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-calculating the ab 8GR kY IR e afydiyse arprqsyunzemmxycﬂmesmm (obteshowry) the

“detected, - and t heoperaahém gotieboBLM 2Rk uﬁiB&eM%&:ﬁHng lli%}‘auﬁ&ﬂf &éf%qat ed by
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cal cul ate the degraguaed somettar 44 iy favgweeardithrecabowRd dopngdias MEmB&dotsBBured
estimation resultgp han in_the |locati ono
i 18 6 g5 0 S5 2B o

t he vehicle with tinme may

sinilarity, wher ebV'stsr'FBat{Pé‘HPYﬂr%drYﬁ‘Q eﬂémfm@@’f@owbeﬂ\%mﬁﬁgeed on thplodcat i on -

of the vehicle wi thydramraazmytub@d d@ir@etbﬁcb él-w hy%hﬁéhﬁédﬂé@edtéaﬁnﬁ%‘?ﬁpgsﬁ‘t%h&?

of S|mlar|ty fqe vehi ¢l eérg,yr/1 tected’in th
travel i ng di r et RLMSSF 3R 987‘1‘?"(’:1P§!9'H@‘F?@V THiIrera Fgen lamger base 8hi ng
may be used to cah@ubmﬂey ahtanketf. #6e ofrrent invdntion ammmmem@n&@mhat es '

‘and the estimatio
" ‘location of the v%nﬁégbbmﬁemﬁf@e%&e%&eg hm EP %fp@id/a"datf'%rﬁ ¥ ﬁgsn}ah%'%af?ove
" degree of sinil ariP{e Ruye¥aNayAIrignks \Peﬁpél‘aée mn—ﬂ;ﬁegr@l@teggm Qdihowm nHFaHg}E #n the

- the desired vehicle. BRI EF DESCRI PTION OF THE DRAW NGS The Present :
- i'nvention and many of the advantages thereof w Il be better understood

'of the above pl ur ah¢ang agfolting.cr ophones may. be equal to or greater than

location of the vahtraiyaram:ddnywnaedr@dﬁn@&ord@tsesérst@ ¥ hyRfd ﬁdé'llf"é%%eat he above

vehicl e

d f th h be detect t
e S T oo Bl B e o ks ot
U1 SRS, gt O vl 5 e B

accuracy of estimating the direction o soun
vehicl e may ‘be detected even when a pIurallty of vehicles are traveling _
si mul t aneously or when there are noi ses produced from sonet hi ng ot her than -

fromthe follow ng detail ed description when considered in connection with
t he acconpanying drawi ngs, wherein: Fig. 1 is a block diagram show ng the

vehi cl e detection apparatus 100 of the first enbodinent; Fig. 2 is a block
di agram showi ng the substantial part of the vehicle detection apparatus of




of 't rie arithmetic circuit 11, a CRT 9 and a di splay control section 6 which

frdlspﬁay the ' result of detection, a printer 10 and a printing cqont o
sectiton 7 which print the result of detection, and a tiner mr%trh}fg/m%

is used for measuring time. As shown in Figs. %and 3, %}2& 3&’8\/ vehlcle
detection apparatus 100 conprises a microphoné array X ENpH ip-PCT

(M>2) nunber of m crepebnes poﬁtndaealbw@aﬁsea stnﬁt%éﬁa m@&%cﬂﬁ@tﬂ%%mn

cal cul ati on section b%?“% Yn\’%éim rgcehées t puts of array
102 and cal cul ates the noi Se eornpo rﬂ"gsF e?ﬁ@“%?Bﬁrt%‘bsea“"(qi'h‘%ﬁdr@é%ma)wWIth
cal cul ati on sect i on hygruligallysstuated eprrestordus mtﬁwbalmgiyhﬁ&hé@rsdbétﬁéd darpéhb@é%l se
conponent matrix cakGalabl e ted
direction of a s un sourggﬂoaﬁlﬁg"ésggg%%%&% ﬁghg\y%ﬁygg% @Waﬁ W’ls@r‘lﬂs
detects a vehicl RN GridestipeyeR2 a8 gositianed vertically %lommltsmmadmdmtehd to the

co_rrFL [ sit ng the S_O;Jndbweoblthﬁftflﬁétln@,veisJéEﬂﬁR lu’}alutﬁ&%u&‘}%ﬂWéﬁt§nksa|'3%t§ur&‘?hrﬁugh bore
arithmetic circui

m crophone array 10%&3'%%?%%95 9% Xfrgeﬁqwlg "f"g'lqnglco‘f’l?d'c{"ﬁ%e%ﬁ @ pitachedgrel i ng
‘direction of the roﬁlﬂcqcbﬂ!th&dmﬂstdﬁawabove M nurrber of mcr ophones are _

al i gned on the above L BloyBhoruit Bl Blard DHCBIUH erthio I EhobBleidnt B BE' ", ¢

the -ni crophones,is not ne\%essan const ant TS
set. to be a regll ar YPREATESt PUPYapCHAirdankathrstam foit @%Pﬁ@ﬂm tbﬁrefepndlsftmio:rmatop

_(I:_ (r)]nt rol- vect Ior dl n tB2isAladed e stemfoint@alie edaat w.smo@&%h@mor%%% t ﬁm; ahd t ]?t ed.
is interva nus rter. tha he wavel e of a
target sound sour cehs‘lpegrr‘#ﬁgfgbnéya%vxx th ‘aﬁlbﬁ %e%%"ﬁ@’@‘s 1§ﬁ‘ée d&?ﬁ’ﬁ‘ﬁ@éﬁ’ﬁ?r string 26 is

_..estimating the direleWpiEH infections dupebhstam jomt E2andiases4 sibubjemcy ait taakfs drife

J nterval d increasgsersthes @i é}fd%ﬁn W?ﬁ9&r4%%t 1%5S| \Fer e%greaggésn%w *E?“gh

frequency chara&t er Stlﬁ varg romve eto
different types ‘of &Ry Rydsaulically aetuaied canpestprcd2e Hydraisallvactuated Iq@‘lnedng& iof 500

Hz to 3 kHz, the |Mcm:avexltodemnmanngehanmmﬂmﬂ%nﬁe&.orﬂﬁéﬁﬁ@%% é.b&%

cmin order to dete\génv\%gbehoql % .@ e ?P ound .source wthi oV

~ range. Particularly, fTit ?vﬁ‘? 3" 8l Tisgt Stfing @és?rt"ﬁd%wcﬁﬁmﬂﬂé?%l ze
~ of the sensor can %@rm&eb@[betmg ofF buctybvany airttanks rtﬁlvaﬂmﬁf({hﬁs@mt!;éﬁﬁﬁng(ﬁﬁ .
“estimating the directi QﬂGQhE S%hé\ﬂéjmalf%mé'h\?ee d-ntgcl?iﬁ-%é?\'f'm?‘:lg a l%eahanéc&hoo Egcrt]grs

desirably equalzoto or ’%(}1 han assume er o
- (vehicles) + I pdfEgie fa?“e;si on, ithe wefbeadiaqusipg ingplacgres hydsandicatly actuathll cannector

- suitably 3 or 4 and Iwakun@rmetocsas&aoiellneaﬂmbbémd wwégﬁﬁ%echédne%l édﬁhéé!&i fihead

.the n-direction ca

- "nunber of |anes + wn I1n Fig, 3( the
ni crophone array 1 u?lé‘c?c oﬁg ﬁ%ﬁ‘:'% "eﬁ'sﬂ °f'?l§?“°f‘tse‘8’é‘?f’st°l§ée segtiogr é%i'“ithe previous

vertical direction emmé'maisniateg@kmeﬁ@eaalfmumctdnwemieadleo@mg\ﬂom&ﬂrudbh@

m crophone array 1%oh§mdé?il é&r@&t&%’ﬂf&m@ﬂ AH &p@hgﬂdttnerE&eT He Lﬁé%a%n% Wtesgrzﬁet

to cross the gnter ﬁ road. Further,
i crophone arr&y 10%° %"'Caé‘é‘?i‘f’?ﬂ?fr"@ﬂh%q.‘?éﬁuﬁ'mﬁo istprofiled ffaﬁ@épﬂﬁ@dﬁmmd in a

hori zontal directi oemnbedss With sdah8s ifiefoeéd BBreindin ANQbspsts, (lM@@'bﬁJneﬁ%ahiéal

‘estimat ed by an -an nor e nded fromthe plane on
which the m cropho%!é&ée?tro g\;&é@ggd E)&lusmp 3'?1‘10‘-’9“%&'9" 55‘?["&” SMB"‘W‘"Eﬁ Fsdetieon
noi se conmponent rraPFeIV',@U%aﬂ"de"mﬂt%n sectl on 122 conprises M nunber of.

'. ~anplifiers 103 which aF%W@gm%ntaﬂeﬁQﬁe o&%ﬂﬂﬁmﬂﬁ%‘%&%ﬁ onr{%e?rtgrcel v.e

" -the outputs of the, nicrophones of the m crophone arr
~waveform sarrp?’ r s MRl EermRd gp g'ecl’fﬁq'i‘@é'th@ﬁs"ﬂ%'Qt%a'WWGWE@PnHﬁCthWtheM ers

103 and recei ve t hbousbigtisus showh ini & eerfies 6:%$IE§ﬁBrﬁihélﬂre@ri@lHefsb§’ffo%r a&ﬁmé\ﬂr&mef

. of frequency analy re.connecte M _nunber o
~ waveform sanpl ers %['ghéd"%grﬁr ece rgnw fRalic c(?ﬁ??ﬁﬂ%”%@#’ﬁi‘@”%@éﬁ%ﬁlang _
- waveform sanpl ers mullﬁlw@mﬁbammnammmmmm am:(er encﬂiﬁérewmrﬁdﬂunp&r end
connected to the I\/J,an I hvefaufid H@c‘?&- ecei ves
out put (conpl g%ge yr%atrlﬁ Weﬁl’ﬂ%ld)ﬁ? Eé"?ﬁj %g%g %%r o efsﬁonnﬁﬁbr
ei genhvector - %ﬁ cult 8’?’ Pr Podthieal "?t§fpe~°tﬁ$ﬁ'é%'?'édﬂlalbf€tsh@f%Gﬁmlawrewcmamnacbor
cal cul ator 107, angeltheabhaiBing 66RO BRI GonABYLbA KefBbCA Bh@On 2O hbeNolsS
connected to t he e+"9ﬁ3%? GO cal cul ator -108. 19 January 2006 13 Further,

cu 10n section 123 conprlses a (3-direction settlng
device 111 which sets the 0 direction in scanning the mcrophone array 102,
‘a direction vector calculator 112 which is connected to the p-direction
setting device 111, a direction-specific power calculator 110 which is.
- connected to the d| rection vector calculator 112 and to the A-direction
noi se conponent matri x cal cul ation section 122 (noise conponent matri x
cal cul ator 109), a frequency averagi ng device 113 which is connected to
the direction-specific power calculator 110, and a tinme averagi ng device
114 which is connected to the frequency averagi ng device 113. The out put




X[n]L— [ xi, xN]T (expression 1) In the above expression“ xm(m=1to
presents a conplex anplitude for the frequency, which is cal uI ted

fron1the i nput signal fromthe nu, mcrophone. In addltlon th@ 142P05
i ndi cates the transposed matri x of the matri x . Then eﬁrrelatlon

matri-x cal cul ator 107, a correlation matrix is calculap'é?‘df“i’t Poﬂl ﬁ@oﬁﬁh%ﬁﬁ

(conpl ex anplitude mat rThe cobstiuctdn diff?aﬁ?y d}ﬂp&*éfm%d %th%i!?cﬂ'&@ﬁ}%}fnr@r}g 105

by (expression 2) hﬁ%@sgé%ﬁgja Mbse trﬁ wH i

(expression 2) In the above exprassron udiie léFf%¥"¥FW Bﬁ&ﬁ@@@t ‘ﬂnsposed

conpl ex conj ugat e, degaiiptian prd llel@elwen'ﬁhari haverprbigedeing@paratil @hd Mainsd Rt or _
108, the eigenvect O&cﬁmydt[[-,@‘]-,ser‘ﬁgmnaﬁﬁgi H%ves(s@andjashgsea rgetlérerﬁ% above mat rix

Rimn] are cal cyl at | culate t bove SR
above matrix R :és a ﬁe‘ff eﬁ'éﬂ”'ﬁ?ﬁ'ﬁ?‘f gnd fh?re'i’l‘sa"PWIwaf)DOeIW\nmﬁe‘uh wedt swts and

tridiagonal matrix dygrafl récuction itsizsefied ﬂb%fmévé%?él hﬂﬁherﬂﬁﬁe Wafe b %@Mﬁﬁhgg S
are then calculatqgepgmﬂﬁ; s BB e i'n the noi
conponent matrix cal cul at oréh%é]g % Williesreg Erﬁeﬁ? ?rfmfeé'@fd F@B@W&Ptﬁgt i Gb\ﬂm
noi se. conponent s wHdt epygient atteanonn andbeediifatisewito@otib 0aRrd siled @l tﬁélérahﬁ‘d#.

shown by (expressi afe @hdindRaddbridkrst .
+ vM ni VM M H (gxpressi onﬁgé 9 Jaﬁgﬁgbfthgy{&ﬁ&[&kt%e& {/gleég?ﬂ h&%ﬁﬁ"
the nunber K of sodnd SHUP 'sa i7gpnsRnd r‘ﬂ'ﬂd'f Catioge rang fsdimited phiwy by teriseopeldr tfe

. mcrophones -1 ", anpendpéolaintse nunber of sound sources cannot be estimated
in advance, it is set to be "K = M1". The noise conponent matrix Rn thus

calculated is outputted fromthe $3-direction noise conponent matrix
cal culation section 122 and inputted to the (3-direction cal cul ation

z‘section 123. The noi se conponent cal cul ati on step (s1002) proceeds as

descri bed above. In the estinmated (3 direction calculation step (s1003),
firstly, a desired (3 is set in the (3-direction setting device 111 of the
[3-direction calculation section 123. Then, 'in the direction control

vector calculator 112, using the above J3, a direction control vector S2
is expressed as a colum vector d[nl as shown by (expression 4). d[n] =
[1,e&",ejwW2 t,...,j'c"i"lt ]T (expression 4) In the above expression, t is
defined by (expression 5). T = (dsinf3)/c (expression 5) In the above
expression, c represents a sound velocity. Then, the $3-direction power

cal cul ator 110 receives the output (noise conponent matrix Rn) of the
13-direction noi se conponent matrix cal cul ation section 122 and the above
direction control vector S2 to calculate a power in the $3 direction,

- P(P). P(J) =1/ (d[mxRi[mmnm4[m) (expression 6) In the expression (6), by
changing the (3 direction from-90 to +90 and calculating P((3) for each
[3, direction-specific powers are cal culated. Further, the J3max which
provides the largest P(3) is determ ned. By the above process, the
estimated direction of a sound source using a certain frequency in a
certain tinme wndowis calculated. Then, the above process is repeated for. -

;i)each frequency, and the outputs of the $3direction power calculator 110

. are averaged in the frequency averagi ng device 113, whereby the estimated
“direction.of the sound source in the above tinme w ndow is cal cul at ed.
Then, the above process is repeated for- each time w ndow, and the outputs
~of the frequency averaging device 113 am averaged in the tinme averaging
device 114, whereby the estimated [3 direction S3 of the sound source is
cal cul.ated. The estimated O direction calculation step (s1003) proceeds as
~descri bed above, and the estimated (3 direction S3 thus estimated of the
~sound source is inputted to the vehicle detection section 124 as the

out put of the $3-direction calculation section 123. In the vehicle

- detection step (s1004), firstly, the above estimated (3 direction S3 of
“the sound source is stored in the estimated direction buffer 116 of the
vehicle detection section 124 for a certain period of tine. The required
buffer storage tinme 19 January 2006 16 depends on the velocity of the
target vehicle. The lower the velocity becomes, the nore storage tine is
requi red. For exanple, when a vehicle travellng at a velocity of about- 60
‘kmihr is a target, at |east one second of buffering is required, and when
the velocity is reduced to a half, the buffering time nust be doubl ed.
Then, in the distance cal culator 117, the distance D between the above :
estimated (3 direction S3 of the sound source which has been stored in-the
estimated direction buffer 116 for a certain period of tinme and the preset
sound source location tenplate S4 is calculated. The content of the
estimated direction buffer 116 is expressed as f[i] (i =1 to W W
represents the size of the tenplate). Further, when the content of the




Further, the above substantial part of the detection apparatus also has the
f3-direction calculation section 123 vhich is connected tggthegdpi se
conponent matrix calculation section 122. In the P-direction cal cul ation
section 123, the direction corresponding to the apparent J3 direction from
the wiestepkmnaligrray 102 is set in the P-direction setting device 111, a
direction control vector is calculated in the direction control vector

cal cul &b eppalat®, fobodnavéng a trer pewesns faptingoabetbratedbéaacirudilie, saliapparais r ect i on
cont reepRENgE or and t he above noi se conponent matrices, the average of the
above P-direction powers with respect to the frequencies and the tine

wi ndégsibsea structyr ﬁP‘g‘P 16 the perdfloor. sgith svisga siueiusRyNFeflinger subreaelheaddrovsing t i ne
aver 3G AGYdaYicaly apipgted cangetergaingi plRREedkan he out putted as the estimated J3
di T e Ghiy Qhpseh UIRRL mcihdify 20 RIRIAIN 4Rl hneBlor; 06 SBhE fld ARcAPPAr at us

al so a%ﬂ&e@l BShneM oQj éé/g y! 37 e

2! 50 i Whneo oty SRASEd bty edalbinichir SORaaodl e |,
after the above estimated P direction is stored in the estimated direction
buf f erisdrisfring exteadieeirdrasai pbsdacttuctirettd aBoatihdieesedl Harinser dily\WeREing bhendbove

est i wetnedioA mbnbec#tiite pwanehdiforesegling mdgagiementavith egid técond bhyeirguliceeacuteh

i ndi égregtor;a change in the location of a sound source with tine while the
vehicle is traveling is calcul ated successively, and the cal cul ated

di st 3Ag €090 &%ﬁﬁaﬁﬂ Ao .ﬁffwwarge%a&'ow‘iﬁfﬂfﬂ@weré hpving Riyrality ofarqll slofshareia,
compSpael s *thfgu %A PRI g ge SpeXrericalvosiinget wini padigweriemepetait e

ref erence va ue@m?tnlss eteTny ned that a vehicle is detected, and the
abov gt |8s3 bR Saili vePHIbR HaViRIh A ailth6r tlSEHES afﬂsnk\é%ﬁgﬁdnsd BlefCLAiPByo J@go%rr by
havi Bgkd RgticalyCdrRREQINS fitithmsaid PrirHR BPHhidd $ebvB4 PULTBRI ithin sHidGdvil 4 &l i gned
par ak4iebudyandyl tarRE h&irg althrav@ Horgtheli Jlewd paSadebf Sdterisabane wihkad engol | ector 3
and bawnkctign hleenbaatiaehedonponent matri x cal cul ati on section 122, the ,
$direction calculation section 123 and the vehicle detection section 124 in
t he 29MtAPpamEius & cpaiestingfa riserdetiece a flpaing sgnselraat a subwed structomngcbing td ¢k@mCPU 4,
the ML 5 and the arithmetic circuit 11, when a plurality of vehicles

are traveling simultaneously, or when there are noises produced from
s one?ﬂ‘??n@yﬁchér tﬁ%ﬁreﬁo'ﬁ‘&tﬁ&@&”@ Kindie9agementy @9y anuar y 2006 18 sound source

(v lefiad S oHS/ 5548 il SUBHER MRy | o Sce by of her

vehi cl es or noi ses. econ ows the substantial part
of t BeAnRPireius fdd 8brRetting B risdtBRAEN S f&ding N8P dubseBRRIAERLoRRE BT GHing to

t he preeent: i nvention. Since the configuration of the whole vehicle .
detection apparatus and the configuration and placenment of the m crophone
ar r aseicstem jrim anclatiés,a stére jopdstep pesitibhasteeredn, shie stemrjgnt sepleoatitinggwith safd Igser 1 and
3 ar gk to ligh dpwaie morgment ofiseid btoyantysairdanks ibeesaichbuoliency iar sinksearbodi ment are

: ref efb@lpsted: by the same numerals and synbols and will not be described.

~ The present enggdine t is differen tron1t§e first enbodinment in that a
vehi g8 SPRHES BRPEGG 8o PPYReR R Lea1hvests] a2 pbSeA TS PERYEEIOHAIT he

~ vehi ¢"¢®§et ecti on section (124 in Fig. 2) and that a tinme-base expander

208 apgd; i ; 2 I L el elocity
et e e € K S Wy BleBy IRt ool oSS B 2
obt ai ned the effect of detecting the velocity of a vehicle by suppressing

t he 5. Aheppastenecdyiedindie fiser Bbtivebresfldaind Misse and d \ibssdiiuetuR REGHNGIoQEik Y

det ek wheminsect i on 214 conprises an estimated direction buffer 205 which is
connected to the J3-direction calculation section 123, a distance '

cal cyfidpopnechigrpefiyreaisaip siser gliing andespic stere jobnt ingludase vesiihetidheesingnealingtyf er 205 and
to t#Echediipaigyizepstdihander 208, a conparator 211 which is connected to the
di stance calcul ator 206 .and receiyes a preset distance reference val ue S5,
he § P ordu e ol BhertfO S B" b Pive eeinnRis pite SsSe T e eSriag Gt

cal cul'ator 206 and to the velocity calculator 209 and receives a preset

S OUNGgSAUIRGR hoQs R hdlitet 8 TIRINGHEngl BositdAsk thégin¥lgoCi ty cal cul ator 209 which
is connected to the time-base expander 208. The output S6 of the above
conpaldatting rbderinavibde strigsod kibing fattacbbil theRtdi@idasich@ny tolshig sorsel Buclife. Of the’
velocity calculator 209 is the velocity of a vehicle, and these are the

out puts of the vehicle and velocity detection section 214. Next, a vehicle:
detection nethod based on the above vehicle detection apparatus 100 wil|l

be described. Fig. 6 shows the vehicle detection nethod of the second

enbodi nent according to the present invention. This is different fromthat
of the first enbodinent in that a vehicle and velocity detection step
(s2004) is provided in place of the vehicle detection step (s1004 in Fig.
4) and that the result of vehicle detection and the velocity of a vehicle
are outputted. A sound collection step (s1001), a noi se conponent ‘




W D=L 1 f[i] - ts[i] | /W (expression 8) r=i The distance Dis

cal cul ated by changing the expansion rfatio p within the raggeoq@f the
estimated velocity of a vehicle. The distance Dis closer to O when the
degree of simlarity between the estinmated direction buffer 205 and the
exparyd gl agarf @Yol fkRng 4 REPbakEanSMdaling vasddl SRS subdda@RuctlirB @coriiMab bl 211
conpa; eserkihe i nput (the above distance D) fromthe distance calculator 206
with the preset distance reference value S5 inputted in advance. Wen t he
-abov esadifist arteecidi hydrebiigaltverctuated cormedertseraintegrihtforateda vehicl e i s det ect ed,
and the above distance Dis outputted as the vehicle detection result S6.
An 0%1“ aFAtustfofrroRnectingradisenatween) a floaliny vessel A asubnadiruiure gcqording te elaim on of

t he 5’Hone array 102. It is desirably 20 to 50 where an anbi ent noi se
| evel the velocity cal cul ator 209 cal cul ates
t he veﬂf@g{‘ih%%#gﬁ%tydée hi ct{\é%%g c?%ﬁ’the i nputs (the above expansion ratios of -

the tol Aydias Rl csﬁneémwsmtmaenMsememenrﬁ%.ssm&etﬂe AEh0GIaindly ! he
vehi ab@;mgesa}@syam dohrigagpansi on rati o which provides the shortest |stance

Dis pm "pmx Vo" is calculated as the vehicle velocity S7. This vehicle
vel oeistigse8iwelliicad bouseg sesurddl tb ke sad Boscenent i oned vehicl e detection result S6,
is displayed on the CRT 9 or printed on the printer. 10. As descri bed above,
t he péwiretlicalyeceaied B?Paa'p@aﬁeptqwea#nglyn@acéetteﬁadewmeaw&md hawsiesr di ng to the

pr esent i &A”l on a hicle and v ocity detectjon section 214 which
7 e B el 3SSsed Fer Bt ok el ot 1 oo sevRLsBRRY
' subst%nr?tl al >*e ngry i f?sad’estu Yo ezf *us. In this vehicle and vel oci ty

det eglikQRuyHE %itbl%fhg%fbfh satluBGa vfemeaﬂ BIR19Y ¢k tdré][\% NEOh § e {daliish ?rﬁlg

the HoMBidg SOEHCRNNREH théHbd: SITR!IGHER el @r dealingRhBAIARA: ith sSRRELAG dueaus,he
t i Meafiasied mopawatec®®8, the vel oci ty S7 of the det ect ed vehicle 1s

cal culated by the velocity cal cul ator 209. [Third enbodinent] Figs.- 7 and 8
s howsaithdeepudpat @issoralesgphhdvingfa lowee frambwark esadladvest fraraewealphadngtausuralty dfoell t hi rd
enbodpigthereimsaid mell sigts tnglutiinga pluestiyof guidealerveoverticiypositiaried witinsaid lowat i on of
the fr@tnevek %’E’rﬁﬂﬁ"é’”@i@t"&'?‘i%’r?”éﬁiﬁéﬁdaieﬁediaﬁ cgesparvasselyandie sane as that of the

irst e Iot ! is used agtya ther same ct?nstl tuents as those in
L2n
tM hlel f 18 lca arr rtgé‘f g gy,ﬁn?‘ 8 °r3 F&I P}? BTlsr a;nd
og ﬁzﬂfn seag sal nsersrmg w:th r’srsl
ta ed one r onprisin

m crophones a |gned In the X-axi s d| rectl on and (%% nunber of m crophones
al i gnea systedh i@ cnrd¥ting a(PrddR6tion GBeribstiéS R E dbdh MhiBssdPvelddHAd ¥ sidfiBwahesd the
M Criopiking ecordirgto (13D wierdh:g. 1) conprising M nunber of mcrophones ali gned
in the x-axis direction. Further, the present enbodinent is also different
f r onsaichiesioyancy i tapkeoasel berared in endttdad engagentint @od,i on noi se conponent matrix
cal cul ation section 303 is further provided and that anplifiers 603, '

| \A/avetf“ét'?ﬁeé'a??ﬁp‘épryén%’@k{ ta"ﬁﬁ‘éﬁ%é‘ﬁ'@%"&ﬁaﬂe%@ﬂ@erem a correlation matrix
| t d a t tri
I AR P e S e ™
Il

calc on Sect on 3 further, the present enbodi nment is al so
di f g4 oed'l’én&ifrﬁ PELARG shdrf Rint ﬁﬁﬁ)ﬂghtmtthérgort Bal s@n jt@nt diop %Gac'tu%gw J)V?ér' on
I

SeCt fraiewdikao liit QgvidimovenicAdf 456 badendytittarkB wherfididiolAHy i hksrwe evice 611,
a didepalas@n- speci fic power calculator 610, a direction control vector

cal cul ator 612, a frequency averagi ng device 613 and a tine averaging .

devi PeABisterafop c@me&tlndedrqdnctlph dsea beliveercd ilemp doafl cisbat vessel sretd $ubsea @ibeadSt i | |

f ur theesing edserding éadaim 1dvbedivrent is al so different fromthe first enbodi ment

i n that a | ane detection section 312 is further provided and that a lane 1

gtq Inectgfo said piem doint whereRy febglipstind fisaif burygney i t9ke ¥ @Y udgi ng

deV| 8%%""%6@ g774°81% are provided in the lane detection section 312.

Acc [0 of
OI3LA§§;§Crr9foltn étztecﬁlﬂgg 'p&HE&hA 9%5 H%tag%nrae %&? ghé?t(;%]agpc}n egs artdza su%%éaﬁ:?etgheag

suppre55|ng t he |nterference by other vehicles or noises on the road having

@  PhidrcahisciorMetean €5id ridhB BRI daldl standjoinfin@ldes bRIdaa hewfiyneamglyay 302 is

pl acedtected ehsadrsser stiingl ooks  down at the road. Further, as shown in Fig. 7,

it conprises M nunber of mcrophones aligned on a I|ne parallel to the
vehicle traveling direction of a road 301 having a plurality of Ianes
(lane 1 and lane 2 shown in Fig. 9) and M2 nunber of microphones aligned
on a line perpendicular to the vehicle traveling direction. The m crophones
constituting the mcrophone array 302 are the sane as those constituting
the mcrophone array 102 in the first enbodi ment. Further, the above
nunbers M and M2 of m crophones are the sane as the nunber M of

m crophones in the first enbodinment and, in the present enbodi ment




substituted for the variable P. The | ane detection section 312 conprises a
| ane 1 direction counter 307 and a |&ne 2 direction counbghq 36 Which are
connected to the a-direction calculation section 19 January 2006 23 305,
and passing judgi ng devices 309 and 310 which are connected to the lane 1
direction counter 307 and the lane 2 direction counter 308, respectively,
and r4eksystem far coprieting a fradstidgrisetibkwvérs = deeg shankassoaheRelSmd a BiBscaukiMebs S9
and 8pesigfactdrdingwskimd wherdigi ng devi ces 309 and 310 are the outputs (lane 1
detection result and |ane 2 detection result) of the | ane detection

sect 58 weliead Reusing inglugesy wellberpiehestmas Henpasiiorpdiizesea. on t he above vehicl e
det ect.i,on ar 100 e described. Fig. 10 shows the vehicle

det eéf‘f’?ﬂ’ﬁ”%@&ﬁg %@F%Fﬁ@df'#sra&”g%wmf' '%{l’?EH}EEﬁ"hﬁn 'to t he pr esent

i nve e f|r nt in
that spi Wing bl ARk £bh A Rhed bl BB sl e fIRBET TR ot se
conponent cal culation step (s3002), an estlnated a4-direction calculation
st ep 14.986Q%n fardniectinged produRtich et bUifoet @ldREH draf cidsBR véssaAd h suies Gflied® t O

t hi s homsirigadcordifeo elatait bieereiebt ai ned t he effect of detecting the location in
the vehicle traveling direction and the |ane direction of a vehicle. In

t he §¥tifvgt adispennd htiauiealp agta@edliepack deenastosy wp tageaiinformasd. 302 is control | ed
by a e above |nRut control section 1 to collect the noises produced by the
vehi Eé’sm {Af TPHNNGSNGA BiRr PHWesn A foptingaseset 4dp SybEARKYFHG: QMPHSed the slaer a
lane®2.. In this m crophone array 302, the outputs of the M nunber of

m cr I ” i | i.n

e egﬁg&ﬁ BE’jﬂﬁ fdsqny 4% .%r%%ub%a%trﬁ)au Ja@b\g%&{ﬂ%&%ﬂ a\f?%]'fb:e{éz\%gh Lad ficanidyessel
n-direction noi se conponent mat ri x calculatlon section 122, and the outputs
of t paitbRing A LuERes welthesd KIUSIRG AHES htrAgRRE aibtdd @ nhdchR séﬁﬁ@?ﬂ%ﬁéﬂ dsald0 the
vehi sibeed stawstete; ng  direction are inputted to and anplified by the
anplifiers 603 in the a- di rection noi se conponent matrix cal cul ation

sect plsghinga secopd hydeaulically acduptdconenmastos @ sedimp enaagement ltesdicitydanlictieqretyags8002)

af t efonperdorSaRlipgly §“a°B‘Pd ‘o l5aid prbsgawBtheadhousingr ophones of the above i crophone
arra lifiers 103 and the outputs of the M

nunb rPV"g?g ?ﬁ{ftlog Vﬁesse?‘glfh %llﬁge{}fag}e%ﬁd"ﬁﬂng apipryity gpaellstols Bersin; £ i ed by t he

anpl Jskiﬁﬁ:ﬁ =Qﬁ?t M{ﬁj Udfa 'sﬁgre WItP Htse?d %Cvgr r}‘ﬁ%\f\}o};k a(ri\d Qtentim saV(\PY ralgy rp
S AP RTeSsi o0k gssd erd odr car S AW AT € e
wi ndow having a mﬁndom/ engt he shape of the time window, the wi ndow
| engihdtalling/zapnatalithée bp€ah@tairainks artﬁh laneashwnet dIQaill WaBsI¥k Bﬁ@é{Vra%Fﬁg S&Y pluflity of _
‘ac c onshgaree aintah ks tb fiewithinrsaid plueatinod igoeasicevEd positbRed Wit Sild r¥rainBsTk: APl ed in
the waveform sanplers 104 and 604, conplex anplitudes SI and Srs for each
f r ecreviding saidcbugydneyidiniaeks with attweugfrl@catbat@yowsmaamgz of sidl@®r witicanH8. A net hod
- for &P ?%Tﬁmﬁﬂﬁﬁem@bnplex anplitudes is selected in accordance with the
flrs%

in he correlation matrix cal culators 107 and 607,

rrrﬁﬁt 3};’& W"E%ggaﬂéef EHYET PAPREY FF5R TR E SURSeR BT ED RpTEn SRS e
-natrl O HE ® Rumber of the 19 January 2006 24 frequency anal yzers
105 s%@ﬁjnnblgﬁdgbgyghgya{rqun%dwdeh Ligx) S15 of the M2 number of the

frequency anal yzers y the above expreSS|on 2) and expressed in the
f or rprevidingy the@digpednds] rmopancy Ilh%ﬂkwltma 1B it GRENE] tRdrefedh.cuUl ators 108 and 608,
the eigenvectors vi1 [m, v2[n, nf (m=1to M and 1 to M2) of each
mat risxA Rietheil fcapewneeﬂngalriaﬁr@dtweén aﬂbdmoglvéseel ant abutiskattruaturd, Becoadi@jte claim 17
‘ei gdwihecemnmsisingthegleesefed in accordance with the first enmbodi ment. Then, in
the noi se conponent natrlx calculators 109 and 609, the matrices Rn[mlﬂ
r?igm B IR CA98S With Saifh lowar fEampwiork telfimis RWashBoeTERt t hem
ar e 2P ]axrga(g ‘aheé'aa&dé’égvaa%a"daﬂ*e@rea‘%eea"asg? t he above (expr essi on 3)

}s/gte?ft E&eth,@ gm é:,(ﬂ§ a?QeL#rbgtg)v% alr,]ﬁoa%l V\%] ?en qt n(? Isdﬁyg,?a e Ce Iﬁg‘:ﬁ’? ng%é im 48

t hus- cal cul at ed |rect| on noi se corrponent matri x and P-direction noise
co nwahﬁigtsauﬂmérltmo@heaia WleRUibihBshdsbia BUdyARCy dtaHkE 8FdUgRBoRUnAi8al ASRRAGNT mat ri X
cal euhr@ticmaseet isathes 0dd 84tdnd heirdotichily &ddstedtoRtictke angonponent matrix -

cal cul ation section 122 and inputted to the a-direction cal cul ation

section 305 and the P-direction calculation section 123, respectively. In
the estimated af 3-direction cal culation step (s3003), firstly, an a is set
inthe a-direction setting device 611 in the a-direction calcul ation
section 305. Then, the above a is inputted to the direction control vector
cal cul ator 612, and a direction control vector S16 is cal culated by using
t he above (expression 4) and (expression 5). Meanwhile, a Pis set in the
J3-direction setting device 111 in the P-direction cal culation section 123
in-accordance -with the first enbodi ment. Then, the above JI is inputted to i




a-direction calculation section 305 is inputted to the lane 2 direction
counter 308 and stored in a buffer fd? a certain period efibgg. O the
stored outputs a, the nunber of those between the preset lower limt (a2L)
and upper linmt (a 7) of the lane 2 direction is outputted. The buffer

st Or A@@atin¥Bid 6EBHY hRFaUNYAIY BOUdtE @ndectr [RGhhRNs PRt Bsaid Qibs@Bdinichfe.| ane 2
direction counter 308 depends on the velocity of the target vehicle. The

| owe 0t Aeethutiooaintsttibes osee Setwedrea fitatigy W agea subsE stSictueQatcordig tdwdim 19
exanfiréer aghmprisitg thestepdad traveling at a velocity of about 60 kmhr is a
target, at |east one second of buffering is -required, and when the

vel o€PNgelng Spid giseE staing &9 saidrsiang joing %‘@'Mﬂﬁ'@"ﬁﬁ'@g of seld byggancyarr igelistyedierlly Then,
the FREEPHRFYHARANY devi ce 309 receives the output of the lane 1 direction

Che. Gy speaBd b HtnBiRy &R0 58P a odtfl (s S Aot Bt v 0B Uhe”

l ane 1 det ectl on result S9 when the output of the lane 1 direction counter
307 bsubseh gRicrd1@tneed AR ealiBord Hffd AASS SHtlctiiddeiudBigblRUSEE Yehead AbUsRgSs. The
val uentrsef:rseéecmrh@ma&&eamgw.uﬂgcmg threshold value Ss is suitably about 1/5
to 1/2 of the nunber of detections in all directions in a buffer |ength of
t he Faitheubteal$tiugiots inudingarsebend setuniog masrs; Sipseseindegcjring gicags skaingyettdded
r ecefosgll flf%éewufﬂm‘?af'éﬁeql'ﬁ@y piipshedto salfl pebsed wellhewsl mueing:308 and t he pr eset
passi n? g threshol d vaI ue Ss and outputs the output of the |ane 2
di reB {79 i iﬁ-ﬁ’ f | E’P"S?P é%r'fers!r'eg RAlEting #lendoyt put
of tRE"F4 'ﬁ%mfm Sy S[P‘ﬁ?feggtﬂrf% n%ﬁ'@ag@‘? FEM9d5EcHBE 41PaS t he passi ng
JUdgls floatity %g@h&m\éa&ll rRameliiR \Qge fr!arﬂeﬁo(ﬂ?%\g\ y M wel'Sio L‘He?etin A
LidREL slotd NQuAY Pdllira ?%dum@ts%&/ éertlgslil{( B&<itloREl %r@h le?‘l of
the éﬁer@m@%mqu.es@ldc‘dﬂbaaaﬂ&ﬂn@@e@won 123" I's inputted to the vehicle
detection section 124 and stored in the estimated direction buffer 116 for

a catieant onepésadidaelofotd having abhealify df heoyelhcytaittanks paditotiédthertin skl buegsicy s t he

abovienisswertivelly @ttarfg@d tadiit mistin sajeh pISGity bf guire sevesdositened eviteindaid leepirapsssiorks ound

sour & bug¥ancy eintapkshsviag e teaughgre thaf plaws apsssoe oldiaistirisercdrinDwitThad erd t er, t he

corrp%ﬂ”&?%?” T?’Qb?fé‘ﬁ?)%%s the above distance D with the distance refer ence
icle detection res

whert Cﬁ‘%ﬂ"%gé'fugfﬁﬁ el h 2R BBy o e bt oS G iR g™

dete appar he ‘third enbodi mrent according to the present

i nvegmdgwnmﬁman@esms@ewﬁma@p rt.auedaﬁe’fe&pgma 118t e M Qi Ty OPhoNes
al i grRebwaAl B lihBlipviaRy BRmMERNdfehie blidyaNE! airfdhkslivh a.cﬂ-.rbgp C%ﬁ@w&)& er of
m crdypbizees. al i gned perpendicular to the vehicle travel | ng direction in the

sound col l ector 3 and has the a-direction noise conponent matrix
cal c2# At epnaratusdon connecBGa Wdel pdwée adoatingobed! 4nd A subseatstvaurl/Beaudingao cloiin
m chﬂpr?\'é'g of the mcrophone array 302 in the substantial part of the
-det ect on paratus which conprises the CPU 4, the nenory 5 and the

fpics t s qpnpecied to paid stam Joint hpreRy 'i’%?ﬁ”%%ﬁ%s%ﬁb?yﬁwta“m? ysgtically
cal cﬁnsé"(nfcci?{ BT 303, the outputs of the M2 nunber of m crophones ,
al i gne t [ I ' ' ' lified in
e A £ BRERE ARl sk Bk o ] i b B e G B b
periodically with a certain tinme windowin the waveform sarrpl ers 604,
f r ecraRIRGYneiRl HetREn 84i€rissd Bibg hrtthaldrstdniBinf iE@GHES RGHEIheAB AbYHRIsBalR@R t O
cal citthetted tecsaivpisexstargpl | t ude matrices for the above frequencies,
correlation matrices are calculated fromthe above conpl ex arrpl i tude
mat r3dcsanparafusdor cornectisigaxriserbetwsen iaioating wedsak apd aG0Rseatstected genmingtioclaimof t he
above W9l ati on matrices are calculated in the ei genvector cal cul ator

608, and noise conp trices corresponding to the noise conponents in
t he sS@t"‘ﬁmegdB?usﬂ% esh%PrgE'P hB’fgeﬁ?‘l?F’B'berﬁ’d?é " 2fe calculated in the noise

COMAOR &bingFahdd: ¥ u@&gs@t bl Atachllf 1By arhiiReARANE SH BBDU Rl par L of Lhe

det ection ap rat Frecton calcuratron secti'6h 305 which
IS oBNAPspedtuE forhfhedt 'arrﬁgrtﬂe%eﬂg'ﬂ&ﬁmé QesdIia b Yu e Sirdefuré AEBRIMGRS AL 1 X

- cal o) vtk section 303.. In the a-direction cal culation section 305, the
di rection correspondlng to the apparent a direction fromthe m crophone
array 302 is set in the a-direction setting device 611, a direction
control vector is calculated in the directional vector calculator 612,
a-direction powers are calculated fromthe above direction control vector
and the above noi se conponent matrices, the average of the R direction
powers with- respect to-the-frequencies-and-the-tine-w ndows is cal cul at ed-
in the frequency averagi ng device 613 and the tinme averagi ng devi ce 614,
and the average can be outputted as the estimated a direction. Further,

t he above substantial part of the detection apparatus also has the |ane




The m crophone array 402 is placed such that it | ooks down at the road 401
having a lane 1 and a lane 2 as showntin Fig. 12(a) and cegpfiges M nunber
of m crophones arranged in the formof a matrix as shown in Fig.. 11. The
m crophones constituting the m crophone array 402 are the sanme as those
CONShill Bist #@ skénd hPArGUIRARN QBRaBd Edectdld alelinté r%alyff&rh%a. embodi ment. As for the -
nunber of m crophones, Mis set to be' er of lanes + 1" to "nunber of -
| aneg6.>Ar23pparatus fatl esnnkcting & hiserrbetweeph dvutisg tressel laed asdded atructuheacnarting td ake r oad
401. 2bwhatidfi-t i on, the interval between the mcrophones is also set to be a
regular interval d in accordance with the first enbodinent, and the val ue
of dSfig %aé'f'g‘(%sﬁé’a%deteﬁd?ffcé'ﬁ?°"dﬁ‘é*t9rabI y 5to 10 cm Further, as shown in
Fi g. b one onfi such hat can be

ot agg,%‘a?ﬁb%fat’%tt RS B bk fopipa fipae aft  Sfhsde SHlgie P sea ™ e
nor ma extgnded fromthe plane on which the m crophone array 402 is placed
and bRenséa stietuPe arfchred bAhddea DO Said Q%séeas‘irﬁct%%&udﬁ'z@% sARRY Qveﬂ%’éﬁrﬁ&usfnbos S€s
the afmh eist @échbhieal coRbitbrdeamglya@afed; FUr t her, as shown in Fig. 12(e), the

m crophone array 402 is configured such that it can also be rotated in a
hor i zaith$uiseaistuetote insudingd: sebeartd nidebardhial @oheaton, sa@fsepmidseshdnicahdonhaxori S

est i Aealiely #lpchdddo saigfiret roechanieabebnbgeterisealingly attdchedtosnid sdbser wrilheaehougingne on
whi ch the mcro hone arra 402 IS Iaced and the x axis. Further, the

a- di P& SlRd ‘E é rl“o'ﬁ ”CHWO eh g9 3R SEipg I“?Hd'”%%tﬁﬂdn

devi EFNGYEN MEMEF L &% 'gweifg \fEF ?“E%F"%‘%%{Pm ‘W %‘Péttddﬂe e PREETYn) of the

o O B R e

M Cr §REHAME téHhé Rive Q?dofga, fidRRd dea8ercONt r ol “vect or at or |ch is
connected to the a-direction setting device 406 and to the p=di nttioti

set t atgpstigrewl sad ¢alislotahalingegiurainas peg/kiidyGirsnke positoaéed el @iid bud@heybir ch i s
c onnacksadrticalytarrengsd tef twitbin said pluraity of/@idecieces positicried withio Said ivdler femeiwoeks t he
out peRid Byfoyarisair oksiavioo Aigekhtboredbat allowsPassage aft saihrissretingavith $@@ encand- a ti me-
aver ‘a@f‘?ﬁ%@ﬁﬂ"@t‘:‘ aﬁ@@ed,\/\hl ch is connected to the direction-specific power

cal culcgl%or 404. The: ou 'E] (Ejl mated a direction) Sri of the a-direction
cal ctfl ‘1"&5 CLALY: %‘e‘b tore0d ergagRmentiiBe uppstraostpyoxicy 8k B8l Baving ¢

owerSth, O(:"ble’étte% ing ?te time averaging device 408. Meanwhile, the

f3 didfieGih tﬁah&éé'aaété n'%% Riofekith &GOSR L4 %f S5hd 9th saffibikdrng
dovi S e it o e hue yaﬁb%ﬁdnéwaém SR I S RErT (e
m cr @phieeeRdar ray 402, a P-direction setting devi ce 4 4 Whl ch sets the

hori zontal scanning direction (4 direction) of the mcrophone array 402, a
di r e2t Aoapmcatds ol conmting a riseabatwéent 0foatlbAevdel @l 4 srtbesarsracttre dcdoedididte claim
“a- di ¢7ewherein: set t i ng device 413 and to the D-direction setting device 414,

a direction- speC|f ower calculator 411 which is connected to the
dir et?tdi SRr S t'~°r tBPa'EatFE'd?"&t“@FfeM‘iebéFﬁ}t"tge‘?fé?‘Q€§°Y@Ffé’ Fiansaverselt he
noi SE"SHSYREMY SHESri x cal cul ation section 122, and a time averaging device

415 t T CIfIC r.calculatqr 411. The
out i fibel a?us‘*t’”%ﬁ%cﬁf’%%%tet Ay Teal R SR LoPRdH o if ftfiedh o8t s on
417 1S outputted from the above di rection-specific power caI cuI ator 411

Vi a dali@ohhcdBonDeticdd sag risk? ¢irif§ artilsaid X joint .acw@alaqteﬂhétaetheﬁaﬂg%aurﬁgtyhod based
on tdwackebaveidrelt o). det ecti on apparatus- 100 wi |l be descri be Fig. 13
shows the vehicle detection nmethod of the fourth enbodi nent according to

t he 39 Asemeratusfesonmmatingfissr hedwainfaffloatingtvesselandtasabseafstrudige Aequsiingdarteidi ment

i n t49avhefein'sound col | ecti on step (s4001), an estimated ap-direction

cal cul ation step (s4003) and ,a vehicle and | ane detection step (s3004) are

pr ovilpigRd Bpuging 'tﬂ'udﬁﬁéf@wgﬁanq%w%mddhere@t%ﬁ (sl0d in Fig. 4), the
est ' ttt?b%g aq%er ?g\% tﬁ%l qi?ubﬁttg fﬁachgé %Qre(o Oe%telndl%%to%ala s?tbse:ta gtn.{c upee vehi cl e

dete ions respectl IS net hod,
- therg, mp%ne%rebneenﬁg@.setxte%,ren%fﬂogln%esésbnndfa*tsbée%ﬁ&dt@@atdamt %o tnans

di r et wiei@f a detected vehicle e sound collection step
'nlcrophone array 402 conprising M nunber of m crophones arranged in the
f or reaidffirshamietecond Hydraglicellycmnied cenneciots iacd integralyforntdde above i nput control -
section 1 to collect the sounds produced by the vehicles and the |I|ike on
the road 401 having the lane | and the |l ane 2, and the outputs of the.
above M nunber .of mcrophones are inputted to and anplified by the
anplifiers 103 in the noise conmponent matrix cal cul ation section 122. 19
January 2006 30 In the noi se conponent cal culation step (s4002), in
accordance with the first enbodinment, after the outputs of the above

m crophone array 402 are anplified by the anplifiers 103, a noise
conponent matrix Ri[mm is.calculated and outputted fromthe noise

he




power cal culator 411 as the output S12 of the direction control vector
cal cul ator 412. Then, the direction-spécific power cal cul a§ ofoghkl receives
the output (direction control vector) S12 of the direction control vector
cal cul ator 412 and calculates a direction-specific power by using the
direction control vector 512. The direction-specific power calculator 411
i s i demn appbratue idrlbenndtting alriseeter b fibating caves! and akabskatictulclébconygo didimFi g.
2. TRé&rwhetdire time averagi ng device 415 receives the output
(direction-specific power) of the direction-specific power calculator 411
and G PRAtIRS ¥assel it 3 dpepdmftGaisyinvessel on S14 in accordance with the first

embodinent. The ti averaging. device 415 is identical to the tine
averggfn S{gEP oA R o TP heieen G OB AR MG 0R8 Spisea WEIPRRd he o

fixe ,ﬁ tf%%ﬁ@ﬁ@f@@%ﬁ?%ﬁrection S14 can be calculated. In the vehicle and

| ane 5 sgak8s GEAHRAd 8 BRq ceaidd thelshendopne detection section 312 receives the
out put S13 of the a—girection cal cul'ation section 410 and outputs a |l ane 1
det eafiisosecl@BlthdanSPealigly ftakiio Saidlaibesd WalReddafoudifg; Sl U i n accordance with
the third enbodinent. Meanwhile, in the vehicle detection section 124, the
est | paccdd ekouend memms sedlingy attatlidi to egiéfisesctring neabpsdaliglybattaéheti resalBsutlsezect | on
cal cwelepdlpusiegt i on 417 and outputs a vehicle detection result S6:in
accordance with the first enbodiment. Thus, by referring to the above |ane
1 def 88 PO prending frag Sé‘t'ir’ﬁg?%?é wellhegd boysing do-2 fesp qf@é%f@fﬁ»ﬁorg?gswe'ﬁ riger stingyel i ng
vehi BPRSPEAAERPIEG BN IPRE" i eE PP g P SR PBIY 521 S5RY ARPUG%hi ¢l e

det eCETOn result S6 is outputted, it can be determ ned in which |ane the

det egli®bel @RHChRson vesde] RNAL lalGver ASMERRE sk %dve@*?é}?{&horlz ﬁh%iné%{lﬂu%lﬁ Hgkpction

appagiat tiereitf, shill Kell Q6 thQILEAPS BUFRD bf uifeGRIaMsNErticQly hBStidAES sdidi¥@&t | on has

t he mrsdwpldndexRndify/todidlowa BRd bisaldiGiedh ArdirBAsson OssBlt cr ophones arranged in

the formof a matrix in one plane in the sound collector 3 and has the

noi s& leshpenesdid welt slotxhayilg @uwlusdlityor beyebdyaair 14rR2 peditioody thereiopsaitidtbgahct air t he 19

Janutanks vesiodly arardsd jafit Mithin s plursfity of suidssleeresspositioneH avithin said [pverfeanzawody 402

i n t ¥R Rugpancy Al [aaks hexing adiroudhheredieat abawspassagp airsaiduisenaiing vitt svipeises t he CPU
4, tFRENeRUpRGTBErAfiEgeete arithmetic circuit 11. In the noi se conponent

ML 1 L SRl B AL SEELALAN i Gfa LIPS 1Rl bl BRGEL M WHREL JOf
. : ETI B RS eRs TNk thEg PR CHRXERTL A BTk PR
QL;[?é?gﬂé§fé§ﬁ§?§§%EW%§§% %erigdiigflylmﬁth a certain t?ne wi ndow in the

wav edaf §idm pRlLIBdds a]éﬂél-u;dofnf Q6 SRAEYnANRrYGE Sai@EBm G IHdp Lot Wil Bid bR uency
anal fyaedrictd imt GowaR@incBrRhEof AT BLS AN ERtarks ABerBid BubPncy BF tahiar@bove
freqdebalstes, correlation matrices are calculated fromthe above conpl ex

anplitude matrices in the correlation matrix calculator 107, the

ei geifv&eysiens foptonnbeling b otodugtion rigdr aetiveen adrepidealicags@ \eatet aridzt Ritiséanveilhend

ei geifveibg Frcordinp &4dMe8 WpeBin: and noi se conponent matrices corresponding to
the nojse conponents in the outputs of the abaove M nunber of m ¢rophones
ar o SRR sy PRI o i) dam ST UERERY o0 T AR BYOIB SEG0s MiteeRbr .t he
above SUB&T H?lgyn%art of the detection apparatus also has the a-direction
cal cisl gt IO eh i rix
ol o R i B P R beeg o R R P R B R 2
direction corresponding to the apparent a direction fromthe m crophone

ar r aspidd0anectiond@tween shil Bser &rifl ArRiGaid@rensieint ihel@ded awefitead Bbusidgltealfigiyect i on

cor ratisgren i safyl riser sthirgg. apparent f3 direction fromthe m.crophone array 402
is set inthe (i-direction setting device 407, a direction control vector
is GBI Aeystaneler sanneqiiag g prodedtipiiser brivea a dasp dft caiasanyesteband4CHbsea-vilneadt | on
powdiusiagaecerding t 2 dS YRt he above direction control vector and the above

i se. t i i . dj tion- i fi I | at 404,
TGP ARR B g 5 Selal PRl R bR RER oS Loney £2! eplator 40
Wi n%gmen@a&%m%ttég idcmdémasiggg?npéw&%ﬁgﬁe%g/%eqeqm'aﬁge408, and the result can

be outputted as the estinmate ect1 on. anwhi ['e, the above substanti al
par tsaig tubing@adiel aslinddstdYRR LBINY SttathSPthBa dnl @xteddngth 686 LiRBa kalhetd ation
secthbadingdl7 which is connected to the noise conponent matrix calculation
section 122. In the (3-direction calculation section 417, the direction
corresponding to the apparent a direction fromthe m crophone array 402 is
set inthe a-direction setting device 413, the direction corresponding to
the apparent (3 direction fromthe mcrophone array 402 is set in the
(3-direction setting device 414, a direction control vector is calcul ated
in the direction control vector calculator 412, (3-direction powers are
cal cul ated fromthe above direction control vector and the above noise
conponent matrices in the direction-specific power cal culator 411, the
average of the above (3-direction powers with respect to the tinme w ndows




sound col l ection step (s4001) and noi se conmponent cal cul ation step (s4002)
of the fourth enbodi nent are provided3in place of the soygd sgjsl ection
step (sIOd in Fig. 4) and the noise conponent cal culation step (s1002 in
Fig. 4), that an estimated a direction calculation step (s5003) is

pr ov isdedsysemibakanding Hiero@Rlidr MbesbilebnG deBs biaf BaissoR kEsdbiaik QRuS8 NelRb@03 in
Fi g. hdysirgradedrdiag tozlanad@whgeini fi ¢ vehicl e detection step (s5004) is
provided in place of the vehicle detection step (s1004 i'n Fig. 4).

Accorgfl firgt and se¢ring seeninoeanstarreintegreliyfolseedobt ai ned the ef fect of counti ng
a55|n vehi cl es for each lane in the |ane- s€e0|f|c vehi cl e detection step
(s5og§3 \ syBlgmy fprconnaging RIPqustan riser katwgsn esieemdrptt caisson kessel @A e sultien welhgad

f our HERI COMPERNSNi cr ophone array 402 conprising M nunber of

”‘CrQBmﬂﬂgﬁeﬂkééﬂﬁﬁﬂ? %mkge r@rg%ﬂ¥; a matrix in one plane is controlled by

0

t he above input cont d collect the noises produced by the
vehi gliesmadnith @ohrieksr RaIrghathaRd tdaw dihgse% vwel@aho@iti: @ | ane 2, and the
out puts of the above M nunber of m crophones are |nputted to and anplified
by t&hkecoadpiletianiesisodidsior sealidyty atatied (€ SpRstendchamdal donndotdr cedliagly Bttach@ltbi on
122. s3ithsubsen welihea! wosippnent cal cul ation step (s4002), after the outputs of
the microphone array 402 are anplified by the anplifiers 103, a noise -
comp® ﬁﬁetr'ﬁeﬁtt?w'ngﬁtqmrﬁamsutsea wslihea Aeusingitna derp dait qeisserassel saidtines sl se
conpBALFHRI Frhgndicennegtiqn regihepat its luef prgforseelingiengraemeptavib aidisegent mechanicalt and

f our 'Y &H¥odi ments. The out put of the noise conponent matrix cal cul ation

sect ééiwd %rdf a's%%gs%gh e?frgﬁ"t \%ﬁt ' 8 r&rHév%? l?ar\]flﬂgec uractf ity olt]’ wel I'n the
est i &L @dremh, hib G QB in! ﬁé Attty ical oél | %e@w oREY

cal Crlriducibresich @A 4o lowd? ea@sf%ﬁafag@ gally dos od ment, the
direction control vector cal cul ator 405 recelves the a vaIue set by the

a- di atdeztsi @w of sdid weligslakehdving a plBdityest dudybecy(ad ars pesitibhédaétempdditRuogsicy By t he

( 3- dianksoseitiozlly serender dp fil @vithic eaid fldratity df Quittesldegesaositonee edthio vaid Der dman@ed, or

Sr r, saidfauoanci gir tapks- aiag b thireugh dererthas allays| passsge dfishidrigeraiting svith kaid eadbove
dlre%FP%W°%EHWP%FmW@G@or Srr and the output of the noise conponent matrix
cal cul ation sec ion 122 a %g %ggtes a direction-specific power, and the
ti mesa' &{aélq}’ ﬂag,l q 3 % BUPE 11} CNOREEMsE Bl‘?t“p(’?ﬂnf’@@t’?@ﬁcysﬂféﬁn'ﬁ‘ hag apower )

of tﬁte I'rec mfmg‘ e power cal cul ator 411 and outputs an estinated a

di 1 €gid @i Birk incififes SRS PlnPSeh ARAYSed thireiC ANNLEE it St t JiftSsaldlodd: ¥4
e stt;um;@%tttnﬁ?&fﬁémya ey g
vehibalagetiect i on step (s5004), the I"ane detection sectl on 312 recel ves

the output (estimated a direction) Sri of the a-direction cal culation 19

- Jani®r $ s0d6 foB Bormeding e prodddioariskr betivpen sdeepldeaficabsaaiesad ara subset wellldadand a

| anehogsinkacsendingitp ¢laimPBwhele®: i n  accordance with the fourth enbodi nent.

Then the |l ane 1 counter 508 receives the output élane 1 detection result)
cf@*d Msffestrng drconpetachly S0 stepdqing whereby %ﬁt’af'a@mﬂﬂ%w RieoyARRYiSE tanks vesticslly ng

vehlﬁTﬁgsFﬂ?”?%émF%he 1. Meanwhil e, the Iane 2 counter 509 receives the

out gt t|on ect | 12 and

COU% Ag s@ﬁfo,ﬁ%&tﬂeglﬁébggduc?ghj ste%lbe%fv ?deep haﬂ cFig%ogv sse andcflesg ?eaﬁnégﬁefg ove,

t he ve ection apparatus of the fifth enbodi nent according to the

pr e%eiatconnwm:mttjeﬁ)teeh 84id tidre stigghdlsaRIGWM Bint iREie8 Bveliad |h@|f§‘ﬁtg%e§IPIHIgt er 509

Whi clitachiee tczirBet sichgt 0 t he | ane detection section 312 in the substanti al

part of the detection apparatus The |lane | counter 508 and the | ane 2

courftl ef sBEH foeewneating & prodiaieratiseobetiveertadeep drafi Saisfonaressehandlasubdriacielihead

det devsing ﬁCﬁOfﬂfﬁ@*qm%é‘he@m on section 312 and can count the nunber of

pa55|@ Iﬁ énunber of detected vehicles) for each |ane. Further,

al t 118 8‘1‘? hegd pausiigdngudes a wellbheaq ‘B@ﬁ“taﬁt"‘??t%osﬁ'ﬂ h&B¥bdi nent s the case where

a ”%5?%!"%%3 glq'ﬁﬂtpagltr%”mcﬁﬁes arrﬁl% ﬁ%ha Oﬁg%(qjyeed as,the method for

cal caratin tance i & %rs 117 and 206, the sane
ef f t pts a
net%ggg&?ﬁeéﬁ?%gﬁmgheﬂﬁgﬁg@gﬁ%gmﬁﬁ%%ﬁﬁﬁg”ﬁgggéﬁﬁﬁﬂﬁsﬂggsuc g?ggpnethod
based on known DP (Dynamic Progranm) matching. The sound collector 3

CONMERI Asystgnt fhrecoabeiing aprodwwpdrodser eatwey aldddp di3f 2aisdon 46536l 2n0BSUDded vethebie -
above sound collection neans; the CPU 4, nenory 5, arithnmetic circuit 11
and the |ike which include the noi se conponent matrix cal cul ati on section
(J3-direction noise conponent matrix calcul ation section) 122, the
a-direction noise conponent matrix cal cul ati on section 303, the
a-direction calculation. sections 305 and 410 and the (3-direction

cal cul ation sections 123 and 417 constitute the above direction estimation
means; the CPU 4, nenory 5, arithnetic circuit 11 and the |ike which
include the vehicle detection section 124, the vehicle and velocity




5. The vehicl e detection apparatus as set forth in claim4, which conprises
counters for counting the estimtion'fesults by the direegippogesti mation
nmeans for each lane and a |ane detection neans for detecting the |ocation
in the | anes of the sound source based on the counting val ues of these
counteiising asbeding ielamadwhasina plurality of |lanes. 6. The vehicle detect.ion
apparatus as set forth in claiml, wherein the sound collection neans
conpshid &st andskeennd Iniechanighl gwncactphara ddegeally fongetd in the formof a matrix in
the same plane. 7. The vehicle detection apparatus as set forth in claim
6, wWHerE|IPPEAYS B FRPEFHE 2 riserbeiieen afoatpavessel Gnha Passa strichies, saidePRsrAtlyReans
for E¥PRHESi ng the direction in the 19 January 2006 38 vehlcle travel i ng
dire n rect t he nd ) Wwo- dj ional ly. 8.
The gtsbé)sgfs Se li’@ g a%@i ftgc“‘le Sea};ﬁ%’ Os%a{;asi% bseS%F ﬁ:‘e IE,F?EJH% arﬁu ea hf}e@? ﬁOLESHIg

dlrectlon estl mpri ses an estl Yreans for estimating
the dirib@Gtring th@tfd!rfghl%m s%@%ﬂgse‘é%%&@e RYa ffafil Vebdhl, 'sQldtn s¥RBifelBind 5RMR! | Ng

di r eedrinestioniriembbih itslowercdnt €dt sedling BegagsReH diitls S4id SRuiiny hdps;t ane di rection
linited to the center of the mad. 9. The vehlcle- det ect i on apparatus as
set fad flontingwvestel haning, a lowerfremawork csaiti lovess framawork avinged ploalityefaved slios@réises an
est i fid wehsioteiaplyding? plurslity Afeguidegleeyrs vaitically ppsitivned withiresaidslowerdragewors @ndyy
scanﬁFﬂ&“Pﬂ’Wﬁ&m@aW@‘HFW%E@¥@%V%¥@h the dlrectlon of the sound source in

t he v ﬁﬂ% rai | |r%ct|o a Th Siteh lF detectlon o
appagi ’Eglly e wrttu{I ?a éfe Ui e eeve %Eﬁ)ﬁ??@ we P"'i‘“éfi’Hgount er
tfaaa ﬁg.?; i g RS for
- eac crﬁ&ﬁon%e a |on etec I on ne ocation in
the | anes of the sound source based on the countlng values of the
COUN$=i huofdrdy air BRKLE caMbcteEin ewdiotdhd efgigbinant] the usiREREst biancs ik kdnk hBing he
| anea blemadint@rtecdigtbéreioom;medns for each | ane, when the road has a plurality
of lanes. 11. The vehicle detection apparatus as set forth in any one of
cl ai yiid sterp iint micluggse séenmioint sep Bositioper thergorg sdic stemtidindistopseanting witpraiddewera
corrp%té?w triimih 4Pvass meaReat ofgid PHeyangy airtanks wpersaid kueyaney i tanks 216 t he
esti ¥9results. 12. The vehicle detectlon apparatus as set forth in
(szloalg i\ﬁ r%lﬁ/gpaet\u]sqgfcgh Vﬁe,t:‘.tupnq urrlsaelr betig| afloafe nrH) sse a su res&ﬁ%t&rgtag%q #J L?g;tgglﬁt he
-veI00|t|es 13. The vehlcle detectlon apparatus as set forth in claima11,
wher Qiidtisen@inglidléchhédted t0kaid E8MTbIRIPSreBY 8ctRlRRY & ailBuSERA N tilks Qrtically
conttersidns Bgd tikee sfihgie base of a tenplate prepared by 'using the sound of a
vehicle traveling at a constant speed, and the simlarity calculation
. mean®. 8o apraratesdorecotiartngreanser Bstpeansi foatingpasse! dnora selkgEansticigre accoedingt to alakr ng
'the'thwéﬂﬁase of the tenplate. 19 January 2006 39 14. The vehicle detection
appar us as set forth in a one of clainms 1 to 13, wherein the sound
col | H“é{?ﬁ iiBﬁi‘ﬁ’ [ '%‘tliét” 14 723 stery iogst inplides gvelibgad eyrinargalisgl of whi ch
is é ﬁﬁP OSQ)Wﬁ? d%r than "nunber of assumed sound sources + V. 15. A
vehi g |l te h t he
noi cits i AR (ol BOTRSED AHo R UL 48 Bhtea g S Bl B
,nlcrophones placed in the vicinity of a road; a dlrectlon estimation step
i N vaidalelidad hbimmgtinchidgaatubing heamget p&sitiomddiné@biniahdof N crophones are sanpl ed
periodically with tinme wi ndows and the direction of a sound source is
est isaultteihg hangss bhving axgring of thbing atwrtieditheretn dndrekieydingpib caill atbsea staicepe.i N whi ch
the degree of simlarity between the estimation results by the direction
est i4fel? Awaius for greneplgi riapreietwien @floatingivesseleand ashiasg striature hesortingde elaion  of
t he “CoMifNsource with time while the vehicle is traveling is cal cul ated.
16. icle detection_nethod conprising a sound collection step in which
t he Sﬁ'(c)jl\ﬁcs%ehng VPO dtE SFPSIALAPAVEFSig vehicle are collected by a plurality of
m crophones aligned on a line parallel to the vehicle traveling direction
and placed in the vicinity of a nmad; a direction estimation step in which.
the input signals fromthe plurality of mcrophones are sanpled
periodically with time windows and the direction of. a sound source is
. estimated in. each time wndow, and a vehicle detection step in which the
degree of simlarity between the estimation results 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
cal cul ation. 17. A vehicle detection methodconprising a sound coll ection
step in which the noises produced by a traveling vehicle are collected by
a plurality of mcrophones aligned on a line parallel to the vehicle

- -traveling direction.and on a line perpendicular to the vehicle traveling






