extra&%ion unit 18 receives the
detection signals which are received fromthe entrance-si de detection
device 21 or the exit-side detection device 22 by the input unit 11
(step S601). The characteristic detection information generation unit
181 5conpares tNextsihgrhbrasteristivgddecfiammivimarion eehdraidreshit 1§ihdfithof t he
l'ight reflection signal and the height information which are included

in the defiggdticAigiiapBatackbi Gﬁ'it'lgrécﬁﬁr@i th@die@&né]hﬁgmmﬁﬁh atd 1¥Beivéd fom
the signal strength (amount of reflected Iight) of the |ight

reflectio %hﬂ%e—ﬁ{bd%at%&?ﬁn%%&% 21 Bf B '&{t s« plcﬁgn hRed F nﬂ?

t he detec I'on si 'S recelved revious ti

det ection SI the identificatipon 10 nunber. of t sane
dot oot | onudib$T Buch $8Ga5) ThealeriiER e uREmg ot e c%lt‘:%‘ﬂﬁf‘ﬁ“?ghount
of reflected | |ght) of the light reflection signal included in the
det ectd oncenpaies thasigenl stsngthdamownt of reflenied pighy of thetlight raflecomsigeal and
a threshold or nore fromthe signal strength (anount of reflected

| i ght) of thetheight gifornidbioa wledt are incdedpdan therdetestiadssignal tlecldistrenctviedrat the
signal which is received at the previous tine, the characteristic

det ect i onpieBdn@ kiRt Wit tHe@ e Pé trepBthUaMbudtF refRReidalohs) oTHiRd Rett edflestibe
i ncrease- decrease i nformati on i ndi cati ng the val ue of an T ncrease or

decrease Iﬁgﬁé Qlﬁ% ?ﬂe@ﬂﬁ%hlt ?)Ililffnlefﬁ% 031 d»(él?@ﬁ’ Hr'gtn%a{) dfqufl RCdees tbh 9%?1?11 witi E'l?] fher,

if the he int etection si

recei ved at esent ti.ne thre nor e from
e her ghieerPEPHRE P uh oy (e BREn SteofsiiiS P%hgwg%mﬁ’%ﬁ“%

recei ved at e previous tinme, the characteristic detection

i nf or Hat i B‘Hné@'r?gﬂlﬁﬁag’ﬁ q??Fﬁcflmléi‘”@f‘ener ates characteristic

i ncrease-decrease information indicating the value of an increase or
decrease of the[Méfght information. Hereinafter, the characteristic

i ncrease-decrease informati on of the signal strength will be referred
to as signal stTemgifhhé signstagengle camame olizfladted Halit) oNthahight fedection

characteristic increase-decrease information of the height

signal included in the detection signal which is received at the present time is changed by
a threshold or more from the signal strength (amount of reflected light) of the Light

15  reflection signal included in the detection signal which is received at the previous time,
the characteristic detection information generation unit 181 generates characteristic
increase-decrease information indicating the value of an increase or decrease of the
signal strength (amount of reflected light). Further, if the height information included in
the detection signal which is received at the present time is changed by a threshold or

20 more from the height information included in the detection signal which is received at the
previous time, the characteristic detection information generation unit 181 generates
characteristic increase-decrease information indicating the value of an increase or
decrease of the height information. Hereinafter, the characteristic increase-decrease

information of the signal strength will be referred to as signal strength increase-decrease

25  information and the characteristic increase-decrease information of the height



30 information will be referred to as hei ght increase-decrease

i nformation. [0046] Then, the characteristic detection
information generation unit 181 generad3@®s the characteristic
detection information including signal strength increase-decrease

5i nformati on, height increase-decrease information, a detection tine
i ncl uded jufobifioh SGRbY e de] RGNS IngRALe-d@Rchs@hibiebhf i cati on
nunber of the detection device (step S602). Each tine receiving the
detection si gnalltO 8he characteristic detection information generation
unit 181 genera gé ]the characteristic detection information. Then,
the characteristic detection informatio eneration unit. 181
sequentially ou &%qgérai'@ﬂ%éeé?cé‘&né‘ﬂgmg@loé'rgeg?r?‘ﬂo'ﬂglﬁléJ:g.li grherales the
information to the function-deriving unit 182. [0047] Next, the
f unct i on- earaci¢risgic daiectiaremiarmation lr@gldul‘@ﬂ@wéﬁmlg& ingtepse-¢dreraase i on
information indicating that the vehicle 30 is first detected in the
ent r ant e- Bifeienatieh dedighn incdende-deci2dse anfongatione a dbiacthot tine gicheledat thet i on
information which is received. In the 15specification process, the
functi on- dggivid Betedtiintsick@R ahil b8 tdettifisfionimigblePSE BB AEREH®RY devideGstep
detection information into characteristic detection information

gener at ed th : 1 QR F 1 i i :
dovi co. 1580 RadtEhR el 88 Bteor Henaflhe ARESSHAE dERLEG! nfimation
detection signal of the exit-side detection device 2 based t he

i dentifi c&‘if}egqﬁloﬁdw&e‘fgle-‘ffem’tfﬂtss ﬂﬁt“ﬁ%fﬁeté!‘ 'i“ﬂ@“%Fglf’Bé‘% PH‘PF’ZIH’EW ig‘e”éclm%nd
the identification 20nunber of the exit-side detection device 22.
Then, t hechaigrierisis dgieetion méprongtion gemeraliogumit 84 1sequeatipfbap wauts dicght
information included in the characteristic detection infornation

whi chl( s gereted eldirdpyeristie detectaot infommstigmtdl tho functien-derivingorit 482e
detecti on device 21, and determ nes whether the characteristic

detection informatypn indicating the information of height which is
hi gher by a threshold or nore than the road surface height

Next, the function-deriving unit 182 specifies the characteristic detection
information indicating that the vehicle 30 is first detected in the entrance-side detection
device 21 among the characteristic detection information which is received. In the

15  specification process, the function-deriving unit 182 first classifies the characteristic
detection information into characteristic detection information generated by the detection
signal of the entrance-side detection device 21 and characteristic detection information
generated by the detection signal of the exit-side detection device 22, based on the
identification number of the entrance-side detection device 21 and the identification

20 number of the exit-side detection device 22. Then, the function-deriving unit 182
sequentially compares height information included in the characteristic detection
information which is generated by the detection signal of the entrance-side detection
device 21, and determines whether the characteristic detection information indicating the
information of height which is higher by a threshold or more than the road surface height

25 isreceived in a row a predetermined number of times or more, after the characteristic



25is received in a row a predeterm ned nunber of tines or nore, after
the characteristic 31 detection inforgation indicating the height
information indicating the road surfacélheight is received. Then, if
the characteristic detection information indicating the information
of height which is higher by a threshold or nore than the road

sur f ace heetgdiioni isforaetdnviadicatingithe deight pf@dation mdicdng trdhead ofrfict height
or nore, the characteristic detection 5information including the

earliest gdegbQGiddon Then Bl AMERAK bR RAQEDE irlfdihFiod $h@E4tin@ e information
information indicating the information of height which is higher by a

t hreshol d .0mr. Q. . . i LSS i
char act er PG ERGRIELERARE bl 381G B hH e Fag Bl At Ioreblifed
entrance-si de det eﬁti on. d(svi C LZPET detects the vehicle .38 first.
[0048] 10*FHARr HBECABRIRARF Wlﬁgef e 95 Mog eharacfruistie gReton
information included in the characteristic detection infornmation

whi ch hasinferaiation dedlydiag the eatigstyietsetion simej anongithchapretanisiig Hetection
information included in the characteristic detection infornmation

whi ch i s irdoeiatied isdicdting thpy ies@ntatibn oBheight wiricless highenby A¢hreshold or more
characteristic detection information which is received fromthe

ent r ance- ghafl ghek@h SRR heRui E%{J;&lﬁe&a&bﬂi@Gh’eﬁﬁﬁteﬁﬂc'fde@cﬁé}ﬁﬁlﬁﬁhﬁﬁbﬁF ic
15det ection information indicating that the entrance-si de detection

devi ce 21@%%@{}%&3{ 1 Bl Sacbrdarib evilh D detblrs RS oflicld Y f3E

bet ween t Information 1 nc rnt characteristic

det ection inforllrﬁgaé]lon which is received at the previous tine and the
hei ght i nfor math i ncluded in the characteristic detection
information which is received at. the present tine is the threshold or
mor e, 1t he char abiicefupstioredegbingvnib h84 ¢rmanansstthe heightiiplorpatioingluded wdhet
the present tine is determ ned as the characteristic detection

i nf or mat i omraateristiadetegtiorhiafarhmatior whiidhdtas bequoieedivedoaditiet praviowhiimk with
hei ght informati on changes) of the vehicle 30 which is detected in

t he entr atheereihdfeieiagioh imudavh de chiractthietic ddtéioh imbirhstiondeliiclvisng
unit 182 sequentially specifies the characteristic detection

| nfor mat | plciBIkGAE pRler ind: RGAGE 86l Thd thaPRidhisiOletbifon BN o Bhich

which is detected Iin the entrance-side 25detecti on device 21.

is received from the entrance-side detection device 21, subsequent to the characteristic
15 detection information indicating that the entrance-side detection device 21 detects the
vehicle 30 first.  Then, if the difference between the height information included in the
characteristic detection information which is received at the previous time and the height
information included in the characteristic detection information which is received at the
present time is the threshold or more, the characteristic detection information which is
20  received at the present time is determined as the characteristic detection information
indicating the characteristic point (point at which height information changes) of the
vehicle 30 which is detected in the entrance-side detection device 21.  Then, the
function-deriving unit 182 sequentially specifies the characteristic detection information
indicating the characteristic point of the vehicle 30 which is detected in the entrance-side

25  detection device 21,



32 [0049] In addition, in the present enbodinment, in the method of
speci fying the characteristic detection information indicating the
characteristic point of the vehicle 3032if the difference between the
hei ght information included in the characteristic detection
5informati on which is received at the previous tinme and the hei ght

i nformation incggggf in the characteristic detection information
which is receiv at the present tine is the threshold or nore, the

characteristic gdetegction .informti ' ' ' fe . resent
time is determ ﬁ'e%ﬁgnsont W@%H’%ﬁ%@ﬁé}%g%‘%@ig%@ﬁ‘ igtgﬁd ¥1ﬁﬁ)8r @b?@lnep

I ndicating the characteristic point of the yehicle. 30. However,. :

wi t hout bEREFtPTSHCdEtEcHeRINGrmatipn iNdigsting RS Bipel P Heticle 30, if
i nformation indicating the characteristic point of the vehicle 30 may
be speci f thedliffgreneermiwenntthe Heigh iofismiption includedhin the characterisiicateteshipst i ¢
detection information indicating that the vehicle 30 is first

det ect®d ifompgionfwiaeh istréeiviedac theqgiexdeus tithé anduthe heigBPinfdwtreion metuded in
whet her or not the 15characteristic detection information which is

received jRehaablfbtid dtdd®n RBHASIEI WS & HeIRG 4t ait prddef fREiPMe
i ndicating that the vehicle 30 is |last detected. In this process, it

s det er myped WSLASE HDenAEEd QIBLIRAM DR AR kel ot the

characterrstic detection in i's received I's coi ncident

N e

20coi ncident even if taking into account the error, the
f unct i on- garpeferisgicopaint of Bie vgBicky . nddowever, without being limited thereto, the

10 characteristic detection information indicating the characteristic point of the vehicle 30
may be specified by other methods.
[0050]
After the characteristic detection information indicating that the vehicle 30 1s
first detected is specified, the function-deriving unit 182 determines whether or not the
15  characteristic detection information which is received thereafter is the characteristic
detection information indicating that the vehicle 30 is last detected. In this process, it is
determined whether the height information included in the characteristic detection
information which is received is coincident with the height information of the road
surface which is stored in advance. Then, in a case where they can be determined to be
20  coincident even if taking into account the error, the function-deriving unit 182 determines
that the characteristic detection information is the characteristic detection information
indicating that the vehicle 30 is last detected. In a case where a plurality of pieces of the
characteristic detection information which can be determined to be coincident with the
height information of the road surface are received, the characteristic detection

25  information including the characteristic detection time which is earliest among the



that the characteristic detection information is the characteristic
detection information indicating that ghe vehicle 30 is |ast
detected. In a case where a plurality of pieces of the characteristic
detection information which can be determned to be coincident with

t he hei ght for tion e road rface are receiyved,. the

char act o PTEY aERES s e el 14 ﬁcttoﬂavﬁmw&wlﬁsetempsiﬁtﬁst e
detection tine V\/m ch is earliest anpbng the urality of pieces of
t he char aehasaqtesistie defeetéen indrmiaripw indigaf! a&thasﬂ@étegwlﬁ}%lalaéédttﬁéed Then,
characteristic detection information indicating that the vehicle 30
is |ast detedonasn-dEngmg unite 82 uetrmors derdhaiacgristid detdcidn gdbenationes t he
characteristic detection information indicating that the vehicle 30
is first gRlic6hethat ihd&eRidR FCHK Firdt eleted othe chir@iterigtic AefkBibroMformation

5i ndi cati ng that the vehl cle 30 |s | ast det ect ed, and the

char acg er hﬁl‘idaﬁn% ﬁIaF chlerSfOOi Qctédq & At H%ﬁst‘fé‘@ert@c‘ifoﬁ i kthtion

poi nt ‘of e vehic speC| |ed etvveen t Raracteristic

i ncl cat 'dQJaﬁréfﬁwttvc Bl Bty 5@%96%?63%5\?%“3@%%%& pie

whi ch are detecte n.the entrance-side detectjon device 21. 10] 051
Here, it ﬂ%tecawuwgmws 26 e CRRCIRERUT JelpSHionJROBREGHN RIS AR

i ndicating the characteristic points of the vehicle 30 which are

det ect ed clmaradieristing faancagy vhide e whicdrare deteated mithe enifapge-sisic sletsstiart
characteristic detection information FEI, FE2, FE3, and FE4
respecti vetwicd 2icl udi ng t he characteristic detection times tE, tE2,
tE3, and tE4 shown in FIG 154. Further, through the sanme process,
the fymction-defgoyipng unit 182 determines the characteristic
detection information indicating the characteristic point of the

vehicle 30 whi C{ch'e 1&95? gcijtha A c%(tlstisclag?ecgﬁﬁ ﬁl‘f‘&l{rﬁaﬁogﬁldt&%né%e

The characteris 1on |n orrra fon In

characteristic points of he .v re detected n
exi t - si decksdet laﬂtow&ﬁfeée St S0 ot deieciel wh shiseriderdetsetion
detection informati on Fpl, 20Fn, Fn, FP4 FP5, FPO, FP7, and 19
respect i vegyics %lstf@lifﬂgec‘@ﬁﬁfdlﬁ@tﬁfiﬁtlpée@étt@bwlf%ﬁlaﬂ@ﬁtﬁls Fionf EH@'E{D #p3
tp4, tp5, tp6, tp7, and tpg, shown in FIG 4. [0052]

respectively including the characteristic detection times tg;, tg2, tgs, and tg4 shown in FIG.

15 4. Further, through the same process, the function-deriving unit 182 determines the
characteristic detection information indicating the characteristic point of the vehicle 30
which is detected in the exit-side detection device 22. The characteristic detection
information indicating the characteristic points of the vehicle 30 which are detected in the
exit-side detection device 22 is eight pieces of characteristic detection information Fpy,

20 Fpa, Fps, Fpa, Fps, Fps, Fpr, and Fpg respectively including characteristic detection times tpy,
tpa, tp3, tpa, tps, tps, tp7, and tpg, shown in FIG. 4.

[0052]
Next, the function-deriving unit 182 derives a function passing through a point
(tg1, tp1) having the first characteristic detection time as a component in each of two

25 detection devices of the entrance-side detection device 21 and the exit-side detection



Next, the function-deriving unit 182 derives a function passing

t hrough a poi nt (tB, tpi) havipg the first characteristic
detection tinme as a conponent in each of two 25detection devices of

t he entrance-side detection device 21 and the exit-side detection 34
device 22 and a point (tE4, tp8). having the | ast characteristic

det ect i ondeYigRe24 i 3 printAém; ter) davging dke lastchasaetisapiic datectign fimsr fof the vehicle
detection devices (step S603). The function is a function in a

t wo- di mensf enatoroparedi matach sf/stcedateation dsants (sigp H602). atlhedeiitionbes ween
the characteristic detection tinme when the entrance-side detection

devi ce 21figetiesimsa twiedimenbian@cioefditdid systein tchtesyeiticad i@1a80ndhip Betivesethe
axis after the entrance-si de detecti on device 21 detects the

detection cﬁr@d?éﬁm%ifc %teﬁﬁ& Wb iuﬁﬂeﬁ tRnkiah & sid@fe o] RURE 28 BHES Eﬂ?]eg

detection tine en the exit-side detection device 22 detects
characteristic of. t vehicle 30 i.n the ti axis. Further.. the.
ooeeron P aatiie P el 8 i e S ahirdhe ikdhie SitkubRetior 0§cq
vehicle 3Q in each of the entrance-sj etection, device. 21 and t.he
exi t - si dedefestathe ‘gF?C@L%I%P@ Orzt%? VE@‘CE%%J&% agfbthg chapeprsticaigicstion Hae
vehicle 30 traveling between the entrance-side detection device 21
and t he ewhen Hiegaitesedeadstictinn devired2 detectytheshangeteristicefi thy vehigle 3@ an theed

function is, tp={ (11384P1)(tE4-tE1l)}tEtPI. [0053] 15Then, the

funct i on- dmeiaxisng Furthér, th8 Furatiopuégedehss thefraveling tiowe offeatthehastetdrised of
function and the characteristic detection information FE! to FE4 and

Fpi to FpehelvRHictsd il'ﬁ%alél’ﬂ@ft%%ﬁ@éﬁc@fsic&tde&cﬁ&i viee0t1 ddaany elit-side d3ctich

the assuned tinme calculation unit 184, and outputs the characteristic
et eoLy on kb osmaY et R SRR o5 FEAIhSERRL |,
dovi ce_spect TheSih AR IRLt (39199 a0 B datseLion augnal

More specifically, the derived function 1s,

ty={(tps-tp1 )+ (tes-tg1 ) }tettp1.

[0053]

15 Then, the function-deriving unit 182 outputs the information of the derived
function and the characteristic detection information Fg; to Fgy and Fp; to Fpg indicating
the characteristic points of the vehicle 30 to the assumed time calculation unit 184, and
outputs the characteristic detection information Fg; to Fgs and Fp; to Fpg indicating the
characteristic points of the vehicle 30 to the reference detection device specification unit

20 183 and the detection signal corresponding relationship determination unit 187. In this
case, it is notified that the characteristic detection information Fg; and Fp; is
characteristic detection information indicating the first characteristic detection time of the
vehicle 30 in each of two detection devices of the entrance-side detection device 21 and

the exit-side detection device 22. In the same manner, it is notified that the

25  characteristic detection information Fg4 and Fpg is characteristic detection information



case, it is notified that the characteristic detection infornation
PEI and Fpi is characteristic detectiogsinformation indicating the
first characteristic detection tine of the vehicle 30 in each of two
detecti on devices of the entrance-si de detection device 21 and the
exit-side. detection device 22, ]n the sa manner, it is notified .
AR A TRl e L L R ML ATENE W WL AR
characteristic detection information 35 indicating the |ast

char act er fletti¢es of diecntranee-tiflndetedtionidevige Bil en@thRExitrsideadetectipn dewice 22.
detection devices of the entrance-si de detection device 21 and the
exi t - si deFuithezcthe dimctionidevid@ unf W82 betputstieinfarnation of the denivetdfunctidn
182 outputs the information of the derived function and the

char act er jsf the cHAhQEidtRYetdRiion Mbitfioh BL, o :Fd BRdo FF&]in&iQatﬁ%Qhe

i ndi cating the 5characteristic points of the vehicle 30 to the
correspongi at | i . ] i i | :
ot - T heOl AR BB pbBIOd B SaHGE TR e rrdloBRaliBiblatdinipidgibelnaton
t he nunber, of tiges at which the characteristic of the vehicle 30 is
det ect ed HEPWBEAShe first 10characteristic detection tine and the

| ast characteristic detection tinme of the vehicle 30 in the
entrance-si de déPétkion device 21 with the nunber of tines at which
the characteristic of the vehicle 30 is detected between the first
charact eri sti ¢ Nettetht irefarencerdetentiontdeeick adcifelatiomuaniél 83 tompades the himmber
time of the vehicle 30 in the exit-side detection device 22, based on

t he char agf @hesitivhiciethe Charattetififcarmmmd vehiclEBD id detdoled Rbsechihe fifst Fp8
which is received. 15In other words, the nunber of tines at which the

char agj er fsdrh&ertic dBRctGihk Enéﬁhgilfsﬁ gﬁ%?&&%@ic%fe\@ﬁ@rptiﬁlg 8f filcvehicle 30 in

characteristic detection tinme an ast characteristic detection
tinme of t characteristi.c af .the vehicle 30 in.the entrance-side . ..
det ect i onl IO B S defieifn eyt 2L VMR Furtira L ubee At TP i Plsieriese
? Eg \Ij Eﬁl Cgfgt[i'lggeel;i’gleégﬁ%g%%g%gg%%tﬁa‘ggthl\é\ggt%nst% (?etecc%glrl %(r:t{[eearnldsdgé 1(.%:1st01c

characteristic detection time of the vehicle 30 in the exit-side detection device 22, based
on the characteristic detection information Fg; to Fgy and Fp; to Fpg which is received.

15  In other words, the number of times at which the characteristic of the vehicle 30 is
detected between the first characteristic detection time and the last characteristic
detection time of the characteristic of the vehicle 30 in the entrance-side detection device
21 is two: characteristic detection information Fg and Fgs.  Further, the number of
times at which the characteristic of the vehicle 30 is detected between the first

20  characteristic detection time and the last characteristic detection time of the vehicle 30 in
the exit-side detection device 22 is six: characteristic detection information Fg; to Fgr.
Then, the reference detection device specification unit 183 specifies the detection device
having a smaller number of detection times of the vehicle 30 out of the entrance-side
detection device 21 and the exit-side detection device 22 as a reference detection device

25  (step S604). In the present embodiment, the entrance-side detection device 21 having a



20characteristic detection tine and the |ast characteristic detection
time of the vehicle 30 in the exit-sidg.detection device 22 is siXx:
characteristic detection information F to FE7. Then, the reference
detection device specification unit 183 specifies the detection

devi ce having a smaller nunber of detection times of the vehicle 30
out of t hemalrnamber ef treshsvite e chresteustizof shanehile 3 istdetsotse is
detection device 22 as a reference detection device 25(step S604). In
t he preseneceivdaditieefercrich eeentioraduvécesi dhedaherfiremcedietactien ddvideavi ng
a 36 smaller nunber of tinmes at which the characteristic of the

vehi cl e 3bhdcHicafbeahiev83 Sutpe Gl idadifRatidMBuhBdr OF RctdedeHidd @ection
devi ce. Then, the reference detection device specification unit 183

o0 LU SET LRI B PR ENINISR IR AL,

device 21 whi 7 as the reference
assune tiqe SCaIculﬁhﬁon unit 184. [0055] ‘ If the
i dentiti cSUPYRINMEEISf the entrance-side detection device 21 which

is the reference detection device is input, the assunmed tine

cal cul ati on uni k00384 extracts the characteristic detection
informati on FE2 and FE3, except for the characteristic detection

10i nf or mat i on PHithé wdntefatating ntimber dfitee erstaincd-eid8 etestidni deyice@dtvducle the
and the characteristic detection information FE4 indicating that the

vehi cl e 3@:férgndeadetectioh de¥iedisanmnoné Bsumlatiatd @ildusdtion vt ek@4uts the
information FEI to FE4 indicating the characteristic points of the

vehicl e 39hd£§ét@r‘i%tti%qw{el[ﬁi6mﬁf@rmaﬁﬁﬁ‘F%a}ﬂdﬂ%%&f:ﬁ?%ﬂﬂﬁ%%&@ris%% detbBfdh

the assunmed tine calculation unit es the assunmed tine Ti

by substituting t I ristic. .l {. ,an ti 2 incl in
Phe” oRy alttemgioh B2, SARAREE fal b PGS Bkl PeshelTind b PAHIARE |
the function deriyed by the function-deriving unit 182 and

cal cul at i Agfes!iRR oA F 3 At Eheoyehislend Sqpst dhiectsd Amagg the p

of ,the function (step S605). If it is assumed that the vehicle 30
travel s athaactenistic dgechotiafamative Hubetfnedicating thetohamnetsrighicroints of the
detection device 21 and the exit-side detection device 22, the
assuned t vetdcldi3Oidsteated in the entrance-side detection device 21.  Then, the assumed time

calculation unit 184 calculates the assumed time T1 by substituting the characteristic
15  detection time tg; included in the characteristic detection information Fg, for the variable
tg in the function derived by the function-deriving unit 182 and calculating the
characteristic detection time for the variable tp of the function (step S605). If it is
assumed that the vehicle 30 travels at an average acceleration between the entrance-side
detection device 21 and the exit-side detection device 22, the assumed time T1 is an
20  assumed time at which the characteristic indicating the characteristic detection
information generated based on the received detection signal from the entrance-side
detection device 21 may be detected in the exit-side detection device 22.
[0056]
Further, in the same manner as the calculation of the assumed time T1, the

25  assumed time calculation unit 184 calculates the assumed time T2 by substituting the



20assuned time at which the characteristic indicating the
characteristic detection information generated based on the received
detection signal fromthe entrance-si de detection device 21 may be
detected in the exit-side detection device 22. [0056]

Further, in the same manner as .the cal cul ati on of the assuped ti

Ti\ the’ 2SHSaFRICORIrRORNRE Fa e A hemaracierisia deteeeiop RRIO R e
time T2 by substituting the 37 characteristic detection tinme tE3

i ncl uded ¥0m tharearighlertaof theifundtion deriect byothe ifarfctionaleriving RER 13 aAnd he
variable tE of the function derived by the function-deriving unit 182
and cal cutdtulating the chdracteddtierdesiction time doit the mariabietpfod thet floactiomt | hte the
of the function. Then, the assuned tine calculation unit 184 outputs

the assumgguimkdBmb cafithtibh @nftN84 86ipafsiths AGune@tifetl 10hdithd SiatRkdrRfic FE2
used in the calculation of the assunmed tine Ti to the characteristic

det ectd on4J i - di Lficatl i . r, the
assumegd tfiﬁg&%@{]ﬁﬁ@?ﬁ@ﬂﬁ r%llg ‘?& @éﬁggé&{:%%t?@ (%fﬁge %%{é%]ﬁéﬁé&eiﬁe%ﬁgand t he
characteristic detection information.FE3 used in the gal cul atign of
Che. assurBIFrdisETy Seies on T anas caiidals weateaidh e 15 o iifrrofte
candi date specification unit_ 185. 10} 0057] . If the assuned, tine
Ti and t hassumad deecalcyiation yait d 84 puipuisihoassampd HneE2 anddbe ehargdiistic
calculation of the assuned tinme T1 are input, the characteristic

det ect i ondétedtmmmaformati@ahd ivdat i thpeaeflatoat ofahe assiined 8medi2t todldt s t he
hei ght increase-decrease information included in the characteristic

det ect i onchddcedrivtitidercirdrinforhRitibe batdiddidspeeiliReridieaiiersse 15i nf or mat i on
included in the characteristic detection informati on FE2 i ndi cates

the "gjowt h", aﬁ)ogﬁ)resented by "T" in FIG 4 for the characteristic
detection time tE ncluded in the characteristic detection

i nformati on FE2..  Accordi I th haract erj.st,i.c .det.egcti or .
it or mat i on cantiergr e e i ish® Bofrin ERmaton T ued i
FP2, FE4, and, Fp6 of .the characteristic de ecLi on i.nfornmat.ion which
are i ndi cthedalcylationaf theasimed tye Dharanp; B charaetedsiiceetretpp Jgrmation
informati on anmong characteristic detection information Fp2 to Fp7,
except foecandidatespgeidicataon wiit BSdutreets ierhaigift ananease-decrEgse infedhation ng
that the vehicle 30 is first detected and the characteristic

det ect i oninchided ivathe @harapgristivcdection infoimadtion e, . v efliedietehd thoraasé-dsdrease
det ected anong characteristic detection information Fpi to Fpg

| ndi cpd i nehfbiamitioh Fdeded'ih Hc haRRlchb e Stedidf ivBhhatdh B0 indidcd3 RS ©
detected in the exit-side 25detection device 22 (step S606). Then,

charact er 'fr&vﬁl’? % %%}ésgrﬂe& Q)]; Df’n%tlil%%%rntﬂie gﬁérgcteristic detection time tg;

included in the characteristic detection information Fg;.  Accordingly, the characteristic
detection information candidate specification unit 185 extracts the candidates Fpy, Fpa,
and Fp¢ of the characteristic detection information which are indicated as the “growth™ by
20 the height increase-decrease information among characteristic detection information Fp,
to Fps, except for the characteristic detection information Fp; indicating that the vehicle
30 is first detected and the characteristic detection information Fpg indicating that the
vehicle 30 is last detected among characteristic detection information Fp) to Fpg
indicating the characteristic points of the vehicle 30 which are detected in the exit-side

25  detection device 22 (step S606). Then, characteristic detection information candidate



38 specification unit 185 outputs the characteristic detection
information FE2 indicating the charactﬁéistic poi nt of the vehicle 30
detected in the entrance-side detection device 21, the assuned tine
Ti calculated using the characteristic detection information, and the
candi date on the exit-side detection device 22 side corresponding to
t he char aspesifiostipr usit é8eoutpats thedharasterison dgtectiongnionpattinalim ddseatisgitiee
detection informati on specification unit 186. The candi date on the
exi t - si dechigh@eistiopode of 0 veRick Jeddtstddia thhaitantesids detecittat deide @,
information Fp2, Fp4, and Fp6 which is specified by the

char act er yptd-qurfl&t GGt TR alcBaRdMR IR SRRslitdRtie deREFdT mfRhiaBbh, WAl thel 85
as the candidate of the characteristic detection infornation

i ndi cating_tf rksti ' - ' . k. the
0ex £ o1 e PR EaldseOh Plyifig? 910 VR0 Bfdceridtc
characteristic detection_information specification unit 186 conpares
the assumdtiest o Imgiioh i e iR REF IS o ectPBROPTEHPN HESH FRHATGAL
Fp2, Fp4, and Fp6, and extracts the characteristic detection

i nf or mat i &86.i nEhagsindigateron thhexikeide detsetion deaice2isele ig Hiei oharaglerisic i s
closest to the assuned tine Ti cal culated by the characteristic

det ect i ondtteeriont ik rmatibmBe dF i, nartdie ehathas spacifiddi by tHe tlearadtenistic detection

i nformati on FE2, anong the characteristic detection information Fp2,

Fp4, and GF&rmtatioRRaRE8AE spdci¥icatibe tnP83I8s the edndidiate of thé cilaracteddiit
"tp6-T1" are respectively calculated using the assuned tine T1

cal cul at ed by RANACHRIdTh foARhaathal SRk iAdilaL Y0 8delitd e

characterrstic ectiron rnfo aracteristic
detecL'on t.ines tp2. tp4 d tp6 which are respectively included in
the ¢ @ir aS’EIt'rFT]?jEtdF%C% ‘geé[é‘ieg#' i nformation Fp2, Fp4, and Fp6. Then, the
characteristic detection informati on specification unit 186 extracts
the characteristl088Het ection information including a characteristic
detection time in a case having the smallest tinme difference anong
t he char act eri sThen, thet datdcenistinddectimniioiorPation Podificatruh Wo] 86f compates
25cal cul ation using the characteristic detection tinmes tp2, tp4, and
tp6. | n the paasentime 39 with the characteristic detection information Fpy, Fpa, and Fpg, and
extracts the characteristic detection information including the characteristic detection
15  time which is closest to the assumed time T1 calculated by the characteristic detection
time tg; included in the characteristic detection information Fr», among the characteristic
detection information Fpy, Fps, and Fps (step S607). In other words, “tp-T17, “tps-T17,
and “tpg-T1” are respectively calculated using the assumed time T1 calculated by the
characteristic detection time tgs included in the characteristic detection information Fgz
20  and the characteristic detection times tpa, tps, and tps which are respectively included in
the characteristic detection information Fps, Fps, and Fps.  Then, the characteristic
detection information specification unit 186 extracts the characteristic detection
information including a characteristic detection time in a case having the smallest time

difference among the characteristic detection information Fpy, Fps, and Fpg, for the

25  calculation using the characteristic detection times tpa, tps, and tps.  In the present



enbodi nent, the characteristic detection information Fp2 is
extracted. Then, the characteristic deggction information
specification unit 186 outputs a pair of the characteristic detection
information FE2 and the characteristic detection information Fn
correspondi .to the characteristic detection.information FE2 to the
ot ect | oncTapaHiaes e PBSEEANT S HLoRITIGHEHIY bre st oF it 157

[ 0059] If the difference between the characteristic detection
time tp2 fhargctesissie dplgetioninformatipmppesificatipmunit] §6 eutpite a paw f thee
assuned tinme Ti is a predeterm ned threshold or nore, the pair of the
char act er ¢lairactergéit detection infifroratiet FeranBERe cradictdnstic Heteetzmanfosmagon Fp;
detection 10information Fp2 corresponding to the characteristic

det ect i ongdridspérittd PhEERaraRridtie ddicsG@! Mestmalibn Fs, t6 Unsddlatio sighat t he
accel eration or deceleration of the vehicle 30 traveling between the

entr arsce-égrpegp 1§gcltﬁlaf[? P%ﬁgid&%nﬁﬂlaﬁ&{juﬁimasﬁ” t-side detection device

22 is nore or les n expected range. However, if the

di fference betwﬁsggfhe characteristic detection tine tp2 and the
assuned tine Tit“I's™Ma predeterm ned threshold or 15nore, acceleration
or decel eration over the expected range may be made between the .
entrance- si de déilscdiffersnerelstvacipthe sharasipusticdefectipramgdende #icair ixinedhe
22 and thus the characteristic point beconmes unreliable information.
Accor di ngsmpallesttime didferense and thedspimedtane iMfioa pedetormingd threshiold afmaerhe
characteristic detection informati on FE2 and the characteristic

det ect i onthephofdic dhardeR?isgodétespanafongation Fhand tarohataetetistic detection
detection 20i nformation FE2 is discarded. [0060] In the sane

Mannef( asigfieaBbe bl do‘ﬁ%&Eﬂjzcﬁfgl#ggf toltheciiRdcterfilic H&@ctﬂﬁghﬁ?ﬁqﬁﬁ&ﬁéz%ay be

detection information F the characteristic detection

o o SRR SRR A B e 0
32? ggf : ];:,]tcr;? ! .igg Hg{]vyiretspl J[Tg‘gen% @ggé-giidee aetgé][%npd%i\nrce 3fl a%t:ri1 1 eccg?t[s? c:[ ertéc%tbil evice
22 is more or less within an expected range. However, if the difference between the
characteristic detection time tpy and the assumed time T1 is a predetermined threshold or
15 more, acceleration or deceleration over the expected range may be made between the
entrance-side detection device 21 and the exit-side detection device 22 and thus the
characteristic point becomes unreliable information. Accordingly, in order not to adopt
such information, the pair of the characteristic detection information Fgz and the
characteristic detection information Fp; corresponding to the characteristic detection
20  information Fg; is discarded.
[0060]
In the same manner as the specification of the pair of the characteristic detection
information Fg; and the characteristic detection information Fp, corresponding to the

characteristic detection information Fg,, the characteristic detection information

25  specification unit 186 specifies the pair of the characteristic detection information Fg3



and the characteristic detection information Fp7 corresponding to the
characteristic detection information FE3 so as to be output to the
detection signal corresponding relationship determnation unit 187.

[ 0061] 5Next, the detection signal corresponding relationship

determ nation unit 187 determ nes the detection signal El used for
gener at i oandthe cheragthustisaictaction irfomnration frospricapanding todhe ePRracteiigiieat i ng
that the vehicle 30 is first detected in the entrance-side detection
devi ce 2ldaacidnhafotabeat FgRo s gnisd odtjutus dit detectige signaltcoanspahdinige
characteristic detection information Fp' indicating that the vehicle
30 is fir§QMQ§gm?@@thmaﬁ&euﬁxigfside 10det ecti on device 22 as the
correspondi ng detection signal when the characteristic point of the
vehicle 30 is dﬁbggEed, based on the characteristic detection
information FE t0O 4, and Fpi to Fpg indicating the characteristic
poi nts_of the vehicle 30 which gre received fromith N .

Funct i dn- der i vi Ngxiufe@ssHon Sewf captrepndiia guaionsaie eismaination unit 187
detection signal corresponding relationship determnation unit 187
det er m neéetﬁmngﬁe&éé@ﬁe@tﬁp@gwiﬁl maed 6 genesptiaperfdhaghagrstaistie detection
characteristic detection information FE4 indicating that the vehicle
30 i s | asinfomatiohdd,; indicatieg that thavekicki3dds fiett detettod irdiheicora®e-saded t he
detection signal P8 used for generation of the characteristic

det ect i ondétpétnRYice21 R theWbteetibh Bigniiat used SorvRféalién 3thk shara&kristic
detected in the exit-side 20detection device 22 as the corresponding

detecti 0”d§le& 'infﬂ?ﬁﬁti&hﬁp]%ﬂﬂéﬁﬁn Rhde e FehRQs B8 isAfrst Rfect@ith Fhexisibid
e c %I to

det ect ed, based on t aracteristic detection information F

e TR R e B LBl g
el 2t S el B Sl T

for generation of the characteristic detection information FE2 in the
ent r ance- 8idEr deFadndigatingethe charadcrigtig poinds oicthe yehiola 39ivgrieh apzeagsed
for generation of the characteristic detection information Fp2 in the
exi t - si defrdei the furfion-deriving unit 182 (step S608).

[0062]

15 Further, the detection signal corresponding relationship determination unit 187
determines the detection signal E4 used for generation of the characteristic detection
information Fgy indicating that the vehicle 30 is last detected in the entrance-side
detection device 21 and the detection signal P8 used for generation of the characteristic
detection information Fpg indicating that the vehicle 30 is last detected in the exit-side

20  detection device 22 as the corresponding detection signal when the characteristic point of
the vehicle 30 is detected, based on the characteristic detection information Fg; to Fgy,
and Fp to Fpg indicating the characteristic points of the vehicle 30 which are received
from the function-deriving unit 182.

[0063]

25 Further, the detection signal corresponding relationship determination unit 187



device 22 as the correspondi ng detection signal when the
characteristic point of the Svehicle 3@;is detected, based on the
pair of the characteristic detection information FE2 and the
characteristic detection informati on Fp2 corresponding to the

characteristic detection info tion FE2 which is received fromthe
Char act or IQETENGEFieTon BT RausGhios SERacsal 1o Chgrcte b PR 6]
10Further, the detection signal corresponding relationship

det er ni natlifemation F'e1i@thelenteange-pids d?WétlQiedeé’éﬁe??drﬂﬂd ithmdgteqtion gizaal Fhysed
generation of the characteristic detection information FE3 in the

ent r ance- forgengeati@cdfi tbe cldeadtaeti2 Hewoiort inéordatien Fian tisd gyitadiddfetesied
for generation of the characteristic detection information Fp2 in the

exi t - si dedélgéeert 4QRe B8YdspOudine astedtitR sEal RREOPMIChSadtelifRtpod oFiignal
when the characteristic point of the 1bvehicle 30 is detected, based

on the: pajt.; ] Iyl St [ LQfor ' he
char act or 2 f& 3 BeAMHABREN b pAPLARL LRab BB TR Fifhntn ¥
characteristjic detection, inf.ormati on. FE3 which is received fromthe
char act or i 6 cfiGpagsrheledlioh Pl ERol S Fredmding G bt fhbes,
20Then, the processing result output unit 189 outputs respective |

pi eces of detedtipnrinformatiomisn ydueh isgeqeried dim BigsEaarisystifedetectips tnfermagtions
El and PI, the corresponding detection signals E2 and P2, the

cor r esponsheaificdeoreatit b86.si gnal s E3 and P7, and the correspondi ng
detection signal E4 and P8 when the characteristic points of the

vehi cl e 30 det epob4led by the detection signal corresponding
rel ationship determnation unit 187 is 25determ ned to the hei ght

corregpondi ng 1 gl el IS BtlotbRl st BtdsPohdid felatidndif déBEniRh@iAlnit 1H7
determines the detection signal E3 used for generation of the characteristic detection
information Fg; in the entrance-side detection device 21 and the detection signal P7 used
for generation of the characteristic detection information Fp; in the exit-side detection
device 22 as the corresponding detection signal when the characteristic point of the

15  wvehicle 30 is detected, based on the pair of the characteristic detection information Fg3
and the characteristic detection information Fp; corresponding to the characteristic
detection information Fgz which is received from the characteristic detection information
specification unit 186.

[0065]

20 Then, the processing result output unit 189 outputs respective pieces of
information included in the corresponding detection signals E1 and P1, the corresponding
detection signals E2 and P2, the corresponding detection signals E3 and P7, and the
corresponding detection signal E4 and P8 when the characteristic points of the vehicle 30
determined by the detection signal corresponding relationship determination unit 187 is

25  determined to the height corresponding relationship determination unit 13 and the signal



strength corresponding relationship determ nation unit 14 (step

S609) . More specifically, the prggessi ng result output unit 189
reads height information, an anount of teflected |light, a detection
time and the identification nunber of a detection device from
respective detection signals determ ned by the detection signal

5cor r esposieingth ¢asteapansimgiciatigashep detampinatonumit 141@EpA689but put s t he
conbi nation information of the height information, the detection tine
and the identi fMertshedificallybtie bcesiing dstie otipatude V8T eadskaghtrinformation,
detection (identification nunber for identifying any one of the

ent rance- gh gRofRtAediRRddRNt Galctbtian HmeRfd thel iHekifatSChARbIOT a%tfézﬁéh

22) to the height corresponding relationship determ nation unit

Furt her, [ r . ' .ght

|t or m SR oG SETERERR R iby bRk neC b YR ERUSR SERAT - (o
the defection signal which is reCEi'vegﬁip fgﬂ%n%u(% uts.the comhination

i nf or mat i SATSPORGIRS KiglinrshipAeteppingtien t%lﬁ‘Fé’EPﬁ%Hﬁ‘“PP me and
the identification nunber of the detection device used in detection
(i denti f i sdemention ehBerheight infaemationythegegaiorotiae and theddavificatinnenusnbps of
detection device 21 and the exit-side detection device 22) to the

si gnal 15#terdengtibn deviceessed md detgetionl (atehtfisdtiop ndetber for ndentifinngimivt orbdf

[ 0066] In addition, in the process of each processing unit of

the det ectjemirih@adec @Xédtidh detide QNiahd &R SRS deadtioR axaee 22) t6 XA Tight
of a case is shown where the detection signal when the geonetric

charact er Eé&ésgg‘ﬁ‘ﬁi’%déﬁ{gﬂ’g@ﬁ gﬁ%ﬂ%ﬁagoﬁ&lﬁ $3 def G ef dhd ﬁ‘rfgéégfr?]lgtr%ﬁﬂe{ chdie

hei ght corres etermmnation unit

) . el at | hi X ; .
basedi bbb Irorgit hARRIRRERRHS R arBhR e e R b 8 sti¥idn dite from
i nformati gn. However, the detection sjgnal extraction untj t 18 fl}Lrt her
out put s t HiS dstactien pigpalayiyetnis graveds mad %P‘itﬁgle copbinagio infemationpfthe of

the vehicle 30 is detected to the height corresponding relationship
det er ni naamonntufireflerB:dd ight, ttheedetedgivaltinksadrthe glehtiGention spober eighe
rel ati onship determ nation unit 14, based on the anmount of 43
ref | ect eddttiegtivn device msédsintdeeecsibn €idgitificafion anbdrdbit idestifly @gtang ons bfthal
corresponding to the light radiation signal which is radiated to the
vehi cl e 3@n@fidelshR detedlidt d&liEcEOAA thD BXiEFRIE deREH RARRidePDY FMRE si2fal

15  strength corresponding relationship determination unit 14,

[0066]

In addition, in the process of each processing unit of the detection signal
extraction unit 18 described above, an example of a case is shown where the detection
signal when the geometric characteristic point of the vehicle 30 is detected is output to

20 the height corresponding relationship determination unit 13 and the signal strength
corresponding relationship determination unit 14 based on the height information and the
height increase-decrease information. However, the detection signal extraction unit 18
further outputs the detection signal when the optical characteristic point of the vehicle 30

is detected to the height corresponding relationship determination unit 13 and the signal

25  strength corresponding relationship determination unit 14, based on the amount of



O herwi se, only one of any of the detection signal when the geonetric
5 characteristic point is detected andythe detection signal when the
optical characteristic point is detected may be output to the height
correspondi ng rel ationship determnation unit 13 and the signal
strength corresponding relationship determ_nation unit 14. [0067%
Here, whi redlepisd lighbwaieh isfhs é‘if‘f"l%lblog‘lbéxlﬂéh‘i rgflerdion sigaalcorkeponding to the
correspondi ng 10rel ati onship determ nation stop unit 188 may stop the
det er m natigliradifitien signal edpadnidiradiatediothe selvble 30ahd thesigiahsteangtr i sti ¢
points for the vehicle 30. In this case, nore specifically, the

cor r esponflicrs¢-aéaédse igbinmatidal er m nation stop unit 188 determ nes a
time relationship of the characteristic detection tinme tEl included
in the detecti opyRhgRalonbiidbiiahy b ikt det@figh YigHalWienlifkCodtBitisd € 30
fromthe entrance-side detection device 21 and the 15ch%ract eristic

detectd on i i, inclu in t i.on_sign whi-ch i s_first
Fecer vba PrRsrsRl h P G gl TE BRLGHRH Bhg Y B BRI shdratrishs
Further, the corresponding relationship deternjnation stop unit 188
det er i neROUt SidFisCrR MY Rsrianspys Qo REEhE FRIFCSERR R Ao B BN EHORe
tE4 included in the detection signal which is |ast received for the
vehi cl e 3onif 13And he signel digogthgogesprat bgtelononsbip determinatind unitd4.
characteristic detection 20tinme tp8 included in the detection signal

which is | ast r@@éfjved for the vehicle 30 fromthe exit-side
detection device 22. The corresponding rel ati onship determ nation

stop unit 188 cggRawRBe tHeHréss ddstBbdeivalé ANioRfed, Ao lespdi@idd me
rel ationships are different, it determnes to stop the determ nation

of thgy copli [ ' ' j | | | e
Fecel ed_ FIARRENG Bh fafil 965 hE 188 by S TheBbL AL AR ot RRORES,
25det ection .devi.ce.22. . 44 [.0068]. re, ,.f these two tinme
ol at | ons HHSETSHE OGHFLp BRI pntrdarfbe REte ADenl HENGRE. fe
entrance-si de, detection device 21 was faster than the exit-side )
det ect i onSRE&ifically.dbe eqirespending eefatigasiip detsrmigatiemeon wht E3%detgmingse time
exit-side detection device 22 was faster than the 5entrance-side
det ect i onraatignslep 21 therchataetetisist defetion timeris ohclubdel mdhd détect®0 sigBahehich
such a
is first received for the vehicle 30 from the entrance-side detection device 21 and the
15  characteristic detection time tp; included in the detection signal which is first received for
the vehicle 30 from the exit-side detection device 22.  Further, the corresponding
relationship determination stop unit 188 determines a time relationship of the
characteristic detection time tg4 included in the detection signal which is last received for
the vehicle 30 from the entrance-side detection device 21 and the characteristic detection
20  time tpy included in the detection signal which is last received for the vehicle 30 from the
exit-side detection device 22. The corresponding relationship determination stop unit
188 compares the two time relationships, and if the time relationships are different, it
determines to stop the determination of the corresponding relationship of the detection

signals which are received from the entrance-side detection device 21 and the exit-side

25  detection device 22.



phenomenon is unlikely to occur, the determ nation of the
correspondi ng rel ationship of the deteﬁ%ion signals received fromthe
entrance-side detection device 21 and the exit-side detection device
22 is able to be stopped. [0069] 10According to the process descri bed
above, it is possible to determ ne the pair of detection signals
showi ng t he san@06Blracteristic anong the detection signal that
detects the characteristic of the vehicle 30 in the entrance-side

det ecti on devi cHerlifalide the tiietrelatiomshipsiagdillfetdng tthid @icans that &i@n though
characteristic of the vehicle 30 in the exit-side detection device

22. Thus, HelenkinRQidd Bli&tioR d‘é‘%ﬂﬂcé Q@Rvag@asee?mamﬁe alifsidetigetiiesic@nalin

of a veh| cle 30 15anpbng the detection signals received fromtwo

det ect | Onﬂ—? ﬁfeﬁect Eg{!} ?B%%gﬁf%ea&ﬂrsthﬁ %Yec%ﬁ‘ﬁ%bé‘ﬂz (g fa\éﬁg'ﬂ%h?he

| engt h of a dragram show n

measur enent resul dat a based on the informati IS received
the i nput CRFAICE-SISigEEigction @%%&H@&QWMU%Q the V&b@@ Was PG iUt %
information which is received by the device 10 for neasuring an
obj ect t ophenomsasw isamiikelyrt phurathe delsoningiiereoidhe eerispondiag redasiopghip of
the exit-side detection device 22. The neasurenent result data
i ndi cat es thealegiotion signalsedceivad &lonmiha entramestdepleteotion dévice2] anddthe x4,

., and xn at respective detection tinmes tl, t2, t3, t4 ..., and tn.

The nMeasuLgieak dsRetidd ddale22MBYbIeeo BSROSRAT ed fromany one of
information which is received fromthe entrance-side detection 45

devi ce 21 and |@f§ tion which is received fromthe exit-side
detection devic For exanple, if the neasurenent result data

o rebbi'ved 1r oftboonnERs PEsats! AECHBRLERF e v OB RE 1 Daf bt
detection signals showing the same characteristic among the detection signal that detects
the characteristic of the vehicle 30 in the entrance-side detection device 21 and the
detection signal that detects the characteristic of the vehicle 30 in the exit-side detection
device 22. Thus, it is possible to extract an appropriate detection signal of a vehicle 30

15  among the detection signals received from two detection devices installed spaced apart,
by measuring the vehicle length of the vehicle 30.

[0070]
FIG. 7 is a diagram showing measurement result data based on the information
which is received by the input unit.

20 FIG. 7 shows measurement result data based on the information which is
received by the device 10 for measuring an object to be measured from the entrance-side
detection device 21 or the exit-side detection device 22. The measurement result data
indicates height information at measurement points x1, x2, x3, x4, ..., and xn at
respective detection times tl, 12, t3,t4 ..., and tn. The measurement result data may be

25  prepared from any one of information which is received from the entrance-side detection



data table shown in FIG 3, it indicates height information which is
detected by the 5entrance-side detectiga device 21 for the
measurenment points xl, x2, x3, x4, ..., and xn at respective
detection tinmes ti, t2, t3, t4 ..., and tn. In addition, if the

measurenent .result data shown in FIG is prepared fromthe, hei ght
nf or nat | G5YigAE opnd lg?qr@e@m@'gl%mwweg Ay S 5108 4Rt dE s Zdov ek
21, the measurenent point indicates a respective plurality of

measur emeeanidé.if dhewngagirement ipsuladatashoma inBGW dtivepiiredley feoding thet he
road 10(direction perpendicular to the traveling direction of the

road) at héightnafornattoratvhishiicecéihed foimrtba eeramiceleidd detectionodevite\2il deon? the
nmeasures. [0071] Each piece of information received by the

devi ce 1044QkablEa@pWh inFI@N3 QPindfkhtet AeilRt MRARMISTWhRR it MdtediEby MR
correspondi ng to each nmeasurenent point, may be 15information

measured by _each. of |ugalit f.entrance-sjde detection devices 21
"natall ea turesioB sRefot il bR aRleReRbidht SoReringe. eliin

pi ece of information recejived by the device 10 for neasuring an

obj ect t oatb‘ésmé@éﬁﬂeéwloa@m@ﬁﬁbﬁié@j t4n..cad t@s pbnardifgpm, o theagasurement
measur enent point, may be information neasured by one or a plurality

of the enigalodstashelen GeFIEE 17iio preperét G@on the hielpht mifdrathtial owhécht ib eeceivad
20radi ating a radiation signal at respective angles in the w de-angle

range cenfigmafle etrdnd6.sldeWefec& 8dvi@! 2 IdkHcERtstfenicRt pdift idhtBs Qiésg&&ﬂven
of the road. [0072] In addition, the device 10 for neasuring

ot aot 1 onP LTS ofHERF At kS ETETREERR o fF Wil ShA kBB e

oi nt [ i s detected by the entrance-side detegctign device :
P I(Wn f’(ﬂrectlon perpendlcular){o the traveltmg direction o?the road) at the po;ent Aat w%%ch the

entrance-side detection device 21 measures.
[0071]
Each piece of information received by the device 10 for measuring an object to
be measured, as information corresponding to each measurement point, may be
15  information measured by each of a plurality of entrance-side detection devices 21
installed corresponding to each measurement point. Otherwise, each piece of
information received by the device 10 for measuring an object to be measured, as
information corresponding to each measurement point, may be information measured by
one or a plurality of the entrance-side detection devices 21 installed above the road
20  radiating a radiation signal at respective angles in the wide-angle range centered on the
lower vertical direction in the width direction of the road.
[0072]
In addition, the device 10 for measuring an object to be measured stores
measurement result data indicating a detection time and an amount of reflected light at

25  each measurement point which is detected by the entrance-side detection device 21,



46 neasurenent result data indicating a detection tine and hei ght
information at each neasurenent point m@ich is detected by the
exit-side detection device 22, and neasuUrenent result data indicating
a detection tine and an anount of reflected |ight at each neasurenent
point which is detected by the exit-side detection device 22, based
on 5t he i masuteménsmesnlclgiavindicatingra ddiection timerand-helahé infermsgion gheagbvi ce
21 or the exit-side detection device 22, in addition to the

measur enefikcaduegndiit pdat avhidhdwdetectedbithe exitfstde/d@tection devied B and
nmeasurenent result data of FIG 7 shows that the entrance-side

det ect i onp@RNirGRet FesUR AR iBSichtiy I\ @i&ifon e8| Abuat ofRAECted light at
measurenment point in the range of x4 10 to x20 fromtine t3 to tine

t29. In agﬂﬁltdl&gureﬁ@ﬁﬁ%ﬁ%i@?@éﬁeﬁc&?&%ﬂféggQﬁiﬁsiﬁg%\écﬁ evﬁJ%%Zdﬁ%//siezg Elé

10 for neasuring an o asu recerves substantiafl

sanme hei ght .i nf ormati on which is neasured fromti t3 to.ti tl
0 For BacHerRRuTrEREe oM RO I8 Ao By e o HIHIE; ge
detection device 21, substantially the same height information Bl
whi ch is deedignalgvice 3k iniaddition|to ths measeremept feenlt date phorghiadd Gr énent
poi nt between x4 and x20 by the entrance-side detection device 21,
and substanti al [73he sanme height information C which is measured
fromtime t23 to tine t29 for each neasurenent point between x4 and

x20 by the entrancResubendie @l dan deYG Crsidbivs thRAAHntrAbeEidb detectidie
measurenent result data of FIG 7 indicates respective pieces of

hei ght i nfQro®s] @@%%%itﬁﬁ%eigﬂfiﬂfoﬁgﬁtg%%ch ﬁkasu?efchﬂegr goinfifhdthé eb%ﬁ%

can be recogni ze at ehic as three cteristics:

it or W 57 o e ¢ e 15 21 a8 i e el ol e

10 for neasuring_an object to be 25measured can recognj ze that the

vehi cl e 36egs] fo'gpmag.}rmgyandqu%g%pgqspgepiregev{féisHbstantla y the same height

information Al which is measured from time t3 to time t10 for each measurement point
between x4 and x20 by the entrance-side detection device 21, substantially the same
height information B1 which is measured from time t11 to time t22 for each

15 measurement point between x4 and x20 by the entrance-side detection device 21, and
substantially the same height information C1 which is measured from time t23 to time
t29 for each measurement point between x4 and x20 by the entrance-side detection
device 21.

[0074]

20 Further, the measurement result data of FIG. 7 indicates respective pieces of
height information: height information A1, B1, and C1, and thus it can be recognized that
the vehicle 30 has three characteristics: the height information Al, the height informatton
B1, and the height information C1.

Further, in the same manner, the device 10 for measuring an object to be

25  measured can recognize that the vehicle 30 has a plurality of characteristics being



47 optically different, of a color of a body and a portion of a body
(such as a sunroof or a trunk bed), bagged on the information of the
anount of reflected light that is received fromthe entrance-side
detection device 21 and that is shown in the nmeasurenent result data.
[ 0075] S5Further, in the. sa ner, the device 1Q for neasuring an
obj ect t oOoRicallk Hiffirent %coﬁ%s%%ﬂaog@ A PORIY C\%éﬁ’iog)’ (suighy aF,3urgoot or a
plurality of geonmetric characteristics of a hood or other portions
(such as uunlbid)drased en theknipamptioneishelamauntios reflscigh dightithet igwedetyed from
which is received fromthe exit-side detection device 22 and that is
shown i n theentremsesidandadctior davite Ahtad thiPkghdwe in the meahaemanaesuiniaes
the device 10 for neasuring an object to be neasured can recogni ze
that the vehiclgp3$ has a plurality of characteristics being
optically different, of a color of a body and a portion of a body,
based pn the i t.] t I i . tis
recei végd from ?%lg{ﬂeég’ilt'% %&edgﬁglg%&e g‘%i lggﬁoggﬁéﬁﬁj nkﬁlg{& hetgp@r?&m in
t he measurenment. result data. 15[ 0076 Then, .t he device 10. for
measur i ng MUY BRSNS tﬁ*’é&%%\geg‘b&%%? B %E'B??%%f §eangiTie ‘%i‘larat"ﬂ"?é‘s“cs of
vehicle 30, using a geonetric characteristic based on the height
i nf or mat | ®ROQA on AiherNORIIQISESBY a8 Adoadror ggrunk ded); hased ondhe el 1pfsmation
t he amount of reflected |light which are received fromthe
ent r ance- shith isletceistd omdbe exie-s@t dotectaomdaynet 22 andeha nasgtosmi istthec based
20on the height information of the vehicle 30 and an opti cal
char act er inghdugcrh@n esbuiiatahe anount of reflected Iight which are
received fromthe exit-side detection device 22. [0077] FIG 8
s a g agram Shawing if utAlheNARE hodeVid! R BRI ARrnBh obieYiRY!
25Next, a~specific

fromthe detection signal extracti’on unit. _ _
cal cul ati glréasrlrl%ah (%% rggog%pz% tﬂzﬁ%peh?gle g@ ﬁasvaep Im(':alli%r g’p ch\é\"ralclerigt?cs being

optically different, of a color of a body and a portion of a body, based on the information

of the amount of reflected light that is received from the exit-side detection device 22 and
that is shov;rn in the measurement result data.
15 [0076]

Then, the device 10 for measuring an object to be measured calculates the length
of the vehicle 30, using a geometric characteristic based on the height information of the
vehicle 30 and an optical characteristic based on the amount of reflected light which are
received from the entrance-side detection device 21 or a geometric characteristic based

20 on the height information of the vehicle 30 and an optical characteristic based on the
amount of reflected light which are received from the exit-side detection device 22.

[0077]

FIG. 8 is a diagram showing a data example of information that is output from
the detection signal extraction unit.

25 Next, a specific calculation method of the length of the vehicle 30 will be



48 descri bed. The device 10 for measuring an object to be
nmeasured determ nes that the height inﬁgr mation Al is detected at
time t3 based on the height information which is received fromthe
entrance-si de detection device 21. Further, the device 10 for

measuri ng an 5o0bject to be neasured determ nes that the height

i nf or mat i a¢scBhechavi ng a height different fromthat of height
information Al by a predeterm ned threshold or nore is neasured at
time t11. Thdtsviidecinfor meadunidgaa\obiet tbbefmeasored slatermmes thadtbie deight
to be neasured determ nes that the height information O having a

hei ght di {iffsmeMonfA 10 dbfReded af tiREkDPiscll Bh MR IfdEnBbnB¥high is received
predeterm ned threshold or nore is neasured at tine t23. Thus, the

device 10 r i j . be ihfd ive
times at WATSHC FRogck B AREb R T ERER HCUSRRITO S eI RERE )
Bl, and O are respectivyely detecte i.rst. as the racteristic.

ot ectt onobietido S ikarsed fribbines ik ine heigkieRrnton fl Tering & hejagt gifrent
characteristic detection tinme t23, based on the height information
whi ch is Fremeheteaf heighrinfomasion ftrtancpredetgraniaed Beesheld aaanare i maasured at
addition, after detecting the height of the vehicle 30 based on the
hei ght i nfimerrht.i on which is received fromthe entrance-side detection
device 21, the device 10 for measuring an object to be neasured

detects a tine RfrthineR, tHeeleviRad0 For thekarihg atlebjettth Be thehSurB®determines
detected, and deternmines the time as the characteristic detection

time t30. Pihg%ggﬁ iéléorénatioﬁ Wltﬂﬁ%{ntghatalgé?%lﬁ%ﬁif&@nt]f%nfl at g?lfeg ttgﬂarﬁ%{?%“

obj ect to be rnea eterm nes e anpunt o

et | ol aant YR R AS b e FRRC s inburtl REps o5, SR i 10

anmount of reflected light that is received fromthe ent rﬁnce- si de
det ect i onfaiéGaswingan ghiggt fpbe mepurabpacifiserepectiye tmes ativhish respediect
to be nmeasured deternmines that the amount of reflected 49 light nl
changed byhaageréties ef idighgdnformatmod t Ik, andCd ke mapachizelxdoigated dirst as the
reflected light nil is detected at tinme tni. Further, the device 10
f or nmeasuchargetaistiolde®etion timb €3, neachareckridat detottivestirhd€tl, rdethanount  of
reflected Iight ol changed by a predeternined threshold or nore from
the amountpRfctérfic/etedHon BN badcd Aaherdiskt idformbiih #Aih isTRESved from
15  the entrance-side detection device 21. In addition, after detecting the height of the
vehicle 30 based on the height information which is received from the entrance-side
detection device 21, the device 10 for measuring an object to be measured detects a time
at which the road surface is determined to be detected, and determines the time as the
characteristic detection time t30.
20 [0078]
Further, the device 10 for measuring an object to be measured determines that
the amount of reflected light m1 changed by a predetermined threshold or more from the
amount of reflected light of the road is detected at time 13, based on the amount of

reflected light that is received from the entrance-side detection device 21. Further, the

25  device 10 for measuring an object to be measured determines that the amount of reflected



5t he device 10 for neasuring an object to be neasured specifies

respective tinmes at which respective characteristics of the anounts
of reflected light m, nl, and ol are detected first, each of which
i s changed by the predeterm ned threshold or nore fromthe anount of

reflected,.|ight whi has been .preyi ousl.y detected, as the .
Char act or AT insddycpredciamined Pisahaior BorerpBihe Ses of il fight
tm and the characteristic detection tine tn2, based on 10the anount
of refl ecmdds fstegted gitiimntni.s Father.ibeldeviend @ fos measuringan-objegetodiet ect i on
devi ce 21. In addition, it is assunmed that the followng tine
rel ati onstegsure] desdraldnds sha dhadmeourit berefleted bitketrd Isthangalidiyecpricdetetmined t 3
< the characteristic detection time trn < the characteristic

det ect i ongrdsABldtdR Atort BRnCid hAtLRY dfTEildetdaide hl &Ndeddi® dthimesns. NeThus,
characteristic 15detection tinme t23 < the characteristic detection

measured SSCETRE AQEr e MRS LAE0 bt lep A0 ReogRE gk 1 fich
ti t n3based .on t he height i nf ti whi Gh. | ived. f t

ex t - 51 do ROHE FEMARIEACEo58S SR abrefseied Dbl gt abs b 5 Hest e
to be 20 neasured determ nes that the height information Bl having a

hei ght di firséreaeh of whigh isrhengad byribe pesdgiermingd dirarkeldopr mprefipny the amount

predeterm ned threshold or nore is detected at tine tn6. The device
10 for neaSweflecigd hghtotljidchastteei prevemsiyrdettcthd] @ the nlemadtératictdaeche gine
information C having a height different fromthat of the height

i nf or mat i gntBkhc@ripicdieéctionitingdn}, ane sleahdraoterishy d:té@iot @inRCihg Gagdd on
time tn7. Thus, the device 10 for 25measuring an object to be

e, SRS SRR SIS S5 o GHSELLNG (in o

det ect ed %Lrst, as the characteristic detection time tn3, the
characterfstic detection tinme tn6, and the characteristic detection

exi ¢ - i de dot oDyt ScsSaedrghe Gl BRns HerHaoBhGHE TroIsHE
vehi cl e 30 based on
when the characteristic detection time t3 < the characteristic detection time tn; < the
characteristic detection time tn, < the characteristic detection time tl1 < the characteristic
15  detection time 123 < the characteristic detection time t30.

[0079]

The device 10 for measuring an object to be measured determines that the height
information Al is detected at time tns based on the height information which is received
from the exit-side detection device 22. The device 10 for measuring an object to be

20  measured determines that the height information B1 having a height different from that
of the height information Al by a predetermined threshold or more is detected at time tng.
The device 10 for measuring an object to be measured determines that the height
information C1 having a height different from that of the height information Bl by a

predetermined threshold or more is detected at time tn;.  Thus, the device 10 for

25  measuring an object to be measured specifies respective times at which respective



5t he height information which is received fromthe exit-side
detection device 22, the device 10 for geasuring an object to be
measured detects a tinme at which a roaa surface is determned to be
detected, and then determines the tinme as the characteristic
detection tinme tns. £0080] 10The device 10 for neasuring an object to
be measur elipraerdstios pbthe hpight mfamatiowid, Bil, ﬁ@f@b@ﬁdﬁtepﬁeg%ﬁﬂms thtianged
fromthe anmount of reflected |ight of the road by a predeterm ned

t hr eshol dclerasreristicidstedgdretme thzathe tchamctendic deaadn Gmetthe amdrthent  of
reflected light that is received fromthe exit-side detection device

22. The detvdre@eridicidefecIBREME fiIbABd 8RR eidHe itfBriRRRUIIEth Bet&iVedTRSn
that the anmount of reflected |ight nl 15changed fromthe anount of

refl ect edl.i ght.. : rm : ld.: i
i b Sidt endn B RPELET TARB ekeokE i o PR h IR L
deterni neg that the anount .qf. reflegted Light o hanged f.romthe

rount of TeCierE faamRGHOVHER isycsmG S Hemiatre GRREbHo 1aviEs ZhoPe | s
detected at tine tns. Thus the device 10 for neasuring an object to
be neasur 8eViephl forineasyringraabices ta bapsgasuredetests & inpacwhigh a road surface
20characteristics of the amounts of reflected light m, nl, and ol

ar e det ectisatttedrmimstd, to badbtected,vanid then detarhmamydbe tiype ahthephacietesstiv dadettion
threshold or nore fromthe anount of reflected Iight which has been
previousl yindehgct ed, as the characteristic detection tine tn3, the

characteristic detection tinme tn4, and the characteristic detection

time tn5, based (@@0 he amount of reflected Iight which is received
fromthe exit-s[ e detection device 22. 25In addition, it is assuned

char alfori ot i o GBeaetfiold B ReofRB & ebol B Adni B corlmBE R %, e
e S A A ST o by
characteristic detection tinme tits.
predeterminéd threshold or more is detected at time tns, based on the amount of reflected
light that is received from the exit-side detection device 22. The device 10 for
measuring an object to be measured determines that the amount of reflected light nl
15  changed from the amount of reflected light m1 by a predetermined threshold or more is
detected at time tny. The device 10 for measuring an object to be measured determines
that the amount of reflected light o1 changed from the amount of reflected light nl by a
predetermined threshold or more is detected at time tns.  Thus the device 10 for
measuring an object to be measured specifies respective times at which respective
20 characteristics of the amounts of reflected light m1, nl, and ol are detected first, each of
which is changed by the predetermined threshold or more from the amount of reflected
light which has been previously detected, as the characteristic detection time tn, the
characteristic detection time tn,, and the characteristic detection time tns, based on the

amount of reflected light which is received from the exit-side detection device 22.

25 In addition, it is assumed that the following time relationship is established



[ 0081] 5The device 10 for measuring an object to be neasured

cal cul ates, based on the characteristigydetection tinme which is
specified by the height information which is received fromthe
entrance-si de detection device 21 and the exit-side detection device

22 and the,installatjaon.interval. D between the .entrance-side

et ect i on"HE MeEhapelspiay JRCHON pims < fie DatadtspSidafeelio Jme gy < the
vel ocity of the vehicle 30 at the characteristic detection 10tine. in
any one ofhaseierishie detsatianima fiss- the gharaterasticidsiscen iipe K thp gharpgeristic
exit-side detection device 22 for each corresponding rel ati onshi p of
hei ght i nfigectmmitone tnk i tg ¢dharactaristle detedteondené te. 10 f or neasuring an
obj ect to be neasured cal culates the velocity VI by the equation of
“velocity V1 of[00RE] vehicle 30 = D(M3-0)" using the difference
(tn343) between the characteristic detection tines and the

instald ation i nfgry&kiced of BF ;[rfggﬁjéﬂ-l%e@ﬁiog orﬁe%é’%ﬁxieﬂ@a Shiated NP €

! 1
10 for neasuring an object asured cal culates the velocity V2

by the equation.of "veloci 2 ,of 2. Vahi 30 =.D(tn6411) 5 .usin
Che. at 11 P Bl det GG wis mblbietf s o dfh Trooble Mhien it hec
and the installation interval, D for. the height jnfarmation Bl. The
devi ce 10@6‘?’“&1@’8& 1 RRfrafcesisiedetection ‘é‘”??e?alg‘iﬂdébe E’&F‘NEF detectiqnlevice 22
velocity V3 by the equation of "velocity V3 of 20the vehicle 30

=13( t n7423@)d tha snstajlatipe indérivaldp belaveeq thereniragie-1éde drteationtdevice 21 and the
characteristic detection tinmes and the installation interval D for

t he hei ghexit-sile demétionnde@ice 2Zhehedelocite ofl thefvohicleesdsat thaghasattepidiie détedtion
be neasured cal cul ates the velocity V7 by the equation of "velocity

V7 of 1¢ hetivghi Ghortlorbbil) 6 A8 4¥Pance WifeMdtebtiéh Gd éeez;] leﬁﬁ%é En84ide) f

i
bet ween the characteristic detection tines at which the road surface

exi t -1 detdey o REiE 228 ShEpopfne RAERAR o BB, OF sihes)
based on VAECCHESEEG ] SrTECaR g OHe B IHTRe] G e e SEOBY Vhe
amount of reflected light that is 5received fromthe entrance-side
det ect i onbyithgieguation efndelopidy ¥itiof the vphide3@cidm:ddviusagzix difference
(tnz-t3) between the characteristic detection times and the installation interval D for the
15  height information Al. The device 10 for measuring an object to be measured
calculates the velocity V2 by the equation of “velocity V2 of the vehicle 30 =
D+(tng-t11)” using the difference (tng-t11) between the characteristic detection times and
the installation interval D for the height information B1.  The device 10 for measuring
an object to be measured calculates the velocity V3 by the equation of “velocity V3 of
20 the vehicle 30 = D+(tn7-123)” using the difference (tnz~t23) between the characteristic
detection times and the installation interval D for the height information C1.  The device
10 for measuring an object to be measured calculates the velocity V7 by the equation of

“velocity V7 of the vehicle 30 = D+(tng-t30)” using the difference (tng-t30) between the

characteristic detection times at which the road surface is detected in the entrance-side



and the installation interval D between the entrance-side detection
device 21 and the exit-side detection ggevice 22, the velocity of the
vehicle 30 at the characteristic detection tinme in any one or both of
t he entrance-side detection device 21 and the exit-side detection
device 22 for _each corresponding relationship of the . change in the
anount of detegticn dericed 1 jang Hic exitrstdn drigctinn dgwice 24 andjihginstallagjon gyterval D.
measuri ng an object to be neasured cal culates the velocity V4 by the
equation of "vell082ky V4 of the vehicle 30 = D(tn343)" using the

di fference (tn343) between the characteristic detection tinmes and the
instal l ation i nTRs ¥éticeD OF foF nichirmpan dibjeof tortrithestied chicglatesbased Biethe
device 10 for neasuring an object to be neasured cal cul ates the

vel ocity Ma, byeddie d@flg@df e Which§ Eﬁ&ﬁﬁ%ﬁ tﬁp%mbﬁﬁ ofF St 1iepBfhatis

D(tn4-tm " using the erence (tnetru ween the characteristic
detection_tines.and,the installation int.eryal for. t. Jnt . of
ot | ect edreFRe ERm il ' Hycfih RGN Pandght i hRE GPRRT ae¥ice 22
nmeasured cal cul ates the velaocity V6 by the equation, of "vel oci V6
of the vefidihe inallatipp mﬁqy@lri%jvetxw e qnﬁrén%ﬁ-ﬁg%@#&@n@wg @ﬁ@yé the
between the characteristic detection tinmes and the installation

i nterval exif-side detectzonpdaviced, thefvelosity af telviehiste 3) at the characteristie detection
present enbodi nent, since the velocity V1 which is cal cul ated using

t he char aditnerih ahy end@ttech oDthe ehtiancspalei deteetiobeidee? Ineidghe exindidemat i on
Al and the velocity V4 which is cal cul ated using the characteristic

det ecti ongéeERonSRE 206 Qh LBReHIRURL rQhtidrBhibRF HRAHah g 1 aRbent of
cal cul ated using the sane characteristic detection tinme, they are

25CONg St el PG ok oras HERELPIb Yo okl T EBENTEL i Byl

vel ocl n use I'ow ng processes.

Through the above processes, the device 1Q for urin object 19
be. measur StcdaKE feaelsity N %éls@ﬂwww?mqew WA ehieeafie s ﬂ%ﬂﬁ{ﬂé
characteristic detection 5tinme at which the height information Al is
det ect ed, usihg thealiffeienge (UR-Bhbattvetrsthe ghanattatig detdctign timss and the installation
characteristic detection tinme at which the height information Bl is

det ect ed, idtheaMplferahé ymyitwiirefecied lipght a0l atTae desdeat) fdreneasuring an object
characteristic detection tine at which the height information C is

det ect ed, {d hemyRhRal dateuMpesilié ¢dlodify V8§ YhadRetdSbNGelddRy V5 of the vehicle
characteristic
15 30 =D=(tns-tn))” using the difference (tns-tn,) between the characteristic detection times
and the installation interval D for the amount of reflected light nl. The device 10 for
measuring an object to be measured calculates the velocity V6 by the equation of
“velocity V6 of the vehicle 30 = D+(tns-tny)” using the difference (tns-tnz) between the
characteristic detection times and the installation interval D for the amount of reflected
20 light ol.
In the present embodiment, since the velocity V1 which is calculated using the
characteristic detection time specified by the height information Al and the velocity V4
which is calculated using the characteristic detection time specified by the amount of

reflected light m1 are calculated using the same characteristic detection time, they are

25  consistent with each other.  Accordingly, it is assumed that the velocity V4 is not used



detection tine at which the amount of reflected light nl is detected,
the velocity V6 10which is calculated yging the characteristic
detection tine at which the anount of reflected light ol is detected,
and the velocity V7 which is cal culated using the characteristic

det ection.ti]mig t which the road surface is detected. [0084]

FIG 9 ismat’ai%lg’r"‘é{ﬂggmsﬁﬁ a relationshi p between each
characteristic detection 15tine and a velocity cal cul ated using the
characteristic B¥82ktion tine. FIG 9 shows the follow ng

rel ati onshi ps: a relationship between the characteristic
detection tinme TBroagh tieiabbvd precdsetsgtite denicorl 0dbi measAting sn digeetad e and
the velocity VI calculated by the device 10 for neasuring an object
to be neagiehfifled/&dlefatbd e SERERE VBN IHER 5 ARUREID RThel theBhdriterf®iR detection
rel ati onship between the characteristic detectiontinme tni at which

t he ampuni: of i | it

cal cul ot el FRICHTAS Relebe Bbhmted A1 REAGENEE (BRIACHS NAUEL el lned
usi ng the characterist.ic tection ti tpi, .. a.relationshi

bot waen ' Hing iresaiagierisds Siebhe et oL Me heielt infprmBHOT L 8 ered dre
reflected |ight ohs detected and the velocity V6 cal cul ated by the.
devi ce 10v¢lesity,BAwvucl is salcalgtedpswgithe ehasacterishs deteetiandimeat whaich the height
characteristic detection tine tn2; 54 a relationship between

t he char aotfemiaion € ldedeetted the vetecity V5 athisthis chlculaed usinglthe ¢laf aptaritic on
Bl is detected and the velocity V2 cal cul ated by the device 10 for
measur i ngdasctiinj tihé athwhibie theeasunesl rdlkdied fifte ne hadaedted, ifisd velodigtegt i on
time ti 1; a relationship between the characteristic detection tine

t23 aj m%ﬁhtipgalaﬁhﬁﬁhsiﬁ%g{e%h%c{e?i@tié:het.b&ioﬂ%ﬁé’ﬁﬁﬂlia{‘ﬂiletaﬁﬁ)uﬁf%foCi ty

V3 cal cul ated by the devi for measuring
reflected light ol is detected, and the velocity V7 which is calculated using the

characteristic detection time at which the road surface is detected.

[0084]

FIG. 9 is a diagram showing a relationship between each characteristic detection

15  time and a velocity calculated using the characteristic detection time.

FIG. 9 shows the following relationships:

a relationship between the characteristic detection time t3 at which the height
information A1 is detected and the velocity V1 calculated by the device 10 for measuring
an object to be measured using the characteristic detection time t3;

20 a relationship between the characteristic detection time tn; at which the amount
of reflected light nl is detected and the velocity VS5 calculated by the device 10 for
measuring an object to be measured using the characteristic detection time tn;;

a relationship between the characteristic detection time tn; at which the amount
of reflected light olis detected and the velocity V6 calculated by the device 10 for

25  measuring an object to be measured using the characteristic detection time tny;



an object to be neasured using the characteristic detection tinme t23;
and a relationship between the c?gracteristic detection tine
t30 at which the road surface is detected and the velocity V7

cal cul ated by the device 10 for neasuring an object to be neasured
using the characteristic detection tinme t30. 10[ 0085] __The
devi ce 10 for netdationpiyp &atwsbh dtchatciseaistiedgiention ting 4 abwhich the height
expressions indicating relationships between the characteristic

det ect i oniriforifesion Mavwe detected &hd the amibeitg Maddatantssedotay thaldatieel 1 ® Yortnasuring
device 10 for neasuring an object to be nmeasured using the

charact er b$bhigctd8 be Hicafted hm%thtercﬁamabtéri&t& deBQtiot BiffealPy; cal cul ating
the I ength of the vehicle 1530. I is manner, the device 10

nth
for measuring an, ghiaelip henien 'ﬁ%gﬁl%{éa?&rlﬁgx% SYL AR 2inhd193 P Bhfechhd RAGH"

L of the vehicle using eac e characteris

detectjon.tine at i gh each aracteristi f geonmetric .
har act o nomeon il Geedind and B8 Bfeitn Siralon s RalE aky Sa A fossesaagine
characteristics (the amount of reflected Iight) of the vehicle 30
20whi ch i 80 gbiefBp be meagrpdusipsdigrebarapigrigiia dedactign tipggds)and Her e,
usually, in a case of calculating the length of the vehicle 30, if
usi ng the det ect retationship b¥iweeh thehehavasteristied@ection tinhet36at whithdhsiodd
detection device 21, the traveling tinme (detection end tinme) T2 of

the vehi chgfa i detddi fialthehelecisi Ve caetlart ibghdl@dicel (2br m2adbinki@
interval t fromwhen the vehicle 30 is detected in the entrance-side

det ect | onofleNi 6o s dd LandfJRRbAEHEN fhe Bt ot ected in the

exit-side detection device e Iinstallation interval D
betvvela(? t he ent@gg]e-si de detection device 21 and the exit-side
detection devic , the velocity v of the vehicle 30 =D t is
cal cul at ed, and th{ijeiv'it is possible to calculate tHe vehicle length L

of the vehicle B¢ H“rﬁ’gl hE1Casping a4 ogect t(e[m@@qff tpgrates expressions

indicating relationships between the characteristic detection times shown in FIG. 8 and

velocities calculated by the device 10 for measuring an object to be measured using the

characteristic detection times from t3 to t30, thereby calculating the length of the vehicle
15 30.

In this manner, the device 10 for measuring an object to be measured calculates
the vehicle length L of the vehicle 30 using each velocity at the characteristic detection
time at which each characteristic of geometric characteristics (characteristics by height
information) and optical characteristics (the amount of reflected light) of the vehicle 30

20  which is an object to be measured is detected.

[0086]

Here, usually, in a case of calculating the length of the vehicle 30, if using the
detection time T1 of the vehicle 30 in the entrance-side detection device 21, the traveling
time (detection end time) T2 of the vehicle 30 in the entrance-side detection device 21, a

25  time interval t from when the vehicle 30 is detected in the entrance-side detection device



However, although the vehicle Iength L which is cal culated by the
above expression is a substantially cogsect value if the vehicle 30
noves at a constant velocity of the velocity v, the velocity does not
beconme a correct value if the vehicle 30 passes 10between the

22 whi |6 Chin IR NEGisr 0P 05/ oFb By TR ePE iR g B 46 for

measuri ng.an_object to _be nmeasured according to the present o
enmbodi meninstalipidaen infeseal Dhetesn b enfrancgiside defsstion doyies 2k and the gxigraiden
the 15vel ocity depending on tine el apsed using the velocities V of
t he vehi cige@natevigk 22 athe eblaciaet of ihstviehictheilee D ohistcalvelatedt her eby

cal culating the vehicle length L of the vehicle 30 with high

accuracy. | n adgifhen id fRsibRMEhlchR theEREle RinghhB bRt SEhRld Thusdfg
the vehicle 30, the nore accurate the vehicle length L. Therefore,

not ondy ric characteristic but also the opti cal
char acr% er%hg%xgl%?ésqgised. Since the optical characteristic 20is used,

it is possible to detect the changes in nore characteristic points
and to neasure Hﬁ(@*@@@%ﬂgiely the velocity or the vehicle length L
of the vehicle 30 based on the change in the anmount of reflected

| i ght accor di ngHbwetdnealthoaglytheivehicledemgih &rwlakls isoralautated bykibe ibove ng
the portions of the vehicle, even in the box-shaped vehicle 30 such

as a bus Wdrésslonss a siBxumtially cérhn9sué IT thé)Pcl@elo BB hioves ShedonstaRt vesdoity,
for exanple, the vehicle 25height. 56 [0088] Then, the process

Lo LESHGER, §0nE SRS 0 ) B CTRARHCRS s
10 between the entrance-side detection device 21 and the exit-side detection device 22 while
changing the velocity.
[0087]
Therefore, the device 10 for measuring an object to be measured according to
the present embodiment calculates the vehicle length L in view of the change in the
15 velocity depending on time elapsed using the velocities V of the vehicle 30 at piural
characteristic detection times, thereby calculating the vehicle length L of the vehicle 30
with high accuracy. In addition, the larger the number of characteristics of the vehicle
30, the more accurate the vehicle length L. Therefore, not only the geometric
characteristic but also the optical characteristic 1s used. Since the optical characteristic
20 isused, it is possible to detect the changes in more characteristic points and to measure
more accurately the velocity or the vehicle length L of the vehicle 30 based on the
change in the amount of reflected light according to the change in the materials or the
like forming the portions of the vehicle, even in the box-shaped vehicle 30 such as a bus

with less amount of change in the geometric characteristic, for example, the vehicle

25  height.



FIG 10 is a diagramshowi ng a process flow of the device for
nmeasuring an 5 object to be neasured aggording to the present

enbodi nent The detection signal extraction unit 18 sequentially
recei ves the detection signal including height information, an anount
of reflected light, detection tines, and the |ike at a predeterm ned
tinme interval d&‘ﬁ&%]di ng on tinme el apsed (step S101). Then, as

descri bed above, the detection signal extraction unit 18 reads the
hei ght i nf or nat Tleam, titetpeodeSafioant thefdeviet |16 doededsughg an bhjectde be atcasmred
times fromthe detection signal which is received fromthe

ent r ance- glcdflifietcahit pRBed @Mibedindht 0fll bb@eseribéd. si de det ection device
22, and out puts conbination information of the height information,

t he detection tf@%oq@gdﬁ rdlﬂ%ﬁ% ﬁgfcjc&f% AYTHEhe g&ﬂ@@fdrfnﬁéﬁ%ﬁ% ce

nunber for identifying any one o entrance-si de detection

21 and. t he_.exit-side detectipn ice 22) of .the detection device

whi oh 3 agtE e b A firordiEs iR B8 FLbpBRaiELr ol at i onohi b
determnation unit 13. Further, the input unit, 11 reads .the hei ght

i nformation, thENGERIERtON SiEnakbextigekiaunty hicqueidially feectyss Hedetrstion pgaal
fromthe input detection signal, and outputs conbination information
of the anbwhuingf haigftlimformatidn ghamonritief ttlilight, deteedonalimtiesaand the like at
i dentification nunber (identification nunber for identifying any one
of the enhpriderrainde tidrtigeivad deptading@nimedamdd (hep $X01Y)- sThin, as
detection device 22) of the detection device which detects themto

the si gnaljegtib&Hole ARE a&&&mﬁ%%}mc gg}raggggﬁlgp ;}grérig% E{G{HS‘E’E glgamaﬁbh, thé-

([12?2?] i nat | et :he 'helegh i i i
| | . | A . . . .
cor oo b RN SR P el OTLRRY it rgived

25t he exanpl es of data. of "informati.on ipput. fromthe entrange-side
dot et onBEVIE Entsice Sidh detelion pet e 2 orghe - SE etk waleyicd X3 ad
information corresponding to the height infornmation and the detection
time in thepekgapbagtion idarmation of thethsighhnformation eihg detestigniimeseand an
exit-side detection device 22". Further, the signal strength

cor r esponitiengficatioamiimbshfigendidication matieo forudéntifflidg dny oms afehe eatcdmce-side
information corresponding to the anount of reflected |ight and the

det ect i ond¢tkéthonl devicbe 1 examit &st-wde dbddotionidevic® LDy drahé dfiedtivhWevice oidthe
entrance-si de detecti on device 21" shown in FIG 8 and each

ent r ance. ! , 3 and ea
et ool on L P RRAe hEh R R bR o AL Tl

exit-si deth%ent‘lpeucttuinﬁq lqgﬁ/ -s?ﬁae I%eziéht information, the amount of reflected light, and the

detection times from the input detection signal, and cutputs combination information of
the amount of reflected light, the detection times and an identification number
(identification number for identifying any one of the entrance-side detection device 21
20  and the exit-side detection device 22) of the detection device which detects them to the

signal strength corresponding relationship determination unit 14.

[0089]

Thus, the height corresponding relationship determination unit 13 receives each
piece of information corresponding to the height information and the detection time in

25  the examples of data of “information input from the entrance-side detection device 217



10[ 0090] Each tinme receiving the height information included in the
detection signal that is transmtted fgpmthe entrance-side detection
device 21, the height corresponding relationship determ nation unit
13 conpares the received height information with, for exanple, the

hei ght infornmati i ch has been received one tine previousl .
(helont TIOaR: BAnd Aeshitiess ot mPRe s oBeToRLEg Bie hersht Siaation
fromthe entrance-side detection device 21) to determ ne whether the
recei ved hed trdeieation waie ibte ehamples obdataof Hrwsmatien weeinet Bomtheexit-sifle
the height information, in which the change is within the threshold,

i s recei vddeétionadevme22” pr edet er mi ned nunber of tines or nore, the

hei ght correspondi ng rel ati onship determ nation unit 13 determ nes

the detection tFimhesahé @i@ﬂz_ﬁl@&bﬁ@hEerésb@ncﬂﬁ%'?élﬂlﬁnshiﬁfd@feﬁﬁiﬂaﬁ&l Wit €4 S
received at the earliest tinme anong respective pieces of height

i nfoorngat i gn £ al é%cﬂa%%,hgﬁcﬁ,e&%gsﬁ Hﬁ%‘;{? it mﬁ&n@of%{i&%ﬁ ﬁ%,félza&u%j‘fhe

detection trne a I"ght ormation 1s detec irst in

t he entrance-si de detecti on .devi .(step, S102).. I n.t he exa e of
He oo | g Bf Sx e e St BiERios e oo B ot
by the entrance-side detection device 21 is determ ned as the

char act er Aggstiongievisg il o showst inG; 8 and saeh information goregspendifg tedhhamoury
time at which the height information Bl is detected first by the

ent r ance- of Bflecled Gehtiand thieddtendtioR limesindled examipheschfaatatdf € indbranation enpiust i c
detection tinme ti 1, a tinme at which the height information C is

det ect ed fiofrsthe bByitkide derttiandsi& e, det ecti on device 21 is determ ned
as the characteristic detection tine t23, and then a tinme 5at which

the hgjght infofygepj on of a road surface is detected first by the
entrance-si de detection device 21 is determ ned as the characteristic

detecton e 1 o b ARy AR e SOBOAG, bl
o ok ARG kb B L e B Rl s

relationship determination unit 13 compares the received height information with, for
example, the height information which has been recetved one time previously (height

I5  information included in the detection signal transmitted from the entrance-~side detection
device 21) to determine whether the received height information changes by a threshold
ormore. Then, if the height information, in which the change is within the threshold, is
received in a row a predetermined number of times or more, the height corresponding
relationship determination unit 13 determines the detection time corresponding to the

20 height information which is received at the earliest time among respective pieces of
height information falling within the threshold, as a characteristic detection time at which
the height information is detected first in the entrance-side detection device 21 (step
S102). In the example of FIG. 8, a time at which the height information Al is detected
first by the entrance-side detection device 21 is determined as the characteristic detection

25 time t3.



In a simlar manner, each tine receiving the height information
included in the detection signal that 5% transmtted fromthe
exit-side detection device 22, the height corresponding relationship
determ nation unit 13 conpares the received height information wth,
for exanple, the height information which has been received one tine
15pr evi ousl y ( hisi agimilanmentest 4 bme phwhigh e haight irformationtB bis detegied)lirst
transmtted fromthe exit-side detection device 22) to determ ne

whet her t betheenatn@ssitedgédtion rbvicedt isdetahingles thyclardchratih détdetam time
nore. Then, if the height information, in which the change is within

the threspal fiinicsat WA thE Heilht iRforPich OF RARikQE MBELhERAkaRE-sidoTES
or nore, the height corresponding relationship determnation unit 13

determ neﬁet&%ngﬁbﬁgbil Qg 1 n%fastctﬁée El@ﬁ?ﬁ‘?&?siti'aglefegtiéﬂ.'ﬁmg ;ﬂﬁg Bhd thCII’l atime

i nformation I's’recerv earl'rest tine anong respective
pi eces_of height informgtion falling within the threshold as a .
char act er?ts‘Fl?lgﬁE}?tl'@ég tﬁ%{%@ﬂm&f‘) “&%’P%Et Efcﬁdﬁ'irft it ‘fﬁ‘gﬁaé’)‘(‘?'tﬂ-dgi de
detection device 22 %st_ep S103). In the exanple of FIG 8, a tine at,
whi ch t hedefestigimtdeviee i indstermipgd asdhelehasaateristicidetoetiontimp £3 G il addigan, it
detection device 22 is determ ned as the characteristic detection

tinme tn3. islassian@bhiatrd ¢raractaistie detectiani time atwhiblh te hefght bethginvad surface is
information Bl is detected first by the 59 exit-side detection

devi ce 22ditscte@¥iest 1 dd@sbident Wit aGived AGHIAEH Sieiheigleingsiniafion bF (R chd&f tiR
time at which the height information C is detected first by the

exit-si devgﬁélg%iigﬁ'ctgtﬁééd iEtGEh@l%sﬂ.tﬁnéj.et erm ned as the characteristic

- detection tine tn hen a time at which the height information
of a {@ad surfa@gg' detected first by the exit-side detection device
22 is bdetermn the characteristic detection tinme tn8. [0092]
Then, the height carresponding yrel ationshi ﬁi? et erm pnation U?I@i 13
classifies the WrntBdlaempagerceaghfimeteesivipg He hesght infarmation daslededdpthe
detection time ti 1, the characteristic detection tinme t23, the
char act er ilgfeétoncégnat thabis transmited Growhihe lexrsidedistastion desdce 24, thenheight
10entrance-si de detection device 21, and the characteristic detection
time tn3, corispoidingadatiansliip degahmatioromit 13reorhpeics thhecoehvad heighr i sti ¢
detection tine tn7, and the characteristic detection time tn8 which

are det er [5@chtfof wit) for@X%hinpR! B2 HERhERIhAhtidR Witéh %2 be& 1c8&08d one time

correspondi ng rel ationship of height information indicating the sane

porti pa previously (height information included in the detection signal transmitted from the
exit-side detection device 22) to determine whether the received height information
changes by a threshold or more.  Then, if the height information, in which the change is
within the threshold, is received in a row a predetermined number of times or more, the
height corresponding relationship determination unit 13 determines the detection time

20 corresponding to the height information which is received at the earliest time among

respective pieces of height information falling within the threshold as a characteristic
detection time that is detected first in the exit-side detection device 22 (step S103). In
the example of FIG. 8, a time at which the height information A1 is detected first by the

exit-side detection device 22 is determined as the characteristic detection time tnz. Ina

25  similar manner, a time at which the height information B1 is detected first by the



of the vehicle 30, based on the value of the height information
corresponding to the 15detection tinessgstep S104). In other words,
since the difference between the value of height information that is
detected by the entrance-side detection device 21 at the
characterlstlcgetect nt| t3 and hev ue of, i nformati.on
that is de¥iksidgdetsgie Vé%‘a 1§ Aefermyaedat e f %@Qi?rdsé‘céiﬁ cgtion fige tne, a time
characteristic detection ti rrp tn3 is a threshold or |ess, the height
cor r espondl waich giedteigv arfprmaiondy Inis dakerisd fustiby theexdieside d¢tpaionidesice 2Rds)
bel ong 20to the sane classification. Then, the height correspondi ng
r el at i onsbetprntiae@anthaaharactemictdeledtias tmeitiat asd the a hienegdt twhielf the heighton
Al that is detected by the entrance-side detection device 21 at the

char act er jiFrintatid o 8 rbasutfab®istdBtetdet Firdthhs tRhtiRGHE Héteétidh HO1ceQbiiPN
time t3, and associates the height inforfmation Al that is detected by

t he exgt 3&?@1 ﬁg& Esctg]llegﬂar agﬂ‘&'@i‘%%ﬁ@& e{lﬁ]lg nghar acteristic detection

time th3 e characteris ection tinme tn3, as the
classification 0@%&1 mati on bel onging to the same classification, 60
so as | obe vvrit nto the queue provi ded in the second velocity
calculation unit 15. [0093] urther, in the sanme nmanner, since
the difference B@mﬂ@meﬂgk@ cvratvsn@ndwg rf‘éatgwﬁhlp deisrrweatiohunih b3 classifies the
detected by the entrance-side detection device 21 at the

char act er tlsracteristie tdetetiiomtime i thd ¢hasactbristie detedtion tohe tidj thhtcharacteristic
information that is detected by the exit-side detection device 22 at
t he char agétedtionttinge 281 @etch@actetisiR: defftibs titheltB @A Gl £e Qétedndh&d for bR

hei ght correspondi ng rel ati onship determ nation unit 13 determ nes

that {dey, d\ﬂﬁin%‘—g d%%efe@ﬁ?]@@é%ecilaﬁﬁd {h'e%ﬁﬁr’a&lg}rlstg%fbcn&ﬁﬁn‘fﬁhﬁﬁ‘fe

corresponail ng re ationship determnation unit assocl ates the

odont co" SRR dBreatitfhimb g Pl Shfdediis dif Cﬁﬁti ARG 7 é’ﬁlﬁdetec“"”

characteristic detection tine ti , and the i.nfor tlon
that is detaERqEptisletepidontme m;.V&aclu@fﬁéi&eﬂaweggv‘gfg%e&ks'éﬁ ghion avice

characteristic detection time tn6 with the characteristic det ection
time tn6, 22forieach eoregspordingrciasionsiip of heightonfopehttmgindigating tha eame pertion
classification, so as to be witten into the queue provided in the
second vebbibe tvghick!3Qubased on thewdlucldt. thd béiplittihformation ¢diessantinganixer ,
since the difference between the value of height information that is

det ected Btedthm BIsT(30RE 8164 de 16 8HREWLAR, R tHE ditferétoe bB®veen the value of

characteristic detection ti'me t23 and the value of height information
that is dﬁél@ﬁﬁlﬁﬂﬂ@lﬁﬂ&bﬁlaﬁﬁ'd%faﬁfeg%y the entrance-side detection device 21 at the

characteristic detection time t3 and the value of height information that is detected by the
exit-side detection device 22 at the characteristic detection time tns is a threshold or less,
the height corresponding relationship determination unit 13 determines that they belong
20 to the same classification. Then, the height corresponding relationship determination
unit 13 associates the height information Al that is detected by the entrance-side
detection device 21 at the characteristic detection time t3 with the characteristic detection
time t3, and associates the height information Al that is detected by the exit-side
detection device 22 at the characteristic detection time tn; with the characteristic

25  detection time tns, as the classification information belonging to the same classification,



detection device 22 at the characteristic detection tinme tn7 is a

t hreshol d or | ess, the height correspogﬁing rel ati onship

determ nation unit 13 determ nes that ey belong to 20t he sane
classification. Then, the height corresponding relationship

determ nation unit 13 associates the height information O that is
det ect ed #yastodeoriticarivie-thé decugeraddidon thiesacerd velocity qalvalation unit 15.
characteristic detection tinme t23 with the characteristic detection
time t23, and tf@okei ght information C that is detected by the
exit-side detection device 22 at the characteristic detection tine

trt7 with the chanRetifthedahfe HERE kIMRP tid dfefeAde bedwedn e value of height
25cl assification information belonging to the sanme classification, so

as to be ' N i i j: C WA
cal cul ati olon i Sy i Yy BESHERE IR, ReEeER: UEARIe
the difference between the val ue _of height information (road surface)
hat 1S dEFtEtand g t ot 0 B et RiChation g At e B e g
characteristic detection time t30 and the val ue of height information
(road sur flefeetiontdexice22 af hecharagterstic dedection timsj theis @dhisehaldar gessthee 22
at the characteristic detection tine tn8 is a threshold or |ess, the
hei ght coheightpmnedsprgpding ralationshiy geteretirativnnmiti I3rnieteminines thadl diegbelonggo
that they belong to the sane classification. Then, the height

cor r espongjengme@lasiFiessdal P THES, ehdThdigtiticoftestonting FelassiRfipadetamiinieion eat
surface height that is detected by the 10entrance-side detection

devi ce lelggssﬁ) %teg AR 1R lﬁ'iﬁfﬁﬁhzﬁlfg%leﬁl { @'&d&:ﬂ%’&g&% é?ft]raﬁceﬁéellﬁ% detectjon

character IC detection tine t and the road”surface
is detected.b exit-sid etection vice, 22 at the. S
charatt er ﬁ%‘f‘?e}b’Z ]t[j&eig% ?ﬁ%%%ffrfsﬁﬁ%f’tﬁg}owaﬁ gltelh‘@ﬁlé s charagtepsls deteetipn imefi L,
time tn8 as the classification information bel on?ﬂgn to t e,seragf
cl assi fi caiq ts height miommstign Birthatnedeteqiedby the cytisife dstestipyderipsh24 pdhe
second vel ocity 15calculation unit 15. [0095] ~ Then, as
descr i bedcharasierjstichletenonytime dmrwidsiho shiaragierigicaiciastiomfipeded 3 Wienat i on
unit 13 repeats the determ nation of the characteristic detection
ti me basedlagyifi¢dtieon iefoghationrtelongiig to thedahead s flogtidn) so entorkenesdtic ide the
detection device 21 and the exit-side detection 20device 22, and the
classifi cghdiRprofidbd® (ROBRA GElbSE Cal@RitRAlin@N 5t | me. The hei ght
15 Further, in the same manner, since the difference between the value of height
information that is detected by the entrance-side detection device 21 at the characteristic
detection time 23 and the value of height information that is detected by the exit-side
detection device 22 at the characteristic detection time tny is a threshold or less, the
height corresponding relationship determination unit 13 determines that they belong to
20  the same classification. Then, the height corresponding relationship determination unit
13 associates the height information C1 that is detected by the entrance-side detection
device 21 at the characteristic detection time t23 with the characteristic detection time 23,
and the height information C1 that is detected by the exit-side detection device 22 at the

characteristic detection time tn; with the characteristic detection time tn, as the

25  classification information belonging to the same classification, so as to be written into the



corresponding rel ationship determ nation unit 13 conpares the hei ght
informati on which is received with theghei ght of a road which is
stored in advance, and if it is determ ned that the height
information which is received is the height of a road, the height
correspondiag reL&t'on huﬁ qitﬁrnina ion.unit 13 wites vehicle
travel i ng AN ?%Wt Gane XelPHE AatioRdndRi cl e 30 passes t hrough
the entrance-side detection device 21 and 62 the exit-side detection
devi ce 22 into k¥84kjueues provided in the second velocity cal cul ation
unit 15 and the first velocity calculation unit 16. [0096]

Subsequent |y, tRetleedortitt saeiecoaringr,caice dicadifforencenbdiwddn the galse bf haght
classification 5informati on fromthe queue. The classification

i nf or mat i gfoinHibH ¢@ad Suade) 1t istdecddyars @ftiantd-side abesidnatevide ™ d fhe
and the height information Al detected by the entrance-side detection
devi ce; 21 : S WY A A ' j: by - [ .
char act o P o AIRLE RELBELPINE L Catithe GhlpBe RUDR i Brmion Bl el il s
det ect ed the exit-sid tecti,on deyic 2 at the characteristic
ot ect | ondRpY byl oxfu . deBiniSh Ptles 24 biife Braiertsl dCRRIG e ' &
acquires the characteristic detection time t3 and the characteristic
det ect i onthreshpldiqidessnile haight sarresprndiasationshin deerminatinnnt lordejgamanes
is read, calculates the velocity VI of the vehicle 30 at the

char act er that they tefoag ta thn sameelasgficationh e Théra thedtcaght soirespdadiag télatmnshipe
tn3 by the equation of V 1 =D(tn343) (step S105) using the acquired
times anddétbeninatidnaliialld Seodimbeimy adadBurfaeholghtties id deectal Beihey VI

into the queue provided in the 15l ength calculation unit 17 in

associ@ti eitract-BidA¥teOfich Qlvide ™ £ @fabRlcr3fid fetll@loRGinOBO bR 3 and
the characteristic detection tine tn3. In the present enbodinment, it

is assune . t.he vel oci. t ract.eri sti. [ time
3 are acOBbt R BetEURr ML Y ARt TRREeRTB R oS peEcEy By:
cal cul ati on uﬂét 17. [0097] ZOFE%%, t he sqgond vel ocity .cal cul ation
unit 15 deYlkSip el e 221k e faracier P hdartion time ‘EhB‘Eﬁh‘h%nt ly read
fromthe queue is vehicle traveling infornmation (s_teg S106) .
characteristic detection time tng as the classification information belonging to the same

classification, so as to be written into the queue provided in the second velocity
15  calculation unit 135,

[0095]

Then, as described above, the height corresponding relationship determination
unit 13 repeats the determination of the characteristic detection time based on the height
information detected by the entrance-side detection device 21 and the exit-side detection

20  device 22, and the classification of the characteristic detection time. The height
corresponding relationship determination unit 13 compares the height information which
is received with the height of a road which is stored in advance, and if it is determined
that the height information which is received is the height of a road, the height
corresponding relationship determination unit 13 writes vehicle traveling information

25  indicating that the vehicle 30 passes through the entrance-side detection device 21 and



Then, if the information is not the vehicle traveling informtion,
the second velocity calculation unit 13 repeats the cal cul ati on of
the velocity of the vehicle 30 using the characteristic detection
time included in the classification information. In other words,

25t he second velocity calculation unit 15 reads the subsequent

cl assi fi ctwiesr-sidefdstection devices?? intothetqueuagpeerddediindhasegend veleeityi on
information includes a pair of the characteristic detection tinme tl1l
and t he hedlghiationndror Nedridahe Bist delfoeity edcliptidnheitel®t r ance- si de det ecti on
device 21 at the characteristic detection tinme ti 1, or a pair of the
characteristic R)@ggftlon time tn6é and the height information Bl
detected by the exit-side detection device 22 at the 5characteristic
detection tine T I as@ﬁﬁ S
t he characteri s%'?bge%f]ee? g&%ﬁ%g&tg ngn‘ga? ]9&} éfal&@étﬁ} e lgg &C eérlss Hhidi
detectjon.tine tn6 included i th cl.assi f.i atlon i nfqrmati.on ich
o F et TR d e SN By TS GER RN e fefrnemg%%a%at’ﬂaof the
characteristic detection tine t| 1 or the characterlstlc det ection
time tn6 bharadieristiguateriven e Bary the baight infpsmagon Ad dgtegigdbydhe i mes and
the installation interval D, and 10wites the velocity V2 into the
queue pr oentchde-sidetdatecli@ndgviicecl at theatharactemsii¢ d&Fction tassGeowa painofshe h
any one of the characteristic detection time tll and the

char act er isdrhderiiic eteb@h B en;tand thd Hbl%ﬂl%f@frﬁétﬁiﬂtAE&éI@&éd@ﬁthe exit-side
assumed that the velocity V2 and the aracteristic detection tinme ti

1 are assgGLaldie l;g 2%{ %ggjlﬂa%ﬂsﬁé‘@téﬂﬁ% SRRy AgR sbébﬁd*\%ldcﬁ?gt hhe

calculation unit urther, 1 n the sane nanne

secongd, vel Clt cal. at i on i

o aoel | cadrorrf g ‘iqBHesf B shoradefif B PTG s
|nformat|on |ncI udes aqﬁ) of the charact ristic g i}eC“ggDﬂifélrE tf?’
and t he heFIEHIoN A Mk d@l ﬂwétlaéélﬁééﬂ%vn FRalen VaicBds K atestthen
device 21 at the characteristic detection tinme t23, 20or a pair of.

t he char avtlecitsVi of thetwebicieol! atithechanacteristic dblecting tine t3 orfthe elaracierisge

detected by the exit-side detection device 22 at the characteristic

det ect i ondéteeontiinde tn] B9 tiea@aton 6f VTHDY (6B Blept $109) Uging thbacqeiend tass
the characteristic detectl on tine t23 and the characteristic

det ect i Onaﬁqeﬁglﬁs@auahe 50 Ml AR dcggvlqpto %aﬁémtdﬁ%d%h“tﬂe

is read culatest e velocity the hi'c

oo o o bl B SRRy RO BE L B
t3 and the characteristic detection time tns. In the present embodiment, it is assumed
that the velocity V1 and the characteristic detection time t3 are associated and written
into the queue provided in the length calculation unit 17.

[0097]
20 Here, the second velocity calculation unit 15 determines whether the information

which is subsequently read from the queue is vehicle traveling information (step S106).
Then, if the information is not the vehicle traveling information, the second velocity
calculation unit 15 repeats the calculation of the velocity of the vehicle 30 using the
characteristic detection time included in the classification information. In other words,

25  the second velocity calculation unit 15 reads the subsequent classification information



64 times and the installation interval D, and wites the velocity V3

into the queue provided in the length galculation unit 17 in

associ ation with any one of the characteristic detection tine t23 and
the characteristic detection tinme tn7. In the present enbodi nment, it

is assuned that the v city.V3 and.the. characteristic ection tine
123 are ag@B’c‘S‘aﬂEﬂJeangjh Rl o AR Do DG S R 2T P gt
calculation unit 17. [0099] Further, in the sane nmanner, the

second vedefestion tae dulaad itlheightinfognatwadsl deiected bis g gataunce- -side detection
classification information fromthe queue. The classification

i nf or mat i devicazl atdbes cleargradristiodetebttorctivae 8ldt er & pair of e tharhétenistic dewcti®o
and the height information (road 10surface height) detected by the

ent r ance- gindendeiderd h&BhtdeivnattichlB ftcteited BY Bicakiteiidesdetdetigf UOGES DPat the
time t30 or a pair of ‘the characteristic detection tinme tn8 and the

net ahts | nEREERLAGAD defeBAth GHE HACC THELEBhA vABLRPLAduAYNAR Bdchufisdfie

detectlon e characteristic detection ti

second velocit al cul tlon it U|re t,he ch g ]

ot ont orciichisgR g fon. e K dnglte PEFHLORRe SREr G RS I ngdd 4&?#&11 e
in the 15c| assification information which is read calculates th

vel oci ty Wnssticating infarnation vdchis reags calpulptes thervielacity Vbeafdhe vevicle ﬁprét

t30 or the characteristic detection tine tn8 by the equation of
V7=D( t n848@)chacieystiddetentignitimed 11 onthe chadctehigid desdctibh tviedns bhynther val
D, and wites the velocity V7 into the queue provided in the length

cal cul ati @c{haﬁﬂh bf WZ—DH(tﬁiﬁ% hﬁhgﬂi&d&hﬁﬁ‘ed&ﬂﬁes@ﬁﬂ thé inkfABattihR& LD, %ﬁdl c
detection time t23 and the characteristic 20detection tine tuts.

the pyeseqt, te%’lff?é’g%lfi@ﬁivz ﬁnito'thse cﬁ%@é’ Q’I&GH% thterif'négl%ﬁ(g]lﬁt}/on%\{ﬁmaf’idlnt he

characteristic de re assocl a nto the
Veni ol 6 T PSSRt ABY FEE Pigh FTTRSair UL Lo the BBt
25vel ocity calculation unit 15 stops the cal culation of the velocity
usi ng eachetedndinetni.st ingthe present embodiment, it is assumed that the velocity V2 and
the characteristic detection time t11 are associated and written into the queue provided in
the length calculation unit 17.
15 [0098]

Further, in the same manner, the second velocity calculation unit 15 reads the
subsequent classification information from the queue. The classification information
includes a pair of the characteristic detection time t23 and the height information C1
detected by the entrance-side detection device 21 at the characteristic detection time t23,

20  or a pair of the characteristic detection time tn; and the height information C1 detected by
the exit-side detection device 22 at the characteristic detection time tn;.  The second
velocity calculation unit 15 acquires the characteristic detection time t23 and the
characteristic detection time tn; included in the classification information which is read,

calculates the velocity V3 of the vehicle 30 at the characteristic detection time t23 or the

25  characteristic detection time tn; by the equation of V3=D-(tn;-t23) using the acquired



65 detection tinme for one vehicle 30 and wites the vehicle traveling
information into the queue provided in6&he | engt h cal cul ation unit

17. [0101] In contrast, each tinme recerving the anmount of reflected
light included in the 5detection signal transmtted fromthe
entrance-side detection device 21, the signal strength correspondiqg
rel ati onstings ded ée anstelkation inkerval Dandevréeniha arslogite VRantorthe quavs whevies
reflected light that is received is changed by a threshold or nore
from for irethaignigth caldubatammitt] 7dh assetiadoi edthlangbhe 6f the chimactatistiefdetection
reflected light included in the detection signal transmtted fromthe

ent rance- §hd@r IsiEhE cRitad&dtR /etetlion fidk thAS IPERPréREGINRMINAR, #G L1 e
previously by conparing them Then, if the anmount of reflected Iight,

n
pr ocet o rERGHCRAHBLY 1ot Vofhntf e MO SRR ol i Lo Sl

corresponding relationship determination.unit 14 .deferm nes the
det ecti on"} “EB?IT%CBISB‘?]BF%H&’%{%“{H‘?ge%%ﬁﬂfuqﬁtf‘)qwq cted light that is

received at the earliest tinme anong respective anounts of reflected
light falling WOR?h the threshold as a 15characteristic detection
time at which the anount of reflected light is detected first in the
entrance- si de dEdréet,iiotheckavieamarfier, (ted sepoldl @ct9cityl aalcutediosartgbecals thd G
8, atime at which the anmount of reflected light m is detected first

in the entiRBARNEEIARITHRATISE infoimadioMiffm $he dusud et@irdRsificatont Rformation
characteristic detection tine t3. Further, in the sane nmanner, a tine

at whi ch H?:ﬁ.léi@gg pﬂi} of){hercgzuja@tgi?cgclde%t%ﬁgn Biinel (S0 ﬁl%th?%h{ 1nrrt]'§ﬁnaiti8n (agq 20

entrance- si etectlon device eterm ned as e characteristic

et ecid 01 HHEE 1 B AR b 50 g OGBS A R gt o
Fur  hor . RF1oRRB (B Onrnesit CBE HTFSTE 5 Bcico TR &1l g e
reflected light 25included in the detection signal transmtted from
t he exit - sifoenatieon dwnil ewrfeps\hictght)xdetectadey the exit-side detection device 22 at the
characteristic detection time tng. The second velocity calculation unit 15 acquires the
characteristic detection time t30 and the characteristié detection time tng included in the
15 classification information which is read, calculates the velocity V7 of the vehicle 30 at
the characteristic detection time t30 or the characteristic detection time tng by the
equation of V7=D+(ins-130) using the acquired times and the installation interval D, and
writes the velocity V7 into the queue provided in the length calculation unit 17 in
association with any one of the characteristic detection time t23 and the characteristic
20  detection time tng. In the present embodiment, it is assumed that the velocity V7 and
the characteristic detection time t30 are associated and written into the queue provided in
the length calculation unit 17.
[0100]

Then, if the vehicle traveling information is read from the queue, the second

25  velocity calculation unit 15 stops the calculation of the velocity using each characteristic



66 signal strength corresponding relationship determination unit 14
determ nes whether the amount of reflegted light that is received is
changed by a threshold or nore from for exanple, the anount of
reflected |ight (the anount of reflected |ight incl uded in the

det ecti on si gpal nsmtted fromthe exit-side detectjon devjce 22)
Chat has. Saeehndid (E;’é&“%ﬁ@c‘f’|3ﬂém6ﬁ”é0‘?5c¥h§IV?‘"B‘? t‘@&ﬁ‘ﬁ%r‘ﬂ g Rty

if the amount of reflected light, in which the change is within the
t hr eshol dgudue prexdd¢d/gdhe Wnaﬂlrcﬁlﬁllhitipnsdiétlérm ned nunber of tinmes or
nore, the signal strength corresponding rel ationship determ nation
unit 14 determ [§d91f he detection tinme corresponding to the anmount of
reflected light that is received at the earliest tine anong

respective amuﬁh"c%n&ﬁstr&fchﬁﬁ{e@l@cénhﬁmhefﬂddnﬂ& MERED t1ﬁtﬁudéar1ﬁ%{é0| d
as a characteristic detection time at which the amoun refl ected

| i ght t

51965 4 o BELAEDS L iforlfed i bt mga%gﬁq%hde@&\élzﬁe@%%@al ep
flect d I det f t i.n th de det

ovi oo 5 gstranbbediosp Hdtie/E A Feshim o et Bt yrit edeBbefing SEor fh gmount

Further, in the sane manner, a tinme at which the amount of refl ected

|ight n1 pbreflested fighf thatisreceived isechanged byiadlresheld e moroRomelpr xample;

determ ned as the characteristic detection tinme tn4, and a tinme at
whi ch t hetheramount off refledtédbghadihkiaghvunodf reBeatiet legttt émbhidedsim thendletehBon
exit-side detection device 22 is determi ned as the characteristic

det ect i onsithamBrah&thittel Godihe BAgncelside di@Nish dedit€PDhatdRs b&RRBEENJADNe
rel ationship determ nation unit 14 20cl assifies the characteristic

det ec ony S d lio

har oy or e Revictelf RFeamBAg R f% mzﬁe ﬁ*gﬁi&h%“gﬁo‘rfn@g‘a@? ! h?%whmh the
entrance-sj de det ecti.on lﬁ g erl Shl C ion
St oe Shenge S B S Cis FnseR if oo BRIt B! & or
characteristic detection tinme tn5 which are determ ned for the

exit - si deM@Es: dha 51! gegnetecoespenghingigiatiopgyp @%tﬁ'éwai‘tﬁﬁ' Y ]étq%f‘rf%‘h‘?eﬁ thg

the amount of reflected |ight indicating 25the same portion of the
vehi cl e 3dstedsmdinoeortdspondangd e th ampent ted dight il is cecstvell iathe

earliest time among respective amounts of reflected light falling within the threshold as a
15  characteristic detection time at which the amount of reflected light is detected first in the
entrance-side detection device 21 (step S107). In the example of FIG. 8, a time at
which the amount of reflected light m1 is detected first in the entrance-side detection
device 21 is determined as the characteristic detection time t3.  Further, in the same
manner, a time at which the amount of reflected light nl is detected first in the
20  entrance-side detection device 21 is determined as the characteristic detection time tn,,
and a time at which the amount of reflected light ol is detected first in the entrance-side
detection device 21 is determined as the characteristic detection time tn,.
[0102]
Further, in the same manner, each time receiving the amount of reflected light

25 included in the detection signal transmitted from the exit-side detection device 22, the



67 corresponding to the detection tinmes (step S109). In other words,
since the difference between the value6 f the amount of reflected
light that is detected by the entrance-side detection device 21 at
the characteristic detection tinme t3 and the val ue of the anount of
reflected light that is detected by the exit-side detection device 22
at the chsigadtstengh corrGgendivg radationsing deteBningtion uiit &4 Hefbanioes weather ththe
signal strength corresponding relationship determ nation unit 14

det er m nesmbidtof tdtRyteldighinat © rédedvcd anghapbabby 4 theashblior nidre fion, er
signal strength corresponding relationship determ nation unit 14

associ at eéxatggﬁe ROAbuR of P&fekﬁﬁtli%ﬂt @egamlom of Rdfecied 11961 iREMLESH Mhd he
entrance- si detection device 2T at the characterisfic detection

time t3 with . the.ch teriski e .0 i ; .
Lo0r ot 1 Pl AR AR RS dERIEUGREATR defice 30 Pyl s B Roetved
device_22 at .the characteristic detectjon time tn3 w.th the.. .

char ac er P& e geaviusiydy qomparing themy s thea, if |t%&%v?qné\§‘ffeglﬁ°ﬁeﬁﬂlakw i on
bel onging to the sane classification, so as to be witten into the
queue prowhitddh¢ ehangeisfwithin thedtheeshald, is a¢csivedin arow aipredesrmingd ggmber of
15Further, in the same manner, since the difference between the val ue

of the antiet ooforeefeaidrabistidngtit carleagonidimgdeladonshibh doteritigation unit 14
entrance-si de detection device 21 at the characteristic detection

time tni anemting malseciih dhe carRpaidies 108t beehabflireMted At thabis

detected by the exit-side detection device 22 at the characteristic

O AR A B B

correspon 1 ons on unit et erm nes"t hat

th I t I ification. T h i t th.
e R e BT RR RR o M HSS BB B LB ER B
anmount of reflected light nl that is detected by the ent ranc?-si de
det ect i ondeleied Brsh n e Srirsideidsicapemaqae 22 @epSIDRbn 1o UFeXamPIGAtICE he

characteristic detection tine tm and the anount of reflected |ight

nl that i stidetateohéch by ambentefirelleicdddighemdds detactdé first én BiR exit-sidealetection
characteristic detection tine tn4 25with the characteristic detection
time M4, asvitd® kldetsimfiedat tlerchantberisnd dacctibaltdnginng hothef&n tHesamane

classification, so as to be witten into the queue provided in the
first vel gehhyt, &aheYdt &hicdRhd Rhburk®f reflected light nl is detected first in the exit-side
15 detection device 22 is determined as the characteristic detection time tny, and a time at
which the amount of reflected light ol is detected first in the exit-side detection device 22
is determined as the characteristic detection time tns.
[0103]
Then, the signal strength corresponding relationship determination unit 14
20  classifies the characteristic detection time t3, the characteristic detection time tny, the
characteristic detection time tn, which are determined for the entrance-side detection
device 21 and the characteristic detection time tnz, the characteristic detection time tn,
and the characteristic detection time tns which are determined for the exit-side detection

device 22, for each corresponding relationship of the amount of reflected light indicating

25  the same portion of the vehicle 30, based on the value of the amounts of reflected light



Further, in the sane manner, since the difference between the val ue
of the amount of reflected |ight that kg detected by the
entrance-side detection device 21 at the 5characteristic detection
time tn2 and the value of the anmount of reflected light that is

detected by the exit-side detection device 22 at the characterjstic
ot ect | oncyrsaondiee foufie SeinrEurianr GepRibd’ fheler yAkis IR SR fificince
corresponding relationship determnation unit 14 determ nes that they
bel ong t obethees thgevabiepd she araeunt ehreflveied lightbatds detegted by isgnaance-side
corresponding rel ationship determ nation unit 14 associates the
anount of detedtiopateote[2il ghthe Mhatactehistic degection dotedd aby thehalwenitfittnaowsit dé
detection device 21 at the characteristic detection tinme tn2 with the

char act er jefletted tigheibi i9 defebté® by Bk exdtvidd Mgechivh UeYicoD2 hedik epdrederidtight
ol that is detected by the exit-side detection device 22 at the

char acq er hétEétFoRgﬁ-hfﬁmE iis"s?th&ési’i@ldtd??esgi th@sitvl % r?ﬁ“ i tﬁ%ﬁés'g'ﬁ%cgﬁ% ﬂeg&tis%gl%nﬂiﬁn

time tnb, as t classitication I nforna ongl n

classification so as e Wit into the gueue provi ded in.th
First vel BpPRDnadeRRf CckGmiisi b at drid§ oEHE QSRR e the
above, the signal strength corresponding rel ationship determ nation
unit 14 rdgealsacagth C%mpﬁ@lﬁ&fqlawélmptdﬁ%neﬁap%t"étiilwsema@ﬁ gergngpint of
time based on the anount of reflected |ight detected by the

ent r ance- sifldeted dighttmil dmt dreddtestedtly thadntrinese2@kexdetechdnldevdest catitln
device 22, and the classification of the characteristic detection
time. Whechdrigerjptio desstittotint t3 Wth tiepehatactepistio deestdnitithet33hd the amount
conpl eted, the vehicle traveling information which is output fromthe

hei ghtq copf @aR&EE1iBsk rﬁPEﬁE IsQieedeted yRhEEM-5idé Hﬁt@ct%tﬂﬂ devied 2de8 i bed

above 1s witten into the queue provided in the first velocity

calcu’ atl ol dstid detebibDebii@hn, it R RRGAUEINaetdliGn lile 3, YRS 1Y
cal cul ati on uni reads efirst ¢ assﬂllcac{lon
classification information belonging to the same classification, so as to be written into the
queue provided in the first velocity calculation unit 16.
[0104]

15 Further, in the same manner, since the difference between the value of the
amount of reflected light that is detected by the entrance-side detection device 21 at the
characteristic detection time tn; and the value of the amount of reflected light that is
detected by the exit-side detection device 22 at the characteristic detection time tn, is a
threshold or less, the signal strength corresponding relationship determination unit 14

20  determines that they belong to the same classification. Then, the signal strength
corresponding relationship determination unit 14 associates the amount of reflected light
nl that is detected by the entrance-side detection device 21 at the characteristic detection
time tn, with the characteristic detection time tn;, and the amount of reflected light nl
that is detected by the exit-side detection device 22 at the characteristic detection time tny

25  with the characteristic detection time tny, as the classification information belonging to



information fromthe queue. The classification information includes a
pair of the characteristic detection t'ge t3 and the anmount of
reflected light mM detected by the entrance-si de detection device 21
at the characteristic detection tine t3, or a pair of the
Scharacteristic detection tine tn3 and the anmount of reflected |ight
n det ect g sBipetchassifigitions saies e agiticorintgdhs aecue pramidadia the first velocity
characteristic detection tinme tn3. Then, the first velocity

cal cul at i calcuintidn di6t B&qui res the characteristic detection tine t3 and
the characteristic detection tine tn3 included in the classification

i nformation whi pliiiied, ih@RsanfcahifeRshze HRediBlAcd batwiéh M vhie of efi cl e

30 at the characteristic detection tinme t3 or the 10characteristic
detection_ti t o f = 4. W kred
i o, and R, ELgted B R BdebroR iy AT EIRDE i dHRLAA dVRe A e
velocify VA4 into t ueue provided in t | engt al cu i upi t 17
5 assboi shretosstieneon i Afd e it Fapin i ieteanistf mgtl, 5
and the characteristic detection tinme tn3. In the present enbodi nent,
it is assdeteeted hntheraxdl-sida dedgotipn Javignd? atbe shpgersdicidstecondmg 4515 A
time t3 15are associated and witten into the queue provided in the

| engt h calttredhatd @rlessnibe siighal {tRhfH]correspondidgmelationsbipf deteminagion ainityi4
calculation unit 16 determ nes whether the information which is

subsequengérmhigashhhe B8Y bElengiate sinse MaRifidatioh.r aViedn, fi@ sighfaDstraagihon
(step S111). Then, if the information is not the vehicle traveling

i nformati f 1 ; tole : L uroll :
cal cul ati oarespUfing (Dl HnrdAG L Lol e ddRPGAReBETigh
charagterist,ic.detecti,on,tinme incl N Lhe assifi I . .
o bt 1 B e i S lpde ool Sl Heftcl i bieq O BRIt dptestion
reads the subsequent classification informati.on fromthe queuye.. The
cl assi fi cHedhe Wik Qﬁé@raswrlﬁw‘cg%%@ném&a% 25 th%nmpgwﬂg?fﬁg Tk ol
detection time M and the anount of reflected |ight nl detected by
t he ent r athatisgletrsteddryeibe puibrsids detoitian devicgt22tah gheptharagteriefi¢ detegiion time tns
detection tine M, or a pair of the characteristic detection 70 tine

tn4 and t héthahotiniracéristie fdeecli@otime ghf asihe diafsfitation iyfotrhatiombetongimieo
detection device 22 at the characteristic detection tine tn4. Then,

the first peahpeicassitiRhicn, 86 hOw veRirittehbnRal iR prb\8d&iarReHiRt Vabeity
detection tine tn, and the characteristic detection tine tn4 included

in thescl assitiGaidiphg i nformation which is read, calculates the
vel om?y % o% @ﬂ%

[0105]

Then, as described above, the signal strength corresponding relationship
determination unit 14 repeats the determination of the characteristic detection time based
on the amount of reflected light detected by the entrance-side detection device 21 and the

20  exit-side detection device 22, and the classification of the characteristic detection time.
When the processing of the repeat for one vehicle 30 is completed, the vehicle traveling
information which is output from the height corresponding relationship determination
unit 13 described above is written into the queue provided in the first velocity calculation

unit 16.

25 [0106]



5vehicle 30 at the characteristic detection tine tni or the
characteristic detection tine tn4 by the equation of V5=11)+(tN tni)
using the acquired tinmes and the installation interval D, and wites
the velocity V5 into the queue provided in the I ength cal cul ation
unit 17 in assogiation with_any one of the characteristic detegction
Lime tni and t heUCRAIRIEVEDE 673t volaete G uian et (hamacs e ffs Ciraenion
enbodi ment, it is assunmed that the velocity V5 and 10the

char act er ifermntigadion theruengre Thie|dlassifisatipnsiptarmatien wakides 2 paieaf that o
the queue provided in the length calculation unit 17. [0108]

Furt her, tleeadterissic deebioan time chhralthatmonntuofirgflcbdriehd st deecadbyaheient
classification information fromthe queue. The classification

i nf or mat i gfrdndekidd @stedtidipddviaf 2 1t diSheldtahR ittt €adisdtion tHed B8Ch! Hpait biBe
tn2 and the anmount of reflected Iight ol detected by the

ent r ane e~ Shfifu dRLEGHRTEHE £E A3 W arklf SEAFBGEE LR E GUBLERLL B |

time tn2, or a cha?racterls 1 C ectro

anount of refl-ected.light tected hy.t Xit-side tecti

vt ce 2oeHEvi ge gt Hhise 2 BGBeatienie dedoniE™ Shen e e fittst
velocity calculation unit 16 acquires the characteristic detection
time tn2 ¥lacibhelcuaionqmitiérasanisesithe sharecderisya detepiéon tise handfhed in
the classification informati on which is read, calculates the velocity
V6 of t hechessmteristic doteation fume tiyancluodeasiinshd dasddiceon mfiortriaben whithas reabe
characteristic detection tine tn5 by the equation of V6=11)+(tn5-

tn2) usi ngalthigeatguiclodily Manafshanchi¢lb 80 iangit @hAradteddtic detetiviatime13 angle
wites the velocity V6 into the queue provided in the length

cal cujqt | a%éﬂ?éﬁsti%%lgﬁegtrigﬁﬁﬁgin%tﬁg%e a0 BY vRDH.- 3-f323§i|ﬁ%g{e%fr?gﬁik%d§“ ¢

detection 25tine | ~the characteristic detectio _
the char sl Rk e hlatiop ticiveia GlinS LD anduibnied ety W ioafe | nt o
the queue provided in the length calculation unit 17, [0109]
queue provided in the length calculation unit 17 in association with any on¢ of the
characteristic detection time t3 and the characteristic detection time tnz. In the present
embodiment, it is assumed that the velocity V4 and the characteristic detection time t3
15  are associated and written into the queve provided in the length calculation unit 17.
[0107]
Here, the first velocity calculation unit 16 determines whether the information
which is subsequently read from the queue 1s vehicle traveling information (step S111).
Then, if the information is not the vehicle traveling information, the first velocity
20  calculation unit 16 repeats the calculation of the velocity of the vehicle 30 using the
characteristic detection time included in the classification information. In other words,
the first velocity calculation unit 16 reads the subsequent classification information from
the queue. The classification information includes a pair of the characteristic detection

time tn; and the amount of reflected light nl detected by the entrance-side detection

25 device 21 at the characteristic detection time tn,, or a pair of the characteristic detection



Then, if the vehicle traveling information is read fromthe queue,

the first 5velocity calculation unit 12 stops the cal culation of the
vel ocity using each characteristic det %tion time for one vehicle 30
and wites the vehicle traveling information into the queue provided

in the length calculation unit 17. [0110] ~In this case,
t he i nf or timeitmrandithe adoum b raflected lighten pdeseatertly tha exiteideakstgetion device 22
10cal culation unit 17 is as foll ows: I nformation in which the

vel oci ty Mthaokhrhihieritioaercti@r st b dehesthofirst velecityaboutatidpasadilst ed;
Information in which the velocity V2 and the characteristic detection

time ti | ,qfGe0fRnhateHsticldtdtioh ﬂﬁ{fitﬁ{‘aﬂdﬁhm&ﬁbtér%ﬁc\dﬁe@ﬁéﬁ Hm¥d,and

the characteristic detection tine t23 are associ at ed;

| nfor Mt | 0B WO Bk ARcBh Uk, A 1B g MR G b oy B D

time t3 alrn(glass ed;” _ _ : _ _
' or it | BANIR SAAL 6 DHECIERH SIS I0B UG fdhe AT 6t BPF S HLUBE o
time tn2 are associated; Information in which the velocity V7 and the
t ravel i ngby theequatoreefeV Ed3cltisatnedysingitie agquired times and the installation interval
D, and writes the velocity V5 into the queue provided in the length calculation unit 17 in
association with any one of the characteristic detection time tn; and the characteristic
detection time tny,  In the present embodiment, it is assumed that the velocity V5 and
10 the characteristic detection time tn, are associated and written into the queue provided in
the length calculation unit 17.
[0108]
Further, the first velocity calculation unit 16 reads the subsequent classification
information from the queue. The classification information includes a pair of the
15  characteristic detection time tn, and the amount of reflected light ol detected by the
entrance-side detection device 21 at the characteristic detection time tn, or a pair of the
characteristic detection time tns and the amount of reflected light ol detected by the
exit-side detection device 22 at the characteristic detection time tns.  Then, the first
velocity calculation unit 16 acquires the characteristic detection time tn; and the
20  characteristic detection time tns included in the classification information which is read,
calculates the velocity V6 of the vehicle 30 at the characteristic detection time tn; or the
characteristic detection time tns by the equation of V6=D-=(tns- tny) using the acquired
times and the installation interval D, and writes the velocity V6 into the queue provided

in the length calculation unit 17 in association with any one of the characteristic detection

25  time tny and the characteristic detection time tns.  In the present embodiment, it is



Then, the length calculation unit 17 reads, fromthe queues, the
conbi nation information of the velocity;Vl and the characteristic
detection tine t3, the conbination information of the velocity V2 and
the characteristic detection tinme ti 1, the conbination information
of the velocity V3 and the aracteristic detection tine t23,

Conbi mat | BRUBE I HECCIS MG i 16 Praeasy U S e ang i pircisang ff pnd
detection tine t3, the conbination information of the velocity V5 and
the char awriden it thedueee progiied imthedenath pcwdias wat §%n i nf or mati on of
the velocity V6 and the characteristic detection tinme tn2, the

conmbi nation infl@gM@®ti on of the velocity V7 and the travel i ng tine
t30, and vehicle traveling information in order. Then, if the vehicle

traveling inforTgd gnhé SeHigadavdl ih@ﬂﬁ&ﬁbﬂ@@@ﬂd%@m&ﬁeuaitﬁe firét st ops
the reading of information fromthe queue, and reads

char acy er i, gbis Q8RR o itig B R TGS RN, PG SR ir eaBR Rl AR SRE
by Gl o3l T TR el s

information so as to determ ere eX|s ol ncl dent
characterlstlc ete tion ti i f ther. ts 1 coi nc nt
char act or ParondBERY o8 vetiflE 30 B Wriss ik Vehifle G AR ot 6
determ nes to exclude the conmbination jnformation including the
char act er flagiedrefadeinitmlengthicatcylaipn #pitdie | ate, frominformation
used for the processing. In the present enbodinment, in the
conbi nation inf[@f@ti on of the velocity V1 and the characteristic
detection tinme t3 and the conbination information of the velocity V4

and t he char actRrthBtchse, drtigRimation itoRdido thd@uead providedrin fici length
detection tines are coincident with each other. Accordingly, the

| engt{y Cakﬁw]%dmlpﬁ i ad foldQ¥ser m nes to exclude the 20 conbination
information of the velocity V4 and the characteristic detection tinme

possi bl 1o 1 anBianePE Bl AT YAR AP hiBhe Bl blsdRycglf i & are

excl uded frothe information used for processing. [0111]
Then, thedSeH8®R cal cul ation unit 17 calculates the vehicle length L

of the vehi cl e 2530 using the conbination information of the velocity
V1 and t he charlafersntien itwhishdls yedecity782 and the characteristic detection time t11

are associated;
15 Information in which the velocity V3 and the characteristic detection time 23
are associated;
Information in which the velocity V4 and the characteristic detection time t3 are
associated,
Information in which the velocity V5 and the characteristic detection time tn,
20  are associated;
Information in which the velocity V6 and the characteristic detection time tn,
are associated;
Information in which the velocity V7 and the traveling time t30 are associated;
and

25 Vehicle traveling information,



time t3, the conbination information of velocity V2 and the
characteristic detection tine ti 1, the,conbination information of
the velocity V3 and the characteristic detection tinme t23, the

conmbi nation information of the velocity V5 and the characteristic
detection tine tni, and the conbination information of the velocity
V6 and the char Blanethedength gdedatioropnitl 7 reads, Apny e dgeuss.ithy combination .
specifically, two pieces of conbination information are specified in
t he or der inforamtiohef denleloesty Volhardahe ehidradtérestid detecticmotime t3rghe ddantenattone
conmbi nation information of the velocity V1 and the characteristic

det ect i onjiibritmation of Bletrelddfry GOTRIINRE LiRadtéristit Mefeb@h @he tiNe thealoatbitation
and the characteristic detection tine tit, are specified. Then, the

l'engt h Cahﬁb’ﬂnﬁ’z&iigﬁgg y{e%i velobity G2 Gt tgé t@lgarf?ﬂeeljis?%%gfe@ﬂionvﬁhé’ﬁ?:tf ohffination

10characteristi ctiontine t aracteristic’ detection
time till, using an_.equation,indicated .a function taking the .
char act er A Ga BE R e Ned 2 8 irecttinfonBS i Bnp B ticediygrion
and traveling through (velocity VI, characteristic detection time t3)
and (vel oHifegnapign of ﬁﬁr‘@&cew ‘6 nd the elaraqtesisticidgtsction yme thethe SpELHREPBN
information including the earliest characteristic detection tine is
excl uded fnformatioe of Hfeorehmmity 36 asltbe tharadSirtio detesiiontimd ke, e chinhitation
information that has been excluded is the conbination information of

t he vel ocidfyrmétioand tHeh@lehgNaciml ths tragel@gttdes 130 anidivieRictd trdv@lid2]
Subsequently, the length calculation unit 17 specifies two pieces of

conbi nat i fifoinididh TRbdRN | Theh! fdhe Whﬁ’%frﬂ@elﬁ@%fbﬁﬁ&tio%h@h%}%E] :leﬂﬁ'ﬂp

detection tine anong pieces of 20 conbination infornation whic

curreptly r N an i . t j on
h or Nt § SHETRiGAR0LPEG 9% cRlihrSfe kAR e que€ RE TR 11
till and the conmbination informati on of the vgrtcocit V6 .and t he

char act er P‘éf’cril‘&erbsélﬁgﬁe%% HINREMOAS ISPty diqops @0 {Ontlﬁ"g“i“%%’t jp asto

calculation unit 17 calculates an integral value fromthe
25char act deterine whether thewrexisthre ceincidens characterisiicadetestipa time. ddhewsf Gare
time tn2, using an equation 74
exists the coincident characteristic detection time, the length caiculation unit 17
determines to exclude the combination information including the characteristic detection
15  times which are late, from information used for the processing. In the present
embodiment, in the combination information of the velocity V1 and the characteristic
detection time t3 and the combination information of the velocity V4 and the
characteristic detection time t3, the characteristic detection times are coincident with
each other. Accordingly, the length calculation unit 17 determines to exclude the
20  combination information of the velocity V4 and the characteristic detection time 3 from
information used for the processing. In addition, it is possible to remove information
that has been determined to be excluded from the information used for processing.
[0111]

Then, the length calculation unit 17 calculates the vehicle length L of the vehicle

25 30 using the combination information of the velocity V1 and the characteristic detection



i ndi cated by a function taking the characteristic detection tinme as
x-axis and the velocity as y-axis and tgaveling through (velocity V5,
characteristic detection tine tni) and (velocity V6, characteristic
detection tine tn2). The conbination information including the

earliest char erls ic.detectiaqn t cl uded, from

ot or mat | BCLSaHE FOTbREGEBESTAgon of velocignis Seihe satrearrtisicstion e
t hat has been excluded is the conbl nation information of the velocity
V5 and t hlleHgreambaration informeatwataf dhe veleptyt\ and the cleqractenisic glgtention time
the length calculation unit 17 specifies two pieces of conbination
10i nf or matA3pthei combiireséion infomadtiva ofalid vedsdityCWaaralcthe chatsterigietdetstiiontime
ti me anong pieces of conbination information which currently remain

and are ngf; 4litA8cebinbERinfdieaton bi@e SORBINF6I00 the dHarRRE k06 dQbctione

velocity V6 and the characteristic detection tine tn2 and the

combi nat | ﬁﬂle'tﬁ‘f FFS‘ . %o&?ﬁecéﬁ&%,rh’y nIy ggeﬁ%‘f‘@ﬁﬁ&nﬁﬁ ﬁ%rnfa'tlﬁﬁ hfz

detection ti I'TE Specl eng tron unit

17 calculate n_inte ue fromth cteristic detection
et o SRSoniRd T Bk i Sront et Pess LT RRUAERSST e T 8B gt on
i ndi cated by a function taking the characteristic detection tinme as
x-axi s an€omnpaate) @éqrtqaﬂa%@ﬂlam@l@cmﬁa’ltandm ot e deieqtioal tias Byas,
characteristic detection tinme tn2) and (velocity V2, characteristic
det ect i onthteicombiratipn ifthenat wmtvif tizt vedociiyrf Dambthe oharmtc:rlismtide@cﬁm time tn;
earliest characteristic detection tine is excluded fromthe

i nformati g syeafled. orThHenoMe &&igficalculation ublitel 7crl i@t dndfitepial oali@fromnthe

t hat has been excluded is the conbination information of the velocity

V6 anfly t hen £ ARG Betcelibtit8 26 thO Bndrhd8ridhiR Aetebfdnlthhe tn,, using an equation

indicated by a function taking the characteristic detection time as x-axis and the velocity
as y-axis and traveling through (velocity V1, characteristic detection time t3) and
(velocity V5, characteristic detection time tn;). The combination information including
the earliest characteristic detection time is excluded from the information used for
15  processing. The combination information that has been excluded is the combination
information of the velocity V1 and the characteristic detection time t3.
[0112]
Subsequently, the length calculation unit 17 specifies two pieces of combination
information in order from the earliest characteristic detection time among pieces of
20 combination information which currently remain and are not being excluded. Here, the
combination information of the velocity V5 and the characteristic detection time tn; and
the combination information of the velocity V6 and the characteristic detection time tny
are specified.
Then, the length calculation unit 17 calculates an integral value from the

25  characteristic detection time tn; to the characteristic detection time tny, using an equation



25Subsequently, the length calculation unit 17 specifies two pieces
of conbination 75 information in ordepufromthe earliest
characteristic detection tinme anong pieces of conbination informtion
which currently remain and are not being excluded. Here, the
conbination information of the velocity V2 and the characteristic _
det ect i onindigptedihy afunption taking dhdeharactasistic deteetingttimmasor-axis and thegelacity
V3 and the characteristic detection tine t23 5are specified.
Then, t hea$ gagishnd adhealingtthoogh (vadoclty exlcharncteesticatetachiore gmaltny ahdie
fromthe characteristic detection tine tll to the characteristic
det ect i on(eldBiy V&3 chatGttobstRict@tah tifr th)di ThE eshbiMateon§ HftEnkBeh indkidig
the characteristic detection tinme as x-axis and the velocity as
y-axi s ang.t i PraTeg LStk ion
i S L o e I S R O 48
The copbination information including the earliest characteristic
det ect? onPHHEME excl uded fromthe information used for processing.
The conbination information that has been excluded.is the conbi nation
i nformation of Thecarapipatianinipymation thathasibsemercdydedds hegembiation ti me
t11. 15[0115] Subsequently, the length calculation unit 17 specifies
two pi ecemfofmationoif Heetveboeity i oandethe charadientideletetiomtiimhéniear | i est
characteristic detection tinme anong pi eces of conbination infornmation
whi ch currently[olegpi n and are not being excluded. Here, the
conbi nation information of die velocity V3 and the characteristic
detection time gaReanahigoh RngRilRMAlnit7QHEBECR 0 icdl BT ¥ShBiRbtioh
V7 and the characteristic detection tinme t30 are specified.
Then, ;4 he. j [ -an..|nt l..Vv

} e érl]fgfﬂ%{&n%t)f#g ﬁgf'ep[qge Fﬂh&st%ﬁar%@%ﬁ%lcf%fﬁ% Igﬂg aragrg:{ng r]:alec% §F

fromtl aractert st ction time T2, FIstiC
ot et 00, e b S0 e 10 S0, SAUELLEN hdh <8 o b Sy uneilan 2 1
combination information of the velocity V6 and the characteristic detection time tn, and
the combination information of the velocity V2 and the characteristic detection time t11
are specified. |
15 Then, the length calculation unit 17 calculates an integral value from the
characteristic detection time tn, to the characteristic detection time t11, using an equation
indicated by a function taking the characteristic detection time as x-axis and the velocity
as y-axis and traveling through (velocity V6, characteristic detection time tn,) and
(velocity V2, characteristic detection time t11).  The combination information including
20  the earliest characteristic detection time is excluded from the information used for
processing.
The combination information that has been excluded is the combination
information of the velocity V6 and the characteristic detection time tny.
[0114]

25 Subsequently, the length calculation unit 17 specifies two pieces of combination



25as y-axis and traveling through (velocity V3, characteristic
detection time t23) and 76 (velocity ¥3, characteristic detection
time t30). The conbination information including the earliest
characteristic detection tine is excluded fromthe information used
for processing.. . Tne canbi pation informatjon that has been
excl uded IMECHFRLIOR dhprdsafrpE %Fq{ﬂ‘éﬁt ARSI qefretigR e emPngBIeSR Ok he
characteristic detection tine t23. 501161 Then, if only one
pi ece of eenbinaan ipformation whichemmently remaye igkare pottringekctused. ~Here, the
characteristic detection tinme t30 renmains at the end, the process of
i nt egr at i combisatbordiatbrnidtiemof thhecloeitgVi and ltleudlatdctenistinddtectibnginmst 11 aed
results calculated by the integration so as to 10 be output as the

length L gfe doiina@ibh edfBrmd&ion[d? Helelocity V3 addtha SRarhdteristictdeRcli®ngind 123
calculation unit 17 may obtain a snooth approxi mati on equation taking

the chara LSkLE detection tine as an x-axis and the velocity as a
y- axi ?ang&gpgﬁ/fg%{?ng t hrough each point of (velocity Vi,

characteristic detegti.on ti t3 1 elocity V5, characteristic
o o b e T e 1Bt B b it POtk o Preofl SARE TG B
tn2), (velocity V2, characteristic detectign time t11), (velocity V3,

. iQ : )
char act er FRAAGCTHEE deteriapn impdl i toshe chametaristic deteetiompme RRapdeg @t sqiafien
detection tine t30), calculate an integral value fromthe
char act er irstidateddataeimhiteon takimg theschatvictehisiis detectlondbie asx-ttie antbthe otlooity
time to the characteristic detection tine t30 which is latest in the

det ect i onagd y-a®is até irﬁ@e]h@&hr%ﬁglﬁ)wmﬁtz&lj, Qhara¢ibiadticQitecAndti@mv Pltand he
integral value as the length L of the vehicle 30. [0118]

Hi t hefd 0, (JeliRit§ VR0 dhaRaE S5t delddBoPlife §R). | THE RbhBRafidSinRRAAtion including

described, according to the process of the device 10 for neasuring an
o et oSSR DRy S PR st o
processing.

The combination information that has been excluded is the combination
information of the velocity V2 and the characteristic detection time ti1.

15 [0115]

Subsequently, the length calculation unit 17 specifies two pieces of combination
information in order from the earliest characteristic detection time among pieces of
combination information which currently remain and are not being excluded. Here, the
combination information of the velocity V3 and the characteristic detection time t23 and

20  the combination information of the velocity V7 and the characteristic detection time t30
are specified.

Then, the length calculation unit 17 calculates an integral value from the
characteristic detection time t23 to the characteristic detection time t30, using an equation

indicated by a function taking the characteristic detection time as x-axis and the velocity

25  as y-axis and traveling through (velocity V3, characteristic detection time t23) and



25t 0 be neasured accurately. 77 [0119] In addition, in the
process of step S102 and step S103 des%i bed above, if the height
information, in which the change is within the threshold, is received
in arow a predeterm ned nunber of times or nore, the height
correspondi ng rel ati onship 5determ nation unit 13 determ nes the
det ect i on(velagly & charpeseristiegletestiomtmudd Ght The ceombaptiominimeton gcluding
received at the earliest tine anong respective pieces of height

i nf or mat i the chdiekt ohgrasieriviindé¢tbationhingsk ekcludsal fhomhbe médreratien uged for
detection tine at which the height information is detected first.
However , blfoc@gﬁ,g_hei ght information, in which the change is within the
threshold, is received in a row a predeterm ned nunber of tinmes or
Lomore, the el Bl cdofifhdtlih RAmARF ol (s LBGPEYRICRLS 1hBBoRBMaligR! 1 M
anong respective pieces of ‘helg information falling wthin e
threshold.i.s a portion in.which the height .of the objeci, to be
masured BISHGEET oL el MAeARE st g et ShE Lt *t ne nei ght
information to be detected is low Therefore, if the height

i nformation, inlQ#fkh the change is within the threshold, is received
in arowa predeterm ned nunber of tines or 15 nore, the detection
time of the heiTiwn, ifrthdyr ot piese adtchmbirtabien infhmmdtengitithe velamtyed 7 amld the
which is received at the earliest tinme anong respective pieces of

hei ght i n§igiramdériseie deatlidmgmviitichaliier tHaread ek grovess dientdghionrisnadeds

t he characteristic detection tine. In other words, in this

case, 1T gnlpyRs lﬁﬁgdg %glchlﬁti&?ﬁﬁt tp Elﬂﬂ%@%&suﬁs cﬁl@ﬁlaﬁd%%egitme?’%ﬁion 50 as to

detection tine t etermned as t aracteristi ection tine
of the, hej ght 20i {10 i;on .hﬁéetectiontirretuis det er mi ned
as t hgo chgg%tpléwsg § %@@t%%ﬁfiﬁl%eﬁl? %of t he height information Bl,
and the detectign time t24 is determned as the characteristic
detection tinme Bd1the nei ght information C . [0120] In
addition, in the process of step S107 and step S108 descri bed above,
i f the 25anountIngddition) thetlength pajenlatianuniinl Tomay ptamrrasmeoth sppbxinIaton he
threshold, is received in a
equation taking the characteristic detection time as an x-axis and the velocity as a y-axis
and traveling through each point of (velocity V1, characteristic detection time t3),

15  (velocity V5, characteristic detection time tn;), (velocity V6, characteristic detection time
tny), (velocity V2, characteristic detection time t11), (velocity V3, characteristic detection
time t23), and (velocity V7, characteristic detection time t30), calculate an integral value
from the characteristic detection time t3 which is earliest in the detection time to the
characteristic detection time t30 which is latest in the detection time, using the

20  approximation equation, and output the integral value as the length L of the vehicle 30.

[0118]
Hitherto, the embodiments of the present invention has been described,
according to the process of the device 10 for measuring an object to be measured

described above, it is possible to detect the length in the traveling direction of the object

25  to be measured accurately.



78 row a predeterm ned nunber of tinmes or nore, the signal strength
corresponding rel ationship determ natien unit 14 determ nes the
detection tinme corresponding to the anount of reflected light that is
received at the earliest tinme anpng respective anounts of reflected
l'ight falling V\t% the threshold as a characteristic detection tine
at which the 5atfdd reflected light falling within the threshold
is detected first. Hovvever if the amount of reflected light, in

whi ch the changl addition: i the presesstif sen$i162 and stﬁb@é@i/é@cnbﬁ@hozéw ifthe
predet erm ned nunber of times or nore, the anount of reflected |ight
t hat is rbeaghnaftbrattid)en edidhitksthanpos veithon ghe tasplkatl) iv eccaivodii $rof a
reflected light falling within the threshold is a portion in which

t he amounpre@btefitink®fti@Ber df@idies@r ntdh€ tRbh&E tcbﬁemnaifﬁgeamxﬁﬂlpchanges
and thus the rellablllty of the val ie of the amount of reflected

l'igh f d

1 4 RTINS 7
dt d t

oA A B L o

light that is received at the earliest tinme anong respective anmounts
of refl ectréermatigndaliing withy the fresold asriecharnctesibe Betpetipniimer@ovdrion thed
as the characteristic detection tine. In other words, in this case,

i f descri beighf informgti¢t G deBctefldirste x Bllopleeer, ke hiﬂglﬂdnfounaﬁdn;rin which the

subsequent to the detection tine tni is determned as the

char act er tisdnige ish@fgia theOMrdshad, BfredeR@d AR WAL aPiredeimard@tnlbeob tifis, or
and the detection time subsequent to the detection tinme tn2 is

det erig ne ]
geter lmect Fho ?ﬁslt}%ér}felgh%?ﬁﬁﬁfﬂns&lﬁleh 'fé%@e%edgﬁ F@q%ﬁléaf tﬁ&gﬁg@p W ealfve
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oMLy ot or piie BB RRtoM andrvet chgtecngnt s gpe EHEO LBt ot v@aa?ﬁt%@bwgm. c

of the object to be nmeasured. However, wi thout being ) _
information to be detected is low. Therefore, if the height 1nformat10n in which the

change is within the threshold, is received in a row a predetermined number of times or
15  more, the detection time of the height information other than the height information
which is received at the earliest time among respective pieces of height information
falling within the threshold may be determined as the characteristic detection time.
In other words, in this case, if a description is made using FIG. 7, for example,
the detection time t4 is determined as the characteristic detection time of the height
20  information Al, the detection time t12 is determined as the characteristic detection time
of the height information B1, and the detection time 24 is determined as the
characteristic detection time of the height information C1.
[0120]
In addition, in the process of step S107 and step S108 described above, if the

25  amount of reflected light, in which the change is within the threshold, is received in a



limted thereto, each detection device provided in the traveling
direction may cal cul ate the | ength of e object to be neasured, not
by using the detection tine of the geonetric characteristic of the
obj ect to be nmeasured, but by using the detection tinme of the optical
characteristic of the object to be nmeasured. If there is no geonetric
char act er to3 a pradatermined spjnber Ofttﬁn%@rrlﬁEQiQ,lIh@&lgnaltStfﬁEgtbé%ﬁ?SDD@%ﬂg
performthe nmeasurenent of the length of the object to be neasured,
usi ng an eghitionship deradiagon ahit ¢4 (etbmiiacd the idstectiormfime berragpondihg tf the
reflected light such as characteristic of the glass surface and the

col or of thguRedyeictddNfny 8t GlreceBRde tHREaASEGhY HBAR BRAICHIE akbBnts of
obj ect to be neasured. [0122] 10In addition, the device 10 for

cyat om | nETRES Ll the Vil SR RIS R AL A Rl B u R i B e

above |s stored.n . a ¢ r-readabl e recordi med.umin the f.arm
of ' ot oo aRIT IRt e VAR EERch fdeTRAERE dgrirtendf e
to performthe process. Here, the conmputer readabl e recordi ng nmedi um
15r ef er s @@ondgH seficstedilight in whihehe cligpep sayitindhesthrasholgossecenodirens
sem conductor nenories, and the |ike. Further, the conputer program
may be di siw b predettrmmed noobpudfdimestor oy, the emomutrtifcefldcted lightthat ©
cause the conputer which receives this distribution to execute the

program [daiZ3d aP@EAliBStimd fBon} REPRIVIRIoRes bNfedbeledlitla fhMpg ol a
part of the functions described above. Furthernore, the

program tﬁﬁsl?ol&?s‘&@érﬁ@gi%ﬁi‘éﬁ%%(ﬂlmBﬂeﬁleé@hfli B GFhd chﬁrt&Hé am

in which the function escri above can be i1 npFenente
gggghf@ﬁ | gf&;g%’ﬁ”é%dq cﬁ[aggef Bﬁ)@{hﬁmﬁer}gﬁab?ﬁ@ o?ﬁ%nvaﬁl?ec&r tﬁiee gmgllmrteo%géﬁeic{%d qight to
be detected is low. Therefore, if the amount of reflected light, in which the change is
within the threshold, is received in a row a predetermined number of times or more, the
detection time of the amount of reflected light other than the amount of reflected light
that is received at the earliest time among respective amounts of reflected light falling
15 within the threshold may be determined as the characteristic detection time.

In other words, in this case, if describing using FIG. 8, for example, the
detection time subsequent to the detection time tn; is determined as the characteristic
detection time of the amount of reflected light n1, and the detection time subsequent to
the detection time tn, is determined as the characteristic detection time of the amount of

20 reflected light ol.

[0121]

In addition, in the present embodiment, an example is described in which each
detection device provided in the traveling direction calculates the length of the object to

be measured, using the detection time of the geometric characteristic and the detection

25  time of the optical characteristic of the object to be measured. However, without being



| ndustrial Applicability [0124] According to the process of
the device for nmeasuring an object to be neasured of the present

I nvention, it is possible to extract an appropriate detection signal
of a 5vehicle anmong the detection signals received froma pl uraI [ ty

of detect ces installed spaced . apart he neasurene
vehicle | W&F&iﬁet‘? rFé"l&a?fF%ti%l depice oy ‘Slﬂb%féa‘@i'ﬁg [r@jsi@g]m%y “ate

Devi ce for measuring an object to be neasured 11 ... Input unit 12
St or athe lengith ofithe objecHeihgrmeasuied s dlidking theedetection dintepf the geometric

determnation unit 14 ... Signal strength corresponding relationship

det er m nathapacteristic of GikSobject tdiSecmpabured] bwtibyyustal theiigedton tinng of théoptical

First velocity calculation unit 17 ... Length calculation unit 21 ...

Ent r ance- gidift&latie of HRMHURY tFBe measured.  If there is no geometric characteristic in the

5  object to be measured, it is possible to perform the measurement of the length of the

object to be measured, using an optical characteristic (characteristic of the amount of
reflected light such as characteristic of the glass surface and the color of the body of the
vehicle 30 being greatly changed) of the object to be measured.

{0122]

10 In addition, the device 10 for measuring an object to be measured described
above has a computer system inside thereof.

The procedure of each process described above is stored in a computer-readable
recording medium in the form of a program, and the computer reads and executes the
program so as to perform the process. Here, the computer readable recording medium

15  refers to magnetic disks, magneto optical disks, CD-ROMs, DVD-ROMs, semiconductor
memories, and the like.  Further, the computer program may be distributed to a
computer through a communication line to cause the computer which receives this
distribution to execute the program.

[0123]

20 Further, the program may be intended to implement a part of the functions
described above.

Furthermore, the program may be a so-called differential file (differential
program) in which the functions described above can be implemented in combination

with the program that has been recorded already in a computer system.

25



22 ... Exit-side detection device 2030 ... Vehicle 81 CLAIMS 1. A
device for nmeasuring an object to be ng@sured conprising: an input
unit that receives a detection signal presenting a characteristic
of the 5object to be neasured from each of an entrance-si de detection
device and an exit-side detection device which are installed at a

pr edet er nindastriah4pplidabditn i nterval in a traveling direction of the
obj ect to be neasured; a characteristic detection information
generation uni t[(Xipg4f generates characteristic detection information

i ncluding characteristic increase-decrease 10information indicating a

val ue of an i NCAg@REing%to HRG6RIEoOhe Hé‘ﬁc&f@hﬁ‘é&ﬁmg%ﬂ&)[i&f td hemeRure!

to be neasured and a Characteristic detection tine included in the
det ecti on_gj : : ' LOR S| | me
the. det ec?] A ArsraR o ds s patiF R KT EL A es U on sFEETo 4,

devi ce_and the exit-side detection device; a functigon-derivjng unit
hat _dbr | YOS amRE T osROR FIRgE RReB S 0P Ak of fecon kP et
characteristic detection time as a conponent in each of two detection
devi ces ofnstatled epaced apast, & de neraswemicairofexphicde lengthtof ghessehicles de
detection device and a point having a | ast characteristic detection
time for the object to be neasured as a conponent in each of two
detection devices, in a two-dinensional coordinate system

repr esent Refiréhck Sigiksii@ishi p between the characteristic detection tine
when the entrance-side detection device detects 20t he object to be

nmeasured in a tdeQS}'iXi s after the entrance-side detection device
first

10 10 ... Device for measuring an object to be measured

11 ... Input unit

12 ... Storage unit

13 ... Height corresponding relationship determination unit

14 ... Signal strength corresponding relationship determination unit
15 15 ... Second velocity calculation unit

16 ... First velocity calculation unit

17 ... Length calculation unit

21 ... Entrance-side detection device

22 ... Exit-side detection device

20 30 ... Vehicle



detects the detection signal for the object to be neasured and the
characteristic detection tine when thegexit-side detection device
detects the object to be neasured in the tinme axis, the function
representing a traveling tinme of each characteristic of the object to
be measured in the entrance-side detéféio device and the exit-side
detection device at an 25average acc MPi on of the object to be
measured traveling between the entrance-side 82 detection device and
t he exit-side detection device; an assumed tine cal cul ation
unit that calcul ates the other conponent by substituting the
characteristic HetAdevioafdrimesumeg ardatgedt o bhmeasmesi contpridatgect i on
signal as one conponent for the function, and cal cul ates an assuned

time at which aarinphaahiehhistiGveinbteabesighy rg,h@seﬁhﬁg achAkdteidtie of the
detection information generated based on the detection signa

I
recei ved fi: ti I ; =Sl i on
ovi o6 andIFRd B nftBSGE G| ol of &Y (i 0l sind SeEldy ARG e B i B S
ot her detection device, .in a f assum.ng,that the object to he
mensur od (5gengeTice fRichAte ufRE oPa pRREETRAC b RO RN T a tvelig
entrance-sj de detection device and the exit-side detection device;
10a char agiestios of thepbject (9 enmeastEndiat i on candi date specification unit
that specifies the characteristic detection information which is
gener at ed baseda drarataistie detetli@ninidrgratibn geweitivadnittitangeharatene
detection device, reads characteristic increase-decrease information
fromthe clmpdcdeisat idsfetiGortiafaiation incNididdHatRteristd thefdagetddr@te t he
characteristic detection information including characteristic

| ncr epge- GRGhRRGR iﬂd?éa@i'hg‘%tviaﬁi% dfaflREds88r dh e SAIE cHALLUSHAR AMe

val ue of the 1ncrease or decrease indicated by the characteristic

i ncr ease- i i 0 i.ch..i read,,.anmong the gharacteri.sti,c
dor oot onOREHTRRE pleA TR Lt ik 2ok SR o AU TR R T FRRRREGH Sigh,
signal receivyed from.the other detection device; .a character.isfjc

det ect | D38 B7 e reerivedudatsotion stenal canhi tme Wgdetepiion sigaad is received from the

20characteristic detection information including a characteristic
det ect i oncntranee-oide dpterisorcdayiessanditiae emit-side deteationidggicebt ai ned by
substituting the characteristic detection time included in the one
det ection si gnad fusbiicfrdérsvingoeit thaddérivema tfinection pagetgethtough ageint baviag a
one conponent for the function and cal cul ati ng the other conponent,
anong) 4 hefispegdrddtérbtie MeteadiPlime tab & cORpEtdnt Bleach bPFPAdtEion ABE c&De¥ the

detection signal corresponding relationship determ nation unit that

det er m NeSyirance-side detection device and the exit-side detection device and a point having a last
characteristic detection time for the object to be measured as a component in each of two
detection devices, in a two-dimensional coordinate system representing a relationship
between the characteristic detection time when the entrance-side detection device detects

20  the object to be measured in a time axis after the entrance-side detection device first

detects the detection signal for the object to be measured and the characteristic detection
time when the exit-side detection device detects the object to be measured in the time
axis, the function representing a traveling time of each characteristic of the object to be

measured in the entrance-side detection device and the exit-side detection device at an

25  average acceleration of the object to be measured traveling between the entrance-side



83 one detection signal received fromthe one detection device and a
detection signal received from anot her flet ection device used in
generation of the characteristic det ec§| on information which is
specified by the characteristic detection information specification
unit, as a correspondi ng detection signal when a characteristic point
of the obfi@eqtimciebi@emg@wédld@e@wew@dce; 2. The device for
nmeasuring an object to be nmeasured according to claim1l, further
conprising: a rafesencktitecalctiaton deythaeca@iaed the atliconomparient byt
conpares the nunber of 10tinmes at which the entrance-side detection

devi ce defagtigitihh thePafieteritGe SReARATIMER RBEVRARE tRBIvEd Hsikction signal as
characteristic detection tinme and the | ast characteristic detection

time, wt {S'réc%: %bgné}ﬂlgﬁ?gr e ﬁ]l#dgﬁg Ma Mu%%fta@%s%éd' tﬁhgg%\?@éﬁﬁtchﬁﬁcteristic

devi ce de | ect e nmeasure ween

characjeristic detection time and.the.l ast. characteristic detection
e hnandistecaBe phestiDe SRR o B et Bt e it of Rt of:
detection 15tinmes of the object to be nmeasured out of the. )

ent r ance- SE6Y rersiedtiiosh agegiecdstestian dpecest the sntgncasidsdleresHor devietands
one detection device. 3. The device for measuring an object to
be neasur td eaitesodedietsgtibm detiat may beodet2ete@ Ovthe odien dethadidnrdeuiceimia case of
respectively receives a detection signal including a characteristic

i ndi cat i ngsstimmird@htthbbject th 8B mdagirt@ fhvelaish@Makage ek tdenantbitdetdthe
i ght radiation signal which is radiated to the ch] ect to be neasured

and a chagagher kit UR PR QlifiPelingieAecthoficbe entrance-si de

detecti on device and the exit-si tection vi ce, and 25wherein

the Cﬂ?r acter Sat1 E:lgargc?ér?sﬁg idgtrf]:ctiicpr{c El%or}%[a{igr? czgl%?cﬁﬁeagﬂe&%cgtﬁin{[ urdf tﬂgtrs%%giﬁes
the characteristic detection information which is generated based on one detection signal
received from the one detection device, reads characteristic increase-decrease
information from the characteristic detection information, and specifies the characteristic
detection information including characteristic increase-decrease information indicating
15  the same value as any value of the increase or decrease indicated by the characteristic
increase-decrease information which is read, among the characteristic detection
information which is generated based oﬁ the detection signal received from the other
detection device;
a characteristic detection information specification unit that specifies
20  characteristic detection information including a characteristic detection time which is
closest to an assumed time obtained by substituting the characteristic detection time
included in the one detection signal which is received from the one detection device as
one component for the function and calculating the other component, among the
specified characteristic detection information; and

25 a detection signal corresponding relationship determination unit that determines



84 characteristic detection information including characteristic

i ncrease-decrease information indicatigg a value of an increase or
decrease of the characteristic of the object to be neasured

i ndi cating an optical characteristic of the object to be nmeasured and
a characteristic, detection tj included in the detection signal,
acod on BHLIGHionSleBn eyt iTom S ont delectin dovigt iecr SR SLHA ng an
obj ect to be nmeasured according to any one of clains 1 to 3, wherein
t he i nput regpived fresmethicy detgctiancdevice ised incacaerationokthe aharagterditigdictegtien
10characteristic indicating height information of the object to be
measur ed wihomiatios whetheis spetifisi ingtha chardétatist@ridctactos mfasiation spicéficatibn
between a radiation tine of the light radiation signal and a

recepti onyhi %8 a%rr&slp)@nhiing Aetct @ 864d] Wheh a@RAacAsi AR At jdcttd ke
detection time thereof, fromthe entrance-side detection device and

t he exit'ﬁkgﬁuQP&%Ekb@E device, and 15wherein the characteristic
detection Information generation unit generates characteristic
detection information including characteristic increase-decrease
information indicating a value of an increase or decrease of the
characteristic of the object to be neasured indicating a _geonetric
characteristic df Thdeyisedet measupps A aRiGelA bsmeraguredh ascaeding foselpign 1,
detection tine included in the detection signal, based on the

det ect i onfizei gumaprising: 5. The device for neasuring an object to
be neasured according to any one of clains 1 to 4, wherein the

detection si gnad refgensjeeRtomgevied letidiRativriurdether donipatds aie muthber of

25det erm nes one detection signal received fromthe one detection

devi cgy angnRs AGHEER tHEntrance-side detection device detects the object to be measured
between the first characteristic detection time and the last characteristic detection time,
with the number of times at which the exit-side detection device detects the object to be
measured between the first characteristic detection time and the last characteristic
detection time, and specifies the detection device having a smaller number of detection

15  times of the object to be measured out of the entrance-side detection device and the

exit-side detection device as one detection device.
3. The device for measuring an object to be measured according to claim 1 or

20 wherein the input unit respectively receives a detection signal including a
characteristic indicating strength of a light reflection signal corresponding to a light
radiation signal which is radiated to the object to be measured and a characteristic
detection time thereof, from the entrance-side detection device and the exit-side detection
device, and

25 wherein the characteristic detectton information generation unit generates



85 signal received from another detection device used in generation
of the characteristic detection infornggion which is specified by the
characteristic detection information specification unit, as the
correspondi ng detection signal when the characteristic point of the
object to be neasured iis detected, only if the characteristic

det ect i oncharagieripicdpterionsiafguiion ingluyding ehasactraigtic neEeape dGfreasen a
predeterm ned tine difference fromthe assuned tine, the assuned tine
bei ng obt aifomhtiop isdietingtatalvegpitananar base ac teoréase pftheehamaticustic éfithe
included in the one detection signal which is received fromthe one

det ect i onobievtit6 ®e arcaqured iHAfaEng Bk oftidal tiradierivtit iof theasdfece &) ihadsurd
t he ot her conponent, anong characteristic detection tinmes included in

the charaghgey El?agé&ex‘i’s@ik%fe'l:@c]ﬁh fiE AIRIed R Me&'&tiéﬁ’&i@@f’@fs%@ bﬁﬂlettbéttéc%n

characteristic detection informtion candi date spe Ication unit.
6. The5 devyi ﬁ@ for neasuring an object to be neasured according to any
one ofcl M8 1 to 5, further conprising: a correspondi ng
rel ati onship determ nation stop unit that conpares a tine
15rel ati onshi p between the characteristic detection tinme included in
the detection signal which is first received for the object to be
measur ed from the € deyiredosingasugiog anwbisat iedgineeasard ag¢peding to any one of
characteristic detection tine included in the detection signal which
is first ckoes Ved3,for the object to be neasured fromthe exit-side
detection device, with the tinme relationship between the
characteristic gaéRmithehput BFit 3FEIEY rbdtivesa RREE6H éigﬁal%@ﬁtﬂhg a
20whi ch is last received for the objeCt to be nmeasured fromthe
entrapge- s 1 100 [ GE: : I8¢ ISt ] tinme
ncl ubd I RGNS Pk Bl P rihdddf of BRI APl S Cesi RSP
obj ect to be asured fromthe exit-.sjde tection.device d..st.ops
Che det e AREPR BTG f rd B Suibin R Paveahe FRAGH o B ke Dn
signals which are received fromthe entrance-sjide detection device
and the eladiationgigngeanda ieesptiga ineceof the lighifacetippsignal and; arharclssiseg e
different.

detection time thereof, from the entrance-side detection device and the exit-side detection

device, and

15 wherein the characteristic detection information generation unit generates
characteristic detection information including characteristic increase-decrease
information indicating a value of an increase or decrease of the characteristic of the
object to be measured indicating a geometric characteristic of the object to be measured
and a characteristic detection time included in the detection signal, based on the detection

20  signal.

5. The device for measuring an object to be measured according to any one of
claims 1 to 4,
wherein the detection signal corresponding relationship determination unit

25  determines one detection signal received from the one detection device and a detection



86 7. The device for neasuring an object to be neasured
according to any one of clains 1 to 6,gfurther conprising: a velocity
calculation unit that calculates a velocity for each of the
characteristic 5 points of the object to be nmeasured, based on

conbi ned i.nfqrnmati of one detectiqgn.signal received_.fromthe .one
det ect | onERYE AT PRl TRTIAR BAE WS n BEEisn 66 ieg et BEthon
si gnal when the characteristic point of the object to be neasured is
det ect ed @efectindpiemationswhich detpseificd A theharaciesisteidicstiondniormaion
detection signals received fromthe other detection device, and the

i nst al | at speeificatiar wat, as e correspondBig deteetioesipod When tiedmuaciengtiapoint of
obj ect to be neasured according to claim7, further conprising:

a length grldbjdchid Rimemifedihadtetted, oHlyaAF B chataREN: ddlediBe tihfeavigth RO
direction of the object to be neasured, based on a velocity for each

of t heS c h@ﬂb?ég{ & dﬂélé Eé-sﬁmgg itiﬂ{esis miﬁ%rgéé?n '?%'({a ti@gttﬁffé?énc% fronb ‘hhael assumed

characteristic tection tine inc etection's

recei ved f.romthe entrance-si det ecti,o evi,ce.and, a characteristic
ot et ontE bt AT M 5 S aBRL B hRP i G A BRE Dol R fiof
exit-side‘detecti?n devi ce, . ... 9. A processing nethod of a
devi ce fonwhgaguﬂna@naﬁﬂ@%r&uﬂgﬁ%wh@hﬁﬁg§wwga omdhe enmigetection devicg As
input unit to receive a detection signal representing a

char act er o ¢anpphentfer thiojfaattionand ealmglaking the ofhep nompaient fameng
entrance-si de detection device and an exit-side detection device

whi ch ar echdngdté@istie derttich thiediatiaded matle tinsaaddsaitiderciict Rfordlatiom wich
traveling direction of the object to be nmeasured; 25a characteristic

det ecfq onjsisBEQTiERbY R cﬁ@r‘ﬂ%ﬁléﬁ@d&é&ﬁbh it fOrSRRA b G A SpReh Glibs bhie. 87

detection information 1 ncluding characteristic Increase-decrease
information indicating a value of an increase or decrease of the
characteristic of the object to be neasured and a

6. The device for measuring an object to be measured according to any one of
claims 1 to 5, further comprising:
a corresponding relationship determination stop unit that compares a time
15  relationship between the characteristic detection time included in the detection signal
which is first received for the object to be measured from the entrance-side detection
device and the characteristic detection time included in the detection signal which is first
received for the object to be measured from the exit-side detection device, with the time
relationship between the characteristic detection time included in the detection signal
20 which is last received for the object to be measured from the entrance-side detection
device and the characteristic detection time included in the detection signal which is last
received for the object to be measured from the exit-side detection device, and stops the
determination of the corresponding relationship of the detection signals which are
received from the entrance-side detection device and the exit-side detection device, if the

25  time relationships are different.



characteristic detection tinme included in the detection signal, based
on the received detection signal, each 6ine t he detection signal is
received fromthe entrance-side 5detec§|on devi ce and the exit-side
detection device; a function-deriving unit to derive a
function passing through a point having a first characteristic
detection tine as a conmponent in each of two detection devices of the
entrance-side detection device and the exit-side detection device and
a point having a |3 dwiwrfacinessusig an dbjeeictbibemdasured herordihg todnjyemte af o
be neasured as a conponent in each of two 10detection devices, in a

t wo- di mengiapRel (FOFuMhG¥bMpYiREem representing a rel ationship between
the characteristic detection tinme when the entrance-side detection

devi ce det ects | 0o aRl SRR NGIRASHICEH Ik 0Pl Shalieristc.

entrance-si de detection device first ects tection sign

the object to he asured and the characteristi.c.detection ti .when
Lhe oxd ¢ - BPHID GRCRDRGL e Oieurh PERTorCHEoUB Ao oo SEFEOT
the time 15 axis, the function [epresenting,a traveling tine of each
char act er bignalaeesivedieors Bjece detschien devaesivkig FSrﬁlqtﬁ@"@wtasghrc@r@wdmg
detection device and the exit-side detection device at an average
accel er at detactadn sigral ehpretie charabteristeasunterd the ahjedtitmbe heaweehistdatected and
entrance-si de detection device and the exit-side detection device; an

assuned t chRad@listidldeieb@th imkd intRide@inCaacRbE détbaictshgialsaesaaidefim e
20substituting the characteristic detection time included in the

received gﬁl%?&étl:&Bn?e?{&%angﬁh%gﬂﬂam?ﬂﬁ%walfOr the function, and to

cal cul at e ‘an assune characteristic indicated by the
charaféeristic detection information generated based on the detection
signal“received fromany one detection device of the entrance-side
detection device and the exit-side detg&tiogﬁdevice may ﬁg detectgd
in the other de¥ecthofeviraiPEmeasuningan opiecktodre meastivfl Agcardiag iq paim 7,
object to be neasured travels at the average accel eration 88 between
t he ent r afuothes colvpidsingict i on devi ce and the exit-side detection

devi ce; a characteristic detection information candi date

speci fi cation uaidngthocakpéatiohyinithieat chianlats alerpith i te treedlingrdirection of the

i nformation which is generated based on one detection signal received

fromthe gpRcd6HeHidaited B4E&Fon 4 Pelb@ATFof BRAhATHRY éiutdcteristic Points_ and any
i ncrease-decrease 5information fromthe characteristic detection

i nfor Tt i B oraﬂgh bPa Eﬁq%tér){stitc%tection time included in the detection signal received

from the entrance-side detection device and a characteristic detection time included in the

detection signal received from the exit-side detection device.

9. A processing method of a device for measuring an object to be measured
20 causing:
an input unit to receive a detection signal representing a characteristic of the
object to be measured from each of an entrance-side detection device and an exit-side
detection device which are instailed at a predetermined installation interval in a traveling
direction of the object to be measured;

25 a characteristic detection information generation unit to generate characteristic



characteristic detection information including characteristic

i ncrease-decrease information indicatigg the sane value as any val ue
of an increase or decrease indicated by the characteristic

i ncrease-decrease informati on which is read, anong the characteristic
detection information.which. s generated based,on the _detection .

si gnal 10?@8@!%8‘%%%?‘1 W&‘}E‘Sﬂg a@é{ﬂﬂété‘i pfregsydcarase mformagion indicating a
characteristic detection information specification unit to specif
char act er Y&lu¢ ef feinereasesy depreaserpitthoeharsrearistic afths obiegt tediedneasuied and a
detection tine which is closest to an assuned tinme obtai ned by

subst i t ut chegadtérestic Mateaindretims nctudddtie thei detectiome gnalchaseld dn the redeévedne
detection signal which is received fromthe one detection device as

one conpop&sdtichSfigial, lehéh fitie eel derectitfl sigaalay teatived fiolethe teincegigeonent
anong the specified characteristic detection information; and a

det ectﬂ' O”détk&[b?'dc%%Taﬁéﬂf%_’éﬁﬂt%?de&f‘e’t&}ibﬁ’gé\%l'b& determ nation unit to

determ ne one detection signal recelve romthe one detection device
and a detection_signal .received from another detection, devi used in
Generatton of v hUrERG-dbRaRk U 1o deMR IR shSH brtn e hE R
specified_by the characteristic detection jnfor n'?ti on specification
unit, as HISteharadteristigideigcion WRE s A campeRant inash o Brpadeteqtionidsyices ofdhet
of the object to be nmeasured is detected. 10. A program causing a
conput er eftraaceremi detetlom ¢ayacsumnid e ext-d¢ desection dewice 88d a point haviimgpatast
portion for receiving a detection signal representing a

char act er clgiracterstic idbectid ae fdrahdebjostas be agadurehasacdmmnetin each of two
entrance-si de detection device and an exit-side detection device

whi chy@r egdipsionl deeféezﬁ}?n 8 1o BHRSRITHA &R rd iRt & dtdh kRedeBtiE ¥ Rlad Asip

traveling direction of the object to be nmeasured; "5characteristic

det ecti on,J ti r t] i . .

s out oK TSR0 AL AR G BSEESPE ot fyic gt

i ncrease-decrease i nformat,i.on i ndi catjng a val ue .of _an j ncrease or
Cég]

decr ease JRET O aeasered 4 p Uimsraxd ctrancs-ide detertion<lgvigh sy
characteristic detection tine included in the detection signal, based
on t he reddesiethedistestion sanal iforihe obiseldh beimpaswpd agbthe shatgeferstigrigtectign
received fromthe 10entrance-side detection device and the exit-side
det ect i ontimewhen the exit-side detection device detects the object to be measured in the time
15 axis, the function representing a traveling time of each characteristic of the object to be
measured in the entrance-side detection device and the exit-side detection device at an
average acceleration of the object to be measured traveling between the entrance-side
detection device and the exit-side detection device;
an assumed time calculation unit to calculate the other component by
20  substituting the characteristic detection time included in the received detection signal as
one component for the function, and to calculate an assumed time at which a
characteristic indicated by the characteristic detection information generated based on the
detection signal received from any one detection device of the entrance-side detection

device and the exit-side detection device may be detected in the other detection device, in

25  acase of assuming that the object to be measured travels at the average acceleration



function-deriving portion for deriving a fiinction passing through a
point having a first characteristic deg ction tinme as a conponent in
each of two detection devices of the entrance-side detection device
and the exit-side detection device and a point having a | ast
characteristic detection tinme for the object to be nmeasured as a
conponent bé¢tweemtis eotrandstsjds dpsaction id@)\ﬁff@léﬂﬁi e sxitiside getepbonideniessi onal
coordi nate systemrepresenting a rel ationship between the

characteri sti c aehaadti¢risnic ideteetimhiaformator cdmdidatespecidieatitet wot tospeadbvihe e
detects the object to be neasured in a tinme axis after the

ent r ance- ghAifctélfkie Geicefiof RYdrfifitibh halchdS k& fed Pcd 6h 0A¢ H&BctRinGdal f or
the object to be neasured and the characteristic detection tinme when

the exi t-%&%@@ﬁg&%%ﬁ HEULRS &9&&%%&&&@3&?& ic [Rrdig- gured in

the tinme axrs, nctron representing a traveling tinme of each
characferistic of the object to.b asured in the entrapce-side

det ect onlrg‘é‘%l?a@@niif?&l Fﬁé’lh@r%f“?g%tfco%t%gf”é& PRty A0 Spech tE?/er age
accel eration of the object to be nmeasured traveling between the
entrance- glm@ct@r@faé@pte@%«oru@we@n%wciwwarac&raac HETRee-fesicevi ce;
assuned tinme cal culation portion for calculating the other conponent
by 25subsiriformatiog indieatmigdheasamer vahte as aggtveleiof an iricnease ocdagoase indidated
recei ved detection signal as 90 one conmponent for the function, and

for cal cubptien@anitepistsiiettaid-Rreabe Wlbraiutian GVha¢laie reddl sibsg thedi cat ed
by the characteristic detection information generated based on the

det ect i Ongllﬂégd% stic SERLMGHinkSrARBAWhRAEs gﬁet%a Bised ¥ itegeddctibh8ignal

entrance- etection device and the -si de detection device nmay
be dejected in, t.he her tipn. device, in 5a case of assum ng

t hat i e 8%?@8?%P81@%Oﬁ§5§%%§§m5&35%1s at the average accel eration
bet ween the entrance-side detectjgn device qu_the_exit-sid .
det ect i on devi b MRS dFteston NI malon seel AHPRHLT BsPeaarpsgatoristi
specification portion for specifying the characteristic detection

i nf or mat i deiesihinohformageminchding drdeemgtesistio deteetiondong whichiiyelasest @dai ved
fromthe one detection device, for reading characteristic

10i ncr easessdeed cascobtaihal typtubstitufing thetcheractes sticdetedtioh itimedetleddd inrthe
information, and for specifying the characteristic detection
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i ndi cating the sane val ue as any val ue of an increase or
15  for the function and calculating the other component, among the specified characteristic
detection information; and
a detection signal corresponding relationship determination unit to determine
one detection signal received from the one detection device and a detection signal
received from another detection device used in generation of the characteristic detection
20  information which is specified by the characteristic detection information specification

unit, as a corresponding detection signal when a characteristic point of the object to be

measured 15 detected.

10. A program causing a computer of a device for measuring an object to be

25  measured to function as:



decrease indicated by the characteristic increase-decrease
information which is read, anong the cparacteristic detection

I nformati on which is generated based on the detection 15signal
received fromthe other detection device; characteristic
detection information,specification portion for specifyin -
Charact o St o HBMGRTHGR s § Grbetinas Eepus e areitisic of te
detection tine which is closest to an assunmed tinme obtained by
subst i t ut Phigctitbe sivasued Bpinsiarl ofien adranemside deteeting| deslisg and an pxit-gide
detection signal which is received fromthe one detection device as
20 one codgiesimntdetoe whingh dreinstalled abapredeteonihed insgllaten intdre in a traveling
conponent, anong the specified characteristic detection information;

and dirétgibg of R OtAe medsudpondi ng rel ationshi p determ nation
portion for determ ning one detection signal received fromthe one

det ectd on devi c . ' L Qi '
det ectdl on devi cﬁlagajsa%éﬁ%lggggﬁgdp g??‘%‘?g@‘?'l %@g&?hgﬁg%{oéﬁﬁs%ﬁg}%géet ection
informatign which is specified.by.the.characterj.stic detection
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signal when a characteristic point of the object to be nmeasured is
det ect ed. information indicating a value of an increase or decrease of the characteristic of the

object to be measured and a characteristic detection time included in the detection signal,
based on the received detection signal, each time the detection signal is received from the
10  entrance-side detection device and the exit-side detection device;
function-deriving portion for deriving a function passing through a point having
a first characteristic detection time as a component in each of two detection devices of
the entrance-side detection device and the exit-side detection device and a point having a
last characteristic detection time for the object to be measured as a component in each of
15 two detection devices, in a two-dimensional coordinate system representing a
relationship between the characteristic detection time when the entrance-side detection
device detects the object to be measured in a time axis after the entrance-side detection
device first detects the detection signal for the object to be measured and the
characteristic detection time when the exit-side detection device detects the object to be
20  measured in the time axis, the function representing a traveling time of each
characteristic of the object to be measured in the entrance-side detection device and the
exit-side detection device at an average acceleration of the object to be measured
traveling between the entrance-side detection device and the exit-side detection device;
assumed time calculation portion for calculating the other component by

25  substituting the characteristic detection time included in the received detection signal as
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one component for the function, and for calculating an assumed time at which a
characteristic indicated by the characteristic detection information generated based on the
detection signal received from any one detection device of the entrance-side detection
device and the exit-side detection device may be detected in the other detection device, in
a case of assuming that the object to be measured travels at the average acceleration
between the entrance-side detection device and the exit-side detection device;

characteristic detection information candidate specification portion for
specifying the characteristic detection information which is generated based on one
detection signal received from the one detection device, for reading characteristic
increase-decrease information from the characteristic detection information, and for
specifying the characteristic detection information including characteristic
increase-decrease information indicating the same value as any value of an increase or
decrease indicated by the characteristic increase-decrease information which is read,
among the characteristic detection information which is generated based on the detection
signal received from the other detection device;

characteristic detection information specification portion for specifying
characteristic detection information including a characteristic detection time which is
closest to an assumed time obtained by substituting the characteristic detection time
included in the one detection signal which is received from the one detection device as
one component for the function and calculating the other component, among the
specified characteristic detection information; and

detection signal corresponding relationship determination portion for
determining one detection signal received from the one detection device and a detection
signal received from another detection device used in generation of the characteristic

detection information which is specified by the characteristic detection information
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specification unit, as a corresponding detection signal when a characteristic point of the

object to be measured is detected.



