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STEREO DOOR SENSOR Cross Reference to Rel ated

' Lon This application clainms the benefjft.
@B%I.O&‘@rgy\??si onal Patent Application Seri al SIL%@%%&’M“SS
60/ 408, 266, entitled "Stereo Door Sensor," filed on .
Septenber 5, 2002. Field of the Invention The present
i nvention rel ates STEREWDOORSENSDISYStens and nore
particularly to a method and apparatus using an
automat ed stereo vision systemto control operation of

a 10 door. r Bask g?éfgﬁce%m%dﬂb’ kigp Various

sensors are known use i n autonsti c object

oo ppliron clomstobene o1 s romstone it dgpfion Sl
o e 3. SR8 e pSOH ek O e SRR 2

cells detect objects through direct or indirect

contact or by detectip obj ect, wei ght. Ther mal

sensors detect obj ecF‘:‘?(iJ %&Pﬁﬂvﬁﬂaﬂéat, and

el el st GRhiién REAK SablGhEdkioR By BhPardifibre ?&rﬁﬁﬁhﬂj{ toa
| s that alter electro-magnetic fields. These '

obj ec
metb@tiw@sra@pqrm vaing gn seterated serae ¥isiog sywgndo epnirol ppaatifR of g

‘doofOntrol nechanical actuators, record the object’s

presence and/or alert an operator based on the

presence or 20 absence of an object. Such sensors are
not well suited fﬁ{fgﬁertai‘in &I i cations because they
are easily circu gy ?ﬁ@f} B et ect a certain

cl arSiod seRkresre knbWH ifttUisé R MttEIRLia objRe détdcyion and control
constrai ned space. Simlar I&;,cht fhey can not. di hectly bl
systges-cForiexample, Rhofavqltais seasors detpchoblerts mtsrrupting & Reany of visible or
UVRHS Vistnaib (3 aRf 3l SR dERStAdcR thebudh dfredt®r indirect
- sensitivity throughout a nonitoretd 25 space or over
contaptme by detdctingean abjact weight Shictnal isenspyp detepieohisapradiatingbapp and

| i cations re than ) r :
lec g e B BE bR o HEDD Sior? HBF HED Sy it
fieldsD She@semsofsytypicallyesend Signals 10i16gi0 vinstsits seidstotontrol mechanical
ul trasound sensor to detect a person appr gac ing a
actigtopsy recpid tePhisRtSqUeITRRS AF ORIFE &R BPErpIQT DYP R TREJEEFCRSS O

abs&iBl §Ff Fdvecyhet her a person is loitering in a doorway
before allowi ng the doors 30 to close. Various canera

basSuch sspsorears nat well seitedifersertain gpplipstionsbegpyse ey are easily
. [ t . hased
cm'gt)gléﬁ%gé& Glﬁgi é&l&ﬁlgpwatd%l o) (rjleaﬁsg g%?/@%?ga‘g‘g%% pr o% I di ng ajrr1 )
constrained space. Similarly, they can not directly determine an object direction or velocity.
These sensors often have problems maintaining uniform sensitivity throughout a menitored
space or over time, and they can be prohibitively expensive.

In some applications, more than one sensor is necessary. For example, typical

antomatic door controllers used in most grocery stores use a microwave Sensor or
ultrasound sensor to-detect a person approaching a door. An infra-red motion detector is
often used to determine whether a person is loitering in a doorway before allowing the doors
to close. '

~

Various camera based systems are also known for use in object detection systems

‘and control systems. Camera based systems have the additional advantage of providing an
image of the monitored space which can be stored for later analysis. Such systems typically /
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i mage of the nonitored space which can be stored for
| ater analysis. Such systens typically 26 February
éﬁ% 4%%%004_/ 023782 PCT/ US2003/ 026653 use an

i still canera or an el ectronic vidddTEUiHRI3426653
whi ch captures images on an array of charge coupled
devices (CCDs) and converts the images into electronic

usedate&cﬁme snu badfier@ bt rEddctronie MRleY Shrfierd whSdhUapifss if@&es on an

d&{ﬂl c face recogn|t| on, systens have Ion

iﬁ F%fﬁtbﬁ%smel%wm

for hﬁoﬁ@l‘!@&ﬁiysﬁ'cﬂ@tofag@uf*‘bﬂékaﬁ pRPAb ﬁsiﬁéﬁ@ﬁﬂife
can be too slow, €xpensive or unre

long bermdhe sukjrst PLexperimentationiand a:red:ewenmsm ss\ycgalémﬁl ety

sooB PRt CHESE RSt Be BB Bk PE RS 67 R ornmon

apphea:tiomn features in each frane a captured video

ence Fo_r ex | e, automati c .door control, st ens
R HEteH Ve bl dgvelepeg msigg clspirenis vide vidp fpumeras and
ﬁarﬁé S4FBring p &;cageas AR h QB S 4h A trh Qe cRtadEL ARiek o eéem%efa@apmed
t he” obj ect The L velocity vector is used t

videncsegienrs eFmamplp, quipneasie oot coplrobsystams amlﬁmmat draeks corners
of ahl% _)%I:toéﬁﬁ %a%fé%a&? %&Jiaﬁecutle[h%% lﬁ'v@ﬂ}c S or dtllﬂe %ﬁ_]teﬁth %he

erence rner tracking s stem L& 0e
velo%itg xentads usadtito dbtermine whethér to apen drrotose an atoumetid derori mage

o AR Oh Bk g R il s DR dvtereoret ot trackipe

syst&ﬁ%ﬁﬁﬁed SLEB ANBAAd hicles MR datd BWEe adhérfob@lldir inyage sequence.
di sti ngui shing shadows and | i ghti ef fects

Such gonapuly-systaes srogidgiontys) dmessionph (?s]% from| whch @rcompute velocity
veoBKASEER RISl S§ R hiYe WAL der BUBLETERIGRS Bhd gt

exa pre-alarm con a war ni ng
effests rﬁwmeadm@ Btdlmhwionahtfhj@dﬂ; Mreblbmds exnacrbatedin ttdnfem security

noni t or ed sSRace. I\/bnoc €0, Monitoring syst
syStRR P PIe R T RSl g LA oM B p e e ot
aﬂe&@ﬂéﬁct@dmﬁdge@dfmehﬁ:mt&easﬂdél ng which regul ar

obstructi ons appear,in the canera's f| lLed of view

FoMeuespiar B ewﬁ@‘fqm&sxst@as WB&’#@S H@FWWWG@P@@
s HpBedr Be tHelc8inbra Y filed

Vi ew rTDnItOI‘I g ca as enever ?hey are

of vmp»e Foul exz8upie, soystdeons ondeorfamgy beingeniroli¢dnomendoplpigeo

- syl e RO RO MR 6 oY b e PR 6

25

30

. S;pnieﬂ}a

opered(d Soimesysterhsi ale pZipranmed todgndy Games meframlselggnms mrhand:xser the

doo)}é}gp t| ons of a fr ggte\g\ygglrs?e e dﬁor or tqgg?gﬂqrsactual
posiQePbver %Erleoiﬁd B&or ?%1;{0%39 882 fibBe w%@i'epcﬁé Hd)or oMi86r frame is

nmonocul ar vision notion detection systens are first

expgctedito ppredr, sheefpor mxantplo V.S, Patent xﬁmdlcam Ner US 2Q01400306% to

ge in order to establish a frams of reference

appropriate to
When monocular vision motion detection systems are first installed they must be

“trained” using a reference image in order to establish a frame of reference appropriate o

the particular environment. Such training can often involve tedious and expensive

- procedures. Image coordinates are calculated, stored or output in 2-D image space because

-real 3-D coordinates are unavailable in monocular systems.
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30 the particular environnment. Such training can often
i nvol ve tedi ous and expensive procedures. |nmage
coordi nates are cal cul ated, stored or output in 2-D

i mage space because, real 3-D coordinates are

unavail able in noné%%@%gy§§§¥%§gﬁm§ﬂ%6 February 2007

Sunmiar y fakt béjrct Y e peRedtNindeitidnS tth@s Pie Glrovitled Aemethod of

present invention, there is _provided a nmethod of )
coagptling|a fopy cRmysisISBapiers PR oawENS Pejiere imagecefuaty inggming
ol Sy Pad B0, RALkAIRh 804 REEm iR Rt 36 st of
3B feathirseto gehera® feeaf filtarsd BD fegpmes;at@nputhgta wdjicdiodytofsaid set

featyres; conputing a.trajectory of. said set of .
off ﬁ“ﬁf&? eﬁ5 JerpEs: Bhe s%eg%rﬁa% Sher &ev%gl s d EPRopse to said
traj &Ry Whblid KRPIESSE Joﬂlp%ﬁPg a sbif 3P feRfu¥es iﬁ\(flﬁa@sltﬂe ﬁgﬁs%f:

Step of conputing a set of "3D features includes t
edge-ppecesting daid- Pewo cowigngosgindraie er plirdlitpgd canngeted fedtares;
ca plurality of connected. features; i dentifyin
ot ey FROR Pgka BRER rrafiieed e, than o
predetairgiied fladshaldd e delefeldi RathréshrastRhg @sd seleeed Sfatures to

features; matching said selected features to generate

genetdiedisnarisies geneeated Bomiditercal ifageein saidiimepgs ety andhpemputing
. _ . _ _ : _
30 MREFo R rel! pERIPIL e 32 AT Sallied 02 1T 4

second aspect of the present invention, there is
Sr O\"Ih%eg:cgnds Bsgare (%fvﬂh@ 9&entai89§{t_%‘i1uﬁle['eo{s ep°r891'&£<9 la's\te@&) ision
oor, sal d apparatus conpri'sing: a stereo I'nage
appargtuis So1t dontrollihg\a dvet, saidHppArate @6/PFisingCostwicd Gmageddgisition
i yjmges,_from said stereo i mage acqui sition device; a ..
deyics; & b PIPCRYSOE BShing serrieges Famesaid Sipe dnegg asguisition

dePRELE bidjcklo y fd%le%o?’ chﬁﬁr%cﬁgrﬁgsr ??’ﬁ%%gﬁ% 4808h; &k HQﬁl;;sraid 3D

recei ving control sign d tréjector
preessoes st ai door espois aetaviag doof eohfral sipmjle dtonr yaid trajectory

wherei.n said 3D prqcessor .generates, said_franes
PTQASHS 18 FERHORTS tsbﬁ@e j%c% w.raq%éqr& milﬁﬁeﬁbsaﬁigwr§6%§s%fy%enarates
safdl fPAREs PndRRId0ID oBRERY: Hftefnihirg! 1thiis DAY Lfrod@ Flane for

stereo image acquisition devices; and clustering said
popis it & field @Dyiep af eaitl stagemimnage acqbisition slevisks red wlusridg said

Lustening ipcludes: generatin Lnitial clusters .

voffist it 3D %, R RetRTRG PR, Rbordih i slwifirnt ibufesSpemepptine
ini6iladiger® bedoRdihb k@ Shain HiganicAidn SRS REBIRRKILS cRABEST Rtures
. changes in a z coordi nate between successive points;
intg repnfgvpisnipemsaischased on diangaseinsa Faewadippte bafivednnspecessive

rfl AP U P g

signals froma stereo vision system A stereo inage of

R N A
sigilels €¥dth B&tereo vision system. A stereo image of an approach area is processed
to generate a disparity image. The disparity image is used by a controller to determine
whether to open or close a door.

Embodiments of the present\invention use a factory calibrated stereo system
that provides 3D coordinates of points in the field of view. At installation time the
plane of the ground is calibrated relative to the camera. Oﬁiy those points that have

some height relative to the ground plane are of interest. Therefore, any shadows and
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whet her to open or close a door. Enbodi nents of the
present invention use a factory calibrated stereo

Thygdig®of ihérkstRifOthel eRisRE2ICOMEAdiRek§Sn 9D s@@édﬁr&héif‘plbﬂi%ﬁons
field of view At installation tine the plane of the

arg chygteaed an tha eravwnd plage inp 3P space: Eagheepartailusterdp pgnsidered an
-hos ' i af. t e

ML P Halhad Forl Biye, 10 FForhl Hirplofis e, Kon, Ralplyetocted

inforohati@n RGaviad ksl dnofud2f)f) Fhe Minabercifribgecet theirt sRivhs & 8D space
then clustered either directly in 3D space or their. )

(oBEIGE AR instpRiaRioys Fie VEHOF HBoRN i AP b liaFrioRy Upinshis
SRAEGE éﬁs@é‘anﬂ%‘?zﬁé’a&d%%l ifor diSseGatE.dered an  obj ect

raand i-gvt racked romfrang tor fraems. Therefore, at each
franme selected information is available including,

t he nunber ,of. object.s; thejr.positions in, 3D spac
(corb A iyl B T B8R m 3 orecis YREFIRoL (5DS)
inélagHY §terde idAgEng bhRA Wiseh systéph ROMbAIkGY thé #eh dAbAe or two sides
- events can be_generated to open or close a door. In an
ofiq depstsigh py @ sidbe@r meingng her. iTheewed wheredhs traffiscenters the
dogf) Qi1 %@r}éﬁ{-reé ?ﬁg the! 1H§Jr}ﬁqgsar@a i{deﬁlg Urda B %%ebt?a?f%g xits the
vision systemto nonitor the area on one OF TWO ST 388
doof will e e¢fesed v @stha osigbitignge:0Tha ot B eiftEr daoihconliig area or
area _V\heret_etrﬁfgffic enters the door will be '
the gyigping arqagvillberpiermed kseh the Semed PG t he area where
the traffic exits the door will be referred to as the
out goi ng area. The floor of either the incom ng area
or Suchk asuitgmicoyglddriggerymdt trigeer vefisumed shfe séde baved on a
round.pl ane. _Such a systemcould. trigger, nqot trigger
vaflp i B e S Yol Fetin hafayeeatt an oo i e
inG&IniHATH@NR offedl 0re898A Boor. tAIfé?ﬂﬂtﬂfefr%ﬁ iO8%R1d 'tr'fgéep Based on the
presence of ‘an object in the incomng area To open or
traggcing of thtaabject M) tretheandondhy areat Alsosheh a systpgecowddbeih ostate

the .trajectory of. the object {s) in the incomn
to 10 Eireb bR S8R Rl indhE odrvie) St FEGE rHgpge of an
objdctggﬁéogtrgoa,gsawﬁe a safe state (based on the door
type) due to the presence of an object in the
outgoi ng area. Since enbodi nents of the present
i nveat i 0 ' . e 1t.4.S
poso b EARaLS B i BENEN BuRBRGH cFHBURE apishy bBrd sypom.

it isniossidleoto) reasid iflages @eéfubad thet évahf bad hdMishtahd kis6 Scollect
-to-frame potion _al gorithmaccording to various

frame-to; . C ) -
e Smtrshitstio A nape-dsEame; Mot | deodbum acurdiag e various
ol G805 0L bl S 051 0 Dy s n
nusibepef applidations esthont depastizgt from. th8apirit and scope of the present

invention.

3a
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26 February 2007 QO her features and advantages of the
various enbodi nents of the present invention with
respect to heretofore known canmera based notion

detecti op and ontrol s ens .l ncl ude. super . or shadow
i 5 PP AT V45588 D R 0 TIPSR B o418 PEFoiie

inPéAAAL WitR 1Ripedt € eRreBiE Mhowh duPnePAPaId htion detection and
di scri m nate between shadows and an actual object.

coptial ssteasviaciude saperion sheftonu discpmination 20d batkeirgrnd) ingariance.
| object.. Th . ding to th
DRZREAE R AR oI S BRERAF LR sl

andtafh uctudl elfe@r Thongiadors e o thelfotnd plap@(ZetcChbigt) ¥ opposed to
i nportant due the variety of surfaces present under a
angsdial jobjest. "ther plab  acetiingeioethe iayatign dSIEY Dt Wi werke with any

A SR SR AR PORS LRl i, A R8YRicry
of tshitaqes pmsemtrundaraddoniis. edrpat, natoeete,imats bie. Matheotl® appearance
odi ment s, of t hi resent inventi becaus
of Jagse ét‘f_q‘:g‘i?s shangs Wil depassagsaf dns: ﬁ’r@ﬁe% FESEhpy shadows and
hi%lﬂigﬁf%t inOthel SriorbAs afk Biis PYSIhGRY if AR daRBtLembadiRhts of the
han on appearance of background. Enbodinments of the
presertsiamentionviegausg deteiction pf aw iobjsctramptipmét thlel preseohinargtion is

f u Wit hout. requjri initial trai.hin r gcedur es.
bagon st ebSrfipd S Ainit Hein o8 abphuansh Bt Packir Bl 0 ang
requires no further training of any sort. This feature

provides a distinct advantage relative to nonocul ar
not iEgebadirents ef e prasentinvantion alsp pjovidaensy installation and set up

: r o | t ' u ' . .
wiflBE | SAnG TRAGL . RafRI PrBodtble, BSOS g, grspime
instdl vonsetup @nd beqrires nel durtiak thadegref amyvidd. The Ratutdpiovides a

~.would to a notion detection system Enbodi nents of )
disiingt yvantags rlafiveie mamogylanmetiod Pasedisyspas fdish waally require

a rhfet QI8 fhag to%ﬁgglg'%{iﬁp&ﬂt&ea B 8edsOARGELE aﬂ%fﬁfmﬁe I5Pstem

3D space and tr em-using a custom al gor
is that statenaPatgslbwknexiag bbjekes dor monbEogne invisitlp ao thehavoudé to a

. V\Igifch is far superior to tracking their
MmO ASteCHR SIS oD | mage space using standard bl ock
mat chi ng net hods. Enbodi nents of the present invention
al so a provide calibrated 3D system whereby SDS is
cal Bothedigenthofrthepregent linventipn slso Prayidertvagentorypases triggering
t her abl 0_accept. . set up,.paraneters d triggers
w0, Roanls bR gt o BREPhrt e b Memubin e feom
algofithnll&ubh a$ PAquick GO bR frBinSCo @R V.00 Blali i MA SKRICR € far
of stereoscopic images for a predefined tine
supepioe rtg atracking shedp prejectionn ivr 31 duage dease winglstandardf block
] r.can be used to reconstruct a full 3D scene
maga\?z aﬁt?lggl(’ended period. Such extended data can
provi de a nore objective base for anal ysis.

Embodiments of the present invention also a provide calibrated 3D system
whereby SDS is calibrated in real world units. The invention is thereby able to accept
setup parameters and triggers based on real world heights and distances.

Embodiments of the present invention also provide optional storage of
stereoscopic images for a predefined time interval. This option can provide video
evidence of a mishap or can be used to reconstruct a full 3D scene over an exteﬁded_

period. Such extended data can provide a more objective base for analysis.
R . _
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4 26 February 2007 Enbodi nents of the present

i nvention also provide a flexible masking capability.
The masking capability allows a user during set up to
graphically specify zones to be masked out in either
2D or in 3D. This feature can be used, for exanple,

t 0 aGHEPsHneht! ofe Hid PresBAN GKAHOM ALOHYENEe Qr flexible masking
stati onary background scenery in the field of view

capabiby. Fhe megkipg zaeebilitFrablows meuses d@ﬁng et upite gewhlcally specify
zonQé’ fond Iggsk%h %Lol 1%' imerni‘lt)g)rei\r)f SH° %JH fenc%n gd fA{ example,
hSt at | ionary t qoor op en n

to Ichcﬁlni; fni déifher hhﬁ?—cﬁswl’ﬁ(lida)ﬁiw@yse@‘) statﬁﬂlﬁlyb&ckﬁlfoﬁﬁd Iskz’@ieyy in the

é&Sked out by first detecting the doorfrane and then
#HYW- i gnoring points that lie on that plane. Such a

systemis al ways operational and does not have any
blind intervals. Accordingly, the present invention as
defined by the above enbodinents is easier to use and
nore robust than heretofore known notion detection and
control - systens. Brief Description of the Draw ngs
The foregoi ng and ot her features and advantages of the
present invention will be nore fully understood from
the follow ng detail ed description of illustrative
enbodi nrents taken in conjunction with the
acconmpanyi ng drawings in which: FIG 1 is a schematic
di agram of a stereo door sensor |ayout according to an
illustrative enbodi nent of the present invention,
FIGS. 2 and 3 are schematic bl ock diagrans of
alternative configurations of system conponents of
illustrative enbodi nents of the present invention;
FIGS. 4 and 5 are process flow di agrans show ng the
steps of alternative illustrative enbodinents of the
present invention; FIG 6. is a schematic bl ock
di agram of a stereo door sensor apparatus according to
an illustrative enbodi nent of the present invention;
and FIGS. 7 and 8 are process flow di agrans show ng
the steps of stereo matching processes according to
alternative illustrative enbodi nents of the present
i nvention. Detailed Description

4a
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The layout of an illustrative enbodi nent of the
present invention is described with reference to Fig.

1. Thebbdilmestsodthegeabmsentmt aldontinmifas eRces@ie Blind spots. A
st ereo cgmaras 10. npunted on the top of a doorframe

. , 9 .

nopstafigagry Rackesidd e thtdos oparipg masiraiigell (ipe the ebrpadarea)

r : ' r c (nat .
o B0 i et R Yo, B0 Bl o® gl EERe ' then simply
igdomng peine thadid oy tlat pldne. Suthgobystenaissdwa¥hepédratiarnt anh does

i% cali rnat.ed tF provi de hei ghts above the ground

0GR AYRAY G A EISnt in the field of view Therefore,
when any object enters the field of view, it generates
interest points called"'features”, the heights of
whi cheagrdinglyathgrprdsent imentien a9 defireedgyo thedabpive regbodiments is

ese points are.th clustered. in 3D spacge. t
e T BT ol Fobu fhefl ReEg B kP MR Bion gug ontro
syBlehisi pl e franes to provide 5 26 February 2007 WO
2004/ 023782 PCT/ US2003/ 026653 "traj ectories". Such a
system coul d then operate the door (open, close,

'Bﬁé@ésgﬂlﬁg‘%‘;‘ﬁgﬁ{b{ﬁ?@n%%a” ous pieces of infornmation

gener ate ject. In the illustrative
Thenbogbimgrangd othee fdanlreomidnglvastiagmtorf vhe mresehhimvphtivhen#lie more

* rfly aGeTHOOT fobmitig oL wipEEtalsd S ITBARINJiaSeat He pbed ments
taltehQn CORjub ORI tShE LEQ n%%l};:ivgig%%ﬁwm: view the

out goi ng area. The two sets™o ras are nounted
Flgbdvés ansthemati¢ tdiverarsi ofe a oftereh adodbo cefisoaneyd avedrdimge to an

...J Qoki n 0 r nd outwards fromthe doorfrane.

illps Flv‘ig@ﬁ%%\éﬁ%t@%m‘f#?v@a?o%nl y the inconing area.

FIGRE?2 2080 &E is¥hdndtict B18clOHagRinfi 0o Al RfhatiPe LhSfigurations of system
illustrative enbodinent is reflected and symetric

copiponents elallugentive smbodimentayif the pressatiinyontidng) . 10 I n an

epnl ary. temqathe. basel ine.di stance hetween t .
PR Faaf Stk PR ET O Rl Rl eS8 aRRR ffswaive
enlb@dirmtd\efBe preb@g alveh@gt h of 4 nm (70 degree

Hori zontal Field of View (HFOV)). The caneras are

FlGptiit a achepistie ploskidiagram of asterear doof sengpr anpamptes asgordingdo an
. ﬁ%ﬂn - ] roximtely 2.5 by 2.5
ﬂl@é‘r’%‘?ﬁ{ e glgt rﬁ% Jﬁgb?l?rﬁd&?@&?ﬁga{ pl ane of the
FIGAN®rasl Pairatmockesvileay dishanovhowing the sspevet stbrebi @atching

wherei n the caneras. are angl ed just enough to view
Preqgeses S‘HOEFH%FO Al ﬁl}sgﬁw ebasimiontn gf ts prepent{gvention.
exenpl ary system provi de sone overlap between the

fields of view of the inconming canera set and the
Detailedddesgripgemmer a at t he bottom of the doorfrane. At

T L T R T i A
ref'te{]egéki ’;’/02 ?11egi.n§.e'fﬁé/ FHRIERNEh B AL REesSH ML 1l derbd Faméras 10
mounted on the top of a doorframe 12 looking downward and outward towards the
incoming area 14. Optionally, another set of cameras (not shown) can be mounted on
the other side of the doorframe looking at the outgoing area. The invention is
calibrated to provide heights above the ground plane for any point in the field of view.
Therefore, when any object enters the field of view, it generates interest points
called"features", the heights of which are measured relative to the ground plane. |

These points are then clustered in 3D space to provide"objects". These objects are

then tracked in multiple frames to provide
-
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20 nonitoring the incom ng area and outgoing area are
tightly integrated. A frame grabber 20 receives input

‘&é?%@“@gy%l ncorrlng area caneras 22 and outgoing ar e(%@_msss

and processed on a processing
The processing systen1outputs an appropriate contro
signal 27, 28, 29. In a second illustrative system

“traf ftfieSU rStich 8 Bystém S6QMheh apé}mg theXoot (M6 U6, all} Based on the
Sy St ens nDnI tor inconmn out gOI ng areas
Var@ewﬁéﬁs W@é@&?@("é"‘;‘g@bﬁﬁ@hﬁfﬂa%ﬂ 30,35 receives
In
sopipe lmé%aﬁ**%?% boele B RN pebine By 6 th PaCARL & cameras
15 usasls oyt ﬁovdarcn) sipreosamemasil @sich the bremipg atsadd 289 optiHally another
t hi onf i urat| t he, moni fori.n of t out
twoi(Bt Groef SBieb Sihehe BBt ol PR the ol o WlobRls e pagmeras
are SHoRAted B6bve whd 6h BitheR 6108 of fhe B61TAMER D and iR 160kBnSdtRrerird Snd
desi gnated as _a naster and 30 the other_ as a sl ave.

outwyards Bomfhe docsfame oFig) bhows i sspmetyforipalydthe Fsapingarea, ghe

' gcoﬂl'égg Fir'ie ot IRS Stes iﬁstﬁﬁ {ins@dtive %EJ%B%IHEHHE rdffclel %n@?ﬁﬁrﬁétnc

10

15
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25

30

system OW ng the nmaster sub-systemto maKe a
abOﬂﬂthadomﬁ@ns(tbw@stm@dm@!eher to open, close or stall

et SRSttt Sl P pakate P LN BB seporgpr e
camiel®s iprementand thedatisesinve afocalikngh ofAaine (70 dug&esfmnzumal Field
of ViFts (RfiQV5 i amrih st qupistsRproR Y 23 Bl CapLoe Brovnd
and hBee @ﬁ%ﬁ%;arﬁriﬂattﬂ‘@phﬁﬁﬁﬁﬂem Sby 2 B inddidr®) ”I]Elﬁnﬂﬁ@@ndrhﬁl to the

caner as bration 1involves the solution of several

plang g thercapieeaspointsgopinerdandp uﬁw@.aﬁﬂmwrm Figa d whsreig e cpmeras
| |
ave SH8enS IR 10 Sl thi B0Horh B bR CHRERIBEREM B
exemplaty éylsteatpronde: soetid mmlepbﬁweeteﬂae ﬁB]Idedf Viewoif ﬂmfmmming camera
bl t
s Qe BB OB b, L7200, Cornes! o
Sy HAtQeast Idtpokdible isydtéth 8o gtAiahi &8 bewﬁhﬁgteﬁwﬁme present

of either canera. For exanple, the scene_or worl

invepboR. dIDrPaﬁlétsﬂlmm@W ﬁ)@@pbmﬁg@raﬂ%asﬁépwsn Fig- % e %EB&JS

c R
mou?t%ﬁﬂ%e Vi ewer= cen%"ﬁi&gé e%resenttigq?)(')]{iﬁllt %%e%rgrag% ntsf=r20
recefymd inpuibfrom dottringrming eredicantres 22 awk quignimgaied camaras 4 and

oo A S B T SR B g B

guhlen@zgi,lpt ortion. Pixel coordinates correspond to the
grid of inmp U&ﬁ sanples in the jnmage arra
| I3 froqnd JRSEReaVER CoRBITRtigRas Shoma Bl ’éldéﬂﬁngﬁltbe
s ﬁﬂ&&:g@gﬁ t bRE ASdcphBR AR SabiRth 80,35
sys%sét e?nﬁlgs tie Aﬂl or%?ée%ﬁ%gryegér}?teﬁ'eatgl n proces%lai s
recepyes inpuhfroin either an incoming 32 or outgoing camera set 34. A separate processor
31, 36 processes the respective outputs from each frame grabber 30, 35. In this

configuration, the monitoring of the outgoing area is optional. If monitoring of both the

“incoming area and outgoing area is performed, one sub-system is designated as a master and -

the other as a slave. The outputs of the slave sub-system, here shown as the outgoing

camera system, are then input to the master sub-system allowing the master sub-system to

make a fina] decision as to whether to open, close or stall the door.
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to determ ne the internal geonetry of a canera. These
paraneters, also called the intrinsic paraneters,
woebdidgsshe follow ng: effective focal |engthperdiSMsnzesss
call ed the canera constant; |ocation of the princi paﬁ‘g
point, also called the inmage center; radial distortion
coefficients; 20 and horizontal scale factor, also
callp &g illnsrativp epbodient of i ipeeserzinvention ¥aipus parameters are set up

o . . ve fi ; _ -
in the S, il 3000 TR e (Mo e B R i
parawatgrs for dhacuhopasend theatlativecorieatation Yetwlen thk afrhares. Calibration

im0 B P G Sro e B g Rer Rk L BEes

. sevérilaBlupibRs Mef droRell @hdébdbddbyerRRs RANY SidinBry Rl BRIt

25 Again, the canmeras are nmechanically fixtured such
Further, rechifi gapiogcagitiipisnis) degprived herginafiercmust becpmputed to enable un
SmdR Slchiofdn al so be preset at the factory. A

rectification process, closely associated with the

r elStareomezuiesrdntstconid, be msada irs @ coopdindte systein that is different from the

i fi ion. s the ocess of .resanmpling,stere
coofdld syoERbiof Byl gy FHeR AR o6 FRRL B WA BooRiEe
corrésposd to"tﬁélgﬁiﬂt'sﬁﬁ b afewlell B=neNCanerasheiAtes {[Iaﬁ @nd right) correspond
corresponding to a given 30 point__in another stereo
fo the ﬁ%egéer*.csﬂttewa THREPSCpan Qfécﬁéﬂea_og&- i%ﬂ%?rtwas? %orf_imates
corr€spBAEH sl ?Eofé%tedtoﬁfoqﬁé fhdpe gf t@.anstdrﬁM ifnB&d cobRdiAdME -

i nverse perspective prol ection the given point from
correspend orpedtts bavingundergapelens distorion. Rixelippandinatks @riespragd to the

gﬁd?igg%%ghﬁ&?%ﬂ?eﬂﬁfg@aaﬁg r iRgE?t [ ?rlliagiegnar ::/ol:bplliﬁgl? and

t hin theilhstativd enabodiindgns one cimekeis designateldlo be aWaference camera”,

2004/ 023782 PCT/ 1JS2003/.026653. col | i near. (no rotatian

to wEGH i FHE GRAPIOAlF SIRO P g ohf FHOF FIGRAANEDSaRus pertotmed

to dEhiAY AL itteMESzeBMeiry 8f £6R%Rrs O KRS BIBFCMsE @Mled the intrinsic
found_al ong correspondi ng rows. ese i mages, referred

paramgtersainchisieria follawing: gfEechve fredhlensth, sbmsaliad theprmera constant;
Tocof Gt 58 T b O L bl Bt e B ot B
and Baizontat sdaleyfactgr, ise called dleesaspect ratide The demérapfset the illustrative
represent at i used far the give e of the two
exmb RV e Fli Bongs B ot b e lpphese pAameters
can 1JoBRReddi an@ pPdsey £ eeifiloryl S @ proj ective projection.
| mage pl anes corresponding to the two caneras_are

r efiTaladye eentation geocpssanelso narfommed to detagminedheredative pysition
end ol bLARAR PG dulertfttonf pléREERbNbS ARG RN ibbhe st
Againythe cemerh are meebaricadly ifixtumeddueh that Ry stayjireglignuwent and hence
th transftor mat i,0n, These o§fbi cients can al so be

cse RARARIa At 2lonbe PR 81 B Bolgrye t he par amet er s
C OARUdtiFidatioh proteds, iclsel9hbsRbiatidivdth the fllaive \bEieRtbtid) istdlioon

and_ rectjfication, the canerg inmges can be corrected
perforged (Reqtificationmis frprasesuel resnmmking tetdedraggs so that epipolar fines

correspond to image rows. “An epipolar line on one stereo image corresponding to a given

point in another stereo image is the perspective projection on the first stereo image of the
three-dimensional ray that is the invers\e perspective projection of the given point from the
other stereo image.” Robert M. Haralick & Linda G. Shapiro, Computer and Robot Vision
Vol. I 598 (1993). If the left and right images are coplanar and the horizontal axes is
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software or hardware. The resulting corrected inages
have the geonetry of a normal inmage pair i.e., square
' i gned optical planes, aligned. axe
‘223 Suﬁ’%%ﬁe canmera 15 nodel. An exterior ori Z‘?ﬁ’;‘?% o[)r';"026653
process is also perforned during factory set up of the
illustrative enbodi ment. The exterior orientation
collpreac(@e sotatiomrbeuite bptivalias) bepihi ihageirowsare\cpipolad lisesend
are only known relati to the c ra cqqrdinate
sterg CorEpORReEs pop begPrns wlons corresnpRiting novws of e Mg rfigred to
as ndfiflal Gnb £ ek ﬂfﬁdéfcoaltpﬁaﬁaﬁaa afvanRBestHRsAsb 1R réQiHicalidipdfRormal
. system An 20 absolufte 3D coordinate systemis
imagé paifsinesherly beperiarmed oRREMRY pl ane corresponds to the
gr . |. . ed
R R S e T
the giyeppost of thedwa tarhéres. | I vdieé omthe fprintipalithes tay perspeotive projection
. Libration. t ets,are laid qut i he floor to
is » gRibs Ebichibtion ARt RieFeonBvatie 1 Be Ly pemiilmt relespdy
imagyplagddvatl the Betted Qedniviry (Bb@iab hifidze ?agﬁvmmhg ¢he/geoingiry of
or scene, _coor di nat e& system attache Z%Qﬁ%ﬂe, gr qund
the 13y FRanneddhy; tBrBoiats anpd thenEajpotion senipis dptacts 11 A B
projeiifve tRAFbneMoR! ThAS chérBibiRhis 3k A% beTc!&kn'imteJdQl‘l’ HeMSstory.
capturing the image fromthe reference canera (canera
t h&livertibe paramelers sompiited in interioy enientation, nelagive prgntation and

G R R R R ki

zones 10 be moni
softivhdetor pirdwzien Ghe eanlting cprrentaBimgé¢sduve theglebmetry of a normal image

pet 0 % LDk o SRR i

modeRrticular 3D spaces of interest. Filtering is

performed to eljmnate features outside of the zonpes

beiAieXtRBior oguiation process: i8 plva perfsmed Sudngriosy it up pkthe
iltus gl PPt SR brBiens BB i PRy b Bbinithn o

viewtedscencarconiy kmoval reBiti?6 tdthb camery c@adifiate WRtEN0 Ex3Ao7@entation
PCT/ US2003/.026653. net.hods to perfor t.ereo Vi si o
doteE T 46 ROSLtop SR PrISTE LGN 01 4 SRR e EoB® S e,

4]

. absolitt BDeekdaRteystointif edtfiBhal vueh that the XY gaﬂe cobftepaiie tocthe

bl ock 70 takes, a set of _i nput _i nages 2A, . 72B, 72C

groupcplne and e prigindpshoseritofesipaeiary peinger thsdaneon of t he

gl pheld eiMrkion 9 héﬁ‘ém{eﬂ af € h&ﬁﬁ@ﬂ&"cﬁ inlsfAREton. Calibration
Inputs fromthree canmeras are shown, although two
targeinanedaid o8t inithel flovn t6 ¢arepuitertheod stionslip betweep theister¢o,caofdinate

the, features predom nantl y ,occur, i.n_one or.tentat| ;
sysiqa) ftag e 5 B ror e ok and S Hatld < o Baplicifsberdi atached
to the@rduad plapk| y pl aced right and left canmeras will be

able to pr.ovide good 3D inforpmation, such_as.in.the .

ca&gle?é erﬁ’éte_@é‘cﬂfe depEBp At P%&FiOﬁgle_ ‘@#&en- This
involaVefQ g:gﬁlﬁ'it rdeé‘éfhéﬁfé%e frobh thé PeFereficicathedd @ﬁtﬁ&a%ﬂ Qe 283 bsoREnate

u _

system is tied to), rectifying it, displaying it and then using a graphics overlay tool to
specify the zones to be monitored. Multiple zones can be pre-selected to atlow for different
nun-time algorithms to run in each of the zones. The multiple zones typically include

- particular 3D spaces of interest. Filtering is performed to eliminate features outside of the

 zones being monitored. In alternative embodiments of the invention, automatic setup can be

performed by laying out fiducial markings or tape on the floor. While there are several
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detecti on scheme which includes parabolic snoothing,
non-integral sub-sanpling (at a 10 specific

_ L34t yY), Sobel edge detection followed

%égg&gg%%tu on and finally chaining. This feg'fcl}t/ﬁe%“’”“”
detection schene is known i.n the art and available in
the Patmax products by Cognex Corporation, of Natick

. meth#bds tFperferduerps visteasbouyding &pth? Brésen? Gi¥entimCone sshihtethoil is

st RER GRS SRk s
724, 7eBE2C (RittRdeft, Fep) SMIetiRes BOBD 1638610SF B egﬁir Beurdary

redet erm ned 15Ienlg$h are identified as fe res to

poigfe infhe Ederense dmage. |1apyts fomthrep eapespseae gliavn, Rlthaugh two cameras
will 3t i fhofifncs; cflcialliP o Pl ARGl Boof M o hichtation.
Foresawplerif the feahtredvira yegicalcibaishdriziosially plateidight and left cameras will
e L B B SRR e i 53 5 e BorTBogin.
72 B)x&im%ahA z2a5d I?Ece@éiﬁ@ 8tep Vii&,Sb(SBf;lfilfC a Bfiéreg!a@rﬁlh? .uﬁésgfﬂ;atiére
| e ) (0] | e vertl cal , dl spar | es
deteplon tohpp yﬁn%éé?ﬁﬁw Ee@g‘iﬁ?ﬁ SAFERg, égn-fn&gr@a?eﬁ-smﬁ%é a

sp'eégﬁc g@ﬂﬁs.ﬁ@;, 3881 ¥ 54 Getddin SRloNRE BY 140 Eéﬂ&f&é&ﬁon Ahd'Rdatb

etween a Teature I n two I nages I's then characterized

chaipipgalFhib Faturefleteation sgtemeds knarcin tiesoiud aveijabdeindhe Paigax

ool 51505 B0 R 00O, BABBLE BB vm, 75

 resuith irombis b catinsgtad édgylety (ltigs)t OnlyXbaties thapbalonghedong enough

oS BB e S R R 08 LSl v

- len% a8 l‘ddﬁﬁﬁé&’@&‘éﬁ@fé@i& i aflal of Figar Festes AHANY RR6Eon and

. looking at correspondences of the nei ghbors of the
their gradigntanz: () gné magle ) iferihe Hiesercamparas fytleh ae passed to the
matigﬂegner-take- all procedure that enforces the uni queness

akes over. The method works as follows: At each

i t v mbfching pioosss (alst cdlled afcorresphndeincd precetinre) TBAQ73B is used to

. margh RS Boming Peffsge Fa b (e onpe HiE Morgual Smepiios and

alsotthPright Rth&HeENASS 1810H itaadd (ertiad] Idisphritess) PR OTheinitihl set of
mat ches wwth these two tfeatures are elimnated from

possible matchesioneach dvatirp t consiepined ysing tae eRipalareonsHARh Ssmpigh
twEn b Gt 1 L ifi wmﬁhso \

be t heﬁzéla&ﬁ%st stre égsgﬁﬁ!ﬁeg?ﬁ%%c%t coﬁgtg?%%ﬂt to eﬂs . Thc(a M)
by comparingthy S¥ength3Bd odie@itidicdfithaedgeRB07 WO 2004/ 023782

P S2003{ 026653, aut put s t . apd | acat,i:o 0 o

F eNegh EERairae consae e o St tho L PyS Findly gagions
this fioS1des & kiitbleibalanes betRadradisanitiguating pewdr a6l HieCdbilitp so deal with

..(dri, drt). The angles_of features are also outq%gt

widg mpge efurfaces) Thigskepiavaiyes gpdating theotQMpdearh compspapeence by -
look¥f dt b&RdspSHRRAE IoF tiehefhBork 3¢ he ToAAE urfdbr EShsRIPRIdA SNRxt an
iterative winner-take-all procedure that enforces the uniqueness takes over. The method
works as follows: At each iteration those matches for which the matching strength is
maximum for both of the features forming them is chosen as correct. Then, because of the
uniqueness constraint, all other assocjated matches with these two features are eliminated
from further consideration. This allows firther matches to be selected as correct provided

that they now have the highest strength for both bonstituent tokens. The matcher 73A, 73B *
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5 consolidated output. In the illustrative enbodi nent,
a very sinple nultiplexing schene is wused. If the

ﬁ;blzgg],t,@y n of the feature is between 45 and
bet ween 525 and 315, the horizontal di sparlt]igcglzﬂéa%pogm“ss

used, otherwi se the vertical. disparities are .used.
Note that if only two caneras are used then there is

outpus ﬂ@éﬂmdd’ lp@qilpm off featwie pgintsin $heeyeferehice ilih@ec(mt, pt)tamb ﬂae

dls | spa I s %‘%}d%y’f%cac#r %t ’&qti‘e e eF‘c‘% ?ﬂaﬁﬂﬁ%‘ aﬁ%’ﬂso

outﬂnts(patofabm&téﬁexgingf eature points are corrput ed and
cangra 9. geonetr known (due to calibrati on) t he
“ﬁ,egngn tplsod %Wrtmf &ppagifes fﬁs thenanergedet4 tp @rodupt
r N
con%élﬁiaﬁ&a RPN B (RS iIHGEIRFe EABSHMBAL ﬁ@ﬁ%{ﬁm@l@ Cagaefé&l?e is

An optional step of segnentati

useé4 Efsth%mw@on ahthsdeate fsdretweatn 451and lé.iagrimwm 236 asd 31, the

o R e el el 1S P P et S ey oty

twoatfameim alesdetheﬂ theye isab Iﬂﬁﬁtﬁp&:ﬁbﬁ% bmeilfm ﬂé}ﬁ‘hgol'he output of the
a Jt t nmet ho can_ be cl as ed as

merdgOft 5 8 Dl of Belit Ronun 9 R GEE RS oo b /b 1

I e SR thd 18cdtiofls anf) dispatiay B riawad Bﬁis@é‘i&mﬁﬁéi 4#dRamera

based techni gues are nore view point tolerant but

geopeEY i & lawwn éuqte§a1uhr@uon)\fb@a<,é6mdez lncptinn Thefithepoigty in either
the bt6ieh BhBHE Br B Q'H&d%dlﬂag e[ﬁseéyulﬁglﬁ%ﬁﬁr e less .

vi-ew poi nt tol erant. area cor i"'on techni ques
havie eptionalrsispyof’ Bégmw@ma 71 Gllsporaltedieinstering) can be performed. The

se kBB D TR PR PR b e whEHRToR Hutg) contens

muttdlly eichlai‘vb Yullpisdfels3 D Bedndas polifts SbphtbSuRe Qéreo ﬂgﬁﬂﬂhﬁi e

.Mad]{uﬁ;er ﬁgggq of . the LOG (Lapl aci an_of Gaussj an)

hredpssiliogas fansdasnd(prtteope ﬂ%@bedc@ﬁvwﬂh
respBEtQS @fgsq arldSArEEbSEARAEO AL, FIRGR REQCEIREREs aleSIPY

ograns, blob connectivity to termne |
tolexantabtﬁ prcsiug¢ egmsrerr@alts Am\ gonrelatitin (wiatvhing) technjguaspaoduce dense

resufly BfiFace 1QYEERLnoid A58 ERE 1Y afeS BN EERGRE R Stemely

regulir ﬁt@ﬁtﬁnyic SEyctis} theﬁfoﬁepﬁé ﬁibrep@itsiﬁir op‘thgizéd E'fﬂtnﬁalesaﬂ' cb@monly
achl e on I N (0] ose | spar i | Xe

Ko rF R i R B3 B K IRy systres Tmplo e AL (S of

Absﬂﬁfe'lﬁﬂer%ﬁhe@f&%@ﬁomﬁﬁ‘mzﬂi &m&é@t 2l ggesdgiri%g ;

correl ation technlques Li ke the
heXb¢ Agnse nmage@gpbepromsﬂ wpingrstandp image proaessing

.

techifndS SR H RS WRB bl ol e el s AR
abovedhd grotuadplene. tiémwm; th&epnom‘de bmgrtdmde dsimars.t Thetiomhitds

.0 at_t e, Poi The ht and, |l eft i ppges 80B, .
desigBlnto Ferl it ety BaRine foRmeROint o TR G be ghioved
by ctMbideting BARUNSHE YisParity pHRlsth BeAfehdemiPBal Ard k" SBig. § Bftlines

reference image is further evaluated by an 10 26
a methog,tp arafucrparse iispauilis using kepviperrdlitipotehoizges 3
Like the method described hereinbefore with respect to Fig. 7, the alternative

method described with reference to Fig. 8 focuses on the boundary points or edges (due to
occlusion and reflectance) because the information is most reliable only at these points. The
right and left images 80B, 80A are rectified 818, 81A and passed to a matcher 84 which

produces a dense disparity map (image) 83. The reference image is further evaluated by an |
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edge processor 82 as descri bed hereinbefore with
respect to Fig. 7. The output of the edge processor

yr locations of features which ar
ﬁé&@z?ﬁ%o the disparity image 83 to eval uat 003/026653

di sparities at these points. This is called
sparsification 85. The qutput of the sparsification
edgp pooresssr 5as desaibpd hereinbdfyreofitlf wajeot to B 70 The vipht of the edge
di s ities (xr,.yr,..d) which are 5 easily cqonverted.
ProgegRer2gre 7, yegocelighy of fRAWER wiieh i thep BARper, My i dieparity image
83 19RVRRAE YisBaiticd af théss pkM@VThid 75 QBN sParsificatnds! GRe olldpat of the
stereo matching steps according to %7 and 8 .
spaggiiration wropesa Bliisae phenky of faatige oints wi Btss (56 yRtd3 yhich are
. . : . : . _
casllh S B SO 2 SpgHickRE B ufifl B Sambl iy 88 thatis known
from pfeecadibrationo Fig. 4. 10 The 3D points are transforned

coaPH AR SGURENPS R EReLo Bt M i S (des
or bpluahey %cﬁnﬁ) WitleB P dfbInitioR bt hesePodils. (Futhbr @bcestifg obthe BD

.descyi bed, herei nbefore with respect to Figs. 7 and 8).
Po%’tsi‘%ﬁ%%ﬁ}wﬂ gefapncsdo Kigs4are then cl ustered whereby

ONeigheBMFpodtts BRahstordled o & EAh4HE REntHE cddMinhtdBkRerR i world

extracted the}h/ are segnented 1nto nutually eXxclusive

coordiptesystem-wdich d3 diteched do theempmndddanedn a staicofclustering sep (Fuch as
' - I i t ' :

the bbs chaplbdf RS MBS StEr TEpL0) HROAAIRS 35 Hbint ao

thent chedteredjwherebwadnce thesS[TF puihts uethe Seatires iadigd iaage afeiextracted they are
hi er hical clustering. Initial clusters are_ first, ..

seg AP s itss e Sloet sebondss § disinctSbiectin

the el ets. The chains of features are broken into

conti%uous segnents based on abrupt changes in z

beStadardslusteaing tepanigsisisar bousedin rmivdusteys ofchn3D ippints lhe
oot il P1 BN 1 B OB E BB AR Al Tl Ui e
firstlaehieved Hyesigrthe chaindrganjzatiba ofithe fed gdies eTieajaing b featuoey are
R

(the THEoRY beiig Hilel ARCRNtiSiout & intige Ehdrdinhes Ald Havé Sinflladk 9&KlYs then
m ni num spanni ng tree algorithm The algorithm
theyicpgrpgnord tq e pamq ohiccd and eage thempap clypteny Hagheqidhese gegments

. i . " i i 4 b i
nowggce%}t g&nﬁtaﬁ%{ekgﬁoisg.ep%% caméf)%/eN?%cﬁm Gudégsg% ngtrg iee?sréarign ged
base@ On al'ovimiven) distaecet’ exiteria.ofisis daekin twecgrissly anininaohy spramingiese
obl.em t.o 2 obl by usi,n onstraints. .The
algoffiie, TR f1forft fofled puii g feriRy SnBe 3 6 Bieats pbtaifed gribe
"miniMulIisRaetis ghditd thad alveitain thesholdli sadvant ageous
restriction_in a typical_application., The ¢riteria

& abpive dchnideeclpsiers i3l hawever, Hiedechniqng optiiped belew reduces

_ fo . _
the p%lﬁbﬁlfg? @D%?dgﬁrg b? %%Hg F@fﬁgﬁ%e : elhg%gsg&ﬁlt AaPR%sEd places the

. pa[tl cular p exce a preset spaci ng
objecth ires plahelin 3hspaed. oFhis istnot & verygiisadvantaghaus restrction in a typical

| ections of. the ohject.s. in th | ane do_.not. . -
sop 3 Uit ol Bt Al B 48 R o it
betwhbar the vbjecialonpagetticulacplate (edipladed efeed 4 prset spacing
threshold. Therefore it is implicit that the projections of the objects in the plane do not
overlap. This again is not very disadvantageous because the objects lie on the plane and the

- surfaces of the object are generally normal to the plane.
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surfaces of the object are generally normal to the
pl ane. 11 26 February 2007 WD 2004/023782

/ / 026653 Next a filtering step 41 i
‘g@?@ﬁﬁ%ﬁg’v\herei n all the points that are onsP&If%?%ﬂg@z“ss
to the ground are filtered out. Any points masked out
by the regions of interest that were setup during

i nI¥ext b filterinp siepot 1 ig patfethed Sihermin dl tABpoimtyhitasd on arykisetn the

is, first attached to th royn | ane, it iS_assune
gropre Flredn A58 PROTHEPVSH OFHIDAbpIvERES pEintrset BERATE e
durihBiSstMatio e ighBred. SRicE a3 MboRTinAS syl 1 FRdt ¥ithbdliothe ground

x-axis, and y-axis. Since othchts were constrained to

plangeitiisrssumad thaithg serfagy ngymghef this pjaae isdhe z-exise ghis pHlews the
0 i . t . i t hi .
soloBGRA Aty SPlhe, B4l 120 St el s pleiifieq ot im
knotvingx, ¥) plsmiey b dctscresdgodited atcordihg todbwpibensrs sepaeatéd inghis plane
converted tq the ground pl.an coordi nate system Next
(co H{éﬁ%&i"%&‘%%etag@gdﬂ%’fgﬂfm T close (rangegl, too far
| efth ailbdt@tive dibddimbf A1 30psihRAeSlinst dopPerfdddd tHelehgidtplane

of the object) or too close to the x-y pSane are )
cooxsdinaty syatere Nextpoinis taat predop disintor clase Gangp).tae fag e oraisht

i) 59 TR0 B

at “do” not [ d out are
Elinbinstingyrodjtecodo ithet grourdeplapedielpd remivershadophinsd rdane suifeas

b ted to.a 2D i d W
sy 0 o iy ok O B el AT AR e le BT B growns
plaie, This &R kHeB Gk cOmvettd P :mlf) ﬁlflath”a@d stafiderd 2Dilateling Bblob

0o eat ur Ol nLs..

t I |t A [ .
. consgeitus veat toebiaGrknsk resyiap cllbotim o BielhPEF 6 b

repregeﬁtstagﬂﬁh?g(yf%élﬁﬁﬂg_ a scoring function. The score

7 I's accunmul ated and” conpared agai nst a predeterm ned
t hidessioting step 42 istthempantorined wherolj theresyling painis gte then sgpred

. absent 44. 1n i1lus Vi€ ' : :
usin 335 g, st TAR sbore MR B e Ao enink Mg DB
threﬁﬁvlcﬁfofﬂgteﬂmiﬂ%ﬁlad (ﬂaj&?lmﬁemﬁﬁ dreabsatid. cinithe ﬂlusimir\]rg

opposed, to all the points that are ner at e | .
embg p_ She sopis poBEp s piepepdently Br spn dusiee, e Beeofifon s
appIidd th S EEkr a8 bgsosBPio N Re Poihts Mat bt eRARRASThidban BOMEre .

conput ational power. An alternative algorithmis

robugbespeditibif tiesnencaredusecalot of isplated Elsinstehes bitat the gxpense of
gorithmis.simlar to the algorithm of
m°‘€?‘él¥lp‘%f%°>?%j;‘§%“?“lt‘hat the clustering is no longer 25
optAnoiietnativé alperithmtie dgscribddoeitlarefaéncede Fige b whirsin) thi figst part
been detected, .a.trajegtory_conputatjon.step i.s .
of teSauiian & Tiaidp e R oL Fies BERispt bt oh ebRetide ispoigpeer
optiGA B Bshdafry. f Ohde@robfHdBchisiér) i HAS bedisdetdotedsa trgfestbgt her
the object is headed towards the door 52 or npot 53.
comppigfiemsten isipveformand Wherein ilicgnefion vsgtoret thaslusiagis cAmPies to
£t R b Ay leSk s 16 BBeBE the Bject is headed towards the door 52 or not 53.
Motion estimation is performed by estimating the 2D motion feld or the optical
flow (apparent motion) in a set of frames in an image sequence. A large number of motion
estimation techniques are known in the art. Motion estimation shares some similarities with
disparity estimation such as feature and correlation matching for stereo vision systems.
Other differential techniques such as optical flow methods can be used in applications

having short time intervals between frames. However, in the illustrative embodiment of

12




10

15
 anglk inages.oPuringithe Ghiarse coirelation/step thertrain prohes prgcoirelaisd with the

20

25

30

26 February 2007

flow (apparent notion) in a set of franes in an inmage
sequence. A large nunber of notion 30 estimation

[ are known in the art. Motion esti i
‘&ﬁg}]@@%é’g simlarities with disparity est ir{’ﬁa’{‘%g?{”’“z““
such as feature and correlation matching for stereo
vision systens. Qher differential techniques such as

dooDghiarapplidativn, iB hitaspticnis rhdicdise the tineppirvat Bétivessframes is
aving.short tine intervals between franes. However
sl ThAREeFs piioet SR (eSS GTomon ssin B DGRt cRR
One\Wao#/H P4bt13 34§ Ratide T eGPkt Relding %Ereﬁﬁ'b‘fe%h etnts are followed
a I me

pplication, no assunption is made that the ti
throigh éme asing Same-by-framermefionsstimates o1 byTivelieitlyderidpg such

.f | ni e n J: Lo rati .
cut B0 SRENBIENER Pl i B8 My Bt ant v
comipfessiby)es atea@oieldtipn/deheredy)(as e iestérso ataching) tamibsechsed to

t hr ou hp%ims u i@qg%frane-by-frane notion estinates or

estimgte; plivegn ing such 5 estimates.
Bl qnk iIiBtsteethbsaiRAPSses ¥ afidue MbSitGincdmbirify et Bhsed

conpensati on and vi deo _conpression) or_ area

correlatigreandsaresrbased nomelation sPeints that helepg:toss obiectars AlgIRAEan

A LSt L : . .
sonfBUSF L 514 LGN 90 RSB L8 S g ese pois
determimid inl the sibsequenicfranmssyocomebating Kixts featusssdn an wer frauedithe

corsrelation. Roints that. belong,to obj ect £ .
xR AR g eRhrentent fgmgo t fipis T, Sath 8ot Hedure point
conthiig 2 Wl gl &n &l §116dakiom avt] HeikdctibA) At fi@s ¢ theaeonifisd seference

. deternmned in the subseguent frapme by correlatin
imaga;a gansideradfp B ther\ e irmg WRRER)- o LHIEIES S BB SR A EIEe .

procB@dt LB fo'thd St RHBRHEAHERMbEHA R pro¥ udelgtRlidnt thag@feb and
obj ect I gh d

eat ure pol nt contalns a {, an X an

f ' ' id " ' .
anglp fafe B SR imerpe SR R i fefotup il Duin
the SridBoklatib®stbpl@hOmeprilde indpe ds Tl ¢ prodicerasharber qoestition peak.

gradj ent magni tude and angle inmages. During the
~ CodRidechpiope has adgentages preremdpdiaprasopEauc P@Jmslm For
exarilbif s@h@fld Y!cﬁx'ﬁgﬁég Rhe BB & HEBES is bEy 66l féPds Aifferent

neasure being used is the sumof absolute differences.
motipovesters. This predveesqoor edreelation velugpand, HesOmEasas ANEITORAE

e
of the ot elanthicbjeEisdiny tecked ishircadyAegmented | Ehe illmstmtivnalgothm
weriS 5B ot S SR 3 R P Sthe

frame@) r €l ation val ues and, in sone cases, an erroneous 3

correlation vector. The al gorithm according to the
i | Onse 2 motiow veoidydeicovenited fixm Srames hist talyfor a givep glicstact

com R0 s PBFE eSS P ity BBl o
pointsns Endvwag BDrmotjmi cah be aptibually esmputed.i Thb dlgeitimncouldde trivially
exteg&jegstg gn%t?ptle frames to get a smooﬂied trajectory by assuming straight line motion
of objects. Another extension of the algorithm is the use of filtering techniques. The results
are filtered using the current input, pasf inputs and outputs to produce the current output.

Yet another extension is the use of Kalman filters. See R.E. Kalman, A New Approach to
Linear Filtering and Prediction Problems, Transaciions of the ASME (March 1960) which is’
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25 frane(s). Once a notion vector is conputed from
franmes t to t-1 for a given object, correspondence is
en the various object points. Si NGy

&gggﬁogﬁsy\gf these points are known, 3D noti %ﬂ'}%gﬂgﬁéﬁss
optionally conmputed. The al gori.thm coul d be trivially
extended to nmultiple frames to get a snoot hed

incarpcapted hereip bbyeﬁmmn Tig Kdlman fler ib b pewenfitlitechnig@e fifr doing

e AR bl S

_ mfouﬁam dvblenmel B e troBuBWith refyt tol O HyStem Hhd QbkisBHdisd, O

g%gce the current output. Yet another extension is
gent generatiog dogis ﬂqpé%s onggyerfl fpctongaibprdpor typen@ig presence of

(%18 ] 9985, B JBEES 106, ML pBcR R o

ransacti ons of “t he

systema litsel fmyghp bove mwidplz @Imnﬂmiﬁ as@dmmgmoatee ﬂﬁﬁﬁ@uts from
C [ d .herei efer he man.filter
varil 0B e Aol BB Fnd SlrS Bom K Grokie aFeted a3 aiydtty
be ueattb km:!ittdl Ithel dboﬁlwﬁﬁﬂih CAS uﬁmme stekecaddop mSéﬂppﬁfaﬁzs is described
..in %L i nf Qrmati on, gver tln%% nd i s yobust
“ﬂﬂww Sl Ig(S. t% sitreAmageacawsitiag devrs ple-pypatr of
macB8 HsiolRBRERS AP ad REELCstd P s O BISNIEdrad scfeﬁ&fs Fxd add¥med
door type, the presence of the optional outgoing

at a Wewmenyen; e vigvdngargain antifestiativeersbodimen ipiie incomingoresin

)

‘ pgle systemitself mght have nultiple
prox‘iﬂ% aﬂ‘ﬁdrrs . !

in use. This logic takes the outputs from
v afThoinsage anepdsition ddvice\68ris mlmmymicmtmn withl (fypicelly zré wired to)

them t o _prayi event s_t hat rectl e, use
a SO RGRE 62D PToraRE i S s s b 3D SpiRE qalyn e
mem BERE a@d@:ﬂﬁﬁgtdk&ylo&’ﬂﬁ@ﬁ&hddé Qescrivkd Heréﬁsﬁbﬁrm ﬂn@rslaug
A _stereo 1mage acquisition device 60, for exar?l_lles]3

baclﬁsiéﬂupd éP W“Wﬁhmi fiers e prlarpRlichiiag affecis
pmcéés&r @zocahrﬁ%qa esamgla@ wsﬁﬂo&ﬁ@@@abﬁ &gg}.@@@%%ﬁ% :

V|evv|ng VIew ng area I n strative
mmammpmMg sisps dmcmbeddnmem@eﬁma’@ domputeraoset off 30 objectniand filter

2D e ommb iSRRG, PR cofnlre A S fedaioqelpr opamygumber of

. proc¥sRGASGiBEs ﬁa cz?ﬁ’ﬂl@ of Rerpih8 6£8 SDprévéssop BEvetditg folthe present

| ocati ons of

D obj ects wthi n the 15 vi evvea{gs ene
invention Farsaps haying Ardigaryiskill W&qﬁbﬁémﬂ@é'@?qgﬁ%ﬂﬁé BfiSERT

. com@agoﬁémaﬁ&aleﬁs% .g‘ﬂ?. oty ec%daeﬁam&%a&hﬁﬂ@mger

patterns or pre- ts
soﬁvmr@p@g@m 62 can be any processing device or nodule

erfor eas the ng ‘
s R Gt p R A GiSiigh Btk O PEees s

receméa mpaslﬁtmé of bbjeeis the&&ohﬁ CR@rtegettory pfoeessei 6615311 bﬁ gither a

er sonal ggguter %%(iledl cat ed pr essor nber
hard{ffre BEPossOE BELES AGEHRNA CULPUFLOT A EORARE TBICLRFapRHg Oh o
perfoskiny RS BERAbrARH RS sibfs dRGink S RMbefore. Tn the illustrative
embodiment, the trajectory processor 66 generates control signals (i.e. open, close or stall
signals) based upon an object’s trajectory and communicates the control signals to a door
actuator 66 which operates the door based upon the control signals.

Although various calibration methods are described herein in terms of illustrative

-embodiments of the invention, persons having ordinary skill in the art should appreciate that
“amy number of calibration methods can be used without departing from the spirit and scope ’
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i nvention. Persons having ordinary skill in the art
shoul d recogni ze that the 3D processor could also be

WoShg¥ids7As one software nodule or a software nRAULE . 0scees
running wthin a larger software program A

trajectory processor 66 is in communication with.the
3D processor 64 and 25 receives 3D positions of
of the jrvention; (Ses, db1raxamplEirefarensiee to Althpughchs Blustr8iye crabodiment

- . hard 0 h,as _a personal .
dosfatedHorch 5 BAES HAE cAIeRS SR8 ot L o SociEleg Gihoms havine
ordiragy mmnethb f éﬁts&}wmiﬂppfe@ﬁmaﬁht typstheas%ft-)ib%@&tuptstepts r?a.n also be

ereLn re. .Ln e 1. strative enpodl ment, e
pe q_nafiwttﬁ? ﬁelgm@e%*sﬂ{'}wr%s E-‘@ %$998° el FPRtNg nal

- (i -Elthdﬁ@ﬁﬁmin?éxﬁ%Sﬁéﬁmtﬁinqirbcesﬂogﬂébﬂniﬁﬁﬁﬁ%tﬁm&ﬂ%&&euy of

object's trajectory and conmuni cates the contro .
camsyragin kesms of the danera gonstant, dbe ivrage eenidri refiabdistorticasoeffigients and

- b ok O] 2 S I Al t hough, Vari ous
sspled i 5 AR baiaP 0t B o b i R0
intrinisicpatanstdrymay bevinlidd vesunse ¢ffthésh @atameiRntipivied redltenatve

havi ng ordi nary sKki in the arf should appreciate
emtf“_ﬁﬁf‘e Wﬁﬂ@?ﬂ%ﬂ’e&tjt{eﬁaﬁ“iew PVEHoRet hods can be used
W tA¥eHughl eRahd plagk daliBfibh &1 B ilhistrati mb6@RRnts Mesotfbed herein
007 WD _2004/023782 PCT/ US2003/ 026653 of the

Feb
is Pﬂ%}%}%ﬁ At logatéon gfgpstallatipminstsopshiaving pediary sill injthe st pauld
appifebﬁte thht 3SR HIANE ¢ i m&%ﬁi&ﬁ%ﬂ%ﬁ%f&cw 1%t up

n the factory using factory setup procedures, persons
alteinate logptions withrot depaitingl framm thetspiri and sopeidthapyentionat e

B e b bR B SRR PR scivnt
herei b per@rminppardbs Bk O6thing, MintikREANsdBamPLER (a0 Epecific
- orientation process for determning the interpal
sw&%w&%el&fige Qelgoiipg Sollopved by fe prak detechiommeEnd-Lhaming, Refsons
havinB SRR a?leé%ﬁg ragﬁxaahﬁ mﬁ;%&%baaf%&)}%gﬂg ReMbak mown

aspect rati o, ons havi I nar [ In the ar

in therasidad bappaddo ihetedge pepcessingistepoyitiiout deperting fiom the spirit and scope
Lers..may be added or sone of these paraneters
°fﬂ%§5r¥§§rg§%‘g?’??“31‘-t ernative enbodinments within the scope
of Altheugh ths &iventionvie déscfibed HedeiAlint 3AbEOIT agivolcatkefl sidreo vision
calibratiqp jn the illustratjve enbodinents descri bed
SYStER, REFFPnS Flgﬂ?dépfﬂ&ﬁ arbahould BPREcla htasER comeeh 54 DRSY o take

two BERDR inaBaMirdIS diHeind Bloktisdsith brovilesRBeodfdagsheidtlifl the scope of
appreci ate that ground plane calibration could al so be

the igwertionnEer ¢xampleea tanaers cquld fakgisepazite images Somoe pluraiiy of

e
plurhlitg of tonsedution iews endsidiiorant cantbesfor hieed steddn ihmiges avcbigling to

e RSP R e BRSO BLSBLEL, SR, o cxample
mmgﬁg ;ﬁﬁil ﬂﬁﬁﬂctfgg Fi;%drﬁzggmﬁp(oﬂeﬁﬂd,efo? Sakapile deds. on and

Although the matching step of an illustrative embodiment is described herein
wherein matching features are characterized by a strength of match followed by
implementing a smoothness constraint, persons having ordinary skill in the art should
appreciate that various altemative matchmg processes can be substituted, such as SAD.
(Suni of Absolute differences) of the LOG (Laplacian of Gaussian) transformed image or

the like, therefore, without departing from the spirit and scope of the present invention. -
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having skill in the art should appreciate that any
nunber of edge processing nmethods known in the art

d in the edge processing step with
ogﬁnyﬁ I
epar mgffromthe spirit and scope of the 8[%@%%%?03/026653
.invention. 20 Although the invention is described

herein in terns of a two canera stereo vision system
per Bhils theklhdhatvé embdimert bf S8 prseht MRAESH i8 UBschiB@ hetein,

incf'inﬁl e carera can be, used to. take A two or nore_imges

APYTPOE SIP UPIGR ACTTRME TREPlEE seleenay having spegifeerintation

ot BB oS | RO o M e, s
canera cou_lod_ t ake sg%%%gﬂgﬁggs r‘l’rllom acﬁp raﬁ?Sf o?m
havirgqrdingtyskillin tlea avtishiould) appregiais|that fies¢ jimit$ aresomewhat arbitrary

I do-provide.a 25 pluralit
e HBE OERSe SRl bR NE b SRR B5iEnd 3o O g ibent
investineo i mages according to the invention. Such
opt | gal onents i nclude reflective gptical .
co ré@@é‘ﬁﬁ ﬂgg‘rﬁ}"e&@ﬂ&ﬂ&mﬂ* of thernapsent igyratipR fne gesariped generally
in teyiisiof @ stefR MO RRALCT for RlecBYel BeBing! or b4 @br fiBsons

mat c_hi_n%afst ep of an_illustrative enbodi nment I's
havipgskill ip dae Fisbenid enyisonanyinvmberief Algpmasive embediments of the present

5 SEERA SRR o B P 6l SRS ¥ W,

enent1 hg a 'snpbot hness cons sons

. sterge vision systank 40l be used hexording to Mot presentippention &d ighbradn alarm when

+ 485 P ] 855565 et witin

or pdishfvagn d@sliedhative@lubttdive LAPSESER DS BHe iPIAGSH Bt)example, could
. tran;ie%r red i ﬁge or the like, therefore, w thout

EriggRL 3 ALOFt SRRl 5 ISR @ 2afsilt an autpmepbdle dyslstesteditpuclmeds dhn wrong

direbﬁwdﬂghwéﬁ)r@iﬂ:g“huary 2007 WO 2004/ 023782
- PCT/ US2003/ 026653 Wille the illustrative enbodi ment of

t he\lfhougheiffustiative mnbodimiests & the prdsent itventomare deseriberthnrierms of

g3 5o b R DA

ordidlarytskifign tietartshonld appretialeditdd a sictdo8tsid S8leitSickdrdaig to the

di spari.ties ersons_ _having qrdinary_skill_ in the art
Pfesgﬂdﬁ‘fe&“%ﬁ"&ﬁaq %ﬁ%mwmég eredetpmuneddigtancs ffopm auy arbitrary

' plaiRtEdthlas A AT S RRht Qashridfy bl ARSHIR br 93p¢ %9 iehfi

departing fromthe spirit and scope e present

i nydthonghrihe inventiondtas bedn shown and/desenitied avithomspsctap exéraplary

' ' . ' . erall inter f.
embBAFRER kbl PeksclP nlify SRREH A AL S ol appPoclofl R ous
othep ﬁhaulgfjss omiysiandardraddjtions nigl’ﬂie fcfm\arldl @etaik tHeteolf ﬂlrartglbg n@ide therein

..Sho .enyi si pn an unber of alternative enbodi nents
withget deprting SO he S} FSROReGH Derimisslion, 1y, saf oy,
noti on control and various other applications. For
exanple, a stereo vision systemcan be used accordi ng
to the present invention to trigger an alarmwhen a
person or object enters a particular area or noves in
a particular direction within that area
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or passageway. An alternative illustrative enbodi nent

of the invention for exanple, could trigger an alert

signal or close a gate if an autonobile is detected

traveling in the wong 15 direction on a hi ghway or

exit ramp. Although illustrative enbodi nents of the

present invention are described in terns of filtering

obj ects havi ng predeterm ned hei ghts above the ground

phgiﬂgspersons having ordinary skill in the art

ﬁ' appreciate that a stereo vision system

agcor di Agktiad dfkBntrdliRSLAdor icOMBAihOhe %E?:HE of: akqfridd 4 {t&%o image

objects at a predeternned distance from any arbltrarg
of an pigorgingjareas cRMPREE:R 6hP} 3D ikateret frotesaist sterag imagenfiltpréng from said
set of 3B fehthreQ%o éiﬁ e Qfsett Filde¥ %Fﬁres l‘gﬂ.ﬂiﬁ% %gctor of said set of

I nvention een own and desCrT spe &t
filtere@ 3R fpitares; ané gbwdatngrdber ¢dnevkeignalsie respossehadid gajectory-;

kKill .in the shoul d reci ate that . .

- wherefr SR o fimmtio arige ™10 AP e R RS St phifdes-propessing said
stereo ﬁlﬁﬁga taendet al plura i FebnitRitd Feunires @ddnfisfifd Fonndétbd Ritures having

e ting. fromthe spirit and scope of the invention.
2 Seie%P praststioit BIRRFYy hasoy predetspined fireskolesisdeci features; matching

said sQd" fRhthiel %o %eﬂa‘?ﬁé d Mds YeRdtatel $roft Bl 1m%§9% Edlc'i] Unage set;
a stereo I mage I ncom ng area; conputi
and  fon@pting3Pp l!lfP(@QOlﬁSerlfe%@ﬁ @Omtsmce@dmgm@et ledst baid dlspﬁglthB om
said set of 3D features to generate a set of filtered
3D features; conputing a trajectory of said set of
fa.lt elr‘IEhd rﬁsﬂhédeattdércﬁﬁg t(ﬁﬁldmg Eln@liél&hl’@mdﬁﬂénv\r%@’ﬂéﬂ élhmmatgs ground
al.,s in resp to said trajectory erein sa
plane éi‘tg‘i‘? mc*&ﬁ{)‘"l?f tgﬁ)gea%?s of 3D features includes the
steps of. edge-processing said stereo inmage to
generate a Elurallty of connected features;
iHent iThgimashatbensersiingitof daitnul ebetein/said filterimgeter thirdinates shadows

ﬁomsﬁﬁ@&%ﬁ%ﬁﬁ% ¢ greater than a predeterm ned threshol d
ecte eatures; matching said selected features

to generate dlsparltles generated fromdifferent
|n S a set; and conputing 3D | ocations
Br@e%g nfcco 8i ﬁ]@mg ol a¥ qr@gsf;alg afilering  step eliminates

backgrgﬁrﬁi%ﬁbﬁlb @9m said sth6r IBEhRAeaccording to claim1
wherein said filtering step elimnates ground plane

features fromsaid set of 3D features. 3. The net hod

3 on AP RAREh B WIALEL Pl [ L83 Smings ambsins

lighting bifectet hod according to claim 1l wherein said filtering
step elimnates background patterns fromsaid set of
3D features. 5. The nethod according to claim!i

\Wher eiThe sadibd ddeb@irlg'® HifP1 YhkfB 84L& Fi1RARE S8 eliminates features

outside of preselected 3D zones.

7. The method according to claim 1 wherein said stereo image is acquired by

combining images acquired by a stereo vision camera,

8. The method according to claim 1 wherein said sterco image is acquired by

combining a plurality of images acquired by a monocular camera.
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lighting effects. 6. The nethod according to claim1l
wherein said filtering step elimnates features
out si de of presel ected 3D zones. 7. The nethod
according to claim1l wherein said stereo inmage is
acquired by conbining inmages acquired by a stereo
vision canera. 8. The nethod according to claim!|l
wherein said stereo inmage is acquired by conbining a
plurality of imges acquire y a mgnocul ar_canera, 17 .
2% Fe bhtf"yaW?L?‘a) 6 ogtingripce i gaf Credcyrenshene of widaplpgality of images
are acifiRl BlyRaidlmdRBShr ARRrDYia iR dphidhl bihpBheridrBges  are
acqui red by said nonocul ar canera via reflective
opti cal conponents. 10. The nmethod according to claim
8 ergj : . Sl u ' of¢ J . .
oot o SEARANE Mt el bt 0t SRRy of images
are acqyeil balsaid ompomdmt simedalvia fefstévempticalsiompoagpar at us f or
controlling a door, said apparatus conprising: a
stereo i mage acquisition device; a 3D processor
rEicei VA B@redtvidi@PappaRER Forl dodffoBial d i€ EAQ apy®s comprising:
acqui sition device; .a trajectory processor receiVving
£ SIPFES MRREFSEHEFIHGN 44Yih) ect s from sai d 3D processor;
a D BrodOQbr RELVAE HerdoGGLS i S0PLRB %5% acahigi@i% device;
fromsaid trajectory processor In response 'to an
a trajegipyfyareocessor regpvintgdirames\whmpdsing 3Riotlje8® frrmossed 3D mprocessor; and

eperates, said frames ¢ ri si.ng 3D objects by: .
JE0Eh b RaE Rt oE sE0EF el S Rnt BSlEor o Mrons i prsponse
to an objebi’ elrgde@bryyi ew of said stereo inmmge acquisition
devi ces;. 3 d clusterin% said points in 3D _space to
qu p3id 3 REpgessor shipEsies 1 dslgreescomprising AR qbiretsves:

ARASMATA Beibhts lbale Elgﬁhﬁrp?an%cflép %gin inl £ RIS View of said stereo
I br eaki ng

organi zati on of edgelets; chai ns of features

image pegisitwrdevigeesd segnent s based on changes in a z

G ' . ] n.successiyve, poi nts; and nerging
tc\i\ﬁ% Eeg#ng g ‘Iielg g Ogﬁ?su%ﬁf?a%eag &OFH® gbﬁf % num di st ance
whereia saitl ehus@ringd thelulbe appar at us according to claim 1l

wherein sajd stereo iage acquisition devjce
EGRPFineeEal pHiPraprIoyding tochay reamzatien pbsdeslets 3. The
MPRRIBLAIINS OF _a?ir&tggiocboﬁ{i@loﬁh 3 Bis OPLBMESs i'ﬂtaa\éi (Ealg)rdinate

a cl ose proxim sald ground plane relative
be tweggy migeassiverpeiat; eshold are filtered out as ground

%e@&ﬁg R4 B6sest clusters based on a minimum distance criteria.

12.  The apparatus according to claim 11 wherein said stereo image acquisition device

comprises a plurality of electronic cameras.

13. The apparatus according to claim 12 wherein objects having a close proximity to

said ground plane relative to a predetermined threshold are filtered out as ground plane noise.

14.  The apparatus according to claim 11 wherein said trajectory processor determines

an object’s trajectory by tracking said objects in multiple frames.
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14. The apparatus according to claim 1l wherein said
trajectory processor determ nes an object's
trajectory by tracking said objects in nultiple
frames. 18 26 February 2007 15. The apparatus
according to claim11l wherein said stereo inmage
acqui sition device conprises a nonocul ar canera
configured for acquiring a pl ural ity of images. 16.
Tpg appar at us accor(?ll n to cl 15 wherel n at | east
0 PRGNS AEFITEE &t claiy % TSNS AU HRIPY ithag pgaapition device
compriBe§ & ﬁfonoéu?ar cIHl@rarﬂahﬂ Qe fo? Q6N 4 Mufdlid) dhihagidherein
said filtering step conprises: selecting 3D spaces of
interest; and elimnating features outside said
Sgd ect C n T . .
agééor d?%g%?g&g%ai&r%no%%gf E)r {'l iér?sltg o“r’r%e?‘?“shal'ﬁg"%ﬁ??% gfnsaﬁg plurality of
imageglirkfacquaret viammirtarme al gorithms on each of a plurality
of said 3D spaces of interest. 19

17.  The method according to claim 1, wherein said filtering step comprises:

- selecting 3D spaces of interest; and eliminating features outside said selected 3D spaces of

interest.

18.  The method according to claim 17 further comprising performing different run-

time algorithms on each of a plurality of said 3D spaces of interest.
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