19 January 2006 VEH CLE DETECTI ON APPARATUS AND VEH CLE DETECTI ON METHOD
BACKGROUND OF THE I NVENTION " 1. Field of the Invention Th® pheagr006
invention relates to a vehicle detection apparatus and a vehicle detection
met hod whi ch can detect a desired vehicle by using a m crophone array. 2.
Description of the Related Art There hate so far been proposed a w de

vari ety of apparatuses for detecting the state of traffic flow fromthe
noiises produced by vehicles, and such proposed apparatuses include those
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- the traffic flow which have been collected by these sound collectors 701 and 702 are in
' tum inputted to the frequency analyzing circuit 706 by switching the switching circuit
705 alternately, and their frequencies are in tumn analyzed by the frequency analyzing
circirit 706, to ensure that frequency spectral distributions SA and SB are obtained.
Then, the degree of similarity between the frequency spectral distribution SA
and the frequency spectral distribution SB is detected by the frequency distribution
comparing “circuit 707, and the time difference between the frequency spectral
dist:ibiltion SA and the frequency spectral distribution SB which nearly match with
each other is determined by the time difference detecting circuit 708. The time
difference/velocity converting circuit 709 determines the velocity V of a noise source
(vehicle) by peifonnjng the computation represented by the expression "V = L/dt". In
this case, the direction in which the vehicle in headed can be calculated from the
calculated time difference. :
: However, such a conventional detection apparatus has the problem that the
- accuracy of detecting a vehicle lowers when a plurality of vehicles are traveling
simultaneously or when there are noises produced from something other than a desired




- 2 vehicle because, as descri bed above, the conventional detection apparatus
measures noises only at the two spots along and in the Mi9Jamdry 2066 a r oad
where traffic flows and calculates the velocity and traveling direction of
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di stribution SA and the frequency, spectral distribution SB which nearly
mat ch wi t lvelsalehbeotuses as StfoVBRYalidfve, THiE ¢dNvedibhONddctinp|appaato dicarntss of t he

present | BYER!bap TR (R5 1ot WEII,ChE ISHERH o SRBRIANE NN Bl |

capabl e o even are

travel i ng c3lcpiates ﬁ’t‘?é’@lﬁ’ﬁlt);/a@“%bmg @Wéflen af &e N@hl@ega%gﬂ od lﬂf@efanff Whﬁm@@ﬁrret hi ng

other thagivdae tlij';eﬁécftﬁﬁcy\/%étﬁdl Qisthii6RISAULRE IHe Treyhéhcl ApRihPlisiBufidle vehicle
traveli ng&a/rectl on and qbeaéﬁﬁ direction of the vehicle and the number

of passi nGAVENFRPEEY ‘ments of the present invention may
provi de a vehicle detectlon met hod which is capable of detecting a sound

source ev%ﬁﬁm%ﬁﬁo?lﬁhaiﬁ%ﬁqﬁleh' cles are traveling simltaneously or

when there "are noi Ses produce rom sonmet hing other than the desired
vehi cl e and calFsanpleiempodinenisad she prsenhinvbmionghdycirevide awehiclagletitienct i on and

the | ane djreahd Qﬂlcﬁ’is dapsbry me?écﬁn%"ﬂ i o Qgﬁlﬁ‘blﬂﬁ oY%chﬁeses In

accordance with a first aspect o present 1nventi provi ded

a vehi cl éredErvsting élﬁmétﬁlpfézﬁ%lws %ﬁﬁ‘?ﬁ% Affgnaises mﬂwce%ﬁpfecspmﬂmﬁeether pl aced
in the vi giafithe/dedired wehfchishdaRBuBRDhE %dﬁﬂorﬁmﬁh&%ﬂdlé YavRfingdifdcOpAIES; A

di rection_estinption nsf I|n in signals fromthe sound
col | ect i of§ ﬁ@? e ‘é?fi SN c%%dttﬁf’ ﬂ%%\g%%?f estimation the
- direction of aEsaupk embudmntsmfdmmestennnvmmﬂmy moddaa veticle deatection

cal oul &t QuRpol {'cab e i AhlAte LNSPRLRS OLn ShOLL A, BPLaREA, the

estimation res I’EC I’l e% 1 on
t enpl at es agHiraveling ﬁmuemeeu%y @hmhge thene ateenaises eoaduoesd ﬁ@mtsqmeémmwdh@our ce

et oot on oo S e, L Aboy L dathEE Pl hihd REch CRS drtil £,
plurality? }‘F}fg'fﬁdg'i‘" ‘51%{ %@étbﬁﬂl@herﬂ@aﬁe%whele& o the vehicle
traveling direg h@aardaﬁ@d:@itﬂlanﬁkst %p%&'o?tﬁ@@?éséﬂt%%ﬂﬁmn tthée | IQ?E&A&H a n the
“vehicle traveling ,direction of a vehic|le my be det ect ed n .the aforesaid

vehicl e d¥tEele ﬂetﬁct&ﬁﬁapeﬁtti%conenﬁ’émgwel%%lﬁﬁl%lémaml@%@ ipgheraciniggdl conpri se
a pluralibyosd afd CHBPRONES Iﬂﬁmm?)&;f Bt rébhbhdie apcﬁfeadlérelestmﬁbﬂeneéﬁp gl e

traveling di rectl on and a of 'm crophones aligned on_a |ine
per pendi cEATRINEothe HEput, sigmals) Omrtaeépwﬁgce#qceelt igsans peqskicaly; grighy timg; s

consti t ut ixglowk Nad |SG@itioANthb RirbhiRn ¥ §ueid sbﬁr%é“i‘ﬂ bR ©lhé 84idoR? aadd the |ane
direction of a vehicle may be detected In the afaoresai d vehi ¢l e detection

appar at us sinyiity GGl atasy H@a’?ﬁ)l e calwaiinge thes de%ﬁey of cwpHurEE betweaw Hei ty of
i cr ophoneggingkib A&dItOBy thel diftbtidPésBnhBdn FRalshBd\HeinGlif oFRenFIRtahicR006

indicate a change in the direction of the sound source with time while the vehicle is
traveling.

In the aforesaid vehicle detection apparatus,the above sound collection means

- may comprise a plurality of microphones aligned on a line parallel to the vehicle
traveling direction. According to this constitution, the location in the vehicle traveling
direction of a vehicle may be detected.

In the aforesaid vehicle detection apparatus, the above sound collection means
may comprise a plurality of microphones aligned on a line parallel to the vehicle
traveling direction and a plurality of microphones aligned on a line perpendicular to the
vehicle traveling direction. According to this constitution, the location in the vehicle
traveling direction and the lane direction of a vehicle may be detected.

In the aforesaid vehicle detection apparatus, the above sound collection means

may comprise a plurality of microphones aligned on a line parallel to the vehicle




3 traveling direction and a plurality of m crophones aligned on a line
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constitution, the location in the vehicle traveling direction and the |ane
direction of a vehicle may be detected In this case, the above direction
estimati on means may conprise an estimation neans for estimating the

| ocati on lurav&m@ HRBii¢ eﬁldtal’l:ﬁ-ﬁﬁ@htyﬁﬁnﬂtl’foﬁﬁéﬂe@ BligRd oh Rgink pe@eAdit@sito @ of the

sound sourc n oresaid v det ection aratus, .the_above sound
co et s orEictar Bl HeiRT AGok Tk B B EpBe PR RGRaL T e dRbi Ry o Tl e
parall el ttnavctlimg direbiiicnl and the Bue direugiod iof @ athiole maaytbeadgpdetadaln this aabe, nhecr ophones
2‘C'Cgpgldng l%&@ti&eésa'nﬁ b Cé&g%{s nh% ctoFlgnSt%/ %Dés?&n%u{)%ﬂl\é%lsl ﬂ&QFan{at%ﬁg

di rection lsmaom inethe siehicla irmeding direasionang dli leneedirpgiiomel the saad sehired. n t h| s

case, when theg, aROMErcsARIHIAS dé’te&idﬂra%hﬁaﬂls Ohe aﬁdi\ﬁ‘essouﬁci‘@oﬂ’e’%ﬁbx@l-zﬁ‘eal‘EL‘Et ection
apparatus may conprise 6(c%}yrg)ters or counting the estipation reg{% ts by the

above di r Q& GHIRSE | aRlur fenirrorhesies aligned gua Upgyparallel e thervshiclon neans
for det ecuamglﬂghﬁrebmlidqrplmrahﬁymmlaﬁphoxﬁs ale@fedaﬁ a@ﬁleb&@eﬁdwnﬁi ts@uwr ce based

on the coy ng va t hese t resai d yehi
et ot on R BN TS tiah RESERRE B ronslnbRS B HREGL G 18 Ve,
pl ural ity trevelmgodivphonend therlammdidectinn toli@ Yebiohe why derigtected. Imtltnsleass,ane
pl ane. AcGarfling aﬁ&et 13h8 Haf Q?Sltutaﬁg Qﬁzanséf %He W@l%@leade?éc%ﬁl' h{;aéﬁt% fzf{ash' cles
ar e travel Ing .  sSi nmul t aneousl m CI‘O hones arrang of a
matrix nayompiaIe Goppiers fgbﬁnvstmstk@reéf@neﬁ@crﬁs&us;}vyalﬂmaW9 da@qt@etestﬂrnsthnoc ation

in the vehiegheror reaweiah@gn&huﬁﬁtdewau@nsleﬁﬁsefor ldaw&ind the tddafiéh &f thehaevehi cl e
whil e the deteriaqration, of %eglccu of the d h%ctlon by other noises

may be sufiffeLas helsﬁu’%%’“ﬁﬂe Engvalss QE e FOUPEET at us, the above
direction esti mratheoaforemla&uﬁayleteamrap@aaa:s #hs taboweet doand netbaotont ﬁreanssti mat i ng
t he two-di e C tpaveld r. i andthe

| ane. di r ey yngReLe BisERES 0 ir ol apsiiaghis FoRHRL Balif il SiheThe

‘| ocat i on plne.hicopeding ke this muiuhgn,ohvrcwtheom mmhtyh@f Vehivkeshire govélog of  t he
vehicle C%&L@ﬁn&ﬁkl?cﬂﬁﬁn%bﬁcﬁw& E&gadé@& ﬁHh@r&g{ &f’hrﬁitr&*ﬁ?aﬁﬁ&ﬂffﬁ%mﬁfd the

detection by other noises ressed nore securely, as conpared
with, fors@empreeisely gad ésséiet%@?éo 1@’? sbthsﬁ’éswl&rt@valmsgmupﬂ apghghey - axi s
and z- axi fandidire@ldnQT3hd Whidé whik thealteRiordlioh 8¢ tHeQRodrh@net tHe d@sdtioarly or a P
directi on vehi.cl e traveli nqcl Cﬂi rection). In the aforesaid vehicle detection
appar at us "PFHROISESANAY bEiSPRIETEY estimation means may conprise an estimati on
means for esti imthengfolddgid Wehteld debcton iﬂ}ﬁra‘t‘lfshitlﬁd sbovtercansehbm@stdhﬁﬁmti on and
the | ane direction of.a sound sourcef, di nens onal%%}e ag tdin tothls
const i t ut iSRS PRECQURFEE AR GSHPAtOR INSRRH for PN ypna) qirgeiy | ane
di recti onimhe t;blﬁclseﬂamh@ digetidieand e clahe dirsdiioh ef & b@mdsbme A bidiy ©f t he

U B oerb TR il B Rl e SR o i S o1

the X-axi tearbicte @Xite ditdcRdtwiiRhd Qeteﬁ@ﬁta@ﬂbﬁ/th&@c@rﬂiykﬁ'@hd ddtedtion s

direct o nznh(e)rr noalseg rr(xjalyrb%%{qlapggssg&/ r%g{'ecslegurglry,ae\{sec!olrn%%rcﬂl (Ill'%r;i?imple the case

. where microphones are aligned in the x-axis and z-axis directions to set only an o
direction (lane direction) or a § direction (vehicle traveling direction).
In the aforesaid vehicle detection apparatus, the above direction estimation
.means may comprise an estimation means for estimating the direction in the vehicle
{raveling direction and the lane direction of a sound source two-dimensionally.
According to this constitution, the location in the vehicle traveling direction and the
lane direction of the vehicle can be detected while the deterioration of the accuracy of
the detection by other noises may be suppressed more securely, as compared with, for
example, the case where microphones are aligned in the x-axis and z-axis directions to
set only an a direction (lane direction) or a f§ direction (vehicle traveling direction). In
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templates with the estimation results. According to this constitution, the traveling

~ velocity of a vehicle may be calculated by using the templates (plurality of templates) at
different velocities. In this case, the above plurality of templates may be those prepared
by using the sounds of a vehicle when the vehicle is caused to travel at different
velocities.

In the aforesaid vehicle detection apparatus, the above similarity calculation
means may comprise a comparison means for comparing the above plurality of
templates with the estimation results. According to this constitution, the traveling
velocity of a vehicle may be calculated by using the templates (plurality of templates)
at different velocities. In this case, the above plurality of templates may be those
prepared by using the sounds of a vehicle when the vehicle is caused to travel at
different velocities. _ '

In the aforesaid vehicle detection apparatus, the above similarity calculation

means may comprise a comparison means for comparing the above plurality of




- In the aforesaid vehicle detection apparatus, the above simlarity
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A based ON biQuced by a traveling vehicle are collected by a plurality of microphones aligned on

a line parallel to the vehicle traveling direction and placed in the vicinity of a road; a
~ direction estimation step in which the input signals from the plurality of microphones
are sampled periodically with time windows and the direction of a sound source is
estimated in each time window; and a vehicle detection step in which the degree of
similarity between the estimation results by the direction estimation step and a plurality
of templates 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. According to this method, a change in the location in the
vehicle traveling direction of the vehicle with time may be detected by calculating the

above degree of similarity, whereby the vehicle may be detected, and the t:r_aveling




~result of the calculation. According to this method, a change in the
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vehicl e may be detected, and the traveding 19 January 2006 6 velocity of
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on t he codiredtiog andltheekane direction of a sound source is estnnated in each time window; a

vehicle detection step in which the degree of similarity between the estimation results
in the vehicle traveling direction by the direction estimation step and a plurality of
templates 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 lane detection step in which the estimation results in the lane
direction by the direction estimation step are counted for each lane and the location in
the lanes of the sound source is detected based on the counting values.
| In accordance with a fifth aspect of the present invention, there is provided a
vehmle detection method comprising a sound collection step in which the noises
produced by a traveling vehicle are collected by a plurality of microphones arranged in
‘the form of a matrix in the same plane and placed in the vicinity of a multi-lane road; a

direction estimation step in which the input signals from the plurality of microphones
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The aforesaid vehicle detection method may comprise a sound collection step
in which the noises produced by a traveling vehicle are collected by a plurality of
microphones arranged in the form of a matrix in the same plane and placed in the

vicinity of a multi-lane road; a direction estimation step in which the input signals from
the above plurality of microphones are sampled periodically with time windows and
the two-dimensional 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 similarity between the estimation results in the vehicle traveling direction
by this direction estimation step and a plurality of templates which indicate a change in

the direction of the sound source with time while the vehicle is traveling is calculated
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while the deterioration of the accuracy of the detection by other noises may be
suppressed more securely, as compared with, for example, the case where microphones

~are aligned in the x-axis and z-axis directions to set only an o direction (lane direction}

or a B direction (vehicle traveling direction). In this case, in the above direction

estimation step, the direction of the sound source may be estimated by scanning in the

lane direction with the direction of the sound source in the vehicle traveling direction
limited. ' '

The aforesaid vehicle detection method may comprise a sound collection step

in which the noises produced by a traveling vehicle are collected by a plurality of

microphones arranged in the form of a matrix in the same plane and placed in the




~are aligned in the x-axis and z-axis directions to set only an a direction
(lane direction) or a O direction (vehicle traveling di nédamemm 2006n this
case, in the above direction estinmation step, the direction of the sound
source may be estimated by scanning i® the 1lane direction with the
direction of the sound source in the vehicle traveling direction limted.
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the above direction estimation step, the direction of the sound source may be estimated
by scanning in the lane direction with the direction of the sound source in the vehicle
traveling direction limited.
In the above vehicle detection step of the aforesaid vehicle detection method,
the degree of similarity between the templates prepared by using the sounds of a
vehicle traveling at different velocities and the above estimation results in the above
‘vehicle detection step may be calculated. According to this method, a change in the
location in the vehicle traveling direction of the vehicle with time may be detected by
cqlculating the above degree of similarity, whereby the vehicle may be detected, and
the traveling velocity of the vehicle may be calculated by using the templates (plurality
of templates) at different velocities.
In the vehicle detection method, the above vehicle detection step may further

comprise a velocity detection step in which the degree of similarity between the
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microphones may be equal to or greater than "number of assumed sound sources + 1".

According to this method, the accuracy of estimating the direction of a sound source
may improve, and a vehicle may be detected even when a plurality of vehicles are
traveling simultaneously or when there are noises produced from something other than
the desired vehicle,

BRIEF DESCRIPTION OF THE DRAWINGS

The Present invention and many of the advantages thereof will be better
understood from the following detailed description when considered in connection with
the accompanying drawings, wherein:

Fig. 1 is a block diagram showing the vehicle detection apparatus 100 of the
first embodiment;

Fig. 2 is a block diagram showing the substantial part of the vehicle detection

apparatus of the first embodiment according to the present invention;




- may inmprove, and a vehicle may. be detected even when a plurality of
vehicles are traveling simultaneously or when there are 1pQusgsy pegsduced
from sonmething other than the desired vehicle. BRI EF DESCRI PTI ON OF THE
DRAW NGS The Present invention and maHig of the advantages thereof wll be
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11 Fig. 11 is a:bl i ARG LDEeRidRS Haliof! mPRsd oPfmd Ry ehicle
detection appgqué)itﬁglﬁso? %%%Et%&'egbodi r?ent accorogirﬁg toot he prresent

i nvent i on:embogdimenbaccardimgde BigPEIPEMBENHYLt he pl acenent of the mi crophone
array of the fourth enbodi nent according to the present invention; Fig. 13

is a flow chart showi ng the vehicle detection nmethod of the fourth
enbodi ment according to the present invention;




. Fig..14 is a block diagram showi ng the substantial part of the vehicle
detection - apparatus of the fifth enbodi ment according t Qotrhsuapy 2EmNt
invention;- Fig. 15 is a flow chart showi ng the vehicle detection nmethod of
the fifth - enbodi nent according to the present invention; and Fig. 16 is a
bl ock di agram showi ng the substantial pHrt of a conventional vehicle
detecti on apparatus. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The

enbodi ment.;s according to the present invention will be described with

reference :to the.draw n er.ei nafter. [First. exbodi shown.in Fig.
o Ehe vehi ol e dubb g Pogk s hiipe bt BRI o Qg 4 0
to t he prespparatusoéthe fonrth embodisent accCRling toathd paesamrinyanti®nhi ch cont r ol
t he whol e det ectyg; on r | 555,} e
noi ses produced Fl%yl.zgi)s??av |.néﬁ?/‘zﬁggﬁee?ggkﬁ%tgﬁftég\gﬁn}ﬁo?f]&%ect | oﬁf %Iéwhi ch
control s t e sipbediment agearding fodhe presend &Wsation; i ncl uding the rotation of a
V”\}}Prﬁphonfe ar r ayid, 083 is{)afiﬁ)fvﬂeﬁzﬁf Bﬁtﬁﬁnt t_g&h@%hiﬁﬁrﬂet?jrt]ibhhﬂahf d)cPoﬁitlliePﬁ:}lﬁtth;Ll
hich performs.a variety. of conputat.i ons. such as those for calculating
noi se com&WgﬁgE?c"?B?coféPgﬁ?.@Fipﬁﬁseﬁfﬂvﬁpn&t ed direction of a noise source
and for detecti kg .tlHds adlick|dingram showinp thet substantiel pait of twt vebivl3deatbdtion
~controls t v ' Bl by RaC LI ; 9 and a display
control Se?ﬁ%&%b%e@%ﬂhﬁ:@%%&%%@@% uf)t'ﬁ‘#&ffé%gg??@rg a printer 10 and
“a printing cont Fii- kedt adipw chipit shopingnther yebicle defectioy meghadoek thenfifthng a
gi rre[] Ci BC%bo&MfmgmyMcbﬂscﬂfﬁm&b?&gdi nme. As shown in Figs. 2 and
, the above vehiclg. det.ect i.on appar at conprises a m.cr Qone array
102" compr 1 si ng. ME KB5S HhAiRaR R e e e SuS g BuisBF Leqrefiicizp pade
conponent detection apphratiisat i on section 122 which receives the outputs of the

m crophone array 102 and cal cul ates the noi se conponents in the outputs, a
(i-directigon calculation section 123 which receives the output of the
[ 3-directi BESWJWEWPWIWQQME% ion 122 and cal cul ates
the estimated [PhélembollintmtsoiccardigtRitheSsrtdene inventlora wilk bk Glescritet agith on
section 124fv\,hi CQ etects a ve_jiagtl e traveling on the road 101, in its
subst ant i af® e c[rfl hf’ﬁ"‘él 8ind collector 3, the CPU 4, the menory 5

and t he ar [Fiosremwbodimenthiit 11. 19 January 2006 12 As shown in Fig. 3 (a),
t he m crophone m,ql -] s N&Rleq! ©
travel i ng di reg%%on'o %%’Slfglaeg‘&%i%ﬁgb{lﬁgpa og'(had)(’2 fnthﬁggsrrtg%? m crﬁ{ophones

are al i gneiscoriingte the presentiipecogion somprses 2 CPH eandn memonyhy hich conirg]
i e e st op iy i St s IS RO
i rect | on WokErETog aiice FinpREoRgsteloR | hic P GRIBr g BaBTng o, T
facilitat eslledths 3 (inoludingghe thtatiomtoffagnicaghosh araet02 tode desdribed lasér), an
S arithmetic circuit 11 which performs a variety of computations such as those for
calculating noise components, for calculating the estimated direction of a noise source
~and for detecting the vehicle, an arithmetic control section 8 which controls the driving
of the arithmetic circuit 11,2 CRT 9 and a display control section 6 which display the
result of detection, a printer 10 and a printing control section 7 which print the result of
detection, and a timer circuit 2 which is used for measuring time. _
As shown in Figs. 2 and 3, the above vehicle detection apparatus 100 comprises
a microphone array 102 comprising M (M>2) number of microphones, a B-direction
noise componeﬁt matrix calculation section 122 which receives the oufputs of the
microphone array 102 and calculates the noise components in the outputs, 2 B-direction
calculation section 123 which receives the output of the B-direction noise component
matrix calculation section 122 and calculates- the estimated B direction of a sound
source, and a vehicle detection section 124 which detects a vehicle traveling on the road
101, in its substantial part comprising the sound collector 3, the CPU 4, the memory 5
and the arithmetic circuit 11. ‘ : .




- the wavel ength of a target sound source signal and, within the range, the
accuracy of estimating the direction of a sound source i19QaRa3E300S t he
value of the interval d increases. Wen a target sound source is a

vehi cl e, although frequency characteristics vary fromvehicle to vehicle,
since ,many different types of vehicles B oduce a sufficient power in the
range of 500 Hz to 3 kHz, the interval d between the m crophones is
desirably 5 to 34 cmin order to detect the direction of t he sound source
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| : The B-direction noise component matrix calculation section 122 comprises M

-

number of amplifiers 103 which are connected to the microphone array 102 and receive
the outputs of the microphones of the microphone array 102, M number of waveform
samplers 104 which are connected to the M number of amplifiers 103 and receive the
outputs of the correspondjng amplifiers 103, M number of frequency analyzers 105
which are connected to the M number of waveform samplers 104 and receive the
- outputs of the corresponding waveform samplers 104, a correlation matrix calculator
107 which is connected to the M number of frequency analyzers 105 and receives the
; output (complex amplitude matrix) S, of the frequency analyzers 105, an eigenvector
* caleulator 108 which is connected to the correlation matrix calculator 107, and a noise
component matrix calculator 109 which is connected to the eigenvector calculator 108.




- connected to the direction- speC|f|c power cal cul at or 110 and a tine
averagi ng device 114 which is connected to the frequencﬂQdumngﬁmyideV|ce
113. The output (estimated O direction) S3 of the f3-direction cal culation
section 123 is obtained, via the frequency averaging device 113 and the
time averaging device 114, fromthe abol® direction-specific power

cal cul ator: 110. Furt her, the vehi cl e detection section 124 conprises an
estimated direction buffer 116 which is connected to the a-direction

cal cul ati on seotfihol A paibabeancukal SUIG 013 il B diRcAgnafel oo to
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anpl i fied Ryelhif-spbiBt! B%{.éalélq {fp.the noi se conponent cal cul ation step
(s1002), after he outﬂg ﬁtor irr‘[1)crophone array 102 are $p|lfled by

the arplifiers ehert FFf efsglion SeRieR HAecompriigs @aestimateddigetion or m
sanpl er s 16dffantiGahichdd cpidead toahé B-ditebtion ciluletion Bettivh 123V a&t@cw ndow
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wi ndow | engt h Is.nore liable to o track the sudden novenent of -a
sound. sour gput ?%‘#]Srcé?mPéﬁ’Ipr’f]ignﬁﬁrﬂlW%\ﬂf I’thﬁlﬁ’rﬁfé“r‘*‘?%(@@ optpyt of dber W nust
be sel ecteablﬁﬁedemms‘emdmmct)r aveling velocity of a target sound source.

For -exanpl e, n.the di.rection. of a.vehi assing the position.which is
away from th\e\hﬁ%tr oapﬁgé{gﬁ r‘&é}l gpﬁ bj egt‘gfhige La%SYe \ B‘Wfafi ‘&"%‘1 ocity
of about 4&pparates 100swilldbedescrilad mat ed the time window |l ength Wis suitably
2 to 10 ms. Thepapghéws xﬂfmgamhb%h}ae ddtbRioh' BB HOMIInS BUhb FbadntV 2 tO

2w embodiment comprises a sound collection step (s1001), a noise component calculation
step (s1002), an estimated B direction calculation. stcp (s1003) and a vehicle detection
step (s1004). '

In the sound collection step (s1001), the microphone array 102 is controlled by
the above input control section 1 to collect the noises produced by the vehicles and the
like on the road 101, and the outputs of the microphone array 102 are amplified by the
amplifiers 103.

In the noise component calculation step (s1002), after the outputs of the
microphone array 102 are amplified by the amplifiers 103, the amplified outputs are

o inputted to the waveform samplers 104 and sampled periodically with a time window
; having a window length W,
o Although the shape of the time window may be a rectangle, a time window
having small amplitudes at both ends, such as a Hanning window, is more preferable.
As for the window length W, a shorter window length W further ,detenorates the
accuracy of direction estimation, while a longer window length W is more liable to fail
to track the sudden movement of a sound source. Therefore, an optimum window




- For the tinme signals thus-sanpled in the waveform sanplers 104, a conpl ex
anplitude for each frequency is calculated in the frequendéyaamay 20ér s 105.
As a method for calculating the conplex anplitude, a nethod based on known
fast Fourier transform (FFT) is appropyjate. However, when the nunber of
frequencies for which the conplex anpl 4tudes are cal cuI ated is equal to or
| ess than four, a nethod based on known discrete Fourier transform (DFT)
is appropriate. As for the above frequencies, the accuracy of direction
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are appropr I's carcurated a’certain
frequency Abeitim Wﬁﬁﬂaﬂx 2¥¥n. vector X[n] as shown by
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cal cuI at ion secgllon,

Then, in the correlation matrix calculator 107, a correlation matrix is calculated
from the output (complex amplitude matrix) S; of the M number of frequency analyzers
105 by (expression 2) and cxpresscd by the matrix R[m,m]

R[m,m] = X[m]-X[m]" " (expression 2}

In the above expression, the letter H indicates a transposed complex conjugate,
and mis 1 to M. -

Thén, in the eigenvector calculator 108, the eigenvectors vi[m], v2[m], vy(m]
m=1to M) of the above matrix R[m,m] are calculated. To calculate the above
eigenvectors, since the above matrix R is a Henmitian matrix, it is firstly converted to a
tridiagonal matrix by a known Householder's method, and the eigenvectors are then
calculated by using a known QR method. _

- Then, in the noise component matlix calculator 109, the matrix Rn{m,m]
corresponding to the noise components when there are K number of sound sources is

calculated as shown by (expression 3).
Rnfm,m] = vgsg [l:n]vm.l[m]H + vgo[m] v;m[m]H + ... + vyfmlvm]® (expression 3)




- 122 and inputted to the (3-direction calculation section 123. The noi se
conponent cal cul ation step (s1002) proceeds as descri bed9dimaey 2006 t he
estimated (3 direction calculation step (s1003), firstly, a desired (3 is
set in the (3-direction setting device 111 of the [3-direction cal cul ation
section 123. Then, in the direction cdAtrol vector calculator 112, using

t he above J3, a directlon control vector S2 is expressed as a colunn
vector d[m as shown by (expression 4). d[m =[1 ,&t,e t,...,j'c"i"lt ]T
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in the abogg]t= (B o)y je3*MIFF cul at ed. (eXpessiod 42 above process is
repeated for each tine wi ndow, and the outputs of the frequency averagi ng

devi ce 113mahe abBicagpetsiion,ivie défined Bvexpessian 3)evi ce 114, whereby the
estimated 3 @glﬁ@%mn S3 Q% gm%ound source is cal culated. The estimated
0 dlrectlon cal ul ation st (s1003) proceeds as descri bed above, and the

N itlﬂgtsgh@%ﬁ”‘%"?g&%&?°t Ssclbld FRhaGcREy.Ne Sound Sﬁgr?ﬁ.lscif‘gﬁ”ed
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cal cul ati on sec
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esti mat od Gl Lo RN ik fuflr Y0RoY SDICL SISk SOKPI 5 b for @

certain .peri ne"require ot a anuary’ 2006 16
depends orP(BIhe velocity of the target vehicle. The | ower the velocity

becones, p{p)ﬂuv(a[m}ﬁnn[agm]w[mp I s requi(esptesstoar6)exanpl e, when a vehicle
traveling at a velocity of about 60 kmihr is a target, at |east one second

of buffering i dnrthewixpression (), Wyechahpmgvihe @ idirgction from -90° to +90° and
calcnlating P(B) for each [3, direction-specific powers are calculated. Further, the Bmax
which provides the largest P() is determined. By the above process, the estimated
direction of a sound source using a certain frequency in a certain time window is
calculated. | _

Then, the above process is repeated for each frequency, and the outputs of the
B-direction power calculator 110 are averaged in the frequency averaging device 113,
whereby the estimated direction of the sound source in the above time window is
calculated

Then, the above process is repeated for each time Wmdow, and the outputs of
the frequency averaging device 113 are averaged in the time averaging device 114,
whereby the estimated [ direction S3 of the sound source is calculated. The estimated 8
direction calculation step (s1003) proceeds as described above, and the estimated B
.direction S; thus estimated of the sound source is mputtcd to the vehicle detection
section 124 as the output of the B-direction calculation section 123.

In the vehicle detection step (s1004), firstly, the above estimated f§ direction S;
of the sound source is stored in the estimated direction buffer 116 of the vehicle
detection section 124 for a certain period of time. The required buffer storagé time




I's reduced to a half, the buffering tinme nust be doubled. Then, in the
di stance cal culator 117, the distance D between the abovd9 Jastary2d06d (3
direction S3 of the sound source which has been stored in the estimted
direction buffer 116 for a certain period of tine and the preset sound
source |location tenplate S4 is calcul at®d. The content of the estinated
direction buffer 116 is expressed as f[i] (i =1 to W Wrepresents the
size of the tenplate). Further, when the content of the sound source
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conparat or 119, e above stance I S conpaf ed wth t di st ance
reference 9@%@ cdgs shqyanby FEPEHHME l:ll stance Dis shorter it is determned

that a ve &é ed, and the above distance Dis outputted as the
vehi cl e de #ﬁ ?@ﬁﬁ% S6. %ﬁ‘?ﬁe t"‘}gﬂqgl e detection result S6 is displayed
on the CRT9 d* printed on the printer 10. An opti num di stance reference.

value S5 varl eSThé aiiflc V\E%fs%l&s@ﬁo'(?&ﬁ&ﬂ%&gréehﬁsnﬁﬂﬁ P BEIAEn e 6y 02. 11
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descri bed eitimated Breiregtion 85 f thersernd sonres, whick has hsen F‘F??dflp ¢ C¥HB ment
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number Of d@sﬁ‘ﬁﬁlﬂhﬂéﬁﬁ:ver when such a method cannot be used, a method in which the sound
' source location template 84 is prepared accordmg to change in the direction of the
sound source which is estimated from the location of the microphone array 102.
Then, in the comparator 119, the above distance D is compared with the
distance reference value Ss. When the above distance D is shozter, it is determined that
a vehicle is detected, and the above distance D is outputted as the vehicle detection
result Sg. This vehicle detection result S is displayed on the CRT 9 or printed on the
printer 10. '
An optimum distance reference value S5 varies according to the location of the
microphone array 102. It is desirably 20° to 50° where an ambient noise level is .
relatively low. )
As described above, the vehicle detectlon apparatus of the first embodiment
- - according to the present invention has the microphone array 102 comprising M number
" of microphones aligned paralle! to the vehicle traveling direction in the sound collector
3 and has the noise component matrix calculation section 122 which is connected to the
microphone array 102 in the substantial part of the detection apparatus which




~are anplified in the anplifiers 103, the outputs of the anplifiers 103 are

sanpled periodically with a certain tine wi ndow in the wevghq2em P! ers
104, frequency analyses are conducted in the frequency analyzers 105 to
cal cul ate conplex anplitude matrices for the above frequencies,

correlation matrices are calculated frold the above conplex anplitude
matrices in the correlation matrix cal culator 107, the eigenvectors of the
above correlation matrices are calculated in the eigenvector cal cul at or
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.- the above estimated f} direction and the sound source location template wlnch indicates
a change in the location of a sound source with time while the vehicle is traveling is
calculated successively, and the calculated distance is compared with the preset
‘ distance reference value in the comparator 119. When the above distance is shorter
than the distance reference value, it is determined that a vehicle is detected, and the
above distance is outputted as the result of vehicle detection. |
| | Thus, by having the microphone array 102 comprising M number of
i' microphones aligned parallel to the vehicle traveling direction in the above sound '
collector 3 and having the noise component matrix calculation section 122, the
B-direction calculation section 123 and the vehicle detection section 124 in the
substantial part of the detection apparatus which comprises the CPU 4, the memory 5
and the arithmetic circuit 11, when a plurality of vehicles are traveling simultaneously
or when there are noises produced from something other than a desired vehicle, the

ek




- vehicles or noises. [Second enbodinment] Fig. 5 shows the substantial part
of the vehicle detection apparatus of the second enbodi reFimaseRo0d ng to
the present invention. Since the-configuration of the whole vehicle
detection apparatus and the configuration and placenment of the m crophone
array are generally the same as those df the first enbodiment, Figs. 1 and
3 are used, and the sane constituents as those in the first enbodi nent are
referred to by the sanme nunerals and synbols and will not be descri bed.
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: 209 and receives a preset sound source location template Sig, and the velocity
calculator 209 which is connected to the time-base expander 208. The output Sq of the
above comparator 211 is the result of vehicle detection, the output Sy of the velocity
calculator 209 is the velocity of a vehicle, and these are the outputs of the vehicle and
velocity detection section 214.
Next, a vehicle detection method based on the above vehicle detection
apparatus 100 will be described.
: Fig. 6 shows the vehicle detection method of the second embodiment according
~ to the present invention. This is different from that of the first embodiment in that a
* vehicle and velocity detection step (s2004) is provided in place of the vehicle detection
step (51004 in Fig. 4) and that the result of vehicle detection and the velocxty of a
vehicle are outputted.
‘ A sound collection step (31001), 2 noise component calculation step (s1002)
and an estimated B direction calculation step (s1003) are the same as those in the first

. embodiment.




~ of a sound source which has been estimated in accordance with the first

enbodiment is inputted to the vehicle and velocity detedfiamagezticon 214
as the output of the n-direction calculation section 123 and, firstly,
stored in the estimated direction buffer 205 for a certain perlod of time.
The required buffer storage time depend® on the velocity of the target
vehicle. ;The required buffer storage tinme depends on the velocity of the
target vehicle. The |ower the vel ocity becones, the nore storage tine is
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cal cul ated, The ﬁgg fter eﬁ@ nsion or contraction is inputted to the
di st ance cgﬁcé'ﬂﬂ’“a? EL‘FP&?I“‘? di stance cal cul ator 206 receives the
estimated O dirkahé ﬁme&ﬁsméxpahder%)ﬂmdﬁmbamf\m&}:N’Vha@nid@emsi@n@@ in the
esti mat ed b 2 t&pféh{
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and ‘the CO\rr]eEh?c é ve. 8c1€y t%opc%gpa%co the above sound source location template Sz is to
be detected, the expansion ratio p is set to be 1/n. When the expansion ratio p is less
than 1, the sound source location template S;5 is contracted, while when the expansion
ratio p is more than 1, the sound source location template Sys is expanded. Further,
when the time base of the sound source location template Sz is provided in a discrete
manner, the sound source Jocation template S;g is approximated continuously, and the
- expanded or contracted template is then calculated. The template after expansion or
contraction is inputted to the distance calculator 206. |
Then, the distance calculator 206 receives the estimated § direction S; of the
sound source which has been stored in the estimated direction buffer 205 and the above
_ expanded or contracted template and calculates the distance D between the template
- and the sound source.
The size Ws of the expanded or contracted template is W x p. When the

."expandcd or contracted template is expressed as ts[i] ( = 1 to Ws) and the content




. (estimated (3 direction S3 of the sound source) of the estimated direction
buffer 205 as f[i] (i =1to W Wrepresents the size oflgtmmat-pmmjﬁate)

the di'stance D normalized by the size of the tenplate can be expressed by
(expression 8. W D=L I f[i] - ts[i] |I /W (expression 8) r=i The

di stance D is cal cul ated by changi ng t hZ) expansion ratio p within the range
of the estimated velocity of a vehicle. The distance Dis closer to 0 when
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direction is used
according to the prcsent invention has the vehicle and velocity detection section 214

which is connected to the B-direction calculation section 123 in the above substantial
part of the detection apparatus. In this vehicle and velocity detection section 214, using
the expansion ratio when the time base of the sound source location template Si; is
expanded or contracted in the time-base expander 208, the velocity S of the detected
vehicle is calculated by the velocity calculator 209,

[Third embodiment] :

_ | Figs. 7 and 8 show the substantial part of the vehicle detection apparatus of the
third embodiment according to the present invention. Since the configuration of the
whole vehicle detection apparatus is generally the same as that of the first embodiment,

. Fig. 1is used, and the same constituents as those in the first embodiment are referred to
by the same numerals and symbols and will not be described.

The present embodiment is different from the first embodiment in that a
microphone array 302 comprising M; number of microphones aligned in the x-axis
direction and M, number of microphones aligned in the y-axis direction is used in place




19 January 2006 21 of ‘the m crophone array (102 in Fig. 1) conprising M
number of m crophones aligned in the x-axis direction. Rogkfery 2008
present enbodinent is also different fromthe first enbodinment in that an
a-direction noise conmponent matrix cal culation section 303 is further

provi ded and that anplifiers 603, wavefarm sanpl ers 604, frequency

anal yzers 605, a correlation matrix cal cul ator 607, an ei genvector 7

cal cul ator 608 and a noise conponent natrix calculator 609 are provided in

th di t l. 303. ,.Sti]l
forther ort (0wl abhiont BIRP PRI 1R D ek RriBE M R Bo R ik RBn S atighéd
enbodi nent irghe kraxis divectioni Fuethen thecpressnt anbcnjhmsam alsndﬂ’&'rentﬁommeeﬁrst .
provi ded ; a%ﬁ&aaﬁ @%Mbﬁ%&&&&ﬁoﬁ%ismgmgs«én@ﬁm@&%c f;hanﬁgécgglgaﬁﬁsc'flc
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nunber s M PARIERE fh%%ff%&?iﬁ%%%ﬁ% b Rl g1 2
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(multi-la a,flmg\gs and M2 are set to be "nunber of lanes + 1" to

“nunber of” Ianegf ively. In addition the i nterval between the

2", resp
ni crophones i s af skpvapin Fig. §é3'ath'?éﬁ’ﬁ¥%h°1ilen%@3\/%qz i nlaced speh thatétdogks h t he
first enbdghnEmbe roamdFﬁxhﬁrvalsh@wﬁﬁn Hi g,t 3, 1s@im1mebmliuﬁmeﬁélf1ﬁi&n;woﬁéser ably -5

to 10 h 302

cgnf i gﬁ?leaﬁ@%% P ity SGFS’ 2 ntob ? g")iYCHn% m?t%?rnggf 2 dp ‘ﬁé{ﬂ‘ﬁ“ﬂ&ﬁ' :1
represent sﬂtllhbt)mfda@ﬁ(hncréchnﬂ)landﬁ Shvownin Fig et wﬂd‘ddnlﬁmben dfimeicpdphneeson whi ch
the m cropfigned 8h @%eﬁ%r?gm AicalR 5 thet élb%a%elﬁfg EEﬂg I(n@mﬁ;lﬂ the

case where the above cr osses t center "o road.

Further, £SnEHBURE ithe phpRy argay o3 cﬂnbpﬂ%‘br?ém&r %@@GZCQ%SH%W& thér ed such
that it eaim;ﬂ:sme g@zaﬁ%ﬁr&mﬁmﬁm&ﬂnl“ﬁith&l the abdvehuddtérd M tand NS

L o?f 1%'p Sives & ga!mg as the number M of microphones in the first embodiment
and, in the present embodiment (multi-lane road), M; and M, are set to be "number of
Janes + 1" to "number of lanes x 2", respectively. In addition, the interval between the
microphones is also set to be a regular interval d in accordance with the first
embodiment, and the value of d is set to be 5 to 34 cm, preferably 5 to 10 cm.

. Further, as shown in Fig. 9(b), the microphone array 302 is configured such that
it can be rotated in a vertical direction. An o represents the angle formed by the normal
extended from the plane on which the microphone array 302 is placed and the z axis.

, Fig. 9(b) shows the case where the above normal crosses the center of the multi-lane
road. Further, as shown in Fig. 9(c), the microphone array 302 is configured such that it

' can also be rotated in a horizontal direction and that the direction of noises (vehicle) is




19 January 2006 22 estinmated by an angle R forned by the normal extended
fromthe plane on which the mcrophone array 102 is pl aqgcja@ﬁ@yzm X axis.
In the mcrophone array 302, the outputs of the M nunber of mcrophones
aligned on the line parallel to the vehicle traveling direction are
inputted to the D-direction noise conpdent matrix cal cul ati on section
(noi se conmponent matrix calculation section) 122, and the outputs of the
M2 nunber of mcrophones aligned on- the |ine perpendicular to the vehicle
travel i ng dighgfatdd %y £ ﬁlngE%&séa ByPth HorBariéibl $om MRiptie N WRREHhe MRL T X
cal cul ation sectio e_a-direction noise conponent matrix cal cul ation
section 303“@5?113}0%6@ g thet#Xi8i ers 603 which are connected to
the M2 number ofmnthe msipfop B@ﬁ;‘e&fta B@z tﬁ&@ﬁlpﬂfmﬁfethaMﬁ&mﬁ&ﬁ: ofMBicreptipaés of

wavef orm sappl e 4wh|c dto h l,ifiers
603, M2 nu e‘% &‘gquEnB?""@ﬂaﬁoy rge 15 i g ’%’#\g g’r"%gm o%%e%‘? %c‘flgg) tﬁF'Fe (Y%
nunber of" v&rdmbcmom BQifp lcompodi matriz oval@ilatidno sectian rmﬂlseaomploatntr maBix7 whi ch

i s Connect%gjocg&&g, %&%nf'i‘i@%dﬁf dJJt@ﬂk’ﬁf‘&léW%?nﬁ h&a@sql VgrCt or

cal cul at or |.S° . connecte e correlatign rrat I X ca | at or 607,

and a noi sdh endicnlaritpithe vehicle fraydingahitectipn atg putted (et ‘quﬂhe
ei genvect: ornocgalc@uipah@ﬁnﬁ{a&xcﬂwlmgﬁ{secﬁmgas direction cal cul ati on section

305 conpri ses a . on. ttin S rtical
scanni-ng directi #&ﬁ%ﬁ%é’&é’f’f% 8?“&5@‘#%@%%%@?%@38 Ei\“gg Pect i on
control veaumberef mQJﬁemG(Bmhmhmmomc&dﬁn@denmbemﬁmlanghm@spf@n

~setting deyiiegnRdde dzelexﬁ&b%PSf:waoﬂ%ﬁﬁ 1&@'@&#'@&@@%&%&&&%1 s
connected t e di.rection_cont vect | ator Q12 ag@% ives the
out put of Ehfel\jal-u&rheée ARl @F@ Mﬁﬂ'&ﬁgﬁ ﬂwcxav Yest PO WO #8n 303,

3 frequenc )tomweif’eagm e Mgﬁmﬂﬁeﬁ of 4dvatoimt hamplemmesé@fbldmmtdmﬂx calculator
irection- cl.f l.C. power or a, e 614
which is c§ﬁﬁ3’ %1 8 c8mfel%eae}? uﬁ%c gve ?%“"3%?' a[éﬂer%@ 5 %I'%gﬂgﬁ%b%

(esti mat edcalculatos 608 whjchsy ¢omrecneﬂéo éled:pnelgmp@ magrin ealdudatpob7s and a@niss05 i s
outputted, ¢ ?oﬁclﬁ? ot rSOARRAEN o800 VARER céﬁﬂm 16 1 ARGvbdiSr daldiBataY 6201 NY

devi ce 614, romthe above direction-specif wer cal cul ator. 610. The

J3-direction no furthero b, Qadireckign (G “&%OBUFO&PP’E) cEARyed 7 SiEgHgdnent
mat ri x cal gattiag idevics &l i whith lsef3 e drektival Realinige Hirestion afoc diredtioah ofethé i on 123

ﬁLﬁbé?eo?a%‘ferP@% AGlb 3R FABERBR bk G A RhoPBROSAE ctRRBl S It 11
Further,: tthe caddcmmaetsmgrdgme Gll:mr@mc@nn-spem%‘k powetl qalquéatwﬁiﬂswblchom 303
and the a-dignReka Qd‘th?%&bﬁcﬁ{ n%da&ow&aﬁmc%@ém arzeanaf}@ce?@m@&; W fithe

counterparts In.the first enbodi ment except that nber mcrophones

in the m cRolmetien aeise gomponant mabix calsplagipn éeqwna?ﬁ)g uan%w% ais
substi t ut edevigy 61 ehichris abiecied tdlike direriodedpecific powsecdltulatoSGP0,camdipy | sSes a .

lane 1 dir f5b 'aggmgﬁg AbGke g PZ w_ﬁﬂ:ﬂ if connected to the frequency averaging device 613.
The output {estimated ¢t direction) S;7 of the o-direction calculation section 305 is
~ outputted, via the frequency averaging device 613 and the time averaging device 614,
- from the above direction-specific power calculator 610. |
The B-direction noise component matrix calculation section (noise component
matrix calculation section) 122 and the B-direction calculation section 123 are the same
) as their counterparts in the first embodiment except that the number of microphones in
' the microphone array is changed from M to M;. Further, the o-direction noise
component matrix calculation section 303 and the o-direction calculation section 305
are the same as their counterparts in the first embodiment except that the number of
microphones in the microphone array is changed from M to M3 and that a variable o is
substituted for the variable B.
The lane detection section 312 comprises a lane 1 direction counter 307 and a

| lane 2 direction counter 308 which are connected to the g-direction calculation section




- lane 2 direction counter 308 which are connected to the a-direction

cal cul ation section 19 January 2006 23 305, and passing jladaiuagy 206 ces 309
and 310 which are connected to the lane 1 direction counter 307 and the
lane 2 direction counter 308, respectively, and r eceive a preset passing
judgi ng threshold val.ue Ss.” The out put s2359 and S10 of the passing |udging
devi ces 309 and 310 are the outputs (lane 1 detection result and | ane 2
detection result) of the |ane detection section 312. Next, a vehicle

detecti on hgﬂ a'asgs ﬁﬁﬂ\%&fﬁ@@&‘é%@%ﬂ&h%%&?’a&o%mé&a?w %:;QOIW' .
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- vehicle tr thatlit mg:nphisasczt smmda:oﬁeauopwtdpe%f)@ﬂ)aanl afiviréction dolsg cotoponent! i fiers
103 th t 22, and
the out pufs E?ﬂ?ﬁf% PR30 i STRARE ARG ok, Clulifod ok (SPOY) Bl 222, &0
per pendi culVel bneedﬁt@nentsm@ﬁm Arearding oty thisemethads theee can bad
anplified bmatﬂea tﬁé’f'@ftbétldfrd%teﬁl(ﬁ?g 1h8 ddatioR indl tHeSrehicld r@lia g direOHTOARNhe MaL i X

calcul atio ction 3 the 4-direction noi se conponent cal cul ation
step (5300%11 %?:\':Ffté %b %‘{j uts of the M nunber of m crophones of the
above  ni cr ophonin thersayndodlication erp(sBd01dhbmictopborergtay302 iscob@dlleditly t he
out put s of FP(?H Eﬂiﬁgﬁh e, AT are
anplified gf"%ﬁg@’é%g |trg?éecg3§m? ese aQBPiSPg %%Hg(lgjetap ts a?]%élléﬁ%gﬁtg %d to

the wavefo g%@ﬁ@a@-mmﬂéoébmgé%@d{ Suswpiceephiore RBAY cal | v
with a ti.nsoz,wheé fsaoﬂrn@m b OYE anw aﬁg&damaehﬁé pﬁl'%ﬂelttbrtﬁer ndow,
t he vmndowlerlantt?ﬁ W and .r|o ﬂg hEt]h VTSOQ are set
I n accor daﬁ?‘!’é ﬁeﬁlﬁ -sarrpl ed
in the V\avaﬁmﬂmmhecmnﬂMnmﬂnﬁﬁﬂpuhumMndﬁmanﬂmmmﬁﬁs a:ﬁtlleSéIE for
each frequgpg f r 5. A
met hod for ca e at| ngfi g; ?gﬁ%ep 6&‘91:3 Pﬁgﬁg‘g’gﬁl‘é’a@ﬁ% accor ance

with the: ftheg:pog RO IRPREed to and amphﬁed y the amphﬁers 603 in the a-dlrectlon noise
‘ - component matrix calculation section 303.
In the off-direction noise component calculation step (s3002), after the outputs
* of the M; number of microphones of the above microphone array 302 are amplified by
. the amplifiers 103 and the outputs of the M number of microphones of the microphone
array 302 are amplified by the amplifiers 603, these amplified outputs are inputted to
the waveform samplers 104 and 604, respectively, and sampled periodically with a time
window having a window length W.- The shape of the time window, the window length
- W and the period of sampling by the time window are set in accordance with the first
embodiment.
For the time signals thus-sampled in the waveform samplers 104 and 604,
- complex amplitudes §; and 8;s for each frequency are calculated in the frequency
analyzers 105 and 605. A method for calculating the complex amplitudes is selected in
“accordance with the first embodiment.
'I'hex_1, in the correlation matrix calculators 107 and 607, correlation matrices are
calculated from the output (complex amplitnde matzix) S; of the M; number of the




Then, in the correlation matrix cal culators 107 and 607, correlation
matrices are calculated fromthe output (conplex anplituddanmiy 2006 S1 of
the M nunber of the 19 January 2006 24 frequency anal yzers 105 and the

out put (conplex anplitude matrix) S15 of the M2 nunber of the frequency
anal yzers 605 by the above (expression 2) and expressed in the formof a
matrix Rfmm . Then, in the eigenvector cal culators 108 and 608, the

ei genvectors vi[m, v2[mM, vMnl (m=1to M and 1 to I\/Q) of each matri x
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the di rects&ﬁoﬁgoswwﬁ&mlcﬁuhﬁheﬁsé&%n 128 0regpetivélgl i On control vector
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cal cul at'e %""E’gvé 19%911?%3 q_g? trdte}%i Ion o?n‘.rg{ rvg&%gafﬂgﬁgggge%?g ?Ibn 6) .
By changi népniied vectel Bwsds caiwlatp@hyug@gttbe algoE, (emrassxom@ a@dl(@mreasm Hor each

a, and thenpaRshid)h hs@ét%’ih@ ﬁoﬂ?éﬂﬁ?gsdevﬁ’&ai)lllﬁﬂﬁ i€ Ealculkdod Ne
above process, ijgf stl ted ; &'S ctl of a und rc .,usin certain
frequency YeRHOR e‘(éh we Bils IPuBed iR at i on

process). th&/ahmaﬁoﬂx e:,ontnbb vehtme cilcuﬂutos pda; fand aowuonabmﬁoatmtoﬂ@z igecei ves
o Ca oAt SRRSO R B SR orC 0,00, o
to cal cul ate a Trsmethe direationispesific pewencalcydator 510 aersives ey pntput (pdscAmax
whi ch pr OWoﬁﬁJ%nEﬂ%ﬁﬁk%?tof ithd dr-dA¥ciidHenGROYAnSSHERT BARixQtlculation section
303 and the above direction control vector S to calculate a power in the o dmecnon,
P(ax), by the above (expression 6). By changing the o direction from -90° to +90°, P(cx)
is calculated for each o, and the comax which provides the largest P(e) is determined.
By the above process, the estimated o direction of a sound source using a certain
frequency in a certain time window is calculated (o-direction calculation process).
. Meanwhile, the direction-specific power calculator 110 receives the output (noise
component matrix Rn) of the B-direction noise component matrix calculation section
122 and the above direction control vector S, to calculate a power in the B direction,
P(B), and determine the Brnax which provides the largest P(B) by the above (expression
6) in accordance with the first embodiment, whereby the estimated B direction of the
sound source using a certain frequency in a certain time window is calculated ~
(B-direction calculation process).




- 6) in accordance with the first enbodi nent, whereby the estimated R
direction of the sound source using a certal n frequency 19Jamuace2d08i n ti me
wi ndow is calculated (j-direction calculation process). 19 January 2006 25
Then, the above a-direction calculation process is repeated for each
frequency, and the outputs of the a-di2£ction power cal cul ator 610 are
averaged in the frequency averaging device 613, whereby the estinmated a
direction of the sound source in the above tine w ndow is cal cul ated.
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The buffer storage time reqmred by the lane 1 direction counter 307 and the lane
2 direction counter 308 depends on the velocity of the target vehicle. The lower the
velocity becomes, the more storage time is required. For example, when a vehicle
traveling at a velocity of about 60 km/hr is a target, at least one second of buffering is

required, and when the velocity is reduced to a half, the buffering time must be doubled.
Then, the passing judging device 309 receives the output of the lane 1 direction

counter 307 and the preset passing judging threshold value Sg and outputs the output of




. traveling at a velocity of about 60 kmihr is a target, at |east one second:

of buffering is required, and when the velocity is reduqgeqainera2éos f, the
buffering time nmust be doubl ed. Then, the passing judging device 309
receives the output of the lane 1 direction counter 307 and the preset
passi ng judgi ng threshol d val ue S3 and #ut puts the output of 19 January
2006 26 the lane 1 direction counter 307 as the lane 1 detection result S9
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the memory 5 and the arithmetic circuit 11. Jn the o-direction noise component matrix
calculation section 303, the outputs of the M, number of microphones aligned
. perpendicular to the vehicle traveling direction are amplified in the amplifiers 603, the
outputs of the amplifiers 603 are sampled periodically with a certain time window in
the waveform samplers 604, frequency énalyses are conducted in the frequency
- analyzers 605 to calculate complex amp]itﬁde. matrices for the above frequencies,
" correlation matrices are calculated from the above complex amplitude matrices in the
correlation matrix calculator 607, the eigenvectors of the above correlation matrices are
calculated in the eigenvector calculator 608, and noise component matrices
~ corresponding to the noise components in the outputs of the M, number of microphones
. are calculated in the noise component matrix calculator 609.
: Further, the above substantial part of the detection apparatus also has the
 q-direction calculation section 305 which 1is connected to the o-direction noise




~calculated in the eigenvector cal cul ator 608, and noi se conponent matrices
corresponding to the noi se conponents in the outputs of tiog poder of

m crophones are calculated in the noise conmponent matrix cal cul ator 609.
Further, .the above substantial part of the detection apparatus al so has the
a- dlrectlon cal cul ati on section 305 whiZh is connected to the a-direction
noi se -19 January 2006 27 conponent matrix cal cul ation section 303. In the
a-direction cal culation section 305, the direction corresponding to the
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present . n%g Iveinci]e de%ecrho% rte.t's1 t g? E‘sf oftp t?ed C)tnca?lf be:[ H&cnnmcd in which lane the
detected vehicle is traveling. That is, even when a plurality of vehicles are traveling
simultaneously or when there are noises produced from something other than a desired
Vehicle, the location in the vehicle traveling direction and the lane direction of the
‘vehicle can be detected by suppressing the interference by other vehicles or noises.
[Fourth embodiment]
_ Fig. 11 shows the substantial part of the vehicle detection apparatus of the
 fourth embodiment according to the present invention. Since the configuration of the
whole vehicle detection apparatus is generally the same as that of the first embodiment,
Fig. 1 is used, and the same constituents as those in the first embodiment are referred to
by the same numerals and symbols and will not be described.
The present embodiment is different from the first embodlment in that a
microphone array 402 comprising M number of microphones arranged in the form of a
matrix in one plane is used in place of the microphone array (102 in Fig. 1} comprising




- whol e vehicle detection apparatus I's generally the same as that of the
first enbodinent, Fig. 1 is used, and the sane constitugpysmagy 2008se i n
the first enbodiment are referred to by the sane nunerals and synbols and
wi |l not be described. The present enbodinment is different fromthe first
enbodi ment in that a microphone array 202 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. 1) conprising 19 January 2006 28 M
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array 402 besused ﬁlrethb mntti-lahe rtzad 401. In addition, the interval between the microphones
' ~ ig also set to be a regular interval d in accordance with the first embodiment, and the
value of d is set to be 5 to 34 cm, preferably 5 to 10 cm.
Further, as shown in Fig. 12(b), the microphone array 402 is configured such
that it can be rotated in a vertical direction. An o represents the angle formed by the
~ normal extended from the plane on which the microphone array 402 is placed and the z
axis. Fig. 12(b) shows the case where the above normal crosses the center of the
multi-lane road. Further, as shown in Fig. 12(c), the microphone array 402 is
configured such that it can also be rotated in a horizontal dixection and that the direction
of noises (veh1c1e) is estimated by the angle f formed by the normal extended from the
plane on which the microphone array 402 is placed and the x axis.
Further, the o-direction calculation section 410 comprises an a—dlrccuon
| setting device 406 which sets the vertical scanning direction (ot direction) of the




- axis. Fig. 12(b) shows the case where the above normal crosses the center
of the nulti-lane road. Further, as shown in Fig. 12(e) 19Ut 2006phone
array 402 is configured such that it can also be rotated in a horizontal
direction and that the direction of noises (vehicle) is estimted by the
angle O formed by the normal extended f2%m t he pl ane on which the

m crophone array 402 is placed and the x axis. Further, the a-direction
cal cul ation section 410 conprises an a-direction setting device 406 which
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cal cul ation step e and | ane detection step (s3004) are
provi ded |*H’Pﬁ¥a&‘se1 f@ﬁ?@@m‘icol lection step (s1001 in Fig. 4), the
estimat ed 3 di rﬁglﬂ%o@ﬁﬂ@lﬂeﬁicﬂmt@heﬂn:(eﬂﬁﬁ%therfoﬁtlgem&)mm actdrdingehi cl e
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dir ect i on sofindcollection step (s4001), an estimated ocB—dlrecuon calculation step (s4003) and a
' : - vehicle and lane detection step (s3004) are provided in place of the sound collection
step (s1001 in Fig. 4), the estimated B direction calculation step (s1003 in Fig. 4) and
~ the vehicle detection step (s1004 in Fig. 4), rcspecﬁvely. According to this method,
there can be obtained the effect of detecting the location in the lane direction of a
~ detected vehicle. _

In the sound collection step (s4001), the microphone array 402 comprising M
pumber of microphones arranged in the form of a matrix in one plane is controlled by
the above inpht control section 1 to collect the sounds produced by the vehicles and the
like on the road 401 having the lane 1 and the lane 2, and the outputs of the above M
number of microphones are inputted to and amplified by the amplrﬁers 103 in the noise-

- component matrix calculation section 122. '

-




detected vehicle. In the sound collection step (s4001), the m crophone
array 402 conprising M nunber of microphones arranged i not/agatw20e060f a
matrix in one plane is controlled by the above input control section 1 to
col |l ect the sounds produced by the vehicles and the I|ike on the road 401
having the lane | and the lane 2, and t3 outputs of the. above M nunber
of m crophones are inputted to and anplified by the anplifiers 103 in the
noi se conponent matri x cal cul ati on section 122. 19 January 2006 30 In the
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In the above expression, a sufficiently great distance L (1,000 m or greater, for
example) results in a plane wave incidence condition. As the practical value for vehicle
detection, the distance L is suitably set to be the distance between the microphones and
the center of the road. The thus-calculated direction control vector Sy; is inputted to the
direction-specific power calculator 404 as the output of the direction control vector
calculator405. _

Then, the direction-specific power calculator 404 receives the direction control
vector Sy and calculates -a direction-specific power in accordance with the first
embodiment. This direction-specific poWer is inputted to the time averaging device
408. The direction-specific power calculator 404 corresponds to the direction-specific
power calculator 110 shown in Fig. 2.

. The above direction-specific power calculation process is repeated for each
‘time window. By averaging the calculated direction-specific powers in the time




- cal cul ator 405. Then, the direction-specific power cal cul ator 404-receives
the direction control vector S11 and cal culates a directipgamgpe2006 c power
in accordance with the first enbodinment. This direction-specific power is
i nputted to the tine averaging device 408. The direction-specific power

- cal cul ator 404 corresponds to the dlreéfhon specific power cal culator 110
shown in Fig. 2. The above direction-specific power calculation process is
repeated for each time w ndow. By averaging the cal cul ated
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417 and .out.put sinahe vehicle and lane. detectlon step (s3004), the lane detection section 312 . .
receives the output Sy; of the a-direction calculation section 410 and outputs a lane 1
detection result Sy and a lane 2 detection result S;g in accordance with the third
embodiment. | '
- Meanwhile, in the vehicle detection section 124, the estimated direction buffer
116 receives the output Sy4 of the B-direction calculation section 417 and outputs a
vehicle detection result Sg in accordance with the first embodiment. Thus, by referting
~ to the above lane 1 detection result Sy and the lane 2 detection result Syp when a
traveling vehicle is detected by the vehicle detection section 124 and the vehicle
detection result S¢ is outputted, it can be determined in which lane the detected vehicle
is traveling.
' As described above, the vehicle detection apparatus of the fourth embodiment
according to the present invention has the microphone array 402 comprising M number -
-of microphones arranged in the form of a matrix in one plane in the sound collector 3
and has the noise component matrix calculation section 122 which is connected to the




vehicl e detection result S6 in- accordance with the first enbodi nent. Thus,
by referring to the above |lane 1 detection result S9 and%Jagudraneoe
detection result Slo when a traveling vehicle is detected by the vehicle
detection section 124 and the vehicle ggt ection result S6 is outputted, it
can be determned in which | ane the detetted vehicle is traveling. As
descri bed above, the vehicle detection apparatus of the fourth enbodi nent
according to the present invention has the m crophone array 402 conpri sing
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- calculation section 122. In the B-direction calculation section 417, the direction
- corresponding to the apparent o direction from the microphone array 402 is set in the
a-direction setting device 413, the direction corresponding to the apparent f direction
from the microphone array 402 is set in the f-direction setting device 414, a direction
control vector is calculated in the direction control vector calculator 412, B-djrebtion
powers are calculated from the above direction control vector and the above noise
| component matrices in the direction-specific power calculator 411, the average of the
above B-direction powers with respect to the time windows is calculated in the time
averaging device 415, and the resulf can be outputted as the estimated B direction.
, Further, the above substantial part of the detection apparatus also has the lane
 detection section 312 which is connected to the a-direction calculation section 410 in
" accordance with the first embodiment. In the lane detection section 312, the output o of




~a-direction setting device 413, the direction corresponding to the apparent
(3 direction fromthe m crophone array 402 is set in thd9(Jamgiy 2006 on
setting device 414, a direction control vector is calculated in the
direction control vector calculator 412, (3-direction powers are

cal cul ated fromthe above direction codol vector and the above noise
conponent matrices in the direction-specific power calculator 411, the
average of the above (3-direction powers with respect to the tinme w ndows
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’ section (123 in Fig. 2) (third embodiment) and that an g-direction setting device 406, 2
- B-direction setting device 407, a direction control vector calculator 405, a
direction-specific power calculator 404 and a time averaging device 408 are provided
in the oi-direction calculation section 410, Still further, the present embodiment is also
different from the first embodiment in that a lane detection section 312 is provided in
place of the vehicle detection section (124 in Fig. 2) (third embodiment) and that a lane
1 direction counter 307, a lane 2 direction counter 308 and passing judging devices 309
and 310 are provided in the lane detection section 312. Still further, the present
embodiment is also different from the third embodiment in that a lane 1 counter 508
and a lane 2 counter 509 which are connected to the lane detection section 312 are
' provided. According to this configuration, there can be obtained the effect of counting

- . the number of passing vehicles for each lane,

C




- n-direction setting device 407, a direction control vector cal culator 405,
a direction-specific power calculator 404 and a tinme avdgdgmrgy 2836 ce 408
are provided in the a-direction calculation section 410. Still further,
the present enbodinment is also different fromthe first enbodi ment in that
a |l ane detection section 312 is provide84in place of the vehicle detection
section (1124 in Fig. 2) (third enbodinent) and that a lane | direction
counter 307, a lane 2 direction counter 308 and passing judgi ng devices 309
~and 310 dare provijyded i . ne. det et i ‘Sact | | f er, the
present enbodi nen ’P50§%§§ @%ﬂggge%¥§¢¥gﬁ?%ﬁeaéﬂﬁ?§$§W%§%bﬁ%%f@%%E?%at a
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out put s of andibeahiputs qﬂﬂmnbbw%ﬁmhx%wﬁmdma&miqypﬁcd@@dmhﬂeéhpl ified
by the a”’ﬂie'aﬁﬂ;ﬂiﬁ&rslﬂﬁ in'thd AG s QUnSFonCRAMBARNR thlctBkibh ¥eckiBhQubat i on section
122. In the noyig congpnent calcug?tlon Stﬁf %ﬁéﬁg%% ZLter t he ?Egguts‘of
the ni cr ophonelt e Poise sompenent galqulatipny step | 4fter dhe optppts & se
conponent  fidrophone Rafay0P aresaplifiad Bt the andplifiets 193] pubise dohponment ko se -
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calculation section 410.
In the estimated ¢ direction calculation step (s5003), in the o-direction
calculation section 410, in accordance with the fourth embodiment, the direction
control vector calculator 4035 receives the ¢ value set by the o-direction setting device
406 and the P value (fixed value) set by the B-direction setting device 407 and outputs a
direction control vector Sy;, the direction-specific power calculator 411 receives the
above direction control vector S;; and the output of the noise component matrix
calculation section 122 and calculates a direction-specific power, and the time
averaging device 415 receives the output (direction-specific power) of the
direction-specific power calculator 411 and outputs an estimated ¢, direction Si3. As
described above, by scanning the ¢ with the B fixed, the estimated o direction Sy3 can
be calculated. _
In the lane-specific vehicle detection step (s5004), the lane detection section
312 receives the output (estimated o direction) S;3 of the a-direction calculation




- cal cul ati on section 410, in accordance with the fourth enbodi nent, the
direction control vector calculator 405 receives the a \8lJasuase200y the
a-direction setting device 406 and the (3 value (fixed value) set by the-
(3-direction setting device 407 and outfits a direction control vector
Srr, the direction-specific power calc tor 411 receives the above
direction control vector Srr and the output of the noise conponent matrix
cal cul ation section 122 and cal cul ates a direction-specific power, and the
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estimation means; the CPU 4, memory 5, azithmetic circuit 11 and the like which

~ include the vehicle detection section 124, the vehicle and velocity detection section 214

and the lane detection section 312 constitute the above similarity calculation means; the

CPU 4, memory 5, arithmetic circnit 11 and the like which include the o-direction

calculation sections 305 and 410 and the B-direction calculation sections 123 and 417

constitute the above estimation means; 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 lane 2 counter 509 constitute the second counter; the passing judging devices

- 309 and 310 constitute the above vehicle location detection means; the estimated

| direction buffers 116 and 205 and the distance calculators 117 and 206 constitute the

. above comparison means; and the time base expander 208 constitntes the above time

. base expansion means. Further, the noise component calculation step (s1002), the

a _'ocB—direction noise component calculation step (s3002), the estimated f-direction




- estimation means; the CPU 4, nenory 5, arithmetic circuit 11 and the like
which include the vehicle detection section 124, the vehbghsagnzhosel ocity
detection section 214 and the |ane detection section 312 constitute the
above simlarity cal culation neans; the CPU 4, nenory 5, arithnmetic
circuit 11 and the |ike which |nclude t3¥e a- dlrectlon cal cul ati on sections
305 and 410 and the J3-direction cal cul ation sections 123 and 417
constltute t he above estinmation neans; the lane 1 direction counter 307 and
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estimat ed O83DER MEER AGHOEES pEeed fomeomediiag pibgnihan shridesirad yehiclspadi he

esti mat ed @aldhlﬁ&fé!h@ﬂo&ﬁbﬁ%ﬁid ﬁm&@ﬁﬁ%ﬁﬁ (cﬁ‘é&ﬂii)an%lrtﬁclldh@diﬂeﬁbﬂ Gfﬂlbe
above dlrectl esti

d b
o pr ovi doUEafeE pA e R AE DAA :s&fz A0k e il S ERE R rro o "
whi ch exhi boundt tudlectioe ieans cofpesing mi:luulety@ftmwgoxdloswanﬂ glaced endhen

when- a- pl umhhfgyof%f y&@e&&& rﬁu{ G Ghih @GS 'egm%m(}e:ﬁeair&u&h f‘é%“sgﬁ%% ger e

are noi ses pro UCG

m so I ng ot her tggn sire
cal cul at i ngPWefeln gach: {iBg WH19ﬁbm¥€ﬁﬁ@ﬂ@m%% ﬂg gﬁ@eﬁﬂbﬂlane
dir e?:t ion ﬁénxﬁdm@n r@sausldnlms@ [lﬁﬂlt?l&ﬂtelxﬁxﬂatwwlhileh u@ﬁcazaa&ha@e\iﬁtnecd@&u&y
sanpling t time signals m oun ol l.ection means conprising a
plurality 8§m % gﬁ@mﬁ g%%gh %f mtgw 'ty of a road perlodlcally
with tinme w ndows, estlnatlng the direction of a sound source in each tine
wi ndow and calculatlng the degree of simlarity between the estimation
results and a plurality of tenplates which indicate a change in the
direction of the sound source with tine while the vehicle is traveling.
19 January 2006 37 WHAT IS CLAIMED I'S: 1. A vehicle detection apparatus
conprising a sound collection neans placed in the vicinity of a road and
conprising a plurality of m crophones; a direction estimation neans for
sanpling the input signals fromthe sound coll ection nmeans periodically
with time windows and estimating-the direction of a sound source in each
time window, and a simlarity calculation neans for cal cul ating the degree
of simlarity between the




estimation results by the direction estinmation neans and a plurality of
tenpl ates which indicate a change in the direction of the Jaguapgd26a8ur ce
with time while the vehicle is traveling. 2. The vehicle detection
~apparatus as set forth in claim1, whergjn the sound collection neans
conprises a plurality of m crophones ald gned on a line parallel to the
vehicle traveling direction. 3. The vehicle detection apparatus as set
forth in claiml, wherein the sound collection neans conprises a plurality
of m cr ophowsRA RIS CrresiMepard:i ne parallel to the vehicle traveling
direction and a plurality of mcrophones aligned on a |line perpendicular to
the vehicle traveling direction. 4. The vehicle detection apparatus as set
forth in: cllai sv@hickhdstedtiont dppaxitus eotipoininges soumd tcolection ansns pigeed e thean

estimati Onvi@éﬁi r : ]Eﬁt‘gt. : .3 ﬁﬁtﬂ'- " i ng
di rection an 8f ?a{‘?\%f%'illdrwgé:nﬁ%ﬁﬁ%?p e o%%@&b@%’ s fgﬂ)g/beH %{021
det ect i on apseas forsampling e inpyt signalnfremshesopnd gpllecHor Biepns pesiodicalinwiths f or
- count ng. t Eﬁr@ﬁﬁaﬁgﬁ%hﬂﬂg{.g%&?x&ﬂ? gfaftﬁlhu@dtsuﬁses%ﬂdam 128 WIRAGY: Jnlar eachf
ane and:a_ l.ane.detection neans.for ectin e lL.ocation.in the | anes o
the sound & a%aiﬁhm?n peans oy ﬁﬂcﬁﬁﬂﬂe&ﬁhﬁg%ﬁw o sutlargy hetyeen tsen t he
road has: aegtimation reyulfbyl thadisection estheaticahmedns and b phirality ofifepplatesghivh set
forth in:cka ' Pﬁg@ t GRR"d urality
of MCroph(kﬁﬂé@%?Féﬁ%ah%é e g&?nt%é)g(g&?rlagto% I'n %Eg sarrdélég’?%jglee%r The
vehi cl e defravalingn apparatus as set forth in claim6, wherein the direction
estimati on nmeans conprises an estimation means for estinmating the direction
in the 19 da : te o i 2 5@Mshh ' @C&ﬁ&é}g{m
di rection %’f T‘Fﬁgélgélg%g souﬁ?/ 1%%&&\gns?gﬁ%y’. 8. The \?‘elﬁ‘?g(llﬂg& ce)Itlecti on
~ appar at us msasetonipriseh aipluralityi ofi rificrophenes alignké odiar loxt papalle] és themedhicla neans
conprises an estipation nmeans for estimating the direction of the sound
source by %ﬁﬁiﬂgﬂb‘eﬁﬁp‘%he vehicle traveling direction with the direction of
the sound source in the lane direction limted to the center of the mad.
9. The vehicle- detection apparatus as set forth in claim?7, wherein the
'?Ihr eg tio nt 3.6%hé ?@%ﬂ@ detéEifhSapprabiis lak géi fodth ﬁﬁélhi@i,lvﬂitéﬁdi@l@ﬁé%oﬁ%li coliektio@t | N ? "

e direction o e sound..sour ce scapni ng in.the rection w
the di rectRESFoniATEes B Riasy o cicropboReidipnRf oh 4 Hap dpsen tp e ebiqon
i mted.  Ilfavelihg diredtionland d plurality ofimippphones sligned st lihe perpendiculastothe/, whi ch
further C%&l@ﬁﬁvﬁn fdilrcﬁoncounter whi ch counts the estimation results by
the direction es {TaPi O neans for each lane, a lane |ocation det ecti on
nmeans for detecting the location in the |lanes of the sound. source based

on the countifd YRhHE debedd Spfatdtll GE sefRuPis® SRS, GHS tnd direfion
, : " estimation means comprises an estimation means for estimating the direction in the -
. vehicle traveling direction and the lane direction of the sound source.

5. The vehicle detection apparatus as set forth in claim 4, which comprises counters for

' counting the estimation results by the direction estimation means for each lane and a

lane detection means for dctecting the location in the lanes of the sound source based on
| -the counting values of these counters, when the road has a plurality of lanes.

6. The vehicle detection apparatus as set forth in claim 1, wherein the sound collection
‘means comprises a plurality of microphones arranged in the form of a matrix in the
:same plane.

7. The vehicle detection apparatus as set forth in claim 6, wherein the direction
gesﬁmation means comprises an estimation means for estimating the direction in the




counts the detection results by the | ane | ocation detection nmeans for each
| ane, when the road has a plurality of lanes. 11. The vdWbijehergdeo®@ction
apparatus as set forth in any one of clains 1 to 10, wherein the
simlarity calculation neans conprises a_conparison neans for conparing the
plurality of tenplates with the esti mat3®n results. 12. The vehicle
detection apparatus as set forth in claim1l, wherein the plurality of
tenpl ates are prepared by using the sound of a vehicle when the vehicle is
caused to \tdhﬁﬂ@' trabelfiol f@FRAbn V@h@Cithd Efine 13iredtith VEhi e GRAECEMAR:
apparatus as_ s faqr in claiml1l, wherein the plurality of tenplates are
pr epar ed: byF¥E% B?lﬂ'&’?]é'r contracting the time base of a tenplate prepared
by using: the sound of a vehicle traveling at a constant speed, and the

axpandi ng’ o A3 RIel? ReSERE ol 3E3CroR PR, 7 A e ThANoA 06 5o

14. The veltsdmatioremsans mmpapq@araataagmagom grearoforiestimating thendirastion Ioﬁrthcs 1to

13, wher ei Ropdd St B sGpBChi 1B emale&rmmgaﬁscmﬁ WHI B dikebtifh o
m crophones th nurrb_er OI@“ | C to or greater than "nu er of
assurmed sodAMREHEGESE the casmqq r@“&“e‘f"é‘&rl Hefeetrod conprising a

sound col lection step in which the noises produced by a travellng vehi cl e

a2 (0L SRty vanRle iAok Soaffed APRARRIRLARRG " wikleh W hhdpc' @

road; a dirféction es put ’ SI

pl ur al i ty @summmnmwmesms@ammms@r estimating the diregfiordofheand t he

direction s@lfn@soﬁﬂié s§zﬁﬁ'|51fgein't§e m& iR with tBE8ftedtioNDf e AN siié id
simlarity c ‘g%ijlatlo Ln ﬁichthe degre e of simlarity between the

esti mat i on MG RE ﬁ PHdmied. estimation step and tenpl ates which
indicate . a change in the direction of the sound source with tinme while the
vehicle is traveling is calculated. 16. A vehicle detection nethod
conprising a.sound col | ection step in which the noises produced by a

travel i ng ¥@hiThe sehiele detsrtion apparasys 25 sst farthl inclaimf7, wWhichofabereomprisghed on a
l'ine paral g ch@htéd\Whivle Bbt€ te et bficiOredhlfs3t theauaémmr&sﬁﬁﬂaoﬁ Blehﬂefoi“ cinity

of a mad; a irection esti tlon ste nV\/m.Ch romthe
“plurality h PJ‘H’GH%‘? 05 %‘Pspggﬁlfﬁ‘ﬁﬁt’(‘,‘ﬁl %/I%ﬁl?‘tf‘ﬁl ‘&fI}\E and

t he -di r ect scumdabume bmd@nslwcmmung values ofthe ecuriter, mabdnsetdomlacmndowhm}and a
vehi cl e de %gﬂ t e '
‘estimati on&’rqlglgg tﬁ{;d& a r&u#%ghi Il%ﬁeiﬁ?@foﬁ%{: fgotrﬁo S %S%Gé pa?‘ rﬁttfl“p

t enpl at es Wﬁﬂ@hsﬁnhﬂwefhn@-hange in the direction of the sound source wi th
tine while the vehicle is traveling is calculated and the vehicle is
detected bffeﬂfgn e result of the c teégrtﬁl ation. A vehi %I e de ection
met hodconp ehicl¢, defactiay IppRRS s SF A0 R e efflaimysilstedlo, ¥ 8l ed by a
travel i ng the lsimileitaroalonbition ahemis pnprisgéis oidpyrish mtbmsoﬂnln@nﬁ@aﬁhg gjnsed on a.

plurality of templates with the estimation results.

- 12, The vehicle detection apparatus as set forth in claim 11, wherein the plurality of
- templates 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 claim 11, wherein the plurality of

- templates are prepared by expanding or contracting the time base of a templatc )
prepared by using the sound of a vehicle traveling at a constant speed, and the similarity -

 calculation means comprises a time base expansion means for expanding or contracting

 the time base of the template.




- line parallel to the vehicle traveling direction and on a line
perpendi cul ar- to the vehicle traveling direction and pl a0dgmiaty 2006
vicinity of a multi-lane road; a direction estimation step in which the

i nput signals fromthe plurality of mcrophones are sanpled periodically
with time windows and the direction in the vehicle traveling direction and
the lane direction of a sound source is estimated in each tinme w ndow, a
vehicle detection step in which the degree of similarity between the

estimation f£spidvehicle d&t6ctionSippatatustds d¥etotth G shhy S dfVlaibi It thel3dwhetd on
estimation te(g‘nﬁnd gg@l urallt¥ of. tenpl at.es . whi CF I ndj cate, a (}heh[rilcgloe1 I n
the di rect i B SImdcallectionmeans GPrprisgsa PRl ofropppRes g humber qfavlichy o g
i s cal cul atiedquabth értpreatetthan Enumbatef assuadd baseisoorces et "r esul t of the
calculation; and a | ane detection step in which the estimation results in

the | ane 19 January 2006 40 direction by the direction estimation step are
count ed f orl5edt¥ehicle detaetipn methpd compising a soundollention step in michghe voisesur ce i s

det ect ed basedliced by Arvely VaflcKArd Bsllecitd byA %afa'nie,! 6f ARiretidnes plBidmd
conpri si ng\£ s.our.ldé{fol lectiqn sfep i.n whi cllult e nglrﬂs]es Er.od ced by a
Lravel i ng VBRI 53 Toat & dieciiopstmation SFp i3, Whith e mpph seaals dRmfhged i n
t he. f or m ofpluraliytof iniciophdree asesamphddyresiodicallytith eithei winddwes andotha dirgetioh a
mul ti-I ane : Ik EeCh:l b PP Yirdo | \gﬁﬂ'iglﬁ | j.qnal s
fromthe p|°3§§ | d%o%&ghf%bg%ﬁ?gﬁg%h ar egsarrp%g_gh%grl odi aﬁf}hw _Stﬁlrg%e
wi ndows ahavhiche thti degree oof similasity \hebwesne ther gifimation regultebyi e diserticRe | ane
gi [eCE I on, @%ﬁxﬁatﬁfﬁ%vméqb aﬁwfe%ﬁﬂ%tas %ﬁdhn%ﬁﬂﬁ_ﬂtei a*lﬂcmtg@iﬂ ﬂ{@dii‘&cﬁtdﬁ\@f i .sdﬂlﬁ?! cle
etection step in, which, egr ee im.lari et ween the estimation
results i ﬁo‘frﬁ%%ﬁﬂq M‘?@\?é’ﬁaﬁﬁ%ﬁ?‘?@ﬂ%ﬁcﬁffﬂ%{‘ﬁg’ direction estimation
step and a plurality of tenplates which indicate a change in the direction

of {1 50118, SSHLES Lk A S I oy EPHEL 8l oul ot o
B P

and the vehrcle 1S ecte ase e resu and a

| ane det ecPpragicesthym travelipg vehielp arcccollpsted bynmphugality pkmicsopheaes aligged R 2 ect i on
by the dirgas ipeRnashi @ viBlesthARliAE irssiont £ Pleved9athe VirRBtyasTch fdad; 4 ocation
f

in the lanes of the sound sourc s. det ect based pn .t he.counting val ues.
16. The veRIFEAton EBRqm om B HEHD 4ae Byt spals o the BbFUREO! BPEPRRREE n t ne
di recti on. assanpled periodioaly witte tivhier wintlows and thehdireotion dbfsosound sosrcess i nmat ed
by scanni ng_;j ' . | [ ' it h: t he. di ' f the
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y scanning, ]n_the .l ane rection with.the direction e _sound .source
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nmet hod as: efthe taedlitiom -cl ai m 18, further conprising a | ane- specific
vehi cl e detection step in which nunber of the vehicles detected by the

vehicle detection step are counted for each |ane detected by the |ane
det ect i on Ef.ef vehicle detection method comprising a sound collection step in which the noises

produced by a traveling vehicle are collected by a plurality of microphones aligned ona
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 from the plurality of microphones are sampled
periodically with time 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 similarity between the estimation results in the
- :{ vehiclé traveling direction by the direction estimation step and a plurality of templates
~ which indicate a change in the direction of the sound source with time while the vehicle
s traveling is calculated and the vehicle is detected based on the result of the
calculation; and a lane detection step in which the estimation results in the lane
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direction by the direction estimation step are counted for each lane and the location in

the lanes of the sound source is detected based on the counting values.

18. A vehicle detection method comprising a sound collection step in which the noises
produced by a traveling vehicle are collected by a plurality of micrdphones arranged in
the form of a matrix in the same plane and placed in the vicinity of a multi-lane road; a
direction estimation step in which the input signals from the plurality of microphones
are sampled periodically with time 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 similarity between the estimation results
in the vehicle traveling direction by the direction estimation step and a plurality of
templates 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 lane detection step in which the estimation results in the lane
direction by the direction estimation step are counted for each lane and the location in

the lanes of the sound source is detected based on the counting values.

19, The vehicle defection method as set forth in claim 18, wherein in the direction
estimation step, the direction of the sound source is estimated by scanning in the
vehicle traveling direction with the direction of the sound source in the lane direction

limited to the center of the road.

20. The vehicle detection method as set forth in claim 18, wherein in the direction
estimation step, the direction of the sound source is estimated by scanning in the lane
direction with the direction of the sound source in the vehicle traveling direction

limited.

21. A vehicle detection method as set forth in claim 18, firther comprising a lane-
specific vehicle detection step in which number of the vehicles detected by the vehicle

detection step are counted for each lane detected by the lane detection step.






