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BACKGROUND OF THE INVENTION 1. Field of the Invention The present 19 JAN 2005
invention relates to a vehicle detection apparatus and a vehicle detection
met hod whi ch can detect a desired vehi;[e by using a m crophone array. 2.
Description of the Related Art There hdve so far been proposed a w de
variety of apparatuses for detecting the state of traffic flow fromthe
noi ses produced by vehicles, and ﬁggg g%gegﬁed appar atuses-i ncl ude those

i ntended for reducing the sizes a B t he apparatuses. An

exenpl i figxiRRRdURinéR ipEvait@wn in Fig. 16, as conprising sound collectors
701 and 702, anplifying circuits 703 and 704, a switching circuit 705, a
frequency analyzing circuit 706, a frequency distribution conparing
circuit 707, a tinme difference detecting circuit 708, a tine :

di f f er en&@ahalig@lt Wiedeerting circuit 709, a tinmng controlling circuit
710 agd a velocity display outputting circuit 711 and determ nes the

vel ocPty of tH&§F BresEndw iRyeRddon tfdatsiss&e &t semdcopdusporsdavdng and in
the vicinj f . d,_where traffic flaws (Japanese, Patent li.cation
Lo - cper FeerLriRebd 1a8sRete SEinttal URutntIRs " ShaRrabrs ok ot SN and

t he seco I I r G f j b fixed
di st ancer%%sﬁggggg%?m‘%e%ﬂ%g@n ?ggg %lgér:l%'%ﬁ%o?ﬂ‘g?%e?% E[gg f |‘J'E:£é%r%gv}/: i‘ch ‘have
been col lmaiiedtdis dregeideund collectors 701 and 702 are in turn inputted
to the frequency analyzing circuit 706 by switching the switching circuit
705 alternately, and their frequencies are in turn analyzed by the

frequency analyz%g& circuit 706, to ensure that frequency spectral

di st} butBaSHITORBEhALER are obtai ned. Then, the degree of similarity
between the frequenc ectral distribution SA and the_frequency spectral
di stribution 8 adé?@EFathcfﬁe #arm?-iﬁ/eanFFPB&FiQﬁVl‘?ﬁﬁrﬁarQ‘f&f
circuit . i 1 ence e freguency, spectral

di stri _but7'L |q'(Z5¥r111 %ﬁglé%&ta#gnﬁ %g&%ﬁ%y sp%gﬁgﬁgg?égﬂnﬁtﬂ'%%s §ét\/\'ﬁ?a§11% ly

mat ch wi ighe@slr&éder fendei &l BRbeh¥at DEntdten dik fak '

circuit 708.'Hé?tine differencelve?gc?ty gonvert?ngigﬁayﬁégééﬁgiﬁ@

det er m nepeels .vehocompakybhgana seendpthe sdvidbndwdtdy deeiées rives,t he
conput ation represented by the expression "V = Udt". In this case, the

di r et®i odXien aifdnaincha&hadlyt cfernis, hateed yoarthse samhiedratwrtdr otetimes

calculateg%%iqf-g;ffe ence.  However, such_a conventional -detection : ,
apparat u® hPDHrobl Bichhat TPRE thatuithey lepdddiasming] sa whitdhe|axe over s

e noi Sedebuhadt) RRUERARei i ide e A nSFF e IR0 2
vehi cl e Fecalithe 33 d&ERIHARRGARY Ghd %%%g&lcﬁﬁa%%%fc¢*%%a%% at us

nmeasures noises only at the two spots e Vvic a road

wher e tr glaidkagd)ansBeasg now) ehbaias dhRInAlcHbYiaBd d¥dwelduth difsati on of
the vehicle based on the tinme difference between the frequency spectral

- di st2@ butthait Sheaadecheofieeqareaccforneddiy alsidics goildubunps 6B wie chikeear | y

match with each other. SUMVARY OF THE | NVENTI ON Exanpl e enbodi ments of the
present HvEREi VSRaFUELfaredet Fhronpekagaaruah renBCARwldk gsidtantay s
are

capabl e of .detec¢tiing. a.spund source eyen when a-plurality of vehicles
travel i n§ 2R f‘ién%‘gﬁj%i'?/f%g—’%ﬁgﬁ 1%ﬁ89iya‘?%cﬁ%?§%strtﬁf GEEESICFFBRI AR hi ng
other t ; ' ehLgh ' t 0 ' in the vehicle
Cravel i ngdh Pent Snuaehor o) Bl i o B e el ol B b Bk i nper

of passing vepisClaegenfranBue t0FDady BBl fhoEnt 18 SHESERE LRYSMAOBERY
provide a vehicle detection nethod which is capable of detecting a sound
sour2® ewefSkhérhappkurel paykafeyehsches deawihgaxetengisch mbimnaepsd y or
when there are noises produced from sonething other than the desired
vehi cl e EFBIEMERICAON §hile whisht iien apn elketyonilsl Partavsl angigdidecti on and

the lane directiaon of the vehicl nd the nunber of passing vehicles. In
accor danf&PRiR'E T‘B?Etl%sadbépsﬁgagﬁggp?%%ma?ﬁ\?@ﬂq &f, ERErIP IR ovi ded

a vehic Gt S risi ung.col lection neans placed
" the vEoramige rRlyAREALRCH SO BRlo 381 M BRCH e HBRPE R nes: "o
direction est peebhraddndeaos the! apsdePlientibhed eBHkesitddaki from the sound
coll ection nmeans periodically with time w ndows and estimation the

di r e?@ i osenficensoghdrs devieei,n araalrehi pecupiddwbyaedch semiicbadutyor

cal cul ati on neans for calculating the degree of simlarity between the
estimation results by the direction estinmation neans and a plurality of -
tenpltates which indicate a change in the direction of the sound source
with tine while the vehicle is traveling. In the aforesaid vehicle
detection apparatus,the above sound collection neans nay conprise a




In the aforesaid vehicle detection apparatus, the above sound col | et dAN 2pu5
means may conprise a plurality of m crophones aligned on a |ine parallel
to.the vehicle 19 January 2006 3 traveling direction and a plurality of
m crophones aligned on a line perpendigular to the vehicle traveling
~direction. According to this constitutfon, the location in the vehicle
traveling direction and the |ane direction of a vehicle may be detected. In
-this casey_}. 0 irection estipmation nmeans y. copprise an estimation
means f'ordee‘islt |errac%|?‘né%t SFijl(‘é'a‘:rIeS‘c?’glr‘}i SR %H‘étﬂgbﬁﬁia%l’?@r Ve ‘ﬁ’@e%lﬂ%%t's% and
the |ane gizeele PhleHfaliEasOURASRE Co1rkR 1Re1 8T LuRRA, YEBIA! Lodgigct ion
appar atus, the above sound collection neans nay conprise a pluralitly of
ni cr ophonasy aurgEGnE td [thee dlaictidotlid AeviResehittlet nulmbayelbifngndi rection
and a plurality of mcrophones aligned on a |I'ine perpendicular to the
vehi cl e tsemistansdpatiore cavdce sArcundieny ono thiel motdiest bioatridods baethecat i on
in the vehicle traveling direction and the |ane direction of a vehicle my
be dePectBFraasq RroUSddd a pEeblere thpsveheoadzraef athe urathey krardines,
t he vehi ¢l e .det ectign a r.at us conprise counters for counting the
esti mat i gl?lrlsrtegiﬂ t@cﬁa%p@agﬁowe&?%@&i Pand-i rati on  neans for each |ane
and a | ane det i ’ b t i i I
di rection of tﬁggggﬁnﬂ s%%@%%ggg%egﬁé‘hﬁﬁ%n &ﬂgg\gglél}xeglgpeﬁﬁ%%%er
count er s.bddrd becomekerar ge Wit 81 8odaieabhantePRAAAL #Deddi dRRYEISAYNG.
collection nmeans nmy conprise a plurality of mcrophones arranged in the
form of anmn rd primcilpals Eemiognminet oic denvdiceg tioo dthier @endicondiicedr even
when_a plurality of vehicles are traveling sinultaneously, the m crophones
arr ahfed daviiqRs fasaampandedaty 2 delayddm ithe sismads, sdstoetjoncigel y and
may detect, the location.in the vehicle traveling direction and the |lane
directi or?’rﬁnaﬁﬁe %Pana& nGreAse A8 §BLeFPBFRFPEAOBT Of helaEkE+ ABOWE t he

detectio . Pthers Q. ressed.. ln _t.h f Qresai.d vehicle
detecti ognég%lﬁl a%g:.%g:%gﬁ;‘&é %‘fcr%g‘ﬁq &%%egﬂen&%s&ﬁ%dﬁgg‘ﬁg’%ﬁdf conprise an
esti mat i ger®abard. eshi BbiAdeblepheatdi fepaieRakndi £eeEL9R iBtide
vehicle traveling direction and the | ane direction of a sound source.
Accor di ngpearattds satcdristh tspidenis, aniie dosseisises ian lidiejev efaipeled tiyr,adal i ng
direction and the lane_direction of the vehicle can be detected while the
det el Por KA B atheadeerease éh the kenah odnthe lenchternmineds castbe
suppressed nore securely, .as conpared with, for exanple, the case where
ni cr ophorfds HRe q?’&né‘%i“ﬁ‘“t%e x-axis and z-axis directions to set only an

3 , ! ! xS ; e .
directfon) . 1 PRI SREhPRACE e G BRI EReH P S e T Re“RnCRRLY
di recti Ofbrésébﬁ&&bﬁ&ucﬂﬁﬁ%\f%é €8 B P {80l £SIBRIY ReFaN S rwadn@éﬁ' mating

the direction in the vehicle traveling direction and t ane direction of
a sound smyicm tfor-Wourbing ralskenicofduetdnndet ek hbis thenabtheti Bdard he

| ocation in the vehicle traveling direction and the |ane direction of the
vehi 80e Gheunsfaraedbds wathert heposesrlnittawiomfon kbeaoumbaryobfthe he
detection by, other noises may be suppressed nore securely, as conpared

with, forf® uctor, devicesRBrE GRR i mated omithgnBathariheazd axi s -
and z-axis direghi ons t0 t_on an a direction.(lang directio or a0
direction (veﬁfeéheoq#r ﬁ??ié‘&?—ﬁé‘ﬁ?i%ﬁ ve Ipﬁo%%ﬁg‘gﬁyﬁﬁﬁﬁééicfﬁi S¥se,

t he aboveyd2&dd ey i anS g 50 Hl! j onmans for
estimti %g tE{1e di ?'glc't ?gﬁﬂag@sl%ng%sour g% Eﬁ@rtgz’gn%aﬁgi}"ﬁ%é‘%ﬁﬁc e
travel i n@plin)eald 0223983y 1998 diFgeinade oftitllia s Mot s QuiHIE ddt ildie | ane
direction limted to the center of the road: In the aforesaid vehicle

det e2bi or{Igphrepear) Nde GLIAA & dndTasnes: i Rateme Bubimatconpri se an

estimati on means for estimati ng the direction in the vehicle traveling
di rect i of LA 1IRER MO -dl Y820 P ORI BB - RCsamsknsblipdEh kel Waringsi oFrRl der

Accordi ng t,g thi,s _constitution, .the locatjon in the vehicle travel.ing
directi o%aaﬁ'(f "t H'gnelraiﬁa‘éff &ftd &ie Pﬁg J@éﬂ?‘t’:&]@ l'b"'g]r?sb@r_(?eg’ﬁeyéée%‘? e the
det eri or qlyedn fi, 11 AS AL RN ¥ on r{g‘ned'ﬂﬂ%%tl:aQQn%y s(?lteréﬁ:rs %%L%ﬁﬁc'ﬁa% be
suppressed nore securé€ly, as conpared with, for “exanple, the ¢ase where

m cr ophoremidichaidt@ieenip iBemusted, il & iihstilRGOR 108 ofetneNly an
a direction (lane direction) or a (3 direction (vehicle traveling .
di r e80i orinsulatiny sheese, atbeswabowes e By tliami retiddrehieonponaamso tivgy ,
conprise an estimation nmeans for estimating the direction of a sound
‘source by scanning in the lane direction with the direction of the sound
source in the vehicle traveling direction limted. In the aforesaid vehicle
det ecti on apparatus, when- the above road has a plurality of lanes, may
conprise a first counter which counts the estimation results by the above



means may conprise a conparison neans for corrbari ng the above pl ur %I i E!X{\IO@%
T Uh

tenpl ates with the estimation results. According to this constituti'o
traveling velocity of a vehicle may be cal cul ated by using the tenplates
(plurality of tenplates) at different _velocities. In this case, the above
plurality of tenplates may be those pPepared by using the sounds of a
vehi cl e when the vehicle is caused to travel at different velocities. In

he af or esaj icl ' . th imlLarity.cal culation
hoane T e IS AA0Y ShARRY tasther Ry e e ety of

19 JanuarsoRAG6 s LRIp! itk Wddd %380 idTRl G Sl AlRGREding o this
constitution, the traveling velocity of a vehicle my “be calcul ated by
using the temwitilexhig wedhiddy, Goveser! atiesis airdithecend ¥ehecihigy. I n
this case, the above plurality of tenplates may be those prepared by
expandi n@¥ss tbataomdatg arhamohge-hensesolatineg fiillatscand eher Enlsbyatdngg t he
sound_of a vehicle traveling at a constant velocity, and_the above
si mi | ari tSPeehtul BesdAesnchhe Ingnlaking £élast onelimdnsuipiingoshesbas for
expandi ng.,or ntr.act i he bove tinme base. of the tenplate. In the
af or esai %I}/ae%g%faeladl&neacr%dgﬁuﬁbg)fr B?Eé!,"yt%eeﬁﬁb{:/%l% &?ﬁé‘eg‘ﬁ%}%f"i BRSHeans
~ may conpri all LGLO n : o] fch,l to or
oroater noretend,tovoh In BestOEHRTaRyLNE HARRLs bakbLy efeftt R o ©
constitutitols hbe eaegWRekpafirethe@éid@tidhe gHrellshqn 100 aviRYNEbLSRUr Ce
may inprove, and the vehicle can still be detected even when a plurality
of vehi clfsxr ampraoverdrnitng si nul t aneously or  when there are noi ses produced
from sonet hi ng other than the desired vehicle. In accordance with a second
aspedf of thegfﬁr%rséemasrﬁ%ﬁhecm,bmmqppsmdow dedhinabeshimeils icethdpt i on
met hod conpr. si ncg_]c} soénd.col I eét-,i on step, in which the noises gr oduced by
a travel iS5 OF EERLFP AT 2dsSHyogedl ih drPRPese Fatenhionei0P3aked in
the vicin . ads s a. di ' si.l.ation step in i.ch .t he_input
Signals PR it SR Bt BEEL L EDn S o oS B e Bol i aboar D58 ¢ n
time wndovee aRdvhieh & 826E0Pon2E FarSOLEHSQYT Ibsiﬁ%dé{?éoﬁﬂy' Jf"m’?@fh time
Wi ndow; and a simlarity calculation step in- Ich the degree o _
sim | ari thedsht waee laeiestedptanehthesohter Deddwodi tigstupgper esyeredndn step
and tenpl ates which indicate a change in the direction of .the sound source
wi t h1Bi nethghiqubamd apsls @ife the thawed iLayers acsl suicaessivadyordidng to this

met hod, eglt-cql%n e.in the location of the vehicle with tinme may be detected
by cal culSTHF 1 LYasapeestgicedagetdiar by ithe optere By adse Wadighc pgemay be

det ected._4l cordance with.a third aspect of. t he_presept invention, there
i's provi (fela& a{%cl y%%ﬁg]éoﬁgflggfpgnwﬁﬁﬂ%ﬁ %ﬁﬁﬂ%’ﬁ%&lﬁ’n@ogﬁﬁ RITIRRET¥N step
I n which Y5 8he Wh%UQ,%gni%t%& ri?l\é%ll'a'%g.nge@ strAtegcol I ected by a
plurality of mcrophones aligned on a line pdarallel to the vehicle
traveling direm itbiisabdspgl akefevér | ReheiiGistllat 9y Bublddate mbEegivON
estimation step in which the input signals fromthe plurality of '

.m cr 8Phorrepredetesmiped c izer todiadaltainsthengtie ani tide yenatd onheori t@ct i on
of a sound source is  estimated in each time w ndow, and a vehicle

“det'ect i oPedaSn Fhghilomemdeadsy &f dhe dnsulating ssbasaatenandstheat i on
" results %?it ed'rec%i n ei-tigation step and Juralit of tenpl ates
~which | nqSEEoRes s RIPRETORIE @AY ofth FEMRRTARS SBeCERSH 14t Lhde
based on 't resdl i 0 é ion.” According 5

in the | graprevidadiditthd Yol fod bauald Bateir B dPRoOdv il thghEGhLadf t N
time may be detected by calculating the above degree of simlarity, .

wher 8oy fdetwesh the elmethendet patedf hd uppert I ayer iand 4% Janed! Ye2dH6 6
velocity of the_vehicle may be calculated by using the tenplates (plurality
of tenploh &8P beverfkaemnt skdildcilepwdngTheom e dampdovelmenite faemetheé on

nmet hod n% cojpr.i er? sound .col | gct'i on, ste i n which the noi ses produced
by a tra a\’ﬁ@o i R & ZR9 & Fe’%?“b‘f%{“ﬁ'}‘iﬁ%ﬂ FEyi6ees ih &Mgdionkzesl i gned
on alin r:al | hele traveling direction and on a line

per pendi (;%u arlEHt c?%t%r%%ftghﬁfcﬁﬁqu%aeggﬁsﬁg direction and placed in the vicinity
of a road: a 1 BECthORefste IR SbERCED SPIGe LhediRuingbARabE {60 L he
above plurality of mcrophones are sanpled periodically wth tinme w ndows
and 86e dirosdideora isertilt®ndueitiod deviaee pregefitiag the a1écthddaans '
direction of a sound source is estimated in each tinme wi ndow, a vehicle
detection step in which the degree of simlarity between the estimtion
results in the vehicle traveling direction by -this direction estinmation
step and a plurality of tenplates which indicate a change in the direction
of the sound source wth tine while the vehicle i-s traveling is cal cul ated

(N11E (SR | RobALe) BOohice 6t R el EL bR LAY



sanpl ed periodically with tine w ndows and the direction in the vehicle
traveling direction and the |ane direction of a sound source is est 1 fat A 2005
in.each tinme window, a vehicle detection step in which the degree of
simlarity between the estimation results in the vehicle traveling

direction by the direction estimation étep and a plurality of tenplates

whi ch indicate a change in the direction of the sound source with tine

while the vehicle is traveling js.calculated and the vehicle is detected
based on ‘i%&}cetsltﬂgl W&Flnﬁﬁefaaﬂcfa?é{*?oﬁ?i@%@ at L% tdBRelt i SPPRESHLIA whi ch

the estingid | [ it t Lrecti o i_mation
(e st L4 O gasihdn hp ddffred ARy WIS O Whel WS L BREOR T | O
source | eXivrdmit PasednWadNensalaLiRg itdiahtd Na8cFOALARGE W 1@ fifth
aspect of the present invention, there i's provi ded a vehicle detection

met hod canfpriited nipslschingy Guibsataten t3 ep rerubiiech nidmoa Idfmithr agdced by
a traveling vehicle are collected by a plurality of mcrophones arranged in
t he f8r mdscreaming shensize ofarbepbaskagadpbmedd am pdssikls firop ie a

mul ti-1an ro(%d'_ d%'rec'ti on estimation step in which the input signals
fromt he 1 c?‘tra:cﬂ L] 457y January 2006 7 are sanpl ed _
periodically w td i the fdi.rection.i.n the vehicle traveling
direction and%%?#éaér%%d:g&i g?bg}e% spf)lll}:r?%&s&ﬂ%g‘é"clagl&’t ﬁgﬁ’léig QB Wach
tine wndawy, a49vehiiobe dehest ipfs S0 bBeWbEOpbHSd Apets f ifiwhidm ity
- between the estimation fesults 1n the veﬁ}M(}eS?r aveldal?nge%g‘l reéti on %&/ t he
di rect i orlessilewd ioinis togr mied-sa muntdlnd 6 eaficdritotaire menldirdles adiecat e a
change in the direction of the sound source with tine while the vehicle is
t r avé0i nfFuacess g lar bamingtedd nemoshting akaeviadnbissul dnindgieheesyl t  of

the calculation; and a |ane detection step in which the_estimtion results
in the | %EE?FW%@?& GhiB ERERL@KS 3Ha PARCErAFaALY compeated or

each | an .Laocation i t.he | anes of. the soun ource.is, detected
based on SRRl h HREARCE Khar S pRACR NP et B s e SHe TRt TORE rmy
COMpri S foidnCohe 2ae0bu st &Pes IS ALIMLAOLIEA HOLUGRAIYifes
traveling vehicle are collecte y a plurality o m cr ophories arranged in
the forminf #hemaiduntiny tdsesame pl ane and placed in the vicinity of a
mul ti-lane road; a direction estimation step in which the input signals
fromldt he pl urBisy heweviegr,opsonet stillaampiwgh feni confilkining b ¢yes
wi ndows and the two-, dinensional direction in the vehicle traveling
di recti oFBHFAIMETIRR FOEG: ithe dpminadsdnghipuFaerierast Paaidasy nteach
S time win vehi cl e detecti.on step in which the degree of simlarity
bet ween t c\’(Ia}[mes Fﬁéﬂ? on resitts 4P ttﬁjgge\): Lol &% PRAMST) PRGEESATIN YR this
directio x ] | t l.a3Le i indicat-e a
change i %@%%&%%%gﬁﬁraﬁ%eg n@ﬂ%d&ﬁ% \_/?/i t t?xltené.n%{%rﬁlgdlt %g"%‘ell cle is
travel i ndimesakreshatedg andntiivrlicin tie fehBet &F Pased ia t8gpLegul t of
the calculation; and a lane detection step in which the estimation results
in tBe | amnstixection dhilthdesboing digoectficen imgetovieateindn step are count ed
for each lane and the location in the | anes of the sound source'is
det ect ed basedtort® Hhexafiareng eecend okjestdphigthe Phesentt hodenthan

| ti in the vehicle.t | i I tion.and the_ | di ti f the
vehtol o defh BROAS A SFRAgRaE BarEeo MR FanDRPLAG BhELLBEYFoRhe

detectio ' - Pr. rely, ar ed

W the for SaREe RAe e 1 I RSP St RIS conal T S
and z- axitgodbtlast e08etk@catlyodd \ ABsdldideehseny(IMediifg! REyed! a 0
direction (vehicle traveling direction). The aforesaid vehi cl e de¥ect| on
met h28 mebhes arymese: iaors @muthoe dhlee Aandhatkedp semd cohdabtbbedevises, panduced
by a traveling vehicle are collected by a plurality of mcrophones

arr anged SHRHeE ¥ rtde gopgtitrtiant i degreqsing thel nwmbexd ofnpahbs
vicinity o @wl ti-lang road; a direction estimation step in which the

i nput  si gﬁ'él ¢ rUMLIREUH R ISRty of nicrophones are sanpled -
periodically w t.h 41§ i.ndow d w.di Lonal ydir LN, kNh_the
vehicle tr ave\la% nég}ud‘%d:gocﬂilierc‘# \g%d%{a hgrf%g(rél@tt\é\igpgcglg §§£98?5¥¥o§§éa§§55r33 i's
est i mat edyi i Raf EronBeMh§opsl dad Vah itHeS tI/ke6E | dhd &Pilg MY eRdst B8
degree of simTlarity betwéen the estimation results in the vehicle :
t ravali nghk rebdatancdilyt endlioteaig wiEididsaid ahestedectibdeslof allid y of
tenpl ates which indicate a change in .the direction of the sound source
with tinme while the vehicle is traveling is calculated 19 January 2006 8
and the vehicle is detected based on the result of the calcul ation; and a
| ane detection step i.n which the estimation results in the |ane direction
by the above direction estinmation step are counted for each |ane and the



t he two-di mensional direction in the vehicle traveling direction ar gh%
lane direction of a sound source is estinmated in each tinme w ndow, ‘a JAN 2005
vehi cl e detection step in which the degree of simlarity between the
estimation results in the vehicle traveling direction by this direction
estimation step and a plurality of tenplates which indicate a change in

the direction of the sound source with tine while the vehicle is traveling

is cal'culéﬁ_@& t% ehicle is detected based on the result of the
cal cul ation; a%%ﬂgcl nee/'det ection step in which the estimation results in

the lane direcii t Hes V. L Lect } i d for
each | ane andC}% h?ilng?:l%t(ingjn&?g ﬁ??aﬁ%ﬁgﬁ ?%gig%%gﬁlg%ﬁgcgﬁggfggtf% ted
based on dulesiaratds non Wl itts LA sttt gz RS heshntde® |ocation in
the vehicle traveling direction and the |lane direction of the vehicle can
be detected vinifeftiheohitaay iior dtd prefenthetler dlamimatefd timsuleitdaig on by
ot her _noi ses may be _suppressed nore securely, as conpared with, for
exanpPe, "’t%fc‘%‘éeﬁ/\/rﬁ%“ R RfciE Pragelaisighkefare feexadbacdrdsd z- axi s

directio et only an a direction (lane direction) or a O direction
(vehi cl eh??%@le%%%n d}%leac“-tcfod?'ﬂdl.l q}?‘i'hi s case, in the above direction ,
estimation step, i i t e JQUNC Ry, t] d by
scanning in t%g Siljgﬁle%dtlsfée\%#’t ?L{)gnq;va té?et he dﬁhéééﬁlﬁ)ﬁre{)ﬁ? et]%g:tgﬁﬁjﬁgﬁ'gurce in
the vehi cdendudving ngidinqctiam ddmidmddinglhe af oresaid vehicle detection
met hod may conprise a sound collection step in which the noises produced .
by a travel i ni®? veNenlth cbjeabliban edshyyapquitriadn thegflurdlci nphbaesng |
arranged in the formof a matrix in the sane plane and placed in the 19
JanudPy RPEErakes nin lasinating these insadating substvatest onavhibehst ep
in which the i t signals from the above plurality of mcrophones are
sanpl ed pdis oedf%%rlf?f' (BRETHERNG MRS  the two-di mensional direction

sanpl ed PErT JHrTarT Y f e the to- di mensi or c
Sour o6 1 & oot Phaion ooy O8iEE 38 LB AL (R e SheESttF ok oriatEpeS

det ect i Onyeiieaten Wiy i %ﬁédﬁtid&lﬂy‘?%Bﬁ(ﬁxdﬂﬁql%ﬂﬁ%sd_'arte@ﬂeo” by
this direction estimation step are counted for each lane to.carry out
vehi cl e dssmodtorofinthel eirenilect iUl e QU tRD ereadh dtadn
According to this nethod, passing vehicles may be. counted for each |ane
whi | 5t hecalted ik heath aff thee thowreft yaaxfonpd sdeitrar tihen edyecdtdier  noi ses
may be suppressed nore securely, as conpared with, for exanple, the case
where m ‘gmﬁﬁﬁe’s‘”&re aligned in the x-axis and z-axis directions to set

only an a dir Iy ( di,rection) or (3 directi vehicle traveling

di rection). Thzgggt1 g’?’ gs‘!éﬁﬂeec\’/%ﬂ'ﬁc‘f% fg’é%“e%? iag‘r%(gﬁ)&%dmﬂﬁ r}@%nB?ﬂJélﬁn%Bﬁnd

col | ecti G +Sicsp: iﬁbi]@’&ﬁm‘# hﬁl@%ﬁrﬁﬁa:{”&? Jy a traveling vehicle are

collected by a plurality o m cr ophones arranged in the formof a matrix

in the same plmnsemild ¢bfasad i tdeasiil: NFddm ahe dMldgrimdrd gdrddEord

direction estimation step in which the input signals from the above

pl ur 80i t yagiieninphones are sanpled periodically with tinme wi ndows and

t he two-di nensional direction in the vehicle traveling direction and the

| ane direction of a sound source is estimated in each tine w ndow, and a
I ane-spe%'.fi glbvehi cle etecti oq_I.ste_p in which the estimation results in

" the | ane drYEITEF BF tHS WYLEYYH. estination step are counted for each

| ane to carry . ! i t i re counted for

each | ane. _Acc%%r%?%gbgﬁggam%%g’fl %%gé‘%?n‘ggégﬁ? g?églg "%@?‘S& c%‘g‘rﬁ}é‘ for

each | ane:opp+ s i debarinatat beNpDird e AACIHEGH Subshe ad@leahi QRiBY ot her

noi ses may be suppressed nore securely, as conpared with, for exanple, the

case25wherree moumdehbetecarenitipmetks i1ikdeurhashsp and TTsgxtapdeie6tipns to

set only an a direction (lane direction) or a (3 direction (vehicle

travel i nFFFRITDOT I ki Fhepain, whemdhmdawead r mestodneviatanigon

step, the direction of the soung"&sour,ce may be estimated by scanning in

t he | ane YA Uh LRitGPaHieEe be # Shrat v lafing suheteats antkothercl e

travelin ' j h 1 ot ve.vehicl e .detection step_of the

af or esai rgsl'e %iérpﬁeétd(%tfr%%eﬁe? Ro%‘,é sa%)cﬁ%n%leldllséléa%fmﬂ%uﬁﬁgf:??feﬁem’éﬂ t he
tenpl at e HY endnerth i Sk i SO WS Yre 1&&*}1}&%@”%' ing at different
velocities and the above estimation results in the above vehicle detection
step30mny be calextmd edecdealilygcbadubiingerbpings Shareepirbviied hecation
in the vehicle traveling direction of the vehicle with tine nmay be detected
by <calculating the above degree of simlarity, whereby the vehicle may be
detected, and the traveling velocity of the vehicle may be cal cul ated by
using the tenplates (plurality of tenplates) at different velocities. In
the vehicle detection nethod, the above vehicle detection step may further



‘results. According to this nethod, a change in the l[ocation of the ve'hq lAﬁ ;
with tinmme may be detected by cal cul ating the above degree of siml arki ;’ 200
whereby- the vehicle may be detected. A change in the |ocation of the

vehicle with tine may be detected by calculating the above degree of
simlarity, whereby the vehicle my be®detected in.the vehicle traveli ng .
direction. In the aforesaid vehicle detection nethod, DP matching may be -

used to .calculate the degree of simlarity between the tenpl ates and the
“estimati G PE?&FP?.Q b%%’bg&l%ﬁgp?ﬁl?ﬂl?gairﬁ‘iﬂﬁﬁ of thafGEoPH 1RR1IERRT on of
t he vehi | ' b e Y, I t oye degree of
simlari 'E:J' y‘%%%%eébéy%ﬁgégh?gﬁggﬁagaﬁgrgd%f%c%%a . OEn %ﬁé%%eg?ﬁ%?ﬁgﬁ %‘ ation
of the vellie|feddrid 1rndth4E0hPIUBHIEERE Dand A aHdN F iR AR GeTr ee
of simlarity, whereby the vehicle may be detected in the vehicle

travel i neeldgtaricalily lcorduwetdner edaiitgschirel e ldetedithdbynebhndctéfietaunber
of the above plurality of mcrophones nay be equal to or greater than
"nunb8r dihensBhartyr - ingvwirigws dimdheo lidves rpstdet inige
accuracy of estimating the direction of a sound source nay inprove, and a
vehicl e MHPHFIRTcted even when a plurality of vehicles are traveling

si mul t aneousl , e ise oduced .from sqnet hi ng, of her than
the desl red v LB e - SRR S Brrandieet HE Praditiss

i nvent i ons 30k VB Urd NOMBEAINAWRD A 1O i i bl St ood
fromthe follow ng delE ai l ed descript irIc;J]n vﬁr?égolrésl}%le% [ nscglrllggggltel on with

t he acconpanlatginty awibigxatehsr @nabling the goankkeeld pbagisnsseeWwRg the
vehi cl e detection apparatus 100 of the first enbodinent; Fig. 2 is a block
di aglm siemkgrpdurtaudeviaeito bparenDirned byetyes o roent Eloe iomkerappde at us of
the first enbodi ment accordi n% to the present invention; 19 Janua_ri/ 2006
10a Fi g. PPIRLELIRG FheFoRsRFRGt Rerblare nkd b inspeckes, vpEBneast tay of

B R
accor di Ngridhd R BS8Mat B Wby Fd . D ghiSi ckdi shagw ng t he
subst anti al péart of the avelmbﬁl e%rg@m#on Sé%ﬁ%r gkl%sl’:gght@%’éﬂg‘gcg%d _
embodi nerdcangsl il toh e RiCReBurifavest ogNthEi Yaménhted {hOMWLEPEAY

showi ng the vehicle detection nmethod of the second enbodi ment according to
t he pbeseavibitmatras orcheFidgvitei can bé ozks il ypgrepa israiviaven: he sabetahei al -
part of ':Jgg%i\r/ﬁahé%e_ d%cé‘i on L_S)pgcg:rag:t us&(g@theg;agﬁrlghgi?ﬂ(gt?em according
to the p AReH ST LR C Y SWPY &R REEWn Y€ -subst ant i al
part [al -di rection, nojse . nponent .cal cul.ati on section and

[ al pha] - diFectson %‘gl %’cﬁ-%Jf’F%%agg%t".°d‘r#°&lnt%‘§l6éﬂﬁé| T GOPBELEIARaPPar at us
of the t@dﬂn&i‘%‘ﬁﬁﬁfkf' (cToTds ] Wt eor_oﬁﬁ:efg id han;s Eig. is a

di agram show ng the p alclggcnentﬁg?gt%e ns}il?r ophone cz%%]\g??P%PﬁgS;uﬁiathdgs '
enbodi neulasenitis)g 4l (di PeetofhetedNkitobneFitdmelOni-sughl ho¥imPpet

showi ng the vehicle detection nmethod of the third enbodinent according to
t he BPeseartiep miemtipmingl Wikinsalde200¢ téfEogingloifssaldepgkmakianygait

showi ng the substantial part of the vehicle detection apparatus of the
fourth eRHAIRR R A IRE 1 MIWLe fert dagranseshcgsty. 12 is a diagram-

w
showi ng the placenent_ of .the m.crophone array of the jfourth enbodi nent
according to t%eccﬂ}cgsaéﬁ{ 5 tJiIB’r??nq"ﬁicﬂ".S ﬁrel}/sco&quxaﬁ %™ $howi ng t he
vehicl e ' t : e ' t rdiyn resent
Vet fon B Ry R Bey e BombELE LRy LTk R o Rt S s Sia P PR
vehicl e dailsirdies dpNA BN 2ref mbiigt&d (d et dTRAKt3CLDEL ishEh nips
present invention; Fig. 15 is a flow chart show ng the vehicle detection
met h88 ofast BEsf idapncidnosli restishorsral ngifls , twivepz Bsewhennivien Liowey and
Fig. 16 is a block diagram show ng the substantial part of a conventional
vehi cl e TMRtetRFBAahppEEARSE T abESOREbe I WINPE- TRE t FRETERAED ERVBCEE MEMNFS The

enbodi ment s accorcgﬁi’é%t the %resent invention wll be .described with - _
ref erence® &F9HF i ARl s lating suhsddiahsh @rdaethdn in Fig. -

1, the vehj et ' r : t.he first enbodinent accordi ng
to the p?gs%n%%ﬁ{\iﬁﬁb%%r%%%’r ?égée ;Q %5%[@1 l&%&‘%%@%??ggtﬁﬁ?%ﬁ R0l

the whol e Hietaghil AR 1ABPSIBE LSat 8s e8! 1 Gf1 ALt MRineNs ERL EGRESCESE,

noi ses produced by a‘traveling vehicle, an Input controf section 1 whic
cont 80l s dehdaly iftirmithedf ddmprsiesk col lector 3 (including the rotation of a
m crophone array 102 to be described later), an arithnetic circuit 11
which perforns a variety of conputations such as those for calculating

noi se components; for calculating the estimted direction of a noise source
and for detecting the vehicle, an arithnmetic control section 8 which
controls the driving of the arithnetic circuit 11, a CRT 9 and a display -



in Figs. 2 and 3, the above vehicle detection apparatus 100 conpri ses

m crophone array 102 conprising M (M2) nunber of m crophones, a
D-direction noise conponent matrix calcul ati on section 122 which receives
the outputs of the m crophone array 102 and cal cul ates the noise ,
conponents in the outputs, a (i-direction calculation section 123 which

oot e D R B ab b 1 bR T p e i S BB it Ar8 AUy ae
c : _ _ ! et €d i B
and a veme?@aﬂghe%ésﬁg%%mi% oPNLED ARl 3@&3@3%3%@{%@& on

t he road stanti part conprisin ctor 3,

the: CPU 4nd he-dradlided i griv|ietierifliRid %h%?’eGUiatndll- 19 January 2006 12
As shown in Fig. 3 (a), the mcrophone array 02 is pl aced on a line 7
paral l el to tiigsiekilectrticaldlyi agnduceingowiningshehatadréOdrotarudinhg above
M nunber of m crophones _are _aligned on the above line at a regul ar

i nt er Jal Reyonsd $henpeniphesadnedgeshef ther Ephsheinsulabingctestrats

constant._In_this_cas however,. it is set tq he a.regular _interval d
because (IS BXFCEFREPORPEIOR  FBE TBRCEGMaTh LPSAIGEInT FRRSRERFF &t i on
cal cul at i YTl 23 Al s aGl.hl d s baterval d nust be made
shorter than a ﬁéﬁ%”%fﬁ°kﬁeia§92?§%§ h?8§95§?§§get sound source signal and,
within the raRgRrdiif e Wiast %flec%%i'dmtuyn%ogalaad%macwmn&% greound
source increases as the value of the interval d I ncré€ases. en a target
sound sowleetrdce Mahicdheotddaitgt b s@domel elRatadicRnilyt conduddiyigl r om
vehicle to vehicle, since many different types of vehicles produce a = -
suf f 18i eirigifer in the range of 500 Hz to 3 kHz, the interval d between
the m crophone is”t%éfirably,S to 34 cmin_order to - detect-the direction
of the sound gcsS’tﬂsc_ e FlECEREc2d by EORARGRIN DV F ERFH ARG t he

interval .q J tQ - 10 the sigze of t sensor._can b
decr eased'?léll—lsu"r scﬁ%‘rg, gfl ggF%%geeaf%e@ WIS Bk Pfaﬁbpﬁﬁ’égl\dqi ?cg%?gf on of
a ‘sound g AHTRe ] rQ%ﬁﬁﬂﬁ%' ' s e
greater m%ﬁe"'léxgsé;%ned nu%ggrg Qg? mg%ﬁn sour cdegh%\?g?llglz%%%&%gﬁk.lbﬁsoﬁo o
Parti cul &d gonfhride yospedfrom tHeohdee shs, pbringtEihyae/conféctednd, in.
the case of a nulti-lane road, Mis suitably "nunber of lanes + 1" to :
M nunibBr glortdoss to2be Assphovedi meFygeasiby, amé makimphidnessy & 102 is
configured such that it _can .be rotated in a vertical direction. The nornal
ext ended Geldablyeapramel bah ihechlefbr igiconnesdionaanrang tie insplaetay f or ns

] to cigss the -center, of the road.

| e i.t h t hé : i t
B iha © Spdiraneas, EfttRef o tne plehet Remh iR codnunt h Wiz Lngs, HRGRH od

“such thateyd ¢ i i al _ {li i that, the
i recti on Mo RRIRt IR Sk G EReds! BeB, ORhEOPLE AMUAS NS AP 1 1C

nor mal - exdrpded £f £1n1bha nakleanEn Ol M ) sLb8 tFate8PhP ek ¥t 2Pdal By Pl aced
and the x axis. The n-direction noise conponent matrix cal culation, section
122 EOnmpricelmddinguwbeing$ mrgtnddisgsbépdnadtileh perdphepat addiybd oft tiee

m crophone array 102 and receive the qutputs of the m crophones of the

ni cr ophod@vWeRr sMosh2or \EhenBepenf Meskeiosmlasing substoatanaed are
connected to the M mugber of . anplifiers 103 and receive the qutputs of the
cor r esporfdi g PAEBPUT 183Ing Ay B LG oppd Rtk EOI SOPREFE19BE YShi ch

are conn . 0 | er.s, 1 nd receive the

out put o S ERd G, HE cHhAUAERD Bor bR B SR AliRob s Bl BBFERS e T

cal cul at gJe cdRFi WabE Iby Sy&FISR! Gtk LALERS MdUBRSH: 0t 1 hoaaNessnabRby Zer S
105 and receives the “output (conplex anplitude matrix)~Sr of the frequency
anal gaer pckdiondn to penvdasbectedaeriabasilPf ahid chakdng diesdsRd o the
correlation matrix cal culator 107, and a noise conponent matrix cal cul ator
109 whi clreldabdanacceupl bsh Hdeee jeneitc monpaicdulont among.hel Ynduhabiyg 2006
13 Further, the n-direction calcul ation section 123 conprises a '
(3-di recﬁ%‘?téfé‘ttﬁsng"jo’él%%?%r fi-l‘cﬁfﬁ%C§§P§CFF18“(¥-%F1F€€1[“P%SW§ SBgkb® ng t he
m crophone array 102 irection vector .cal.culator, 112 which i.s. connected
Lo the prddtiF5A%8s,&F Rpeabon Diadd Trg1oRipl FhRFchated s chg ARy

cal cul at Qlan! 4o Wiyl $e5AIRRA! BYchO1hNEaLL! EALT POMVELON sAl At Al 112
and to the A-direction noise conponent matrix calculation section 122

(noi 380 ceeRaitembdcsmeabarkayoge88tiva. frequency averagi ng device 113
which is connected to the direction-specific power calculator 110, and a
time averagi ng device 114 which is connected to the frequency averagi ng
device 113. The output (estimated O direction) S3 of the f3-direction.

cal cul ation section 123 is obtained, via the frequency averaging device
113 and the tine averagi ng device 114, fromthe above direction-specific

detection, and a tinmer circuit 2 which is used for nmeasuring tine. QS9§§$MHm5



step (s1004). In the sound collection step (sl OO), the mcrophone arganmN 25
102 is controlled by the above input control section 1 to collect the
noi.ses produced by the vehicles and the 1like on the road 101, and the

out puts of the microphone array 102 arg anplified by the anplifiers 103.

In the noi se conponent cal culation step (s1002), after the outputs of the

m crophone array 102 are anplified by the anplifiers 103, the anplified

outputs ag {pu d e forms | ers_104 d sanmpl ed.periodically
e e 8 e e e R TR S5 Bl i FREDSREABEAE he
time w ndgyy | M j |5 Litudes at
bot h ends, sﬁ %%dﬁf%ﬁnﬁgﬂé%sﬂa%%w&#ﬁ ar% ?ﬁ@ '&Sn%?igra lt%'ﬁ‘gﬁw ndow
- lengt h Wsubssthasteas, viltl@sn ergide 1Walakt Benndeted aeabgs time @kEsugey Of
direction estimation, while a | onger wndow |l ength Wis nore liable to fail
to track 2 rsirpkiicitemvaiaiipming wsiding caierc er Hedflefwine ofn saylidierym

W ndog 19 January 2006 14 |ength Wnust be selected according to the
travePi nd"¥/et i ity RASSRLE & zepligsqumadule@t o slpsreasgse goste
direction of a_.vehicle passi the position_which js a from the

ni cr ophone ar raIaril% = Jfod}il%a,ﬁ?é:e deVdrefooh & eaab8V82?¥§SBft3b’b}E|+r@fO
kmihr is {8,081 I gt ] ' 1A W5 it ahl %1210 10 ns.
T_he period of s%&nﬁ'i_ ng g% %‘{%%éldn.rg:ﬂvléﬂqn o% iegl' Sul to\e{ls{)ﬁcflxﬁy tq'% %\}K%PFor t he
time si gnetispnintsedBhashe Butiacwaet s Mo iRe S ulilht iy SOFPELXtes.
anplitude for each frequency is calculated in the frequency anal yzers 105.
As a net Hthiis fprevaitoul e rejledier iomidlye ccdudttine wia imefshddbdrasedngn  known
fast Fourier transform (FFT) is appropriate. However, when the nunber of
freqdfncikaldes apd drferpeddhy e iaspliptdngssubstrates|at dde singuaf to or

| ess than_four. a t.hod base knogwn., discrete Fqurier transform (DFT
i s appr optTHEE LRI (e ¢ Salﬁ%vg' r83&8?%6?8&?3%80“3&85ihagyweﬂflﬂ??e% ion)

estimati L NEIRASEN h b ' .0 they a t han.
afr equegt{c};/é V\rékilose wa\;:'g'ﬁs gtﬁgt%?éei gf‘?g\n@]é%hggeé%lﬁg s rAtglhdg'%d’lto:g't éﬁc‘ég%aihgy\?%e

ni cr ophongheréefeddl? . ofl RE e WG & lthidd s i®hdavi ng a |
wavel ength of not shorter than cllIQd, in which ¢ represents a sound

vel ocity, and Bhdrheerseanaromcdiictton rmiewditiesh of ithet AbosemEiastdedi tikilrdbove,
are appropriate, A conplex anplitude matrix S1 is calculated for a certain
f r eqdncylBRRY oS ridtdie s it d& desiredctbatxthe miusadwimswlating

i = [Xi, X2, . . XM T ion. 1) In the ab
xpress GibsHratdd £q (e, tsandihlard SRS ] migaed o Bhe
f ich i : J NPUL .S f t , -
(1 cavenoser Sl GAE UL AP S L AIRAE Brpe
the matrineidhbdibiy idhéflellaﬁf&fse.l arhql ERhahtesakpldl 8kabilty n

“correlation matrix 1-s calculated fromthe output (conplex anplitude
mat ri x) Sdmioiatimy Mheidiarraf fnsguening anddgizartes 10D daditda assi on 2)
and expressed by the matrix RRmm Rimn = X[m X[ mH (expression 2). In
t he @Fovekb@ining dhe gfifaahs @f fhenabexeeiystr sospbivd towphbikons.
and mis_1 to M, Then, jin the eigenvectgr calculator 108, the

j ugat
ei genvectiFES vitfrds YBHHET GRPAF ST SRFOrgNE 67 AMReSHER PoraErr R m ]

arin pmb Sty SRLRLLALE LAV AR Foc BLARY BREFL TR BRARRE o

matrix bypRukdOWRsHIUEeRe S8hsEraE @é}daa@aﬂetiﬁnﬂm&&fo%{ 8oLt If4

& A
cal cul ated by using a known QR nmethod. Then, in the noise conponéent fratrix
cal cul at grewihudhe beforek Rrdonpliisitioly ahpordidtgtic duhnagtIemonponent s
when there are K nunber of sound sources is calculated as shown by
(exp@éssi on 3)In Rjensemicanddcton devijosisHof vwhe2pbpvi+Zingh to.thixd

‘vM nivM niﬂH (expression 3) 19 January 2006 15 In the above expression, the
nurber K BV SRRARN S0 tedishs (1ot eled s A ha Fhe (HE S Sacma

- advanceesrica BB i R MTRE R0 T aRSHCER o B ORian Rt s

cal cul at egh, i ghotst %éﬁbéiﬁ“iﬁ%%ﬂ{g{ SUHATAUS QP THRAEY Mat i x

cal cul ation section 122 and inputte o the (3-direction calcul ation
section 13311 e i S COimy iefibe rcié PG atefhd $1p820f AheCee86nas
described above. In the estimated (3 direction calculation step (s1003),
firstly, elersiiealXB dondueting wihelndgs dio dotriddre ste isepateli ce 111 of the
[3-direction cal culation section 123. Then, in the direction control

vector cal culator 112, using the above J3, a direction control vector S2
is expressed as a colum vector d[n] as shown by (expression 4). d[m =
[1,e&",ejwW2 t,...,j"c"i"lt ]T (expression 4) 1In the above expression; t is
defined by (expression 5). T = (dsinf3)/c (expression 5) In the above .



P(J) = 1/ (d[nmMxRn[mmM4[n]) (expression 6) In the expression (6), by 8 JAN 2005
changing the (3 direction from-90 to +90 and - cal culating P((3) for each
[3,. direction-specific powers are cal culated. Further, the J3max which
provi des the largest P(3) is determ nedq. By the above process, the
estimated direction of a sound source”using a certain frequency in a
~certain tinme wwndow is calculated. Then, the above process is repeated for
each frequency.. and the outputs of .the $3direction r calculator 110
are averge ecfg#f"?tafr}gﬁ ?%ﬁ%’é%&'f’%??’é%@?ﬁg -%Brﬂ%?tg%%]o?ﬂ't’ﬁec ¥ mat ed
directio : r i n, 4R I b | .S .
Then. t he iya SR NIELA0H ol IR IR s b e i e ALY

of the fo@uHERMMAWETAGIgH) st \dsC & ol Ik iMPaA Ve 2 3@ dielt it nleldpravekagdi Ng
device 114, whereby the estimated [3 direction S3 of the sound source is
cal cul at aditcthdnesddibien @ obitadotingntbalefifleattisonfstie fixkd08) himwdkeds as
descri bed above, and the estinmated (3 direction S3 thus estinated of the
sounddsourEeNtsiqifrutt ed to the vehicle detection section 124 as the _
out put of the $3-directi.on cal cul atjon section 123, In the vehicl.e,
‘detection st ep1$rt s%@?mlﬁq’éﬁlﬁc&ort ﬁ?v&B’S’\?eOgsFPﬁH?BHV?SEHF?ECWo’fP-’S‘@j of -

t he soundg | i n; Stk i f f he -
vehicl e % et eciglfooﬂnss'sggfq %g%rizh{ p’ (;%r 8%%%?@gﬁ}lﬂpér%%'g?‘gpgﬁpnéﬁo%gs?é%%i red
buffer stpfegardvited hi)aHaroriG HE derRends R tihg Wit fohe
target vehicle. The lower the velocity becones, the nore storage tine is
requi r ed.pd=oirt exmingy en \enimbiely die timudlatig@isubsttlaaeist.y vhigbout 60
kmihr is a target, at |east one second of buffering is required, and when

t he V@l odiacilitatesddwd nas it impimg tive leufinertiimy thhee imgstlavdngoubl ed.
Then, in the distance c%gcul ator 117, the distance D between the above _
esti mat eFYLEHHRT PBARS dowmy RE WL tR8 PR XIS ko B iptadndng bl n t he

estimate {yect ] ff.er. 116 faqr rtain period of  tine_and. the_preset
Sount sobrE{Eie h Bt dr Sadd 38 Bl oRERBERS) shecRrERFe g P oo
estimat ectygh retdOR PWHisla ihdnt iRHY.eSeRd pflé%{lgloﬁg FdrifeW sdfve
represents the size of the tenplate). Further, when the content o t he
sound sows e |moidrantd otfdeat €hSpel Inemplaiagdthe hbuhtéd deviée WHtHV
represents the  size of the tenplate), the distance D nornalized by the
si zeldf therasipl @mabldmad dhexesdgsdd be coowechly( ewidedsi oBeFjdesy D= LI
[ W (expression 7) The_ distance Dis closer to O when_the '

fli] - t[i] |
d[elg]r ee m[tll]g‘? RISHLUSE RS RO ngh beyonds thgaedgcksigal byt Fondast Hadt he

sound source. whi ch has ,heen stioréed jin th stimated, direction byffer 116
ond the SEERH, IRy SHE AT e A e S R o drEve e sound
source | J ﬁm:g t I Iy’ +SQUN u ion -
t enpl at ec%zé‘{%%% epar%%t}%garﬁp@r} g‘ﬁgﬁ \aet&éﬁgn%'?ﬁéﬁggt ?ﬁg@eggg?#ggﬁon of
- a sound  eetEfea W diieed) 6F il BH 3P BdBo16RB g1 frote By [danidqag!  at
different velocities under ideal conditions having no other vehicles and
noi s@0sour ces T dibwdl genel comdhbtsnudesriices defsithabhbovieofigvet, tehthisdch a-
met hod cannot "be used, a nethod in which the sound source |ocation

t enpl at e W?%tﬁﬂfkﬁ)ar@tﬁéﬁlbr dithdgie desiargk ihat ndaligleatiwiradflt he sound

source which.is estimat.ed fr he | Qcation_of the njcrophone arr 102.
Thon’ & niedmd Bl wihoe, b kb ands e e d e AR APaEha PRNER

di st ance ' 190 . bovg .di i Lt is
det er m nebrrar R A RbBaRee OGP thid BREPEELS ok dR8EHREIOA

out put t ect 1t beuyshindiesdebastiPBxetealldn Bhe it MU 0L cHREBEL LAY

result S6 is displayed on the CRT 9 or printed on the pritnter 10. An

opt i @8m driatiange duwd eree e el it erserfite viaf itdse aoaind igh thedveend aad | on of the
m crophone array 102. It is desirably 20 to 50 where an anbi ent noi se | evel
is  rel ateleeirowmie parterdd itwl Hvovatine suidtatateletnst timproaygsar at us  of
the first e djhent _ according to the present inventiqgn hasthe m crophone
“array 10X %ﬁ% W rithe FONRRCHEQN Jgh ML Y QI RN g ttdhq he
vehicle traveling direction.in t sound caollector 3 and has the noise
corrponenté%?ér?iq%gl%rﬂ? AT sr}:e%ﬁqb%c!llﬁmt&?qss’ connected to the:

m cr ophone arr ; L j ; f i; us

Wi ch 16 January 3008 15 torar Ses e RO gt R e 5 ang The ©

ari t 3get itheiwide teldetdivd ey nedrductiid oniafindgil | mhicahaldeat iien section
122, the outputs of the M nunber of m.crophones are anplified in the :
anplifiers 103, the outputs of the anplifiers 103 are sanpled periodically
with a certain tine window in the waveform sanplers 104, frequency

anal yses are conducted in the frequency analyzers 105 to cal cul ate conpl ex
anplitude matrices for the above frequencies, correlation matrices are



corresponding to the apparent J3 direction fromthe microphone arr ay?! BoPAN Q005
set in.the P-direction setting device 111, a direction control vector is
cal.culated in the direction control vector calculator 112, P-direction
powers are cal cul ated fromthe above Igd'rrecti on control vector and the

above noi se conponent matrices, the average of the above P-direction

powers with respect to the frequencies and the tine windows is cal cul ated

inthe fre y_averagdi ng.device 113 and.the time averagi ng device 114,
and the ROTARES BN A5EORAaR B ROSEHACRIPERALHREIROP SRAISR AR her |

t he abov: hal | ' ratu . _vehicle
ot oot on et ranchS ARt W Eh o e ERRS A B AT Tiuidind o1
section subktddtddandals ibeedd£TLY AN igAKROPoLI4ionk! Sfoddendboyser |
estimated P direction is stored in the estimated direction buffer 116 for
a cert ai mpkrioenfinsuigting slitstaeteshdnveddition toovdbtadnint eteA
direction and the _sound source |ocation tenplate which indicates a change
in the | &fac® of theshbimet foukkirdilnyentionghi | Burbkeyeltibe alignmentyel i ng

is calculated successivel Cfg}nd tc{]e cal cul at ed .di stance i.s conpared with
nc®E

“the pres&PH SHhEE &5 &Y PNeh & PR Stber e§ePfnedd the above
di st ance j Cﬁ.ﬁ&r I j eference value, it is determned -
that a veills"' e |I£§5‘§%ﬂ§?e%, g:r?gh‘t%gi%&%b%ve di stance is outputted as.the
result of vehicle detection. Thus, by having the m crophone array 102
conprising M nunber of m crophones aligned parallel to the vehicle _
travel i n@Builerfe digsaniiptildme cfoahe Dawvdingzal | ector 3 and havi ng the noi se
conponent matrix cal culation section 122, the $direction calculation
sectl8n 123 afig-hd ishd perseeckivevisseschenazdcald lyvhéllyabsabhihgad part

of the detection %)tpgarat us, whi-ch conprises the CPU 4, the nenory 5 and the
ari t hmet iIFeHEGRFUCTOE . dRvdirer 3aeding t&r thenpxiesendr d nveafdomig

si mul-t aneousl y.. or n_t .are noi ses oduced fr sonet hi ng ot her than
a desired vehincﬁgg', ;%Mh% fQQ%%%&%P@ f%&%lfggéoﬁﬁaws‘aﬁrggé(%%’N‘%?% TR be

det ect ed duy i3Epr essing the interference by other vehicles or noises.

[ Second enbodi ment] Fig. 5 shows the substantial part of the vehicle
detection appaizjus3 Qfs theemativihl anleadisthtinardeldiynd e sthe tansent
invention. Since the configuration of the whole vehicle detection
appalat upranedure domf ifpdddtnioo then ¢ lfciusoaitl yofconidectiimgoptierieg array are .
generally the s as those of the first enbodinment, Figs. 1 and 3 are

used, amtFH e¥phd (iheutngulatipg substrateeby usdndedtidd neheraie
referred .0 by the.sapge . nu | s and _syrbal s_and. wi | ot, be descriped.
The pr esgtnltog'eéﬁggiﬁénge‘f]sg%ﬁe# %r’%rﬂref FS@L@%&?&%’(%M Menf Vﬁe‘f’h%f a
vehicle andVedNGdd; detection section 214 is provided in place of the
vehi cl e detection section (124 in Fig. 2) and that a tine-base expander :
208 and a vel @wigy alscw glem ABWAIGE ai AsIAGHihd RRibettiadlee A neel ocity
detection section 214. According to this configuration, there can be

obt afled puntmifiggts Fousice @t rfpurtheomients thheafecd \agilti cine wilyi chs djhier essi ng

the interference hy other vehicles or noises. The vehicle and velocity
det ect i off &G G COBAPFLIBY Bihr ERFS Faraedptcbh IPrOART are2obdemi ch i s

cted.to the J3-directign .calculatio tion 123, a dist
Cal cul at O S Wi A AR Ho AP BF W45t | on bUf {er 205 and
e 1 e b coo e o
to the tine r@@%‘%‘g&%ﬂ%ﬁ&tﬂémﬁ Q&l?ém%éé%‘@ﬂh‘l%s%%%%t rgré%" the

di stance cal cul’ato recelves a prese ce refrérenc ue S5,
the ti me-deasiecddqiwtal RO8 ceMiiddbrid rp et Het idndcaiaieatdicH ames

cal cul ator 206 and to the velocity calculator 209 and receives a preset
soun@bsopmssdge ditiventtiengl at e S18, and the velocity cal culator 209 which
is connected to the tine-base expander 208. The output S6 of the above
conpar at or 21Fi% thhds ésiyertdcalehpetdonadevirunoLt hhe osepleosIuator he
velocity , cal culator 209 is the velocity of a vehicle, and these are the
out put s ,gfe‘ﬂ?ee'vehi cle and velocity detection section 214. Next, a vehicle
det ecti on net base gépjz- N [ -100_wil |
be described. Fig. a’?sgghgké{%pe ve f%@magtsg&gﬁtgﬁitﬁgﬁﬁgdig? 8%’ g%ggégi%n%
enbodi mrerioAOGOISH Rthe tloWdie. poeteNhyeryeahon. This is different fromthat
of the first enbodinent in that a vehicle and velocity detection step
(s2088) i-s prcdigled is plpmespéctive welew lsehdeiatdiciadny sldpnstea@Rdqgia Fig.
4) and that the result of vehicle detection-and the velocity of a vehicle
‘are outputted. A sound collection step (s1001), a noise conponent

cal culation step (s1002) * and an estimated P direction cal culation step
(s1003) are the sane as those in the first enbodinent. 19 January 2006 19
In the vehicle and velocity detection step (s2004), the estimted (3



,,,,,,, s

hal f, the buffering time nmust be doubl ed. Meanwhile, the preset souq% AN_200
source |l ocation tenplate Sig is inputted to the tinme-base expander Oé. T
prepare the sound source location tenplate Sig, a method in which the

sound source |location tenplate Sig is %epared by sanpling the data on the
estimated direction of a sound source ich are cal cul ated by causing the
vehicle to travel at a constant velocity Vo under ideal conditions having
no ot her sdd iSe. C o] tk nd, source is,desjrable.
ovever, AL (5% AR (iR ROULCRAyBEHAMA' IR BRN Ko RRY  Aesd iR bund
source location tenplate S4 is prepared according to change in the i
direction of the sound source which is estimated fromthe [|ocation of the
m cr ophorBeslr Model Bbr ICardyding mRrhadRe onwiddiont08, the tine base of the
above sound source location tenplate Sig is expanded or contracted, and

the expanded & @hodidead oénphatinvent bon puikledcowlbe dapanibed witho p of
the ti.me base is determned by the velocity to be detected of a vehicle.

For eXangi%-SAARGE ¢ %&Hat D&¥i-ch is n times as high as the vehicle

velocity Vo u 't fRAL& Jd1e gRove sound source |qcation tenplate Sig is
to be detect gg",qj't Eeﬂexparfgﬁtc?r? Fﬁ?ia&p%eqrsargcesf oﬁoa FEMFINMFERT €V LS ansi on
ratio p istddiffing B8ntHe inRntqQRd SPYHCE Rcaty {EPLELE hd1' Piew
-contracted, whil egtvvhen t he e;lpansi on éaﬁ &gpgi%&r}ol e %giﬁ%i,ghg%e‘?]s%%nd
source | ddetremf .t enpl ate Sig i s expanded. Further, when the tine base of -
the sound source location tenplate Sig is provided in a discrete manner,

t he sound sourkhe sesiconducieopdevdcsithals iapghowi imt bddes Fouunodh Yes and

t he Xp ed or contracted tenplate is then calculated. The tenplate after
expak@i O%gT go Wfr%ﬁ 8hei Laninated @neoupRe Mekhere Thiecupdudes 206l Then,

t he di st iz ' ed_O.direction S3 t he
sound. soﬂ:lra)ccgogﬁlla?# ﬁzialgf%.gg‘%i@%&é&??@?%?%é%%ﬂeﬁo &i%ﬂéc? TREEFRELY 205
and the amductdmandedngt §29t eactey,t SoREALEAABEF af &Pe j§tance
D bet ween 'the_te)gn%?ate' g;d t he soung sour ce’%’ %ﬁgg%fgéeﬁ% é)?f?%%@%%bgnded
or contracirad ti@pina @ isealikgd rei@nFghle expanded or contracted tenpl ate
is expressed as ts[i] (i =1 to W) and the content 19 January 2006 20
(estimated (3 Id ridist moduds HMOLt lof $duend oseur cmpsof laperpstinmted direction

buf f 205 ag _f[i). (i =1tqQq W Wrepresents the size of the tenplate), -
t he ﬁ#st fﬁ'(?gﬁ:ﬁ | CORAUGE1nFe Wikilpgsod luh aree gyrangedadnpe pipredsed by
(expressi =,.L.: [L} o tshiL. )./ W (expressiqn [=i_The
di st ance % S cg?(\é%%a_tsggf ggcélgﬁgl}enggk%g ’e%‘é%é?b’ﬁg tsa%sgzr&% E‘hﬂ-ﬁ“ﬁ“?ﬁ: r ange
of the eglid IRIAD MEIQQELY f 22 i;cl-e.. The distance Dis closer to O when
t he degree of tgq_%s% Iegﬁx?yo ef\v éﬁwﬁ&éggs?ti mat ed ‘di rection buffer 205 and -
the expanded gm 6eRéf dIRAes! BOPA RohS[ddcdiy B1EREE 1 ¢ &ﬂ&p@f at or
211 conpares the input (the above di sté'ncecD ?romtﬁglﬁggsﬁéﬁr& calTul at or
206 wit hvigangseddp b dtlgnsrerafvarged irakbupl ®bal mutead onnt hdveasmsnd Wien
the above distance Dis shorter, it is determined that a vehicle is . _
det etf ed 1PN AHRY SHBFETate AReetD L94owhpoht aBe assimblarhy clvadetett i on
result S6. An.optinmum di stanﬁe riference val ue S5 varies according to the
&PPapo

| ocat i on%}f3 ST EPOFEORE yamide. sThgegerant yedectuicaliviere an
anbi ent . pg) T athye . npaLt e, . ocity cal.cul ator
. 209 cal cslggtags(:ltﬁﬁlg yé?é’%i%%y&%%é J{:éehggthc g@@ra%% ?l&fgsi%%%t%ﬁ (‘%lrh% SanéCJ) e
expansi O okaieldo$n0 h i ase) ~heom:tine i ae-b X ' . \When.
the vel oci ty@gf %tnhteth&e%iu%:fgeieg \E}g gh _tg]ﬁ'ggegga%gieo%a?g?laoR\%Elﬂght%gSovi des
t he shor sebstdiadesni ;o slynantphaveVolieis ends Wi o Bhet fEhyehi tdee
velocity S7. This vehicle velocity Si, together wwth the aforenentioned
vehid} e proseuiddngr beyond 38 periphephdyedges dih¢h€Riefond Msulladion t he
printer 10 és %escri beg aE ve, the vehicle detection apparatus of the
second eﬁﬂgai S 2080 F8i §4t'o the present invention has the vehicle and
vel ocity det e&.bifeog ae;tgli on 214 ich i, coHnect ed to the (3-direction
cal cul ation s&fi SRATZY 7 RS HRRF Sd6S: Lhet Are prrtrydipgeanet Q% on
apparatu hi KC 0G| ecti S Lon_ 214, usj t he
expansi o%xragn .iltg' gnatgﬁektsrrgrggbggé %PF—’*?E%ES%EngHgOﬁ?%gﬂ %é?ifﬁ f%g%‘pl ate
Sig is erpendednenlathhgastbdtrateseldsnreobasg sxpastd Z0&Fighe up ocity
S7 of the detected vehicle is calculated by the velocity cal cul ator 209.

[ Thi3ll ebbononény] aFigg. 20 dndtBe shbretbiosubstantamtowairt Figt E(ayehicle
detection apparatus of the third enbodi nent according to the present

i nvention. Since the configuration of the whole vehicle detection
apparatus is generally the same as that of ‘the first enbodinment, Fig. 1 is
used, and the same constituents as those in the first enbodi nment are
referred to by the same nunerals and synbols and wll not be descri bed.



further provided and that anplifiers 603, waveform sanplers 604, frqogjgﬂﬁyzﬂ%
anal yzers 605, a correlation matrix cal culator 607, an eigenvector .
cal-cul ator 608 and a noise conponent matrix cal cul ator 609 are provided in
the a-direction rioi se conponent matrix, calculation section 303. Still
further, the present enbodinment is also different fromthe first

enbodi nent in that an a-direction calculation section 305 is Anther

provi ded and t sk 40N t1i, i C 1, :a directiop-specific
power cal cul ajt&githg%o, a cgilﬁ‘r?éeﬂct?'l Bﬁgc%dr#? 8%%%%?8%55% !ai%rarbelg?fgeg

fr equencyne eI RGN gigRYI 1513 [ [F=To Mgl I '
provided in thyft-i-,1 a-di rgectéiﬁg%\ cal cu afia%%iggc??@(;r?%a??og?%%é:u%?e?l]}ﬁ?ﬁé%'the
present dMpRNeRntths edlessrdcafldyeaonfinotingewirings ehibpdiardny tan beat a
‘| ane detection section 312 is further provided and that a lane .1 direction
counter Hgventegfxom bging demageduon bro}ed eadseddy ogagksldibad sesirces
309 aréd 310 ari_?]l O%EOW ded in the | ane detection section 312. According to
this Bonfift PRt rERe s ¥asn the 8RS hikjoprghe ritber sidearectphdedne

| ocation in t I i nectdon of a detected vehicle by .suppressing the

i nterference rl:\;@l o@ﬁ%? dév“c‘a%?%’lnéesntorasnosiﬂoé? or* tﬁr/i‘egsr'oaild aﬁ’é%i%g%l H:T’tegﬂ ity of
‘I anes. Asy sy 4 i eHs2 1 i | a S t hat
it | ook?sp down ajfrn% klrjdeﬁtrboad. i%ué%ﬁ?r?&és S or}%mra?:hgﬁ?ggg%fsﬁ%ecgﬁgrsi gie:lé' M

‘nunber oformittreopbheess idé i eHeofedohd REL A d A1 11 eohBActeRyCheringyel i ng
direction of a road 301 having a plurality of lanes (lane 1 and | anhe 2

shown in F2ytollandthe sabbepsetrrevenbhodseenkeysiddbeing made, for
‘perpiﬁdi cular to the vehicle traveling direction. The m crophones
constPt utS¥RIRMe Rl Hihsreeamaieriel asethpeinghdahinghsubstvatesttoi ng

the mcr I i . §1 ment . .Furthe t he_ above
nunbers M ang : @er %%c%’lgér%ip#%ér}gls&{afrg tc%erx%gl TR YERANEE 9 gﬁ‘l S0
~m cropho i id S j.nent j . r t- enbodi nent

(il 11 o 60 2 e HefHRAi g saderdbiied R, 0T T
"nunber of | arts the2insukbsiphog is%lsytrak&saﬂditﬁcmwgt, highd Rilectzlodest ygen the

m crophones is also-set to be a regular interval i n accordance with the
first emfodibeesemimotduetorathepsf 12 ase sséniectsl Td ehddeatds prafenably 5.

to 10.cm_ Further shown in Fig. 9(b), the mcrophone array 302 is
conf gaur P e et%?j‘ei ?hl%%ii'f“d‘é"]rﬁf seeduckiggeirings ldireedilan. imm- a
represents the angle, fqorned. hy t norgal  extended fromthe plane on which
the m cropifo ee"gr%aﬁfi%q §hd'l¥’a°'cg§ §H8’E?ﬁ§' FC8xPE. LSER garg(BPurkedshy he
case wherg 4 I ) C r the mul'ti-|lane road.

s £ flﬁ%—%}ﬁ‘ﬁngﬁg%gg;n%%% e LML e i) !

Further, as shown I'n e m crophone-array 302 is configured such
that it can ale¥® baHeolinleedating Babkzeaitak dior 8aki SRe 3l HehatbEor
direction of noises (vehicle) is 19 January 2006 22 estinmated by an angle R
forned byhips A8r have eshtisritezs fewift feopl seeeval Weinshofhg m tocseplpat array
102 kﬁ pl.aced and the x axis. In the m crophone array 302, the outputs of

t he n &S ff o Bphotha serirgrdacsartaiting b ane pplbshed onehebhicl e
traveli ng di.r ect ifon are..i glputt d tqQ the_  D-direction, noise conponent matrix

cal cul at PG s S L6 &5 St °85n%85@r’rf‘grrﬁtlfafnﬁntcéPcEFg%F-oﬁ"E’éc?f- ofafeys and

the outp ; . l S i.gned. q the line -

per pendi clgl}f ac?lf J'tﬁoﬁ'}_] t He vg%?@?él? rgzjiv ﬁ?%gﬁgﬁgeﬁg #}%Baﬁgc\qnﬁﬁt?’éhﬂ?b‘?‘? h®*

a- di r ect ipoy1i SHlinef, BYTEERERLcHRYIIE shalth@thod s%%%és,o@t%%%-lvﬂ with
a-direction noise conponent matrix cal cul ation section §' conpri ses M
nunber ofaraepichfingr so@08ivhi cbmpr s tnancicieflly car e MR1owiber, et by a
n‘icrg’ghones of the mcrophone _array 302, M2 nunber of waveform sanplers .
604 #hi clFMEr echembeal agchgnichd pwl isnbey) methoglvitiar s G0SombLraubder of
frequenc%at.gﬂ:?llé/;a?s 605 Vl%iﬁi(:h are connected to the M2 nunber of waveform
sanpl ers 18, ARAYS MEENATSra S0 2Sc Hoc ROSSSSS G&P IR Ahiskasssested t o

the M2 nunber 19fe fd1RAUENIRE 13RAINASS: seigenvectar 4 cal cul at.or 608
which is connected to the cor@?e_l a{a! oril:q_(l)1 tr‘%%l?ﬁ%cmiit E)t% &&f, Oglng%% noi se
conponentinsailati mealstbstirate8020 M6 N0 5 e e@itetdetaskRei eLIRAVECLRE

cal cul ator 608. Further, the a-direction calculation section 305 conprises
an a-di r eameowirsald ipagteansce BhényhEch erbmpllbe ¥Bet sémics6a08LBE
direction (a direction) of the mcrophone array 302, a direction control

S—_

vectdf cghdpsatler thek wwiriec mountednaget oot dhet Isame, ddidferents etitiing devi ce - -

611, a direction-specific power calculator 610 which is connected to the
direction -control vector calculator 612 and receives the output of the.
a-direction noi se conponent matrix cal cul ation section- 303, a frequency -
averagi ng device 613 which. is connected to the direction-spécific power :
cal cul ator 610, and a tine averaging device 614 which is connected to the



23 305, and passing judgi ng devi ces 309 and 310 which are connected t@& dAie 2005
lane 1. direction counter 307 and the | ane 2 direction counter 308,
respectively, and r eceive a preset passing judging threshold val ue Ss.

The outputs S9 and Slo of the passing 1i’udging devi ces ‘309 and 310 are the
outputs (lane 1 detection result and lane 2 detection result) of the |ane
detection section 312. Next, a vehicle detection nethod based on the above

vehicl e ' : r.at i e ibed, Fig. 10 shows the

vehi cl e %ﬁ%@%‘@ﬁ%ﬁogﬁ{’%g%m I‘%s eﬁ%&%%n?ga%%ﬁ%?’néo FBPFRE I esent

i nvent i orehddlecBidud i19adbkl eh€NEehi@PRdRGEoR e i}y fiior %igﬁbgﬂia”i? in
that it conprises a sound collection step (s3001), "an a.J3-direction noise
conponentthe damgati on step (s3002), an estimated a4-direction cal cul ation
step (s3003) and a vehicle and | ane detection step (s3004). According to
this method, tHEfey FPdpblngpesindy) ofcarfinsstladiinganater hal tisepdacedi on in

the vehi r | 4, [Jecti d.the ane direction.,of a vehicle. In

t he sgung:hgco l%ﬁ%ﬂ%ﬁfﬂ%ﬁi%@fr%ﬁ?@ nliolc]r gzﬁgr?é eﬂl’réﬂp’é{?z e control | ed
by the ahqy&d t] collect the.najses prodyced by the
vehi cl es andfct‘%e I?ﬁ%ﬁ\%%?@%lﬁ] | auElng-‘ercgaaf clﬁ\ﬂe%ig aic’l‘%ne'ﬁﬁéﬁd a
|ane 2. . debldichahaheRIBACPEL Mins Wbuddif «id BHES Pa ldif ol DyERESE Of

m crophones aligned on the Tine parallel to the vehicle traveling

di rect i orth# elpApuicedlycemihicinipld wiriingy ltlhetarllj éhérthel®Bedtrddes.

n-direction noi se conponent matrix calculation section 122, and the outputs
of the M2 @hdhefsemiguphstiayr gdhigsed2on the |ine perpendicular to the

L BB oy € XY G SRS AR £6, 0 A B chel pat atgdiet o

i - di i i . | | i (s3002),
ofter rhiioz thilddSrd fldsed LALIO LR CORRER, A8 13 0P MR RS ESSphbne
array 303 Qoaﬂﬁbixﬁié(ﬁcrp&dhtegiv@”mi f iﬁfé'f%@.ﬁegggnﬁgelﬁ'ﬁﬁu }%g?%l%&?hgz

nunber of. m crophones of the m crophone array are anplit
anpli fi ersstBORE tthes elagtiridadd yoobpdustdng wdpihbedltie tdhel yoyef elien
sanpl ers 104 and 604, respectively, and sanpled periodically with a tine

wi ndow h3RRRY daiergonrecaycheysivTaty staprected heo thhee suirfidows bbeté ndow

| eng Wand.the period .of sanpl]ing by the tjine wndow are_set in . '
accoﬁ’ganceél tllsfatﬁ ???s?tl‘;eeﬁggg*’ﬁe?(z}t‘?g%’rcﬂw GoRdustdRg Yirhdgsshhpl ed in

t he wavetf. S ) ) i e | and Srs r each

Lhe el TSP RE 406 ARy AOMRLANETRY W58 o8 PO S (L Sach
for cal'cg@{dd&jgmjer#:dgtg% ?&:th ""etl%?’}' s selected in accordance with the n

first enbodi ment. “Then, ir corr ion matrix calculators 107 and 607,
correl ati on nitdy esanple, aakolhatefatépial s ilsidsdLOMPLRE aARLi dpde
matrix) Sl of the M nunber of the 19 January 2006 24 frequency analyzers
1105 and fHhe Qleshricaddy eendustingdwirdngsx)l1g16oollyheat® imumdmesedf the
fr e;:]#@nc.y anaI%er s 605 by the above (expression 2) and expressed.in the
for ntBf Fh&dehlevwr donjthathehe f£aldpd elgehvicadlycabrdiuctong Wisimgs 608,

. the ei geRvec vl . / (m=.1.to,M. and 1 to M) .of each
mat ri x RP\r%%] ttgir21léaléétﬁeatl\e%Fég,&ftr?ect\{:h%o?hecﬁlfﬁté:ﬁc hé’oélﬁl&‘%mg '
ei genveck@nSrdgs 3¢, 66 ad J BnaekO idaRA% tidd shiBg L P 8D T&Fni "
- the noise gorrpggsnen natyijx gal cul at ors 16@1_gnggg%g?§%h%r;ﬂégswhhn m m
COr I eSPORHeNghOl b6 NGk £0MBYRE! £1hY {HE sR138E 16 4 IshipldrOBS gD hem
-are K nunber of sound sources afe cal culated by the above (expression 3).
When t he 2 ,niibiee rcofinefctsioind ss @asddy eaeoniplighest.i mted in advance, it is
set to be "K = M1" in accordance with the first enbodi nent. The
t hus2@al cul at FRrdh@neéheonohdes gay bepmadhednin ra solderPidi repiimpedoi se
conponent | tr&l}é are. outtgutted fromthe a-direction noise_ conponent matriXx
W&gi"s% aker3oand ke hammakedreishendidltodipae be Hemersed

cal cul ati
- cal cul ati;on cti jnputted tq.the a-direction calculation

section. glstglﬁedﬁqﬁ'e%e&%’lor ;&%ﬂl oq_% ESCETP. 'Sg’nt gctclo&?ef%é,onr'especti vely. In

the estimat ed 18f 8nd £ech i iRALEU 3L 0 HPBo15RYGR ¢ Li 15 e A deds sl
in the a-direction setting device 611 in the a-direction calculation
section 3@, Tesn, shoet-abpyeiting hinpHyt ethel IdteWidLClyY Forkd@id# Dhg Vect or
cal cul ator 612, and a direction control vector S16 is cal cul ated by using
. the above (expression 4) and (expression 5). Meanwhile, a Pis set in the
J3-direction setting device 111 in the P-direction calculation section 123
in accordance with the first enbodi nent. Then, the above JI is inputted to
the direction control vector calculator 112, and a direction control vector
S2 is calculated by using the above (expression 4) and (expression 5).
Then, the direction-specific power cal culator 610 receives the out put



P(hi), and determ ne the Amax which provides the largest P(j) by the {abawdl 2005
(expression 6) in accordance with the first enbodi nent, whereby the o
estimated R direction of the sound source using a certain frequency in a
certain-time windowis calculated (] 12 rection calcul ati on process). 19

January 2006 25 Then, the above a-direction calcul ation process is repeated
for each frequency, and the outputs of the a-direction power cal cul ator

610 Qs ' f i i | by t
st mat od & A hRon ot 4 RRMEREKsoTHRbAY i HREUIBAhS sREEERYRRMTY «
cal cul at ethn MaapubirbRred her AROURgES- § Eﬁﬁlbﬁﬁegaﬂtzg;ﬁﬁﬂ A3t BhECSorhdry

repeated for each frequency, and the outputs o I rection power

cal cul at @f the semelaurivrgast devibe WHiRALEBG haxahadirbd feyicae siSsadder eby
the estimated A direction of the sound source in the above tine w ndow:is
cal cul-at &f thraaeltemesobder is selectedhodee Eulonmt 3@ Hor 62°€s s inpukiaag ed f or
each time w ndow, and the outputs of the frequency averagi ng device 113
“are aVer dfedheh S%quc%rd;g’llﬁﬁ daeme &hg1 moLtjesr s defe estimated a
direction Sr7 of the und liource j S cag%él?a%ed. Neanwhi | e, t he above -
p-direction cAFRaPPINGPHRRESWEacERA{HE FErskIofulptidaFHRfWatRd t he
out put s afg.tdei USRS (gF=Ta ] I i s b e
aver agi ng 001 evi J(':ééﬁ %%4 V\% g?leé?nﬁ?%lgglggﬁﬂﬁaq&ﬂd 2’%\ ﬁ%g%ﬁ%ﬁﬂ@@c%& thﬁglg olind
sour ce i £hetd avbatHned)enCs (B ritidephi L8 2 S ALIRR ST BR £543003)
proceeds as descri bed above. The estimated a direction S17 thus estimated
. of the sewtdrmalr cennhectipnticedohnecthd dane dellsectbathsaother Kdd@s t he
out put of the a-direction calculation section 305, and the estimated A
di r e&®i on I83the emhodisent ofgUigse 1 @arichputithe eflectirodeshi WA erdefmotedn
section 124 as.th tput.of the A-direction calculation section 123. In
the vehi & Sai_‘aeJF i?t?gllﬁi(fg‘t’éé?bﬁ%?%&h&%mﬁ}l?%ésé’utwp sigeRackasr) a

‘direction.S f ot und. . I of ,the. a-direction cal culation section
305 is in%gﬁtt%léd%f%ont%?z'% ;ﬁ%é%f%&ﬁ%& isgﬁufg'blﬁteé_r 307 in the | ane detection
section 312 and ! bni SoRdubtibf Hevide BeCEALA! Mt iithOtas! bilym I the

stored outputs a, the nunber of those between the preset |[owe M (all)

and upperrig.nti fwdthewf posdtiontny shéeris Dbndé 15 avé pdvidedBamhid e, the
output a (estimated a direction S17 of the sound source) of ‘the B
a- di +8ct iSO neAsc Afathgninselabingomibstnaiirg tldy te LRe Fanelaminatwing on

count er and .staqred i buffer faor certain period of tine. O the
stored o}?'%uﬁgsg}atiﬁé‘gnﬁﬁggsra estil%ket%glt%e’eﬁq RE pPectRe PERkTUSioRs (a2L)

and upper,  j.J1 . f t ane 2 directio i S _out ed. The buffer
storage t%sn%%%ﬁé‘?%%é b%y otnﬁgt*’%ﬁé‘zf ?1# Fi’@’t?%ﬂe{:@%r‘?tp&gé%%'eaﬁbs‘fhfﬁt’r%%e' 2
directi orgmuﬂtaefeSSQ&ldq;ﬁgrl@% .on the velocity of the target vehicle. The

| ower the velocity becones, the nore storage tine is required. For ‘
exanpl e, when Thusghittlee posigiehing proarusieakt Y50hkrabout d;%’si@iéﬂiﬂé a
target, at |east one second of buffering i's required, and when the

vel o€ty tihe Apghdating guhatratesel Hufterlidyg thiake argsbe bag doamimatedrhen,

t he passing | udgilg device 309 receives the output of the lane 1 direction
count er @(5‘% g uliEatee dbe posditieninggilng lomiaskdng Fheudnsglakdngut puts |

the outp r 6 26 the lane 1 direction counter 307 as the
lane 1 ngg%Ef%%eéggﬁﬁtxgéq%ﬁén the output of the lane 1 direction counter
307 is larger \ha fr ly stQ 415 Si L ydgis t shol val. Ss. The -
val e set as TRe piag; PRAT Rt RBES big deddRling, | MRS RORTIVANE 1) g
to 1/2 eirotiusivnzerisofhdel eeld @roviided bnditheCbudls isAdasbufl ehel ength of
the lane 1 direction. Further, the |lane 2 passing judging device 310

r ecet¥es eligetaigadilyoiconadtdmg wirdingscililgn tooddye wo3Bs tangrelenpr eset

passi ng 'u%%Ln hreghold val ue Ss and outputs the output of the |lane 2

di recti oR* Y3bhe &l et yoaid vocareuet 1BE wigsings tla khéa4tFrldedit put

of the | g Iy nter 308 i a t han or al,to e Jpassing -
Pudging Tteroihel Beiieral soss Be Eno T hAdhLaPEincku bR Fateg 10FEEST MY
embodi ment,, H6mUHnitHg (RSEd i ' i 3 apng e) of
the (3-di réq'cti on-cal cul ati o%%%?r%%hlg%é%&%ér?&?ﬁt gﬁﬁ:é%cﬁ%k&&&l C etg

det ect i opresdbuslyl 2heaatlestpiedlly ¢diedwst ingiveit Migeatii;onobui f efrdd 6 for
a certain period of tine. Then, the distance cal culator 117 receives the
abové0 es bledae dafidgedi dectingn tE& opetra¢ivaund source and the preset sound
source |location tenplate S4 and calcul ates a distance D.. Thereafter, the
conparator 119 conpares the above distance D with the distance reference
val ue S5 and outputs the distance D as the vehicle detection result S6
when the above distance D is shorter. As described above, the vehicle
detection apparatus of the third enbodi nent- - according to the present



the waveform sanpl ers 604, frequency anal yses are conducted in the 4g JAN 2005
frequency anal yzers 605 to cal cul ate conplex anplitude matrices for the
above frequencies, correlation natrices are calculated fromthe above
conpl ex anplitude matrices in the coryelation matrix cal cul ator 607, the

ei genvectors of the above correlation trices are calculated in the

ei genvector cal cul ator 608, and noi se conponent matrices corresponding to

t he noi se co ts jin.t uts,_of. the M2, nunber 9f mni ¢rophones are

cal cul ated i Mg‘@‘ﬁoﬁgg‘l@%%ggﬁéﬁf ﬁﬁ’f"lcﬁ o §BP§P0?‘“6§§9' F‘ﬁ‘rtﬁé‘?tﬂ“?% above

subst ant isadonArheo e 1ehe rdekhaati @Ebnaﬁaﬁfiﬁbuﬁiﬁhﬁﬁshﬁi the 18; diFLeidan

cal cul ation section 305 which is connected to the a- irecti%n noi se 19

January 2006 prucabpomgrer mat the tasulatingnsuwestiates8A; ko Lbg, the

a-directiaon calculation section 305, the direction corresponding to the

- appar ent SSFYEQH 1Y FPBRNCKANG ¥ispnegael bt reey L3 posdtienednat heast

a-directiagn ettiag device 611, a direction control vector is calculated in
c

the Bir&kitGFaPRdEc{BoEaPEUFAL e Fornersd p&e formeewdides hanhe at ed
f.romthe AhQ o8G L c t t.he gbovye ngj nent
it cos Che SHeREa oo oG Phe AEs 0 AR NI rBeRE FRRS

- to-the-fre@ugngijge-.and-the-tine-wi ndows is calculated- in the frequency
averagi ng device 613-and the tine averagi ng device 614, and the average
can be output tegrafdks eSidn Rt &tdesaclHisOkonkbenithafted he have
substantial part of the detection apparatus also has the |ane detection
section FIEAHHIGRLly conduetdagivirbaga-blr e ildy cdalectbaeidif faxanam 305.

I n ilﬁe |.ane detection section 312, the output Sr7 of the a-direction

cal ct¥at ildh e EFRansdon betwean tde semigendustor ¢hipst ildnanduther 307 -
and the I; [ hQQ - ter 3 pd r therein for a certain
period o q{é?lr%e%tq'&ge t% Hg%gtr o(‘:"‘%é gl?tlpg? silg‘,;'tﬁ%gnﬁﬂ%ﬁggl%?f}%o%%nd‘bﬁ%n t he
preset UpARNindsNItg aed thqwakel bkl entBdl BEof HbiRg!i

direction andgthe Iian'e_ 2 8i re_gt |bon cgn be oat putt eg ais')a]t{ﬁ% %‘lgt_%e%?{%ge%ecti on
result amfbdree JfRR 1AL A ERTnplikBeRECt PME! ¥idtRAsaddi then, since
the above substantial part of the detection apparatus has the n-direction
noi se cofg@sdmicadiyl gondnching wirsrgs ildn t22]1shat Ak eadsi nay cadayl at i on

sect'gn 3 a t he vgi cl e detectjon, section 124 in accordance with the
firsi -e%&ﬁ 082ZFoREi Fhendngehprting: substrabesi teritonldf a -

vehicl e ca detected b he outputs. of the “nunber - of _mi crophones. .
Thus, by aV"reéf gﬁ?i%v*5°%%ngﬂ)%\?§’qd&ﬁé‘°fsdet EEF?O%?‘.&%’W{ ¢ 3¢ AFAFEEGhne 2
det ect i oRhateeHble Rs@t0ER1 By tdGhERId irihgs $178L &€ altYeh; icle
detection section 124 and ?‘%e vehi c edd/et ecthlagn _rggﬁ?fu%‘a@st%%%ﬂuﬁjed, it
can be det® WiwRe by Woreh thae 1L.he ¢idelkeehad bl ¢itithy LiFayaki ng. That

is, even when a plurality of vehicles are traveling sinultaneously or when
t her e ar @hesitadsaddyd soaduiatdmgs sriatimigsg 1ldyhéo tlian of dbsi iedideehicle, the
location in the vehicle traveling direction and the |ane direction of the
vehi 2¢e can bdndéhecsenippnduphbrrsdevice et ithee ebodimentty ast slhownein cl es

or noi seg(. [?ourt h enbhodi ment] Fi gcl .11 shows the substantial part of the
vehi cl e dét%c r&%%%@?*&ﬁ@s- 1pormed B khenviid sdertaicaddyrerniiebinge
present KAYGRHJORN , SEHC [ ' _ { ection
apparat us | ergglesneréIS%y ?h‘{atlgagea%sgﬁgﬁlh% t. aﬁhﬁ}éﬂ‘%hﬁﬁ%ﬁ&ﬂgg lis
used, an@pdiefeAREnG U hlilYGRNEn®Smd HES Q1IN bP S dd { SR
referred to by trhrelgsarre nu?era S an symof.s,ggfm&[?ﬁﬁ' Iﬁga%]é@r:l ed.
The pr esémsudrttddiorsmbsits adiest d0gntof L0 thatfaretbeihgdlamiatedtdemi a

‘m crophone array 402 conprising M nunber of m crophones arranged in the
forn2df e positioned dycopt el neanseagt i hipleg ¢hef alhenment malrisel BT f ay
(102 in FEi %m_l). c%%pri sing 19 Jgnuary,ZOOG 28 M nupber of mcrophones -
al i gned FFHdRI Xhes URPFE #gn 1OKEF: ABPULlphing, subRtratas ol ner® 1% al so
different. fromthe first enbodinent in.that.an a-directiq cal.cul ati on
section Bffof’?éﬂ?ﬁﬁ Fﬁéf‘iargef'ﬁgﬁoﬁ‘ﬁ%'t%e & lgpﬁ'iepgc_lf‘.?’é}ﬁs s‘g'tct Wﬁbcgéﬁ%e 406,
a . f3-di retthiPRoaelkt | VLGE 407, ~qi £ECL ] | . vector cal cul ator
405, a irect ?lon-tgpg(%gf ?? %%\%érigcgf)g{lﬂagt %f é%ﬁ?g%%@%&{?i% (gi('/lg%%g%le devi ce
408 are provatedcatidgnhe- a-direction, cal cul ati on-section

410. Still-firrther,.the-present-enbodinment-is-also different fromthe
firs80enbodi mdmt the abwate-mehtdioreet emhodainent attiln seeohdosl ddbrisal pr ovi ded
in place of the fi-direction calculation section 123 and- that an
a-direction setting device 413, a a-direction setting device 414, a
direction control vector calculator 412, a direction-specific power

cal cul ator 411 and a tine averagi ng device 415 are provided in the
[i-direction calculation section 417. Still further, the present



I,

set to be "nunber of lanes + 1" to "nunber of lanes x.2" in order foygthsy 2005
m crophones to be used for the nmulti-lane road 401. 1n addition, the

i nterval between the mcrophones is also set to be a regular interval d in
accordance with the first enbodi nent, d the value of dis set to be 51to
34 cm preferably 5 to 10 cm Further, as shown in Fig. 12(b), the

m crophone array 402 is configured such that it can be rotated in a

vertical ShidRedt i AR id<EBh €SERt itel Y. '
extended fromt hlg{bplvé%é%g% %?cﬁatﬁlei mhffc?-'g%lhgﬁégg'g?gf/laﬂéglggr%%%?dozand t he
z axis. #o §043@He) ebOOVEi¢AELE 25anekeed Hdeha RO\ HiAIdEAl1 Yo OeSest 1

center .of the multi-lane road. Further, as shown in Fig. 12(e), the

m cr ophorv&L 1 Irgsy QG2 tios 11gowifi gheednsudhbtiihgt substaatassbOpetool@jenfin a
hori zontal direction and that the direction of noises (vehicle) is . ‘
esti mat ey kavermmpdalest MotedhyiOBhe Ebrhel kavevered &lsom ahkowadhme on
whi ch_the mcr phogﬁ] array 402 is placed and_the x axis. Further, the

a- di r Bct i $h TR % T LeR Shows iide £ 14 -a SdidmecBi-on  setting
devi ce 406 whi t pcal . scanni direction (a directipon) of the-
19 January ZOaghigl%mE%é\ggﬁ%ﬁ{éHéﬁga@éw Sg‘%("’?-.&f‘r}ftéi:?f’brfgé’ﬁ ngpﬁé%ﬁ e 407
whi ch setgddied'MdZ ¥y Mos 6YIRE 19)15C tapA nakd L | t |
m crophone array 402, a directi or';L cg%t%lglc 1\?§‘cqt“<(?ﬁt%dg§@%&|%§%§}’eﬁg5 \Mt?iech is
connect edndduldie MDIditice MU0 betialg iprdvAdC risho pﬂ'i!ﬂ:atloih'%%la}%iﬂgm:t ioti
setting de-vice 407, a direction=specific power, ccalculator -404 which is
connect eFuRFPHAEes ldat iten 10ant edectedral l¥arentiucbing08inhngs ekki vies t he
outp of, the nqi se-component-matrix -calcul ation section-122,-and-a ti me-
aver iél ngl-]tﬂe'v\ﬁsggllﬁegduﬁggt‘fhc PR IFHSAFPRIS PREEE) rbee i1t §hecFeatiduner |
cal cul at qr 404. lIThe output (estimated a direction) Sri of the a-direction
cal cul at i§it Fedtion 410 is out putted from the above direction-specific
power cal cul atg 5 #04 SHAmt De FliiyTey a ' dey Atgﬁ [ e
"f3-direction cal %ul atsi onnsecti gg%dl%ﬁ%g'?fipv%%se@&g%%éq I ree%?gl\rgg égﬁé ng . .
devi ce 443indt elleseirichldyveshdeetingarititgsdll¢CitLanded & eaki pipsof the
m crophone array 402, a P-direction setting device 414 which sets the _
hor i zont dinswledmih Fuhistaatieod 014 dThecfivey elecheigatlygphonduating 402, a
di r‘eiéi on .cantrol tor calculator 412 which is connected to_the -

a- di rBct i"ohF % i%}\éeg'eb’?csgaie;léﬂoo%o%@i@ doaed er oretsRpfaesiek 414,
di rect i,q: Lfic. 411 which is . ¢ ted. to the:
Girecti o T ERESE' LindEng Bubde 300 £0, A Blve endIBSH The gt iehe

. Nnoi se co % C jo cti a ) i ver.agi ng device
A5 uhi CR e s IR R R phet a1 Mgk B AP L The
out put  (iemstdInstied; Bullisteaitieon) ; SAAd Odré heoRtek ﬁ.%ﬁidr@t%abﬁﬁéﬂai @p section

417 is outputted from the above direction-specific power cal culator 411

via the tibfe upRemymegtdévsvéatiby mpkstrateehDgle detection nethod based

on the above vehicle detection apparatus 100 will be .described. Fig. 13

showd0t he vehi®iherdamasirliasm Ma2 Hed M4 tevef dlret Iseoobddietentrdceddgi ng to

b SondsaaNd Rt % 12 40 150l ST B A LSt oFRRE

cal cul 3t IR e R AUIh A M e D20 [1Be IBhECLbBpa! P (53004) are

provided in place of the sound collectidn ste rg. 4), the
est i mat edI2atiriecililyn ceabagkahgowisiegs (S0P 10, Fhave Ondind 1at BR Medi cl e
detection step (s1004 in Fig. 4), respectively. According to this method,
there camsitke dbrmedeoh tihe shitfatesfonleimrkide dhaHeoeetbad imstihetimge

direction of a detected vehicle. In the sound collection step (s4001), the
i crgéhoﬁé1 Graresod OgokPr L9 ngnd haverndsofl i @noshenesherr asdedthat t he
formof a matrix in one plane is controlled by the above input_control
section Pﬁgigﬂﬁ%<§ﬂ¥qpﬁe@éﬁuR&§1BP8HE&eGdH?Stﬂ@ thai epesndninspbatinge on
the road 4k i e I d e 2;.a 0, .
above M nunggﬁM%%g#i rg%ﬁggésaggea%%pakﬁggdt%na% %%%???%@gﬁ%§ %%%QSI :
anpl i fi erp 1 id1de IS exHPRONHe B iShrFaled id %?xé%%%o%ﬁ 122. 19
January 2006 30 In the noi se conponent ‘cal cul-ation step (s4 ,In
accor dandasyltat imee subsstratesbddineat ,10af.t er t he out puts of the above
nicroghone array 402 are anplified by the anplifiers 103, a noise
conpd¥ent nat Mhe RepArALYi Solded @ratsed lhnon diipothed $idenathshenbisst
~conmponent matrix cal cul ati on secti-on 122. The -output of the noise
conponent matrix cal culation section 122 is inputted to the a-direction
cal cul ation section 410 and the (i-direction calculation section 417. In
the estimated an-direction cal culation step (s4003), in the a-direction
cal cul ation section 410, the a-direction setting device 406 scans.the angle



(x[m,y[mM,z[n) and orientation (a,(3) of the mcrophones and a di $taDAR Jg5
between the sound source and the m crophones. The path difference is
cal.cul ated based on the distance between the sound source and the

m crophones. Alm = ((x[n]-x[1]-Lcosasjhp)2 + (y[n]-y[1l]-LSinasind3)2 +
(z[m-2z[1]-Lcos(3)21112 (expression 1 In the above expression, a
-sufficiently great distance L (1,000 mor greater, for exanple) results in
aplane\qﬁ,)(,pa' i L r i . |_ue .for hicle

det ecti on, thfedlg): ??g'%%ecp%&:as?l%&rﬁaaﬁyg&gdﬂt%&%‘gcﬁﬁg&&gsté%ée‘%%t ween the

m Cr ophoRticiik i1y e6h8EL8N dite-{:00th I €ol WS erflsC 1 Bl LA GG, ON
control vector S11 i's inputted to the I recti on-specific power cal Cul ator
404 as t ldidrutogfuthef sebendi e bettoicablhy raindweatiorg wdaliegisatep 46511 hen,
‘the direction-specific power cal cul ator 404-receives the direction control
vector Sl11 andrcdheukingramedi emboididnenpeccdltapseepreventing desmssmd t h t he
first_ enhodinent. This direction-specific power is inputted to the tine

aver aBi ng J&Fe ®roxdgedThRar Jthectinm-ehddig iandsoddb eal theaebhenomide
correspo [ | 0N i fi cul atar 110, sh i.n Fig.
2. The al)%f)&f/éctt%i rkggts ?o%fg%%%??;égf%o%l?d%‘gﬁ?%é a‘t'fi ?Jol%'gpsr ggéséoi gu?g#é]a?}é%l for
each ti g pdtE0uetBYcaYey }dndmddis d 40} | 98 ikl £ rs in
the tinme 19 January 2006%1 aver agi r?gﬁgfé?/#?eq% éﬁg%blegﬁénlg(tgg?} aﬁl rection
S13 is owlmetiridalllye condmcaigicagiing ngdelilge s40@sC @ aaparaint @ the time
averagi ng device 114 shown in Fig. 2. By scanning the a with the 0 fixed,
the esti rptesteteumiinest pditcBl3 thencbd lepkeupatedntihgnmittbersi N3 theing
(3-direction cal culation section 417, the a-direction setting .device 413
setsln Fadexdex sxa@plerhiof heedams matier inle agodhes dnsadiag inige
direction, to,. the center of-the road: The-13-direction setting
devi eed4 1 FEPETER g'angl e 0 coveringthe vehicle traveling area in the o
vehicle travelq i : | : [ ti trol. vegtor cal cul ator
412 receives t d;g;g%lt %gﬁébgﬁd{lﬁggga@%{‘?iggt%Ig%ﬁsgjtr}[ %ﬁg}sde\?i 8884§3 AT he
[ 3- di r ecttihen isetuiliatg nde subs t4bteand ogaheuliayeshat direcdkimdnatentr ehevect or
d[ml by the (expression 9) to (expression 11) as described above. The
t hus- cal d@iwenedmdskeone dis regardedvies foer the finmit iedulatting substrate
di reféi oa@speci fic _power calculator 411 as the output S12 of the direction
I g

cont dirortheaAhieT: Sep prerraganded o bet the- secend; dngydeting
| cul at I t.out i ti ' trol .vect S12 of th
i r et | o WA RCIYEd 166 Ry enll! LEE rClne CHRd0k 180 bheEr sl 1N°

di 1 ect | 0R1RAG!HIdeh 1RO WIS Fril IR ofll 199! 10T LR Ol WRE! Girat2. The
direction-specific power calculator 4I1 is enti cal to the. : o
di recti ondrenAcitfing pubstratd Adakete PEOtHawd beyond the PaedphkRaltinme
aver agi ng device 415 receives the output (direction-specific power) of the
di r ect i oedggscioffi thpofkrstalrnsibating Wubmtc-ae 10hs aneefoidad espward

di reééi_on S14 in accordance with the first enbodinent. The tine averaging
devi €@ 4F» gxtengein &9 the vpper nBoabeingnhytiegi sebatvateolPyi mlg. 2.
Thus, by scanning the [3 with the a_fixed, the estimated [3 direction S14

can be c&EUPHCEESSINCLHCoBRPEFRIPLEFRRECabbY eq ithie ene§ 1dBoor)the he
Tone det ont o ‘ . A ANPTiay
cal cul at CaHedy sTHE bEILRE EecRilLES L PRI Ribndct flg Wiz aldb 155,50,

| ane 2 dafiggtion result Slu in accordance with the third enbodinent.
Meanwhi l e, in the vehicle detection section 124, the ‘estinmated direction
buffer 116 remeiiesgs hidveveut,pus Shéwal ihheid3- dirgtibogrcavapiati@nssection
417 and outputs a vehicle detection result S6 in accordance with the first
enbod? nefedans shapy srgng theginswlahingmkstrakesl 1ot betlilnthetuare SO and
the lane 2 detectjon result Slo when a traveling vehicle is detected by
~the vehi HAMRAEES i bhe IRRSOATPSE QRY ihEhochingte ingudasingrsykstrates is

outputted,y.t.gan ined. in whi | t ( ted vehicle is:
traveli ng.04As t&%s%_r I %ggﬁrg%%\?e@:?e th %%%l&g?e%]é%eﬁingﬁtsg%ﬁgggt\éég gblt%% _
fourth enfodi ARAtth& ekl 9 I thBSOBHES §ilad BY AHd 27 Q:%Seiﬁ@txf”l&éP one
- array 402 conprising Mnunber of m crophones arrangea inthe formol a
matri x i comimcaiiarewininde 19guantk aodédohdthe3£fingd ihdallahd npésiss €oapenent
matri x cal cul ati on section 122 which is connected to the 19 January 2006 32
above M nunber of m crophones in the m crophone array 402 in the
substantial part of the detection apparatus which conprises the CPU 4, the
menory 5 and the arithnmetic circuit 11. In the noise conponent matrix
cal cul ation section 122, the outputs of the above M nunber of m crophones
are anplified by the anplifiers 103, the outputs of the anplifiers 103 are
sanpled periodically with a certain tinme windowin the waveform sanplers



cal cul ation section 122. In the a-direction cal cul ation section 410, § &N 2q05
directi.on corresponding to the apparent a direction fromthe m crophone
array 402 is set inthe a-direction setting device 406, the direction
corresponding to the apparent f3 direcijon fromthe mcrophone array 402

is set inthe (i-direction setting device 407, a direction control vector

is calculated in the direction control vector cal cul ator 405, a-direction

power s am@¢Nﬂﬂé“§¥d¥¥daéanﬂé9%nﬂbQﬁ%‘ﬁéﬁ%ﬂﬂé%%19%9?%%|o%e%h%rfﬁﬁgtthe above
noi se conponent matrices in"the direcCtion-specific power calculator 404,

the aver dgsuifattitg sabeteagediogetand novefElddd dov@sRedt tboekbend g .
wi ndows is calculated in the tine averaging device 408, and the result can
be out puttCedhes lidweresmpatt dusuldtingt suhstiBhawhP)esot hie wbobve substanti al
part of the detection apparatus also has the J3-direction calculation

secti on #PFGRFSIVelY eonneeted aleatnaigrl st tookpe ends bbb rax theapthemt i on

sectign 12 I e (3-direction calgculatio ection 417, the direction
corr e§po%%.tneg O'?E OEF %eg‘g%%}étrﬁe%écgtr |tf%'ﬁ']¥ 09101?4] Jtl}‘?ewrﬁr&flgpc'hgﬁ:é E?r]§:§3 402 is
set in the a-direction setting device 413, the direction corresponding to
the apparent (3 direction fromthe m crophone array 402 is set in the .
(3-di r ectinmstatild INAAvIce® 414y a direction .control vector is calculated
in the direction control vector“calculator 412, (3-direction powers are
cal cul ated fr ammblelebby &ottimediChy Mowtiin®lanveTéetranic tha-tahoxe swise
conponent matrices in the direction-specific power calculator 411, the
aver age &f chip asapokC ( 3-alipassitionm povesistwit brrespédton ant imsylareing ndows
is cﬂécula ed in the tine ayeraging device_415 and the result can be

out pt?t eFURS - Sost FREL BAARELR; pERY i bRenFulaménated cond NRoR LARIERRT a

f ' Iy has. t he |, . d ' [
i ch i s RoARBNER B RaeRCot Fuft o AR C i AccarPEnLITe PRy For

~accor dan i t ' gl . [ ction 312,
Fhe.out por-atee ) € ot ER3K! 35 s Soick Rl BT 8, 38°ketBeon Ut
i's i nput wad 1tizdd19diaRe mbuitelIC ion0k 164 MR 3 @Guidhenithe | ane 2 direction
counter 308 and stored therein for a certain period of time. & the stored
out puts a, the nunbers of those between the preset upper linmts and | ower
limts in the a direction of the lane 1 direction and the lane 2 direction
can be outputted as the lane | detection result and the lane 2 detection
result, respectively. Further, since the above substantial part of the
detection apparatus al so has the vehicle detection section 124 which is
connected to the P-direction calculation section 417 in accordance wth
the first enbodinent, the location in the vehicle traveling direction of a
vehicle can be detected by the outputs of the M nunber of m crophones.
Thus, by the installation of the m crophone array 402 conprising M nunber
of m crophones arranged in the formof a matrix in one plane, the |location
in the vehicle traveling direction and the | ane direction of a vehicle can
be detected. [Fifth enbodi nent] Fig. 14 shows the substantial part of the
vehi cl e detection apparatus of the fifth .enbodi ment according to the
present invention. Since the configuration of the whole vehicle detection

~apparatus is generally the same as that of the first enbodinment, Fig. | is
used, and the sane.constituents as those in the first enbodi nent are
referred to by the same nunerals and synbols and will not be described.

The present enbodinent is different fromthe first enbodinment in that a

m crophone array 402 conprising M nunber of m crophones arranged in the
formof a matrix in one plane is used in place of the m crophone array
(102:in Fig. 2) conprising .M nunber of m crophones aligned in the x-axis
direction (fourth enbodinment). Further, the present enbodinent is al so
different fromthe first enbodinment in that an a-direction calculation
section 410 is provided in place of the u-direction calculation section
(123 in Fig. 2) (third enbodinment) and that an a-direction setting device
406, a n-direction setting device 407, a direction control vector

cal cul ator 405, a direction-specific power calculator 404 and a tine
averaging device 408-are provided in the a-direction calculation section:
410. Still further, the present enbodinent is also different fromthe
first embodinment in that a | ane detection section 312 is provided in place-
of the vehicle detection section (124 in Fig. 2) (third enbodi ment) and

that a lane | direction counter 307, a lane 2 direction counter 308 and -
passi ng judgi ng devices 309 and 310 are provided in the |ane detection
section 312. Still further, the present . enbodinent is also different from

the third enbodinent-in that a Iane 1 counter 508 7and a | ane 2_Qoqnter 509



met hod, there can be obtained the effect of counting passing vehicl ¢§ JAN 2005
each lane in the lane-specific vehicle detection step (s5004). In the
sound col l ection step (s4001), in accordance with the fourth enbodi nent,
the m crophone array 402 conprising M nunber of m crophones arranged in the
form of a matrix in one plane is conﬁgolled by the above input control
section 1 to collect the noises produted by the vehicles and the |ike on
the road having a lane 1 and a lane 2, and the outputs of the above M
nunber of m crophones are inputted to and anplified by the anplifiers 103
in the noise conponent matrix cal cubphip@g. section 122. In the noise
conponent cal cul ati on step (s4002), after the outputs of the m crophone
array 402 arne £ d.fi.ers 103, a noi se conponent matri X
Rifmn] is éa|gg¥%¥%%ﬁ?ﬁ&§ﬁ%n%ﬁ p #?é fromthe noi se conponent matri x

cal culati on sectilaninit2df piura dsolatdag ewbsteattd) etcaoiic pats rmmachtédarr thh

enbodi nents. The out put of t@g noi se conponent matri x.cal cul ation section
122 is inputted PETE e StRSmEn ueh A4 1o POFIS et BNPIREIIPOT A1 he
estimated a di r egleb@bhi€ paristh@int@NonSinamdesAif Jibstrhtd; t he a-direction

cal cul ation section 410, in accordance with the fourth enbodi ment, the
direction con®i®l vector calcul ator 405 receives the a value set by the
a-direction settin i : : (3 value (fixed value) set by the
(3-direction setti%ﬂgﬁg%ﬁggoéggugaﬁngggputs a direction control vector

Srr, iGe directi ovhesgoitierecthp brer-nost nsdlaing subdtaty iscegavded t¢ hea fisdhove
direction control. vector Srr and the. aut pyt of e noi se _conpbonent matri x
cal cul at 1 on seweila St nditics oipisbg Siopdes fo e SRR Bver. and tne
tinme averagi ngibdeats ethd bocohe aRuMERg bubstrtel vk thekilécidall9Rosqeand i ¢ power )
of the direction-specific power calculator 411 and outputs an estinmated a
direction Sri.WAREs geacieirseadghevnd nsypeal sdesiplthresesont ntlatHe [3 i xed,
the estimated @difi@CiiORIB Iy alfg § 3de WhMR s tHelbeddi iﬁﬁmmgpem fic
vehi cl e detection step (s5004), the lane detection section 312 receives

t he olif put (essubsmatentozlegiriceldy camyctSp legtficalbeccaduitingotitings el lowkat i on 19
January 2006 3%gﬁ%%§i% St4],0 and outputs a lane 1 detection result Sy and a
lane 2 detectiOR Fesult 6O in accordance with the fourth enbodi ment.
Then, the lane 1 counter 508 receives the output (lane 1 detection result)
S9 of the | ane detection section 312 and counts the nunber of passing
vehi cl es for? t HeSIMYFRNAYCor §RVILRARMPESINEhe | ane 2 counter 509 receives the
output (lane 2 detig6inkRbribfesllihsuaBhe sistrafebeelb@nfidek@duafdsRehd ON 312 and
counts the nunber of passing vehicles for the |ane 2. As described above,
t he veéfi cl e peekissilaingsppsirates guchohatithesubstrates arpiastinstechupongbe oleelrasée t o t he
present inv I . er 508 and the |ane 2 counter 509
whi ch are cgﬁﬁéc gﬁéggﬁgﬁghﬁgﬁg&ﬁ%?§§#$Sﬁ?section 312 in the substantia
part of the det ect¢lestroajply adndsciifeewiriape | counter 508 and the |ane 2
counter 509 receive the, lopcation in the |lanes of a vehic ichis
detected in the Ian@LﬂE?eW ?aﬁegag¥ﬂ%%ﬁg@@agwaﬂgggﬁe@aeﬁwkﬁﬁggﬁaﬁggr of
passi ng vehi cl gyl RBsrsE atrdRGlisdiaaBischsaates e L86H thangingFur t her,

al though there has been described in the above enbodi nents the case where
a net Rdd basedsistratenpihgteiechicabhrongupisvesnipngsaglugde sqcaad pheetreallyr or
calculating t i i ! 7 206, the sane
ef fect can stiEﬁm@gﬁkﬁgﬁgg%gﬁg@ggﬁkaﬁgﬁﬁfﬁg iﬁggg% S?ﬁé&ﬁ??@ﬂ adopts a

met hod ot her t manlatifgesubetngdésang tharatecthldagd ihapredetamiihaishape)@hd st a net hod

based on known DP . nam.c Progr.a mat chi ng. The .sound .col l.ector 3
conprising t heelﬁﬁtﬁégﬁ’rﬁc’&p%‘ﬂgﬁ‘gm rQr%?} pi‘ﬁ?faf@g’?ngrpeﬂﬁlﬁeracegﬁ?tqf&ﬁ tgrét t he
above sound coldsglatih@fibsRaeend thixédid up to B IBYeY-nfost @el dfffiiRdebéndci reui t 11

~and the like which include the noise conponent matrix cal cul ation section
(J3-dBPecti on HekgEng sugstAERtandmt ri x cal cul ati on section) 122, the

a-direction noj . . i l-af i A

a-direction ca})@gﬁe&c@gﬁg@g@%{{ 1?%%&0@8@&%%? 1ﬁﬁ%58£%nl§&%1h£elf§(%9§?crtéed§tﬁ iﬂtl)en

cal cul ati on ssewnidi ebrsrichlP cambdcdrig/woimgst i t ut e t he above direction estimtion
nmeans; the CPU 4, nenory 5, arithnetic circuit 11 and the |ike which

i nclude the vehicle detection section 124, the vehicle and velocity
detection section 214 and the | ane detection section 312 constitute the
above simlarity cal culation neans; the CPU 4, nenory 5, arithmetic
circuit 11 and the |ike which include the a-direction calculation sections
305 and 410 and the J3-direction cal cul ation sections 123 and 417
constitute the above estimation neans; the lane 1 direction counter 307 and
the lane 2 direction counter 308 constitute the counter or the first
counter, the lane 1 counter 508 and the |ane 2 counter 509 constitute the



detecting a-sound source even when-a-plural y of vehicles-ar e-travel1ig1g| N
simul taneously or when there are noi ses produced from sonethi ng ot her 't aﬁmﬁ
the desired vehicle and calculating the location in the vehicle traveling
direction and the lane direction of the sound source and the nunber of

passi ng vehicles by sanpling the time signals froma sound collection

means conprising a plurality of mcrophones and placed in the vicinity of

a road periodically with tinme wi ndows, estinmating the direction of a sound
source in each tinme w ndow and cal cul ating the degree of simlarity between
the estimation results and a plurality of tenplates which indicate a

change in3the %Lrecti%n 8‘25 t he sound source with time while the vehicle is
travel i ng> 19 JhffTureravgpeicyFe iRy H8'CLAI MED IS 1. A vehicle detection
apparatus conpri si nglamifedérpbleal iaditi@ubRans; pl aced in the vicinity of a
road and conprising a plurality of m crophones; a direction estination
means for sanpling Yerdronisigts.anepniadonithephuah insalstingsubsiratecyuch hah@sns

peri odica i i i j [ Ag-t i : sound
e T N A i S R S

cal cul atiagd t he degree of simlarity between the estimation results by the
direction estimti of anl? an(gLl E ﬁl urality of tenplates which indicate a
change in the di rec‘f?cﬂc‘% PHEEEURE™SSurce with tine while the vehicle is
traveling. 2. The vehireihewhiel the bpi-reRpREabtitg abstetd ishefatdedittmbet airsm 1,
wherein the sqQund collection ans conprises a plurality of mcr %phones

al i gned offsalating@ibstsste prdsptherdnsuiating sphsirpies tq bespepndgsulating spbstites sthethe

vehi chg defeeithifeARRAE WinAIndede £ WikiRgChal Polud¥b&lofll BerdgiRrat ound
collection neans conprises a plurality of mcrophones aligned on a line
par al | el edeeshéthgesbdont] énsulating sdbstigfesiandgbatianmiokded ima predetatmingd gfped cr ophones
al i gned on i npendi ¢ [:t0 i I i Lon. 4. The
vehicle dé dgféislk %ﬁ‘”g‘gﬁéﬂor“g %%Hgg Wéllél}gs?lga?fj ﬁo\£ﬁ?]ﬁésg!+e§f)ltﬁc1[ Ig%fﬁ)\%\lﬁea?ee%ﬁg ?ﬁéédi rection
esti mat i ofirsreaoktingsobirse andexiariupratd lowermassonk of ttestéondtinsafptibpe direction
in the - vehicle traveling direction and the |ane direction of the sound
source. 5SUBFHRYEAEcl e detection apparatus as set forth in claim4, which
conprijges counters {REreinGRaHst 6ctiblyRdhdu¥Ehy Mrin %t discthivallyREnkbciegCt | ON
estimation nmeans for each |ane and a | ane detection nmeans for detecting

t he | ocat ioteiserondeleptaindly whdediagy6tings- sour ce based on the counting val ues
of these counters, when the road has a plurality of |anes. 6. The vehicle
detection apparatus as set forth in claim1l, wherein the sound coll ection
means congri sed smidondadtertdeviot acdocdinptoariam B 2readgetierem shldeldcoomicphrta mat ri x
in the sane.plane. 7. The vehicle detectio aratus as.set forth in

clai m 5, GHRHBICAPE LTS AL BHES QBSPF SHE 061 POl ohtee LOHBITRESH ot i nat | on
nmeansp2for estimating the direction in the 19 January 2006 38 vehicle
traveling direction and the | ane direction of the sound source

t wo- di mens$i onafy spmi@ndugier dexiee ascordiag Kxalaignl, 2pprat athgreimaeighoringr th in claim
7, whereic L I i ! nean L timation neans
for esti ngk%sﬁl%gn?%l{ebgg%tkée)%di g%&g@%%@gpsoungagg{%gg e@agfc?%sﬁ% ng in the
vehicle traveling direction with the direction of the sound source in the
| ane direcgtion, im.ted to the center of .t.he d., 9. The ,vehi cl e, detection
appar at us%as sé’tsef%cr(fnﬂu U VISP AFCPT ‘W».g%%?‘ﬂi ]t’ggjréi’ pheem,Hhe ete]es?t%lcﬁ%)fi on means
conpr Rses cailuetig Waingd Bretangedfif b pRehl niibengn theR retipe@Bbeimnnlatihgt he  sound
source by scanning in the lane direction with the direction, of the sound
sour ce i nSubshateRd epltapse-arraenting rersEt 476 Rravider ebtips of ghe gtpriricatlyi ¢l e

det ecti on .ghRAY; : laim7, which further conprises a
first cour?ter &ﬁgﬁlﬁaﬁ%dgeﬁ{eﬂe&%iﬁﬁti on results by the direction

estimati on neans for each |ane, a | ane |ocation detection neans for
detecting.the l,ocation in the |anes of the ound. ,source. d on the
counting \7a| ueés‘ SR u‘f:t%ru#ﬁvglﬁ ,ac?ﬁ(%n%{os%%l%h%co&r}h%v é“r’rewﬁ°§ tf%g@ unts the

det ect3pon peafigiohs alypréided A Bembosfahd pBulgtdicebittieseansitfoaingdgach | ane, when
the road has a plurality of lanes. 11. The vehicle detection apparatus as
set forth¥pingiRe BikeUpTakSains 1 to 10, wherein the sinilarity cal cul ation
means conprises a conpari son neans for conparing the plurality of
tenplates with the estimation results. 12. The vehicle detection apparatus
as set forth in claim1l, wherein the plurality of tenplates are prepared
by using the sound of a vehicle when the vehicle is caused to travel at
different velocities. 13. The vehicle detection apparatus as set forth in
claim1l, wherein the plurality of tenplates are prepared by expandi ng or
contracting the time base of a tenplate prepared by using the sound of a
vehicle traveling at a constant speed, and the simlarity calculation
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15. A vehicle detection nmethod conprising a sound collection step irngghghIMS
the noises produced by a traveling vehicle are collected by a plurality o?
m crophones placed in the vicinity of a road; a direction estinmation step
in which the input signals fromthe plurality of mcrophones are sanpled
periodically with tinme wi ndows and the direction of a sound source is
estimated in each tine window, and a gsiimlarity calculation step in which
the degree of simlarity between the estinmation results by the direction
estimation step and tenplates which indicate a change in the direction of
the sound source with time while the vehicle is traveling is cal cul at ed.
16. A vehi cIe etection nmethod co r|S| g ol.l ectio step in which
the noi sef  pr OABREE Y] VSt acORNS Qifeind- 20L S BiTeRABagea ol ural ity of
M cr ophoneRkecigicalretd@ting wﬁmgfsearmrgad irﬁi plu@l hitebert e bhdyltRerbdfavedokmed di rection
and placed. in the vicinity of ;.4 direction estimation step in which
the i nput “aqegianother SWth‘ﬁ%“YtﬂOBii‘éthEWB‘FgSm crophones are sanpl ed
periodically with tine windows and the direction of a sound source is
estimated in each tine window, and a vehicle detection step in which the
degree of 9. si n#l samiiqoydlb-‘éqr\deeine edrording forataiindh whersinl arsaligpmenignatk fesct i on

esti I'T.B.tl OnOSIttIC? @(}Or%]eﬁlo'ﬂ g] IVS]XB e]gétrl% %f{fpco’ﬁl(t]uc%v\ﬁWn%p SI ndi Caj[ € a phange I n.

t he direction Tt ®he vehicle is traveling
is calcul ated and the vehlcle |s detected based on the result of the
calculation. 17. A ,vehicle detecti ho conpris a sound col |l ection
step in wi(iﬁ-ch Arremifondutor dsvisaaee ‘Eﬁ/toai’ %1?‘2%8‘1?’?‘??5’ iﬁéﬁ?'tﬂ“@e%‘@a gé’ftect ed by
a pluiglityin@momd crophones aligned on a line parallel to the vehicle
traveling direction and on a line perpendicular to the vehicle traveling
direction and placed in the vicinity of a multi-lane road; a direction
estimation step in which the input signals fromthe plurality of

m crophones are sanpled periodically with tinme w ndows and the direction
in the vehicle traveling direction and the |ane direction of a sound
source is estimated in each tinme wndow, a vehicle detection step in which
the degree of simlarity between the estinmation results in the vehicle
traveling direction by the direction estimation step and a plurality of
tenplates which indicate a change in the direction of the sound source
with time while the vehicle is traveling is calculated and the vehicle is
detected based on the result of the <calculation; and a | ane detection step
in which the estimation results in the lane 19 January 2006 40 direction by
the direction estimation step are counted for each |lane and the location in
the | anes of the sound source is detected based on the counting val ues. 18.
A vehicle detection nmethod conprising a sound collection step in which the
noi ses produced by a traveling vehicle are collected by a plurality of

m crophones arranged in the formof a matrix in the sane plane and pl aced
inthe vicinity of a nulti-lane road; a direction estinmation step in which
the input signals fromthe plurality of m crophones are sanpled
periodically with tinme windows and the direction in the vehicle traveling
direction and the lane direction of a sound source is estimated in each
time window, a vehicle detection step in which the degree of simlarity
between the estimation results in the vehicle traveling direction by the
direction estimation step and a plurality of tenplates which indicate a
change in the direction of the sound source with tinme while the vehicle is
traveling is calculated and the vehicle is detected based on the result of
the <calculation; and a | ane detection step in which the estimation results
in the lane direction by the direction estination step are counted for
each lane and the location in the | anes of the sound source is detected
based on the counting values. 19. The vehicle detection nethod as set forth
in claim18, wherein in the direction estinmation step, the direction of

t he sound source is estimted by scanning in the vehicle traveling
direction with the direction of the sound source in the |lane direction
limted to the center of the road.. 20. The vehicle detection nethod as set
forth in claim18, wherein in the direction estimation step, the direction
of the sound source is estinmated by scanning in the lane direction with
the direction of the sound source in. the vehicle traveling direction
limted. 21. A vehicle detection nethod as set forth in claim18, further
conprising a | ane- specific vehicle detection step in which nunber of the
vehi cl es detected by the vehicle detection step are counted for each | ane
detected by the | ane detection step.





