19 January 2006 1 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

i ntended for redVERICHUEDETEECFIGNARBSRATYS AND YEICGLE PEFECTION
exenplified apparatus is shown in F'%“Eﬁgl ps conprising sound collectors
701 and 702, anplifying circuits 703 an (904, a switching circuit 705, a
frequency analyzing circuit 706, a frequency distribution conparing

circuit 707 ' i ff C ' circuit 708, a tinme
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t he second sound collector 702 are placed along traffic flowwth a fixed

di stance L .t herebetwe he nojses A and B of the traffic flow which have
been col | e@t&? Ll‘ﬂ’i'éggh% | ectors 701 and 702 are in turn inputted
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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




- 19 January 2006 2 vehicl e because, as described above, the conventi onal
detection apparatus nmeasures noises only at the two spotl9 Jahemg20da in the
vicinity of a road where traffic flows and calculates the velocity and
traveling direction of the vehicle baged on the time difference between

t he frequency spectral distribution SA and the frequency. spectral
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vehicle detectlo para I's ca tecting a soun source
even when calcplpigs ﬁreme@ctﬁr alﬂeﬂfﬁ\f@l%dlreah@l ® t&w#hlﬁg basedgn therfeer diffprenee when

there are bemeasshepﬁafuﬁaﬂspfeé@gmmhbh RO\ gidee frdghéRy shpeundrgisiBdioehi cl e
and cal cul tlng% ﬁﬂ]l he vehicle travellng direction and the
| ane dire FWW Caf

°the nunber of passing vehicles. Exanple
enbodi nents of the present invention may provide a vehicle detection

nmet hod mhlfﬁlﬂﬁ rqﬁ@f I ng a sound source even when a plurality
of vehlclég are tra@t |ﬁ% sin@ﬁ{aneously or when there are noi ses produced

f rom sonet hi ng Example embodimentsef dlesspresedt inybitingnayiovidé e wekitle wgtettivm | ocat i on
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and the nunber of aSSI Icles. In accardance spect of
the presefte FHFHEM ﬁlarrﬂtaqurerlé of gvhen dharej are peises Prpdured &eme?@me&mgaptpar at us

conpri si nghag magﬁlfcpfahid&paﬂd@mmﬁargsth@ Raseh i’nﬁhe% Veicd ﬁz%v@hﬁgt’mﬁﬁcctm@aﬂdo a]gi and

conpri-sin rali on |rec | estimati on neans for
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- with time w n#smsplartibedimenttaf te prb@ndrnweﬂionomayqfroadrsmuﬂdcle detectionl N each

time w nd%hoﬁ 31 1ssda ﬂl@&f&e}(ecﬁﬁ g"él)r%d rdT%R w r[ ﬁlraq g‘“/ﬁﬁngcl he degree
s

of srnrlarrt on resu |on es |nat|on
means andag tpavah@g smyﬂt@rreouséyrpr arrhers theé ote nqxswa |pecahleechﬁmnaaqgw@thmg other

directi onyh tdRsRARHiROMICEIcifill the TBRatdH thGhd V%c‘lleetpdv@iu% dngecu&{ gyeling. In

t he aforesaid vehic¢cle detection apparatus t he abgve soun | ecti on means
may conpr f h:‘?éa"ffdp‘le&?"a’qutﬂﬂ‘ﬁ‘@%‘ r of pagriaevebieles- | i ne par allel to the

vehicle traveli B@ofliah@CHiRN: ﬁlépsépealdmh& Prdsbt Sneahisd, | thétt 10 Brovidag ol Ocati on
in the vehigle traveling directjon of a vehicle may be detected. In the
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Ny - conpr hSBad aid Wbdpridivg @ fplurhlity GINARESHhBhdsI A EHreBffor? edtinRBoR Micdht @br t 0 the
vehi cl e travellng dlrectlpn@and a plurality of nrcrophones aligned on a

i ne per pEHRRIEG| BF ipRpt e smalsy Bemcthe sprnd, eplisshonymeary peedicallz orith Mt o this .

consti t ut ixalowk ad |SG@itieANthb RirkhiRn T §ueid sbﬁr%é“i‘ﬂ bRl ©hé §5idodR a8l the |ane
direction of a vehicle naybe detected, In the aforesaid vehicle detection

appar at us SiREty; GRlglatiqn Aigans [lore g3l ?‘H?f%ﬁ%?sdegree of similarity between the

estimation results by the direction estimation means and a plurality of templates which
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




may conprise a plurality of m crophones aligned on a line parallel to the
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m crophones aligned on a line perpendicular to the vehicle traveling
direction- According to this constitutdion, the location in the vehicle
traveling direction and the |ane direction of a vehicle may be detected. In

this case tratzélﬁlg &RBNGh aidraqgﬁﬂaﬁ@ &%wmﬁm&a aliBRA Sn ABine peiPRAdISEaAD tesSt | mati on
means for t.he ve cletravell\ggm%l{glc i on and
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direction and ane direction he ve can _bé detected while the
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suppr ess ethnB@irectioRCTiRd Vem@@wﬁﬂmrdsférwatubn of e RXBEP/ & thé B&e&RRDY Where
mcrophoneﬁlﬁare al Iagn?gélfl n th x-axis and z-axis directions to set only an

a direct POR RS ?l?rSSr?f ‘or a Rdirection (vehicle traveling
direction). |nli ke afoessidavetlicie fétedtRndgipasinis) thea pide adittstiod hﬁuﬁ:ﬁﬁ)‘ﬂe

direction estimation means. se an est] nmat N nea or.estinmati n
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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 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



- the detection by other noises nmay be suppressed nore securely, as conpared
with, for exanple, the case where mcrophones are aligndg Jafu#y2006 axi s
and z-axis directions to set only an a direction (lane direction) or a 0
direction (vehicle traveling directiof). In 19 January 2006 4 this case,
the above direction estimtion nmeans may conprise an estimtion neans for
est i mat.i nghik kesedthe @bbveodireafioresmitnon SREnCRaP yorRprisengtimatidiearsforc| e
traveling directi . Wi.th the diirection of the un rCe. | he | ane
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direction and the | ane djrection of a sound source two-di nmensionally.
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templates with the estimation results. According to this constitution, the traveling
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~ 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




- velocity of a vehicle may be cal cul ated by using the tenplates (plurality
of tenplates) at different velocities. In this case, thd9dmaseypd0srality
of tenplates may be those prepared by using the sounds of a vehicle when
the vehicle is caused to travel at different velocities. In the aforesaid
vehi cl e detection apparatus, the above simlarity cal culation neans may
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P 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 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




-~ are sanpled periodically with time windows and the direction of a sound

source is estimted in each tinme window, and a vehicl e détlesiarpp0&i ep in
whi ch the degree of simlarity between the estinmation results by the
direction estimation step and a pluraldty of tenplates which indicate a
change in the direction of the sound source with time while the vehicle is
travel ing I t he. .V C esult of
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detected, .and .the travelin anuar% vélocity of the vehicle may

be cal cul 47 Eigy hehoises iy “tc Y &t Bev Bgl)’PBIPetVecPP e‘t‘@nﬁl’ét@%‘)a it ol f fer ent
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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.
| 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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are aligned in the x-axis and z-axis directions to set only an a direction (lane direction)
or a B direction (vehicle traveling direction).

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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R source is detected based on the counting values. According to this method, 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 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
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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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cal cul at edﬂq@e@é@r@l@ummg itlke F@VPtQ?glf@éth/é@hﬂQlﬁB *ab@v@ tl@rfmhwd@maarm t he
estimati oaete&tsé UAt Shanf GORKH Nidatich bhitRe WBRiBRwitR tﬁﬁ@%? bd1 dbl&ed 35at i on of

~ the vehicl \\% % rTE ma be detected by cal culatin he above dégree of
si milarit §Aloua@rels 2bove drerre Of sinpiayitn dvherby dbg weuc %“@Hé’ﬁgiétepﬁ théhe ocat i on
of the vebelﬁbleu\amélhlgtdm&mdmy be detected by <calculating the above degree

,? ]; a\S/Ielml lngr Id;[ ?”e g}% orgsagdh\%hl\b e &e(fec(taiorrlra n}éthoﬁ gtn%lc‘:n er otl the a{;love p\iurall cﬁ‘

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;




- In the aforesaid vehicle detection nethod, DP matching may be used to
calculate the degree of simlarity between the tenpl ates 1gr]§uiah)e2@{mt| mat i on
results. According to this method, a change in the |ocation of the vehicle
with tine may be detected by cal cul al@ang the above degree of simlarity,
whereby the vehicle may be detected. A change in the |ocation of the
~vehicle with t iHig :nﬁya cb@rﬁiﬁtsﬁ&trmd tbe/plaeaﬂ;fmu bithie igicitopRoroiag ofelgy Bt of
S|mlar|ty bwﬁ ?é ({3 3{1 HF%‘ 0d_etectedinthe ~vehicle traveling
di rect i on.CEYCPRRAT AF°GFUREP ?/%rﬁfeg G&t%eti on method, the number of the
above pluralityFigf4 iniadophomes sheying ethe qughiclet detestiogr mathed afhthe fissinber of

assuned S%%dﬁﬁéﬁE&&%rdfr}}ngothepf%PéHEﬁg) ot O th| s rret hod, the accuracy of

estimating the directio sound_sour ce nprove, and a vehicle may
be detected evdhgwhisrh Blogh @ﬁ@aF%S}IOan&/@ﬁlsébsé?éltlalr@“ ot the SFIIAI 461kt aneousi y
or when t @faﬁrs of MRIs&R%d BmBSMERE 4k aﬁidpra@mqh{?@hoﬁ han the desired

vehi cl e. SCRI PT] ON Pr.esent i d many
of the advant adpE ‘?CR e[i'ﬂ \RP: i s E{%Wlﬂgt&{%rcﬁﬁ]ﬁo‘gﬁl?f‘%dm?ﬂ%ﬂ?fﬂg ?GSP'F‘QV\A ng
detai | ed datodinpnt aconlieytotbasiestat mtentionconnecti on with the acconpanying
dr awi ngs, wher [ b [ tection
appar a'? us 100 E‘F'flg t7h£ g'?IOék : %r% #Q&ﬁ%ggﬁﬁgnggpw&tﬁ ﬁmglgé& reg%qghow ng
t he subst apparatus phihe tyfd enhodizetit epaording EC@?BWSGI&W&P%RQJS of the first
enmbodi ment accargdigg atQloElbﬁlaEfa%%H\Nlhé‘m&b@tﬂmlal%arﬁﬂﬂﬁfﬂyml%@% Al Fig. 3

is a diagram show ng .t he pl acenent m crophone arr of the first
enbodi nentcoawemnapﬁaulefm f‘ﬁ’é“‘ﬁ’r@éléﬁ‘cpgﬁh‘gfé%l?%ﬁa leyiptipn section) Hf feoyeichear 1

showi ng t fiete¢adi ﬁiﬂp@rad@tcﬁﬁidtﬁllﬂd Bfﬁbditﬁﬁieﬂfacbd&ﬁm@ltdiﬂi‘epr@ﬁﬂn‘.ddveiliﬁaﬁ according to
the present i nﬁ.‘en am. s@@iwi D he trS?S%Estf’mtl al
part of the vehi'® elsaéifae% ow‘g%%?rpa\?cﬁgwf} BTG af accor di ng
to the presﬂanthmemt/mbrdmgtoﬁﬁl@res&ntmvaltfolnow chart show ng the vehicle
detection nmeth o} c

i nvention; Fi %]% fo rlf’h%[ab %ﬁ% %gﬁ%ngstﬁgvrge}r}%&t éetgdstf&gsl%lghé(?g) gr%tﬁmof t he
vehi cl e d@n@@gﬁm@ntaca?rémé@ﬁ@pmsemwepmmd enmbodi ment according to the
present invention; Fig. 8 is a block diagram show ng the substantial part

[ al pha] -direction noise conponent calcul ation section and

[al pha] -direction cal cul ation section) of the vehicle detection apparatus
of the third enbodi nent according to the present invention;, Fig. 9 is a
di agram showi ng the pl acenent of the m crophone array of the third




. enbodi ment according to the present invention; Fig. 10 is a flow chart
showi ng the vehicle detection nethod of the third enbodllgqmuaay:mﬁdl ng to
the present invention; 19 January 2006 11 Fig. 11 is a bl ock di‘agram

showi ng the substantial part of the vehicle detection apparatus of the
fourth -enbodi nent according to the presdnt invention;, Fig. 12 is a diagram
show ng the placenent of the m crophone array of the fourth enbodi nent
according .to the present invention Fig. 13 is a flow chart show ng the

hi cl det ect t.h .he f t h BNt di tq. t t
Uoventton: Fig. 18 Teod ek i dhaihe SO AT ERE reli e it fabtiel he.
vehi cl e detapparatas of&tqaﬁ)nﬁhmmboﬂlmdnemqofdmg tnthe giresemttinventiondi ng to t he
present inventi q:n fi an%ﬁ% %h&ézﬂg’rtggﬁiatceﬁgﬂ%m&ﬁﬁm ﬁBﬁ&EﬁaﬂSf‘ fifel i on

met hod of the Firf nent acc he present 1 nventlon; and
Fig. 16 |sf‘éilr§4% fHF’&Q glipgforthe presens WEW@’I al part of a conventional
vehicle detect ipy mmﬁMchﬁEmglﬁVvéﬁcEF&tmm BMDIMENTS The

enbodi ments_accor di n present | nvention will be described with
ref erence FH’% ﬁ’éﬂ “ﬁ‘gié'g:ﬁ%&‘érpﬁ%tﬂl D480t st enbodi ment] As shown in Fig.

t he vehicl e dfeg. dd-tls aﬂnlm:kpbagmmrshmfgdic tubetahtial part efithediehizht detestioar di ng

.'to the pre | 'ﬁé]ltg‘e 2 Which control

t he whol e g@%%??éﬁ%rﬁ%r% soun gt I o?engm"n c(n col l ects the
" noi ses producedFighyl3ig F‘aﬂ‘é“( |°h§‘t\ﬁBﬂWE‘lg ea¥s F%GF‘GE%?R msthodoet thenfifthwhi ch
control s tbﬁb&hmehﬂgsdbi-dm ﬁ)@epf@entqmdnﬁﬁﬁ%@ (including the rotation of a

m crophone arra escribed. | arithnetic.ci Lt 11

whi ch perforns ﬁ‘&/%rs&c}?}@‘ﬂm}gﬁt’tﬂégﬁ ?%?E‘ﬁnaﬁ%lp?‘ﬁ(?g‘ecqngfm%%i E‘ﬂt’%{?l ng

noi se conpdetestion apparatwsal cul ati ng the estimated direction of a noise source
and for detecting the vehicle, an arithnmetic control section 8 which

controls the drivin of the arithoetic circuit 11. a CRT 9 and a displ ay
cont rol sePES&BIé’IEEN W%M@Wlon a printer 10 and

a printing contThd eﬁt@@ﬂiniﬁittﬂad&btcﬁﬂg @ ihatpredeat iBenlion Oill bdlessibedrwigand a
timer circuit 2 whi.ch.is for. measuring tinme. As shown in Figs. 2 and
3, the abo{f’gt?/‘ecﬁlt F‘%ee%%%“ ‘”:S‘E‘S “ratus 100 conprises a mcrophone array
102 conpri ﬁmmwmmhunber of microphones, a n-direction noise

conponent matrix ?ngi in?‘x%ollncu%hic%&e%ﬁoﬁ’ﬁg E56) YR8 HAFcRNbAHER: Of the

m crophone array | ates the nol conponents L n_the outputs, a
- di r ect i ¥gordiny toha presentdavantion camprisgsiadly deasd AsgempryeS Hhich pondpl ¢ he
A-'di T ecti afie WMhoREdeteUNidANPPiratus, a sound collector 3 which collects the noises produced

by a traveling vehicle, an input control section 1 which controls the driving of the sound
collector 3 (including the rotation of a microphone array 102 to be described later), an
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. ‘ : .




~matrix cal culation section 122 and cal culates the estimated A direction. of
a sound source, and a vehicle detection section 124 whi qb Jdgiag£2@06a
vehicle traveling on the road 101, in its substantial part conprising the
sound collector 3, the CPU 4, the nenory 5 and the arithnetic circuit 11.
19 January 2006 12 As shown in Fig. 3 (B, the microphone array 102 is
placed on a line parallel to the vehicle traveling direction of the road
101, and the above M nunber of m crophones are aligned on the above line

at a regular int . Lhi s i nte \QEEF Wels ' ot
necessarily cons_%%%@wxftrl\l %HI g(a%gﬁseeéyﬁ?&&@\%r, 36?§%§°ﬁt0§%% regtlJ ar
interval d thevehicle tepdingdiregtion ofshe trd 404 and thejabave Mnumter obmicophones he
j 3-directiofe aligh&lbAtth®@hboeS Lind Mt b2 eghfar lidehlal lt Gthis HbrSall BltREMAkRS NMUSE
be made shorier than a half of  the ma%glen th of a tarﬁet sggnd squrce
si gnal and, ™iFFARRPRES 1K Aot nggasarily fonstant 1o s fase, RAyGWFRS Hgetta e gite@den on of
a sound sounteeval Wcbemass tiees ciladationl of aodirdclion icohgrol adctet inl ther B-daedionhen a
target soung ' L Gl ahd houah C teristics. vary
o ven clAcpabf feckin 2 Biadtifeed iy AHE L R SAERCHR oA il S, 07
suf fi ci ent thpwakslength oha trgelgiound s@oce signalend, within the engat tbe vedurabyft ween
‘the m cr ophomasidgS theldifdctiaR of @sdud 3bufcd ihfrefed @ the viRE ith %eﬂhr getion
of the sound sour within the  above, ran&; gﬁﬁﬂﬁéﬂkﬁr%éf en the
i nterval dRcaset Yhena et soyed fopreeis @ vefiirle, gfthq Bocy chargciepgcs
decr eased. vhyrfidue vehitle to ngiricle ssindeenamg dififarent tyfesef vehieles podidea sdfficdaiti on of
a sound so -t g%gp gl | | I I (oY
greater t hgé‘%& 15115@%% ng{ﬁs)éﬁr ﬁgftmsagfﬁﬁg’h@gaﬁtgg@ ?\E}%ﬁ‘:;{c e%f ‘?@'ﬂﬁ)p ?Bffes 18
Par t i cul ar Hgsiably 3 i 3¢ s i prdgr todetestdhe direetion of the seund savicse Bithin theand, in
t he mg ase ?Bllaé\reri’dhéd. '?ﬁﬂ%sﬂ \Gvheld thé iéﬁmmacb{)sgfset ¥d1hb@?% 195.—#, ﬁ{ées'ﬁzleof]t'l'lcg g _
nunber of | anes . spown in.Fig. , e m crophope arra S
confi gur eds?lﬁ%‘ifaflﬁﬁf?ie?‘?a%n m‘é%f%f‘ﬁ?@&ﬂﬁ’f‘? AGeRract ?trgéq‘m@?'}gég? fh(’i‘i"ﬁ“o#ﬁ% nor mal
extended facomidhsousteqile nmmbén Ehoft tafcrophoaeoijshdesiralaly regyal 0 2rigieqpdrathadl f or s
an angl e an\M.} ; ' ) ross the:. e ad.
Furt her, -aség@ﬁ[g%ﬂ:&rﬁg?—lﬁgf ?%%@)d%(’h?:ﬁg?{rﬁhé@%% h.'gae' aﬁgﬁﬁ%% stﬁ) é_g%gr%’_f ?fr red
such that pre-lganreadsM isesuitablytear 4 andainbe cassrafal multi-lane roed, Mris ythe -
di recti on "RimyaebfRaed ¥ 8Mts 'idmbes oERhé@ed by an angle O fornmed by the
normal extended,fromthe_ plane on,which the njcrophqne arr 102 is pl aced
and the x axis.AFHPw H%%‘&%@Sﬁhm‘gﬁp@ﬁﬁﬁmgbfhﬁgqnﬁﬁu@glsﬁ%ﬁ RN sect i on
122 conpr i semtded huaiverticalf dizsrtibe.f The aodfd extendéd o the pime toadwiiioh e
i cr ophone arr | ] t he
m cr ophone ar-rp}én%g%?mﬁsﬁgrﬂ g?n&ﬁaqge?ﬁg#?%j@g%ﬁ %5’?3 %{S\%ﬁr} §%§°;S? Q%c
connect ed geter iof the mowb e rFusthern rps| showarin Kiga 3ad theemi¢rophonhearayut@uiss of the
corres pondioﬁggiﬁ%![slhcfﬁ tﬁﬁ/lﬁt éﬁaaso%?&%a&? RhoriZoRel Fﬁﬁéﬁo?g%& H:?agﬂhé dﬂr@éionv"{"”h ch
are ¢ _O "Ne ot hoises (veﬂlecle') s estimated I?y anméah\{g e ;?%onﬁn%ﬁ%g the normal extended From the .
plane on which the microphone array 102 is placed and the x axis.
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 corresponding 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 connectqi to the M number of frequency analyzets 105 and receives the
- output (complex amplitude matrix) S; of the frequency analyzers 103, an eigenvector
"~ calculator 108 whic_h is connected to the correlation matrix calculator 107, and a noise
- component matrix calculator 109 which is connected to the eigenvector calculator 108.




- outputs of the correspondi ng waveform sanplers 104, a correlation matrix
cal culator 107 which is connected to the M nunber of frd§Uemayy20Qd yzers
105 and receives the output (conplex anplitude matrix) S1 of the frequency
anal yzers 105, an eigenvector calculator 108 which is connected to the
correlation matrix cal cul ator 107, and B noise conponent matrix cal cul ator
109 which is connected to the eigenvector calculator 108. 19 January 2006
13 Further, the 1li-direction calculation section 123 conprises a

j 3-di recti on et g, tﬂ@gmﬁc&a&cm@umnss%&mm &ugjrrss%p%mb&o&ga@%ngthe

m cr ophone array I fectlon, vector: cal cul at nect ed
to the (3- Aevice t116W § direetionin scangingdhe wigrophons gEay 19% agixmet
cal cul at or \&wrvdalmtatorslrz)mm edcérnettbe tdithe Gdiedetive Geling w&umtq 112

L0 L n el bRk G AIP 158 il 1 KRR B B R 15
which is GxalmmreHthdtthéhejBﬂ:bmcmlmagnemnmonemmm«uwtmncsecﬂbhOIZZand a
time averaghfige H&H &Fent &&M‘Gﬁlﬁﬁ%t‘of é@é)“@"ﬁ% )zgq%xb };rdt%ﬁié&‘érligg CY?P}M ?39' ng

device 113." The o est| mat e dire
cal cul at | orfOBRESsddA ﬂiﬂz@ﬂ%loatwaqlﬁ@aowv 9&10(“I1Pé°lﬂf adha fimeavergingdevireyi ce

113 and Itheuu wm:haiyedsmcﬂata gﬂ@élfﬁﬁuélbﬁﬁvéﬂliglﬂg amc@va ﬂ‘he@hli)ﬁ@(ebtﬁlgaté@ﬁm fic
power calc er i C i conpri ses
an esti mat gﬁ%&%%%rﬁfu@ ?gc oghsc? %’%Clé;é’?’gad“ “htB %’?%‘?nrcgct i on
cal cul at i oaveraging odevias, 113 dindt #hec dimec dveragmgodeticd W, clfroms tbenateoeed to

the esti n’atdﬁgctﬂjntﬁ,@éﬂﬁg o%{gﬁém%plm\d receives a preset sound source
| ocation tenpl a%?ﬁl?é' a conparator 119 which i s connected to the
1

di st ance cal cul ﬂ*f’ ‘5?4’6013 a1 sgetionekid comprises @8 ¢sEimsted dicectignue S5.
The out pubuffér DI6 whithde epadeted tothé Bidirebtien ealoulhtiorofectiohiloh ea ditaes i on

(the outpu h le d .section 12 vehicle -
det ecti on %r%;gﬁtﬁla}grgase C%qs %nneg%gs%h‘; Iinaat dg‘g'?‘étb 4%#"%&5‘?@%&“’&% will
be descri. bemset/sgumg:m:q lncatiog tenpplaten®, ansha comspatatoed 19 whidkss baheated 6o di ng t o

t he presen R SR | I Vet 0§.1) noi se
conponent E:hael %u%ﬁa%% &émo%tt&gmg?%o w%glr#r%g%@r% L3q\’@%ﬁ%elsnr%gct | og@ca c%l ati-on

step (s1009¥P8hn Pémé%rt B isdbe resul of (V§h1£ ectiop (thseoubpit o the

col l ecti Onvélﬁﬁadétﬁdtﬁﬁﬂs)ecuémmdm cr ophone ar ray 102 is controlled by the
above input co ol n 0 coII n0| s.produce

vehicles and t Elg |ak§gﬁlﬁl% d‘]’mr‘ 0 B?F t e taﬁ’ﬁf% v ﬁ" ?ehg tr‘?*f’t&(?’fbphone
array 102 %Hpermmlqﬂfmcblcscﬂﬂmd arrpl ifiers 103. In t he noi se conponent

cal cul ation st egs (adADZ I f&%e%ﬁxcﬁ:“ﬂ%& chBf ackh8faNBONE pALLAY 102

are arrpllfle gytea |ers out pul’s are
ent compnscs a sound collection step (s 1) a no1se componcnt 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 ,detenoratgs 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

l'




~inputted to the waveform sanplers 104 and sanpled periodically with a tine
wi ndow having a wi ndow | ength W Al though the shape of tiBdamane2@i6ndow nmay
be a rectangle, a tine window having small anplitudes at both ends, such
as ‘a Hanning wi ndow, is nore preferable,, As for the wi ndow length W a
shorter wi ndow | ength Wfurther deteri o]|4at es the accuracy of direction
estimation, while a | onger wi ndow | ength Wis nore liable to fail to track
t he sudden novenent of a sound source. Therefore, an optimum w ndow 19
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transform %F\R%ﬁldf’g‘wfﬁ& e&ﬁémc “?‘f'?éfaﬁ g]ﬁgl es for

whi ch’t he fmrqalcalanng.thmldompdte&nmlxtud&ahmﬂmﬂéﬂsadsmdmuwhfasmFonndsremmhﬁn four,

a met hod :b 195&&%8%%} ﬁév’?&xfef%ﬂléﬁ%é ﬁﬁﬁb&ﬁfﬁé{]ﬁﬁéﬂ:{ B'r:%&lfth@g@:hﬁﬁﬁ' ate.

“As for the I on_es
i ncr eases &31 dgs precepieniatpd) wépq@é tp s dess &ura p drethedybasednam knawn

f requency ahere PGt REsrh OFM) G§ a ﬁﬁt@ d@s fdﬂ&h@lhﬁé@lﬁ@q&nbiés,ttﬁé

el ongt »agrRg et SR %ﬁ%bﬂﬁeﬁcfeaaes %1 befos PEhcodnes % st

wave

vel ocity, h:wbrﬁhmr&ﬁeqﬁémy welicdd wavelengthi is Hwicei a8 lbh@ asﬁlmdmmndeﬂi indhe above,

are appropgj; onéaﬁQ 02X TR okd #ﬁ‘cn@lf 'ﬁ)églﬁ':hc ﬁﬂéﬁ'ﬁtﬁ%&ﬂg@"&nﬁtce”a' n
a dolumm. “Vec r’rii

frequency an S expr sed as (9};7@

(expressi ofhotier sapq . which cremrrm(aes@yn slogity, Bnd | shortercthan in

expr essi Onwhiéﬁlc(lmhe sﬂmbﬁs MR firle@RbE % AtcSepp (ﬂ:’iﬁ]ﬂhx h@Rmide indthes,
na

frequency,. wh calculated from.t, he

i or ophonels SRTIAFps SoEm Ry Sre%m?fé%# R YEEHBT o  « of
the matri xby (gkpreddiem]) i n the correlation matrix cal cuI ator 107, a

correl at i OR[APE ko). S, x6a7 cul at@ﬂpm§gim)t he out put (conpl ex arrpl i tude

and expr ossed B e ALNRPRTR R OBy o (D ReRiss ﬁq%%ﬁ%ﬁ??? BRE3) e
above exprisegicary, wiich isccaleated ifrog ket put signal riag mitrephensnj Ingat e,
and mis laddihd}{l the letter T indicates the transposed matrix of the matrix [].
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 1to M. -
Thén, in the eigenvector calculator 108, the eigenvectors vi[m], v2[m], vy(m]
(m =1 to 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)




- Then, in the eigenvector calculator 108, the eigenvectors vi[m, v2[m,
vMmM (m=1to M of the above matrix R mrm] are cal cul apdahuafyo2®¥l cul at e
t he above eigenvectors, since the above matrix Ris a Hermtian matrix, it
is firstly converted to a tridiagonal matrix by a known Househol der's

met hod, and the ei genvectors are then 18alculated by using a known QR

nmet hod. Then, in the noise conponent matrix cal culator 109, the matrix
Rn[m ] corresponding to the noise conmponents when there are K number of

sound sources i ;nthq,]:igé nﬁ?&gﬁ?ﬁ HO QMBBEYK O XA $SireEy st bEAbafder than
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di rectian cal culteibe giimated diregtipmc GPJ"%‘@PISVP (31092), firstly, pdesired §isssting he
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123. Then, the di 0 ectar., ¢ a ng the above
0 a di rectrdirtimn St il %miﬂ%& ERboghoi Bl oot 1y “ae
shown by: (&)qsmp@ssadaa)icohtplqvecto@d{ap] asgiogm by) (expmssidnet)above expression, v
i's defi nedday] = EPesstQn,e3™ 9T (dsi n13) (erpressigii 45si on 5) In the above

expression, c represents a sound velocity.. Then, the 13-direction power
cal cul at ormﬂ@amm@xpgsmﬂ]a;mtmmb(yr(exlﬁessmxm)ponent matrix Rn) of the

13-di.rectipn Mﬁ’)‘?‘c conpo ef8dd §)¢ cal cul ation section 122 and the above
direction corgtr vect or nggﬁto cal cuI ate a power in the [3 direction,

PES) P(ngﬁméohmr& ; ][éi é&g%sla(st%aa%ﬁ;b 6) IIn Ithe expr essi o][l (6), Ey
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certain.ti OW 1S process |s repeat ed for
each frequiBdy, and the outputs of the [3-direction power calculator 110

are average{p) &=n/@pe}i Repysidymyver agi ng (d:qm:ssmnlﬁw

In the expression (6), by changing the f duecnon from -90° to +90° and
calculating P(B) for each j3, 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




whereby the estimated direction of the sound source in the above tine

wi ndow i s cal cul ated. Then, the above process is repeat dé Junrare2@l6 ti ne
wi-ndow, and the outputs of the frequency averaging device 113 are averaged
in the tine averaging device 114, whereby the estimated (3 direction S3 of
t he sound source is cal cul at ed. The est}drated 0 direction cal cul ation step
(s1003) proceeds as descri bed above, and the estinmated (3 direction S3
thus estimated of the sound source is inputted to the vehicle detection
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t he sound sourc aeS4|s expressed as t[i] (i =1 to W W
represents"ﬂg‘lﬁéSS A Q}Yﬂ XPEFPPEIE), the di stance D normalized by the

size of th ressed S shown by (expression 7). W D =
El f[i] F)[ ﬁh}a}\ﬂﬁ(‘ﬁ?@resm o ﬁlﬂﬁ gl stance Dis closer to 0 when the
degree of Si mT‘arlty bet ween the above estimat ed j3 direction S3 of the

sound sour ce whirg g IER G & queﬁ%aegrec  baeED thatiober 116
npl at e |

and the sound source lqcation te are_the. sound

re
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‘source whi lﬁlﬁalr C@%@Pﬂﬁh@‘é@lﬁ B BtheE W@QIWMS’FF%P“EC BRI SQPFCsYS 102.
desirable. However, when such a method cannot be used, 2 method in whxch 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

-




- Then, in the conparator 119, the above distance D is conpared with the

di stance reference val ue S5. When the above di stance D |§935m{a}ye2006t S
determned that a vehicle is detected, and the above distance Dis
outputted-as the vehicle detection result S6. This vehicle detection
result S6 is displayed on the CRT 9 or bfinted on the printer 10. An

opti mum di stance reference value S5 varies according to the | ocation of the
m crophone array 162. It is desirably 200 to 500 where an anbi ent noise
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above correl ation nmafrices are ca ector cal cul ator
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108, and Bolistion aplepatien seastion $4% WE&S’PrIé §15‘H}?6§°Hé° 10k GRBIPSBSTE AP R ent s

~are cal cul giledlaiith sb@ionNpi%e Is GHP GAdifdctioh! daloalaidhciseasnn23,0e dugctibar, the

above . substanti al ,.part ,of the ectio arat us.al so ha iLrection
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cal cul ati oﬂ-chmcuomsetﬂmgdevuw t He afdindétionceantue] vedteris &almlntedelcthedhremen t he
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array 102 |s set |on setting device 111, a direct]
contr ol veé’él'@ﬁ'loflscoeﬁplciﬁc&%f@dldlthc abpye foisecqompeneRigRattises, thectvsrage At Fat or

-112, n-di r gedveopdiemRinSpaweds GAlhCrekmice to m@ﬁeqﬁwcﬁb@n& thdinmeCWindOWGCiﬁlt r ol

vector and _th nolL se conp onent . mat ri ces av, above

p3-directi i ‘ﬁﬁ‘\ﬁg %%ﬂ@g%ypggp% Wécef @ n%?ggl ({ V#\?e]\gﬁndows is

cal cul at edanmthbheerbgecmdlmutpmedagthegpsdmat&deﬁ ditk:tiond the time averaging

devi ce 114, ﬁmﬁ Hﬁvﬁ{)ﬁgesuﬁﬁ%ltﬂu? Eﬁee&‘etééuoh s”ﬁ&@%aé\ the
Further U

di rection. ove substarnti a %E?%f th etlon ap‘?aratus
al so has t Yfhi CVQM@%Q%l%W@E&‘F%G% todiae Srilires |

j 3-di'r ect i prB, Ga kN ehidlOMtEtivhis@lion 124, after the above estlmated p direction is stored .
in the estimated direction buffer 116 for a certain period of time, the distance between
the above estimated P direction and the sound source location template which 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




- .123. In the vehicle detection section 124, after the above estinmated f3
direction is stored in the estimated direction buffer 116 Jiffar2008rtain
period of time, the distance between the above estimated 3 direction and
t he sound source | ocation tenplate which indicates a change in the
location of a sound source with time whii8le the vehicle is traveling is
cal cul ated successively, and the cal cul ated distance is conpared with the
preset. distance reference value in the conparator 119. \Wen the above

di stance *%oﬁﬁli’s?:ﬁl&e &dad dj Rn gi ﬁ&@&&%'bgfs%g tan%%é“imteff&ehée 8§t &hdp ned

that a vehic I's detecte e Is outputted as the
result of | wehicles or BRis®set i on. Thus by having the nicrophone array 102
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detected b nt.e ot her vehicles or noises.
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vehicl e amppmi:mgt&eymadewpcbmogncwtmdeszdrmoms provided in place of the
vehi cl e detecti ?Eﬁlﬁf Eﬁ:a@%ﬁmﬁtﬁﬁﬁ”der
208 and a vel oc'"lﬂ'gby ca c a‘{%{?& de&glﬁé(’algsef)'rg%%?{% |nse vehi cl e _and vel ocity
det ecti on Buffari2gn whish isneonnested do thy B-dirsctiongalsudation tseslaon {Pbraedigtgpeae

obt ai ned t&gouddtére206 ehidkeisestinneged Retheedstifiated cﬁfccﬁoﬂehﬁ‘ef 209 ¥ind $6/ Y essi ng

the interfgrence b vehicle cle and cit

det ecti on YBEPAF xé@eeg%lal gglgagﬁ)rgi} Wﬁ"fﬁéﬁc%‘l@g&’% % Rl\h?lch is

connect ed 206 adderqc&vds P gatsed distaice utfarcnon vdact&spﬁ!eltﬁs&basajcmaadﬁr&%

cal cul at ory ngs"\’fynﬁ&:té&t Cﬁ@%gg&@tﬁsﬁ&etm&ﬂmtﬁq td! ee&tlé&gr cf 205 and
nnect e

to the tlrre ase expan ar at 211 which. 1s c to the
di stance cd9cand F%S’PWGQ% pEgegt e §‘§§°“a %a%%ttciﬁpléfeaﬁcﬁe godf e efelecityal ue Ss,

the time- hakalatosPe0ddicl?@%onnected to the time-base expander 208. The output Sg 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 § direction calculation step (s1003) are the same as those in the first
- embodiment. '




~ which is connected to the above distance calculator 206 and to the velocity

cal cul ator 209 and receives a preset sound source | ocat 190atanpt@ice S18,
and the velocity calculator 209 which is connected to the tine-base
expander 208. The output S6 of the above conmparator 211 is the result of
vehicle detection, the output S7 of thdS%elocity calculator 209 is the
vel ocity .of a veh| cle, and these are the outputs of the vehicle and

vel ocity ;detection section 214. Next, a vehicle detection nmethod based on
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Source i 5 EEReLEHBS THERBUE SN Zsuch a met hod  cannot be used. a met hod
in which the soInrtﬁe amerhase exprater®08; thetima besef thesahove permdgourge fasaldémg t o
fggggfoihno il .ﬂﬂe aﬁgﬁ%ed;@ﬁc&%%ggd SMIHE e4bidrfild ot BAtradiRt REhplOR t he
: outputted The expanswn rauo p of the time base is determined by the velocity to be
detected of a vehicle. For example, when the velocity which is n times as high as the
. vehicle velocity Vy used to prepare the above sound source location teroplate S;3 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 Sy is expanded. Further,
when the time base of the sound source location template S;q 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 B 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




. I'n the tinme-base expander 208,. the time base of the above sound source

| ocation tenplate Sig is expanded or contracted, and thaogxpamdegicor
contracted tenplate is outputted. The expansion ratio p of the tinme base
is determined by the velocity to be detected of a vehicle: For exanple,
when the velocity which is n tines as h2h as the vehicle velocity Vo used
to prepare the above sound source location tenplate S18 is to be detected,
t he expanSion ratio p is set to be 1/n. Wen the expansion ratio is |less
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' Se, is displayed on the CRT 9 or printed on the printer 10. -
As described above, the vehicle detection apparatus of the second embodiment
according to the present 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




fromthe inputs (the above expansion ratios of the tinme base) fromthe tine
base expander 208. Wien the velocity of the vehicle is Yo Jatry P06
expansion ratio which provides the shortest distance Dis pm "pmx Vo" is
calculated as the vehicle velocity S7. This vehicle velocity S7, together
with the aforenentioned vehicle detecti®h result S6, is displayed on the
CRT 9.or printed an the printer 10. As described above, the vehicle
detection apparatus of the second enbodinent according to the present
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constituting the m1crophone array 302 are the same as those constituting the
microphone array 102 in the first embodiment. Further, the above numbers M and M,
of microphones are the same 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




provided in the lane detection. section 312. According to this
conflguratlon there can be obtained the effect of detquuagﬁﬁﬁgmkpcatlon_
in the lane direction of a detected vehicle by suppressing the '
i nterference by other vehicles or noises on the road having a plurality of
| anes. As shown in Fig. 9(a), the nicrofhone array 302 is placed such that
It |ooks down at the mad. Further, as shown in Fig. 7, it conprises M
nunber of m crophones aligned on a line parallel to the vehicle traveling

direction Qfighafdd Qﬂr ﬁpénglgllbaﬁbfaﬂnéﬁ b ih\’lrrﬁahhﬁbfex@éndw%ﬁz the FiheloreRBichane 2

m_crophones aligned on a |line

shown in Flng{C I%Sl
per pendi cul THICTR opg array, [0y 1s|pdaced 304 fhet@6sr ect i on. The ni cr ophones
constituting than%emmn@nam&@w@%@betpuﬂeommmthaﬁ miznsghiohes | Ng

the mcrophaone,arr 102 in | BN rther. th baove
numbers v ARHEhE BF TRRCpuRnn . sl inicle SRRL it % mplei e
m cr ophoneg-lireation fidiss compbuxit meatrix caleilation B&v:éopr(eslmtcompbnmtnmamx
(mul ti -1 angafcaRfibn s%@ﬁoﬁ?‘ﬁlzﬂn&% cﬁgﬁuts B¢ 18 M t o Inicrbffids lighid!dh
al Dbetween the

nunber of | anes Xx especti ve

Lon, the In erv
mcrophoneéh"?ED%P%IBC%Q“J?@B@WW‘@%HP‘&?M%%@FM&@WW tigd tofgprdaestionn t he
first enbo@issRoinpondd nidhéx valbwlgtiad sedtibs30Rt to be 5 to 34 cm preferably 5

h h
cont i gured such 1k dir8fRole) cbinfoncat flart UM ERORARACIRY (bprildent,
represent’s m:mé)eao@rqﬂfﬁmﬂﬂ whyich awe capmastdd to ebaMmmbﬁrroﬁmmmghqneanéthan whi ch
the mcr Op'ﬁﬁ?ﬁg PrazCin , 81, Hiuﬂﬁa%f'o%éfbﬁu axagle:% 604l%¢1ﬁch ﬁélé}méé&ﬂéﬂst t he

cases where

e nor cr road.
Furt her, aéhf's%\kwm HE@?})‘ 8§h]éds 215 g q‘éﬁ“%ﬁ”éﬁ?‘* ébiﬁ’glf‘ﬁ’g‘t‘ﬁed such
that it  caonmdkcrd t@ﬁxerm ﬂi:ﬁbhrlotﬁmvémfm amphfs 6041 £edretationnthtiik ahlchlatr

gi . t h o |
formed by DL SR coUERIA e dn By AopRBr Y ke B 0 il By BRSNS °
102 is pl ac@dulamGﬂﬁwhxchaicmnecmdttmélempwbpmm¢aé5111392607r,n@d@upq@ats of
the Ml nunpgh g&ienmnﬁ&%wmor@b'vaﬁ@&m%nﬁ&&d th MR 2edndbdiSE caluldtBeeogehi ¢l e

traveling direction are I nputted i rection noi se conponent matrix
cal culatjon sec %‘E’%ﬁﬁ’ér@m%?r WUOEQ%EUFO&PPWS @cﬁg‘gWPuEQZ and
t he ougput ;Setﬁxﬁg Hbﬁg%lmuwmeh sefs tﬂblc\l‘eﬁiﬂagl‘seam&ig direutionn(or directionhef the

per pendi cul ar to t he v vel ing dif

a-directi off™® rﬂ ?’r%@% T lvgﬁﬁogf. %ﬁ&ggéfz gﬁﬁgd%&%?ﬁ&e&?o

a- di r ect i othernpidirectivnrsetting devicatd 1 ya dingctionsspeaific gewen etrubnor @ldhwhichds M2
number of %:bt@ﬂfl]% ﬁle@@écmﬁi Soerdl %&&U&ﬁﬁiﬁ& 619 ahhqe&é?ve@u{é)&i @ of the

m crophones @ m crophone array 3 %é of waveformsa l ers
604 whi ch ﬁrdémé%‘%é%%&o%o’l@ﬁélw & lo'bfsecé'ﬁ’ﬁﬁ i arEdHeRsyY i er of
frequency dévideygrd aniz@Ts ebirbted té the dietivhagedific pbeeMalculabe61@fandaef orm

sanpl ers 81%& awe}er%gﬁé %l E:é ik %}cﬁiié( c&%legféh% Ble 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
| Iane 2 direction counter 308 which are connected to the g-direction calculation section




- 607 which is connected to the M2 nunber of frequency anal yzers 605, an

ei genvector cal culator 608 which is connected to the congdhaiaryw2008at ri x
cal cul ator 607, and a noise conponent matrix cal cul ator 609 which is
connected to the ei genvector cal culator 608. Further, the a-direction

cal cul ati on section 305 conprises an a-#f rection setting devi ce 611 which
sets the vertical scanning direction (a direction) of the m crophone array
302, a dir ection control vector calculator 612 which is connected to the
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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




vehicl e and | ane detection step (s3004). According to this nethod, there
can be obtained the effect of detecting the |ocation iniplenneeh@ice
traveling direction and the 1lane direction of a vehicle. In the sound
collection step (s3001), the m crophone array 302 is controlled by the
above input control section 1 to collec24the noises produced by the
vehicles and the |like on the multi-lane road 301 having a lane 1 and a
lane 2.. In this mcrophone array 302, the outputs of the ML nunber of
m cr ophone ligned on th ar to.the ehi c vel
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When t h? calculated by using the above (expression 4) and (expression 5).
Then, the direction-specific power calculator 610 receives the output (noise
component matrix: Rn) of the g-direction noise component matrix calculation section
303 and the above direction control vector S to calculate a power in the o ditection,
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 f direction of the
sound source using a certain frequency in a certain time window is calculated ~
(B-direction calculation process).




- nunber K of sound sources cannot be estimated in advance, it is set to be
"K=M1" in accordance with .the first enbodi nent. Tha9tUimrr2006ul at ed
a-direction noise conponent matrix and J3-direction noise conponent matrix
are outputted fromthe a-direction noise conmponent matrix cal cul ation
section 303 and the 13-direction noise iorrponent matri x cal cul ation
section 122 and inputted to the a-direction cal culation section 305 and
the 13-direction calculation section 123, respectively. In the estinated
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- outputted.

Meanwhile, the output ¢ (estlmated o direction Sy7 of the sound source) of the
o~direction calculation section 305 is inputted to the lane 2 direction counter 308 and
stored in a buffer for a certain period of time. Of the stored outputs ¢, the number of
those between the preset lower limit (o) and upper limit (o H) of the lane 2 direction

- is outputted.

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




. Then, the above a-direction calculation process is repeated for each tine

wi ndow, and the outputs of the frequency averagi ng devi cq9Jisuagy 2006ver aged
in the tine averaging device 614, whereby the estimated a direction S17 of
t he sound source is calculated. Meanwhile, the above A-direction

cal cul ation process is repeated for eacd time wi ndow, and the out puts of
the frequency averagi ng device 113 are averaged in the tinme averaging
device 114, wherein the estimated A direction Ss of the sound source is

cal cul at ed.thd e @ slitebridre covhtdi 30Z @k therlamal détk@ionaBsit S‘gﬁvﬂe&?@@&ilpﬂr deeeds as
descri bed _above, The estimated a direction S17 thus estimted of the sound
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l.ane direction co er 307.is.|arger

resul't S9 Wne hF B] E ?!f(-)f
_than.or edff % Pnt{fstthFéE’ﬁH?P ong, Agd 82 copRisipg Y set as
- the passi rlgm}hmdg:fnglctdphonbmhﬂgncdlpamlISBto ﬁsucmdbltyamhngjtdukdtﬁ)mmd M2 of the

Lo on SEASTH Sl b ML B
out put of Soped gllestog 3 and has the a~direction noise component matrix calculation section
303 whlch is connected to the above M; number of microphones of the microphone
array 302 in the substantial part of the detection apparatus which comprises the CPU 4,
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

 o-direction calculation section 305 which 1is connected to the o-direction noise




~direction counter 308 and the preset passing judging threshold value S8 and
outputs the output of the lane 2 direction counter 308 gs Jafier) 2065 2
detection result S;0 when the output of the lane 2 direction counter 308
is larger. than or equal to the passing %ﬂgging t hreshol d val ue S$.
Meanwhi | e,' i n accordance with the fast odi nent, the output (estinmated 3
direction S3 of the sound source) of the 3-direction cal culation section
123 is inputted to the vehicle detection section 124 and stored in the
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January 20 onent. matri x cal ¢ atlon section 303. In_the

a-direction cal Fansaby miersngtq theabnys lanetlidstegtip gsple 5o ancktbelape ddetagtion t he
- apparent areghilf Sff‘,tvmﬁ af teavelihd) fehidle sqjebefed 1y tha yeldfIé deiesticitdectioh 1Pand
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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




~directional vector calculator 612, a-direction powers are calculated from
the above direction control vector and the above noise qoTpaRen200gat ri ces,
the average of the B-direction powers with respect to the frequencies and
the tine windows is calculated in the frequency aver agi ng device 613 and
the time averaging device 614, and the 2&verage can be outputted as the
estimated a direction. Further, the above substantial part of the detection
apparatus al so has the | ane detection section 312 which is connected to

th idi i O | j i
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travel | ng. P ienin il 208 3R piftina e Seviediooo Ha PR B BB IE oct e
by suppr estliergnet detectinh sedtionchl2e Apgontingto thueltwmﬁgsatmn ﬁmee@lbe{)btemd h
enbodi ment Ft%c gourt #é:trlglﬂ? d&ﬁﬁéﬁ Qﬁ‘ttﬁ@hangadifecﬂén bb% J&BtEd SeRilec | ON

apparatus o I nrent according to esent | nvent’j on.
Si nce t he SwnPresging theipferferenes oy ot%%\reéw\kéwrmléewettmoa@ha‘&ﬁ&ap ﬁ
general |y lafes.sane as that of t he f| rst enbodinment, Fig. 1 is used, and

t he sane consti ents hose f r st r to b
t he same 'numer:a &ﬂ‘?ﬁ e‘hig?c%t@gpdgg%?% %}é]gggggﬂlt Y
enmbodi nenthamgjaflém brandfar hnati’hes fshmm mﬁigodﬁ(aérmdmn@hms M npbeophone
array 402 %ﬂoﬁb@&rﬂ B4 TP 18 'E!Eﬁrn%?ﬁ? Sho@h'BHL A 1. "Thd R HEh@sf a

matrix in ane 1s usedln ace m crophope arra In Fig.
1) conpri seapgtitnting Ahe nicrorion 'gF himot éf) A¥s cavgtﬁm e t he
X- axi s. di r@edrbghone iyt 10in tﬁé‘&s&fxﬂ&ﬂﬁent. As for the number of microphones, Mis
 set o be "number of lanes + 1" to "number of lanes x 2" in order for the microphones to
. be used for the multi-lane road 401. 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. 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 (vehicle) is estimated by the angle p 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




- enbodinent is also different fromthe first enbodinent in that an
a-direction calculation section 410 is further providediafshdahe200an
a-direction setting device 406, a O--direction setting -device 467,
adirection control .. vector calculator 405, a direction-specific power

cal cul ator 404 and a tine averaging devd%e 408 are provided in the a
direction calculation section 410. Still further, the present enbodi nent is
also different fromthe first enbodinment in that a n-direction cal cul ation
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19 Januar ysogadeollection step (s4001), an estimated af-direction 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. '




29 m crophone array 402, a n-direction setting device 407 which sets the
hori zontal scanning direction ((3 direction) of the m crnoghaney2006ay 402,
a direction control vector calculator 405 which is connected to the
a-direction setting device 406 and to the 3-direction setting device 407,

a direction specific power, calculator 394 which is- connected to the
direction control vector cal culator 405 and receives the output of the

noi se conponent matrix cal cul ation section 122, and a tinme averaging device

408 which is comrmetxﬁ%etc%nfpeﬁeﬂ'ca&ﬁiaheﬁ S&Q,e@uéoz; ﬂ%@&m&f&%@hﬁr fifp4. The
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noi se corrponent matri x cal cul (%Hnggs (§6fbl on 122.

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




- 19 January 2006 30 In the noise conponent cal cul ation step (s4002), in
accordance with the first enbodinent, after the out puts 16faiaey 2005 e

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

- conponent matrix cal cul ati on section 122 The out put of the noise conponent
matrix cal cul ation section 122 is inputted to the a-direction calculation
section 410 and the (i-direction calculation section 417. In the estimated

4-directi Onvealfid dviceMoB! 8P céBARABY, diteBtibh 8135 Suipaftéd. OThe GileCiVleigh)
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e[ i s. deFgle G R&EXER 85 £ yehigle)T HORA[ M)/ c (expression 10) In
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represents _as.pat. . - X DI £ y
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aboveI e;<pr essi t?m‘hg:ra Mfeoﬁo&npdcﬁqc&mr cdicalatoreld1 Mﬁa@%ompmt(@r&ﬁbsri for
exanpl e) res MRV, c _ 5 ica

val ue for ‘\;/.e .(lzlsvg'k Qﬁ?@c@%ﬁ, E:ltelé)ﬂ(;l%é ancgecfé%r‘g‘ﬂ% %&a‘t‘)ﬁ; a{s@? aﬁéﬁgées he
di st ance bdireqtion-speifiei pewehdestsingl thehelirgetinre rcagfrol heeckasadiz TheThe

t hus- cal cudiddc@idn tpEdfit ipotef albhlRlor VAGiaridehtical o Hi%pﬁiécﬁgnisgccﬁﬂ@ power

di rection-spe |f|g(£§:’wer .C%I.Cél ator 404 as the output of the direction
control vé atog L1Q shosmdp X% Then, the ‘direction-specific power

cal cul at-or 404r Ehen, \ths tiecavdraghn dovice 413 nedeives dbd outpfil {disotlon-apeifiat es - a
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di rect i on-dipstipr Se: ip eoeordange wiihdhefirst gabedirnest phrediyne averaging device 415 .
di recti on-ig pemtibAlGo HRANRE aveidging ddvide M14GhoRRA Fig) 2FTtus, By scanning the B
with the o fixed, the estilﬁatcd B direction Sy4 can be calculated.
~ In the vehicle and lane detection 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




The above direction-specific- power calculation process is repeated for
each time window By averaging the cal cul ated direction-19gagadry 20@dwers in
the tine 19 January 2006 31 averaging device 408, an estimated a direction
S13 is outputted. The time averaging d %ICE 408 corresponds to the tine
aver agi ng device 114 shown in Fig. 2. 3 scanning the a with the j3 fixed,
the estimated a direction S13 can be cal cul ated. Meanwhile, in the
P-direction calculation section 417, the a-direction setting device 413
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417 and out uts a 91 hfécle det on result S6 I1n accor e first
chlated

enmbodi ment P W?ﬂﬁsam 5 from, o‘fen‘éueé’ﬁ‘éﬂé’opﬁ?ﬂeveft‘&e@é‘cw #ROY&BOISE SO and
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travel i ng averaging device 408, and the result can be outputted as the estimated o direction. .
Meanwhile, the above substantial part of the detection apparatus also has the
~ PB-direction calculation section 417 which is connected to the noise component matrix
- 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




- As described above, the vehicle detection apparatus of the fourth

enbodi ment according to. the present invention has the nmodampbpdeicar ray
402 conprising M nunber of m crophones arranged in the formof a matrix in
one plane in the sound collector 3 and has the noi se component matrix

cal cul ati on section 122 which is connedtded to the 19 January 2006 32 above
M nunber of m crophones in the mcrophone array 402 in the substantial part
of the detection apparatus which conprises the CPU 4, the nenory 5 and the

arithmetic &u{ﬁf&ﬁo& éalcmau&fﬂ SechiBh 480 mﬂgm tﬁ@udm Sindcfibh BbifEy FECti on
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section (123 in Fig. 2) (third embodiment) and that an q-direction setting device 406, a

© 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,




- conponent matrices in the direction-specific power calculator 411, the

average of the above [3-direction powers wth respect td9tiasuary EO6M ndows
is calculated in the time averaging device 415, and the result can be

outputted as the estimated O direction. Further, the above substantial part
of the detection apparatus al so has the34ane detection section 312 which
I's connected to the a-direction calculation section 410 in accordance with
the first. enmbodiment. In the | ane detection section 312, the output a of 19
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first enmbodinment in thaj, a | ane detection section 312 is provided In
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




- place of the vehicle detection section (124 in Fig. 2) (third enbodi nent)
and that a lane 1 direction counter 307, a |lane 2 directl9 JamuatpR@iter 308
and passing judging devices 309 and 310 are provided in the |ane detection
'section 312. Still fiuther, the present__enbodinent is also different from
the third embodiment in that a lane 1 colnter 508 and a lane 2 counter 509
whi ch are connected to the | ane detection section 312 are provided.
According to this configuration, there can be obtained the effect of
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of the noise c o the
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407 and outomyionest matrix calcnlation section 303, the a—dlrcctlon calculation. sect:lons 305 and
- 410 and the B-direction calculation sections 123 and 417 constitute the above direction
estimation means; the CPU 4, memory 5, arithmetic 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




- direction control vector Slz, the direction-specific power calculator 411
receives the above direction control vector S11 and the 19Uamiaty 2506t he
noi se conmponent matrix cal culation section 122 and cal cul ates a
direction-specific power, and the tinme averaging device 415 receives the
out put (direction-specific power) of tH® directi on-speci fic power

cal cul at or 411 and outputs an estimated a direction S13. As described
above, by scanning the a with the 13 fixed the estimated a direction S13

can be calgidpiies sczjstfb Qg@ob@lgstﬁﬂﬁsaf cBbE lcQ1cHBIBA IsbQibnd {€F0BS7A04) ,

t he | ane: detectlon sect recelives, the outp utg&)stlnated .direction)
S13 of the S40¢f) ra@étthcﬁstgmtef&m@lmyﬁowaiﬂhw yecﬂceds 34 ae; inglad @1 thed
outputs a Iamduaﬁgﬁggmdmfgﬂt S9 and a | ane 2 detection result 810 in
accordance with th ﬁﬁt 3@%nentt The t he Iane? co§ﬁ%e

recei ves the out}fufest aliovd-,e Preset BEeh OP Y BPVIeHL VP Pl on
secti on 31apparatus camdt & vehiele dateetioro inetlaels whighvethiikit dbe fezcellent effacts of.
Meanwhi | e, @?ﬂﬂ STeT=YRY i“gé]ﬁﬁ’%l ion
result) Slgg ﬁ&uﬁ &Hgé%&eeg%rqa?qﬂfuﬁ%fgﬁcgyéﬁcount t he nung%'

passi ng veRF ®hes tieg anepoises producedafo V%hléledé{lectl on
apparat us ellciBgénd méu&ﬁcﬁqﬂmcleﬁﬁwﬁgme&ﬁbﬂm tﬂé mrmrebwaﬁm@n has

the lane: 1 _counter 508 _and the l.ane.?2 re nected to

Lhe | ane. oatBionve 38 ARSAS of Bfine Ry Amplind e dne s BRREA T o

appar at us Jound| collectiorc means cobPdsiagca phwality rof mlomphmes aﬁtb@laceden\ﬁhet he

| ocati on | gkl dra16Rd iduily e e llabos 40l kol Gl ot 1 0n
can count nu

section 31 passing v |c nber o

e
det ect ed’ vEMIes i yachoimeawindpwnand ealeulpting the) dagiregpt sigilagity, §t“{§’€€rﬁle

desclrl bed esmn?]dm@naaekeaﬁdrbgmrﬂn%swﬁxﬂatesaﬁgxc?\Mmm?aclliai Qﬂtﬂb&ﬁfb@t&@ﬂ

tenmp ate in od .for culating the distance.
in the di gsé‘tﬁgéo%semcgtvgﬂgﬁiy%élﬁ@mz{f%w ﬁémé’slﬁ%g "effect can still be
obt ai ned even when the present invention adopts a nethod other than the
tenpl ate matching based net hod, such as a nethod based on known DP
(Dynam c.-Program mat chi ng. The sound col l ector 3 conprising the above

m crophone array 102, 302 or 402 constitutes-the above sound col |l ection
nmeans; the CPU 4, nenory 5, arithnetic circuit 11 and the |ike which

i nclude the noise conponent matrix calculation section (n-direction noise
conponent matrix calcul ation section) 122, the a-direction noise conponent
matrix cal cul ation section 303, the a-direction calculation. sections 305.
and 410 and the i-direction calculation sections 123 and 417 constitute

t he above direction estimation nmeans; the CPU 4, nenory 5, arithnetic
circuit 11 and the |ike which |nclude t he vehlcle detection section 124,

. the vehicle and vel ocity detection section 214




and the | ane detection section 312 constitute the above simlarity

cal culation nmeans; the CPU 4, nenory 5, arithmetic circybtfaduarppobd he |i ke
whi ch include the a-direction calculation sections 305 and 410 and the

~ A-direction calculation sections 123 and 417 constitute the above
estimation nmeans; the lane 1 direction Younter 307 and the lane 2

direction counter 308 constitute the counter or the first counter, the |ane
1 counter 508 and the lane 2 counter 509 constitute the second counter,

t he passi novHXIDISCrdemress1s:309. and 310 constitute the above vehicle

| ocation detection nmeans; the estimated direction buffers 116 and 205 and.
the distance calculators 117 and 206 constitute the above conparison
means; and It h& vehivie detsctiongppacitrs cdffprisimgst sdunt evll¢dtion alxeme placo® in Baese

expansi on r are)| . i 2), the
(i r oo iy, of bl nd bekonde? & pERERG"HCS D o' eSS BedelaOR)
0- di r ect i ofrerns faseraplingibe prbsigndle fomithe spund cpliestion sipguayeriodicallyrmiibd

i ect] onuYENLYS DRGNS o AP0 PDSbunR 4HeD i Bch L8 RO

- di i yl at i sect i S , i u in, Vv
direction AsERHRENCRIQHPN means Ercf’]ggiﬁmﬁgcﬂ? aege OEFBE%%%W%?&W s can
provi de a esthhation rdafledilyithadiratipa estimsticanme:ms and a pluealite bftehiptatesrwhichd whi ch

exhi bit thg, faee !cﬁ%ﬁ eShié %j.o‘#iﬁee%dulﬁgsoﬁrc%% ﬁﬁg%l@\% tﬁM%ﬁm‘Mk - a-

plurality-"of vehic &S Are traver| ng simultaneously or en there are

noi ses pr of@¥A®Ef r om somet hi ng other than the desired vehicle and

cal culating the location in the vehicle traveling direction and the |ane

direction ef : ?lﬁin? wassh ' :

sanpl i ng tﬁb@?ﬁ%@%ﬁ%ﬁ@ *&gm gﬁd‘grgﬁtﬁfgﬂgfﬁ) ectli’on nea%éggﬁ%ra%@ﬁgﬂa

~plurality okami coepines aplanbtypifagietbphoneshaligned onni line piralle] to to: pebidledi cal |y
wth tine W\%‘i’i@ ., estimating the direction of a sound source in each tine

wi ndow and™® &l F[Hl’jl't he degree of simlarity between the estimation

results and a plurality of tenplates which indicate a change in the

direction of the sound source with tinme while the vehicle is traveling. 19

January 2096718 véiiid dbtectida MpiiRins 25 st forth edlhiel B wiRk@E theRBuRPRMealion

conprising a sound col |l ectigon ans placed. in,the . vici l f a road and

Conpri si ngPE PRASES, 2 Fucyiy o8 igmplionss aligned pr g fine grrallel foufhe veBIAK 1 or

sanpl i ng tticeveling directiograad a plurdlity ofimicrophuies aligned o ainepapendien]anditionl | y

wth ti ”%e‘fﬁ&gg%@elﬁgcﬁix%?ﬁdﬂm“ ng-the direction of a sound source ineach
a sim

time w ndow; . an ari'ty cal culation neans for cal culating the degree
of simlarity between the estimation results by the direction estination
means and chnr o . © e{’%s?ﬁ ?@i Ndi cal e aa | jithe

di rection ‘gf_ %e%%%%ggiseg%?ﬂgg v £ r?éthg%ﬁ g{ the \?er?fh% e :ﬁ%é -eHon

, : . 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




traveling. 2. The vehicle detection apparatus as set forth in claima1,
wherein the sound collection neans conprises a plurality9ghnwirgp@hones
aligned on a line parallel to the vehicle traveling direction. 3. The
vehi cl e detection apparatus as set forth in claim1l, wherein the sound

coll ection neans conprises a plurality3%f m crophones aligned on a line
parallel to the vehicle traveling direction and a plurality of m crophones
aligned on a line perpendicular to the vehicle traveling direction. 4. The
vehi cl e detpgidlOn uapdlagat difeciSn S @hd f ®d Nahe @irdttiBrS, of\N@kei Buhd € sslirELCt i on
estimati on neans cqnprjses an estimation neans for estimating the direction
in the VeHW@WﬁnF H¥AYng direction and the |ane direction of the sound
source. 5. The vehicle detection apparatus as set forth in claim4, which

conpri ses u r a0t i J i on t t irection
estimati oncé)ﬁg?rlllg %0?%%%8€%13§@ﬁ%§a$%§n£@%’e@egl%ﬁ%ﬁfrf'g%t smftgg ‘%gf%‘)&i ng

t he | ocat i @stinatiomh mepaheamprises lap estuation ogaseiosestimating thehdirastiomof e val ues
of these:c (;‘,mef\jgf 2 B-dnhif; e hasicR Blviliad Hirve : icle
det ecti on ggg%‘igt us ,as@('i:ﬁtEl o@?ﬁc Pﬁﬁglﬁ t?i\fdl{ﬁé %%Pn&ﬁgﬁs%’%ﬁggggwggti on
means conprSPY¥LsORIGs in thg 9‘%@'—??&’4‘5‘&%? e ARG PAdt he formof a matrix
in the sane plane. 7. The vehicle detection apparatus as set forth in
claimé6, r g4 dj i O ' ' [ C i j mation
means for | Get R egle bldn theanfid b¥"Bix By a0 sRAS R afieded

travel i ng @ftimgtionomeansccomprises ar estimation weanssfor ketimatingathe dligeetion of the

t wo- di nensisgiql doﬁrce%?:_s&rmiﬂ/gemitﬁé Rné 8&&%ioh WthARP Afrétition ok theSBhnd fukdk ihn ¢l aim

7, wherein _the direcfi.,on,. estinmatjopn neans conprises an estimtion neans
for esti mafienyFhyaletoy &%?P%‘frﬁ?’ﬁ@{] sound source by scanning in the -
vehicle traveling direction wwth the direction of the sound source in the
| ane direction [imted to the center of the road. 9. The vehicle- detection
apparatus as .set forth in claim?7, wherein the direction estinmation neans
conprises 4 dbe Vehicle dateatiomapramiusas sehforihyiy claia Tawhich fughengomprises 8 ound
Sour ce i b rpcouilh Which BouliFHe ARG AN thy Wb WRadtidnlizilon inehdiof 01N
source in vehi, c raveling directjon l'imte ehi c
~ detection aaﬁg 8 Janig docation Agiertipn meas fppdefoct g thmlopdHdnia %*éﬁmitgg a
first counsemdwsbich basedvhthé bameag valaes ofithe esurtérsatal/a sdvend cownér wiich
estimation ' . | . J: i f '
‘detecting ‘t:(ﬁ% o%géllécotfr?ﬁiq%&tulﬁgyﬁlgr@lse Ig{;ﬁ}ohggéé%un g@%ﬁ:&%égg%gsgg’ of tﬁé}e '
counti ng vivedass aplurdiy eblaner, and a second counter which counts the

detection results by the |lane |ocation detection neans for each | ane, when
t he '

11. The vehicle detection apparatus as set forth in any one of claims 1 to 10, wherein
- the similarity calculation means comprises a comparison means for comparing the
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.




- road has a plurality of lanes.. 11. The vehicle detection apparatus as set
forth in any one of claims 1 to 10, wherein the siml aril9yamake200st i on
means conprises a conparison neans for conmparing the plurality of
tenplates with the estimation results. 12. The vehicle detection apparatus
as set forth in claim1l, wherein the[ﬁgwallty of tenplates are prepared
by using the sound of a vehicle when the vehicle is caused to travel at
different velocities. 13. The vehicle detection apparatus as set forth in

cl alt m 13 V\flfL'Hie,'tqvehibTbb@éthﬁ%!cn' zip}ﬁaﬁfus és@sﬁofoah%mgr%mmaﬁsq a1 3¢ ¥atei n? or
contractin e ti ase o epar.e 0 of a
vehicl e trd0eFuRg cgﬁecgogmﬁfamggg@ %g&#a H%%‘?Ssdailg‘“ﬂg? c‘% vgll“ﬂ})
means conpris squal & 61 greatiethan émpnbmorﬁlassumdssotimisoamaﬁ-dl"ng or contracting

the-tine base of the tenplate. 19 January 2006 39 14. The vehicle detection

apparatus: as set forth in any one of clainms 1 to 13, wherein the sound
col | ecti on Idednvchidedeteetion methpd pamprising scmnércagmesstepm whighybe neisesrhi ch

Vet ol e dediatucd 67 afaskhAfhelLISaR oflecR bR 5%’%‘“% ‘*ﬁ e 2%, e
] | 5| S S | |

noi ses 6&13’8311%;&&'1 PrdaA «Q%P’@P@O%Ftép h?@t"h &X‘r’
m croph 0 n e Plyrlig of ricrophdies umcsampﬂeﬂ petiodicalbawtith tincti wmdd:ws)mdeﬁhe diredtionn s tep
oo ) PSSR o e ot st gy
esti mat ed! mhx@a@!m degrse \win gamilarigy, coeswesnnthea pstingation) rgnlst ibynther disestion whi ch
estimati §ﬁ"9“m§t‘s U8 "“& B e L e et on of
t he sound s% nﬁ‘h‘h’é’ lﬁﬁév%glif’z’é ‘flgte‘?'r aveling is cal cul at ed.
16. A vehicl e det ect i on nmethod conpri si ng a sound collection step in which
the noises . Ae lity of
m crophones a gne%dd&%u%nﬁ&yﬁéé’ra atC E?‘%{é&%/egﬁ‘{)ﬂc%ﬁ t&?vé@%?ﬁ?gi"g‘{ ?ect i on
and pl acedpmdll@wé)}'\ﬁf&"ﬁ‘hﬂg"’%}ﬂdaaﬁd@éleﬂadbﬂﬂp@&h%ﬁf@mﬂmﬂ%ﬂl@%@%n whi ch
the i Sput | Iﬁh&@&daﬁel{tqu tvélﬁglé' tedvalih %dﬁ@éugm&ﬂ?nmﬂeﬁ th@weuﬁ@rﬂﬂ aﬁfbad 8
peri odi ca mevmnovvsa e di.re sou :
esti mat ed BWSWW%WIHQ &, nputigy %‘%‘Pé@? P@l g n@ﬁ t he
degree of. ami sadpladi petiodiailp ewith timeewindows iand theedindction lof a Mndlsoumbumn
estimation tﬁa’ﬁm i indhift ge in
the direct F%ﬂ@h&%&%%@&d aBIl I@H&écv%ﬁlﬁéhﬁg §|t§? ﬁcgljékatgravel | ng
i s cal cul asisxlagiycbetwieemthtestingation wtébrﬁwm%ﬁm@%n ?@Bﬁl‘l“i a plyality,
gngm ﬁt :Mgsfte foblatéy wsﬂh%ﬁcﬂeta%hd m%bhﬂ@cmmalsgﬁn&s&ﬂw%ﬁﬂxﬁ@ft :j og

i | e .noj ses uc ng wvehi re.collecte
a pI ur al i t§7 ﬁq, ﬁ‘ﬁ"‘é‘?‘ﬁ%ﬁ%‘ﬁ%@ w@aﬂag%i eve egdetcctcﬁlbaseﬁ on ereSLﬁ y

- of the calculation. -

-
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- 17. A 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




- line parallel to the vehicle traveling direction and on a |line

perpendi cul ar to the vehicle traveling direction and pl aeddmiany 2065
vicinity of a multi-lane road; a direction estimation step in which the
input signals fromthe plurality of r&rophones are sanpled periodically
with time windows and the direction in the vehicle. traveling direction and
thﬁ Iiane diré(ﬁibhib@ﬁh@ﬂir@tiﬁ@ﬂﬁvﬁnai@ﬁrsfep aiéﬁccﬁﬁltddn?f ed?l:hiidiheeﬁdhhet) Tonmiond indﬁw, a
vehi cl e et.ect i step in ich t ree of sim]arity between the

oot mat i offergehof e Fnifhsalied B G e A BrstF O ik BlpteleloB by Che i rect s on
estimation step and a plurality of tenplates which indicate a change in

t he di r ec$.oh veliiclestestinmrdetbedi careprisingta squned collgcrien step iny whick [the nqisest r avel i ng
i.s cal cul gloafccdans 4 A eMBNdHiGe b HBLRLT B2 PREARY N miAGhbREWangdd ihhe

calculation;_ and’a | ane detection step. in which, the Stnlggaﬁl onresults in
the | ane 1 f9mna5s pabpos esagenlaneiand pliged wdhevicwityiod 4 rud{angrPashast ep are
count ed f @irectiof Rstirdtdnang inhehittotatihnid sighalstffven tRnderalify dfeicephtibssource is
det ect ed based E’H t he .cagfé'ntj ng vaI.uﬁﬁ—:s. 1%. A veci cI.eé_gee;tf Cé‘lé on.d hod
conpr i si nreaaRBlrAPergfirally, with, tup windaws and the direction; in %?oduce y a
travel i ngdivetion khed thedarpoditeeitred dhyovad sburcals ¢stimefed i ezchghenwindaw; anged i n
the form . ggtgsg' 0 SPRE : | s MA Ol Nl of a
mul ti-| angéhrl%g . aﬁn)ﬁdglt éli_)ell(i:l{t{,l_ﬂ?)n. estd%?lggglﬁg{agﬁﬁg\?ﬁ}g&l Ig?ch&éét{bhggbﬁmgi gnal s
from the B theayehiole waveling dispeioney thardirestiorn Peimagien isisti andl 3 plupplith of i e
\é\’! ndO}[N_S a{éﬁlfpla% \ﬂﬁ&gﬁﬁﬂcﬁt@ al dlh_aﬁé'ﬁnztﬁ‘é“&ifécgoﬁ bﬁm@'shﬁl?i_ sodlrdé@ﬁgi @ie ¥le t E_e : ane
irection of g sound source is estjmated in eac i me, wi_ hdow; vehicl e
det ect i onEVERCR i WttelRe facuaist st BF vebrlerisdeieaiedhersi it L8t Pt | on
results cdiculdtiony ahd cl Bnt rdteetiom gtegi iheghich rthdestihatiofi regelts ontlestanerat i on
~ step and urality..of . tenplates which indi.ca I AES direction
of the so@ﬁ%hg%ﬁ?' é%él%retcﬁorf fgsﬁ%[ana\%? ?tgp a{eh%m{l/tgﬁif%l tdeea(al1 Zan% Eg{i'/g%i lﬁ‘gatﬁ"gq% al cul ated
and t he vidhiankeofithe shané stuect ibdgteteddrasedan thesointingtaledse cal cul ation; and a
| ane detection. step in which the estimation results in the [ane direction
by the di IQCTHeO\]EEhtﬁ:E% &BHoR mah&PadE& 1AM h Q:‘ijaélfnof&%t’eiﬁ W enABkcibe | ocation

in the lanes o sound source Is detected based on the counting val ues.
19. The vesHmafien giepethe; direchen 96 dbe sowd: sougier s gsHmated; by 1BMMIRBIRIPRH i n t he

(di recti onveh@sd trawdling RirsétRR, witthfie dire @ e botndsosRY Nl dROuUi< Girdcliogst | mat ed
by scann |l e traveling direction with the direction of the

{},El]'gjéi the veh

-sound so R hefEnEnidiei®ction linited to the center of the road.. 20.
The vehicle detection nethod as set forth in claim 18, wherein in the :
di rect i or20. &3kei vehiclcodetsdtiop, mdthvel ai sat dbitlorin elaimhis, sdhervin sothecdirdcgorst i mat ed

by scanning. i 5 I . | | k | . source
. "t he v H, (B Brectlyl BE e hibeie HbREA P etk 1F (RPHRE, O0

met hod adliretiorf grithhthie ndirsctonmof ghe panndhasprasoimpibie syshigle tevdlimg dippstied j ¢
vehi cl e dghfgtion step in which nunber of the vehicles detected by the
vehicl e

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.




detection step are counted for-each | ane detected by the | ane detection
step.. 19 January 2006 41 22. The vehicle detection nmethod9dansey 2006 th in
claim 20, wherein in the direction estimation step, the direction of the

- sound source is estimated by scanning ia the lane direction with the
direction of the sound source in the ve ilcl e traveling direction Ilimted.
23. The vehicle detection nethod as set forth in any one of clains 15 to
22, wherein in the vehicle detection step, the degree of simlarity

bet \(/jvefe][l t he22.e bk vehilepdatertiondndibiod us isetgforthein tahndX), @ifhefbnlvah:ﬂfd giréotiduel i Eg
at differe I € [ & al cul at 24 The

oot lepb the WHoA o 1BL A Shed R didifored By 8GR TH 15

vehi cl e detection
wher ei n t hedirepéiRn ¥igh dea disetion oft e mndmﬂmdnﬂhe sehicke m@mgtdamabnctl on
step i n whighittdhe degree of simlarity between the tenpl ates prepared by
expanding or contracting the time base of a tenplate prepared by using the
sounds of a vehicle traveling at a constant speed and the estimation

results is Z%Imdwbﬂﬂbmnd:noﬁmmdmﬂia%g;etf@rﬂlhﬂaﬁﬁénﬂdfcﬁimﬁ e tc2d, Gitleddih @p, the

vel ocity of t i I ed fromthe ansi on tio of
the tenpl at’-'lé‘E Qghlgﬁ getcgg Eetﬁ%/g?%ge(é? @Lagﬁlfg?t n%‘ ﬁ”ﬂéﬁé “?H?ﬁ"ﬁ{ e.

The vehi cl distngithe sounds pba Mddclaﬁrasdmgfatlduﬁemnt wohiyities endfhecistimation festins 24,
wherei n t ggpAlahiateant ching is used for calculating the degree of simlarity
between the tenplates and the estimation results. 26. The vehicle
detection nmethod as set forth in any one of clains 15 to 24, wherein DP

{mt clhi ?g i %u%dvéhcledalecmmbthgdMmtﬂﬁﬂrmanybnﬁﬂﬂdm .I sugu;m;tm lnt!?;e g

e alt es . | QN Nne (6] as
Sot "tortn obicletercchiSh B iR Cdiaplsks s xelbcie) BatBlin f iR he lbtior
plurality &mikrity beiweaeheitemplaica preparedibygxpanding mmmraqnmgmnmb basessafimed
sound SOUFﬁ@@mjﬂaM pre ah‘&w ﬁn@ﬁ%@lﬁmﬁ"%ﬁ&é Jﬁ% EE&EHE:: OV‘%lg(?\'f or

METHOD Abst.r ac ve e, dete ppar Ius , are
det ecti ng Q’c ??HH’(?“ %6‘???’ Bl Mﬁiﬁﬂ“ﬁ Uflr@?el ling
si mul t aneowuslbyitypof thieletentaid Sekicleds ealbnlatacbﬁmmtﬂm aﬂdiditﬁfau“bhfrthé feenglgei red

vehicl e ang, ¢ e%iﬁ%ié So‘ﬂwéjﬁ?éfe@ﬁﬂhﬁtﬁ,ﬁﬁw%ﬁeave' ling direction and | ane |

dlrectlon 0 e soun rce an passi ng vehicles. Noises
are coll ected by a matrix of mcrophones (402) in the sane plane, the

OU: puts t hes.eThe SelitbletRteBBO REiHGAak ¥etWokth ihialF old SEQYES 15 B JW0 \wiferdiPMPONENT
- matr R - template matching is used for calculating the degree of similarity between the templates
and the estimation results.

~ 26. The vehicle detection method as set forth in any one of claims 15 to 24, wherein DP
- matching is used for calculating the degree of similarity between the templates and the
. estimation results.

~ 27. The vehicle detection method as set forth in any one of claims 15 to 26, wherein the
number of the plurality of microphones is equal to or greater than "number of assumed
- sound sources + 1".



- calcul ation section (122), the-direction in the vehicle travelling
direction and lane direction of the sound source in eacHh9vamton2035
estimated in an a-direction calculation section (410) and a R-direction
cal cul ation section (417), the vehicle is detected by the degree of
simlarity between the estimated directions in the travelling direction
and sound tenplates in a vehicle detection section (124), and the estinated
directions in the lane direction are €ounted for each | ane and the | ocation
in the lane direction of the sound source is detected in a | ane detection

section (312). Fig. 11

» _VEBICLE DETECTION APPARATUS AND VEHICLE DETECTION METHOD

Abstract

A vehicle detection apparatus and method are provided for detecting a sound
source even when a plurality of vehicles are travelling simultaneously or when noises
are from something other than the desired vehicle and calculating the location in the
travelling direction and lane direction of the sound source and the number of passing
vehicles. Noises are collected by a matrix of microphones (402) in the same plane, the
outputs thereof sampled periodically with time windows in a noise component matrix
calculation section (122), the difeci_:ion in the vehicle travelling direction and lane
direction of the sound source in each winddw is estimated in an o-direction

“calculation section (410) and a p-direction calculation section (417), the vehicle is
detected by the degree of similarity between the estimated directions in the travelling
direction and sound templates in a vehicle detection section (124), and the estimated

-directions in the lane direction are counted for each lane and the location in the lane

direction of the sound source is detected in a lane detection section (312).

Fig. 11




