DESCRI PTI ON MEASURI NG DEVI CE, MEASUREMENT METHOD AND PROGRAM
S5TECHNI CAL FI ELD [ 0001] The present invention relates to a
nmeasuri ng device, a nmeasurenent nethod,,K and a program by which the
hei ght of an object on a road surface ik neasured.

Priority is clained on Japanese P pcation No. 2011-178875,
filed 10August 18, 2011, the cont %Egg}lﬁﬁﬁb& is incorporated herein

by reference. BACKGROUND ART [0002] In road pricing in the passage of
atoll road and the like, a collected fee differs 15according to each
type of vehicle. Thus, a roadside device installed in the passage
needs to nmeasuMEASHRINGIDEYIGH MEARUREMENTdEEHOIbANET BR Mhe
type of vehicle. For the neasurenent of the height of the vehicle,
for exanple, a neasurenent method using a | aser sensor is used.
[ 0003] 20As a nethod of neasuring the vehicle height using a | aser,
there §s a nethod in which the |apegngeEAsaTEPOVi ded above a road
surface scans |laser light toward the road surface and neasures the
strength fgqﬁfflected i ght of the scanned | aser and a tine from
radi ation o he | aser light to reception of the reflected Iight (for
ecificall the vehicle hei

exanpl e, see Patent Docuneni 1 S t.is
cal cul ated by nig%ﬂ'ie?*ﬂé AR t?@f'??ﬂ%?’i‘?%d?"é‘éee?‘ ngf@ﬁgsme'etdn?tﬁ%i and
vehi cl e and subtracting the nmeasured |length from an
a program by which the height of an object on a road surface is measured.
Priority is claimed on Japanese Patent Application No. 2011-178875, filed

10 August 18, 2011, the content of which is incorporated herein by reference.

BACKGROUND ART
[0002]
In road pricing in the passage of a toll road and the like, a collected fee differs

15  according to each type of vehicle. Thus, a roadside device installed in the passage
needs to measure a height of the vehicle in order to determine the type of vehicle. For
the measurement of the height of the vehicle, for example, a measurement method using
a laser sensor is used.

[0003]

20 As a method of measuring the vehicle height using a laser, there is a method in
which the laser sensor provided above a road surface scans laser light toward the road
surface and measures the strength of reflected light of the scanned laser and a time from
radiation of the laser light to reception of the reflected light (for example, see Patent
Document 1).  Specifically, the vehicle height is calculated by measuring the length

25  from the laser sensor to the vehicle and subtracting the measured length from an



2 installation height of the |laser sensor. PRI OR ART DOCUMENTS PATENT
DOCUMENTS 5[ 0004] [ Patent Document 1] Japanese Unexam ned Patent
Application, First Publication No. 2002-008188 DI SCLOSURE OF

| NVENTI ON 10 PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0005]

However, bq%ﬁaﬁéﬁﬁ%ﬁ%i@@ft)ﬁ@lﬁg@adi ent through which rai nwater and the

like flow Seﬁlﬁgl\llsloﬁed on the road surface or a wheel
rut is formed by the passage of vehicles, the road surface nmay not
necessarily be flat. Thus, the installation height of 15the | aser

sensor is likely to differ according to each point on the road
surface aRBIOR ARGDOEWMENTSUIt to accurately cal cul ate the vehicle
hei ght when the above-descri bed nethod is used. The present
i nvent i onPASERIIMBRPOCRMPNGSI di ng a neasuring device, a measurement
nmet hod, and a program by which the height of an object on an uneven
road ssrf 4%5 20accurately cal cul ated. MEANS FOR SOLVI NG THE
PROBLEMS F%Ogo |

[Patent Document 1]

Japanese Unexamined Patent Application, First Publication No. 2002-008188

DISCLOSURE OF INVENTION
16 PROBLEMS TO BE SOLVED BY THE INVENTION
[0005]
However, because a water gradient through which rainwater and the like flow to
a road side 1s provided on the road surface or a wheel rut is formed by the passage of
vehicles, the road surface may not necessarily be flat.  Thus, the installation height of
15  the laser sensor is likely to differ according to each point on the road surface and it may
be difficult to accurately calculate the vehicle height when the above-described method is
used.
The present invention is aimed at providing a measuring device, a measurement
method, and a program by which the height of an object on an uneven road surface is

20  accurately calculated.

MEANS FOR SOLVING THE PROBLEMS
[0006]
According to a first embodiment of a measuring device of the present invention,

25  there is provided a measuring device which measures a height of an object on a road



According to a first enbodi ment of a neasuring device of the present

i nvention, 25there is provided a measuring device which neasures a
hei ght of an object on a road 3 surface, the neasuring device

i ncludi ng: a di stance neasuring uni t co%figured to emt |aser |ight
froma referenc osition the ro surface .toward al it.

of “por nt < “Gicer e PRI o bRel L BRnY mPERupe LR Potidnal @'
reference position to g reflection point whjch is a point at which

the | aser l3spiglight from pesderencerpastionbpys thg read JuRkace E’ﬁ‘[ﬁé‘é%hﬂémf Ghpoigts
the laser light; a storage unit configured to store road surface

hei ght i nbmﬁhmtoad)wrf@prae oweasurg adistaicaficonthkirgletsacapasiiion toci milewiont he
road surface and a road surface height which is the distance fromthe
r ef er enceppinsivhichris & poinbet wivichtlie laset dight sy bbacrlbadbasedpaahd yofleeted
unit configured to specify the road surface height at each of the

reflecyi opgmaimhsiabaiedt Aidras: u@ﬁ@brﬁf&hteﬂ% stofd RY shifiRHER ﬂﬁoﬁﬁﬂfoﬁd

by the storage unit; and a 10hei ght cé’l culating unit conflgure

cal cul ate ur 0 ef I Q

The hei onfs et uis N ?%Eﬂﬁgs%&%n% bR ra?éw‘é e £ fatc%hé‘%ht
di st ance asuring un|t nd the_road surface he| cifie t he
road surf ¥ éC%Hé#&rﬂls@Efécfa fhegeference ppaiEer fo the nehl raorp @Sqréaca%@l%b
enbodi ment of the neasurlng device of the present invention, in the
first embéRfcHgme unitivenfipersdio sngcdetheoead sisfagadsightat cad) eltthe reflection
determ ning unit configured to determ ne whether a difference between

t he di st apciatsiesslwredhe byad dvefade htightciaformation stogdyithe storchgt lneity ol
surface hei ght specified by the road surface hei ght specifying unit

is leps t h@igmqralcﬁmmg Un@t BnARSALEIEEMRNAE aliEo@s homdhy AdadQuffade @aﬁ@
reflection 20point; and an updat| ng unit configured to update the

d f
road surl e ace&ﬂgtl égsﬁbé’é%i@féﬂcﬁr}g?f&@{e&%apéﬁ 6rf‘{acﬁ Rt cMQﬁlEteH%?‘?ﬁe on

I on poln en t ere

he a {1 oPisROR BerHEi ‘i and i T SR8 {gﬁh%ﬁeﬁE?E%IQ%taﬁéarface%ew'ﬂ?

measuring unit and_the road surface height specified by the road
surface hSHESHYINgIBH; fying unit is less than or equal to 25the

predet erm ned threshol d val ue.
[0007]

15 According to a second embodiment of the measuring device of the present
invention, in the first embodiment, the measuring device includes: an object determining
unit configured to determine whether a difference between the distance measured by the
distance measuring unit and the road surface height specified by the road surface height
specifying unit is less than or equal to a predetermined threshold value for each reflection

20  point; and an updating unit configured to update the road surface height information
stored by the storage unit based on the road surface height of a reflection point when
there is a reflection point at which the object determining unit determines that the
difference between the distance measured by the distance measuring unit and the road
surface height specified by the road surface height specifying unit is less than or equal to

25  the predetermined threshold value.



4 [0008] According to a third enbodi nent of the neasuring
device of the present invention, in the second enbodi nent, the
nmeasuri ng device includes: a road surfqge state determning unit
configured to determ ne whether a road Surface state i s good,
wher ei n, &I@ﬂly when there is a reflection point at which the object
deternini&g unit determnes that the difference between the distance
measured by the distance neasurjing unit.and the road surface height
speci fied by t hCPIdiEdnArbiEL SHRPYRENLYIR? mypnEng eYicr o Edeesehan or
equal to the predeterm ned threshold value and the road surface state
det er m ni Hyeuhon, g tresesandenbadimentde measpringrdexics ingledes: 3 eag sodace; state
updating unit updates the road surface height 10information stored by
t he st or adetetminingaasteabnfiguteleo detannise whather hedagisurfae dtite 15 gdodeohemein,
poi nt. [0009] According to a fourth enbodi nent of the
nMeasur3 ng ofBMvIES théretidIg rafleeB@NpoihtMt SHibIPIhe object Mterniihing uBiTISRHRRE that
when there is a reflection point at which the object 1§detern1n|ng
unit det e Lf t j

tHY d?ﬁérehé@%et%v@&m dlk dis(?z{él%? ﬁgagﬁéq‘gﬁﬁae &&a&eﬁ%ﬁ&@ﬁﬂéﬁ{dﬁgg Pyhd

t he di stance nmeasuring unit an ce specl

surface height .s i fyi unit is less than or.equal .t.o.th

or cdet er nHEeCRIIL HRsFHIe) B fhe raefsurtack Peddh Bocily it 1§ sse Fp gy pignal to
unit determnes that a road surface state is good when a scattering
degree of theiedaterengdtheasheld veluerand the oad puréachstabedatergrining unideteraines
reflection points is less than or 20equal to a predeterm ned val ue
for each thet theapadsurfase state i @0ad)jthe updating peit opdhtesgthe ooad shifadcerheight
enbodi ment of the measuring device of the present invention, in any

one of( t hinfbiidiontseorédby the storbgdiniEbysed ok i roRSIITAcE BeighVdfaRe reflection
includes: a vehicle determning unit configured to determ ne whet her
there is gopehicle at the 25reflection point; and a wheel position
speci fyi ng unit configured to specify a position at 5

[0009]
According to a fourth embodiment of the measuring device of the present
invention, in the third embodiment, when there is a reflection point at which the object
15  determining unit determines that the difference between the distance measured by the
distance measuring unit and the distance specified by the road surface height specifying
unit is less than or equal to the predetermined threshold value, the road surface state
determining unit determines that a road surface state is good when a scattering degree of
distances measured by the distance measuring unit at the reflection points is less than or
20  equal to a predetermined value for each reflection point.
[0010]
According to a fifth embodiment of the measuring device of the present
invention, in any one of the first to fourth embodiments, the measuring device includes: a
vehicle determining unit configured to determine whether there is a vehicle at the

25  reflection point; and a wheel position specifying unit configured to specify a position at



which there is a wheel of the vehicle when the vehicle determning
unit determnes that there is a vehicle, wherein the road surface

hei ght specifying unit specifies a road_ surface height of a point at
which there is a vehicle based on the wheel position specified by the

oot hon Wi RS WO bt Bl Ine vehiole oD Mffc Rl

fifth enmbqdi ment, when reflectiop points at which the object

det er ni ni ﬁljr%ﬁiatvemee et Tieragd sirier heieBrpec Bars.aBA SRL cPdpathestace
measured by the distance nmeasuring unit and the distance specified by
t he road beightefe prantigiiwhighdbieys ayehicla biasedenuctbe sdeel posidign speoifigihy the
threshol d value anong the reflection points are continuously present
across a piheelgtogitivhipetifyirdtimit.t he vehicl e deternmining unit determ nes
that there is a vehicle at a position of the continuous reflection
poi ntss [Q@6p47] According to an enbodi nent of a measurenent nethod of
the present invention, 15there is provided a neasurenent nethod using

2 measur i ng_deviesualigh e bHHSRnRa bR e AR SORLLBHESAER Store

road surface he formati on represen atirons ween a
point on a road surface and road. surface hei.ght i i §.a distance
P om a_r e e, i onsBvems Hosh S roins ot whichdre, gkt “and
measures a hei ght of an object on_the road surface, the nethod

i ncl udi ngdetgrigingeandtedetesasinsithyy axodereaceshetweendhe disianee magsared hygihe
fromthe reference position toward a plurality of points on the road
surf ace adiitameasigesunpgzandiaat dreodisthnamptdifed by ereanadsyise height dpociflying
reflection point which is a point at which the laser |ight has been

ref | epg eduhiasesteda plrdetemhined treeshbi dVHlucdfmanietht aaREtibh Phihis ake r 0ad
surface hei ght specifying process of specifying the road surface

hei ah . h _ _ _
el gnt 25¢ ATaroltly BRBCIELGREh pRAGRANMES AR e FonL AT ARMRLbARCS
o the rehnelping oa e g Pyl gftvdy oFRE -Burbel IBeliiidn ™
di st ance gq%ldcul ated in the distance neasuring process and the road

surface h 4l specified in the road surface hei ght specifying
process.

According to an embodiment of a measurement method of the present invention,

15  there is provided a measurement method using a measuring device, which includes a
storage unit configured to store road surface height information representing a
relationship between a point on a road surface and a road surface height which is a
distance from a reference position above the road surface to the point and measures a
height of an object on the road surface, the method including: a distance measuring

20  process of emitting laser light from the reference position toward a plurality of points on
the road surface and measuring a distance from the reference position to a reflection
point which is a point at which the laser light has been reflected based on the reflected
light of the laser light; a road surface height specifying process of specifying the road
surface height at each of the reflection points based on the road surface height

25  information stored by the storage unit; and a height calculating process of calculating a



[ 0013] 5According to the present invention, there is provided a
program used to cause a neasuring device, which includes a storage
unit configured to store road surface height information representing
a relationship between a point on a roddl surface and a road surface
hei ght which.is t distance from a reference. ngsition.above 1he.road
cur face t et Torbite Rafls PR MR Rr oS SR T B r R bkBe PG
surface, to function as: a 10di stance neasuring unit configured to
enmit | asefaqh gHangeGluiatd indhedishpes Heaiing RrosssARdithierond sertaceireide
toward a plurality of points on the road surface and neasure the

di st ance #pasifiadie thefoed swrdacedisight spesifyiogaroasd.ecti on point which is a
point at which the |aser |ight has been refl ected based on the

refl ected|ddight of the laser light; a road surface height specifying
unit configured to specify the road surface height at each of the

reflecdion 15pojptstdR@SE theitedeNBinvBmbnS tefedis Hrol8iaNd prloBfapf fiBkitd Bause a
stored by the storage unit; and a hei ght cal culating uRit configured

to cal cul th f r Sur e kon i.nt
pased on eenriEAERE e SIS £ 5BR5 i e R ehRe TaaleorfE R e
the road syrface hei ght .specifi.ed by the road surface hei ght

speci fyi né}‘%rﬂliﬁ]?%“"&sreli’rg%enﬁ@g ghelaenshipebetnr DA PO‘@G{WPﬁﬁ surfact and a road
According to the present invention, there is provided a recording
medi um r e8wfase rhglggt phisgriatheulgancedra a sefergnecopgsitiaarabere therrpadinrfagg to
device, which includes a storage unit configured to store road

sur f ace hdieghintianfl anemsireotherhejghesfat object annled wiad em$ideptofahstiemrasaa
point on a road surface and a road surface height which is the

25di st@ncgistaneehRasiin@ARGenAfFtd tOanRAPRYEI g ErohPRd réfdfehd€ fodiort diRve
poi nt and neasures the 7 height of an object on the road surface, to

perform g.dbs4 apeRe %gwgagﬁmrﬁg"tf{)w ﬁg‘?&%d;){lﬁgaké‘ﬁﬁ mhﬁsglrr'g the [dRnce

the reference positio S on the roa

o | octi oNOBLPRERCHPAGR §orHhfctioni Wy Aegar of Rk heBsssdigf
refl ected based on the reflected |ight of the 5laser light; a road
surface hBagrendggfisctadhased on teasllectsd lghtof thgilasst hght: 2 mad sutfagedcaght

hei ght at each of the reflection points based on the road surface
hei ght i nfgacHpingomitspofigeredyo sieeify the road surface height at each of the reflection

15  points based on the road surface height information stored by the storage unit; and a
height calculating unit configured to calculate the length from the road surface to the
reflection point based on each distance calculated by the distance measuring unit and the
road surface height specified by the road surface height specifying unit as the height of
the object.

20 [0014]

According to the present invention, there is provided a recording medium
recording a program used to cause a computer of a measuring device, which includes a
storage unit configured to store road surface height information representing a
relationship between a point on a road surface and a road surface height which is the

25  distance from a reference position above the road surface to the point and measures the



storage unit; and a height cal culating process of calculating the

|l ength fromthe road surface to the reflection point as the hei ght of
t he object based on each distance calculated in the distance

measuri ng process and the road surface hei ght specified in the 10road

f hei i fvi . S COF.. I ON [ 00
AL CTIE LR e e e
MR LT RN NIRRT

cal cul ates the height of the object using the road surface height.
Ther eby, Burface apd sadapirng the distancafremythe sgterghes position theirgfection pamt which
obj ect on an uneven road surface. 20BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0016] is a poihi @ .which the daseoliglitdus bednavfleitapbaed of tie reRased liglg oddie ce
according to an enbodi nent of the present invention. Fi g.

2 is asschpp@idif; Ploaskudh@NUepiRt kpduSindrbgs 6f GRBiAM iRbMN s fac8Reight
i nformati on 25processi ng device. 8 Fig. 37s a diagram

i 11 ustrat ia{'%cﬁ%f %qgﬁ%_.cﬁigafpgﬁltg 9%9? ﬁﬁéﬁ;ﬂgg‘é E'Lﬁ‘h%ﬁ%{?lfgﬁ? i:nﬁogrﬁéiﬁf)@ gtgpéﬁ b%/ the

storage unit. 'S a ar rati’on

of the information ocessi n evice in thi nbodi ment, 5FiqQ. 5 s a
di agr am i FCIRSEMa1Y %‘PF%‘%%%P tigg pgp%ﬁﬂ%ﬂ@ﬂ%ﬁﬁé 16 Ignath gioms i sag

surface, wherein (A) is a diagramillustrating a relationship between
the road Swifdcgde theqafledtionpenitas the hemht pEthg oicstbasad pn kagdydisiongsg a
calculation result including the influence of a wheel rut/gradient,
and (C) i saleuldicdgn thmdisthnestmeasuneg procesk and Hieiroad siefot heibhiospevitiied in thhe
i nfluence of the wheel rut/gradient is renoved.

10 road surface height specifying process.

EFFECTS OF THE INVENTION
[0015]
According to the present invention, based on the road surface height information
15  stored by the storage unit, the measuring device specifies the road surface height at each
reflection point and calculates the height of the object using the road surface height.
Thereby, it is possible to accurately calculate the height of an object on an uneven road

surface.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0016]
Fig. 1 is a configuration diagram of a measuring device according to an
embodiment of the present invention.
Fig. 2 1s a schematic block diagram illustrating a configuration of an information

25  processing device.



10 PREFERRED EMBODI MENTS FOR CARRYI NG OUT THE | NVENTI ON [ 0017]
Herei nafter, an enbodi nent of the present invention will be described
in detail with reference to the drawings. 15Fig. 1 is a configuration
di agram of a measuring device accordi nggto t he enbodi nent of the

present inventign. ,The measuring device incluydes | aset _sens

(i stance measuf g ke doBRarfer el o ed s heBfl e stored
The | aser sensor 1 i.s installed above a road surface D via a

canti | evePY 851053854ty and laser light Z is scanned fromits
installation position Sto the road surface D. The 20l aser sensor 1
emts the | aserFig §isa fowohat idlustrasingraal dpesation opthernformatiom proecssingd
surface D by scanning the laser light Z toward the road surface D. In

addi ti on, dé¢tee inahRrenth@diont] nmeasures the di stance (neasurenent
distance H froma predeterm ned reference position T to a reflection

poi nt R whi ch i jgasRos Hag@in WakERidaH dxdsple dfiadlthicke Which @hsast £bad
based on reflected |ight of the scanned |aser light Z 25In this
enbodi men rQRG Lt b, 4 '
279 T har e iAo PRBl Bhsrh eBRObiS et 1R RISy ER MY
posi tion i.mmedi at . abgve the reflection point R. That is, in thi

P rbodi montie VRl - aLis Adstemaliui e SieiRiaBin eralnedieies i gnfiuentd ofa
di fference between the height of the installation position S of the
aser senubecl Tubsedient anb((GHs adiasrams iHustios & exloylaton reRilt SpOTSEh fhe
exanples of a relationship between the reflection point R and the
nmeasur enentfludnst aithe whied wttperadibyt ik bandweder sensor 1 to the

i nformation processing device 2, there is a relationship of a polar

coordigat e systemindi cated by a scanning angle O fromthe origin of
the | aser sensor 1 and a straight line distance L to the reflection

LOpoint Rat Sty BREFERREIDEMRIDAVENTS FORBARRYING QUT I INVERGN
[0017]
Hereinafter, an embodiment of the present invention will be described in detail
with reference to the drawings.

15 Fig. 1 is a configuration diagram of a measuring device according to the
embodiment of the present invention. The measuring device includes a laser sensor 1
(distance measuring unit) and an information processing device 2.

The laser sensor 1 is installed above a road surface D via a cantilever or a gantry,
and laser light Z is scanned from its installation position S to the road surface D. The

20  laser sensor 1 emits the laser light Z toward a plurality of points E on the road surface D
by scanning the laser light Z toward the road surface D. In addition, the laser sensor 1
measures the distance (measurement distance H) from a predetermined reference position
T to a reflection point R which is a point at which the laser light Z is reflected based on

reflected light of the scanned laser light Z.

25 In this embodiment, the reference position T is a position of the same height as



i ndi cated by a position X of a horizontal direction in which the
installation position S of the |laser sensor 1 is the origin and a
distance Y of a vertical direction fromthe position X to the

refl ection point R and so on. Wen the®laser sensor 1 outputs the

relati onshi t.h rthoganal .cogrdi nate 15systemto the info tion
o ocesst nihalhedaitig BAgER sERRTRE Erupe T HEd EBosan PempaBhirbove
LcosO using the scanning angle 0 and the straight |ine distance L,
and out putl® rsflectiogmnogrdhi plhisbisniethistamebadynent; ba measemendisianpedhise v
to the informati on processing device 2. The information
pr ocessi ngquirslentdo Phecdifferchat beswacththiedieight bf the wiestvllatien pogindy) &of jhedtxen
the road surface D based on the distance neasured by the | aser sensor

1. [0019] sensor 1 and=il@-heibhk &f the 3€thefivh beinbRock diagramillustrating a
configuration of the information processing device 2. The information

processi ngygdgyi ce 2 includes a sensor information acquiring 25unit
21, a storage unit 22, a road surface height specifying unit 23, an

obj ect determ niyn Nkt road surfac tate. ermning unit
25 “an updat 1 ngPanre! B efonfub ARt R Bl N Sl
position specifying.unit 28, and hei ght cal culating unit 29. [0020]
The sensoPeAHFeRRRIdIBAcEdGORtPIHRY 'gﬁi1%3312$n§{~3du‘i0rth%mtf‘?fé1?\ﬁ*€5§mcém
distance H 5 in association with coordinates (for exanple, a

di st ance f#Wes 2 thorads 8 radatjonskipoé g entar sgordinatesiysticonindicatad byadcannifigce
width direction of the reflection point Rat each reflection point R
fromthe h@geo fegndRrorigin bOBE 1dser sensor 1 and a straight line distance L to the reflection

10 point R at the scanning angle 0, a relationship of an orthogonal coordinate system
indicated by a position X of a horizontal direction in which the installation position S of
the laser sensor 1 is the origin and a distance Y of a vertical direction from the position X
to the reflection point R, and so on.
When the laser sensor 1 outputs the relationship of the orthogonal coordinate
15  system to the information processing device 2, the laser sensor 1 calculates X = Lsin®
and Y = Lcos using the scanning angle 6 and the straight line distance L, and outputs a
relationship between the position X and the distance Y to the information processing
device 2.
The information processing device 2 calculates a height of a vehicle O (object)
20 on the road surface D based on the distance measured by the laser sensor 1.
[0019]
Fig. 2 15 a schematic block diagram illustrating a configuration of the
information processing device 2.
The information processing device 2 includes a sensor information acquiring

25 wunit 21, a storage unit 22, a road surface height specifying unit 23, an object determining



Fig. 3is a diagramillustrating an exanple of a road surface hei ght
tabl e stored 10by the storage unit 22. The storage unit 22
stores the road surface height table (rgad surface hei ght
information) in which a point E on the 1Boad surface D and a road

surface hej i i i . f r ef C gsition T
cor r esponiig PR e el R o B LG Bl 2R S iRt

st or ed. an exanpl.e of the road surface height tahle, as . :

U1 ust 7 at Agersing{ing 27, ae*vll%@sglqnsspsmﬁela%ugla??,&@é aﬁ@i%’ﬁf’ai‘é‘&@iﬁég it 29.
whi ch the hei ght of each division point is stored in association with
the di vi sil¥R0boi nt when the road surface D is divided every 10
centineters in a wdth direction. The road surface height
tabl e is creat efhdyenseristorimagon hequirdagcugt? I acmirbethg meaburemienigdistiece H
| aser sensor 1 in advance when there is no object and recording the

nmeasured 2P¥absigidwAs S66dRated '(rfoweke_hn;%lepa 8idiafe frorl rbAEsilOAEpRIEIAE A
D. In the |aser sensor I, drift nmay generally occur in the
measur enent . t.e. . : - t ' .
pdat co aPoiGEUL] e Rulrie FIRFHRADE of HetefocBE pURER Ay St {8tborEh poin
st orage ugiett Z%IFtIO a val u; i ncluding an offset due to an influence of
t enper at ureTYPiG BSBSEHEE2] 11 Based on the road surface

hei ght information stored by the storage unit 22, the road surface
hei ght sp&¥2lying unit 23 reads the road surface height |
corresponding to the reflection point R acquired by the sensor

i nformati on acqbig Bnga diagtan?illuainatingLenpaxtmptens arroadiswtact Acighhmbigistored o
the object determning unit 24. 5In addition, after the determ nation
by thep obpeeic sierags ohiodng unit 24, the road surface hei ght specifying
unit 23 specifies the road surface height |I corresponding to the

point E at whi Cipd EtSfag ufiit 32 %RMEChHE rdhdRAREe: ﬁ]glﬁetgﬁﬁl H‘taﬁde &%Jecgﬁéight

hei ght informati on and a wheel position spec

he. het gnieiiariifh Wiich aeins &S B blisietab o' B B FER, REEAT Wil

determning unit 24 _determ nes whether_there is an object_serving as
a hei ght elhe disiamenfropy 1§ Etfergncd pRsTtialy T eertssprnging inthrpayt Bde dieditry
whet her a difference between the neasurenent distance H acquired by

t he sensogreassasiaied anshstaredui Ab ay example 21 therraad susface heighitablgces iHustrted
| acquired fromthe road surface height specifying unit 23 15is |ess
than of edquBig. 3.cherefis & ceidenrfacedightadd ol whichlthechdigin of esth diwbioabind ik
poi nt R The road surface state determ ning unit 25 acquires

the nmeasus@pRIth aoela@ios Svitl S aidiGFipdhit Whdh B RS sutREODTRENVRIR every 10
acquiring unit 21 and the determ nation result of the
centimeters in a width direction.
The road surface height table is created by measuring the road surface height I
using the laser sensor 1 in advance when there is no object and recording the measured
20 value in association with the point E on the road surface D.
In the laser sensor [, drift may generally occur in the measurement result due to
temperature. Thus, the updating unit 26 updates a value of the road surface height table
stored by the storage unit 22 to a value including an offset due to an influence of

temperature drift.

25 [0022]



object determining unit 24, and determ nes whether the state of the
road surface D is good based on a scattering degree of measurenent
di stances H of reflection points Rat 20which it is determ ned that
there is no object. Wien the rodd surface state deternini ng

unit 25 determ pes ,th the state of, .t rqad surface D. i S goo he
ipdat i ng ani ¢ 2Baggebs s Biehedap piGan R Feteq P e e R rr o
storage unit. 22 based on a_difference between the neasurenent

di st ance FPadsyripsrhsighgpeqivinguntel wads the seadsyrtace byightd crrsnopfing tR
at which it is determned that there is no 250bject. 12 [0024] The
vehi cl e d8teeefieationgpoimilk aczireié by thei saesor wifetrhationtdequising sni 2V ehd ohipuB
at the reflection point R at which the object determning unit 24

det er m nesghetrbad surfiee deight bio thdpgest. dekhating teit 24€hi cl e det erm ni ng
unit 27 determnes that there is a vehicle 0, the wheel position

speci fying uni t ;2R14%RC hféake HEBRASHdH mhefob'ekﬁdeeégﬁﬁhipg E@ﬁ 2h8ihekad

calculating unit 29 calcul ates the height of the objec

cal cul at | ag e GelhPLRRGGBINSS N LORIREYLATRIL. (L3168 HoRGRAEHS 82

by the sensor in n=acquarring tni roa
hei ght | specjfied.by the road s ace hei ght  10specifying unit 23
for Jeach PRI B MiThIBHRES RVeligsS5paed on theload FTA Brishimdraton fed o
| aser sensor 1 performs _scanning of the laser light Z at
pr edet er minhieel nositienispecatishbysthe angebpaspinspedbriag wait 28 and ppwytsribe mgda
position of a road surface width direction of the reflection point R
and t he neafacedeizht I o the Aaight ddldubatingenit®9nf or mat i on processi ng devi ce
2 for each reflection point R as the measurenent result.

10 [0023]

The object determining unit 24 determines whether there is an object serving as
a height measurement target at the reflection point R by determining whether a difference
between the measurement distance H acquired by the sensor information acquiring unit
21 and the road surface height I acquired from the road surface height specifying unit 23

15  1s less than or equal to a predetermined threshold value for each reflection point R.

The road surface state determining unit 25 acquires the measurement distance H
acquired by the sensor information acquiring unit 21 and the determination result of the
object determining unit 24, and determines whether the state of the road surface D is
good based on a scattering degree of measurement distances H of reflection points R at

20 which it is determined that there is no object.

When the road surface state determining unit 25 determines that the state of the
road surface D is good, the updating unit 26 updates the road surface height table stored
by the storage unit 22 based on a difference between the measurement distance H and the

road surface height I at each reflection point R at which it is determined that there is no

25  object.



Herei nafter, an operation of the information processing device 2 to
be executed every tinme the neasurenent result is received fromthe

| aser sensor 1 will be described. [0026] Fig. 4 is a flowhart
illustrating an operation of the infor i on processing 20device 2 in
this errboﬂi(gg'it. When the measurenment result is output from
the | aser 1, the sensor i nformati on acquiring unit 21 acquires

t he nmeasur enent (step. S Next, the sensor |nformat| on
acquiring unit Eﬁe&s lﬁlﬁtd§t°flﬁ@l%€c%ﬂﬂ YL et5ruNBe WAL there i 4 vl Rat th
object determning unit 24. In addition, the sensor 25information
acqui r i ngreflectiopoistiR ptwdichabe dbjecttdsterminingenit 3¢ determioes thet thereRs among
the 13 acquired neasurenent results to the road surface height

speci fyi ngbjai.t 23. [0027] Next, the road surface height
specifying unit 23 reads the road surface height | corresponding to

coordinates of earh theldigat H@t@rﬁﬂid’% urft BCAEhBREs th&AThdB & SRISQE Pthe
i nformation acquiring unit by referring to the road surface héight

201 2 LR R AL B RS DB O,

surface hei ght ermnin

Surf ace hel gnt ! THERY S LT R ohsEni e @tﬁétrﬁ%)céﬁﬁ g

to coordinates of the reflection point R as the road surface height |
cor r espondiffegence betwecn by apasararens flistanee Hucdpiredby &6 spasoninf®m4tinn 28]
Next, the object determining unit 24 calculates a difference between
t he neasunequntg ohis?2 haokthel reaipuirfaseihéightrh spbafisd by tre rond anfaat height
acquiring unit 21 and the road surface height | acquired fromthe

road s@ir f gsRificdit 2BPRE bdchirBBedidhipodd R or each 15reflection point R
(step 53). Next, based on the cal cul ated difference, the object

determ ni L@)zg;ﬂt 24 determ nes whether there is an object at the
reflection point R for each reflection point R (step $4).

Speci fically, e.obj ect..dete mnln unit 2 determne S
an obj ect. at ¢ ni PERAEBRHEIPeRtR Lot AR b L fer e £ o
difference is greater than or equal to a 20predeterm ned threshold
val ue (f oPTedgighpinsd timejategyals, aa%aumétswﬁdﬁ@ée%rﬁ%r@sqt]ﬁ@gé ppsitipg of a road

surface width direction of the reflection point R and the measurement distance H to the
15 information processing device 2 for each reflection point R as the measurement result.
Hereinafter, an operation of the information processing device 2 to be executed
every time the measurement result is received from the laser sensor 1 will be described.
[0026]
Fig. 4 is a flowchart illustrating an operation of the information processing
20  device 2 in this embodiment.
When the measurement result is output from the laser sensor 1, the sensor
information acquiring unit 21 acquires the measurement result (step S1).
Next, the sensor information acquiring unit 21 outputs the acquired
measurement result to the object determining unit 24, In addition, the sensor

25  information acquiring unit 21 outputs coordinates of the reflection point R among the



object at the reflection point R at which the cal cul ated difference
is less than the predeterm ned threshold val ue. Wien there is no

obj ect at the reflection point R, the laser light Z emtted by the

| aser sensor is reflected by the road’surface D and the refiection

Foad sur f 58 @%ﬁ’éa%&eﬁgﬁﬁﬁ%ﬁﬁgﬁ RS AEE e R b apd a0 e

reflecti OE q%gﬁ nt R at which the object determning unit 24 determ nes
t hat ther no object anong the neasurenment results acquired by the
sensor information acquiri unit 21 in step Si. Then, the road
surface state ddes theffpa@sungac': heightspeeifying unit 33 seadn therrgad surfdcathicight bf
measur enment di stances H at reflection points Rat which it is

det er m nedotrdspdnding teecacsdiaatns ofeach s¢flection pbineRtacquirel fpora det ensdrned
nunber of nost recent neasurenents (step SH). Next, the road

surface syfbendRhecHiifhAaninl b Qéfeﬂmgetbﬁh@ﬁﬁdwmwe@h@ableoﬁ&eﬁ wyhmee

state is good by det er nT ni ng et her the cal cul ated standard

devi ati on I

val o (ot SisPogB iRt pécﬁ“?ﬂ”@f*f e £ Rag st ate e} %’“&?Qﬁa 2 ev%ayr'én
is greate r e edet e ed t eshoJ

oad surt S %@ B . Bt STBbE L E e RS E igh e bt B
surface state is bad Wien the road surface Dis wet due to rai ny

weat her ofurfase heighe! assaeipted vath 4 divisrn neanidsredhignd) cnssitap seordinates of the

i ncreases because the laser light Z radiated by the | aser sensor 1
15i s i r r egifleatidrypoief Ras tledoad hiaface deighhkeortedapondagritoghe fenrdinstesabbthes
bad, the reliability of the nmeasured results by the |laser sensor 1 is
Iow [®03edflection poinkRen the road surface state determning unit 25

determines that the road surface state is good (step S6: YES), the
updati ng ijztg] 26 acquires a difference associated with

Next, the object determining unit 24 calculates a difference between the
measurement distance H acquired from the sensor information acquiring unit 21 and the
road surface height I acquired from the road surface height specifying unit 23 for each

15  reflection point R (step S3).

Next, based on the calculated difference, the object determining unit 24
determines whether there 18 an object at the reflection point R for each reflection point R
(step S4). Specifically, the object determining unit 24 determines that there is an object
at the reflection point R at which the calculated difference is greater than or equal to a

20  predetermined threshold value (for example, 1 meter), and determines that there is no
object at the reflection point R at which the calculated difference is less than the
predetermined threshold value. When there is no object at the reflection point R, the
laser light Z emitied by the laser sensor 1 is reflected by the road surface D and the
reflection point R is the point E on the road surface D.

25 [0029]



20t he reflection point R at which the object determining unit 24
determ nes that there is no object anong differences calculated in
step 53. Then, the updating unit 26 updates the road surface height
tabl e stored by the storage unit 22 baégd on a value of the acquired
di fference (ste 7). t ho updatin he road surface height
Cabl e, Tor examrat erehs fnfiel Sk RerBRE U ob e S D baRE R R e
bet ween acquired differences and 25addi ng the average val ue to each
road surf EAECHen poipt R apphichdhe abjectdgiermubngwnight detsmpiaes thatgtherg is no
addition, a nmethod of deriving a function representing an influence
of tenper abigeteanarigithe measuiemenigesults eemared byfthesansorrinfoamaiersadquiring unit
between the reflection point R and the value of the acquired

di ff erencel anste@8ti nghér) ehd ohd siafice sate dagsrpeniag uni 2dchlictilated agemidardoad
surface height | of the road surface height table based on the

function gayatith SfSRcksurthRABdiktalERH MYBAEQRM poiMits RGR %ﬁ@ii?is%%&ﬁlgﬂeﬁitﬁ‘ﬁ

unit 25 determnes that the road surface state is bad in step S

(step S6: Hlﬁé‘% is%nﬁf\‘iehgo%gl%%tqﬂ&%i DOl ﬁni%g%HEﬂﬁ%reosf nliJE??e%Qﬂqnéag{}{eﬁn%gts

hei ght ta n's road surrace herg specifyrng u

reads the road_surface height | of each reflection point Rfromthe

road surf 5 i ght table stored by the 10storage unit 22 (step 88).

When it is determned that the road surface state is good in step 86,
the road surfaclerethgtipad surtage stele derrsminag usiy2f delermiacywhetbpeldr r9adng
unit 23 is set as the road surface height | of the road surface

hei ght t abbréacaptht isgobd by defermifing whether thiegdlculatee standayt e ciatianis afré atgy
unit 29 cal cul ates the height of each reflection point R by

subt r pgt i finton eqie &5 b priTeRIMRed (BRI d AGHLtdpeSE) DY ShdtericaBn SOken the
information 15acquiring unit 21 in step SI fromthe road surface

ggi) th | ££8HaRY stallBariQRFiafY [sHrEarllGhSNbr GREFL MY PRatBiHinéP ik &hER
value, the road surface state determining unit 25 determines that the road surface state is
bad. When the road surface D is wet due to rainy weather or the like, variation in the
measurement distance H increases because the laser light Z radiated by the laser sensor 1
15 isirregularly reflected. That is, when the road surface state is bad, the reliability of the
measured results by the laser sensor 1 is low.
[0030]
When the road surface state determining unit 25 determines that the road surface
state is good (step S6: YES), the updating unit 26 acquires a difference associated with
20  the reflection point R at which the object determining unit 24 determines that there is no
object among differences calculated in step S3.  Then, the updating unit 26 updates the
road surface height table stored by the storage unit 22 based on a value of the acquired
difference (step S7). As a method of updating the road surface height table, for example,

there is a method of calculating an average value between acquired differences and

25  adding the average value to each road surface height I of the road surface height table.



[ 0032] Next, for each reflection point R at which the object
determning unit 24 determ nes that there is an object, the vehicle
determning unit 27 determ nes whether 20there is a vehicle 0 at the
reflection point R (step S10). Specifi dal ly, when there are
reflectio b ch. the ' Nl uni
et er m nod FRUTOE dBhod SR S ARG s BEAF e Mok of emperature
predeterm ned width (for anpl e, 40 centineters t he vehicle
et er i ni AEHUATES 95#%@15@? 9 af%@ﬂﬁmebswegnéh%ﬂ%w@ ReinR gpd the value
position of a group of the continuous reflection points R 25[0033]
16 oferacquircdifierenes anstaddimgrthemflvanee oftcniperatung dield ta reafer e
is no group of the reflection points Rat which there is a vehicle 0O
(step S10surf¥de hetghel ofthe romk suofacphaglesshblayagtd\unabe Ainotibrpmnag be lnsed.
hei ght of the reflection point R calculated in step S9 as the hei ght
of thes ob'!](ﬁ)gt]]on the road surface D and ends the process. 50n the
ot her hand, upon determning that there is a group of the reflection
poi nts Rat whic i i . 31 i
determ ni ng uni ?\/}%gqféiﬁglfdgra rsnﬁ‘rr%cg%ﬂiéégﬂgrr 'ﬁ h]gql\@ﬁ;_f%cqegﬁ@qeg&]gﬁ tlye%la& Eﬁfaoe
f our - wheel ed .vehicle O te . ecifically, n the w dth, of
the veni ot Bad f e o5 e iOberadinibe bbGrintsptAGmedSs Madhed £ or
exanple, 70 centinmeters), the vehicle determ ning unit 27 determ nes
that the vemacgheight ehlesngtopatss therread sufage hrighkspeckyiag wnis @3 reads the road
vehicle determning unit 27 determnes that the vehicle 0 is a
t wo- wheel sarfacethieighe] 60sach 0€fB:4tion point R fitine thet road metice heigtietablestaredyy the
unit 27 determnes that the vehicle 0 is the four-wheel ed vehicle
(step1®i ! stodp@lunittResteh8e). PAaL It end@aethédihagdthb Rédd sdefaspastelid &od in
15t hat each of points R at a predeterm ned length (for exanple, 10
centinete naar : : af: + on-
52) SN rgfi]cf §u9ﬁ|\;l‘pﬂt%lghl§r}gﬁi @]I the '?Gatﬂﬁﬁﬁ'leeé gélgg{%e&ﬁ]‘lhgﬁélhg is set

points R at which the vehic etermning unit rm-ne
]E 25; _eWLZ e%% 1%\“;@%#\/“ ?%lceg?i\éﬁtkfﬁé% rio%d tSlr}l%a(%q]Seiigthit ?a%leoaptﬁtemrel géep %t7 the
Next, the height calculating unit 29 calculates the height of each reflection point
R by subtracting the measurement distance H acquired by the sensor information
15  acquiring unit 21 in step S1 from the road surface height I read by the road surface height
specifying unit 23 (step S9).
[0032]
Next, for each reflection point R at which the object determining unit 24
determines that there is an object, the vehicle determining unit 27 determines whether
20  there is a vehicle O at the reflection point R (step S10).  Specifically, when there are
reflection points R at which the object determining unit 24 determines that there is
continuously an object across a predetermined width (for example, 40 centimeters), the
vehicle determining unit 27 determines that there is a vehicle O at a position of a group
of the continuous reflection points R.

25 [0033]



On the other hand, when the vehicle determning unit 27 determ nes
that the 20vehicle 0 is a two-wheel ed vehicle (step S11: NO, the
wheel position specifying unit 28 specifies that the center point R
of the group of the reflection points Réat which the vehicle

d i ni [ . 17 h el ed h i
Cpoers ool AP B e o Rathgek i Vil
25When t he wheel position sgem fying unit 28 siem fies a _whee

posi tion rqﬂeg@@bpm@tﬁ Ksatowhich 8iese isian@hicde@ (86p P Q@Qéﬂ%mfwgppw ng

unit 23 specifies the road surface height! c.orre_spondlw? to the group
of the reptaessingndgyaier?t eutpets theHicight vhthevefhdctive paint Broalquiated wrskap Sras
determ nes that there is a vehicle 0 based on the road surface hei ght

| corr espdidicight bOthchdjezper tHei road Wit Dpasl dnide thegrosgs.r oad surf ace
heights | read in step 588 (step Sl4). Specifically, because the

wheel position O%tﬁé’@t%rflheﬁﬂ Qp/ontdf&hrmi h%@h‘a’t R rPRIaYrSuof the ?etﬂ%etlﬁﬁomts

when the vehicle 0 is a four-wheel ed veRicle, the Toad surface hel ght

| corr esPATaG BekNeagLauf Ol SHachE 9mpRl Merfife 3L a1 2 o

by linearly co surf Cor'tie sponding to

Speci 11 cadBynE Pheiher ?éeSﬁ‘%tGpQ)fs (o Wge‘gﬁ‘gﬁg 43 QB v crpnisay

is a two-wheel ed vehicle, the road surface height | correspondin
t he wheel whemsihe width ef the vehigle) isexenterthamerequel tgraprededeynvivedowidih (gfgr to
the group of the reflection points R [0036] A reason for
whi ch t heexammsle Sy deatimetees)giht vehick depemifingdnik B7 detepniBiisithat the vbleicle O
15descri bed. Fig. 5is a diagramillustrating an exanple of a

vehi ci@ W £fduf-Whseled vehitiead Ofittirive Sthe WHIBERI detetiinihS udit 97 a&EMNhes that
illustrating a relationship between the road surface and the vehicle,

(B) is a gﬁg&hﬁe gllagg‘gﬁgrw_r u%k’la%@ye a calculation result including

the influ gradient, and (C) is a graphic diagram
iIIustrati[dz)%Ar? cal cul ati on

When the vehicle determining unit 27 determines that the vehicle O is the
four-wheeled vehicle (step S11: YES), the wheel position specifying unit 28 specifies
15  that each of points R at a predetermined length (for example, 10 centimeters) inward
from both ends of the group of the reflection points R at which the vehicle determining
unit 27 determines that there 15 a four-wheeled vehicle is the position of a wheel of the
four-wheeled vehicle (step S12).
On the other hand, when the vehicle determining unit 27 determines that the
20  vehicle O is a two-wheeled vehicle (step S11: NO), the wheel position specifying unit 28
specifies that the center point R of the group of the reflection points R at which the
vehicle determining unit 27 determines that there is a two-wheeled vehicle is a position
of a wheel of the two-wheeled vehicle (step S13).
[0035]

25 When the wheel position specifying unit 28 specifies a wheel position in step



20result from which the influence of the wheel rut/gradient is

removed. [0037] As illustrated in Fig. 5(A), a wheel rut Wmy
be formed on the road surface D accordlng to the passage of vehicles
0. If the helght of the veHi’cle 0 is cal culated based on

oncn ¢ nor 8178 8 ofi %H ohp T Br Sl 2o e TR S8 YRS négn

illustrated in Fig A, the cal cul ation result of the height of the
vehicl e ocvrﬁ%spgw@ggtm eigfrunfberedectionnminis B whieh ths vehislogetsamining W
as illustrated in Fig. 5(B). On the ot her hand, when the road
surface henigBT deteimingpthet theedis iarvehiske @ besdsm thé raatispriskdicight i s
possible to renove the influence of a wheel rut fromthe cal cul ation

resul t Sotorrdsgofiding ks thefspédiiedwiiéet hesiflosmbhg tesitl kaifest heEgHEs Drea® {rGrep
(see a reference Iine P of the height of the vehicle 0 of Fig. 5(A)).

[0038]5 sg (ste;?gﬁﬂusggr‘:aﬁcélmgﬁg% tlblgﬁﬁlgélé) Ellog?sﬂe%\s%? mh@ﬁ’eﬂ’&%ﬂbﬁl €

IS one, a posture does not

hei ght of h hi.cl d d. 10 rf

nei ot ¢ aBP BRI B1uEp §) v BRGRHSE G 755 BB a8l BrelrBRF SRt o

t he hei ghg the vehi cI e 0 incl ud?s hﬁql nfluence of the g)radl ent as
giehtd theae

i |l ustrat qerigspasida)e to the groupyy otiep PAWL K. 1s wplewlated Oy Jpsarly
surface height | is specified in the process of step S14, it is
possi bl e templemsying tveo foafl sudagseheights heorgspatideng tofthowhedi @ositibeul at i on
result 15of the height of the vehicle 0 as illustrated in Fig. 5(C
(see the refereOaehd other ndf bdchase the wheel position is specified by one reflection
10 point R in step S13 when the vehicle O is a two-wheeled vehicle, the road surface height
I corresponding to the wheel position is set as a road surface height I corresponding to
the group of the reflection points R.
[0036]
A reason for which the road surface height I is specified in step S14 will be
15 described.

Fig. 5 is a diagram illustrating an example of a vehicle which runs on a road
surface, wherein (A) is a diagram illustrating a relationship between the road surface and
the vehicle, (B) is a graphic diagram illustrating a calculation result including the
influence of a wheel rut/gradient, and (C) is a graphic diagram illustrating a calculation

20 result from which the influence of the wheel rut/gradient is removed.
[0037]

As illustrated in Fig. 5(A), a wheel rut W may be formed on the road surface D

according to the passage of vehicles O.

If the height of the vehicle O is calculated based on only the road surface height

25  table stored by the storage unit 22 when there is a four-wheeled vehicle on the wheel rut



hei ght of the vehicle 0 of Fig. 5(A)). [0039] Wen the road surface
hei ght specifying unit 23 specifies the road surface height | in step
S14, the height calculating unit 29 cahéulates the hei ght of the
vehicle 0 by 20subtracting the nmeasuremé&nt di stance H acquired by the

sensor i nfer 0 COH I ] nit, 21 .in_st | fr e rpa urface
et ant | SpeL M ERe B kSR e chie P rShERT B peleT b1 IE VERRE Glfchfs
(step S15),. .Then, the height calculating upit 29 replaces the height

of the reficdBHngce QbPRRVERAGS dihiccthe teelahicasdllpstiaedinddemBhi t h the

hei ght of the vehicle O calculated in step S15. Thereby, it is

possi bl e to cal Qoltk ethehkandehen thefroadharabg beightflas sixBdeedHn ithsf preegss oh

point R of the laser light Z. 19 [0040] Al t hough the

exenpl ar y stepiSod; inBriiossible tb hangreche ifluensesttd wheehantdronethe cdkatitiohesbult

above with reference to the draw ngs, specific configurations are not

l'imited t@f&%e?%ﬁ%ﬁh@%ﬁi&ie@@s AKSAREA Y FigMH@Y i SR BfercRE 1AL offaR gn
changes and the 1ike are 5possible withinthe scope w thout departing

I
fromt he\,\ﬁ?igﬁ{e?fﬁfée f/&ﬁd@@gieﬁg.r&(%\jgm ion. [0041] Al t hough the

case in aser sens utputs the distance H fromthe
reference gition T to the reflection point Rto the information

pr ocessi ngﬁﬁ ice 2 has been described in this enbodi nent, the
present invention is limted thereto. That is, the 10 present

i nvention is noBetauss theaumber pewhesleof the (we-svhcelpd veRdels iy etre Aosturpdoes
of the laser sensor 1 is a value of the orthogonal coordinate system
For exanphet, dephied ipmes gradeanr Thusanhqnathé beightofshenvdiacle O nceksalateddrnsed
when a scanning angle 0 of a laser Rl and a distance L to a

refl egti 0Bn BAIYH rofd Siirface Helplit tab® dtéred b iRy ISakOtniPLDERS &dl\JatiipMiesigt oF
That is, the neasurenent result of the | aser sensor 1 nmay be a val ue

of the pohl.g_r he@ﬁéﬁ{h@%ﬁicﬁ?ﬁmdé%é fﬂﬂh@r&% o?ﬂﬁae%rﬂaig‘?t arsglﬁlfs'iﬁﬁ(aqn Fig.

position i's I nst'a ion position a e road surtace
hei ght taggﬁ needs to store the relationship between the scanning
angle 0 and™the road surface height I. [0042]

On the other hand, when the road surface height [ is specified in the process of
step S14, it is possible to remove the influence of the gradient from the calculation result
15  of'the height of the vehicle O as illustrated in Fig. 5(C) (see the reference line P of the
height of the vehicle O of Fig. 5(A)).
[0039]
When the road surface height specifying unit 23 specifies the road surface height
[ in step S14, the height calculating unit 29 calculates the height of the vehicle O by
20  subtracting the measurement distance H acquired by the sensor information acquiring
unit 21 in step S1 from the road surface height I specified by the road surface height
specifying unit 23 (step S15). Then, the height calculating unit 29 replaces the height of
the reflection point R at which the vehicle O is present with the height of the vehicle O
calculated in step S15. Thereby, it is possible to calculate the height of the object for

25  each reflection point R of the laser light Z.



Al t hough the case in which the scanning type |aser sensor 1 is used
as a distance 20nmeasuring unit has been described in this enbodi nent,
the present invention is not limted thereto. A |aser sensor based on
anot her sensing schenme such as a nulti18ptical axis may be used.

[ 0043] 00 Al t hough the case in which the road surface hei ght
specifyiné 3Rat 23 outputs 25the road surface height | associated
with a division point ¢losest to coordinates of the 20 reflection
point R as the AYheughihe sxamplarygmbodinaents ekihe Rersayf inventine haviobgnnat es
of the reflection point R has been described in this enbodi nent, the
present i dessnbedabavs with refarence dol therdsawings, sperifie genfiguegtionh erermpgtimited to
surface height specifying unit 23 nay obtain the road surface height

| correspardiboge-tiesctibed eapiplimaht®dihertde Vﬁifohﬁdésiigmclﬂﬁ%@tanﬁ thelileagb
Sthe interpolation calculation of the road surface height

associat edosidnitht e ¥éo’i>'e%t1{?)9t Mpartidy ﬁ-é]ﬁ tlYé Cbpd Bﬁ’theklrésaﬁ invention.

coor di nat es of the reflection point R hough

case in mﬂj the storage unit 22 stores a reIatlonshlp betmeen the
point E o road surface D and the road surface height | which is
t he di stance frgl 10 referenc osition T to tgﬁ poi nt #E as

road surface he ?u% F Ea%de Bilaser Sepeay i qutryts e Srgtaige hefiem the,
present invention is not limted thereto. For exanple, when there |s
no wheel FafereRyecpsitiva T etk siflertiorp@noR toerinforpatigiopbeessing vievige 2 has
negligibly small, the storage unit 22 may store a function

repr esent bemp descrdedtin diis binpodietene ¢ irosenpmvedtidn io fintifed thievetd. sUhitas ehd
and the road surface height | which is the distance fromthe

ref er pcepBashienaon & b lifiRdpOitRicale MSwitibIptHeGRchsSehicACRSKIEHTRE laser
|nformat|on [ 0045] Although the case in which the road surface state

deLer ! gt oS LML R A0S OSBRI e e
For refl egé,{ ;())er}fop o anstn?ulgr 1:(f;1rt00f\:,§;’rs1 Ie\%]n ;[wngnr g scl:a%nmg angle 0 of a laser R1 and a distance
L to a reflection point R are output to the information processing device 2.  That is, the
measurement result of the laser sensor 1 may be a value of the polar coordinate system.
15  Inthis case, the reference position T is the installation position S, and the road surface
height table needs to store the relationship between the scanning angle 6 and the road
surface height 1.
[0042]
Although the case in which the scanning type laser sensor 1 is used as a distance
20  measuring unit has been described in this embodiment, the present invention is not
limited thereto. A laser sensor based on another sensing scheme such as a multi-optical
axis may be used,
[0043]

Although the case in which the road surface height specifying unit 23 outputs

25  the road surface height I associated with a division point closest to coordinates of the
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ously no object has been described in this enbodi nent, the
nvention is not limted thereto. For exanple, it may be

d whet her or not a road surfacg state i s good based on a
resenti ng anot her scatterlng gree such as a range based on

RFtion BoRES nfot Mk B RAELQEIeNRR T R BT Br 407 °

ace state is 25good, base a scattering degree of. a

chigh gt R gas B%ﬁnrﬁ%cr&?@gm thinermhadiments trgprespat BBsion inpoty
i me rather than the standard deviation of neasurement
bmitgfl theaetn. t Famexafrpde 6)e 1abd hotagh height eresidying uniii2d mayrbtaio shi:
tate determ ning unit 25 5determ nes whether the road

taideuifacloghtiasecspondiag se dictoeoidhstaagtieeredt clivhaiimteRrandugh
on has been described above in this enbodi ment, the present

tHeSniéPﬁolétio?i‘ éaﬁ,@lafnlaﬁ roﬂﬁ% roEcP!Eurﬁdéé‘ RBisRs | ¥Shat8d with Mveldivisispsor
eis pI’OVI and the rainfall sensor detects rainfall, the

A BB MR o 1o

f}qg% the road surface height | is overwitten in the

Lteps S10 to S15 after the height of each reflection

s first calculated in steps S8 and S9 has been described in
di ment Altheeghyine sasstin mﬁm’mﬁc oierdge Unb22|stares elatieashap betwegn the
t he height of the reflection point 15R at which there is no
pomy Eba thatoadsatfest 2 andtheirngy swwfaee peighelduhieh & the datanto from the

reference position T to the point E as the road surface height table has been described in
this embodiment, the present invention is not limited thereto.  For example, when there
is no wheel rut W on the road surface D or when the wheel rut W is negligibly small, the
storage unit 22 may store a function representing a relationship between the point E on
the road surface D and the road surface height I which is the distance from the reference
position T to the point E as the road surface height information.

[0045]

Although the case in which the road surface state determining unit 25
determines whether the road surface state is good based on a standard deviation of
measurement information of each time for reflection points R at which there is
continuously no object has been described in this embodiment, the present invention is
not limited thereto. For example, it may be determined whether or not a road surface
state is good based on a value representing another scattering degree such as a range
based on a magnitude of variance or a difference between a maximum value and a
minimum value. In addition, it may be determined whether or not a road surface state is

good based on a scattering degree of a plurality of reflection points at which there is no



steps S8 and S9 after the processes of steps SIOto S15 are first
execut ed. [0048] Al t hough the case in which the height

i ncluding the vehicle 0 and the road surface D is cal cul ated by

cal cul ating heights of all reflection él nts R has been 20descri bed

exam! o, pHge "Eg%ﬁiﬁlﬂge"a@vﬁ%“wabﬁ%@mﬂ@‘ TPt s FhisEReh RcHspion 8F

vehicle 0. In this case, only the height of the vehicle 0 may be

cal cul at e8@¥NiM%ri tting the processes of steps S8 and S9 and
perform ng the processes of steps SIOto S15. [0049] 25The
infornatlgﬁmﬁ]oce55|ng device 2 internally has a conputer system An
22 operation of each processing unit described above is stored in a

conput er - r eadabA&howgothe cag inediichthe Foddiarther statede@rmpinggy @i 20hd t he
above-descri bed process is executed by causing a conputer to read the

program H@t&ﬁmn&é"@hé‘tﬁ@ﬂ’&l& Poad'BAEERe ﬁseg&rddiagaj 6??&'&6&%1‘11% @eg’f‘@cgcﬁﬂ i

di sk, a nagneto optical disc, a conpact disc-read only nenory 5 (ROM
(CD—ROW .Sem ¢ chLar ry,
or the || KRRt 18 it R ab&' AR R
by a communi cation | nd the_co ecei Vi t he di rlbutlon
may execuff&¥CRiRn lﬁmabl' d ey o g0y e’aéé@PFagéHHS&f agﬁmkﬁaﬁj be
used to inplenment sone of the above-described functions. Further, the
pr ogr am nagevisisdand shecrainfellisenser datents tainfall itheropd iserfesestate deteminmpeamt
capabl e of inplenenting the above-described functions in conbination
w th a pr2fnmndetanaadythatahe rohd durfacet dtete ischdut er system 15DESCRI PTI ON
OF THE REFERENCE SYMBOLS
10 [0047]
Although the case in which the difference of the road surface height I is
overwritten in the processes of steps $10 to S15 after the height of each reflection point
R is first calculated in steps S8 and S9 has been described in this embodiment, the
present invention is not limited thereto. For example, the height of the reflection point
15 R at which there is no vehicle O may be calculated according to a procedure similar to
steps S8 and S9 afier the processes of steps S10 to S15 are first executed.
[0048]
Although the case in which the height including the vehicle O and the road
surface D 1s calculated by calculating heights of all reflection points R has been
20  described in this embodiment, the present invention is not limited thereto. For example,
the measuring device may merely calculate the height of the vehicle O. In this case,
only the height of the vehicle O may be calculated by omitting the processes of steps S8
and S9 and performing the processes of steps S10 to S15.
[0049]

25 The information processing device 2 internally has a computer system. An



[ 0051] 1Laser sensor (distance neasuring unit) 2Information

processi ng device 21Sensor information acquiring unit 2022St orage
unit 23Road surface height specifying unit 24Qbject determ ning unit
25Road surface state deternining unit 28Updating unit 2527Vehicle
determnin

e Ao R BV e BTTALARERE% ATRat RS B
recording medium in the form of a program and the above-described process is executed
by causing a computer to read the program. Here, the computer-readable recording
medium is a magnetic disk, a magneto-optical disc, a compact disc-read only memory

5 (ROM) (CD-ROM), a digital versatile disc (DVID)-ROM, a semiconductor memory, or
the like. The computer program may be distributed to the computer by a
communication line, and the computer receiving the distribution may execute the
program,

[0050]
10 The above-described program may be used to implement some of the
above-described functions.  Further, the program may be a so-called differential file

(differential program) capable of implementing the above-described functions in

combination with a program already recorded on the computer system.

15 DESCRIPTION OF THE REFERENCE SYMBOLS
[0051]
1 Laser sensor (distance measuring unit)
2 Information processing device
21 Sensor information acquiring unit
20 22 Storage unit

23 Road surface height specifying unit
24 Object determining unit

25 Road surface state determining unit
26 Updating unit

25 27 Vehicle determining unit



Wheel rut Point on road surface Installation position

Ref erence position 10RRefl ection point Measurenent distance Road
surface height 0Qbject 15 24 CLAIMS [Caim1] A neasuri ng
devi ce whi ch nmeasures a height of an oBPect on a road surface, the
measuring devi cg,conpyi,sing: . 5a di sfance .nreasuring unit configured to
enit |aser Iigh?gfron$gm @géﬁﬁﬁéamﬂé?ﬂiWBﬁeabove the road surface
toward a plurality of points on the road surface and neasure a

di stance from tBR refdeightealgdaiingun to a refl ection point which is a
poi nt at which the |aser |ight has been refl ected based on the

refl ected |ightAof thelchasmg devght ; a storage unit
configured to store road surface height information representing a
10rel ati onshi p et weepaser patnt on the road surface and a road surface
hei ght which is the distance fromthe reference position to the

poi nt ;5 aproad gt fagechei ght specifying unit configured to
specify the road surface height at each of the reflection points
based on the rogp sur%&&q hgight information stored by the storage
unit; and 15a hé&i ght “dMating unit configured to calculate a

|l ength fromthe_road surface to the reflection point as the hei ght of
the object basel on cBiAt 1 ¥adsedaceal cul ated by the di stance
measuring unit and the road surface height specified by the road
surface hei ght 8peci fystafation position

T Reference position

10 R Reflection point
H Measurement distance
I Road surface height
O Object

15



[Claim?2] 20The neasuring device according to claim1, conprising: an
object determining unit configured to determ ne whether a difference
bet ween the di stance neasured by the di stance neasuring unit and the
road surface height specified by the r@4d surface hei ght specifying
unit is less than or equal to a predgﬁIrﬂﬁﬂed t hreshol d val ue for
each reflection point; and 25an upda 2@ it configured to update
the road surface height information stored 25 by the storage unit
based on {®e&imdhd surface height of a reflection point when there is
a reflection point at which the object determ ning unit determ nes

t hat the differ Ameeasengwdamce wikeich nsasneea haigistiofad object trea chadtsarfaee, the
nmeasuring unit and the road surface height specified by the road

surface hgjegfifringRReick ¥bmgrisinkt 1S | ess than or equal to the
5predeterm ned threshold value. [C aim 3] The neasuring device

accord{ng to cl é‘hma?n]pe G0Nk ié]ﬂ ‘configured to\?&]rél? Eagtﬁrsl:j'ighft %g'n ﬂe‘]‘&%r@nc&i position

determning unit configured eterm ne road surface state
is good, lOwherein, o when there . is.a.refl ection i nt _at which
e o, ecOREES R REaSR P ot BRfafoe 8 Rl on e e rorh ol sfutd

t he di stance neasured by the distance neasuring unit and the road
surface hdistmee Gpaicthe referense pastionga @ reflgotign @omemhih 1s peeint gt which tha
is less than or equal to the predeterm ned threshold value and the
road surf hser Ighahes bienecidctddnizpserhon thdatectddiezht bfite laserligitad surf ace
state is good, the updating 15unit updates the road surface height

i nformation stoje@drdpy uhiiRosfi@irad & ddiciroRbSeficoReiphenfopdetisifchasenting a

hei ght of the reflection point.
10 relationship between a point on the road surface and a road surface height which is the
distance from the reference position to the point;

a road surface height specifying unit configured to specify the road surface
height at each of the reflection points based on the road surface height information stored
by the étorage unit; and

15 a height calculating unit configured to calculate a length from the road surface to
the reflection point as the height of the object based on each distance calculated by the
distance measuring unit and the road surface height specified by the road surface height
specifying unit.

[Claim 2]

20 The measuring device according to claim 1, comprising:

an object determining unit configured to determine whether a difference
between the distance measured by the distance measuring unit and the road surface
height specified by the road surface height specifying unit is less than or equal to a

predetermined threshold value for each reflection point; and

25 an updating unit configured to update the road surface height information stored



[ C ai m 4] The neasuring device according to claim 3, wherein,
when there is a reflection point at which the object determ ning unit
determ nes that the difference between the 20 di stance neasured by

t he di stance nmeasuring unit and the di fance specified by the road

surface height specifyjng,unit is.,less than or equal to.the :
o edot or nPHAE SHRESHEI BESSA P0 e 1oRG SHroaka NEENF ShecOEeH W KPR Hen i is o
unit deternmines that a road surface state is good when a scattering
degree of rdflestiempast stevlyeli the object deteraisingnod deteamines gyt theidifferengehe
reflection points is less than or equal to a predeterm ned val ue for

each ref| betweomtheaistancezbdaCnad oy e di2@nddhecareasg nnitgnditheircal aefzos di ng
to any one of clains 1 to 4, conprising: a vehicle determ ning

uni t conf hejdheghetiicd 8y Midione sivbRe Meight HRE[ying vditVeREShen 8f edudfto the
reflection point; and a wheel position specifying unit

confi gfi”mretdgteﬂﬂﬁ% e oP(P@ilﬁé.O” at which there 5is a wheel of the
e

vehicl e en t vehicle determning unit determnes that there is a
vehi cl e, . wherein the road surface height specifying unit
speci fi es[@3M3l surface height of a point at which there is a
vehi cl e based on the wheel position specified by the wheel position
speci fyi ng uni t The preayusingdgyicraeconding i ¢laig Aespnisisieeor ding to claim
5, wherein, when reflection points at which the object determ ning
unit det er m nesa tdwdtsugfact ftite deteoninies wetsonfigaredits tietaowinemdstces rdad

t he di stance neasuring unit and the di stance specified by the road
surface hengitk sepeicbydng unit exceeds a predetermned threshold

val ue anong the reflection 15points are continuously present across a

e g1 e, Moy I VB B 8L B PSR i
points. [ gnﬁi(ig?eﬁines that the difference between the distance measured by the distance
measuring unit and the road surface height specified by the road surface height
specifying unit is less than or equal to the predetermined threshold value and the road
surface state determining unit determines that the road surface state is good, the updating
15 unif updates the road surface height information stored by the storage unit based on the
road surface height of the reflection point.
[Claim 4]
The measuring device according to claim 3, wherein, when there is a reflection
point at which the object determining unit determines that the difference between the
20  distance measured by the distance measuring unit and the distance specified by the road
surface height specifying unit is less than or equal to the predetermined threshold value,
the road surface state determining unit determines that a road surface state is good when
a scattering degree of distances measured by the distance measuring unit at the reflection

points is less than or equal to a predetermined value for each reflection point.

25 [Claim 5]



A nmeasurenent method using a measuring device, which includes a
storage unit configured to store road surface height information
representing a relationship between a 20 point on a road surface and
a road surface height which is a distaBée froma reference position
above the road iﬁrface to the goi ncs. and neasur.es.a ll“l?l ght of . an

obj ect on the rOIUMEEHFRELEVICRACIORding Wn‘ﬂ?iogicﬁ’ﬂ'."s 0 %, COMPTHING ance
measuring process of emtting laser light fromthe reference position
toward a pl ural 2vshigle dsisrmimngpnit epaficyeed te deerpide avlgthes st is gyehicle at
di stance fromthe 25reference position to a reflection point which is
a poi nt athewbfledtionipeinitzsedr | i ght has been 27 reflected based on the
reflected light of the laser I|ight; a road surface hei ght
speci fyi ng pr ocgsmeslfpositRaispadifpthlift dopdiduedhd aeRifpaipebitiontt ®ARA tedre
the reflection points based on the road surface height information
stored: byt id- hei Al l : f

cal cu?sati }?ge{l\ghﬁggtﬂ%%fe }r‘f%ﬁ?’ﬁe rgg?@@;@%@g%@,{ 12&¢t§ﬁlg%sﬂﬁ§tﬁtﬁ%rgilsn% as
t he hei ght of[ t he obj ect based on each di stance calculated in the

di stance N&H&Sring process and the road surface height specified in
the road surface hej ght specifying process. [Cl aim8] 10A program
used to cause aVheSHURE FRpdFuviaceEheigHisperiiving YesPesilis a Fergsurface height of
configured to store road surface height information representing a

r el at i onshippinbet wkigh thergsianchiole based anl theuwheet positich specidiad by uhd wiesl

hei ght which is a distance froma reference position above the road
surface t poditien getifVingnditheasures a hei ght of an object on the road
surface, to function as: 15a distance neasuring unit configured to
emt {@se[cliRB] fromthe reference position above the road surface
toward a plurality of points on the road surface and neasure a

G tance 11 om 96 HELSERIE PRSP SLLRGHH IR St
eflected bt gl Ol he aser, LLONL L2 LoRd SHLace, DSl At iRRREhy 1O
measured by the distance measuring unit and the distance specified by the road surface
height specifying unit exceeds a predetermined threshold value among the reflection
15  points are continuously present across a predetermined width, the vehicle determining
unit determines that there is a vehicle at the position of the continuous reflection points.
[Claim 7]
A measurement method using a measuring device, which includes a storage unit
configured to store road surface height information representing a relationship between a
20  point on aroad surface and a road surface height which is a distance from a reference
position above the road surface to the point and measures a height of an object on the
road surface, the method comprising:
a distance measuring process of emitting laser light from the reference position
toward a plurality of points on the road surface and measuring a distance from the

25  reference position to a reflection point which is a point at which the laser light has been



20hei ght at each of the reflection points based on the road surface
hei ght information stored by the storage unit; and a hei ght
calculating unit configured to calculate a length fromthe road
surface to the reflection point based @4 each distance cal cul ated by

t he di stan surj ng, uni .t he.road surface hei ght specified by
t he road 5‘%&9&@2’3eé*ﬁﬁ?%g&&%@j@?g%ﬁ??asﬁ%h% e height 250f the

object. 28 [ aim9] .. A recording nedium recordi ng a program
used to cause a?2&pdsuriase bighi specdtying prgcese of erecififimedhe 1038 swidiess hgight at

storage unit configured to store road surface height information

r epr esent eagh of thetedlectoomspdints besedeartharqadisntfacrheaght axfdrmsatidnast@edibyl the
road 5surface height which is a distance froma reference position
above thestofpd it frace to the point and neasures a height of an
object on the road surface, to perform a distance measuring process

of emjting | asﬁheﬁgﬁﬂéﬁlc&&ﬁ@gﬁ'g@@eﬁ &f &aﬁ&ﬁkﬁﬁlgpaq%ﬁ%th Font MEGLSH Qirface to the

plurality of points on the d surface and neasuring a distance from

the refere .position,to .a ect. 0i nt ich is 0j nt._at

i oh t he TeSuP POl b BeBal et hEphRDaPR Mty s rlePllelan Py

light of the |aser |jght; a road surface hejight specifyinhg

process of1SEH&e MepsHmEIRRcesHan e Foadsuriaes lb%ghtépe% %méﬁe fqqd surface

reflection points based on the road surface hei ght information stored

by the st beighlspgaifying aragess. hei ght cal cul ating process of cal cul ating

a length fromthe road surface to the 15refl ection point as the

hei ght of [Claean@pj ect based on each di stance cal culated in the

di stance neasuring process and the road surface height specified in

the rpgpd surfacg figsamtusPREEAYE BeheRERMERvice, which includes a storage unit
configured to store road surface height information representing a relationship between a
point on a road surface and a road surface height which is a distance from a reference
position above the road surface to the point and measures a height of an object on the
road surface, to function as:

15 a distance measuring unit configured to emit laser light from the reference
position above the road surface toward a plurality of points on the road surface and
measure a distance from the reference position to a reflection point which is a point at
which the laser light has been reflected based on the reflected light of the laser light;

a road surface height specifying unit configured to specify the road surface

20  height at each of the reflection points based on the road surface height information stored

by the storage unit; and
a height calculating unit configured to calculate a length from the road surface to
the reflection point based on each distance calculated by the distance measuring unit and

the road surface height specified by the road surface height specifying unit as the height

25  of'the object.
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[Claim 9]

A recording medium recording a program used to cause a computer of a
measuring device, which includes a storage unit configured to store road surface height
information representing a relationship between a point on a road surface and a road
surface height which is a distance from a feference position above the road surface to the
point and measures a height of an object on the road surface, to perform:

a distance measuring process of emitting laser light from the reference position
toward a plurality of points on the road surface and measuring a distance from the
reference position to a reflection point which is a point at which the laser light has been
reflected based on the reflected light of the laser light;

a road surface height specifying process of specifving the road surface height at
each of the reflection points based on the road surface height information stored by the
storage unit; and

a height calculating process of calculating a length from the road surface to the
reflection point as the height of the object based on each distance calculated in the
distance measuring process and the road surface height specified in the road surface

height specifying process.



