1 DESCRI PTI ON DEVI CE FOR MEASURI NG AN OBJECT TO BE MEASURED,
PROCESSI NG METHOD THEREOF, AND PROGRAN1F Technical Field [0001]

The present invention relates to a device for neasuring an object to
be neasured which neasures a |l ength of the object to be neasured, a
processi ng nethod thereof, and a 10 rogranl Priority is

cl ai med on Japanese Patent Applicd@g&ﬁ NOLIO2D11- 215482, fil ed

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 er m nEYE$RTE FORSMEWSUAINC AANOBIRC T EXARRI MEASURER, IHUSCEI3INGD
ETC system and the |i ke determ ne coherence between vehicle type

i nfornmati on obt ai ned throgmgr%@mwéﬁgbiﬁom pﬁow-vehi cl e device
e y 2

and a vehicle type specif nmeasuring an éxternal shape of a
vehiclg so as to execute a crackdown on illegal resetting of the
in-vehicle device. Therefore, it is necessary to accurately determ ne
the size of the vehicle, that is, various factors of the vehicle such
as the | edgthiicd Kiglhei ght, and the width of the vehicle, on the toll
road Further, PTL 1 and PTL 2 disclose technologies to determ ne the
size of the veh[®0é] 2

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. 2011-215482, 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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Citation List Patent Literature [0003] [ PTL 1] Japanese
Unexam ned Patent Application, First Puplication No. 5H11-203588

[ PTL 2] Japanese Unexam ned Patent Application, First Publication No.
2000- 020876 Summary of Invention 10 Technical Problem [0004]

Here, PTL 1 and PTL 2 include technologies to neasure the size of a
vehi cl e b{1@tipRsist radi ated froma neasurenment device. However, when
nmeasuring the size in a length direction of the vehicle (hereinafter,
referred tPateasLigereihd cle | ength), it is necessary 15to consider the

i nfluence of acceleration and decel eration of the vehicle traveling
bet ween a pl urafdapg] of detection devices which are installed spaced
apart. This requires the neasurenent accuracy of the vehicle I ength

of the vehicle {@rbe) i MYR%EUnckAhined PARhEApHIRafd: Ftl-pst ?&tﬁ;czﬁ rPﬁPte y of

a vehicle is specified in response to a chahnge poi'nt of a vehic
hei ght : so as._ Loprove the neasurenent accuracy of the vehicle
Iength? 25ﬂ§ﬁ%@g?$pin a case of considering only the change point of

t he vehicl e hei ,.there is r opl in that the velocity of_ the
vehi cl e cannot gghﬂggs&W@35§&§W§QF€$§gh@ﬂh@pﬁH@U%%Jhﬁbpﬂﬂﬂﬁ?mbwothe
vehi cl e height in a box-shaped vehicle such as a bus with little
char act er 28¢9-82@%Y8nge i n the vehicle height. [0005] 25Therefore, an
obj ect of the present invention is to provide a device for

Summary of Invention
10  Technical Problem
[0004]
Here, PTL 1 and PTL 2 include technologies to measure the size of a vehicle by
a laser radiated from a measurement device. However, when measuring the size in a
length direction of the vehicle (hereinafter, referred to as a vehicle length), it is necessary

15 to consider the influence of acceleration and deceleration of the vehicle traveling
between a plurality of detection devices which are installed spaced apart.  This requires
the measurement accuracy of the vehicle length of the vehicle to be improved. For
example, in PTL 1, the velocity of a vehicle is specified in response to a change point of
a vehicle height so as to improve the measurement accuracy of the vehicle length.

20 However, in a case of considering only the change point of the vehicle height, there is a
problem in that the velocity of the vehicle cannot be measured accurately using the
change point of the vehicle height in a box-shaped vehicle such as a bus with little
characteristic change in the vehicle height.

[0005]

25 Therefore, an object of the present invention is to provide a device for



3 nmeasuring an object to be neasured, a processing nethod thereof,
and a program which are capable of solvng the above problens.
Solution to Probl em 5[ 0006] To achi eve the above object, the
present invention provides a device for neasuring an object to be
measured, including: an input unit that receives a strength of a

li ght ref MEYYTH8 agjohiest todsreasprsAdt pgcessing methed thereaf. aofl @mr@ar@ﬁaﬁhlch
which is radiated to the object to be neasured fromeach of a

pl ur al i t yargfcagehleof sabring & abess probentet ect i on devi ces 10bei ng | ocat ed
in respective installation positions which are provided spaced apart
in atraveling direction of the object to be neasured; a signal
strength corresponding rel ationship determ nation unit that

cl assi fi egoRrikighdd peblegnot hs of a plurality of light reflection

si gnal s which are respectively detected by the detection devices
dependg ng on a 65] el apsed, for each corresponding relationship of a
si gnal strength I'ndi cating the 15sane portion of the object to be
nmeasur ed; and first velocity cal cul ation, unit that, cal cul at

time differ encgT é‘f%"é’ntﬁ & ARRYSIObECE thgRTRs L v ER T ProY idessa dgvic bectl ve
signal strengths in the plurality of detection devices that detect
respect i vEICgyWiIgIanbieshigt bpsmeasureddingludingt ae input wishetigreiyes a strength of a
rel ati onship of a signal strength indicating the same portion, for
each cor r ghaflestgpnsednat corespimlingf totaHehe tassichisegiabwiynhlis atmexdgo the
and 20cal cul ates a velocity of the object to be neasured at the

si gnal st bg‘i@@ﬁtb be @icRGiire@rolrl &8I oPa PRiYalRPET Béte@ldn R¥ickd) @hdﬂdleﬂéc%h ta¥vieds
detection devices for each corresponding relationship of

class ?(ﬁ | efeipb ?(ﬂ;% cfél% E&P%Rﬁ.lrp&aﬁ%ﬁog BodifiGhstyl iﬂﬁ\ glleerg\h&&f% &1‘ Xf%ﬁrln t,he

Sl gnha stren§ tection tinmes and an I nst atron in etween

the plurality. of.detecti levi,c 0007] 25F rthe in the.device
for measaPPIrRGEigte! $EoRE e meat et i Riab g sorbsporins

relationship determination unit that classifies signal strengths of a plurality of light
reflection signals which are respectively detected by the detection devices depending on
a time elapsed, for each corresponding relationship of a signal strength indicating the

15  same portion of the object to be measured; and a first velocity calculation unit that
calculates a time difference between signal strength detection times of respective signal
strengths in the plurality of detection devices that detect respective signal strengths
included in the corresponding refationship of a signal strength indicating the same
portion, for each corresponding relationship of the classified signal strength, and

20 calculates a velocity of the object to be measured at the signal strength detection time in
any one or all of the plurality of detection devices for each corresponding relationship of
the classified signal strength, based on the time difference between the signal strength
detection times and an installation interval between the plurality of detection devices.

[0007]

25 Further, in the device for measuring an object to be measured described above



4 according to the present invention may further include a | ength
calculation unit that calculates a lengfh in the traveling direction
of the object to be neasured noving between the plurality of
detection devices, based on a velocity of the object to be neasured,
which is calculated for each corresponding relationship of the

cl assi f i e@c¥irginaito Bstresantinverdionmigy fitheranclade elengih cabukation onit thates
in any one or all of the plurality of detection devices. [0008]
Further, icalctlatesdderigtieinf the trredmigrdiregti@nofitbg ejkcttto bbemeamasdifeding
descri bed above according to the present invention, it may be so that

the input buiticen HRGAIIMES dRictitiod 0ENEQ! R 8A aivBlo@ﬁ'Q;tgfﬂh@ Bbfelt B be

strength of the light reflection signal fromeach of the plurality of
det ecti on ' ' ' ' Rele - 1 ' to b
meacur ed (e hc Syl & balCeloRed rob el MormbiBoROR AR Ry T i egisRerd
time of a Jight radiati si gnal ich is radiated tqg the ohject to
be meaé ur éﬁe‘%%h'a aéﬂ}eegé@ﬁf %’}Beﬁ‘g&\ q?eéec%n ?&“16? JhEn tg}ﬁ%@#p%@%ﬁ%ﬁ of
corresponding.to_the light radiation signal, each of the detection
devi ces 19FiEEliAMEYI%Shei ght corresponding rel ationship determination
unit that classifies a plurality of pieces of height information of
the object to bf0M8hsured which are respectively calculated by the
detection devices depending on tine el apsed for each correspondi ng
rel ati onshi p of Fhehghin thoiensstor maiumiF@atdbjwt fohR 1BEBreBAeidr®Bd Bhoviche
object to be neasured, and a second velocity cal culation unit that

cal cul at egc@yrlihf® HeliQerNASBRoR mgf&e@skmF]hequ@.ﬁ%?t?%wggﬂgioﬂi

respective pieces of height informatfon Int ura &t ection
devi c tk . LV i of »hei ght informti

el udda Mol ABubREPRG b B BR S 0 he et SRl e
indicating,the s ortjon, for each caqrresponding relationship of
the cl assi }qrggy ﬁgg‘gtﬁ&ande@%w&)‘%‘,d%%ﬁh%%tdﬂﬁgp%%o“a(’fﬁ@ dlipetyo B¢t he
object to be nmeasured at the height detection tine in any one or all
of the pl greasured using f rafbatiosticerptiga vitersl betweenemrdiation tisepdndightradiation
relati onship of the classified height 5 information, based on the

time diff eigaalcehibieisvediatethe tHeeibgdet todiet imedsunid dnd esception éime of a light
installation interval in the traveling direction between the

plural ity réffecigi siehalRBreOhaRS to BRAichhdLBEkInsaksH FihOfbtdbiibh devices
calculates a length in the traveling direction of the object to be

measug ¢d mﬁ@dd‘é@ a el PES s P dthg ePltioh¥hif e FhRGAdA iR §&SinicR aPRfaRY
of pieces of height information of the object to be measured which are respectively
calculated by the detection devices depending on time elapsed for each corresponding
relationship of height information indicating the same portion of the object to be
measured, and a second velocity calculation unit that calculates a time difference

20 between height detection times of respective pieces of height information in the plurality

of detection devices that calculate respective pieces of height information included in the
corresponding relationship of height information indicating the same portion, for each
corresponding relationship of the classified height information, and calculates a velocity

of the object to be measured at the height detection time in any one or all of the plurality

25  of detection devices, for each corresponding relationship of the classified height



50f the object to be neasured, which is cal culated for each
correspondi ng rel ationship of the clas§§fied hei ght information, at
the height detection tine in any one or all of the plurality of
detection devices and the velocity of the object to be neasured,
which is calculated for each corresponding rel ati onship of the

cl assi f i ednfeimgiion, basedapthe, time diffeeensi helaees thedwighh detectenattinoes andma i n
any one or all of the plurality of detection devices. 10[0009]
Further, tiseallaties amndrvalrin drt traveling daeduion bessden chetifatich effdetectey d&gcdsor
measuring an object to be neasured, the nethod including: receiving a

strength @hd ehellbiBih cl@lib@s iffcd 008 a RREHSS Bwﬂvegngﬁbaar@eﬁbh @hthe object
radi ation signal which is radiated to the object to be neasured fll'om

each of a j : i e i j .
dot octi on BB oviEbFleR helitaif o Bloh Bijes; Pl of HR velociy
ositipns ich.a rovi ded spaced rt..n a.traveli direction of
Phe oby et T abisthioA et SR RSBt hitoRen dcdigpandigrrelgtionsny of
plurality of light reflection signals which are respectively detected
by the dethectinss leé@mg@ég*f@w@ﬁw%@wlghtﬂéte@mcap@@@un gryrong e Al of the
correspondi ng rel ati onship of a signal strength indicating the sane
portion oblurilgyobfetcttianalebizesrambihe edociy ofths ofjral todke meragtidad, which is
20corresponding rel ationship determ nation unit; calculating a tine

di f f er encealbetawadsr &icly 0adrespbhiding tdlatitmbi off @ik dlastERd fenhiesRAEh! M8he
signal strengths in the plurality of detection devices that detect

respecti V§ig§51%%hgtﬁ,td'éf%@ﬁ&h§mle rl‘r?brﬁﬂ(?rﬁ: Jgrrﬁlito!?%ecﬁh{étﬁgp&%ité&ﬂ?n devices.

rel ati onshi'p of a signal strengt cating ane portion, tor
each wrrespond'dbggj el ationship of the classified signal strength, by
a first vel oci ttl catculation unit; and calculating a 25vel ocity of
the object to bﬁrr]%eﬂ?stﬁred at .the signal strength detection tine in

any one or 6 a RETSSPRIABYSHEION bt a Riaseseing sietihpd afagdevice dor agrshring
correspondi ngj relationship of the classified signal strength, based
on the ti Beobictiebemmaswed.ibemetiod intlgding: recaiangulstrelgtie of @ bghttrefesion
and an installation interval between the plurality of detection
devi ces. FigfdiGdonsfpomtingrto atlizht radaties signg wikthadadiesd o thedbideorehe
according to the present
measured from each of a plurality of detection devices by an input unit, the detection
15 devices being located in respective installation positions which are provided spaced apart
in a traveling direction of the object to be measured; classifying signal strengths of a
plurality of light reflection signals which are respectively detected by the detection
devices depending on time elapsed, for each corresponding relationship of a signal
strength indicating the same portion of the object to be measured, by a signal strength
20 corresponding relationship determination unit; calculating a time difference between
signal strength detection times of respective signal strengths in the plurality of detection
devices that detect respective signal strengths included in the corresponding relationship
of a signal strength indicating the same portion, for each corresponding relationship of

the classified signal strength, by a first velocity calculation unit; and calculating a

25 velocity of the object to be measured at the signal strength detection time in any one or



invention may further include calculating a length in the traveling
direction of the object to be neasured @Dving between the plurality
of detection devices, based on a velocity of the object to be
measured, which is cal culated for each corresponding rel ati onship of
the classified signal strength, at the signal strength detection
times in alpfdieeplwiality of dstectipre dapssutoaadhycoskspiadimeteletiontbin ofdbe by a
| ength cal culation unit. [0011] Further, the processing nethod
descri bed chbuified sigodrsttemggh.tmsdden the eimendifferruenbdtoscmthy sfgaaltdvength

i nclude receiving height information in addition to a strength of the
| i ght ref lqertii@ntimegnd anf inganerahnefval awbbhiha il for dek&sdn RRices.
devi ces which detect height 15information of the object to be
measur ed usi ng ﬂxngfiation-reception i nterval between a radiation
time of a light radiation signal which is radiated to the object to

be nmeagured and.a_.reception tine of |ight reflection signal

corr es%ondi ng tgugﬁeé’ ﬁ?&ﬁ?"eﬁ%ﬁ 1&?&‘8ﬂ%§§°8ﬂ8$ abqye aP?‘Péd’inﬁﬁ?th%lPﬁ‘?SF?t
classifying a .gl urality of pieces of height information of the object
to be rreaélg‘feéa Wiy fuidlies tpcdudsecatqulaging adeesh indhe fraysfingrlarepiaqneeiithepbicct
devi ces depending on tine 20el apsed for each correspondi ng

rel at i onsi® pe oeafeedympvingbeiwean itherplimbhyoeftdetagtiom dedcasebased bn envelotity be
obj ect to be nmeasured by a height corresponding relationship

det er m nattheoosbjemitd be siehtiddatrihig ie cilbuletedifédf ke beeespaidRe reldiRinghp of the
detection tines of respective pieces of height information in the
plural ity cpksifled SichAlQfeAaN] £ 8% difl siP@afiRLRioh FRRS G hyyCorRd cﬁ%ﬁ%ff%
hei ght information included in the corresponding relati‘onship o

hei ght i nf [ i ndi ' t j.on, for each

corr eg%ongﬂ%ﬁ&g?g?%%%%eg%g%° haelggg,tggéﬁ:ﬁ%ﬂl@géﬁ hﬁe}llp'ght 7 information,
and to cal cul at anuxgl ocity of the object to be neasured at the

hei ght detectio G in any one or all of the plurality of detection
devi ces, for each corresponding relationship of the classified height
i nformation, baSedh@nthepeocessing arhpe desseibedabave apcarfiag e thgipresent
detection tinmes and an installation interval in the traveling

5di r ect i omvzetiowe ey firthep indalei regeivahg Helgkcinfoomatay incelditionyto a sseggindf the
velocity calculation unit; and calculating a length in the traveling

di recti on tight fellecti sedial FOMRRACHBAGE HAFAID G A8leORINVR LS ARidAl défedl hdiyht
of detection devices, based on the velocity of the object to be

meas up§d, iq@gg@gmﬁ)ﬁﬁé @dgl?a&@ge Bﬁﬁsﬁ&?ﬁi%& t@fﬁggﬁ%@@n@ab@;ﬁ%@gﬂ Qf

t he cl assi el ght ormation, at the ction
any one o, zz!tt%onqtgmé Qfea Hglgllﬂrrg i'attic}/n scféna ew%?c%tils Padiiated to the object to be measured

and a reception time of a light reflection signal corresponding to the light radiation signal,
by the input unit; classifying a plurality of pieces of height information of the object to be
measured which are respectively calculated by the detection devices depending on time

20 elapsed for each corresponding relationship of height information indicating the same
portion of the object to be measured by a height corresponding relationship determination
unit; calculating a time difference between height detection times of respective pieces of
height information in the plurality of detection devices that calculate respective pieces of

height information included in the corresponding relationship of height information

25  indicating the same portion, for each corresponding relationship of the classified height



10 devices and the velocity of the object to be neasured, which is
cal cul ated for each corresponding rel at4 onship of the classified
signal strength, at the signal strength detection tinme in any one or
all of the plurality of detection devices, by the length calculation
unit. 00 1 15Furt her, the pr esent |nvent| on relates to a prog%ram of
a conput e fesmaliogedndda calgpl aFFeaa qﬂa{g) Fihe pd &e be mepuirgrbal dhf

function as: input portion for receiving a strength of a Ilght

ref | ect i ofctsetgpmaime oy anysme wd athgf the pdurhlitytef detgdiicit deyices, fgnedchwhi ch i's
radiated to the object to be neasured fromeach of a plurality of
det ect i oncereaspording tdiaticueliip of therclakeificd dsighemfgmatomtbasked on thespect i ve
20i nstal l ati on positions which are provided spaced apart in a

travel i ngdgfdr@fct ibefveth ttdRiQRIEEE SRS ARaUREM ation interval ﬁrlﬁé traveling
strength corresponding rel ati onship determ nation portion for

classig ywﬁ ﬁio%%’cwe%hrtﬁ’é‘ Lﬂﬁipgéf té%LuHﬁ g&%ééé ﬁyfé 3(!:&%@& vel%fft;ggéi&ﬁ%on unit;

signal’s are respec Ive ctroR a&Vr'ee
dependi ng o time ela for each carrespondin 5rel ati gnshi . p of
a signal &4 ‘éﬂa#ﬂlngrﬁdeeﬁﬁ e freGiE i PEResR L Tl goute
measur ed; rst velocity calculation portion for

cal cul ati h‘@t"@e*{l FWIWFWQf@ﬁ@étlmﬂw byserhen thetvelosdy Bf thetobiect orbet i mes

of respective signal strengths in the plurality of detection devices
t hat det eoteaswesfeduchye csicglated fot cachgbhisspondihg daationshiphod tieos assdied hdighy
relationship of a 5 signal strength indicating the sanme portion, for

each corr agp@eigdionJatried ki %[ﬁflﬁﬂ:lcﬂorﬂﬁm% ey} @fesorfdlled (s GO inSs T RAGHBR
and for calculating a velocity of the object to be neasured at the

si gnal g st geedshind SIS G ditiob IJEbt%‘Me Hl@%u?éq nlickab cﬁi%a@h'fﬁraéabﬁy of

detection devices, for each corresponding relationshi

ol ssst 1o, AL oRR B PR Wt B ! B3R S
10bet ween d;[:tggtlo%l t%lg lnl z{ny 0?1]:3 09 gltl %% %hle%?urgl?t\)lzl ogf%gtect[l(?nodevllces by the length
calculation unit,
[0012]
15 Further, the present invention relates to a program of a computer of a device for
measuring an object to be measured, to function as;
input portion for receiving a strength of a light reflection signal corresponding to
a light radiation signal which is radiated to the object to be measured from each of a
plurality of detection devices, the detection devices being located in respective
20  installation positions which are provided spaced apart in a traveling direction of the
object to be measured;
signal strength corresponding relationship determination portion for classifying
signal strengths of a plurality of light reflection signals which are respectively detected

by the detection devices depending on a time elapsed, for each corresponding

25  relationship of a signal strength indicating the same portion of the object to be measured;



Further, the present invention relates to a programthat further
causes the conputer to function as length calculation portion for
calculating a length in the traveling direction of the object to be
measured novi ng between the plurality of detection devices, 15based
on a velocity of the object to be neasured, which is calculated for
each corr@&8ponding rel ationship of the classified signal strength, at
the signal strength detection tines in any one or all of the
plurality of defiestvelopityeal¢udasmn fodidamior Feiculhtng a tilme dpff@smetbeiwaeanignah
relates to a programin which the input portion 20receives height

i nf or mat i emerigth deteétionaimdsamtacspeciprgidnabitrehps lin GRtplurefity@FidbRttic @Ndes
fromeach of the plurality of detection devices which detect height

i nfor mat i eyt @btcbthBsRBIi R0 stRGIRATULED iH%ﬂé"cg)r%sﬁ(ﬁﬂh%ljeﬁBbﬁﬁ%ﬁ? 4 on

interval between a radiation tinme of a |light radiation signa ich
i's radiat j; o r an reception ti of. .a

| i ght ? of ?%8%’?%‘%“@?Sﬁ%?ﬁ@aﬁ?%%&eﬁ?ﬁénﬁ% ‘?te‘ﬁl?aI Csﬁregsﬂﬁn‘ﬁg%lf%?tlo&ﬁB o |
in which the .program 25causes .t he. ¢ uter to function as hei ght
corres ponﬁraﬁﬂﬁf:‘ggg‘ﬁméﬁ??ﬁ?% aaatf@rqﬁ%&%ﬁ VC?CH?SP? ﬂ@r?bﬂfiﬁ todreqaedspupd Ry a
plurality of pieces of height information of the object to be
nmeasur ed Wi SEnahpleengtisdrieqtiondinge inany ehaoed! pfihe nbirgddy of détestionalerices
depending on a tinme el apsed, for each corresponding rel ati onship of
hei ght i nfi@reash carespodlicatdatgnsiip of drelpsifitd signalfstrehgh dysed bn the tinge
measur ed, and second velocity cal culation portion for 5cal culating a

time diffdifeetebetwiRe thd\Qbe biréliiiegdte@dn iR Snd@hin HRSIREL WRerPhleCeS
of height information in t he plurality of detection devices that

cal cukgte ' ge(ﬁ% : ' information included in the
correg%oné)?%?e?g*éag@gﬁ hip E)e?ﬁ?{gl&%ﬁ%’!%i nformati on indicating the sanme
portion, for eagﬂ) gfrrespondi ng relationship of the classified height
i nformation, an f1 calculating a velocity of the object to be
measured at the_hei ght 10detectign time in any one or all of the
plurality of def wehar ghe gessetdaventigp relafesto a program that further causes the

computer to function as length calculation portion for calculating a length in the traveling
direction of the object to be measured moving between the plurality of detection devices,
15 based on a velocity of the object to be measured, which is calculated for each
corresponding relationship of the classified signal strength, at the signal strength
detection times in any one or all of the plurality of detection devices.
[0014]
Further, the present invention relates to a program in which the input portion
20 receives height information in addition to a strength of the light reflection signal from
each of the plurality of detection devices which detect height information of the object to
be measured using a radiation-reception interval between a radiation time of a light
radiation signal which is radiated to the object to be measured and a reception time of a
light reflection signal corresponding to the light radiation signal, in which the program

25 causes the computer to function as height corresponding relationship determination



correspondi ng rel ationship of the classified height informtion,
based on the tinme difference between t hei ght detection tinmes and
an installation interval in the traveling direction between the
plurality of detection devices, and in which the |ength cal cul ation
portion calculagtes a length in the traveli n%_di rection of the object
to be nealditid eipxiassdynsBayiabty aficeps of haightynfermationed theoobiers to bes,
based on the velocity of the object to be neasured, which is

cal cul at ethepgiredwbithaoy reemastiveliy wglcnlatedtbyahs titgetioh denieecdapssdifig ed a time
hei ght information, at the height detection tine in any one or all of

the pl ur akiapsedpfordatteatrieopondig reRsionshih bfieipte livreirhatiodfindibainthesdmd o
be measured, which is calculated for each corresponding rel ationship

of the cl gssichioftheitiiRelo 5 MENALD, aff sebBify %&g@gawﬁ% AbBriipfdst ection

time in any one or all of the plurality of tion devices.
procese orSPHEER s e @Rl MR bepuioy nesl ssRSEBROS80F 1 ne
BT Bl s SR P b BT oot
Description of Draw ngs L}gOlﬁ]thSFl G 1is a diagramshowing a
conf i gur ab¢isht igformapeminghudas it the yerresponding relatignsigp of hpightinfumetioonal
bl ock di agram of the device for nmeasuring an object to be neasured.
FIG 3 isimlidiiagtiesasikeottig, {r cestanptespafdigateitiohiithof te cRegiivenkit
an et information, and for calculating a velocity of the object to be measured at the height
10 detection time in any one or all of the plurality of detection devices, for each
corresponding relationship of the classified height information, based on the time
difference between the height detection times and an installation interval in the traveling
direction between the plurality of detection devices, and in which the length calculation
portion calculates a length in the traveling direction of the object to be measured moving
15 between the plurality of detection devices, based on the velocity of the object to be
measured, which is calculated for each corresponding relationship of the classified height
information, at the height detection time in any one or all of the plurality of detection
devices and the velocity of the object to be measured, which is calculated for each

corresponding relationship of the classified signal strength, at the signal strength

20 detection time in any one or all of the plurality of detection devices.

Advantageous Effects of Invention
[0015]
According to the process of the device for measuring an object to be measured

25 ofthe present invention, it is possible to detect a length in a traveling direction of an



unit. 10FIG 4 is a diagramshow ng neasurenent result data based on

i nformation which is received by the ingut unit. FIG 5is a
di agram showi ng a data exanple of inforrmation which is received by
t he device for neasuring an object to be neasured. FIG 6

is a diagram showi ng a rel ati onshi p between each characteristic

det ect i on °PBct ipdednepsured ap@uately. cal cul ated using the characteristic
detection tine. FIG 7 is a diagram show ng a process fl ow of
t he device for neasuring an object to be neasured. Description of
Enbodi ments 20[ 0017] Herei nafter, a measurenent system

i ncl udi ng Bried®¢b@iptioarof Measiaes Ng an obj ect to be neasured according
to an enbodi nent of the present invention will be described with
reference to dr awiags. FIG 1 is a diagramshowi ng a
configuration of a neasurenent system of the 25 sane enbodi nment. 11

In FI 1, the rence n al. 10 is.a device for neasuring an

obj ectGS to be negg(%ﬁel a\;\:}ﬁqgé#n”ﬁ@%\glaggscogﬁ%qrgtéo%?teei IHEaSB‘Eﬁ”ée S Sﬁe%be
nmeasured. In th resent epbodinent, the device 10 for measuring an
obj ect to be msgéct?rr%lﬁ aifém‘?tfﬂ“éhlﬂéﬂ‘ %‘Bgrﬁﬁ‘a%fl}?"ed?"‘r‘@ foppganrge ag obiskt b
30 as the size of the object to be neasured. The vehicle 530 travels
on a roadmagsyedr avel ing direction (direction fromright to left in
the FIG 1). In FIG 1, the reference nuneral 21 is an entrance-side
detection devi c€]Gahd atdisgramfshoeingenremamprl of Adtaivehianise¥ddivedibgen input
detection device. The entrance-si de detection device 21 and the
exit-sideygdptection device 22 have | aser sensors, and receive
reflection

10 FIG. 4 is a diagram showing measurement result data based on information
which is received by the input unit.
FIG. 5 is a diagram showing a data example of information which is received by
the device for measuring an object to be measured.
FIG. 6 is a diagram showing a relationship between each characteristic detection
15 time and a velocity calculated using the characteristic detection time.
FIG. 7 is a diagram showing a process flow of the device for measuring an

object to be measured.

Description of Embodiments
20 [0017]

Hereinafter, 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

25  same embodiment.



signals (light reflection signals) corresponding to radiation signals
(Iight radiation 10signals) of the |asgqr sensors. Thus, the
entrance-si de detection device 21 and the exit-side detection device
22 detect a distance to the object to be nmeasured, froma difference
between the radiation tine of the radiation signal and the reception
time of the ref MBS dathsirgiieance puparat £ isiadsyicedpr weportg Ag objectthde
radi ati on signal and a velocity of the optical signal, or detect the
st rengt h ofeasired mbidheutasoms sisgnaf thetdb@catohenneastiradef Irethe @eesd® i ght ) .
[ 0018] In addition, FIG 1 shows a situation in which the

ent r ance- sinedidaingahd GsvicteMd foemasuaing ah lbBjeeiiolreShélBu @ imidnasd #evi ce
22 are installed in installation positions which are spaced apart in

22 ar . : . : : | : !
e travehidgdifeehdh o va?ﬁibl% 3velingd eﬁﬁ é@(l@{?lﬂg& (56 be m\ésmr%. geﬁq%geegm;e

traveling on 20t he road. I's assune I stance

o, S RS S I bR B R LA o,
et 3 S B R BT o fed ety e

entrance-si de detection device 21 are referred to as a point A and
respect i veeipsner sumeialdl islan esit-sidsdesetien dévicer hd hajedtrimcdisideateiestio250n
the road at a point to be detected by the exit-side detection device
22 are refleviced] tod ths exitRide detziction Bevidd 22Miaive haseoiensdio\nd réceBleutBddtion
of the entrance-side detection devices 21 and a plurality of the

exi t - si de sigakie ¢l ReRMbE SEnas) msmﬁdmg%iraﬁﬁicﬁatg%h%lst(ngmvrﬁ&%ﬁ&? 30

in the width direction which i's perpendicular to the traveling

di recg 0”513%?1&1 ttﬁ@ﬂt‘s@ﬂ Ensols, a]_thélé,ergg gﬁtj're%n:ég-s1d§%te?elc{i&££1&gcne8ﬂts#gi RS-

5Al ternati e entrance-si etec n device
exit-side _detection.deyice 22 ar rovi ded, abpve the vehicle 30 at
the approXim ]‘t%lg deieRii} (Yqvﬁcetzéed%(’g? HIS Felt o Hglﬁﬁ‘i tehemeayurddram aul ar
to the traveling direction of the vehicle 30 at respective
i nst al | at ABFFTEEE betWssE thegiadiatipe imgof iedadisiionsigeal aad thermeemptipe §ne ol g
the exit-side detection device 22 nay each radi ate radiation signals
in a w dercdleglien sigrajéo barechivedvcaitdsphitiing tcthe oaliafontsigmal aich vel dudty of the
center of the w de-angle range being | ower vertical direction.
optical signal, or detect the strength of the reflection signal (the amount of reflected
15 light).
[0018]
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
20  theroad. It is assumed that the distance D between the entrance-side detection device
21 and the exit-side detection device 22 is, for example, approximately 0.4 m to 0.6 m.
Hereinafter, it is 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

25  onthe road at a point to be detected by the exit-side detection device 22 are referred to as



In addition, a | aser sensor nay be di sposed above the sides of the
road so as to radiate signals to the vghicles traveling in whole

| anes. At this tinme, the |laser sensors nay be provided in a plurality
of positions such as both sides of the road [0019] 15The device 10
for measurin n gg'ect to be neasured is_connected to the )

ent r ance- €ipdint et duHogah HekHEEN o PlirAllty AEIhE enrang idecsicstion deviers] cad
22 through a communication network, and receives fromthe

ent r ance- gipdralifgtod thd exit-sids/detectipn daviges 2emeyx be privitteddboecte oshidedilde
22, the detection tine and strength of the reflected signal (the
anount of thieefidde diesttion gétiigh iwlpbpbndicaditteetradtliny dirbatichefitiiesehidie 30, he
hei ght information 200f the vehicle 30 which is calculated by the

devi ces. Th@ediRleGhdtallaibRhB®EbRN IS i nformation indicating any one of
"a difference between the height of the entrance-side detection

devicez21 and t i : J: of I: - be
measursed", or " qe}tleg%tig%l%’ tp %gﬁ@naglggﬁﬁtggf e%%?@?%é#i%fnz%%}ng tﬁ%f)ggjflﬁgget%(gm%
measured fraomthe road". If the height information to be. ouytput by
The” ant r aROok PO Rr gL Biovaaim Ve Jasq Brihe HePTK RIS (et SoReRBE o
device 22) to the device 10 for neasuring an object to be nmeasured is
13 i nf or md#EeHP Wairk it nerpendicalar foihg firaveling dieectiemelithe yelpele 30 g raspective
object to be nmeasured fromthe road", the value of the height is

obt ai ned mstalhgor posigmseas] e catedneesidenlettetion devide Zloandttheexdxiide si de
detection device 22) subtracting "the distance in the vertical

di recti on déteonion Ne @M BAE Cach irftiatd @4REIIne 4B Vih GBvidd-ah @B rAME in the width
exit-side detection device 22) to the 5nmeasured portion of the object

Lo Pe1geagktatby drfifioallthe it ARoR Witelig1cRhLd Bele BYCPOLIO dikafd he

entrance-si de detection device 21 (or tection device
22) to the roady. ..the height information.to be output. by the
entrance-si de d& %%]{lﬁl% a6t %gscgin%ygl?e”@ﬁ%osag( Fl?qvgﬁl&%SIé%toefél?‘%/@ﬁd §e8f Qe
22) to the device 10 for Ere suring an qbject to be neasured is

i nf or mat i GHIMRAIZBAE (K Eevahig o {ray el Hieam piclicanes hé\tis gAte. Bie lasgesensors
10entrance-si de detection device 21 (or the exit-side detection

devi ce 22mayry provddedinghpiugtity tfeosbiansisust ap bothi sides of thereadbj ect to be
measured”, the device 10 for neasuring an object to be neasured

obt ai ns the val (®i6f the height as -the distance in the vertical
direction fromthe entrance-side detection device 21 (or the

exit-gsde det ectrhofeHeyi® for ddasirthal HOVIRARHEEH R O BorRhcl® @R ect
to be neasured”, based on the detection result by 15the entrance-side

det ecti on ofexl E&ideetddfioh BEiEXD T atf HIE LB REHERBAEYTE 2%2@11‘011%199120]

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 fight) 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”. If the
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



Then, the device 10 for neasuring an object to be neasured neasures
the vehicle length of the vehicle 30 whkch is an object to be
nmeasured, using information which is received fromdie entrance-side
detection device 21 and the exit-side detection 20device 22. In
addition,,%lthough it is described that the device 10 for neasuring
an obj ect MgrmpEiondadiGating the sight od thedngasiwred peiontof SaRhisdtimbe measdifdes
the vehicle length of the vehicle 30 travelling on the road, the

devi ce 10 fienythhgoalsplhe erdlug of thedwighe istdbaiheshigt the cofiamsehele detoetiogdevice
obj ects. 25[0021] 14 FIG 2 is a functional block diagram of

t he devi cél 16r theexitreias deictioradevide) 220 bubit@cting rhadistaads in the vertibd dsRonéh
in the drawing, the device 10 for neasuring an object to be neasured

i ncl udes pioafr@s ShitshdRideSdciflos HOFRTE] W ilSexitidd ARstioH Mebicd 32) B the
storage unit 12, a height 5correspondi ng rel ationship determ nation

unit 13, a,5i,008 ordioh gglﬁ{efybbgeg goﬁfegﬁ&q{u%aﬂ h%qugi?é)gﬁ b9 @%@gﬁg@?ﬁ; on

unit 14, a secon ron unit Irs

calculatign unit. 16,  and a |le h cal cul at| upit .17. [,0022 .

The' i nput Retono IS e ey R e ¥t exi ide hote it draice 22)
hei ght 10i nformation of the vehicle 30 and the strength of the

refl ecti off Segerd™ f Hohe heighidptormaden &) hecoudiaut b thepntidacd-side datectivn t he
exit-side detection device 22. Further, the height correspondi ng

rel ati onsdeycel2l arthaati-side detettioh3levise A2 prodhe deiiceg! Lok inehdaing an object
classifies a plurality of pieces of height information of the vehicle

30 which & Be fhebwedded infoaRaioni in@batindy atdn@erede RACENThEReidRtTehd ON
device 21 and the exit-side 15detection device 22 depending on a tine

el apseg, tRrarRBSHRICASPARAEI (of Al BtQkion device 22) and the height of

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).

[0020]

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 [0021]



hei ght information indicating the same portion of the vehicle 30.
Further, the second velocity calculatigp unit 15 is a processing unit
that calculates a tine difference between hei ght detection tines of
respective pieces of height information by the entrance-side

detection devic and. t he i.t-si.de detection vi ce 2022 that,

cal cul ate respeE{('%\j;elsﬁic%ﬂ%%@nﬁ ok P&Ta@“rﬂfg'?%i&"f% %i#ﬂ[:mﬁ'ﬁ‘f;é'ﬁmgﬁ“f) ct to
correspondi ng rel ationship of height information indicating the sane
portion obcfieswehi cle 30, for each corresponding rel ationship of the
classified height information, and cal culates a velocity of the

obj ect to be neasuvhaun attht devheg.ght dolétecldt foometdurimg anwbgattodreenaasured
both of the entrance-side detection device 21 and the exit-side

det ect i onifwdes rotdssiuegahd oegenarPARding unR|1 2L 4 988k Dniefl2 tdieight
classified height information, based on the tine 15 difference

bet wees t BgBhaHth HERRRLAB Uk ER A0 Ei DF d ARl HoliPtrd Din
the traveli rﬁ%}%di rection bel?wgen t el entlr an’ce-l‘%l dg&@gpg%r{eg%&{gg@ ce 21
and the exjt.-si g ti. Lce 22 023] . 5Furt her he.si gnal.
atrengt h SR BB TP R P s o LR seltBlbi R 13 L IRy
processing unit that_ classifies the signal strengths of a plurality
of 1ight g@f’&'@ﬁ?‘?'&‘ﬁt E@Cé’ﬁglaémﬂtﬁ ealcHationdiiiclt ed by the entrance-side
detection device 21 and the exit-side detection device 22 dependi ng
on a tinme el apsBW22f or each corresponding rel ationship of the signal
strength indicating the sanme portion of the vehicle 30. 10Further,
the first vel ocThyinpat enit &k isaprocdsiing Gnit thaarppatiesiyiragiweshtighhat
calculates a tinme difference between signal strength detection tines

of respeciifyentioatFthcteh@M M andihe bhengBINbS RB ¢&TeliSE sigRAITRI B3 devi ce
21 and the exit-side detection device 22 that detect respective

signal st %ﬁg{cg.%lidggﬁeﬂg&?dé@%éfﬁaﬁqhésﬁ-&ﬂgid@@cwe@e%&eﬁg%m p_of the

signal str ating the sane portion o vehiCle 30, for
each corresponding 15rel atjonshi f the classified signal strength,
and cal cul at es Eu qro%isk“?gb?c égqulmgcrpgtxg@s detpranugt dimts]t%r‘éﬁgt h
detection tines in_any gne_or both of the entrance-side detection
devi ce 21 PEIFESSiNgndbdhat dasgificg aplbality ol giegescel heght pdammption of He vehigle 30

di fference between the
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 vehicle 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
enfrance-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



signal strength detection tinmes and an installation interval D, for
each corresponding relationship of theglassified signal strength.
20[ 0024] Further, the length calculation unit 17 is a
processing unit that calculates a length in the traveling direction

of the vegi,fgl e 30, based on the velocity of the vehicle 30, which is
cal cul at e HEFNER VB IheRpgdickgiPRimes sikhe irstlatipmdsryald? M e

hei ght information, at the height detection time in any one or both
of the entias¢lordifegdonibetegen bn caBaseiseds detectinn deties 2kand i dgit-side
detection device 22 and the velocity of the object to be 16

measur ed, detettdn desrial2cul at ed for each corresponding rel ationship of
the classified signal strength, at the signal strength detection tine
in any one or begfz3pf the entrance-side detection device 21 and the
exit-side detection device 22. [0025] 5FIG 3 is a diagram show ng an

exanpl e of data i LS: i i - Ny .. The, .
i nput gnit 11 rgﬁgfllé\%gtgbﬁgi%gﬁsﬁk?{g@ éslra}rirﬁﬁbgﬂfngﬁ%i\%l\ﬁlér#{g}h@hcge&eﬁré]ilngaﬁpn(‘)j%mﬁ ﬁésa
vehicle 30, an.amount of reflected |light which is . the sfrength of a
of| et i onteRtial Ll clodsiies Fr s S e Byt SR b bu b e eston Sienils
respectively fromthe entrance-side detection 10device 21 and the

exi t - si de Wbelee delscigd by dhe onpraneg-side petedtivonelenicndd angd the exittsidodgtectivne
predetermned tine interval is, for exanple, 10 nmsec, and FIG 3
shows a dateice abdepanding cnastemehiapsedefic kagh @eesminding rolatranshgnofvhé silgnals
received at respective tines tl, t2, t3, t4, t5,having an interval of
10 nsec t RgeahiRintR@rin; thessafieq@drtidn Bthavahawsgohei ght information, an

anount of reflected I1ght, and information on a detection tine which
are 19 Further, the first velocity calculation unit 16 is a processing unit that calculates a
time difference between signal strength detection times of respective signal strengths by
the entrance-side detection device 21 and the exit-side detection device 22 that detect
respective signal strengths included in the corresponding relationship of the signal
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 [0024]
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



15detected by the entrance-side detection device 21 for a point on
the road. The input unit 11 receives reggpective pieces of information
showmn in FIG 3 for a plurality of points in the wdth direction of
the road perpendicular to the traveling direction of the vehicle 30.
The interval in t e w dt |rect|o for ex cm Further,
the i nput PIFATYEd ¥ Wietiscolufa 6 £ach epBRsRRITiBE e aFors o Rl A sisnab
light, and information on a detection 20tine for a plurality of

poi nt's onSienstl, @éﬁlmsrgn@lrférengthrtd@mn@@@mecm agy oneher hognef the ertrance-side
predetermned tine interval also fromthe exit-side detection device
22. [ 00261etection deio®.2 14nd sheaexili-ade detectivauwienige B2asur ement result data
based on the information which is received by the input unit. 25FI G
4 shows neasurepmnt] result data based on the information which is 17
recei ved by the device 10 for neasuring an object to be neasured from

the enyrance-si fdg; dglgGfid rg?ﬁn@ﬁé%ﬁgétﬁ%x%%ﬁa%?d%'& icH 19'? ?%& f{'mgut

devi ce 22. The neasurene resul ta 1ndicates e| gh
at measur ene ?ri points xl, x2, x3, x4, ..., and xn at respectlve
detection'tires ti, t2, t3, t4 ..., and tn. The measurenent result

data may be 5pr egar ed from any one of information which is received
from the entrand8¢ 8ipgeuHEt bisctines heasht deformatigaghpwingrthabeisht afthcrehice
received fromthe exit-side detection device 22. For exanple, if the
measur enedf, anesudunt datedecthdlighti whikh G thestrangtr @pancBection signaljiangat he

hei ght information which is received fromthe entrance-side detection

devi ce 21idfoamtichendktatibating thdresfredpacitely frdm thé enthghiceside detretight
information which is detected by the 10entrance-si de detection device

21 forpt hgeyBASH R bxPRIde @R te¥tion Efe’%ﬁlcé@z af‘é’fpredetepmlﬁ&‘}ituﬁ@ ifkrval.  The
respective detection tines ti, t2, . I'naddition,

e (PR it ZEOEFS%@P% S ATy,
device 21, case eherrrt':sgasc rp?ercr:g% i OII’H’I;]E;[UOH whic axls?‘esce?verdea% Pe%lgécltx\\/rg times tl, 12, {3, 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
15  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
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
20 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.
[0026]
FIG. 4 is a diagram showing measurement result data based on the information

which is received by the input unit.

25 FIG. 4 shows measurement result data based on the information which is



plurality of measurenent points which are parallel to the width
direction on the road 15(direction perpendicular to the traveling
direction of the road) at the point A at which the entrance-side
detection device 21 neasures. [0027] Each piece of information

recei ved b%f’{;"gﬁ ng%%i%:%gl(]{fglt @gngﬁ?ﬁ%ég%pggkﬁt .egﬁéaﬁ{lrgd E%glr%g%g{rgn%’e-s? &

i nformati &
20i nformati on neasured by each of a plurali tg of entrance-side

det ect i on dgegiieedevice 215tthg Pausidodstedipnrierisg22o Ehe meptuzergns feshlt data
poi nt. Otherw se, each piece of information received by the device 10
f or measuindicptasrhetdhit @dbrmatiohet measeraeht pasitd xif, gl s, ko). . Gand @spondi ng
to each neasurenent point, may be information neasured by one or a

bl ural i ty 8helille RREAGNGRESIIIR, BELLCLIAN HEVHREReRhchAl ALbPHa@ Ny Se

the road iating a radiatidn si'gnal ‘at respéective ang

w de-apgl e ran centered an.the.l ower verti.cal .direction in the .
W i B r DEAPRG T ARGORA Ty B2 WHich St GhiORHES s idh Opigrtion
measuring an object to be neasured stores 5neasurenent result data
i ndi cat i née‘éEC%I%{ ard indormating whidh i fecaivsd Atonothe esitisiderdsiectiomigvies 22 adler
measur enent point which is detected by the entrance-si de detection
devi ce 21 exareplsLif 8entasneseht resialt dath sloveraini HiG. 4 idptepatd by rdading thand
hei ght information at each neasurenent point which is detected by the

exi t - si de hdigheridramatioR Whed ig oceivad fiFRAmhE eRITRRE-sIRIeldcti S@levitd Tl Fakhithe
a detection tinme and an anount of reflected Iight at 10each

PeasUr e RbtaRAIDShMH MTFIGS3 SR liRedRE nient fofibon Wit I9REREEY B) uRteV! ce

22, based on t ormation recelved Tromthe entrance-si o
et oo AR Bt o bl PR IREG5 T AL SOk
at respective detection times t1,t2, t3, t4 ..., and tn. In addition, if the measurement
resuit data shown in FIG. 4 is prepared from the height information which is received
from the entrance-side detection device 21, the measurement point indicates a respective
plurality of measurement points which are parallel to the width direction on the road
I5  (direction perpendicular to the traveling direction of the road) at the point A at which the
entrance-side detection device 21 measures.
[0027]
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
20  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



[ 0029] The neasurenent result data of FIG 4 shows that the
entrance-si de detection 15device 21 neagures the height infornmation
at each neasurenent point in the range of x4 to x20 fromtine t3 to
time t29. In addition, the nmeasurenent result data shows that the
device 10_for. measurj.ng .an.opject .to be measured receives

Subst ant | By iR Bl By RIS e gy g e e e e e bsaetiosed o
time t3 to time t10 for each neasurenent point between x4 and x20 by
the entr akvwr ypgisalplivestion snthe aydth dirpationsefiias wadi al |y the sane

20hei ght information Bl which is neasured fromtine ti | to tinme t22
for each neasur 8Bk poi nt between x4 and x20 by the entrance-side
detection device 21, and substantially the sanme height information C

whi ch i s measur Boadditivm ther@vice 30 Fer théd¥Brii2sh bigect@abbniveased asrt
poi nt between x4 and x20 by the entrance-side detection device 21.

25[ 0039]  tBsurement réStitdag! indi%?tﬁl#ﬁ%ﬂ%&ﬁﬁﬂ?ﬂﬁe LSyl atmcﬁ@% gﬂ?ﬁf‘%&l it ar

i ndi cates respective pieces 0 I nformati on: ormati on

A, Bl, a S it . oani zed that, the vehicle 30 has
thi eo charabisaBhebtiGabingR i RERIRAN: PR e kBRI 21
information Bl, and the height information C. 5Further, in the same
et MBS Tatitriath OAKINS & OFBOB RGO B ThermAioR &t e
recogni ze that the vehicle 30 has a plurality of characteristics

bei ng opt Megasurgmentippu evich is letgeted by theoixitesidrdijectind davipp?.izod of a
body (such as a sunroof or a trunk bed), based on the information of
t he anountneadureraéritecdudtdiata igticatinped détsctioacenevad dnraaounhef efiectadightat de
detection device 21 and that is shown in the nmeasurenent result data.

10[ 008d] each medsifchiRBf poihwhibR isSRERIIRRNEGE exit-IRle d8LGsh dRide@?, based on
measuring an object to be neasured can'recogni ze that the vehicle 30

o on TR @hoBRONPL b REEABRELLAL iR Ry B QinbiiElive

portions (suc S a roo a on the

and that - FaeSH G Pre udfoath AR B RS S BTG er T

the same manner, the device 10 for neasuring an object to be neasured
can recogni ze t Q2% he vehicle 30 has a plurality of characteristics
being optically different, of a color of a body and a portion of a
body, based on Thememuoirnent resnltdhtatdidIGrbsimtwsahatrted tecinedsikle gbtectidnat
is received fromthe exit-side detection device 22 and
I5  device 21 measures the height information at each measurement point in the range of x4
to x20 from time t3 to time t29. In addition, the measurement result data shows that the
device 10 for measuring an object to be measured receives substantially 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
20 height information B1 which is measured from time t11 to time {22 for each
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 123 to time
29 for each measurement point between x4 and x20 by the entrance-side detection

device 21.

25 [0030}



20that is shown in the neasurenent result data. [0032] Then,
the device 10 for neasuring an object tjg be neasured cal cul ates the
| ength of the vehicle 30, using a geonetric characteristic based on
the height information of the vehicle 30 and an opti cal

characteristic hased on the anmount [ ef t ht which are
25recei ved fr omp pifeTe Paﬂﬁ&‘ae@?@éeﬂ’i& flcfﬁ&dg\}?%%aq%feﬂ%ec%wg@gﬁ?étof ic
characteristic based 20 on the height information of the vehicle 30
and an opfFight inferaatiendieight infomemion Aol BlhandGbuand thifs if edn heoeeagnided ithat
whi ch are received fromthe exit-side detection device 22. [0033]

FIG 5 i s tle dihage 3drhahbwienhamctdastasethapight iaformafion Al the heighainformation
recei ved by 5the device for neasuring an object to be neasured.

Next, a smcaﬁd me(ha%ﬁgina@thﬂoﬂmlhod of the vehicle length of the
vehicle 30 w il scri bed The device 10 for measuring an

obj ectsto be meggih&dindfl SIE ﬁﬁﬁ&e& b ﬁéﬁ@e %ir’o?}'iaﬁeia%ﬂ n\%{ﬁ‘aﬁﬁ @il 1S

det ect ed at tinme t3 based on t 'S recei ved

?Sﬁr%‘atsﬂ?neﬁgﬁfé b e PR e SPrige Bty %%ctqrﬁﬁcﬁ%v' e

i nformation BJI | ng a_height different fromthat of height

i nf or mat i SRUAIYKY %Fe’b"r efe epretibpdyrand srriepno arndy (suches aswrreal ena
time al. Furthernore, the device 10 for measuring an object to be
measur ed d@nkbad)nbased 51 iz infirmatien gffthe amoontrafirefiaetad lighathahiy receiresddam
different fromthat of height information Bl by a predeterm ned

t hr eshol d tlgr entmanee-side deactiohaidviat 21 iaf® tha? 3. shdWi $n tHehread@civest £OLIf @ta.
measuri ng an object to be neasured specifies respective tinmes at

whi chipespectivey (p,h?r acteristics of height information A, Bl, and Cl
are respectively detected first as the characteristic detection tine

(3 oel oS ot P 5 LS b B e PRSI AEL
from measured can recognize that the vehicle 30 has a plurality of geometric characteristics of
a hood or other portions (such as a roof or a trunk bed), based on the height information
which 1s received from the exit-side detection device 22 and that is shown in the
15 measurement result data.

Further, in the same manner, the device 10 for measuring an object to be
measured can recognize that the vehicle 30 has a plurality of characteristics 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

20  that is shown in the measurement result data.

[0032]

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

25  received from the entrance-side detection device 21 or a geometric characteristic based



t he entrance-side detection device 21. In addition, after detecting
t he hei ght of the vehicle 30 based on tpe hei ght i nformation which is
received fromthe entrance-side detection device 21, the device 10
for measuring an obj ect to be neasured detects a tinme at which the

road surface is te t.0. be t termnes. the time as
[ o s aenap A e STt rane oriedt S5 an R eafdlariclerbEe vhsp ob i
the device 10 for peasuring an object to be rreasured det er m nes that
t he anoun@mgpntelfreiieoteddight g‘mchrﬁre E‘”—ﬁﬁlﬁ%ﬁowhae?ﬁﬁ'é’déldéﬁemmle@‘f!%ﬂés hol d
or nore fromthe anmount of reflected light of the road is detected at
time t3, based PW3Bhe anopunt of 5Sreflected light that is received
fromthe entrance-si de detection device 21. Further, the device 10
for nmeasuring aRI®H] i atdidgah ghowiagurdach aﬂ:@h@ld@mﬁﬁ)rmbt@én fhhEis evetal bof
reflected light nl changed by a predeterm ned threshold or nore from

the anpunkheqievfc%ffbleﬁégsqnhb%bb;%ttb%e%%aﬁ%&d at time tni. Further,

t he device 10 for measurl?‘lg an object to be rreasured det erm nes t hat

10t hr oshol d°2r RebES bt AlCuflon BRI PPrclnapattea

at tirretg g t he device 10 for nmeasuring an object to be

measur ed BQE?C‘F‘ 8L respective times at which respective
characteristics of the amounts of reflected light m, nl, and ol are
detected first, Thadevies | Guor steaswingrarginst toyber easpreddistesmimien gt the height
threshold or nore fromthe anount of reflected Iight which has been
pr evi ous| ynfdm@&onetl] isaktected actimkad based hitice ldggia il foanatidnnehidhisFecdiviel
characteristic detection tine tni, and the characteristic detection

tine 102, fbased eﬁﬂmb@%m@r&w&hoﬂﬁeﬁ@éilethQﬁithbi G dedhtiedln themeReEhY 84
fromthe entrance-side detection device 21. I'n addition, it is

assuned t F}gf[ectttg e n?éa%l?r% H?te%ﬂ?ssfhg l@h hgigﬁpl'nPO Rt iﬁtﬁlalr ?1? Ci}e}'%?gitffepc%t

char acter tec i on ar ac errs
e, characteristic

det ect i on PRHEA TS HEoeRaE Eohy EPretEReiaEd Petshoidie s Famegred e
char act er Iti%[elt(l:l detection tinme t30.
Furthermore, the device 10 for measuring an object to be measured determines
15 that the height information C1 having a height different from that of height information
B1 by a predetermined threshold or more is measured at time t23. Thus, the device 10
for measuring an object to be measured specifies respective times at which respective
characteristics of height information A1, B1, and C1 are respectively detected first as the
characteristic detection time t3, the characteristic detection time t11, and the
20 characteristic detection time 23, based on the height information which is received from
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

25  characteristic detection time t30.



[ 0035] The device 10 for measuring an object to be neasured
determ nes that the height informationofAl is detected at tine

t n3based on the height information which is received 25fromthe
exit-side detection device 22. The device 10 for neasuring an obj ect
to be 22 neasu &g ﬂet erm nes that the height information Bl having a
hei ght differen fl mthat of the height information Al by a
predeterm ned threshold or. nore is detected at tine tn6. The device
10 for measuri n§uEerolbp deyice b0 fu meswincean e inbhmeasurast detarmingsithgit
information C having a height different fromthat of the height

i nf or mat i ¢re @Baouny obreBpeted Eglkirmi nkahgedh by s ipodddteomingd tlecsimldat rmoteditbnathe
time tn7. Thus, the device 10 for neasuring an object to be neasured

speci fi es aneapestreNetdd 15%33 ofithewbadC dersiReat e 13 hascatinahé shbed oof the
hei ght information Al , and C are detected first, as the

characger 'r@ﬂéc?edq%h?ﬁlta{ Erlleéeh%g ffd?x?’tlleteﬂﬁ"aﬁ&asrl@é:&]e%%%h 'dQVIQ@EFCtF%[he} L

tn6, and the characteristi etection tine ased on the th

f 10t h d d
22, °fter SRt Bof g RIS R b O r ke B S b A R SR
e dovi cOBHE | Qe éﬁ?ﬁ%veetgnﬁégqme%“%@%&%%%af B decd et

at which a road surface is determned to be detected, and then

det er ni negk igeteriod abime . clurthyt deidsyice 1 0rentasanng amebjeaiso be

15[ 0036] The device 10 for measuring an object to be neasured
det er m nesnchbatd tdternsinesuthtit thé amefmtexdrefikcteddizht ol clehgedByla hradsicthmed
anount of reflected Iight of the road by a predeterm ned threshold or

nore ig dqiregiomﬂo@hoﬂelﬂmntu&mm§sfiregectwﬁglﬁmqyaete&ed @tfthﬁ@fngd Thaht
that is recel ved fromthe exit-side detection device . The devi cé

10 f
am)uﬁ'[ of W{edgpg ﬁ“g t%ﬁrja{(]:ﬁgrﬁ romgﬁﬁ&i%e%ﬁl;gﬁ?g%?&ref Vﬁ& (Whmh

light m b redet erm ned hreshold or e d at i me
tna The dpreBe FOTREFTHSOE R e R s e ree! dos M Hstes
that the am)unt of reflected |ight ol changed fromthe anmount of
ref | ect ed frstgtach gl whighgs ﬁ%@&é@bﬂhﬁ%ﬂ%ﬂﬂé@d&hr@ﬂwd fomers fsor shesamamt
at tinme tn5. Thus the device 10 for 25neasuring an object to be

measur ed spefictticd sighieshieh has/keenipnasowsly ddtéatdd, netheehbtavteristic detection time
15 3, the characteristic detection time tn;, and the characteristic detection time tn,, based on
the amount of reflected light which is received from the entrance-side detection device
21.
In addition, it is assumed that the following time relationship is established
when the characteristic detection time t3 < the characteristic detection time tn; < the
20 characteristic detection time tn, < the characteristic detection time t11 < the characteristic
detection time t23 < the characteristic detection time t30.
[0035]
The device 10 for measuring an object to be measured determines that the height
information Al is detected at time tn; based on the height information which is received

25 from the exit-side detection device 22. The device 10 for measuring an object to be



23 characteristics of the ampunts of reflected light m, nl, and o |
are detected first, each of which is changed by the predeterm ned
threshold or nore fromthe anmount of reflected |ight which has been
previously detected, as the characteristic detection tine tn3, the

char o T Bhdg g Q@Lh&&g%ﬂﬁgé O o RO S LB
f h .. ,
om L R IrELSE, Bt ot Gt Bl

characteristic detection time tn3< the characteristic detection tine
tme the chBe devies | &farancasyréng angabiedt tebe measuradedetdianings that thethegght
detection tinme tn6< the characteristic detection tinme tn7< the

char act er irgoineathet(@chavarg 4 heighttditferedtQf @0 &} ofithe hdimht tdorktiboB1 by a
measuring an object to be nmeasured cal cul ates, based on the

char ac$ er beddeeneizie@ @iredidld dfBorehs 8fedtsd SRR tfnly edriRg, theQetiet 90%or
informati on which is recel ved fromthe entrance-si de detection device

ntorval DRt B AR eSS q“*‘*“?’“éi%ﬂé’%f@&?o
the char acgasrreriiss SEORTEIRFimal Aéeb?éé{%l% Porg ol o e ™

entrance-sj de detection device 21 and the exit-side detection device
22 for ea&fﬂﬁf%?rﬁsé@ lseatioRytime Ry e rBRTapteBtiastegtion tiffedheabd 8. | n

ot her words, the device 10 for nmeasuring an object to be neasured
cal cul at egharh@ewnc@btewonmmwnn based qu shd lomghd finfornedtmni whiclvis redeitaddrom
vehicle 30 =13(tn343)" using the difference 20(tn343) between the
char ath er tistdxit-didd @addtion devioe32 . andftéhdetdcnag el IRidho of ihatvehi¢rl 30bak&d on
the height information Al. The device 10 for measuring an object to

be neasur g 1E1E H{fﬁﬁﬁﬁlohhﬁné’lﬂs@@deﬁ%d\f%n@ﬂlé&ﬁ-%ﬁécﬂﬁn f:vi'c':é’ Qi ct’?é ty
V2 of the vehicle 30 = D(tn6411)" using the difference (tn6-t

bet ween t t n t
ot erval  Bovice T RE G gmgc d%&%%%ﬂ% it AR Aok S0Pl A lantogs,
25an obj e 0 be r al thevIOC|t V3. b theeuatlon
"vel bofadpramignd 1655 dgeepmdhed’ Gerinrggs i ps ¥ i ahigeiefigic dicEiion
d| fference (tn7-t23) between the characteristic detection tines and
the i nst afiM&thon interval D for the height information C. The device
10 for neasuring an object to be neasured cal cul ates the velocity V7
by thé&Sequati on[B6]' vel ocity V7 of the vehicle 30 =1)(tns-t30)" using
the difference (tn8430) between the 5characteristic detection tines
at which the ro@Be gaiideaEfor medQirpptaadbidet (1 BEdshRI @RS RS that the
amount of reflected light m1 changed from the amount of reflected light of the road by a
predetermined 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
20 measuring an object to be measured determines that the amount of reflected light nl
changed from the amount of reflected light m1 by a predetermined threshold or more is
detected at time tn;.  The device 10 for measuring an object to be measured determines
that the amount of reflected light o] changed from the amount of reflected light nl by a

predetermined threshold or more is detected at time tns.  Thus the device 10 for

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



detection device 21 and the exit-side detection device 22 and the
installation interval D. [0038] 2The device 10 for measuring an
obj ect to be neasured cal cul ates, based on the characteristic
detection tine which is specified by the anmount of reflected | i ght

that is 10 ec m t he en ctlo eyi ce and .t he
exi 1 - 51 do CHIAGENTH LB Tiabtnd W e eE e Erdy e AT i s s ettt
the entrance-sjde detection device 21 and the exit- S|de detectlon
devi ce 22, Whidieisghanged Oy thy predricrpupsdtheesheld o moreiiemdhaemenniof reflected
detection time in any one or both of the entrance-side detection

devi ce 21 lighbtwhish h@s(%/q enPraleousbyt detedtesh agitheicbara@@riftardepatibn time tns, the
correspondi ng rel ationship of the change in the anmount of 15reflected

l'i ght. | ncharheerissierdissctibemden), aed he chahctiRaRkeldtdom fineh £6hsel @n g
measured cal cul ates the velocity V4 by the equation of "velocity V4

of thesvelhhft AQeffeddd N3 $B)ch iV ?éc@&e@ e nfink ke {El‘?:%efe%pgh §RhcelBt ween

the characteristic detection tines and thelnsta ation 1 nterva D

for the amount eqt. . ice i,N

obj ect to be rregrfs%(?@tﬁdd Cg[ll?gj Su{ngm} aglehe\fg{]%‘%ﬁ%m‘%eévo?%ép 5(?5%‘5{
"velocity vehj.cl e 2030, =1) (tn4-tni )" using the d|fference

(et BB PTRRERU de i ers s ShBr et Qe g o < e

installation interval D for the anmount of reflected light nl. The

devi ce 10 chypclppgiodetasontimetinecthe chapeensigsistastion Hineuhat s charecteristic

velocity V6 by the equation of "velocity V6 of the vehicle 30 =

D( t n5- t n2)eteatsemigme be <dhé tleranaetit daGetim2imbaiyveen the characteristic

detection tinmes and the installation interval D for the ambunt of

reflecoed 25 | @By ol. In the present enbodi nent, since the
velocity V1 which is cal culated using the characteristic detection
time specified ?'in t t

is calcul ated us?{%g t ar ae'g?jerl s db @%eﬁﬂgaﬁh{&gﬁéﬁéﬁgéi asé/f'oﬁgﬂ{

char act or FureeTies ﬂ?@fwﬁﬁnhﬁw%"w@?ﬁ%@i TR

Accor di ngl ssuned that the velaocity V4 is not used in the
fol | owi ng %Pa’ééé Bythe eomase-siderdstrghon H%Vl%%f;@%%é%%,de&eﬁ@rd@ﬂ@@z
10 for measuring an object to be

and the installation interval D between the entrance-side detection device 21 and the

15 exit-side detection device 22, the velocity of the vehicle 30 at the characteristic detection
time in any one or both of the entrance-side detection device 21 and the exit-side
detection device 22 for each corresponding relationship of height information. In other
words, the device 10 for measuring an object to be measured calculates the velocity V1
by the equation of “velocity V1 of the vehicle 30 = D+(tn3-t3)” using the difference

20  (tn;-t3) between the characteristic detection times and the installation interval D for the
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 (tns-t11) between the characteristic detection times and
the installation interval D for the height information B1.  The device 10 for measuring

25  an object to be measured calculates the velocity V3 by the equation of “velocity V3 of



10 measured cal cul ates the velocity VI which is cal cul ated using the
characteristic detection tine at which24he height information Al is
detected, the velocity V2 which is cal cul ated using the

characteristic detection time at which the height information Bl is

det ect ed, 3 t .
character |hfse{1:r:‘e C ? tec M t%ﬁﬂ@\%‘iﬁﬁ&%ﬁ& (ﬁgl %ﬁﬁ@w#égﬁﬁ% ]il:"lcr)zrilct‘fifllSmC
detect ed, ,t he.velocit V5 whj.ch is cal cul at.e

char act er P&E§t Pnfgaist@)étth%ﬁsﬁall?@“dp ; g)ntl q‘ﬁﬁ%& H&OIH?at‘PéﬁlectTé'S device

light nl is detected, the velocity V6 which is cal cul ated using the
char act er il §forgnefsuiang aropbiedt e bameppirethcal pwatestbanelogity V& by dles eqvativn b
ol is detected, and the velocity V7 which is cal cul ated using the

character i‘@diémwd‘él eftht @bhitierd® -aD-+ihi-t30)t ixing hadiffsredoagrsit30)detvaech ekb
[ 0040] 20FI G is a diagram showi ng a rel ati onship between each

char ac{ er b%a&exﬁﬁk%febﬁ&l {itnB®at %@thé%%?éurr%cﬁ%' (%o c (166 tHeSnandeEde

characteristic tection tine. oW ng

et act | onOrERen d5vie 2m"8ﬂ14%'&a%%% G BB e e ol e SPEBERE N

the velocity Vi [pg)s%lgul ated by the device 10 for neasuring 25an obj ect
to be neasured [ the characteristic detection tine t3; 26 a

rel ati onshi p between the characteristic detection time tni at which
the amount of r&hd devieedl( foghteastingsan@diesttode rasrurct salvelates; haged/en the
cal cul ated by the device 10 for neasuring an object to be neasured
usi ng t hecldractaddtierdetiion thet ediidhoin spdcificd\By; tha amebiat dfeeidetdd 1ixdt waenr
the characteristic detection tinme tn2 at which the anount 5of

refl ecd edréobﬁea fiehsthdehesaicediRnBidchsn awlwz t éhd\(ﬁe eaik-sidk aét%@lmpydévkt% 22

device 10 for neasuring an object to be neasured using t

character IEch{ #hg %‘?z%i?aﬁ%)h Medvhi s b%een the Vﬁtraﬁcéﬁggﬁggﬁﬁp'ﬁvf? c.rl]thtehe

char act er ron trne | on Bl
5 derectsd it Aol sty 2 ealsulphed by e v ce 0o o
time tI 1; 10a rel atianshi tpthgeelt]t\pfnecg_S}dgedegegﬁgggév?ég ?',Slt i c det e_c_t iton tinme
£ 23 at whiigls 1nABY peg ¢fHioth o and the exit-side
detection device 22 for each corresponding relationship of the change in the amount of
15  reflected light. In other words, the device 10 for measuring an object to be measured
calculates the velocity V4 by the equation of “velocity V4 of the vehicle 30 = D+(tnz-t3)”
using the difference (tns-t3) between the characteristic detection times and the installation
interval D for the amount of reflected light m1. The device 10 for measuring an object
to be measured calculates the velocity V5 by the equation of “velocity V3 of the vehicle
20 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 n1. 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+(ins-tn,)” using the difference (tns-tn,) between the

characteristic detection times and the installation interval D for the amount of reflected



information O is detected and the velocity V3 cal cul ated by the
device 10 for neasuring an object to besnmeasured using the
characteristic detection tine t23; and a rel ationship between the
characteristic detection tine t30 at which the road surface is
detect ed ?nﬁt the velocity V7 cal culated by the device 10 for
neasurlng object to be neasured using the characteristic
detection tinme t30. [0041] e device 10 for measurin

an
obj ect to be neas@ﬁ@a%ﬁmﬁm%eﬂe&wéeeveﬂew WYlmdzghi lﬁ@aIP‘éﬁtﬁgﬂlélﬁgﬂﬁeps
bet ween the characteristic detection tinmes shown in FIG 5 and

vel oci t i esharattenstistdstechon time sgesifiekbyl thehoightrimdiorurating Adrandbfieetlodity e
measured using the 20characteristic detection tines fromt3 to t30,

t her eby cahieH 3ichloglatedaisingthetiardotsnptib dokctidietiniebpee! fed3.the amount of n
this manner, the device 10 for neasuring an object to be neasured

cal cul at e%eﬂe!@ﬁ‘ed‘&?éﬂ't gl16ré 86 Rek usthg Eﬁ%esaﬁx%r&hﬁxja@telagld@t&ﬂoﬁﬁﬁﬁ yelarl ty

at the characteristic detection tifme at whi each characteristic of

ana opt i cPnanarRH At Bk PRERALL Y GRS ?ff‘f ol v §1 BT hacRRes

vehicle 30 .27 Th ich is an object to be neasured IS detected [0042]
Here, usudl iy fOHOWIRE PINCESSSE cal cul ati ng t he length of the vehicle 30,
if using the detection tine Ti of the vehicle 30 in the entrance-side
detection devi c803®] the traveling 5tine (detection end tine) T2 of
the vehicle 30 in the entrance-side detection device 21, a tine
interval t fronloegh theeaboeb pricessdl) thesdedtateddtfodmemsuting ar nbjeainodesi de
detection device 21 to when the vehicle 30 is detected in the

exi t - s de nelataed cabulgRyY ikeeltity MIOWAIOR id disduddtbBidiNthk Rhabmadistle detection
bet ween the entrance-si de detection device 21 and the exit-side

detection %th%lalzﬂ'le hBgnVRlHati¥n X198 alP&ed §Y Fi&iS X Twhich i Salculated

cal cul ate

using the characteristic detection time at which the height information B1 is detected, the
velocity V3 which is calculated using the characteristic detection time at which the height
information Cl1 is detected, the velocity V5 which is calculated using the characteristic
15  detection time at which the amount of reflected light nl is detected, the velocity V6
which is calculated using the characteristic detection time at which the amount of
reflected light ol is detected, and the velocity V7 which is calculated using the
characteristic detection time at which the road surface is detected.
[0040]
20 FIG. 6 is a diagram showing a relationship between each characteristic detection
time and a velocity calculated using the characteristic detection time.
FIG. 6 shows the following relationships:
a relationship between the characteristic detection time t3 at which the height
information Al is detected and the velocity V1 calculated by the device 10 for measuring

25  an object to be measured using the characteristic detection time t3;



10and thus it is possible to calculate the vehicle length L of the
vehicle 30 using the expression L= (Dt26T2-T1). However ,
al t hough the vehicle length L which is cal cul ated by the above
expression is a substantially correct value if the vehicle 30 noves

at a constant vekdgidnéhipdRiwdeRehe/@laprtdriéti¥ dettQRNMBhOG, by wﬂi‘eaﬁ?he”é?ﬁount

becone a correct value if the vehicle 30 passes between t

3

entrance- §j i .on: i t Xi.t-si.de detect.io evi ce
22 whi | o Chans il SR AN UEELEE o BT B B EEHERL B R g 85 oy
measuring_an object .to neasur ed accordi ng to 20t he present

enbodi rre%fmé%ﬂr EUe: Rﬁbf\}a?ﬁsme qsﬁlﬁd'ﬂ%%f?gwlﬁfl‘éﬁﬁ%?mﬂﬁaﬂ%Hahge in
the velocity depending on tinme elapsed using the velocities V of the
vehicle 30 at pfiglaflonshinbseycenithe sharastaristie flefpctionitinge tng hewhish the amount
calculating the vehicle length L of the vehicle 30 with high

accur aty. of reflackdd lighty it detedtad gerthavetbety 66 celbalardtbenhstidvic «df for he
vehicle 30, the nore accurate the vehicle length L. Therefore, not

only the gepef®hgim obhat aticahtahicd udhBYhe dlasRidrREc QRbEGEA time _
characteristic is used. Since the optical characteristic is used, it

is 28 possible, ;gatgﬁ,gmgtbem%n ?rthﬁ%}mj%feirﬁti@gét€ctfbmﬁﬂ&&??a% %iﬁ% gﬁéé@ﬂélﬁr

and to nmeasure nore accurately ocity or the vehicle L
of the ve 'f§|§ a, on .t he cha in the ampun f re cte )
li ght acc@r i naél%g OEP]I %?gtgﬁtgﬂéggm? VF&%Wéfﬁ?"éﬂl@&gW ﬁlﬁglewf‘kib %er”ﬁ?aﬁ‘é“ng
the portions of the vehicle, even in the box-shaped vehicle 30 such
as a bus &R PWePdede measliRd veing B phgecierstiqdeterdighdme & lichar act eri st c,
for exanple, the vehicle height. [0044] _Then, the process flow
of th&ldevi ce 10rdl@ionaiindarvesy thechabjetristic detbeiondasai2d dt whbrtbl gjghto
the present enbodinent will be descri bed.
information C1 is detected and the velocity V3 calculated by the device 10 for measuring
an object to be measured using the characteristic detection time 123; and

a relationship between the characteristic detection time t30 at which the road

surface is detected and the velocity V7 calculated by the device 10 for measuring an
15 object to be measured using the characteristic detection time 30,

[0041]

The device 10 for measuring an object to be measured integrates expressions
indicating relationships between the characteristic detection times shown in FIG. 5 and
velocities calculated by the device 10 for measuring an object to be measured using the

20  characteristic detection times from t3 to t30, thereby calculating the vehicle length of the
vehicle 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

25 information) and optical characteristics (the amount of reflected light) of the vehicle 30



FIG 7 is a diagram showi ng a process flow of the device for
measuring an 10object to be neasured a@gording to the present

enbodi nent . First, the input unit 11 of the device 10 for
measuri ng an object to be neasured sequentially receives the

det ecti on I mati on, an anount of reflected
l'i ght, deF@%@P@ano'%EHgégﬁﬁggggﬁg ﬂ%e@ entrance-si de detection
device 21 and t it-side detection device 22 at a predeterm ned
time interval Eﬁ%ﬁﬁlng on tinme el apsed 15(step S101). Then the input
unit 11 reads the height information, the amount of reflected |ight,
the detection t Ffess usuabin ineagreiceal qubmingitmianstiuel &1 vebickedbiilusing thom
the entrance-side detection device 21 or the exit-side detection

devi ce 22deoomtimpli ©f twrshivkt 3bm thetaramat-sok dofectidreddvidedtt the traveling
information, the detection tines and an identification nunber

(i dentsfi ciatd (@stetrivingld ting) T2deMhd Yahidlg 3anyihereutcetshR RN E8visd TE a
20det ection device 21 and the exit-side detection device 22) of the

det ect i on (davih ey MbE6H WRhakt %ﬁfa@ @m@détﬁgedﬁﬁ' %Ent%ﬁé-@ﬁ@ﬂ@fé!ﬂlﬂlrdev

rel ati onship deter m nation unit . Furt I nput unit

he h h f .' )
e et 90t LA B i.bﬁlsﬁ?%@ts@é%ﬁﬁe%%ns?%f’ec AL e
conbi nation i f.ormatlo f the amount of flected |light, the
det ecti on ‘IESF%@EIO%H’(SH&#}? g%‘ﬂ‘tef”? F}@a?ﬂlfréﬁ*Fen%‘i‘Po ccpion idguiRe & arihe sxitrifieber

for identifying any one of the entrance-side detection device 21 29
and t he exetectorddevaet?acthiconlodiy vod tik2)ehafe 3the et eotalamhatetbvi ce whi ch
detects themto the signal strength corresponding rel ationship

determpnati on upid thiit if P6kdble bhdRulatd@e RehiBlR el L%m@m:hfwe 30 using
rel ationship deternination unit 13 receives each 5piece of

i nfornati %%Hsﬁﬁﬁ)ond' ng to the hei ght information and the detection
time in the e es of data of "information input fromthe
entrance-side d t 1.0 ice 21" shown in FIG 5 and each piece of
i nformation cor _H&?%gﬁgo t he height information and the detection
time in the exa Ies of data of "infornmation received fromthe

exi t-si de det ecHowavereslthoagh e vehicle length L which is calculated by the above

expression 1S a substantially correct value if the vehicle 30 moves at a constant velocity
15 ofthe velocity v, the velocity does not become a correct value if the vehicle 30 passes
between the entrance-side detection device 21 and the exit-side detection device 22 while
changing the velocity.
[0043]
Therefore, the device 10 for measuring an object to be measured according to
20 the present embodiment calculates the vehicle length L in view of the change in the
velocity depending on time elapsed using the velocities V of the vehicle 30 at plural
characteristic detection times, thereby calculating the vehicle length L of the vehicle 30
with high accuracy. In addition, the larger number of characteristics of the vehicle 30,
the more accurate the vehicle length I..  Therefore, not only the geometric characteristic

25  but also the optical characteristic is used.  Since the optical characteristic is used, it is



10Further, the signal strength corresponding rel ationship
determnation unit 14 receives each i n28rmati on corresponding to the
anmount of reflected light and the detection tine in the exanpl es of
data of "information input fromthe entrance-si de detection device
21" shown & I; I ; [ nmount
of refl ecP g%ﬂﬂ:g (tié%&ﬁg% tcﬁgﬁ%ﬁgt"gf:@:}égﬁ}al{%&%b?ﬁgoéégéﬁg\eé%r%&%ﬁt a of
"information i 15from the exit-si detectj.o vice 22". [0046]
ench 11 meeeanSithe e S v R PRl SRR b SRl bone it B abingivon
signal that is trapsmtted fromthe entrance-side detection device
21, the helEgHrowEbet slpeed ek acerrdinedn ds ghanrs aiths materials onielikeForming
conpares the received height information with, for 20exanple, the

hei ght i ntlerpretionsrolwke whidesviremthe boeshapdd velscle3hsugr @vd ousshivh less
(height information included in the detection signal transmtted from
t he enfr anmeust diehaeieds theamtot@iti Cehaitjeristic, dot &hfiphe hwhehivds hdisig.
recei ved height information changes by a threshold or nore. Then, if
the height inforgmtjon, in which the change is within the threshold,
is received in a row a predeterm ned nunber of tines or nore, the
hei ght correspondi i I termgnation unit. .1 termne
he det scti on 11 e asRe s SN e Rs TP Rk SR A bR O RhhER
is received at. the earliest tinme ann respective pieces of height

i nf or mat i 8FFF4PE F%@e\li’fﬁ‘tsﬁ‘?tr?@:}?@“?ﬂ}té‘gﬁg?H?Scé‘ge‘i\ characteristic
detection time at which the height information is detected first in
t he entrance- si HE.dels @diggsam dearive aproqess Bpw 8f Ur)devive foprenessuring an of
FIG 5, atinme at which the height information Al is detected 5first
by t h&0 enbbjroicte-bsintasuted ectording tethe pees@it eirbodiebentm ned as t he
characteristic detection tine t3. In a simlar manner, a tine
at whi ch the heFgt the it BB 1 9B tHeldebRe dorQGhORufihg &t oB¥ctitd 8e measured
entrance-side detection device 21 is determned as the characteristic

det ecti ongdqudBtially receives the detection signal including height information, an amount of

reflected light, detection times from each of the entrance-side detection device 21 and the
exit-side detection device 22 at a predetermined time interval depending on time elapsed

15 (step S101). Then the input unit 11 reads the height information, the amount of
reflected light, the detection times from the detection signal which is received from the
entrance-side detection device 21 or the exit-side detection device 22, and outputs
combination information of the height information, the detection times and an
identification number (identification number for identifying any one of the entrance-side

20 detection device 21 and the exit-side detection device 22) of the detection device which
detects them to the height corresponding relationship determination unit 13.  Further,
the input unit 11 reads the height information, the amount of reflected light, and the
detection times from the input detection signal, and outputs combination information of
the amount of reflected light, the detection times and an identification number

25 (identification number for identifying any one of the entrance-side detection device 21



t 11, atinme at which the height information O is detected first by
t he entrance-side 10detection device 229 s determ ned as the
characteristic detection tine t23, and then a tinme at which the

hei ght information of a road surface is detected first by the
entrance- ghilfheAalRidd &@ecg@e{heﬁo@éz)'o%u%eae%c%ﬂg% iPE whith FRBLAGLETS B!
detection tinme t rtron, 't i's assune at acarac eris
detection t| ht he toa d surface is detected
first is &&6M SitrggﬁtphWFsr?oﬁglpgﬁggt nsﬁm lﬂgl B‘rjitlgl nf or mati on of
the end of the l5vehicle 30 is detected at the last time. [0047] In a
simlar manner, [®4eh tine receivi ng the height information included
in the detection signal that is transmtted fromthe exit-side

det ecti on devi céhps thetleaght sbgénponding eslpiomdhip gleteshaatiomsihit 3 receives each
determ nation unit 13 conpares the received height 20information

wi th, $or pexaopldornidiien beirgdpbnding ar it nibrafatibaandeeefcetai N@e ione
time previously (height information included in the detection signal

transmitt gg daRiPdse deior -irsiaaaeh &Rl ﬁ‘BmCtﬁé’ leﬁ’t?an%@-)sldTe Qefé@ﬂ(ﬁ'{) {@ 217

whet her the received hei ght I nformation changes hr es

nore. The r I. S, W|th|n
the thr es h?‘lcfirt mlt@%rgg‘lglg\%cﬁ ﬁ%&aﬁ%@vpﬁatﬂrﬂe@%ﬁ&d gﬁ ?Pb%%%té‘?fo’fl?wg‘
or nore, 25hei ght .cor.respondi I at hi determ tion unit
75 ot or nPRGEoA0R dEEbieraap of G bb SpENERHG [GoNFoh AR GnEat-side
information which is received at the earliest time anong respective
pi eces of dpéptm daviedmation falling within the threshold as a
characteristic detection tine that is detected first in the exit-side
det ecld on devi cEuizer(tht efgnalsh8hgth lcnrredpending nglhtéorshipFde@rmmatian thire4 at
whi ch the height information Al is detected first by the 5exit-side

det ect i onr&teiics @achaAnfosmaRéLEdiiedshdat ke ﬁﬁ@lﬁtﬁ%‘f%ﬂe@ﬂeﬁ GigHedrRGhe on
time tn3. In a simlar manner, a tine at which the elgﬁ I nf or mati on

Bl is det %%rﬂﬁxﬁ@% n ¥ ekdifip! @g(bitdagéé telﬁf?)hﬁﬁ‘tlidn lﬂp?ﬁgdrﬁﬂ]e?g\tlja§ etsz%

deternlne as t aracter strc ction tine
t he helgh exi t

ot ecti on esON ELABCA - Shoks s F1CE Sl ehel BhRlubhFo &bt fhg Gupe gmount

time tn7, ?nd t he ﬁ tlrre at which the height 10information of a road
surface i 8 E?éleef@fiéla fanddpe Bfgﬁefttwa ting w.the @éana@@%&da&ﬂfde%@at@z inpnt

determ ned as the characteristic detection tinme tns.
15 from the exit-side detection device 227

[0046]

Each time receiving the height information included in the detection signal that
is transmitted from the entrance-side detection device 21, the height corresponding
relationship determination unit 13 compares the received height information with, for

20 example, the height information which has been received one time previously (height
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
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

25  relationship determination unit 13 determines the detection time corresponding to the



[ 0048] Then, the height corresponding relationship
determnation unit 13 classifies the characteristic detection tine
t3, the characteristic detection tinme 30, the characteristic
15detection tine t23, the characteristic detection tine t30 which are
determ ned for the entrance-side detection device 21, and the

char act er ihgighe indernfeibh Whidh BPedeRRd at e caNMREARKEHSH RsPIREGS bt dri M
tn6, the characteristic detection tine tn7, and the characteristic

det ect i on 1fiJwe; i : . j f kL Syl . det: | ON.
dovi ce. 22 T ultimatOh BlIAL Giel B HeaEld & o LSRRt BEREATAEH Bffcn
i ndi cating_the sa orti.on 200f -the yehicle 30 sed gn .th al ue
of 't he. hotnieeRAPRER S BeBHeY S 15 hfetinc s lerin ACHPEs et ep
S104). In b er words, since the difference between the val ue of

hei ght i nfsg t ilBHhe Fxampiesofddte 61 2imppt Which dha hedglt dnformationed bistdetnsted
device 21 at the characteristic detection tinme t3 and the val ue of

hei ght 5i nifisstreatthoenttange-sids ddisteat davids\2 1tin determined asihe dbarecttiiviv dieetioe
22 at the characteristic detection time tn3 is a threshold or |ess,
25t he hei ginie 8orrespondi ng rel ati onship determination unit 13

determ nes that they belong 32 to the sane classification. Then, the

hei ght correspong Bghil:2hahhang Bhi a@%ﬁh%@ﬁ%%ﬂt{lﬁfb@fnﬁti&ﬁBﬁss&?%zémst

the height information Al that 1s detected e entrance- si
detection i : characteni-sti.c detection tine.t3 with the
char act er ibg;ﬁl\{ éc&grea?‘é%% | 8%9@9@ 4@,&62& dés Qest %lpéf%gsth? ﬁléarﬁcgi?résl&u]f deletfion fifie
i nfornmati Al.that .. etected by the exit-side _5detection device 22
ot e, chal et Sy BE SERRE RICTIRION £ A RIER 6% R AN s
detection time tn3, as the classification information belonging to
the safie dpigser devige 2dnis detsmained as the chntagiersiic detastioh §mgudd eng ileni adérde
in the second velocity cal culation unit 15. [0049] Further, in the

same mannet whhribehdifie iolfofheti@nde toed weéne ihdetacddifrsoby theiegtiince-side
10information that is detected by the entrance-side detection device

21 at the deafiGrddidestliis ddetmmkd adtht icﬁﬁa&tl‘:}i%@rﬂ&&ﬁ@n ¥ale4s0. of Inhah@lh, it
e

information that is detected by the exit-si
is assumed that a characteristic detection time at which the height of the road surface is

detected first is coincident with a time at which the height information of the end of the
15 wvehicle 30 is detected at the last time.

[0047]

In a similar manner, each time receiving the height information included in the
detection signal that is transmitted from the exit-side detection device 22, the height
corresponding relationship determination unit 13 compares the received height

20 information with, for example, the height information which has been received one time
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

25  height corresponding relationship determination unit 13 determines the detection time



detection device 22 at the characteristic detection tinme tn6é is a
threshold or less, the height corresponding relationship

determ nation unit 13 determ nes that ﬁhey bel ong to the sane
classification. Then, the height corresponding relationship

determ nation unit 1513 associ ates the height information Bl that is

det ect ed byrrédpenéing tamedeRhdmfsiatagch whichde véceRed it Mk chiiest time among
characteristic detection tine tll with the characteristic detection

time ti 1resﬁ@&iﬁe_‘b‘i‘ec@?bﬁﬁgigﬂtr?ﬁi%ﬁﬁmdn%ﬁﬁ%rvgglf[’i'xré tﬂe%hﬁ%cﬁ@%@gclwa&%}lﬁgg

exit-side detection device 22 at the c ristic detection

tné with >hay: t.Stl ction fi as the sifjcatipon

i nformati g%%@m@%}% iso&eﬁ%eq@ﬁg@é‘fea%‘éﬁ'gﬁ%g‘%’%w,“ dt%zcggﬁ ?%epoéi (5\531 tﬁ]en
into the 20queue provided j.n the second velocity calculation unit 15.
Fur Cher . fF P rielime ol HaEh Cha it fREPE ot tsGiecteld ey S

of height information that is detected by the entrance-side detection
devi ce” 21 e¥if-sidgaletetioradevaga 2% is deiganived pvihechmectedgicatetectine tiveltue  dh a

hei ght information that is detected by the exit-side detection device
22 at t he soidaracineern, 8 tine d ethédt the heighnafdrmétios Ba i datesddfidt by theess,

the 25hei ght corresponding rel ati onship determnation unit 13
det er m nesgxitRife deft@ioPEVIRDA B deBBninbE a$ ARS8 Asd &?_égti@ﬂtim@ﬁﬁ@ati%ﬁe

hei ght corresponding rel ati onship determ nation unit associ at es
t he hei ght; | I i:on hB .en - Si de. .
detect i on el BN ifonhiln CF R ERNI by ByROLS BERAY ik e

characteri,stic. detection tine.t and the height informtion Cl. that
< ot ect daelyingRa® BicPRabsEinRhiot B Amsdi age $50 ¢ Moy which thefeight
5char?ﬁt eristic detection tinme tn, with the characteristic detection
time 1%7, mHermationafadend suteee rietasted firaithydhe pal-sigidaigetion davicegarie
classification, so as to be witten into the queue provided in the
second veleleityed as thalchaiacnristiv detebBon [iG@S0J. Further, in the same
manner, since the difference between the value of height 10
information (ropm4gprface) that is detected by the entrance-side
detection device 21 at the characteristic detection tine t30 and the

val ue of hei ght TjhéH,%&w&gﬁ@o&é@taﬁdiﬁu&ém&ﬁmﬁﬁ%&rﬁlﬁmﬁsﬁ fifiit £61 R ﬁ%gthe

. ) i
exi t-side detection devite 22 the characteristic detection ti

deter i narlBRoARE Blci Ameiidnd Blelio REE EERERENAS b bR e RAsRtBic
classification. Ther& t he hei ght ,Cé)rre,s ondi ng rel atiagnship
et b5y Aeie i U 123 B b BGeR M SR Sate G0 MHRATh AT G neh & U

detected by the entrance-side detection device 21 at the

char act er FRfgnecgidedisiaction devies 20 and the chiacieristicadatentios time taethect i on

time 130, and the road surface height that is detected by the

exi t - si dechreteetistondethetiore 8m2 2nathetcheracleasticdetedtioh tinedas, @ad iken ti ne

tn8 with the characteristic detection time tn8, as the classification

i nformati gRark&@t@ARi dREctith e RAMECK hRSRtd R 8 the exit-side detection device
22 for each corresponding relationship of height information indicating the same portion

20  of the vehicle 30, based on the value of the height information corresponding to the

detection times (step 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
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,

25  the height corresponding relationship determination unit 13 determines that they belong



20so0 as to be witten into the queue provided in the second velocity
cal culation unit 15. [0051] Then, as described above, the
hei ght corresponding rel ati onshi p deteP#&ination unit 13 repeats the
determ nation of the characteristic detection tine based on the
hei ght informati on detected by the entrance-side detection device 21

and the exd theshaie chedincdtionn zﬁge,wile%i@%,coﬁeﬁaoh@mﬁ%laﬁs&isﬁiip%kjrﬁnqaﬂtm
the characteristic detection tinme. The height 34 corresponding

rel ati onshi,p 19et&cHddhd ﬁée?g%gf;lfé)ﬁglg%@oﬁpﬂ{a?% %e;éﬁ%e{@ﬁygﬁé ?ﬂt%gé-lg@y on

which is received wth t a roa store

advance, and if it .is,.determned that the height .inforpation whjch.is
recei ved ?gt%?tﬁ%] (#Fé/ilc&?ti ﬂgﬁheacﬂﬁ%%rlsg%éetﬁi&ﬂaE?ﬂ%fgr\}’lgg%ﬁgiﬁ‘ﬁgerlstlc defection
rel ati onshi Seterm’ nation unit 13 wites vehicle traveling

i nf or mat i Sﬂ%st' rhdaseaciades: thaheighldninematen AL shas isdetectedinothg BXitHide
entrance-side detection device 21 and the exit-side detection device
22 intd t deteptirnudayiger2d\at dechiaractenistic daentpnvimlom; wihdlkd chakatdristic uni t
15 and the first velocity calculation unit 16. [0052] Subsequently,

t he secondeteefiaciimy tgadsahit alassdfication infdfmatRadi|dniimptto Cheaficld B atican,
10i nformation fromthe queue. The classification information includes
a pair of s hetodrawAgdeintcSht iH&Nintd i L @Rtun
information Al detect elg]tozlg}bgl Hg%élﬁﬁlgﬂgg-tgggegbgg?gg%lﬁgﬁdﬂ%%}lg)@eu nétllsat
the characteri sid(%gget ection time t3, or a pair of the characteristic
detection tinme tn nd the height information Al detected by the

exit-side detect.ion devjce 22 at the char eristfic detectjon tine
tn3. The secondh}'glfl%c'?]tt %@E@]e&tsﬂ’@ﬁ%&&"f@% Hyespiicvawe of height
characteristic detection time t3 and the characteristic detection
time 13 iHemuon tha iy decdedbsibeicomancsrrideadesactian dovicehl atthe sharedetistic
cal cul ates the velocity V1 of the vehicle 30 at the characteristic
det ect i ondeteateont t3notl ltdnd thdrealac o Bhdight infodedteatthatis tétased M3the vxithale
equation of V1=D(tn343) (step S105) using the acquired tinmes and the

i nst al | at idemctidi @vicrl220t tRnhamicictiotc ddieetivatded thy is\ thilkQd bhRsgygue
provided in the 20l ength calculation unit 17 in association wth any

one 1 L EREAELR £S5 oA S O AT
vl Y. Y A RS b PP PR B e o
17.

15 13 associates the height information B1 that is detected by the entrance-side detection
device 21 at the characteristic detection time t11 with the characteristic detection time t11,
and the height information B1 that is detected by the exit-side detection device 22 at the
characteristic detection time tng with the characteristic detection time tng, as the
classification information belonging to the same classification, so as to be written into the

20 queue provided in the second velocity calculation unit 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

25 height corresponding relationship determination unit 13 determines that they belong to



[ 0053] 25Here, the second velocity calculation unit 15 determ nes
whet her the information 35 which is subsequently read fromthe queue
is vehicle traveling information (step 38106). Then, if the
information is not the vehicle traveling |nfornation, t he second
velocity calculation unit 15 repeats the cal cul ation of the velocity
of the veliedateIDskiFicaton hahehanardight @%@dﬂ&n@%ﬂaﬁéhshlﬂ"&térﬂﬁ:ﬁdﬂi@ﬁ(ﬂmlt”
the classification information. In other words, 5the second vel ocity

cal cul ati 98 Jcfatel e 1?‘@%& %ﬂ%ﬁn&ﬂﬁs@ﬂfﬁ Pl d%te@t%ﬁ'b t éﬁéﬂ Qcd- EEEQB&E‘&*&“
fromthe queue. The sifircation 1 nformation ésa arr t he
Coreared HEvibEal BEF SRR dilepdof ﬂaﬁ L otz PR o, 23,
characteri sél c detectl on tine air of the characteristic

det ect i on 284 He heredt iiermation fdi fgﬁtls ﬂﬁf’@? Y thsrexpsideedeisotion dexjics hbat the

exit-side detection device 22 at the 10characteristic detection tine
tn6. The shwaeieristgldstsction tailedud with tw chaacted Sicatatpekine inteliey, as the
characteristic detection tinme tll and the characteristic detection

time trl6clasdficadied informhitéonciokairdgd toalid Simd NAseifivation Bo whiotle Wwisttdreiath the
calculates the velocity V2 of the vehicle 30 at the characteristic

detectiong hédég}rbwaéd Brthé BRoRMIEBEHLEN ST AondRfEGt 1 on tinme tn6 by the
equati on of 411) using the acquired tines and the

instal lation |n®r D, and 15writes the velocity V2 into the queue
provided in the 1T éngth calculation unit 17 in association with any

one of the characteristic detection.tine 1 and the haract istic
et oot on 1L mar B ihe samia s Cinshi erncs peveeh e Jaear gt
t he vel oci tty V2 and the characteristic detection tine tll are

aiaa

associ @t ednfameation(faad suifaged thakis detrsted byrtbe prefeance-aide etertéonyddyice 21 at the
calculation unit 17. 20[ 0054] Further, in the sane nmanner, the

second vekbarattyrigmldetection tmeudl andithe valael sf hdightdnfosmatitentroad surface) that is
classification information fromthe queue. The classification

i nf ormat i decetta by tesexat-dd det€tioh ASvieh 2P acthe tharhdteridRtRELIG itk 18 ib 33
and the height information C detected by the entrance-side detection

e e 2SR ST RS AT (A e
det ect ed Pr}ét they belong to the same classification. Then, the height corresponding relationship
15 determination unit 13 associates the road surface height that is detected by the
entrance-side detection device 21 at the characteristic detection time t30 with the
characteristic detection time t30, and the road surface height that is detected by the
exit-side detection device 22 at the characteristic detection time tng with the characteristic
detection time tns, as the classification information belonging to the same classification,
20 so as to be written into the queue provided in the second velocity calculation unit 15.
[0051]
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

25  device 22, and the classification of the characteristic detection time. The height



36 the exit-side detection device 22 at the characteristic detection
time tn7. The second velocity calculation unit 15 acquires the
characteristic detection tinme t23 and Bfhe characteristic detection
time tn7 included in the classification informati on which is read,
calculates the velocity V3 of the vehicle 30 at the characteristic

det ect i oncoirgSohdidg edlatidnehip GhRfrafhagsn st €3 dahpatd M8 htighBinfdhhaliyn WARh
equation of V3=D(tn7423) using the acquired tines and the

instal |l ati L : i : i i Ni.0 .1
provi ded |nphe ] e el AdAaillR SGP o, alt B0 Be e
one of th racteristic. det,ection ti 23 a he racteristic
et ect i ontE BB REGTHiRien SEGL ekchistdh hETeRM of { Bl BEAGHT hat < ne
velocity V3 and %.he haracteristic .detection tine t23 are associ ated
and 10w i FPREFSPPRYIBE fﬁ@l%%aéeﬁf%aa@aumh 13 maitgserehicly Eaicling BMPgRtian; t
17. [0055] Further, in the same manner, the second velocity
cal cul at i onlieating ths theebila Hepasadsshpueh theainirerderjideaddtention ditvicndl mah
fromthe queue. The classification information includes a pair of the
char act er tistdxit-ddd daedtion devioe22 afo drdpehe grevigid ini thé escond veocity oad
15surface height) detected by the entrance-side detection device 21
at the chgilechesn siit 65 ARt @6 Fir@RelocAP cABula®n @iPpd.r of the
characteristic detection tinme tng and the height information (road
surface hei ght) Egct ed by the exit-side detection device 22 at the
characteristic detection tine tng. The second velocity cal cul ation
unit 15 acquires the characteristic detection ti. 00 d the, .
Char acter ot o SutsEgER BF econlytPAEY tHisdeden dHor e ol rSHicaen
information which is read, calculates the velocity V7 of the vehicle
30 at 19 he infpERationdrans theqlugee. e cthegassifivatiopingrmatien gelidaee pair of the
detection tinme tng by the equation of V7=D(tng-t30) using the
acquired tharegemgta delvetiomsmaltd and the heighemiainabpn andiewcidddsy thée
velocity V7 into the queue provided in the length calculation unit 17
in associ ahtr@iteWidehicapowdeied 2 It ighchakaedrRlic 3étkeQichalRets, 8Na hhifef thd3
and the characteristic 25detection tine tng. In the present

croos rerbikdchCHRRIER 0%, AR RIBE ARG AL, e it
queue pr O\ﬂgtggtgoni &VECQ%Z' at ﬂ%tc%aga%{e%gtlic? (Ilei:tgcrt]iozl{rtlljn%e ti%g? The second velocity
15 calculation unit 15 acquires the characteristic detection time t3 and the characteristic
detection time tns included in the classification information which is read, calculates the
velocity V1 of the vehicle 30 at the characteristic detection time t3 or the characteristic
detection time tns by the equation of V1=D+(tn3-(3) (step S105) using the acquired times
and the installation interval D, and writes the velocity V1 into the queue provided in the
20 length calculation unit 17 in association with any one of the characteristic detection time
t3 and the characteristic detection time tnsz.  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.

[0053]

25 Here, the second velocity calculation unit 15 determines whether the information



[ 0056] Then, if the vehicle traveling information is read fromthe
gqueue, the second Svelocity calculation unit 15 stops the calculation
of the velocity using each characteristfc detection time for one
vehicle 30 and wites the vehicle traveling information into the
gueue provided in the length calculation unit 17. [0057] In contrast,

each ti ne wiggeis\suhgqidiglyasaiiém dhe Gl @ciedibld fr@Rling MIHLHERHN| (Rep BE06).
10detection signal transmtted fromthe entrance-si de det ecti on

devi ce 21, Thth&r HedRRImIASERAbNHE QL QV\%IQI% Qﬁ@glirﬁ;gmf(ﬁ}n%ﬁ{n? Q?J' Vetloodty

determination unit 14 determ nes anoun

exampl e, - CASTAEE *e%i?f%p%?t?@i%‘%iwh%ﬂ R e o”ﬁfcief%asﬁ'@ths. ght

i ncl uded | the det cti.on sign transmtted fromthe entrance-side
det ect i on CHHGFIEESUEI9el4CtigR “H’&gn Bl in dheslqsstiicatien mspmmatiopr el Shevordy
conparing them Then, if the anount of reflected Iight, in which the
changeS3i s thi seRpnt Yehecityralogtsion unitd 5 meade iheeibsaquentrotassificpticediefoematiore d
nunber of times or nore, the signal strength correspondi ng

rel ati onsliiom thetqgewd. natheatassifichtichdinftehearion melidthepaebBot charadtiigic
corresponding to the amount of reflected light that is received at

the earli @sfectibr®maRDNhdtBs Héigﬁt' MR rAMRE S dotckeb) ﬁfete?ﬂaﬁéegﬁ&%&&]ﬁfoﬂg

within the threshold as a 20characteristic detectlon time at

d
e L L
t
RS VMR I AL R £ RLEA AT S

detectlon time t3, Further, in the sane manner, a tinme at which the
amount ¥ of CP@?Q’t@'éﬁtt@diquCBﬁﬁ* time the  ddieseqoad veloeky caleulatien wEEH? acgutes Biede
detection device 21 is determ ned as the characteristic detection

ti me tm characteristic detection time t11 and the characteristic detection time tng included in the

classification information which is read, calculates the velocity V2 of the vehicle 30 at
the characteristic detection time t11 or the characteristic detection time tng by the
equation of V2=D-=(tne-t1 1) using the acquired times and the installation interval D, and

15 writes the velocity V2 into the queue provided in the length calculation unit 17 in
association with any one of the characteristic detection time t11 and the characteristic
detection time tns. In the 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.

20 [0054]

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,

25 or a pair of the characteristic detection time tn; and the height information C1 detected by



38 and a tinme at which the amount of reflected light ol is detected
first in the entrance-side detection device 21 is determ ned as the
characteristic detection time tn2. [0058] Further, in the sane
manner, each tine receiving the anount of reflected |ight 5included
in the detection signal transmtted fromthe exit-side detection

devi ce 22 thd het-StiQaatctDndeniat D2 aoMhe RERAASHAR delcabh RSP The second
determ nation unit 14 determ nes whether the anpbunt of refl ected

li ght thatyejogi) A&k ﬁrﬁ% ﬂlect e I}B¥ cﬂar%&ﬁ s?f&%efécﬁfﬁn ﬂHl‘éiﬁH‘ &Qi[ﬂéaf or

exanpl e, the anount o I ght e anoun | i ght

i ncl uded | et on..si ra tted

det ect f on Cﬁ%f%%%&%fe%?hs? ‘ﬂms I pehRCRIhe LR pGREh frrqﬁ%n%»ﬂaﬁ%ﬂwea&y
conparing the Then, i.f the amount of reflected lig in which the
change i s @it fon Ui lqaiy el e velycle doat v@cfhmcr&rwWeéeqm@meetmh@a
nunber of tinmes or nore, the signal strength correspondi ng

r el ati dnskehipradetigicrdereatipe imerint byléhe dguationiofi ¥S=Dhétnehed38 abing the dcogired
corresponding to the amount of reflected light that is received at

the earli esiestah@EheanRMGtiod SREH/A] BEarRiWREHRE %e@eidcﬁ? herheshnt iggile ﬂraJ; héd‘g
within 15the threshold as a characteristic detection tinme at which

Bg?egwgﬂﬁ%g{?l ii@ftljbgﬁ%lﬁgndﬂ ‘%?%]8—} m ﬁg%ﬁg{gﬁg‘ggﬂ in?tonk ?f H%%hgéclten?ﬂ%c c?etectlpn
d detected f t he

ol ot e R b fpetsonaEBligss #eg&algpmﬁtﬁ@ﬁ % escohmbediBenC i

detection tinme tn3. Further, in the same manner, a tinme at which the

amount of armeddhaidhq Y%‘Pﬂltﬁ’n‘ﬁ and the charneeristicrdstection time taare assogiated and

20det ection device 22 is determ ned as the characteristic detection
time 1@l vaiktenantoithequeue whovidediih¢hedmgthtcaloblatied bdciad |ight ol is
detected first in the exit-side detection device 22 is determ ned as
t he characterisfiissfetection time tn5. [0059] Then, the
signal strength corresponding relationship determ nation unit 14

ggfg?ts ;5 'O‘;]' ;a;s rr;,h'?‘flli?mr RAGhSEdnSd antSHRE dcBRd VeiBEitf Srcdifon A BGk&lsiRe | ©

subsequent classification information from the queue. The classification information
includes a pair of the characteristic detection time t30 and the height information (road

15  surface height) detected by the entrance-side detection device 21 at the characteristic
detection time t30, or a pair of the characteristic detection time tng and the height
information (road surface height) detected by 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 characteristic detection time tng included in the

20 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-=(ing-t30) 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

25 detection time tng. In the present embodiment, it is assumed that the velocity V7 and



39 characteristic detection tine tn2 which are determ ned for the
entrance-si de detection device 21 and the characteristic detection
time tn3, the characteristic detection3¥ine tn4, and the
characteristic detection time Mb which are determ ned for the
exit-side detection device 22, for each corresponding relationship of

t he amounthefharaeterield @dedtioghimd BJiafBdskd\Gated hitBwhABRINROMeiABudrot1agd in
vehi cl e 30, based on the value of the ambunts of reflected |ight

cor r espongidygndiR hIeQaf& &6t ien times (step SI09). In other words,
since the difterence between the value of the anpbunt of reflected
light that is dﬁoggijed by the entrance-side detection device 21 at
the characteris etection tine t3 and the val ue of the anount of
reflected light_that_is detected by the exit-side detection device 22
at the charact eﬁ'@‘@ Pghﬁﬁ%ﬁ%é@wgmﬂipmﬁ@ isgead from dag@ieye.dhe peserd

t he signal st‘rengith correspondi ng rel ati onship determ nation unit 14
det er n? negclopisy calgrdgtidnel ttepstthe caleirtetian| efghe Félocityl wsing ek nhartdteristic
signal strength corresponding rel ationship determ nation unit 14
associ at edetetionatime fir oot velditleSOtaad writghthe Wehitatavelngigf@aiaton o thee
entrance-si de detection device 21 at the characteristic detection
time t3 %hébé(ﬁ?@vi@é‘tﬁfn&ﬁé RIbfH dafculi@of@hitqn time t3, and the amount
150f reflected light m that is detected by the exit-side detection
device 22 at thﬁ)(ﬁ racteristic detection time tn3 with the
characteristic defection tinme tn3, as the classification information
bel onging to the sanme classification, so as t e witten into the
queue provi ded Frh‘:@ﬁés"tf ?%ﬁ?'%ﬁ&f‘d}% ﬂ??a?"&‘lﬁ“é??@%eﬂﬁ‘flk‘glit@?]df‘%jﬁ‘@]ﬂ?e
20Further, in the same manner, since the difference between the val ue
of t hé0 andefRetion signsf frapsaitieq frgmythe prirance-sigedeteetéen dayicerd , the signal
entrance-side detection device 21 at the characteristic detection
time M asertghiecarsdspendoig teketioastop deteofingatidn wit Bdddtergtihestwiatthdr she amount
detected by the exit-side detection device 22 at the characteristic

det ecti onof fefRcted fightsthak it Pacenb@lscchangddassa thiddRoldiod Addre frbie AdteRample,
corresponding relationship determnation unit 14 25determ nes that

they bel opg 49uhbss I%ﬁg&ed:li@gg%l‘fei AP OE reﬁgﬁ&% li%Iﬁ(?ntﬁﬁ@aﬂh o Je?x%gBR 40

corresponding relationship erm nation uni associ ates

amount of _reflec light ..nl that i tected .b nt rance-sid

det ecti on Sl&ﬁ%/‘i tﬁag’é]%%teg[fﬁ{r% gleceﬁh?%(@f Sé&‘? @%??03108 3‘?98%?@%?9% %Rﬁn W‘Fﬁe{fﬁ’i’&

chara %eri_sti c detection tinme Em and the amount of reflected |ight

nl thal i SMEereds %&quﬁ%af&%it ¢y g éhgreildbe pRuRafireltected light, imahich the

characteristic detection tine trl4 5 with the characteristic

det ect i onckdngs iz withingke thresheldaisgedeivedtin enow afpoedettringredbwibegdhigmesoor

the sane classification, so as to be witten into the queue provided

in the finste,ted Ggndl ytramtic odradspodingielatibaship determination unit 14 determines the
detection time corresponding to the amount of reflected light that is received at the
earliest time among respective amounts of reflected light falling within the threshold as a

20 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. 5, 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

25  entrance-side detection device 21 is determined as the characteristic detection time tn;,



Further, in the sane manner, since the difference between the val ue
of the ampbunt of reflected Iight that is detected by the
entrance-si de detection device 21 at tB8 10characteristic detection
time tn2 and the value of the anmount of reflected light that is
detected by the exit-side detection device 22 at the characteristic

det ect i on ahd B®nied® whichahé Bnesmalfdefictdda it ol Redetdctiaairsish IRNGHRNnce-side
corresponding relationship determ nation unit 14 determ nes that they

bel ong to dﬁaea&aa%&b%i }:1%%@%&@5& thI*aﬁé}actsﬂ?&ichf%@a&n ﬁﬁ&%@zgt h

correspondi ng rel ations etermnation unit assocl at'es the
anount of reflegkgg]light 150l that is detected by the entrance-side
detection devic at the characteristic detection tine tn2 with the
characteristic detection tine m 2, and .the ampunt of reflected |ight
ol that is deteEVERFTH tg?@ﬂ&m?mﬁd@daamééﬁqeb‘ﬂ%%aewugtzofar@ﬂ%qﬁ@i light
characteristic detection time tn5 with the characteristic detection
time ths, iepdudeddn Hlealstectior sighdnransrhistedditcinothetesitontgidetpction téwces2iythe
classification, so as to be witten into the queue provided in the

first vel enhlsti2gthlcorbsponding uelhtionkhip Je@@midatidhanit 1adedanines Racther the
above, the signal strength corresponding rel ationship determ nation

uni t 14 r epeahtoftrbRectetimtald eekirld i Bﬁlmfgeébﬁﬁ&lﬁ‘ééh%id&r?ﬁﬁee%,%r

time based on the anount™ of reflected Iight detected by

entrance- gj i ! : id-.Si t o)

devi ce Zz?kan%lgltethggéﬁog@sogﬁl% afeldgl?ghgp ﬂ? eg%'ﬁg)r?géctiegfepg@lhgﬁag‘@é%{%n%ﬁ
tinme. 41 en the ocessi of . the repeat for, one icle 30 is .
conpl et ed F‘é’/‘?ﬁ‘é‘)‘lﬁéﬂ?“@ ffanse’?'ﬁvgﬂf)wgfh? ﬁ’F‘B‘F‘ﬁgﬁFEﬁ“We@Weiéﬂlﬁ E%&beﬁ? HetRe
hei ght corresponding rel ationship determ nation unit 13 descri bed
abovel?s ®p$ HineRrevieuslyt iecosupasmephen dEeen, i thyameynt of reflspisdilight, in
calculation unit 16. 5[0062] Subsequently, the first velocity

cal cul at i ovhiahnthe chage endghintke thrgsboldcisassifeddatiron aipnédetammtned mufriberof
t he queue. The classification information includes a pair of the

char act er kigtes or g€ eid Gghal bi@hgtiBcardpdien iohshd détefmbiggidcnid ght
detected by the entrance-side detection device 21 at the

charact er [gglehfinde e Gelelior 1B chiespBhdifly RANE affouhf ¥ reflected light that is
received at the earliest time among respective amounts of reflected light falling within
15  the threshold as a characteristic detection time at which the amount of reﬂcctéd light is
detected first in the exit-side detection device 22 (step S108). In the example of FIG. 5,
a time at which the amount of reflected light m1 is detected first in the exit-side detection
device 22 is determined as the characteristic detection time tns.  Further, in the same
manner, a time at which the amount of reflected light nl is detected first in the exit-side
20 detection device 22 is determined as the characteristic detection time tny, and a time at
which the amount of reflected light o1 is detected first in the exit-side detection device 22
is determined as the characteristic detection time tns.
[0059]
Then, the signal strength corresponding relationship determination unit 14

25 classifies the characteristic detection time 13, the characteristic detection time tny, the



10characteristic detection time tn3 and the anmount of reflected Iight
m detected by the exit-side detection device 22 at the
characteristic detection time tn3. Thed? the first velocity
calculation unit 16 acquires the characteristic detection tinme t3 and
the characteristic detection tinme tn3 included in the classification
i nformat i glarsdieridiicidetetB@diime a,oMlial &% deftemirRl @61 thy eMfan0é-sideelcieetibic| €
30 at the characteristic detection tinme t3 or the 15characteristic

det ecti ongty;pEr{ R thM ché}gct&%fﬁtde&@tleﬁ th%nQ( ¥1ﬁ%ﬂ§1)acﬂéﬁktﬁgdét&%oﬁ%%' tﬁ

times and the installation interval D (step S and wites

vel ocity t e t. ) 17
i n associ grtl? {hﬁ cﬁf}agt%n%% &(;eﬁec% 'f%/]h% tﬁgﬂ'cggfe (#e%s}%\ Itg dg@f %"l:é %r‘? c{].(#gecﬁ
and the char.ac stic detection time 111 Inthe

enbodi rrenB?VIF? i sf%%ag GUePRAging FF‘éat%Pé]F%‘EP? ylwomao Griblghiadipaing
detection tine t3 20are associated and witten into the ueue
provi dad fhe same poetiag of tharvahigled.dreseshon the valup @ @8]amounts of refdgceed lighe
first velocity calculation unit 16 determ nes whether the infornmation
whi ch i s sorfxspauding to/the da@ctiorommeh@tegd08). i dn vk eloadst siaseethe difference
information (step S111). Then, if the information is not the vehicle

travel i Ngpiiceh BRLAAR oftthearhblribf weleoet ligh 2R aak aete@bd 8 tHeintrad@-side
repeats the calculation of the velocity of the vehicle 30 using the

42 characyerl Jﬂ &vﬂ:gtﬁcatt h%nchta aﬁﬁr# #Q&%P'ti’?nett@eanﬁ HASGH L[C. Gahd Qﬂ?uni of

i nformati on. n ot ocCit cal CU I on uni

e e S T e R LSRR

detection tine tni and the anmpunt of reflected |ight nl detected by

t he eh? r adelEcligndme v dtt fhueshgldeyiless. the signaksiength sprependiag reationship
detection tinme tru, or a pair of the characteristic detection tine M4
and t he adetarminafion efif &k deeningithatiheydetieny todhdsamehdassiicatisi. deChen, the
detection device 22 at the characteristic detection tine tm Then,

the first sigahlogichyth@atredpoading ReibtivrishibGictemitakion uhi ¢4 abatats eid Shdumt of
detection tine till and the characteristic detection tine tn4

included idpdeha 1f‘gha§ﬁltﬁat%aétaﬁed B @i BREchRR- M defectin &AL 2C&lRY! at es
the velocity V5 of the 10vehicle 30 at the characteristic detection

time Int 1.oNn 0
VB=DY( t m ?%%r%a&fme%% SRk Rl IR Bl OB, B el
D, an n provided. in_the |ength
oal culiu | SR E iRt il iR s igic SRie AT SaVISCCRAF Bt o Lt i ¢
detection ti rre t_n_i and the characteristic detection time tm In the
present erbudstamyitc defactips tigs duprweidh thephanapleristi datgotipn UBrednd ag iehe
characteristic detection tine tni are associated and witten into the
qgueue pr ovladefication information belonging to the same classification, so as to be written into the

queue provided in the first velocity calculation unit 16.

[0060]

20 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 tny is a

threshold or less, the signal strength corresponding relationship determination unit 14

25  determines that they belong to the same classification. Then, the signal strength



the length calculation unit 17. [0064] Further, the first velocity
calculation unit 16 reads the subsequent cIaSS|f|cat|on i nformation
fromthe queue. The classification infdPmation includes a pair of the
20characteristic detection tine tn2 and the anount of reflected Iight
ol detected by the entrance-side detection device 21 at the

char act er iciréspoA@hg edlhtshshipRtciRinaBbn anip éss@tnaiebﬂqm%@%ﬁreﬁéétb&hght
detection tine tn5 and the anmount of reflected |ight ol detected

by
the exit- ﬁ'}_‘f!l?at qﬁ&eﬁ&ﬁ%m ﬁ&@\éh\ﬁﬁlcg%acﬁtde elaﬁ?lff p@\ﬁ@é\’ﬁ £hiitRl E‘Fag o el &AL 'dQ[J[Q%tlon

time tn5. Then Irst velocity ca cu Ion unit urres
characterlstlcd 2an the 25 racteri stic tlon
Cr et ns. 1 GuEh T ielsriTBe iR iste Prrgns FoMTIA Eﬂﬁe?tggﬁe
43 cal cul ates the veI ocity V6 of the vehicle 30 at the characteri stic

det ect i on gt fedaispseddy thpeXighige detcationsdgvicedid & dhg digraciomstig getpsiioniune tny

equation of V6=0(tn5- tn2) using the acquired tinmes and the
i nst al § at ivath theckareeitridDe datedtion iime sn.t drethy elassiicafiowdnformationtelapgemgeo
provided in the length calculation unit 17 in association with any

one of t hehecdnateatassificatidrg solad @teivarictdt infitht GRerrndovibel MhAE At eElbsity C
detection tine tn5. In the present enbodinment, it is assumed that the
vel ocity Vicanfoh higit gharacteristic detection time tn2 are associ at ed
and witten into the queue provided in the Iength cal cul ation unit

17. [0065] Then uf'tltl T, gﬁ% OCI Ln?nﬁerr%vr? ?gdlﬁ%re% %Tgetltg% %‘% vafa%fftﬁeom

the queue, the | rs S ats On Ui
SRR N 97 S M S AT G IR
the queue Er OvtI detzdc c{e?ecgugr? tllnecqg t?ndctgé \?;1{13 t% t(l?lg arl;lm tt lf7reﬂected light that 1
characteris 2 0 ount 0 g S
detected by the exit-side detection device 22 at the characteristic detection time tns is a
threshold or less, the signal strength corresponding retationship determination unit 14
determines that they belong to the same classification. Then, the signal strength
corresponding relationship determination unit 14 associates the amount of reflected light
15 ol thatis detected by the entrance-side detection device 21 at the characteristic detection
time tnp with the characteristic detection time tn,, and the amount of reflected light ol
that is detected by the exit-side detection device 22 at the characteristic detection time tn;
with the characteristic detection time tns, as the classification information belonging to
the same classification, so as to be written into the queue provided in the first velocity
20  calculation unit 16.
[0061]
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

25  exit-side detection device 22, and the classification of the characteristic detection time.



[ 0066] In this case, the information stored into the queue
provided in the length 15calculation unit 17 is as foll ows:

I nformation in which the velocity VI afil the characteristic detection
time t3 are associ at ed; Information in which the velocity V2
and the characteristic detection tinme ti 1 are associ ated;

201 nf or matyi@n theprebéssihgtoTehaRbask Iférmn‘d?veﬁnmé 301@ completd! @&ivehick traveling
detection tine t23 are associ at ed; I nformation in V\/mc t he

vel ocit

| nf or ITB%/I gﬁ @%mﬁﬁhmﬁgﬂ e ocﬁ%}g{}g%he%&geﬁﬁebn%@gfgﬁen ﬁlt‘ ecﬁ on
time tm 25ar SSO: formation c

V6 and t hORERA ST BRT RIS e in e e Rrav iRy 1%@“?%%&?&&% Giefetion
I nformation in which the velocity V7 and the traveling tinme t30 are
associ at eB"td6d 5Vehicle traveling information. Then, the

| ength cal culation unit 17 reads, fromthe queues, the conbi nat i on

i nfornation of EMé2lelocity VI and the characteristic detection tine
t3, the conbination information of the velocity V2 and the
characteristic Heiseqidndn, the fiestaklocithealcdatidmatii threhdy e Mgdt ickigsiHEatione
velocity V3 and the characteristic detection tine t23, the

conbi nat i @fformation from the queue. The classification information includes a pair of the

characteristic detection time t3 and the amount of reflected light m1 detected by the
entrance-side detection device 21 at the characteristic detection time t3, or a pair of the
10 characteristic detection time tns and the amount of reflected light m1 detected by the
exit-side detection device 22 at the characteristic detection time tn;. Then, the first
velocity calculation unit 16 acquires the characteristic detection time t3 and the
characteristic detection time tns included in the classification information which is read,
calculates the velocity V4 of the vehicle 30 at the characteristic detection time t3 or the
15 characteristic detection time tn; by the equation of V4=D+(tn;-t3) using the acquired
times and the installation interval D (step S110), and writes the velocity V4 into the
queue provided in the length calculation unit 17 in association with any one of the
characteristic detection time t3 and the characteristic detection time tn;.  In the present
embodiment, it is assumed that the velocity V4 and the characteristic detection time t3
20 are associated and written into the queue provided in the length calculation unit 17.
[0063]
Here, the first velocity calculation unit 16 determines whether the information
which is subsequently read from the queue is vehicle traveling information (step SI11).

Then, if the information is not the vehicle traveling information, the first velocity

25  calculation unit 16 repeats the calculation of the velacity of the vehicle 30 using the



10i nformati on of the velocity V4 and the characteristic detection
time t3, the conbination information of the velocity V5 and the
characteristic detection tinme tni, the#*onbination information of the
velocity V6 and the characteristic detection tinme tn2, the

conmbi nation information of the velocity V7 and the traveling tinme
t30, and vkiractb@sticrdawetiomgmienfchida@tih gt dlassiicdesn infdientionf hhghdrelirgd e
traveling information is read, the |l ength 15cal culation unit 17 stops

the readi mg ®fst ‘irdi'c‘;&@rlﬁid.u%i_oﬁ%ﬁﬁ‘l%b@dd@%ﬁbseﬁg%trc%gﬁcﬁtﬂﬁl information from
characteristic deteCtion tine anong respective pieces of conbination

[t or 1 . RS 1, 8NP MTING) HIRES o581 L P BEMIE R
O e e ST T IS TSR VA L o

characteristic detection 20tines which are late, frominfornmation
used for drdcp?baidberhyactemsticristegtien bime tanbodpareaf the charadteristic detection
conbination information of the velocity V1 and the characteristic

det ect i ontiniene, 8181 thadmbhuet of oefbdcrealtlighhnl détoctadhby de eaft-sideadewtion ideyicd/22
and the characteristic detection tinme t3, the characteristic

det ect i on at fheRBarasterig i detdclemtimaith) eeh, (B Bes velOsiEPELdENE ofy urith®
| ength cal culation unit 17 determ nes to exclude the 25conbi nation

i nformati : S i i me
5 from ASNTST SReRERCREAY (XARTACE, ERPHEThEALERME FRGAGHIRRM §
possible to,r ve inforomation.that. has. been determned tg b

et uded §RAERIL BeelisPHERi R raRlod ot Bed i oy plonBhys pfhe
| engt h_cal cul 1ati on unit 17 calculates the vehicle length L of the
vehi cl@  zeligle j0;as theiqharacspipiicagte@ion;timetnngt the shepctergicdefestpn {imgtns
and the characteristic detection tine t3, the conbination information
of vel oci by thM2eqmulort eV thar @t an) sting theetguitddaimdsi amd the insthallatidmeinterval
conbination information of the velocity V3 and the characteristic

det ecti on [}, iafi® whiked thé P&o&ANDE Mab itlféhdeﬂ%/?fo@'ﬂieﬁ%t}ﬁfleﬁéi‘l‘? ARG YnilvP7 in

and the characteristic detection tine and t he conbi nati on

i nformati Q%O?E%iétg%glﬂ%g? %h%/éf t\l{@ cﬁMct%ﬁ&icfc{%@efcﬁ@%HS%f éﬁdqﬁ% 8%% istic .

10tinme tri re specitica i'eces of “conbinati on
informatign are specified.,in the order framthe ear|i est .
char act er EFRISHERERH! offf b ReSso R0t O e muuksahec i iaeiot B aed
the velocity V1 and the characteristic detection tine t3, and the
conbi hat i & Gharastemglic defcgiontiee Yo pEcEssapials! afaves iptethe gveyeipseyided in
detection tinme trli are specified. Then, the length cal culation unit
17 cal cul shedsngth calavlgteminivaf.ue from t he
[0064]
Further, the first velocity calculation unit 16 reads the subsequent classification
information from the queue. The classification information includes a pair of the
20 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

25  characteristic detection time tns included in the classification information which is read,



15characteristic detection time t3 to the characteristic detection
time tm using an equation indicated by a function taking the
characteristic detection tine as x-axi$3and the velocity as y-axis
and traveling through (velocity VI, characteristic detection tinme t3)
and (velocity V5, characteristic detection time tm. The conbination

i nformat i ealcilaes teiveBbelthe/cesTthd @dhicle Bonegk @ﬁarﬁétbﬁstﬁ%&%b@ﬁm%Itﬁ%r'tﬁe
excluded fromthe information used for 20processing. The conbination

i nformati f
the vel oc%fﬁﬁﬁ*stlﬁﬁéﬁeﬁﬁﬁ*‘m@?Ef%tf’&?ﬂ% RatiiEpEIFERR: S I EHERpaRe
Subsequent.| .engt h cal cul unit 17 specifies two pieces of
conbi nat i 8 & ﬂ‘F‘E&lﬁé‘ﬁt@g{ﬁ‘t‘Pﬁ*‘E?fd%‘%=fﬂrf'gﬁ¥rﬂtﬁ%*h§é’r®10f~‘ﬁlét\’ 6dﬂ@rt5%g@up§gquded
detection tine ano eces of 25conbination infornmation which
currentl ymrféﬁréﬁlﬂﬁﬂhwngﬁft@nmt Igdn aggoetabipmi vl anpieneof thiehara@eristic detection
conbi nation information of the velocity V5 and the characteristic

det ectd ontimierte, and, thactdirddheistio dbieoi@dn time tri3f ofmtht peRerafentbodinveit,dcist y V6
and the characteristic detection tinme tn2 are specified. Then, the

| engt h cahgumal R tHéNielocity VePdaUh@tRFacitistiB dB@ERIn (Vb UE afd é%%élﬁ’[@d and
S5characteristic detection tinme tilt to the characteristic detection

time tn2, whibeR S 8heaRdal bAVideR H GRYGHPYafukiiclliofy t aki ng the

characteristic detec time as x elocity as y-axis
and traveling t@og h (velocity V5, characteristic detection tine
till) and (velo 5'19 characteristic detection tine tn2). The
conbi nation informti on including the earliest characteristic
detection tine Faenexdhe weucle fravsiinganiormaiondis rend fipsw therqueue, the first

10pr ocessi ng. ) _
10 velocity calculation unit 16 stops the calculation of the velocity using each characteristic

detection time for one vehicle 30 and writes the vehicle traveling information into the
queue provided m the length calculation unit 17,
[0066]
In this case, the information stored into the queue provided in the length
15  calculation unit 17 is as follows:
Information in which the velocity V1 and the characteristic detection time t3 are
associated;
Information in which the velocity V2 and the characteristic detection time t1 1
are associated;
20 Information in which the velocity V3 and the characteristic detection time t23
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;

25  are associated;



The conbi nation information that has been excluded is the conbination
information of the velocity V5 and the characteristic detection tine
tni. [0069] Subsequently, the length céftcul ation unit 17 specifies
two pi eces of combination 15information in order fromthe earliest
characteristic detection tinme anong pieces of conbination information

whi ch current | yldfef®diidnah thahahd 0¢loi8] V8 afiX tHelHeMcteQiEdetddiBn time t,
conbi nation information of the velocity V6 and the characteristic

det ecti on ,tJ xe cﬁeﬂgd and the conbination i nf or mation of the velocity V2
and the charact erl stl c detection tinme t are specified. 20Then,

he | h I 7 f
characteri st o AHOBAa bhish tb?‘i%elﬁs‘éﬁiﬁeﬁﬂwﬁg@tvs e e

time t 11, using an equation indicated by a function taking the
char act er?%‘ili c detection time as x-axis and the velocity as y-axis
and traveling through (velocity V6, characteristic detection tine
tn2) ahd (vel ocVEblcvzraVchmm&rm‘atlsnl c detection tine t11). The
conmbi nation information including 25the earliest characteristic

detection tinme Thegxied luaed chicolatibienit 1T egad®tiiodmn thes@eudsOthe cdmibination
processing. The conbi nation information that has been excl uded

i's the comtbhAmdt Db QISR PNaR the Eﬁarﬁ&&::‘?&ictdéte\éﬁoﬁﬁﬁlﬁe %corﬁibmatloﬁ.

characteristic detection tine tn2. [0070] 5Subsequent eng

| cul f
n ordor raRyrE R o il i s?&ef‘?%efﬂ‘ég?#@lﬁﬁwml B Tohaas
ol uded. THERERIAPE CEOTAESHT e (F GhAAFICGREe 0k & es}i‘p"c%»f?bi' dion

the characteristic detection tine tI | and the conbination infornmation
of t h&0velnfeinmation! siavelerdty cHhindthe chaasteridistdstectiontime b thogmipastion
specified information of the velocity V5 and the characteristic detection time tn;, the combination
information of the velocity V6 and the characteristic detection time tn,, the combination
information of the velocity V7 and the traveling time t30, and vehicle traveling
information in order. Then, if the vehicle traveling information is read, the length
15 calculation unit 17 stops the reading of information from the queue, and reads the
characteristic detection time among respective pieces of combination information so as to
determine whether there exists a coincident characteristic detection time. Then, if there
exists the coincident characteristic detection time, the length calculation unit 17
determines to exclude the combination information including the characteristic detection
20  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

25  combination information of the velocity V4 and the characteristic detection time 3 from



Then, the length calculation unit 17 cal culates an integral val ue
fromthe characteristic detection tine tl 1 to the characteristic
detection time t23, using an equation #ddicated by a function taking
the characteristic detection tinme as x-axis and the velocity as
y-axis and traveling through (velocity V2, characteristic detection

time ti linfaAfatba(ied 2% ld/pridossiabar BC4dRtiont it(isl SRR b b B fdrddlion

The conbination information including the earliest characteristic

det ect i . . : . Cna.
The- conbi ft 15 beenPLERHARE 1 bl ed RhE TR SRt R SUBEEREL o
i nformation of t@gggel ocity V2 and the characteristic detection tine

t11. 20[0071] S uently, the length calculation unit 17 specifies
two pieces of combination information in order fromthe earliest

characteristic dBtbélts lgpethicalsulaomunipl bedeulates thermshisla lprmih Lraf shaveahiidde
which currently remain and are not being excluded. Here, the

conbi nat i 8 using dhaneemitomativh infvensteinodithy valgeinnd! ehdthe vhamacteasticsdetation
detection tine t23 and 25t he conbi nation information of the velocity

V7 and t henehadsie tembisbiion tedrenitibo of véloatyt BD andPeahsraspagid de@tion time
Then, the length calculation unit 17 cal culates an integral val ue

from the enagRGiRINiISHoR ittBERAIINUT thd VBodiR3v3 d ME ANAERGIR  deilctibn time

detection tine t30, using an equation indicated by a function taking
(e e gL RON B TR o0 5 00 Pt 08 i e
S N T M e R SR
detection time is excluded fromthe information used for processing.
The cbbrbi Haei Bn(steriSdd dht iMaretsneqifieplly, teepicesseif ggmbination indorowmtion meet | on
10i nformation of the velocity V3 and the characteristic detection
time t23. specified in the order from the earliest characteristic detection time. Here, the
combination iformation of the velocity V1 and the characteristic detection time t3, and
the combination information of the velocity V5 and the characteristic detection time tn;
are specified.  Then, the length calculation unit 17 calculates an integral value from the
15 characteristic detection time 13 to the characteristic detection time 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
20 processing. The combination information that has been excluded is the combination
information of the velocity V1 and the characteristic detection time t3.
[0068]
Subsequently, the length calculation unit 17 specifies two pieces of combination

information in order from the earliest characteristic detection time among pieces of

25  combination information which currently remain and are not being excluded. Here, the



[ 0072] Then, if only one piece of conbination informtion of
the velocity V7 and the characteristic detection time 00 remains at
the end, the process of integration i s4énded. Then, the |ength
calculation unit 17 sunms the results calculated by the integration so
as to 15be output as the length L of the vehicle 30. [0073] In

addi tion, chi®ilagom inforedtioH |oﬂﬂe%ldéftkt\/51tﬁ1drfﬁé/c PAR iR dfBR M Yime tn; and
C S n

approxi mati on equation taking the aracteristic detection tine as a

of “(vel oci s OROFRE AR o Rk adR K o B Pkt LRI SAED AR

characteristic ].&le ection time tni), (velocity V6, characteristic

det ect i on 25 &Y ), (velocity V2, characteristic detection tine
t11), (velocity _V3, characteristic detection tinme t23), and (velocity
V7, char act eri st el dlas lspgthsalcplatian pmib} 7 celaylaigs an etegsali valusdrem theal ue
fromthe characteristic detection time t3 which is earliest in the
det ect b on chirpefetigfictdetectibm timetter toshd chageteistic detettionirdSth, Wsingani eguation
| atest in the detection tine, using the 25approxi mati on equation, and

out put t héndicdtabspd funatioetakingtthe chengdribtib defecfidieime B ¢laRis3d thehBlocity
[ 0074] Hi therto, the enbodi nents of the present invention has

b d i i § o i 1 LG fhef
een deschy hadis AQGRVEIRGhIRh elﬁflﬁo@ﬁ%h acieh] 1cd€eYéc;ﬁ§n fithe t&g ad o

measuring ah object to be neasur escri bed above, I'S po

detect th tdh i travel i.ng directi of 1he.object 5to. be ..
measur ed %éé(ﬁér?%tg?’fﬂa{ag%?g]‘c detection tps tﬁédi ?F%ﬁ? E"Hatl’?ﬂa'ln Bg%mﬁﬁldmg
step S102 and step S103. descri bed above, if the height infornmation,
in which E%e%‘ﬁhgﬁf?%ﬂﬁ"e AEticHaelime sexalded fipm the pdermagion yse fow a
predet erm ned nunber of times or nore, the height corresponding
rel at 19nsBrsessOiet er mi nation unit 13 determnes the detection time
correspondi ng to the hei ght

The combination information that has been excluded is the combination

information of the velocity V35 and the characteristic detection time tn;.
[0069]
Subsequently, the length calculation unit 17 specifies two pieces of combination

15 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 V6 and the characteristic detection time tn, and
the combination information of the velocity V2 and the characteristic detection time t11
are specified.

20 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 tny) and
(velocity V2, characteristic detection time t11). The combination information including

25  the earliest characteristic detection time is excluded from the information used for



information which is received at the earliest time anong respective
pi eces of height information falling within the threshold as a
characteristic detection tinme at which4fhe height information is
detected first. However, if the height information, in which the
change is within the threshold, is received in a row a predeterm ned
nunber of pidcB®Bfmgor 15nore, the height information which is received
at the earllest i e anong respective pieces of helght i nformation

falling within Tﬁhecotngﬁﬁﬁmllﬂfdraaﬁb ot R et VNN id B Dbl P! L e

obj ect to be neasure anges us the re |ty 0 e val ue

of the hei i.nfa tion.t ow...Therefore, if the
hei ght i n*rg EF'IOBH%m%nve\?%ftx&({bﬂ'éidlﬁhglmﬁ%g?rﬁ%dfﬁmoqth'@ “{Hreshol d, is
received in a rgw a predeterm ned nunber of tines or 20 nore, t he
detection tinme BP7%he nei ght information other than the height
information which is received at the earliest tinme anong respective
pi ecesd of hei ghbulisaquentintthe fengthl dalawdptishtuhitd 7tshecifitsr teshotas nhgorbznation
determ ned as the characteristic detection tinme. In other words, in
t hi s caseinforimagiod é:s ordepfromthé sartiedd eharattagsticl detecdon figk agcagpices dthe
detection tine t4 is determned as the characteristic detection tine

of the hetghbindddinRSRELP Whith cubBBtFRLBH ARNark B didLedchudda! efmengd

as the characteristic detection tinme 50 of the heil gh |nfornat|on

det et on T T Rgua! pREnRLIT el & bR REVE R *?%ﬁ@%?ﬁ? LG bt g
Sanount . oMembeLEa pémat?o%.o%tt@sﬁwflos Failhes ré‘cbt‘s’%s?tw.dqtemn time 23

threshold, is received in a row a predeterm ned nunber of tinmes or
mor e, 19 heaisisgeeifiedt r engt h correspondi ng rel ati onship determi nation
unit 14 determ nes the detection tinme corresponding to the anmount of
refl ected |ightThdmatheilsngte cacvetombnit hecadarhtceat intdgnad vah®e figym the
respective anmounts of reflected light falling within the threshold as

a char act efidradéréstid @eRefibrPAmE k Nrodhe Whirddferishie déQaitniithe 0F3, ighd @@é tion
light falling within the threshold is detected first. However, t he

amount  of ;{efak e%wmhbtgcm takin tP{@éf&icEégﬁtlg H&B&g) dl tﬁﬁ%ste )F' b%ﬁls ta{f@the Velocnty

threshold, 1s received In a owa predetermn I mes

time ahﬁﬁa?%ﬁﬁéeﬁ’ HonsSioeEn vt e bR FErrPRGT f‘aﬁh't ﬁZt
threshol d i portion in whjch the anpunt of reflected Ii ght of the
obj ectdt ol¥s cﬂy V3, characteristic detection time t23). The combination information including
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 V2 and the characteristic detection time t11.
20 [0071]
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 23 and

25  the combination information of the velocity V7 and the characteristic detection time t30



15neasured changes, and thus the reliability of the value of the
anount of reflected light to be detected is |low. Therefore, if the
amount of reflected light, in which thé3change is within the
threshold, is received in a row a predeterm ned nunber of tinmes or
nore, the detection time of the anount of reflected Iight other than
t he amountreafpesifiblected light that is received at the earliest tine
anong respective anounts of reflected light falling 20w thin the
threshold may b ) . : i.St1 j Lhe.

in ot her ords, i AR CaRAhAELTDEY BALAREE M frithiLalefbnh U
exanple, the detectjon.ti eguent to.the detection time tmis .
ot of m nediaaeprcdsEibutt e ey B e gt Rateshar me Bhistie b pavadon
reflected,ljght nl, and the detection tinme subsequent to the .
det ect i on idivAeG hya fugciien Bkinsdbchasaderistie Heteeiandime as x-ayie pad theoiglacite
of the anmpbunt of 25reflected light ol. 5 1 [0077] I n addition
i n t hed pr esgnkisent davetong throagh évedomlyeV3, shatasteristivatbtéctiombine 2 Bamd
detection device provided in the traveling direction cal cul ates the

| engt h of (¥eleeityby B chartacteistidaaHbS dmetSHNg ThoomeinaGEA Riforkiaien Aichidiy
geonetric characteristic and the detection 5 tinme of the optical

char act er it dafliedf cilabR@REiE Abteb o RAXERAL g!s@\fiﬁé/ Biforn¥iibh Ad @3¢ ng
limted thereto, each detection device provided In t%e traveling

di rection ﬁ}%gs %FDI culate the length of the object to be neasured, not
by using Phe“detection time of the geonetric characteristic of the
object to be nmeasured,. but by usi.ng.the detection ti of the optical
characteristic @’ge ‘E?fgb’BBtj“E’c‘fl}(ocr%'aB%’?W@égq}ﬂ@@? 6’1“1’“‘{]@%? cicembyIagigbmet ri ¢
characteristic in the 10object to be neasured, it is possible to

per f ot¥n t HHOmRHODOE thentelesityt eandethg charagietidtie detsicden time e measur ed,
using an optical characteristic (characteristic of the anmpbunt of
reflected |ight[®d2h as characteristic of the glass surface and the
color of the body of the vehicle 30 being greatly changed) of the

obj ect to be nMe@ReH, @tbnly BRY SkceldMl ddndetioh dforrhARNATYRCRIIQ T and the

nmeasuri ng an object to be neasured descri bed above has a conputer
system i ngj : P C f ; ri
Sbove | s Srafafichlection tine INPrRARFEMICrS, (R ATRSEHR GBS,
of a prog nd the conputer. reads gnd executes the program so as
to perfor ﬁﬁ%é@@g@ﬁg&ﬁ%ﬁ% uni HZ U8 rﬁ?”)ftﬁ 8&8@8"3@ by éﬁ%\ngqgﬁzgloﬁéa iBg i
20 refers to magneti ¢ di sks, nmagneta optical disks, CD ROVs,

DVD- REVE, b%Qﬁpég?ﬁdb‘%{eﬁgthnleﬁf)ﬁhieéfﬁ“cﬁr?@-the li ke. Further, the computer

program may be distributed to a
10073]

In addition, the length calculation unit 17 may obtain a smooth approximation
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),

20 (velocity V5, characteristic detection time tny), (velocity V6, characteristic detection time
tny), (velocity V2, characteristic detection time t11), (velocity V3, characteristic detection
time 123), 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

25 approximation equation, and output the integral value as the length L of the vehicle 30.



conput er through a conmmunication line to cause the conputer which
receives this distribution to execute the program [0079] 25Furt her,
the program may be intended to inplene ? a part of the functions 52
descri bed above. Furthernore, the program may be a so-called
differential file (differential program in which the fiinctions
descri bed above[(0G#] be i npl emented in conbination with the program
that has been recorded already in a conputer system 5 Industrial

Applicability [B@88to, the embodimées ef ﬂ'lie@%s'éﬁt ihhaitibh 8eEFen Aesdripgq devi ce
for neasuring an object to be neasured of the present invention, it

[3obSSt PRSI i AT 0 PRSI HSE R il 1,
PR N By RN N T A T
det er rr% nattoi genmggsiutred accurately.
[0075]
In addition, in the process of step $102 and step S103 described above, 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
10 determination unit 13 determines the detection time 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 at which the
height information is detected first. However, if the height information, in which the
change is within the threshold, is received in a row a predetermined number of times or
15 more, the height information which is received at the earliest time among respective
pieces of height information falling within the threshold is a portion in which the height
of the object to be measured changes, and thus the reliability of the value of the height
information to be detected is low. Therefore, if the height information, in which the
change is within the threshold, is received in a row a predetermined number of times or
20 more, the detection time of the height information other than the height information
which 1s 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. 4, for example,

the detection time 4 is determined as the characteristic detection time of the height

25  information Al, the detection time t12 is determined as the characteristic detection time



14 ... Signal strength corresponding relationship determ nation unit

15 ... Second velocity calculation unit 2016 ... First velocity
calculation unit 17 ... Length cal cul abfon unit 21 ... Entrance-side
detection device 22 ... Exit-side detection device 30 ... Vehicle 53
CLAI M5 1. A device for neasuring an object to be neasured,

conpri si N@f i heighp itfortdtiontH12tind B lcdeortimb BNQtdBefhindd bé gRt _
refl ection signa correspondlng to 5a light radiation signal which is

radi ated t gaﬁa&@n&m&%tlgﬂtx% @ﬂcesﬁﬁael n;@'Of a plurality of

det ecti on devices, the etectlon ocated in respective
i nstallation poikg ns which are provided spaced apart in a traveling
direction of th gfect to be neasured; a signal strength

correspondi ng relgiﬂonshl determ nation unit that classifies

signal strength§ %Olblnh 5 IPFQopsSATt stepghk07aad step 5188 descgihed abaxg; lé Fhear e
respectively detected by the detection devices depending on tine
el apsell, fmouatefrelenteddsghvridivihgch the ahangashwvphinfthattsésholdl isstretvegtin a
|nd|cat|ng t he sane portion of the object to be neasured; and
row a predetermined number of times or more, the signal strength corresponding
relationship determination unit 14 determines the detection time corresponding to the
amount of reflected light that is received at the earliest time among respective amounts of
reflected fight falling within the threshold as a characteristic detection time at which the
10 amount of reflected light falling within the threshold is detected first. However, 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 amount of reflected light that is
received at the earliest time among respective amounts of reflected light falling within
the threshold is a portion in which the amount of reflected light of the object to be
15 measured changes, and thus the reliability of the value of the amount of reflected light 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
20 within the threshold may be determined as the characteristic detection time.
In other words, in this case, if describing using FIG. 3, for example, the
detection time subsequent to the detection time tn, is determined as the characteristic
detection time of the amount of reflected light nl, and the detection time subsequent to

the detection time tn, is determined as the characteristic detection time of the amount of

25  reflected light ol.



a first velocity calculation unit that calculates a tinme difference
bet ween signal strength detection tinmes of respective signa
strengths in the plurality of det ecti oAl devices 15 that detect
respective signal strengths included in the correspondi ng
relationship of a signal strength indicating the sane portion, for
each correspondjgng7y el ati onship of the classified signal strength,
and calculates a velocity of the object to be neasured at the signal

strength detectj0ndidieid Me B%eﬁ%ﬁab%ﬁiéﬁénlt, a‘ﬂferiglkﬂ?le% ﬁés@hb%&’ itnﬁ)terhich each

detecti on devices, tor each corresponding relatfonship o

classifie I r - bas n_the tine, 20di fference between
the st gnarcSh i Real R iR FiteliahiCuloTRibliesbr GREAT AR A o
between the plurality of detection devices. . 2, The devjce for
measur | ngB%HPEB’B]r s ﬂﬂf‘e&i‘@%@ﬂ HERf %&%@f‘dﬁféﬂ% ghaggcigriptig and therdgisetion
conprising: 25a length calculation unit that calculates a length in

t he travehmegpfdha epitcrlothaticterisic obie gbjeeico beandssuradasdewevarpwitlmyt being
between the plurality of detection devices, based on a velocity of

t he obj ectintiied tiereteasoh detectidn ddvidepreddelinahetiafeting dacdtiohansespande ng
rel ati onship of the classified signal strength, at the signal

strengt h ggtiggdth 0ntHeloBRRt i0bea¥asARE, Rt b3hkin@fthd ffeddlodtihd dDthObeometric
detection devices. 5 3. The device fTor feasuring an object to be

measur ed ?fg)acr%tg!is@ﬁ df %G(E&ﬁéc?}:%tr)]e ?easuredm’ﬁlﬁr Lﬁn{é}ﬁ% H%@?{?o&ﬁgﬁ% %ﬁ tﬁ%%bt\{@a?

hei ght intormation in a 0 a strengt ction

e IR B o BT S M e SF e

radi ation-reception interval between a 10radiation tinme of a |ight

r adi al9 onoBiegiiabe wrasHed.dt ispapable do pyfarpmghe pjcasrementssd thedgrgih efithend a
reception tine of a light reflection signal corresponding to the

| i ght radphbetion bsingrasbred wisegeinrnptiadivhafctehstid@eh@attensticadhacasount of

i ncl udes a hei ght corresponding rel ati onship determ nation unit that
cl assi fi esefRctkBpight alch tay cRiragéetief @i N1 Qhitfaderind th@éd1GMH ke BAR of the

obj ect to be neasured which are
vehicle 30 being greatly changed) of the object to be measured.

[0078]

15 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

20 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.

[0079]

25 Further, the program may be intended to implement a part of the functions



respectively cal cul ated by the detection devices depending on tine

el apsed for each corresponding relationship of height information

i ndi cating the sanme portion of the objé@t to be neasured; and a
second velocity calculation unit that calculates a tinme difference
20bet ween hei ght detection tines of respective pieces of height

i nf or mat i described bigove) ural ity of detection devices that cal cul ate
respective pieces of height information included in the correspondi ng
rel ationship of phyghdiord, AleiriBahOfay Helh SREAIRA difhGeSRITIPRS iketial f OF
each corresponding rel ationship of the classified helight 1 nformation,

and cal cu lp?&gﬁénfin‘@%igmﬁeyﬁn%ﬁokp ﬁesgpinf(f]gibokf c&???ﬁ@ﬁ%@ﬂe%f& éorﬂfnhtﬂa?f-og ht

detection'tl n any one or a e plura ectl! on

devices, fo ach correspondi ng rel ationship of the classified height
551t or mifthae PRaERh UGS R Heel bR B Briod SRR SRR her ght
detection tinmes and an installation interval in the traveling

di rect?on between the plurality of detection devices, and wherein the
| ength cal culation unit calculates a length in the traveling

di rect i onlixbistrishdpplyjabdityt o be measured novi ng between the plurality
of detection devices, based on the velocity of the object to be
measur ed, which[gog0fal cul ated for each corresponding rel ationship of
the classified height information, at the height detection tine in

any one or all afcdhifofth ‘tﬁeéidbé%% tﬁ@%ﬁ%& F&E?é?:%ji Or@dggcé%chﬁe MEAQRIL Y

of the object to be n€asur is calculate

correspondi relat.io ip..of th | assified signal, strength,. 10at
Che ot gnapt Qeufeft GRSl ARBhy e S PG v Sl REHision en
of deﬁ cti BJ?? devi ces. 4. A processing nethod of a device for
measut ¥ ng OBIFCLB e R YeBAcHENENr ed, the nmethod conprising: recei ving
a strength of a light reflection signal corresponding to a |ight

radi ati on 15signal which is radiated to the object to be neasured
fromeach of a plurality of detection devices by an input unit, the
det ect i on RedtrerwesSigisilrigre | ocated in respective installation

[0081]
10 ... Device for measuring an object to be measured
15 11 ... Input unit
12 ... Storage unit
13 ... Height corresponding relationship determination unit
14 ... Signal strength corresponding relationship determination unit
15 ... Second velocity calculation unit
20 16 ... First velocity calculation unit
17 ... Length calculation unit
2] ... Entrance-side detection device
22 ... Exit-side detection device
30 ... Vehicle

25



positions which are provided spaced apart in a traveling direction of
the object to be neasured; classifying signal strengths of a
plurality of light reflection signals whi ch are 20respectively
detected by the detection devices depending on tinme el apsed, for each
corresponding rel ationship of a signal strength indicating the sane
portion of the object to be neasuredCLbyv& Signal strength
corresponding relationship determnation unit; calculating a tine

di fference between signal strength detection tines of respective
signal strengths in the plurality of detection devices that detect

respective 25si gnal i.nel | he correspondi.ng.

rel ati onship ofga éﬁ%&%?q%bgéﬁgﬂﬁc?ﬂgﬁggﬁPhanmg%“?ﬁéggﬁﬁgngortion,
for each correspondi ng .rel ati anship of the classified signal ,
strength, by a B gt ol (e Regeryesy Bcﬁwagﬁhd% ayeht retlgsiépn signal Comesgonding Y
a velocity of the object to be neasured at the signal strength

det ect ? on atighkradintignyigoalevioeh & radigted dor thepibiachto heymedsurgdtfim eaph of a

devi ces, for each 5corresponding relationship of the classified

si gnal st pangfith of detseitbnatevices thé deediohfdevieecieilelovsted it Repesiignal
strength detection tines and an installation interval between the

pl ural ity i@talBabe pbdi@shsAAULIE RS prévide P alidoHaR Sh B &aPB8IHRQReaGGPSEhAY t O
Claim4, further conprising: 1lOcalculating a length in the traveling

direction,pfe.t j to be neasured noving between the plurality
of detect ioaﬁcdtlgaeglgésa?&%%’sed on a velocity of the object to be

Thecl assi 1 ed &GS OELRBieaTr PORIRERI SN CErPURPh IR HBE EpoRies
times_in any one or all of the plurality of detection devices, by a
| engt A0 c apiElrlticagths Al ¢ plurality of light reflection signals which are respectively detected
by the detection devices depending on time elapsed, for each corresponding relationship
of a signal strength indicating the same portion of the object to be measured; and
a first velocity calculation unit that calculates a time difference between signal
strength detection times of respective signal strengths in the plurality of detection devices
15 that detect respective signal strengths included in the corresponding relationship of a
signal strength indicating the same portion, for each corresponding relationship of the
classified signal strength, and calculates a velocity of the object to be measured at the
signal strength detection time in any one or all of the plurality of detection devices, for
each corresponding relationship of the classified signal strength, based on the time

20  difference between the signal strength detection times and an installation interval

between the plurality of detection devices.

2. The device for measuring an object to be measured according to Claim 1,
further comprising:

25 a length calculation unit that calculates a length in the traveling direction of the



15 6. The processing nmethod according to Claimb5, further conprising:
receiving height information in additign to a strength of the |ight
reflection signal fromeach of the pluﬁélity of detection devices

whi ch detect height information of the object to be neasured using a
radi ati on-reception interval between a radiation tine of 20a |ight

r adi at i onobjegnalbewdasived snavad) etwecknt the pliealdp pLddtedtion bleviden Baee@nand a
reception tine of a light reflection signal corresponding to the

l'i ght radivalotidfosihgdBect e niRshaBUNhibRIstdalculated for cachl BESigonliRg 2
plurality of pieces of height information of the object to be

measur ed Wo i a ' P
dependi ng oa s FARTARSIICSIdhaF B it Mhndi3ofiith AHLAR MRS Ry
hei ght i nformat.jon,indi cati the sane 57 portion of the object to
be neasur8ﬂeB§MLOQ%PBﬁ¥ﬁgﬁpfggﬁgw&fﬁ§wP%lationship det er mi nati on
unit; calculating a tinme difference between hei ght detection
times of respective pieces of height information in the plurality of
detection devices that cal cul ate respective pieces 5o0f height

i nf or mat i on i ncBudéle deviteHfor noasueingan dbjegt todlcabéasmstiiapcondinp € Ghtim 2,
information indicating the sane portion, for each correspondi ng

rel ationship of whaeircthasgiut ieid rdeeivedheiziniipformbiieinin addigioh @ & drGigipéEha
velocity of the object to be nmeasured at the height detection tinme in

any one ofisfd fef&dtiohi%mBl Héﬁle%&i’%e ¢ ?ﬁfrﬁlﬁg :og et g?ﬂgﬁofé%ces; QhicRAERct height

corresponding relationship of t ass nt or mat 1 on,

based on t i I-ff between the. height detectiqgn fines
and an_ i nCUErTAER of i it B B B itk PG Pe O i eV R e
plural ity of detection.devices, b ecand vel ocity cal cul ation

uni t ; Hdefa lation taag %5}% f%ﬁ%ﬁ%ﬁﬁ“ﬁw%ﬂh@ldﬂt%dﬂ@ﬂh%@bmtrtw pisasuggd
the object to be neasured noving between the plurality of detection
devi ces, Badadcoptiamiéngef @bglntyegfwtnoh &12oBl earrespandirBiie theelsghy rastigtionhi ch
is calculated for each corresponding relationship of the classified
hei ght i ntignatati on, at the height detection tinme in any one or all of
the plurality of detection devices and the velocity of the object to

be neasured, WhigreiSedeBbEthedheREtibPHcvRSIMd@ILespondi ng rel ationship
of the classified signal strength, at the signal strength detection

time in any one or al a!lh&%httc}&ﬁ'ewoﬂﬁﬁllgirEl%ti&{shﬂ)e&e‘l:’é\rHiﬁdfiog%ﬁit(ﬁ%ﬁ ’cla@{ﬁéshf

| ength 20cal cul ati on unit.

15 plurality of pieces of height information of the object to be measured which are
respectively calculated by the detection devices depending on time elapsed for each
corresponding relationship of height information indicating the same portion of the object
to be measured; and

a second velocity calculation unit that calculates a time difference

20 between height detection times of respective pieces of height information in the plurality
of detection devices that calculate respective pieces of height information included in the
corresponding relationship of height information indicating the same portion, for each
corresponding relationship of the classified height information, and calculates a velocity
of the object to be measured at the height detection time in any one or all of the plurality

25 of detection devices, for each corresponding relationship of the classified height



7. A program of a conputer of a device for neasuring an object to be
measured, to function as: i nput portion for receiving a
strength of a light reflection signal @érresponding to 25a |ight

radi ati on signal which is radiated to the object to be neasured from
each of a 58 plurality of detection devices, the detection devices

bei ng | ocaifemativn, B&RE oh itetirm o 8iffkdnat beriepd Hiclicpdhs dvbitidh Bhe Pidewi ded
spaced apart in a traveling direction of the object to be neasured,

signal st renffof HiEeaRRAH Pelifd afréé?faﬁfﬁieﬁvééﬁ%lfer If‘}’%ﬁ? (?f’ehfer%Bﬁ AifQr

classifying 5signal strengths of~a plurality o ection
signal s '&h are respectively detected by the detection devices
depending on a tine el apsed, for each corresponding relationship of a

signal strength indicating th ame portion of the object to be |
measured; and fPHSER é%}ggﬂwﬁﬁ@tﬂnaﬁxw@&t@% BoAngtRn thaitAlplAE HEseHon
time difference between signal 10strength detection times of

respec?i vef Giegvidet & hamgashzed movingbgivaerathiepjurality 9é deteeticrdenéngs,dased on
that detect respective signal strengths included in the correspondi ng

rel ati onstthgvadcity ofitignelject te bogieisursdd mbiddh in galtiiated doveeapio cdrr3ponding
each corresponding rel ationship of the classified signal strength,

and for C%l&ﬁ%xﬁh{gﬂﬁ't@e MedsERddtiéighh irffbien0ieh efthd RifR WRREEH Sde & ardVhe or
signal strength detection tinme 1n any one or all of the plurality of

q . . . ‘ _ . ol ati .
det oot | on Y YghSl XacRRA BEVCESRANG NS RN B Bkl |
the. pl ur alTE8) BFAGAGA b SurEEeUBE HBT R B 4 S R T CE B m
7, that causes. the cog%ut er to function as 20l ength cal cul ati on

porti R f 3F heaicoal sienad detactpytimeiip aphena erallfithgpluraliscef detecgipn devices.

4. Aprocessing method of a device for measuring an object to be measured,
the method comprising:
receiving a strength of a light reflection signal corresponding to a light radiation
15 signal which is radiated to the object to be measured from each of a plurality of detection
devices by an mput unit, the detection devices being located in respective installation
positions which are provided spaced apart in a traveling direction of the object to be
measured;
classifying signal strengths of a plurality of light reflection signals which are
20 respectively detected by the detection devices depending on time elapsed, for each
corresponding relationship of a signal strength indicating the same portion of the object
to be measured, by a signal strength corresponding relationship determination unit;
calculating a time difference between signal strength detection times of
respective signal strengths in the plurality of detection devices that detect respective

25  signal strengths included in the corresponding relationship of a signal strength indicating



t he object to be neasured noving between the plurality of detection
devi ces, based on a velocity of the object to be neasured, which is
cal cul ated for each correspondi ng rel aP onship of the classified
signal strength, at the signal strength detection tines in any one or
all of the plurality of detection devices. 59 9. The program

accor di ng thexsaGlegionidh, for each contwdp@iding keationghip ophetclaesified sighaleaedgh it
information in addition to a strength of the light reflection signal
from eachagfrsttvdRcRY Bidhiiativn @i;@aliect i on devi ces which detect hei ght
information of the object to be nmeasured using a radiation-reception
i nterval 5betwe - adl at] i I l.af | i whi ch
is radiated to ?ﬂgﬂg%ﬁﬂéﬁa?ﬁag%*ﬁiggéﬁi%Bgﬁﬁﬁﬁﬁﬁgég%%ﬁ%ﬁﬁfﬁﬂﬁﬁ%f a
light reflection.signal correspandi .0 the light radiation signal
wher i nt AGCEISURR e EE o Al BinsitaliS s Yeisrbeh bevi &S, O g
corresgonding reLationshiﬁmdeternination portion for classifying a
10pl ur &l i €Yrespopdiag sdatymshigiogHie qlassdieduignalstisngthnkasehpe ghe time igference
measured which are respectively calculated by the detection devices
dependi ngbeiwean thermigred stpsgth ddtentior dintes cod pe sptatidiiogintetad tbeorshithe of
hei ght information indicating the sanme portion of the object to be
measur ed; phndits o€ aadctital @iy, cal cul ation portion for calculating a
time difference between 15hei ght detection tinmes of respective pieces
of height information in the plurality of detection devices that

cal cul ate respective pieces of height information included in the

corr spond 1018 a3 o5 LB R BR B RRTINPR, ABFL bR, o0

portion, for eaCh correspondir : _ &g hei ght
measulBd at ¢ heCHEHGHE HECERN b (avFans fircalph Ghtbeqiea) o tsrmeamared
20plurality of detection devices, for each corresponding relationship
of the cl &wying kegwens thpplurality of detection devices, based on a velocity of the object to be
measured, which is calculated for each corresponding relationship of the classified signal
strength, at the signal strength detection times in any one or all of the plurality of
detection devices, by a length calculation unit.
15
6. The processing method according to Claim 3, further comprising;
recelving height information in addition to a strength of the light reflection
signal from each of the plurality of detection devices which detect height information of
the object to be measured using a radiation-reception interval between a radiation time of
20 alight radiation signal which is radiated to the object to be measured and a reception
time of a light reflection signal corresponding to the light radiation signal, by the input
unit;
classifying a plurality of pieces of height information of the object to be

measured which are respectively calculated by the detection devices depending on time

25 elapsed for each corresponding relationship of height information indicating the same



i nformati on, based on the tinme difference between the hei ght
detection tinmes and an installation i ntgrval in the traveling
direction between the plurality of det &tion devi ces; and wherein the
| engt h cal cul ation portion calculates a length in the traveling 60
based on the velocity of the object to be neasured, which is

cal cul at egoftem eddleholgent t@bpowraiung! ned heiglarshiegponfiinghelatbahi detethination
hei ght information, at the height detection tinme in any one or all of
the pluralnity of detection devices and the velocity of the object to
be measured, which is calculated for each corresponding rel ati onship

of the classifi @Qcaﬁti Ot;m%td'ii?&'?ﬁ 1 Eﬂeﬁ;/ee'hgl?ig?it ga8tiontd q}frﬂesggét%tﬂz&@s

tinme in any one or the p Ity etec |0n
of height information in the plurality of detection devices that calculate respective pieces

5  of height information included in the corresponding relationship of height information
indicating the same portion, for each corresponding relationship of the classified height
information, and to calculate a velocity of the object to be measured at the height
detection time in any one or all of the plurality of detection devices, for each
corresponding relationship of the classified height information, based on the time

10 difference between the height detection times and an installation interval in the traveling
direction between the plurality of detection devices, by a second velocity calculation unit;
and

calculating a length in the traveling direction of the object to be measured
moving between the plurality of detection devices, based on the velocity of the object to

15 be measured, which is calculated for each corresponding relationship of the classified
height information, at the height detection time in any one or all of the plurality of
detection devices and the velocity of the object to be measured, which is caiculated for
each corresponding relationship of the classified signal strength, at the signal strength
detection time in any one or all of the pluraiity of detection devices, by the length

20  calculation unit.

7. A program of a computer of a device for measuring an object to be
measured, to function as:
input portion for receiving a strength of a light reflection signal corresponding to

25 alight radiation signal which is radiated to the object to be measured from each of a
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plurality of detection devices, the detection devices being located in respective
installation positions which are provided spaced apart in a traveling direction of the
object to be measured;

signal strength corresponding relationship determination portion for classifying
signal strengths of a plurality of light reflection signals which are respectively detected
by the detection devices depending on a time elapsed, for each corresponding
relationship of a signal strength indicating the same portion of the object to be measured;
and

first velocity calculation portion for calculating a time difference between signal
strength detection times of respective signal strengths in the plurality of detection devices
that detect respective signal strengths included in the corresponding relationship of a
signal strength indicating the same portion, for each corresponding relationship of the
classified signal strength, and for calculating a velocity of the object to be measured at
the signal strength detection time in any one or all of the plurality of detection devices,
for each corresponding relationship of the classified signal strength, based on the time
difference between the signal strength detection times and an installation interval

between the plurality of detection devices.

8. The program according to Claim 7, that causes the computer to function as

length calculation portion for calculating a length in the traveling direction of
the object to be measured moving between the plurality of detection devices, based on a
velocity of the object to be measured, which is calculated for each corresponding
relationship of the classified signal strength, at the signal strength detection times in any

one or all of the plurality of detection devices.
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9. The program according to Claim 8,

wherein the input portion receives height information in addition to a strength of
the light reflection signal from each of the plurality of detection devices which detect
height information of the object to be measured using a radiation-reception interval
between a radiation time of a light radiation signal which is radiated to the object to be
measured and a reception time of a light reflection signal corresponding to the light
radiation signal,

wherein the program causes the computer to function as:

height corresponding relationship determination portion for classifying a
plurality of pieces of height information of the object to be measured which are
respectively calculated by the detection devices depending on a time elapsed, for each
corresponding relationship of height information indicating the same portion of the object
to be measured; and

second velocity calculation portion for calculating a time difference between
height detection times of respective pieces of height information in the plurality of
detection devices that calculate respective pieces of height information included in the
corresponding relationship of height information indicating the same portion, for each
corresponding relationship of the classified height information, and for calculating a
velocity of the object to be measured at the height detection time in any one or all of the
plurality of detection devices, for each corresponding relationship of the classified height
information, based on the time difference between the height detection times and an
installation interval in the traveling direction between the plurality of detection devices;
and

wherein the length calculation portion calculates a length in the traveling

direction of the object to be measured moving between the pluratity of detection devices,



60

based on the velocity of the object to be measured, which is calculated for each
corresponding relationship of the classified height information, at the height detection
time in any one or all of the plurality of detection devices and the velocity of the object to
be measured, which is calculated for each corresponding relationship of the classified
signal strength, at the signal strength detection time in any one or all of the plurality of

detection devices.



