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WD 2004/ 023782 PCT/ US2003/ 026653 STEREO DOOR SENSOR
Cross Reference to Related Application This

weappld#oeatseon cl aims the benefit of U S. Provi spowais2003/026653
Patent Application Serial 5 Nunber 60/408, 266,
entitled "Stereo Door Sensor," filed on Septenber 5,
2002. Field of the Invention The present invention
rel ates to machi neSSTEREGDOER SENSOR nor e
particularly to a method and apparatus using an
automat ed stereo vision systemto control operation of
a 10 door. Bxrésy Refietenet té Relatet Applicatiovar i ous

sensors_are known for use (n _automatic_object . . .
d &%ﬂnpélﬁatwq%ﬁttﬁ%ﬁeneﬁygﬂﬁs Proggsondl Bﬁtﬁ{“e‘jgplﬂ%ftl%l Serial
ldnad 1S, q d t ] »i i of

N e P e, PO e

cells detect objects through direct or indirect

contact or by detectin obj ect. wei ght. Ther mal

sensors detect obj ec#@l%r‘ggp‘é\ﬂ‘%‘%‘ﬂgat, and

el Belf Qe NBaP&iton rSIBRs & MablBheGikion Rl a6tk aﬁ@ﬁﬂ@rsﬁarﬁ@ﬂa&ly to a

objects that alter electro-nagnetic fields. ese

methedasbipparajysi ustilg ap aikonaated gerap yisian $ysigictoconol apsraiien of 2

d Orcontrol mechani cal 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 for certain _applications because they
are easily circuBaekgroynd ph e yyentiont ect a certain

cl f ' ' r :
cor Tt aEs Bl el B AR SHRick AWlfion and coprol
systefiet Eonexaenpde) phbjoemitaidisersotd detecd bbjeets dutetryptinghlesm of visible or
sensors often have bl e I ntaini uni f.or o
OV S PR 01 20 S T D LB v
contdet &y @AY obRBt WEgRY AtHeRhil séBdoYs 8RR BBje¥R radiftiiBaL, and
appl iI'cati ons, nore than one sensor is necessary. For

electexmagicte senspisaietect abjeasrsitchas dugal obinetsrthitl abteselegedmagnetic
t grocery stores use 1 .Crovwave. senspr. or .
fields, PhesCeaiers Sunedly ot devdeld Relatedi RBP satpl papcganical
actuaflR8)recodd tHe b étt s PeesBRdiel 0/ odl 8leBiGinQpetafor takdddh 1he Pebstrte or
determ ne whether a person is loitering in a doorway

absenggfod pe objiePlowi ng the doors 30 to close. Various canera

b E?uecﬂ sSsObEATE nff \gelﬂ %dl‘f&o afnoe[ H5&ion8 b%%ju%:ﬁle are egsily
detectron systens anha contro g)yg)st ens. nera %aseg
circuiysiiteds Theywenly ldeteatttdé e iatndass af vhjeta geovidg fhranghci magowhy

i mge of the ponitored space I ch can be .stored.for i
consirgped sPaeg | @gqlgr)ly W cgy%qt ch%tirg}lp? aw%g%o‘larp%ﬂé/eloclty.

ThesE gggs{ﬂ?%@t@?i i ﬁlenﬁ%ﬁaiﬁ‘ﬂainﬂvﬁlﬁ{if&ﬁi enstility theGIPRb& Hhonitored

an electronic video canera I ch captures imges on an

space or over time, and they can be prohibitively expensive.

In some applications, more than one sensor is necessary. For example, typical
automatic 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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array of charge coupl ed devices (CCDs) and converts

the images into electronic data files for automatic
wanel4ess2or storage. For exanpl e, automatic fRBCE®/US2003/026653

recognition systenms have |ong been the subject of

experinmentation and are now in use in several high

security 5 applications. These systens.can be too
use a8 FlsEIToRit SUNERDEGF ShAREFPrBY P GHmFBSthic fapgies images on an
array M Rhd5 8L IS ddVilek POCHS) St doRPeriit BB RN REEONIc data files
devel oped 'using el ectronic video caneras and frane
for awapbte anradysy actesgs Roniesdmples adematindface reckgriton syistems have

eatures.in each fra a captured video sequence. .For
tong bt Shiee REReFE GRS ohie G e fyPe Ra drora:
applitAiRGK STERE ROtEmY BarPhe 13D sRR, 8€pentFvedr (ihTELIE GorhéiBomAdn
calculating a velocity vector for the object. The
applicadiops.i ty vector is used to determ ne whether to open
or, cl.ose an. aut omat i c doar . [ et r nown -f eat ur
£ BT e B P SRR e B e B Bl Tt R0 el

fram& ¥phaMedrsedsiddarhitindétbd afll exenetairtfchiuedsan egotl fr@6é a captured
data from a nonocul ar i mage sequence. Such nonocul ar

videosSequenios: FPo Pl gripmtigidpecongrhsystemsare kngyra that Barks gomers

P .

oGV PLREL g B LD SR At Syt

velocityfvectosisfusedrtcaddieralinSwhiétherts ioperabr dbjeent aitoridticgloor.
ARSI Rpp B oo P e BBHAI Rl P ERking

systeﬂﬁ&é@&ﬂi‘&dﬁh QDRI bt aftiORL extBict 84h Foflfd BohShIArTRASS s@hience.

the nonitored space. . Mbnocul ar video nonitoring

Suchgyartogniar syseanas pravide enly-2Blimensjena 42-8)rfram whishde gpmppig velocity

blind,spots or blind intervals.during.whi.ch regular ..
vectody SR ik s by BB B Pt e S, R
effectsqFore ¥iml B dinsRRn SIS &t ITHPpobleaiR £x hek e Ciankftahlsecrity
by nonocul ar video systens can conme into the field of
systeqpis aviesgin. e exasinle. Grirenglasmsepdisonfgestacs WamEle sifobe light that
’y . grammed to ignore franes
”ﬁ”§3%§%§ﬁé§§g§ﬁgﬁ§%ﬁ@ﬁ%ﬁ%@@&kghe door is opened. O her
nmiviens@il arivédeosysiiitimg ygetems dpdratinppdn Z-Enmoaps dhta et edérate
. .a door' ctual 25 position qver tine and ignore only,
bhndtSﬁetsganini FOrapls SoriR e M BRI s OB BrPegB oF PR s fled

. £-0bei bS. -
v, PO e OB o SRR A S L i

+ systems e odrae intp sheofeldof view aféhemphiteringeirenas varenefdrthey are

installed they must be ."trained" usi a reference
opentdraing PSITHLH PIp Gt (LRSS S ap B pRg Vienever the
door #4YeRRd. | OfRr hfdre R%inkd SysRaishise Wliditiof4l\skhisofs® HetecBul8bbr’s actual
training can often involve tedi ous and expensive

positipneweniimesnd ignegrows Sredtontiensf arfeanesalbere theedpor ot deasdrame is
expedbd RidMh: L& %7 Bl RI8r SRAGG: R BRUABn N ¥s 210%/003 063943
coordinat e vall stens.

S are una abl'e™in nocul ar sy

p—t

. Spingl304/ 023782 PCT/ US2003/ 026653

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 to
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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Sunmary of the Invention The present invention
provi des an automati c door controlled by signals from
waea 2804@e12 Vi Si on system A stereo i nage of anrappSe®ein2e6s3
area is processed to generate a disparity 1inmage. The
di sparity inmage i s used by a controller to determne
whet her to open or close a oor,., Enbodi nents of the

present invention §§Emaa“ﬁ’é’étﬂb"r VeutioR; at ed st ereo
yﬂf gﬁ%geﬁlaﬁwerﬂfoﬁ rg\ﬁﬁes?‘ﬁ FRhAHRLE §orﬁfoll@@ 'b?ts%nhﬁ ffotﬁ?a stereo
fV|ewA I NSt ation tine the planhe "of
vismg sxstaml Asstared inrggtoddn mppmachmeat 1§ provessed e generda Iaydlsparlty

0|ntsthat have so | relative to
imagty SRS sgPas 5P iy RGP Lo AP Vigfier o abghas close o
doorand highlights can be 10 fil tered out due to their
| ack of height relative to the ground plane. The
pcﬁmb@ilmﬁnfs of teaseseat imventioanise b dastary salilrpted siered system that
space, or the I 0} 66t § n
prov18Fs ﬂﬁao&g i) teg of Roin 3215‘%% ggé o% E%%h qﬁgt elgéét%lgsﬁo% Eﬁge arﬂg of the

groufPi Shigtasted r@ﬁtnﬁbhjo ekd ca@ﬁ@a | OnlyrtAcdeqdirts tha ﬂlﬁaﬂﬁ)mé 1@e1ght
frame. Therefore, at each frane selected i nfornation

relatiye tosia groaml @lans @raefi intsrest HEheRefRtFe ALY HrodeNF apd b,lghhﬁéii pan be

r
e PSR 98 TAAER, ARTAALD B Thegoins ofmorst
then dusteret] ietthgr.ditdsily in 3D ispace @awttcatmoj eetvcmstase dasteﬂaé on the ground

generated t pen or close a do an [ t

plane R bt B Baia uster or Cons OB am B s ke fork frame

to framePDhetdiSlcUARACK frafib GEI8Ged IHSHMSioR Zi"ssﬁ%lﬂlbl% hiludNS e humber
to nonitor the area on one or two sides of a doof such

of objestsathefripgsitignein 3D sprca gcpangouidmnd ttrmms@n@ae@usen@m@cwr

a efe red t
(rmagp e B0 A e B o e B B e s B s
doordoor will be referred to as the out goi ng ar ea. The
fl oor of either the incom ng area or the outgm&%area

wi Injanpiustistise ebodigentefl thnEvghtinma sisrearioor sgrepr @DS) includes a
S
D5 LB B9 g SR o 28 B
as a slidinpootladswhinigigg doorl ITHefaeeapﬂlweﬂieeratﬁﬁc ates h)]lced)dor iwillbheeferred to
i hcom n g area

as thexincamnig; qre,aeqryl &lg fireggﬂ}%aee{l]qp o gg |53 eéléq](g vxfiH e referred to as the
t
sSR! 954 18l RAPEPAEFLGRInL B ey A g e o
as thagouneéphneafe state (based on the door type) due to
t resence o ect in the outgo Si nce.
e ERE S e e o S AR T R B 0 Pl ety of
situatiénsl FoP 8:emhilb At Esuld Gepeslin th Snck b$ &h YbjettIn tiEineMBIg area to
of an intrusion) and also collect traffic flow

opengr alose e eer. usliamaataslyy drioslddrispasdasadea the trjecioay of the object(s)
m o SR SRS SO SR BB O AR AT Ul ot

state @bﬁ@d bm‘:‘thmﬂoer ypopdrl tbyheapﬁbencabf 1 dbjectdmhervundadiig ata.
argg‘l ications wthout departing fromthe spirit and
pee e pquf@ntﬁp\é@gﬁp COMRTIERS G@HLera based system, it is possible to record

images (useful in the event of an intrusion) and also collect traffic flow statistics using
various embodiments of the invention. A frame-to-frame motion algorithm according to
various embodiments of the present invention could also be more generally applicable in
any number of applications without departing from the spirit and scope of the present

invention.
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3 WO 2004/ 023782 PCT/ US2003/ 026653 O her features and

advant ages of the various enbodi nents of the present
wOonvanes®sn wth respect to heretofore known cROEMUE2003/026653

based notion detection and control systens include

superior shadow discrim nation and background

i nvari ance. Due to the 3D nature of stereog systenB it

i SOthgs feapuresngiaduantagen of thepariqpermaskines of g papsent invention
with fEptiEle BR6BRire 10 BaR 4N i rfibeooBn AL USRS
include sxq:redbngnadowtdmmnamm and balkgnK\ind imvdrlane® rlbuw:ot the aDynature

background, structuyred .or _unstructured. This
of stegeq SYtemSaf }Vaﬁlﬁﬁa@rcf ISCRMIpRIE DEESY gh%dew aipd an ptpalobiect. The

shad B EBEBE tHENGSHn ero'hef‘ght)ca% loPBbscdGOBE ﬁ&hﬁ’obf%E S h%tS@)S

Further the ap eara ce of t'hese surfaces change wt
accondirg to pﬂasmgmcmf(“SDS*é) witlrwirkerith @tmhmkiglbynds lsu'dcmsadamd

hl.ights. in r.ior art, ape thus Ilmnat
unstepgsieg, TS bR et b st o sl rBhf tnltdt 2 door
ie. c%@@@&ﬁr&@trﬁﬁﬁ RN Fafthéithe e@fhhc@ ofbdcOfurfabestdi@nge with the
present invention is base Cgh ysi cal coordinates

passaggofiimet Raeblems cayspéhy alrrﬂﬁlevvéﬂn higkbglge frthe prer gt argdhigs
ehm%Qt;éﬁ o {h% Qzax%u% enflb %ﬁrﬂé&? oﬁ%é ¥résgl§ttn%én%toh B0 %Qéjdég@ﬁg%f an

I Ng procedadures

obj edt’rs\t@dtibeﬁntﬂﬁ pre@nohﬁeﬁtidi‘ﬁs ibmtiahlpa@meﬂ coeidihtandiher than on
requires no 15 further training of any sort. This
appe?ré]é‘telﬂ fdagkegoifes a distinct advantage relative to

&t IREARSK atiﬁﬁj%gtu?ééseta%f% ﬁﬁ’ﬁét&l?x éfﬁé%@i ]illﬁr/r‘gg[g(gm réduirdhg

reference Image to conpare capture
initia\freiningy prachdargsa §®Sahvolves Q;tylﬁ’aent—ltimetihﬁallaioatsbmp anglf regjuires no

furthé%tgﬁw rl{g\élfm eﬁ'tds gel%g,g{:] Slg)ﬁ/'lcgg SI bl e@?ﬁ%lve to Xlonocular

moud)rnya%e& b}%ﬁd which egﬁdllry%qdlfead REr Mk 1&a§@% dofrdp@Beith Baptured
wher eb é SDS is ab 20 to segnent objects in 3D space

imaggs dAnot m@dwmetngq@ thg systasy st thah sttigoaiytdislovsmening bjects do not

vail a from gnex Cor of Natick MA
beco%ﬁlq‘ﬁmﬁé eysv&%qul or H}Otlo?r 8¢ t|1oﬁlgsytg 1Eeel r projections

| MTEpresoagiveatealstsfch@irettagusbasrd bbéeﬂqﬁ%gamghizmcby SDS is able
nmet hods. The resent invention also a features .
to segrpentiobiactsdn 3B Ppet a4 sk taasy usps2icystomaglgasithmesiichgs Patquick

availaifié kroﬁpﬂ) @1&%% fm%ck "Mﬁ”&zh@@ 1§ fr £ Elgp%) t% tﬂelr

accep ameters and trig ased 6n real
proj emasﬂsdn ﬁE igfupe spavd udingtstandad. blﬁemqttclasg rrtethddve ntion

o features optional. stora ereosc
f eé’reiﬁnéﬂ’é(f"‘i‘tﬁg“oaliq ?T%:aF“ﬁ‘E Tatedﬁ?é SYSHHR g&ﬁﬁg
callbpaﬁéﬂvlhqgal\(&”d}mrﬁt‘é' Qﬁ@ ?rﬁ/eﬁﬁorﬁls'fhérpl%pamé toCRde Jh%emid%%ﬂe%rs and
reconstruct a full 3D scene over "an extended peri od

tnggsabhseémen@lewbruhhﬁglmmd @istenéede a nore Obj ective base

an aI IS, r esent. |

DR S erti AR ol SRR o Bap g e o =
predéfne@ WneAintéseil. Q*Hfsldi:)ﬁoﬁ ein prBvide videdRitidentd of S@BEAS Yr can be

zones to be nmasked out in either
used to reconstruct a full 3D scene over an extended period. Such extended data can
provide a more objective base for analysis.

The present invention also features a flexible masking capability. The masking

capability allows a user during set up to graphically specify zones to be masked out in either
2D orin 3D . This feature can be used, for example, to account for either non-custom

doorways or stationary background scenery in the field of view.

4
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2D or in 3D . This feature can be used, for exanple,

to account for either non-custom doorways or
weneaidioasraey background scenery in the field of PeTa82004/026653

WD 2004/ 023782 PCT/ US2003/ 026653 The present

invention also features elimnation of excessive blind

spots. A non stationary background |ike the, door

opehsiDaRs Ry gHiontalss| fratigen cbminsgon af BGRUV b lingl) spetsn Apen-
T
effectivedy 1m|slailde)ut By dilst ale&yﬁﬁglﬁm idsorditavezyesid diper @mplynghorargcpoints that
e orpPQGUAE {SHb ST SRS HB25 SRR S i P dtiatind feervls.
Acco}cﬁﬁ’%lg hgE Efe@érﬁ éﬁﬂ@ﬂ"ﬂ; caliet io%e %& ﬁ‘Rﬁé %uﬁ'lﬂaﬂcﬁé%tf)ﬂ}re known

Brief Descri ption of Dr awi ngs
motldrrxiee@ubngnémhtmihﬁterﬁsaatur es and advant ages of t he
present invention will be 10 nore fully understood

fromthe follow ng detail ed description of

illustrative emppgdfMPREsp n&@hﬁfhelmrﬁﬂﬁ%\yncti on wth
t he acconpanyi ng draw ngs in whic lis a

s CHherfarageingiaad ogher fraturesandradyaniagns of drespyesenhipyention will be

L

takendhagﬁjaﬁ@ucmfwﬂh theraedrpydyiedriwimeaid whishof system 15
co onents of illustrative enbodi nents of the present
e iphschemenc diegka o5a SFreo JPBLEREOT YN AFCRE AR a0

illustgal't‘ig ngocﬁllﬂfen{s?ietﬂﬁ gpefselﬂllﬁ%fiéﬁ' ve illustrative

|rrents 0 present Invention; FIG 6. is a
sdi&Sa iand Blaocichdinatic blorlofliagragtsenf elfeniotve sfigorations of system
accordin illustrati Me enbodi nent of

commORBR LB e BRORs S S Brepes e aa & ar o

Prigess s ahll §Wrdlh3sEsa MRws oW sﬁch;@m?&l@ﬁeﬁfof%lt%ﬁﬁ’ve illustrative
mat chi ng processes according to alternative

embadithergs oﬁﬂlﬁ\peesembnmnﬁems of the pr esent |nvent| on.
IedDecr| on The | a an il tr

| hlgr?tsc efm%t blB %%g{flm] X eSE[] qree) %oc?r Sesor or t ' Y& accm;]dmg to

anlllaﬁrd’u@fa efmBbdiencnPofthe prebent ventibh;usikdr at i ve enbOdl ment
i ncl udes a set of stereo caneras 10 nounted on the

t &JG& 7ang 8¢9 praﬁ%ss flzww Gagpmg shovmaahestansP i sirreamnatching
procés? accotc agq? ait &fa‘tb‘i@e %ﬁ:bo@ﬁ{e'n gkﬁ‘l re?erﬁﬂrﬁg{mo?@t

ovvn can nount e FiRe ot
side of the doorfrarre | ooki ng at the outgoing area.

The invention is calibrag Iegg? I‘OVI de hei ghts above

t he ground pl ane forl[%ﬁ‘f}) ‘??F”P %Bhe field of view
ThELShEOR of W Afhstr®AdibRRh &f lof ﬁ[&t;%&ni #Qedtiodlif d@ribed with
view, it generates interest points called "features"

refer¢rtve thBigght Thofllwstratve empodmpeniunedudesel sgt Pisteree catheras 10
mouted O ﬂle%ﬁ‘ ofa d(-)ror} A Qllcr>]ct)lcsln,c;;jl crl(()ew}l\;}ée Q a(r:1|d SBtwar gowards tge
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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space to provide "objects". These objects are then
tracked in nmultiple franmes to provide 5 WO 2004/ 023782
wOCTi#iS2B03/ 026653 "trajectories”. Such a sysPemuszwBm26653
then operate the door (open, close, stall) based on
the various pieces of information generated about the
.object. In the illustrative enbodi nent, the follow ng
"trajegEieRt r Soh@rsystem Gonkictasm Arerale thegaor fepen; dosgs algll) Baggd on the
. Lhar 0 ' he incom ng area 14
Vmog%%]eg%tclﬁg%% gﬁ"g}%?l ﬁ{é%fdaa%o%él% \fjﬁ: hree) stereo
c dnehafluétnativeshtmdjmarit,dhe fdilovwang gainmgryaoethe pldvememioof cameras

R T R T
two (?gfrhYP%é% ?E’:réor QR SRbRRIRW _Iﬂf:lé Butgding RAWS THRGwWH Egc%f Edneras

y the 1ncomng area. The (geonetry for t
are mouttpdiahgveaaskon githehsidé of ths doeafiaws 1@rnddirerimokingslownward and

outw b ESL 58 AOC SYITEL ) G AbouL e 000 1 A L 104 The
geonfe@§ebi the ofligdlidnzer ieho\BRBrAtRR editoldfiadnt GLRFIBESd Bid dyddmetric

cameras is 12 nms and the | enses have a focal |ength

aboubithe dopriapry(thfaghdcncpbpptiynt al Field of View (HFOV)).
T .0X]
TP GTERA 2GR GO YR Lt O
cameB4yik QX infrAd ald/the IdnséyhaRe b fomil &nhgth Jitlemsi(70 dlegren dfonmbnthbField
the |.ane_of the caneras poi nts,domg,vvard and _out

d .
of Vigy (&)1 Ahergymerss yrapainird aBredmairls’-4 B1ekre Tar| Eground
and Hégé b V?é%ﬂﬁg P:eta Phaf 'is?.ﬁ‘gktﬁn@@l 25695 4 A6tePOOFHel BfBee normal to the

mera angl es in exenpl ary”system provi de some
plancoafehé epnires peiets dowawhidimisoubwandi aswheén ihEigi hedwriamgthe cameras

e S RS S e B DB A Rb O

exemp®R is?é—ﬂérﬁtp'k&ﬂée Sk RRrIHS Betwien tHYX 2AESTtvidw 6 e @S®Ming camera
on

invention. In a first illustrative system
set andbihEiogigoansd emeas atshebwitdoy ofihg doorfranige syst ens 20

(SRS P kTl S PP EhER P ERthe 851 uBL R e prspen
inverftiodMIR @ tfiRsti iNEHIARINYs RERR cHET TR AN A2 sdvwh MUFIGOL, Nige Sis@ans

caneras 24 and processed on a processi ng system 26.
monitying e ECeBTREAIey 3RhoHI SIS Ated aEmtighihyrinliser A Fame grabber 20

L e e S
procesyat @ns prooassingy systemdl6. rithegmacessihg eystam antpats an appropriate control

. ly. A separate frane grabber 30, 35 receives
Slgn%?ﬁgﬁig;z?om ei ther an incoming 32 or outgoing canera

Setn Bécoft ARPRAAE]yRERCBAEAIratichlas sBOWRIRERS S ,eﬁld%;mdem
respective outputs”fromeach frame grabber 30, 35. In
systensingonitoy iridogungendoentgeihg areonseaperataly dfseparatedangograper 30, 35
.area is.optipnal .. |f .mopgiktoring. of baoth i_ncoum
reoe S RP b B g P4 SF bl bat Sl het 8F A PERk Pbgessor
31, 389bbastk €tk ﬁﬁp&timﬁtﬁlﬁts @oeh SRhifencairiisher 36, 35. Shalie.
The _outﬂguts of the slave sub-system here shown as_the

configytagignnige 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 final decision as to whether to open, close or stall the door.
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canmera system are then input to the master sub-system
allowi ng the nmaster sub-systemto nmake a final
wdeoidgnsnszas to whet her to open, close or stal PCThs2003/026653
door. 6 WD 2004/023782 PCT/ US2003/ 026653 In the
illustrative enbodi nent of the present invention

vari ous paraneters. are t up in the factory. Th
f d e ylusEatiys e_rrﬁvaamﬁ‘é% o PEFSRIBYPOEAR VERRS HE et up
in the?ifaftBP}? Ty fabtﬁét &mpq%@vg &NiBrahiSh ahdd theRABURRI0R BY tHeRtrinsic

el ative oriertation between th_e cameras. Calibration
paranieters forghe tireersphnd the nelaifveswientatibn betwepn disl camerasa$-alibration

o B3 L B B Sh SRAED Rpgen o

 sever8ll SRR 1K b wdiNuddetd¥diby feonb BAving Bfdiddry §idilii@ the art.

coefficients, described hereinafter, nust be conputed
Furthep, restidightéon epsffici¢ms deseaihped bereinatien, omst 18t congarted to enable run
. neasurenents could be made in a coordinate systemthat
tlmellngaggicPFn?téoﬁlt fromthe coordinate systens of either

C B8 mdafireR¥REPOEId bt Aeads ¢eh eodtinal dystemanitds ddfetsht Hdm the
correspond to the points in a viewed scene, Cangra

coordirgse eystraseaf qither qamg Forgrerpieothessps i world qopgdinates

- a 3 .
come A% LESIRS B [EBRERSHLSLARLoRARNS 49 Bt comespond
to thepeweiscopiarpdrpedentaion dffseenenmies.pUadistortel shaege edrdinatee

coor.di nates . correspqnd t oi nt § havi.ng under gone ..
correypid 1 PG PPIRGTPIOBFaIOnIoBr I RER RS, Y BEpA et s prinates
corre§iond t&hoinfBBSi E@9nd nb BRJHIRL EPiREI RYrdidated ddriehfond to the
__IllTustrative enmbodi nent one canera is designated to be
grid of impgeé sanaplewingherinage arrayo whi ch the stereo coordinate

systemd s tied. .. An interior otientation Progess | "

e Tugrrativg “iodhtngri e plnerk sefenenaigd o B 7y elferle® camerat

to whicHBE atereb@9e1iRAE gysedme {stieda| AR intafidreftichid€ioh Ptdcessis performed
{Jaramste,rs, include the follow ng: effective focal . . .

to defearpigeiihe mfeenl eapmeldy phecaasrar Ahessparameters, Jlacallpdhegntrinsic
L i nal ot ' e i _ .
pr 5 L R e 0 S0 A 08 G800 0 o
locati®aalf éhef pairicyal peihs alsoahllabtht eagesqeatetr; mdihl distofiim coefficients;

caneras used in the jllustrative odi rent have . .
and hpn%%t&alfsael&sfaqt%éfgg Cilleskthe aseehrake ﬁﬂ%m%ﬁ useah B dfhustrative
embddiESR HRAE ARELRICHs 1608 1R cHATR YL Bfbasd: HleRISk tﬁésetpaﬁameters :

factory. Arelative orientation process is also
can bpepfpnivd dnd predettaé thei fagtorshe rel ative position and

orjentation tween two canmeras fr.o rojecti ons. of ..
o T BbnBEoR B tel 8 AEO TeiARned SReRERlf the Ritie position

and oFiRARIiI3S batReiBed adthérad frymfiprajetticil of balbrithed pdifie ¥n Gk ayene.
in alignment and hence these paranmeters can al so be

Agaipthe eameges wgandchanienlly. fixtuied suelf thatdhewsfay odiggsent and hence
I ' i t | ative orientation, is
these%ag%%téggr%%g@%%gés 5%{1# Pllec a(fq? nis the process of
r 5 asgilfic igorsprecess, dloseesscadatediaith elpd rebitiae otiemetson, is also
correspond to jnmage rows.. "An epipolar |ine on one i
perfogped. e%eqt%@%orbﬁﬁh%grﬁswa of &sg@pl&ngﬁtgr@ﬂ images so that epipolar lines

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 inverse perspective projection of the given point from the
other stereo image.” Robert M. Haralick & Linda G. Shapiro, Computer and Robot Vision
Vol. I1 598 (1993). If the left and right images are coplanar and the horizontal axes is
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30 point in another stereo image is the perspective
projection on the first stereo i mage of the
wohomm2stiserensi onal ray that is the inverse perBOEMIS2008/026653
projection of the given point fromthe other stereo
inage " Robert M Haralick & Linda G Shapiro,
uter .and Robot Vi SI on. Vol. 11 598 (1993). If the
colhneérf oapiation aput therpiisalaxis) (B ha APagaTAVE RES 1iPolaTlines and
X85 el ioa0 6 iR red
sterecﬁf?l sic))(?lglt%lm\éég c%% g% t@&%ﬁ t on g%ﬂﬁ% £ rg%tg gﬁese‘iﬁb s gé?éne to
as nonnaianmgepam mrovide cd>mp|ﬂat1madi adwmgembe:causeeth@motiﬁmtm of normal
can be fou al o rresponding rows. These images,
image pyEsHest Oflg’dbeééerfﬁ%?’?fg?n? tﬁﬁﬁe pairs provide
COffRUh &hbd @ R ke AHYIAR HRARRS Qseﬁ %&&%eﬁc{éﬁt 68R8 képlr&%ﬁﬂaeah aéed for
normal i1 nmage pairs need onl per formed one
the gthE posst dfdle fvor camerasi fIyrenhgs omélemmg:@gl thet anwd@;ﬁ@n@témpr@feotlon
represe nt a ose of the f.no
isa p&odf:%nrvggrmﬁ IOPelt[]in&%e ?ShCé)I‘I‘SFHOﬁI l’l'gg? Y}{eh O cgﬂ]s;ras are I'ep aced by
imag®PlafeL®ith W dREREEEdhry (hémihl Rh&eafir) WilBkedmeg tHelkeometry of
| mage pl anes corresponding to the two caneras are
the rqys gpanned b yhe noyets angihg peejeqticnirenises igtst. rléds Fewliginraplanar
t he
projep PR s RS, DRt oMb Ent SRLRDLE i BROTRL MY ltlory: <

| NGizeh theParAnetas vbinputied iminddraon ariedibtiqr, ogletitd areentation and
ransformati on. These, coeffi cj %s can al so. be

recti g@ﬂﬁ%ttg@cag@erg H@ageée%p? corrgst %{Hé?.]égnment either in
soﬂwepémlﬂaﬁmre THE RlshBhg @b4rEREPinh£8s hwtﬁé géfcﬁné%fy S Rrin@limage
rectification, % he canera 1 mages can be “corrected
pair 1feQrsqdaIs porels, ehgred optival plangs rabignedeixteh owis) ang pinhokercamera
dhardware The resulting corrected i mages have the
g}eomet ry of a normal image pair i.e., square pixels,
al A BREriONrichioR |pﬁfb@§s. is alsb peLEmaedeturink Pétdry settih of the
pi nhol e camera 15 nodel. An exterior orientation
lllustzam@ embodiment. SBhariterir wsigniation prgcessds wefled becayge P peiges ina
v1ewéci écléﬁé El%tc;n\l/}?kn g:% d‘% a0 rto th-gg%ngfgc%f)fd%até) gfjs e%.aﬁktgﬁor orientation
process i’ snee ecause poi Nts i n viewed scene
determfiies Qe posktivpvandrogleaifative of & ciri@a d@aeiBolmOcabirdiahie system. An
em Exterior qrientation _deternjnes the position
absolg%/fzcﬁ ’rf'% pE

I posfingte; sysicmyis gsteblisbedisuch that tha,X ¥ nkane cogssrands fosthe

o SRR CLMLE R ORISR,
grGrondd plaas ealdmhcnhe peufomad dt sheclhemgion of thebistaliation. Calibration

arbitrary .pai on the ne., @&o ane,cal i brati
targefiane b ot iR e Hoof S il Abelaio Rty b e Bl g Sepieh Sorfface
systefebdttaBRd to e ref@ERRcamdfLarldahélweHH ok BeehBBodriRfafessPstem attached
conpute the rel ati onship between the stereo coordinate
to thesgrotedplane. ached to the reference canera and the world
l%?sgggl{]se é'crl?cg agegll‘gﬁ ts z)glg%lr%el tlillg (ilocaﬁén BPthte hl?St%{a?l HdThls
invol%lsecdpﬁﬁﬁltgi tﬂeﬂm@fgetm thestfekdnat bﬂﬁera'(cfurﬁera thav tHe\seSeo coordmate

capturing the image fromthe reference canera (canera
systeprgtied ), webiing ibsbodayiag & and then using a graphics overlay tool to

specify the zones to be monitored. Multiple zones can be pre-selected to allow for different

run-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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systemis tied to), rectifying it, displaying it and

then using a graphics overlay tool to specify the
woeanrn232be nonitored. Miultiple zones can be PCT/US2003/026653

pre-selected to allow for different 30 run-tine

algorithms to run in each of the zones. The multiple

zones typically |nclude Llcular 3D spaces of

I FiFIePéﬁlﬁl?Fgachf s BEFSE TRIRAPAne Srmehad is

outlir¥d bRl wh rét@x%nceﬁ@'ﬁ & ﬁ%e@%@é& 968670 1Sk L&Y @ﬁ{p‘uvﬁnages
enbodi nent s of vention, autonmatic setup can

72A, (78BS T2@Righly LefiyTop) and prddudestheBDriacddion gf theredea peb@mdary
the floor. Wile here are several 8 Zogai 02 782

pointpiSriheas B9 e8It o hrep CaBeTRS LB ER-ltho cameras

will ﬁ?ﬁ‘&ﬁg nfH3t éa@est @%e@faﬁ§ @f‘t‘he irvesd b&%mﬁﬁﬁtly?é@ﬂr fesstichtation.
l'ined below with feference to Fi gure he stereo

For ebdlmplle if thet fadtorss aresearticnl, therplarizontads place@ right7ag lefy pgneras will

ve ablelobRoiag Eondal JomaRtoperh 4 Rk dfes e Riag o boptidfiion
| Nk 47 I3 HRICOiadEy 25A,TSB, Ih0Wtered Alaotithih #3480 a feature

Fc
camer as 5w F suffice in nost cases, especially jf
detectipie s¢hegregylieh mcb@sﬁpaxabﬂhc;snw@ung,mndwégr@i fibnsamnling (at a
e
spemﬁg Ia%ﬁ%?;gs() Soﬂ e(%%é ddefrt?%ghtf %cgﬁoﬁdeofy r?eﬁl?gesateé& d ﬁnally
chainddy. @ hts(fe:ﬁlﬁmded&tlgﬁ) schedid is kivownrat the Brt and anhblel in thd]btmax

case of the door .sensor . jcation. Durln
prodwmggm %ﬁafm 0%3%,31?%@ iﬁ @600:9?@ SiEm 2935@3 75C
resul@ i ﬁ%ﬁ%ﬁonﬁ’&& Ql@ts Eﬂﬁ@? mﬂ}cféafu%l tHé?{%%ldﬂ%rté Rlol hough
snoot hi ng, non-in egra sub- sanpling (at
chains pecpassad <grtam1uﬂ it stpde. Botrshmpligenlyeheins xaecdiok lonetytermined

lengtﬁé%ﬁlg?lﬁ f% g&ﬁ%.gﬁs It??gﬁg nei%satl | nal %ﬂ% gaﬁg{\g%wxlma y location and
their 8M@idneRlagnitiicl(G af@biBX (a ﬂ‘éﬂ‘ﬂél &irSe bdmdPRON €% are passed to the

rporation, of Natic The edge processing step
matclFgA, 75B, 75C results |n a list of connected edgelets
(c t
o h‘g : ngcsr%lr%%&aaés/sg éagéao ryaﬁ cﬁﬁte nr%%{l d g&@ceh@%?7 1s used to

matck EHaWrﬁi‘lﬂblﬁSh@ﬂglﬁeﬂﬂa@@ 721A e dasfe hﬂag’eenB]@ohmgilfdls}faﬁtles) and
identified as features to be passed alo

also the gight B¥eqiEh 1 theywp d0ags GRTtsALrisRaRgRs) 7 %%adT h?rﬁ“tlai setof
possi %étt:l&@%r(é&h t I q%écﬁlsfrﬁ}leiﬁmé ﬁl%n/g{fkﬁf c6AHRIAS Almatch

, are passe process
betwéaml $fecamad indeoamagasrie ﬁmnmhmcienmddn;emmﬁ)al Mgﬂveﬁnatsh (SOM),

used. to ch feature i ght image 72A to

by comparinghe § WH%‘E a?ggnfﬂtaﬁ? ﬁﬁﬁleg%qlgtf)ar ities) and 20
al g8t fifodthtd cdn¥BS8t 2N dreed tiElith R g thR SR WabRS dikSalty gradient;
di sp arltlesﬁ 72C. The initial 'set of possible matches

this preyidessctyithblgtbalancd betwoers disambiguating mgver ped tsiapditato deal with

wide %%r{]gfétorg ﬁurg'% es- Ag{mm s{:eg éla@og%lﬁ%%at%agi tﬁgl‘sidﬁxﬁ ok’ gac }’%ﬁrﬂe%ﬁ?ﬂﬁg by

looklﬁ @@orres?dﬁd@ﬁkf@ arf tHbgle\igl@oﬁst df&]ikgfehtumdmdéﬂ (thsﬁlétatlﬁn ONext an
e edgel e Next, snoothness constraint is enforced

lteratwe Winkst-iekeyakl REOCEGUTe Heat FRLoRRes Hhe ymiquegestdakssover. SEhepepthod

workE EQYdrlggﬁ dﬁ’{ ééhﬁ%p%tﬁ)tngﬂés@?ﬁdﬁ %@?Mcﬁ{%mbﬂﬂggﬂr&%th 18

maximum for both of the features forming them is chosen as correct. Then, because of the

uniqueness constraint, all other associated matches with these two features are eliminated
from further consideration. This allows further matches to be selected as correct provided

that they now have the highest strength for both constituent tokens. The matcher 73A, 73B
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wi de range of surfaces. This step involves updating
the SOM of each correspondence by | ooking at
woanwugepsndences of the nei ghbors of the featurPes/usSz®en266s3
consi deration. Next an iterative w nner-take-all
procedure that enforces t he uni queness takes over. The
nmet hod wor ks, as | | ows: Atlﬂghch iteration those

outplﬁafmgl% cgiians Hf RBIFRELH IR fhesefeEsnse Ampee 66 Yrhibam
dispdrities RPAdYiZBhtal A1 JeP@dal BRSctioRE (ﬁrl"glrt?) hem bl CIFERURS are also

correct. Then, because of th uni queness constrai nt,
outplal(hr)m fverhtasmglaged mat ches vvlth these two features

ShoaRehE et s fipptieC 8P Bipahtied 24 1y Bfuce »
cons&[d&‘t/éddcﬁﬁputt Redhe iNAYrafoNeBYEmbRE a bb@@ﬁﬁﬁle%ﬁﬁl%ﬁﬁkﬁ\%;s)&[eme is

both constituent tokens. The matchef 73A
used 2§fghe odergond e S2003IsP26653 45cmti|daﬁ or beiwesn adijand 315, the

honzeg%?a Pﬁ}fgfﬁf IL}%Q Y er{% se. ]%e Ve ar% Iahsgaﬁtle ra? aﬁseegn g?oqe that if only

Sp ritres | rzon

two da@ferdscat ushdribat thereds fislhieed t8hkfornt Beneagigh Sﬁ‘epcm fid@toutpasof the
are also output (ar) to facilitate nergin . The
merggh 4 BRlaaligif featwrenoints with dispapties &r-e% Ar®- t hen

FF?H@éjthszctaﬂorg rﬁggm afties FOSSOLd ﬁfis QﬂétoBH{pu ddhnli REmera

ustrative e a very smperrutlp exl ng
geonstityéi®es ksown &g to bzihljrittmrr) theeXit Ytand & lodatioh & Ofod dlicupeents sn either
h etween 45 and 135..or, between 225 ang inl t he
the siGEG0; CAGITaPT S&F%%%?PF‘?P%E S&?@“ﬂ?&&"m&ft‘? i se t he

VeAhiopBbnAlkBpaE éégh%ﬁta%bﬁ 7438850 cma%mst@ﬁlg) f:aIPJH erfokifiBd. The

caneras are used then here is no need to per orma
segmepiafpmgtep /& petzns dlﬁtiectcﬁﬁ phnect@ﬁn thhécenmlge@m #ach ebject contains a

muret 5 SbsdsSF g b B TR il offieBRRY fHeisfied Kot

MatchB@iétBoddanths chik€ fied APFshfee B8 (RS dne ABOHRIA AboVSwith
known (due to calibration) the X, Y and Z | ocation 79

respegt torIfig- E@mﬁtageawf@ mefhpds. tFratuse based techmignes BE mage Migw-point

tolerR B CR AN IS PO LRl R haicP e RLRIT: pRiRe dense

resulmemﬁmremeds vidheoirg egiemnt. aThecares @zl atibnrtedhmiques Haws emmefnely

cts in the, scene wherein. achQ ai
regulilsalﬁ‘a%@gr sirusfue JRprgEoTe Alsdnere Gpsi wtlw@oﬁmﬂﬂ S[.‘R;n ﬁ{nénonly
knovmowatm rﬁeﬁ@ur% §1ADyUB i thidharpdys mgnaﬁa@%%mmm of

| assified as feafure based (as the one describ
Absoawodéfwnd%) afdleple@ts {Loplatign of ﬁaawwnaitremfbmdmmgc hods

e based..t echni S are re. vi t ol er ant
S?h 3566’8% 13Pa§5¥1}f§%ger%§lﬁa tp§°°ei§g§é‘s%1§rsfaélﬁ§@| 1gyqee processing
tecmﬁq@s Gitde Mgbto g 864) B SH@BBEtRAY &6 deteRsiae iffthedli Sighifida@h@ight
| ess view point tolerant. The area correl ation

above ghergrpensbrlang Howsuer.dhesepraade enjycarde ghipates.nkherefore, it is
desu%(lg lt'oC%é‘Hv@rt éqfé'n@é &i s@arﬁ& %a\%ﬁﬁt% aes?én{sg %o&? Hoﬁh z %ﬂis can be gchleved
anp no

es o conmon I'on neasures
by cdugideringniyhhasd dixpatity mEysls anthe degske notd thitearSNALESU Phgoﬁ outlines
Absol ute differences). of the LOG (Lapl aci an, of
a mehadQ PryIct PARSIIEPARECS ingekn omecoar@}a?élena? cBpiguFty i mage

C kB en L OR6S B8k ribed H&eﬁ%@f&?@&/ﬂh FIBER tPFRC §SHL Aernative

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 81B, 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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techni ques |i ke histograns, blob connectivity to
determne if there is significant height 25 above the
wanrourd3sk ane. However, these provide only cru#eT/US2003/026653
estimates. Therefore, it is desirable to convert the
dense disparity map into a sparse point cloud. This
can be achi eved by cansideri, only those disparit
edge BTOE&sser 87,2¢ ggscid I‘(%ﬁl?pf?]ﬁé?flt D épecg‘% ];t}gﬂ_. 'Bp%gutgut o¥fthe edge
|gonesxr, r [TRANGRH ok ol 8SWRRN ARARSE b SRRt e Hidpaii
]xomﬁﬁ%ﬁn co??gfat?%%gf%chniques. Li ke thebﬂgﬁﬁod ispafitydmage
83 toctesinnickiegpatitesait iweé poiatswiTthis is eslpalcpatsifidatign 87., Théeutput of the

s ASELS 30, Lo Sessr bed S SLente 10,5l e
casilPESHWREPRD AN, vel7l esdraineRs sPasay R dahRrd g’@‘o%éﬁ%fté&gaﬂ i§ known

nost reliable only at these points. The "right an
from Iped-calibmaitpps 80B, 80A are rectified 81B, 81A and passed

T R e e GRS
or bolid=a pd Rty A ed8idn REhEs 3708/ 04k ProedeRs of the 3D

. processor. 82 as described hereinbefore with respect to
pointgigfesqribetitvathyigfpencede Fidé- edge processor 82 are xr,
yr i i r '
Y HEE R Pl S ot R el (RO St R 2 world
coordihts eygpemh,ntisich Hhtiaches to dlkd grdwspplase ini actdreolu8tering kiep (such as

output of the sparsification prqcess,. 85 i. .
the s fespribg e bR A h i Sghhr Lptiagilhydhe 3;poins are
then ElhstdGThefdty RcE ARl jﬂ{)&ﬁﬁ\é@ fegfathiRs 3Ph& imYge dre extracted they are

coordi nates "87 using the canera geonetry 88 that is
segmienfiedsmnto fmugwallyrexchysivie snlsetso iEaciT bubsst eormsspands thi digtisetepisct in
the according to Figs. 7 and 8 generate feature points
S?eé’a'ges or boundary points) with 3D information at
t NeaR1POtIESring tochiighiesVal ©8 $5¢d 9 fofm thietedf tROBDSirts The
described with reference to Fig. 4. 10 The 3D points
technigue thatdm effentive ds the eaglamernize hicsuaicslclustwing; Aitial clusters are

e GYYER S s AR VSR, oot s
brokéi i@ dontighodeghbitts Shsef ondbapk clmddediarabatbesmyuecassitvh points
respect tqQ Figs. 7 .and 8), Optionally the 3D paints
(the f&?@y%ﬁﬁléﬁ? they StectoBtsypts iR Bpass RO PRCI B AIeY A EISIIET ZVRlyes then
' y
o AR s Ll BB B SEL A R s g
now carespeisrio s potentialdly separatx clodipre Mexit the t46 ddsestsdustars are merged

t angard clustering.technigues. can be used to form.
base | R GRS CHIS it A oTh BB ARy S pHAm Sadning tre
algor®fi€ Clie\a@odrhih RRrAGA IRl eatekiy&l MindcR bE Blust@ts are obtained or the
clustering. Initial clusters are first achieved by

"minjgemgistameccharertorten sutainiresholdhe edgel ets. The
¢ hf'l]lg]ﬁ)o% Eefc%éﬂé gﬁls%fsqn 35 ﬁ&%@vér,%g te%gﬁié{.lg HQiRed below reduces
segnent s based on abrupt ¢hanges in z ween

the pEdl&B $54 IP PeblahDyARir(gl doastidieer The eonsgraint tHab@yusad places the
. contiguous in imge coordi nates, and have sim./lar z .
objegjgin Adlani8PD $176G  EBiE ALY G distdyaniagerus sestagiiondn g typical

appliBSRREe THRCEREEof LdgiteRlation FRE Rishhel JAFs s 1§ AT BY Rinimum distance

between the objects along a particular plane (2D distance) exceed a preset 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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now corresponds to a potentially separate cluster.

Next the two cl osest clusters are nerged based on a
woOmm@inasmse di st ance” criteria. This is akin to BCGUS2®P/026653

m ni mum spanning tree algorithm The algorithm

iterates until the deS| red nunber of clusters are

oht ai th di st t th
o N s 48k AbFepe L Bigviet b thques et ansr FRSe o the
groulﬁil%re hﬁ%& ®h. A%e $1ﬁf%hﬂésﬁb’@019clﬁyl th&@REI PR |09W1t51%9tl%ﬁﬁ5wer$ Sup

problemto a bl'em by usi'ng constraints.
durmg oussalatiom aretlglatredl sSmseaI 3pi ca)oahn&‘tﬁ gystap }seﬁu‘ssattanhﬂl mltlamgound

pan, 47 ReRES i P BB M SR SRS ey o

selecfi®t o SROHBIRaA! bifin, Nbds HndtylHGd. SideLsdjsets ﬁ/efer@hstfaﬁﬁ’ed to liein a
m ni mum di st‘ance 30 betweén the obﬂé@gts al ong

knowpd(rt ¥)plangs olppets ere(szgmgmtgd asrordingjed ﬂ@ymm@raaéa@ g plane

T BBy L

OVIa théillustidtive eﬁﬁ)@ﬂﬁnmﬁ allo3D peinis itk Satvaiieagd e ground plane
because the objects |lie on_the pl ane and the surfac
coordipate pysteghj Next points fahaiedr Jisiat ok osleératna@ fnofaeleftor

(latexﬁlcl)&?éaﬁ%z, t ghf) %ﬁ%&%ﬂ@%?&?g t%lgaos@td‘ ey lgﬂe gle®Aminated.

rein e p0|nts re on or
Eliminlaﬂsgpdmtstcltfse (1] ﬁnergiomdqalinel }teigrseelmom shadony apd iphans surface

d t. by th { t
featufy 117G AR PRI ES SR Lo S Ee ten BTG i B around
planes YR €8 tBerd bd SdnvekéAeNEID ﬁrﬁaéé’ﬁd%&ﬁ% 21P|aBBkng / Blob S

assuned that the surface normal of this plane 1s the
connectiaity $s usth ite olthinglistincheeg®ng dleasollegiiogfof gixeds, Miberegagh pixel

ori gi - axj and axis. Since objects were
repreg%ﬁg?ﬁlgfaﬁl i%aweep?lﬁts known (x, y) plane, objects
ar £ sEQHFRMpL 8 leay Jﬂ:irfd)&né@wha\&id theyesaltingpopas adeakkn stored

this plane con5| ering the 2D distance_al gng t he xy
usingy seQENg ﬁm‘?ﬁﬁheTh‘F pagse Isacrwaulatep gad pevRpared pgal am@%@mned
r l,an e
s B0 L ERBEIMETA . b Y QUARIADS, oS glteL
embddiraagethe séoro i aikuﬂn&fatedlnderpegdhinﬂ;{(fo( ¢aah ehater.dThe tmeshpld then is

o high (height of_t bj ect t I
applisd p Qe ALSRT 6 G hi iLnS ORISR SOrepsr: Lhg FLe gre

robugt ngegfaﬂg nfjthQ Lane lgg&! 8s 4 BTBY RoRNAGANME BELHRY Bttt Y dxPEe of
ure he re ning points that do not get

morefqohtpatwdndlnomre then projected into the ground

AR Glrraelss FamunPg AePEV iR iffus (e 1 SRGERAR oot par

of th® E’Fg@hihnﬁis%hhﬂ'&tto RIS &thmi of Fig. 4CXcbRGhdtale €lhsteringels 10 longer
where each pixel 15 represents a plurality of feature

optiopa) it snandaterso rPrrg agtabjecs folysier) h@rbeﬁlé Aetge i efteiyn
com uaﬁ%:otniesgeﬁ. it hx%@ox%%d%ﬁeréﬁ hd Bg{]ﬁ)r?‘féé& d&an éﬁbsélﬂgeﬂs g&ﬁf)ﬁ@@ to

core I's accunu
furthagfialisit tha rgpuide tewhtthedthe bbjeesibbkatict mowla'de thre dver 52 ommot 53.

erHBtPRER oGS BT AE e D HABPLEE FiF P
flow $plrent H3tERY in BNEt S HHRATh dn iASLE defuence. 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
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20 applied to each cluster as opposed to all the
poi nts that are generated. This can be nore robust
wepameaisky i f the scene produces a | ot of isoParad2003/026653
fal se matches but at the expense of nore
conmput ati onal power. An alternative algorithmis
described with reference to Flg% 5.wherein the fi )
door ysapqr apBlcatins, 1g HorTRHRA goage that the tirge fnigrval Rove is
small!:'f[(iisrefbr? 6%@@51 floWAakc e€ hiesio® ﬁéé@lﬁn It 1M, ’Jr:flﬂzg%fnboaélent
optiona ut mandat or Once an obj ect uster
One leemn maiaoistéthation meﬂ}odanﬂﬂyesdmnbmg a‘thembys elemems are followed

throulp i BRE B G- ERP SeipnierymP e of ey PRy SestRetbr
est1m5t’%§ BRcRSatéfind 63LR[Es tli%\é@ Etendingy Mbtﬁﬁc&ﬁpéﬁ@%‘uo’?@and video

tion estimation is perforned by estimating t
compmswn}mfar@, @rmlatton@chm&sdas usefl amsterepprateringraan bgwyed to
in an i mage sequence. A | arge nunber

eStlthF%{OP&’ﬁ m:ii AMmation techni ques are known in the

arthe iMilaBve eabbdiehOibes Hahighe SIQOH SN BdthBinirgl festuid HaBed
di sparity estimation such as feature and correl ation
correlgtipe Apchgret based cerrelgtion. sPeipts dhad belepg to @ ﬁlas pct are already

segngl&at%é Elre e%ﬁ/ér?haﬁqgc W&F&Hg‘% t8 lﬂ?éhrﬁ X O&He on a @W’c}ﬂﬁttﬁgé@%omts are,

I'n app ons ing s
determited ﬁn{ tesubsiques rainechyesorreloing iedse feamn'ehm dnl dressgroand the

enpaodi ment, of ' 1 2004/ 3782 PCT/ US20Q3/.02665
expeigheblect ﬁ%ﬁ%ﬁbﬁ%ﬁ\éﬁﬁewﬁf% B toh e@@i R eatyre point
contaifd&, \;/élgﬁf iug& ahd ?llo&ﬁBﬂVﬁﬁcpa ﬁfré’dﬂ%ﬁ A% tln%'ﬁhé rectiN6d fif@efce

Op | Ca w t ech nlques are not used in the
imag¢ sl cossidered tebeth Jdintane ima@ed Ehxsmag@mr@mﬂegughm ddgp

nmet hod. i nvgl ves tracki enent s. a
proceF G PO © T B GhEPA CUE WgCF AB T Patis B pide and
angleSflab SRR th Y obt¥B bbgélhtion siqx heitfach S1dBés &re €6irélaRE O5th the
Bl ock- mat chi ng schemes (used extensively in nption

anglegonge mh@@qrmhatwwsu@&elr@owﬁd b g 06 pbspiud differences. During
the ﬁ%éé E(Jéjrgeé og”c]epé gl{ée mﬁ%nt(ﬁé Pﬂ%g_%q% {é%bdscg ﬁ?ﬁ&g%éﬁﬁ#ﬂ‘g}orﬁﬁﬂon peak.

l ITnhg_ﬁebmq?eeh@mlaomgmmtgvmdafdmeaquﬁreadggmmcmgques. For
conmoli ni eat ure base correlat] on, ana are ase
examplsy Heftapdaeshteclpyaunshe plgek %reqr%tjlaf lé%ﬁﬁlgd’SFQ@‘f RN afirent
I,
motlcﬁ{1 VR ’ﬂ'lgs F&l‘ﬁ@{é gﬁ;@r tétréa gor I\ﬁ'g‘uécs 2A0En sOME Qb NG drRdneous

e uni'que correlation a lese points are,
corretitibe vectore dliernl gdrhsy beerliegto the dtrstrbiyvecmboeihracntr@ces advantage

of i, 561 BRiGhe PHoEHE B BBEGh B ARETRd | 1B L gEEontom
thereRJ% ffchis 6819 0atBoRGbdttire foRils Ad1gied toMBh@HHem iAMhXsBE YNt
| ocation and a direction. At time t the rectlfled
ffamfv(e)f erence image is considered to be the "run tine
e This_ |
O s TBIE ok b R0 39 186 BfeRbgRERe"

corre%) dblﬁiétlsﬁﬁgmbét%eﬁﬂﬁ valog bjédTpgiss. Si’udfd ﬂig 3DHecations of these
arse correlation step . the train probes

pointg gierk@Pne 3D WQton; 438 be gRgprallyeagwutedn d he Slacuip oapd be trivially
exten%@fblﬁ%ﬁltlj‘b?é IS8 Gt £ shbSinsd iRl toAPSPAMER Y hbBheREERotion

of objects. Another extension of the algorithm is the use of filtering techniques. The results

are filtered using the current input, past 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, Transactions of the ASME (March 1960) which is
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the fine correlation step, the magni tude i mage i s used

to produce a sharper correlation peak. This technique
woaso4adyant ages over standard area correl ati onPCT/US2003/026653

techni ques. For 20 exanple, in, standard techni ques

the block or area that is being correl ated has

. different . notion v d
incorpQy{ed hSETHRY TEFERke: Z[ﬁla%%iﬂ Eh&f giﬁ@?%?@}h@gﬂl@%faa doing
1ncreﬁ19ﬁt5ﬁ LAl AR MBEEASH in'dRaRidgsichRMIt ARRATE} @19 1ﬁt@gﬂaﬁ@n of

l'ustrative enbodi mert takés advantage of thef
1nformhta1n dvve tioisjaadtis tmbustgmh mﬂ@@tﬂtq hotlabystea yndsﬁglmnom

il strat ve al‘g ther or e ftoc ?n f
el P aliord 1o Ot SRS ElaP R LR R By iy Bresence o
the oﬁtib%?&u%ahg aéafsyﬁaﬁg il aldoHEAnPinMREI 10EhotREbORotbS that a single
computed fromframes t to t-1 for a given object,

systemotsple‘@pghtd@we ailtiplr alearithmsingen This logie fakasthe lepits from

vanoﬁ%% s i tgl &%ﬁo%%%gtgﬁls 813& op?%?%ﬁ% ernt t@%%&q{lg &eﬂ#&ﬁhﬁrcgn directly

be usad Gﬁcfolntrbmh@ @gbtimbon. r AN hlﬁis‘cr}(twe@tér@@ de& defisoappdrmueis described
frames to get a snoothed trajectory by assum ng

with refrgncgrie Fig. e Ardferceimage @quﬁﬂ}%eglce&)éofqﬁ é?‘aIBRlF ST oh

machﬁ] \Ilggn @%ﬂ‘HQQﬁ {HAPL rE@&e S fmde sfolfla neddifoged s%e&ms %@& and aimed

resu are ftered usi g the current input

at a viasihg hrepu The aiedving byea irsart ldiuptra:udfa embolianguistbe inconlmpga:rea in
Yet anot her extension is the use of Kalman filters.

pmx@é@tﬁaéookal man, A New Approach to Linear Filtering
anﬂlepﬁﬁ b Gedu i @ef%(%r& is il @9AGHICANSH \thh 195icABMErd wired to)

March 1960 V\,hl ch is 13 WD 2004/ 02378
a3D p@ﬁb@@@@l)ﬁb@%@@@ceﬁm 62 gompuies| th@éo@tlﬁnbyf mpbleeﬁs adthin the

T e

backgrbud 20WEfeéte sudh e shAddves, pittedis @fpreJarah@n@tmg) effws rThe 3D
tinme and is robust with respect to both systema

procesgqy$H3rcan b §BY Proressiigsioyicg or arodilesapaig pép@é%m%atéwst the -
mlnllﬁﬁliﬁ %&éﬁf&ﬁ% %t%%ss desugl?eélg%gél Sl%éf?xn% t? Egﬁgﬁtregafslg{]ﬁ@ llg{eoscs LB filter
2D bhdkgﬁdimd Iudfohﬁat[mi edd ptikaial aompuitgi a dedtpateé mrodesset br ain}ghlmber of

have myltiple algorithms in ThIS|O es th
Procesting G?@C?Sraaﬁpaaﬁa}% BIEIVIERASS 3 P{%SSS%\?‘?CB H%VE‘F%WS

invertidh® Q‘E b&EShdv/ ljdﬁlapf Qéﬂ'l dethe URRhSull Q@Jogﬁﬂ@ et BRCID iérocessor

euse to con t"he door notion. Anillustrative
couldsdley eoa sond aloaen sn:ftwap pedaleus aiseftwesompdd runpinghwithin a larger
reference to Fig. 6. A stereo inmage acqui sition device
SOWEE PIPE by anpl e a pair of 10 machine vision cameras

t NRtrape i pRiteSbE6E R ih ¥BABRINIAtIGn WA thOBB Bréesdde 64 and
fixed and ained at a viewi ng area. The view ng area

receives Shpositienstaf gbjegts therplbemndhe tiaipctone PTasesaT %caaﬂ&ﬁlﬁhﬁr a
hard\%rg ﬁc@egs\ér E@chaas%o Rson fﬁ%)rﬂ(p{]@eg%(r: g%ﬁ%%fetda&[hléj@a Iy ?1% 0@0

mmuni cat'l OnWI wre

perfo'ﬁrﬁlr@r the &ﬁﬁ%r}ﬁaomﬁihaldh&t@fs dessibed héx%lrﬂxafmelt Bsthe ﬂtustratlve
| ocations of 3D objects within the 15 vi 8V\/€d scen

ermboTBEHt iR G5 TR TOSFSPh G5 FReRRERCEeL FERAt P Ritn B Restall
signad) Badddl Jp%ﬁ%n%ﬂ}ect 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

any number of calibration methods can be used without departing from the spirit and scope
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background 2D effects such as shadows, patterns or

pre-alarmlighting effects. The 3D processor 62 can
woeo@rmg3pseocessi ng devi ce or nodul e capabl e of PCT/US2003/026653

performng at |east the m nimum processing steps

descri bed herei nbefore to conpute a set of 3D objects

and filte 2D bac r nd i rsqnal
of thS GYRACBY Scs, DGO B SFDE el B AJoRw Hhifbsum iy crpdiment
descrifeA HR R ﬁ%eg.l?vih QESFA0ER WRRAREB Pt oL &Sp&scils having
processor according to the present 1nvention. Persons
ordinagpnsknlyirothd iartashguld lapprlecmuq thzﬁi @nﬁ of theldssdribed eetop stiepecantpdgo be

t he, 3D l.d b d
st TR FREERTB s oSS e BBaRr BN o o o
| ak fiedugh SR ihteabCorRnadion gkooésst forfeeindihihgRh®BeSH4l geb@etr§ of
in cormunl cation with t 3D processor 64 and 25
camer@de iterens of hepsaierd evstank, theimage sentere radial diptortipe coefficients and
aspecﬁ F% On §tgrg§1¥sslgg 05 irﬁl ala/ s%ggﬁgtpg Grt %h&[i& emgt% t Wt%agi;uonal

1ntnﬂ§1kqid1k£nc€t61@ aldyebeaddded & JontedMiest |perahtewr§ Lgn@feﬂ in alternative
onput ati on _steps descri bed. herei nbefore. In the
emquum@@ﬁ iy e seqnsod itfsnTesent WYCRU ect ory processor 66

g eﬁﬁﬁcﬁfgﬁsﬁﬁm 1 SHgRRbS id ¢ ’ﬂhe Fiushlftie m‘ﬁi}&ﬁﬁeﬁ’cﬁ dsdc@bbd herein

si‘gna ased upon an object's trajectory and
is pexfommadryit ¢lat leosattones f sl latibn, pietpoad ha\tmg arditwoy si3D iathewst sbpuld

BTGP Er R RIS AT O A B PR A Th R ATy o o
alteriHESTLhRAM ARI0at depaftinoFdi® tHf spirkt! 448 sE el fEhe RHBAGnTENT S

of the invention, persons having ordinary skill in the
ar Altughl adgapmce@u@lep@rﬁmnedam theillpgeative pmbadimsntstdesgribed

hersi Y FRRpA0E 2R E o b3 BB bl Bl 1

grami IS kbl ed deadetection fadoara by, truegfegk @ateationland. chﬁhtﬂgpp@bbns
the illustrative enbodi mnent described herein is setup

havingskilhin thg ettehguld pprgeintedhaiony sumber fregdee B{ﬂC@"sSlngﬁE?@eﬁiﬁsknown
in th‘?%)a{l %ﬁgbe ereg ?ﬂ'geyeélgg kiocgésgxgtéﬂefp \gft%otuz Iggﬂégﬂn;ngquﬁqgﬁ% %51{?1‘[ and scope

m%h@pk%anmadmnﬁnthe field mnthout departing fromthe
e of ghe i nventi.on. th Qu h an.nterior

Rlthpua ¢ RIS drsTioRL b H ?ﬂjlstqﬁ & RCEPRZ stereo vision
systeg‘ﬁ g&%&ﬁé’ si@fied RARELRShdull Q@Eé@a‘ceﬁheﬁ: ReineRIBARILORHAREd to take
I mage center, radial stortion coefficients and
two asp@@umag«ts foom ﬂéf@@rnéochavmsntg P@@‘ddﬁ steseodinagds within e sgepe of
th ﬁ g@pre0| ate that a td ALLLN urality of
e ARt bé ciagoBl Whsennria floke Bof iy
locatic@® OA%rriaﬁv@llyt £pRadlity 6f oithbniPMEsts Wbilaibe atriegedao Ppeovide a
of the present i1 nventiaon. 10 Al'though ground pl ane
pluradisy plnoasecyiive Miemtido p Stationary cameradpigiafsiore eges 3oseging to
I )
the 1%51@1612884?11 av&bﬁfsglg{ %g%s g«}iﬁd]e 981#0'{18% ogt:l ta'l @(ﬁfﬁ@t%ﬂgﬁ{s Rt example,
minr@pndeeRicive opticH ltompdnqntsaft& examplet Bhsesn coul d al so be
performed in the factory r at. alternate |ocati
wi HBeebfbp A{ShiRg F7Ry o u%n;s*.ﬂ?f? Fmgﬂi’;lmée%’ﬁéle Lbﬁ(i Berein

wheﬂeﬂlvrﬁ%hlﬂg 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 alternative matching processes can be substituted, such as SAD
(Sum 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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Al t hough edge processing is perfornmed in the

illustrative enbodi nents described 15 herein by
woeond4onrsismg par abol i ¢ snoot hi ng, non-integral BaD/US2003/026653

sanpling (at specific granularity) sobel edge

detection foll owed by true peak detection and

chai ning, persons having skill in _the art should

apPibée it idustiratve smpodinmpke! Be PEgER ipyestien & degorhedhserin,
o bt S50 £ mut BRI AOG: BBESSlin

limit frempwikisk td distivgidhi tomizoal dibpanicies frotuhertioal dizpariiies; (fersons
.described herein in terns of a two canera stereq )
having griry S94 e aﬁéh_%‘ﬁ aPRRPeledbatithess e e SRR it arbitrary
and ARBESAEATA of B%o@e@#vﬁ%ﬁ g%?‘%ﬁﬁ%ﬂ% he %iﬁ% gtk {Bpt 8¢ present
two or nore images fromdifferent |ocations to provide
invergfomr eo i mages within the scope of the invention. For

ex le, .a camera could ta separate inmages.fra

o1 BlEouin R Bl Sttt SRS ey oRes b EPed generatty
in teidfs ST tBd AEATRRANE MrScltiNly Bferfid, 3RURE drIdRR\ dfdr,ersons

25 plurality of consecutive views to a stationary

havingskéll @ the artisheuld onvision aoy hwmbersofadiemativhembaslimenfs of the present
R Uy D, 3 RGO 3 . 2 e

" stereb @fsidCdykiét @RIHeaRbd SROPMNEH! the pfoaént exatibieto thigP&eM. alarm when

Al t hough the matching step of an illustrative .
2 PersTHRICRIAE EnteE ARBETIB S ETROYES Iy BREPHah i HPR githin that arca
orp BRI AT abhaal§ PASLA Bl T Sapoe et
triggpreansaders silgaali anglose diga@rifarskitbinobite iskieteatet! taheirgdn the wrong

. appreciate that various alternative matching processes
dnfqgaﬁoﬁéh&ﬁﬁ?ﬂVFG?g&?nBuch as SAD (Sum of Absolute

di Aftﬁ&@EQﬁthra@ifve Eﬁ%o&%‘ﬁ{sklﬁ%%%’t ffvefiRdtsat 88Skribed in terms of

transtfornmed image or the like, therefore, wthout

filterchegpod ectshpvingpreddternsped heighin ebaviedhegrofind pleinp persensthaving

.inventiop. 15 2004/ 023782 PCT/ US2003/.026653 .. Wi |
orcinafy S i e AL BB et ST SRRy SR SR gind e
presdn$ ifhRHE6H ARAd RIS EiltBs objéted Mtdi predcleriBhidll digasdeGFonyl ShyGrb@trary

~sinple nultiplexing schenme havyng specific orientation
plain sugh es2 el nwithowt Wepastiag omrfhe PRIkt pojcrpopf the invention.

di [ hi.es: n Verti ' ri.t.d i

0 AT 65 AR RS oA 4 0 RO AAB BB
embddimihts tlaareofsperasdibviag ordinaty wkil ianke arashdné appokeietel that various

narrowed w f hout departing fromthe spirit and _sco )
otheighapges, pEssions ang i g he fnﬁaﬂ%ﬁet?ﬁ HigEqo¢ Hia R made therein
withGRREA RS EonPhhe sPiSit BAESSPL of MYGAnABn ar € descri bed

generally 1n ternms of a stereo door sensor for

sel ectively opening, stalling or closing a door,

persons having skill in the art should envision any

nunber of alternative enbodi nents of the present 10

invention in security, safety, notion control and

various other applications. For exanple, a stereo

Vi si on system can be used according to the present
invention to trigger an al arm when

16



a person or object enters a particular area or noves
in a particular direction within that area or

woasEagesay. An alternative illustrative enmbodPaEMS208/026653

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 ranp. Al though illus¥k®sve enbodi nents of the
i.nvention are described in terns of filtering
Vthﬁ%?ﬁggélﬁaving predet erm ned hei ghts above the ground
pl ai n, persons having ordinary skill in the art

shoul d appreciate that a_ stereo visipn system
acdcor di*%&letﬂﬁ)dtq}.éontb‘gﬁ%%ﬁfio‘?rwgfﬁqs&g tg%ﬂ? Atso filter

acquiggggg{ée@ﬁn%ggmgg;c%mg%g%di stance fromany arbitrary

plain su as a wal I, wthout departing fromthe
compsfing b setarf 3 ckptarasfironhnenid stemotiiage; Al t hough t he

g a0g < SRalE D BBl S Y B ¢

- comp%[iﬁéE%ra}écﬁitf%bfsaji@sétB?ﬁﬁé&dgmﬂéhﬂréﬂpﬁfded ate that
(0]

10.

15

20.
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30

vari ous er changes, omssjons and additions in the
geneptingrdemrdodwelksignalsin resppnsvey stid traggtoryher ein - wi t hout
departing fromthe spirit and scope of the invention.
25 16 WD 2004/ 023782 PCT/ US2003/ 026653 C ains Wat
| 2.cl aiTRAnktiod decoRifi@ionsinDf wherin ofid fihgirg steoeliminates
conprising the steps of- 5 acquiring a stereo i nage of
grounghplangeieatuges fegme said s 5 3D fegEeSset of 3D features from
said stereo image; filtering fromsaid set of 3D
features to generate a set of filtered 3D features;
cdmput i Tigg method peotdingtooflaisnl hseein wid filtérirey step Gininates
feafures; and. generating door control signals in
shadqvgs; %‘H§éldt58t%faﬁ%l?‘ﬂ“5?sectory. 10, . 2. The nethod
according to claim1 wherein said filtering step
elimnates ground plane features fromsaid set of 3D
f eht ur éBhe Bethdthacosrdingth claioot wharpin spid filenngisteihelfraingtes

said,filtering ste ik nates 15 shadows from said
baCk%rando?at%Bjsf%%{gﬁ?lg§gt 049#.3 i %t hod accor di ng to claim1l

wherein said filtering step elimnates background
patterns fromsaid set of 3D features,

. : ures. 20. 5. The .
met-hod el acaorling t ¢im hindersimsaid fifenng step pliginates

‘ Mbigljét?%g%%%%f?@%ffﬁ?le%me%3D li.ghting effects from said

6. The method according to claim 1 wherein said filtering step 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 stereo image is acquired by

combining a plurality of images acquired by a monocular camera.

9. The method according to claim 8 wherein at least one of said plurality of

images are acquired by said monocular camera via reflective optical components.
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6. The nmethod according to claim1l wherein said
filtering step elimnates features outside of
wonres@ghested 3D zones. 25 7. The met hod accor drPag/usSe003/026653
claim1l wherein said stereo inmage i s acquired by
~conbi ni ng i mages acquired by a stereo vision canera.
8. The nethod according to claim1 wherein said stereo
image is acquired by 30 conbining a plurality of
I ngges ' L CaES .
ag? or dilﬁ% égﬁ C %clkaér{rﬁdgn% g?@lﬁn@g%l I east?‘3 agtﬁoél eg?g%lg&gmy of
imagé ¢ adquingd bf sail mmgesular eansara)uiarreftadiive saiichl vompondns:
canmera via reflective optical conponents. 17 WO
2004/ 023782 PCT/ US2003/ 026653 10. The nmet hod
agqor difig hanGd AcBrdd RIS FhelefRld QE8FoRonfRliflg a set of 3D
plurality of 1nmages are acquired by sai d nonocul ar
featua inehaley il stepSofict i ve optical conponents. 5 11. The
met.hod according-to claim1l wherein sajd step of
C GHBEPIE Pt yrea Braedn espelalea pivafbiofhuhtsled sdegts
edg&mityiag esmicord eabslets haviae 1dngrSchter GaN e paddeteBmined threshold
plurality of connecCted edgelets; identifying
as featomsiect ed edgel ets having length greater than a
predet.er mi ne reshpl ; . j e
F e EhEE Rl deeaR sty FRLHE B o iR s in said
imagélkdtf #1dent i mages in said inmage set; and conputing 3D
| ocati gns_of feature points accorgjng to afid_,
dicopmufipg 8B lagriopspisieatureRaints arsprding T said @ispyrities gnd camera
mhsi on apparatus for controlling a door, said
apparatus conprising: a stereo inmmge acquisition
evi ce; a 3D processor receiving stereo i nages from

d

saj.d stereo i nage acqui sitio vice; a.trajector . .

o0t e o FeroocRTiOR ARt COUF T Aiors it g oS fofmprising:

S8 HerdQimMLeGSiSMoN d8de;20 a door actuator receiving

door control signals fromsaid trajectory processor in,

r g5 NEEessor taseiygetaresimagep é@umay% stgIzo infpge apgpiattndsvice;

accor.ding to claimil2 erej L d st.er ' .

TSP gtSecif et Apg g Sty 45 oB ot TR saia 3D
procbCaddoni ¢ caneras. 25 14. The apparatus according to

clalm 12 wherein said 3D processor generates )
.a door actuator receiving door control signals from said trajectory processor in

geo

response to an object’s trajectory.

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

device comprises a plurality of electronic cameras.

14.  The apparatus according to claim 12 wherein said 3D processor generates
said frames comprising 3D objects by:

determining heights above a ground plane for points in a field of view of said stereo
image acquisition devices; and

clustering said points in 3D space to generate objects.
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said frames conprising 3D objects by: determ ning

hei ghts above a ground plane for points in a field of
woizew/es7ssai d stereo inmage acquisition devi ceBCTAR2003026653

clustering said points in 3D space to generate

objects. 18 WD 2004/023782 PCT/ US2003/ 026653 15. The

apparatus according to claim 14 wherein objects having

a 18} os dhs@pRaTais peaosding faclgimy irh wherelnbi¢ds havinga elesa

proxiBiAELA8 B oy SRRt Rl iAol S SRRy

mmhﬁﬁﬁhﬁnﬁﬁld filtering includes: generatlng |n|t|a

clusters according to chain organi zation of said

edgel ets; breaking chains of features into contiguous

S§@ren t’lsheba?ggrg‘fug Qcc%pﬁlﬂg %o &Qﬁﬁ‘ g@ WheRifsatd ﬁﬁ%{gjl'n@ﬂi@s

bet ween successi ve pol nts; nmergi ng two closest

clgentratisg indsd dlwtersmcnmﬂlrrgxmcﬂamtoagwezauom pBsdidedgelds;17.

ccording t aim 14

{ Bl o6 B oS Fodmin e 1 P gy n e

coordi¥atd B&@%éﬁ&céé&'sﬁe%@iﬁ%ﬁd' n mltiple fr anes. 18. The
apparatus according to claim12 wherein said stereo

i mageingdwoickisest ohistetgbaged/ b @ minimpinh distange oGl ar
canera configured for acquiring a plurality of images.
19. The apparatus according to claim 18 wherein at

| egst  one phaaaus deddhdinglsd tMid 4 wheRfiesaidiirejcatotproeehsor
via a mrror. 20 20. An apparatus for tr|g ering the

deterggies an ioBIPcisTraiectsp Py éréﬁlﬁflg §4lﬁ gbiegls i gadirle &ner as
cooperative to provide a disparity imge of a scene
conprising a region in front of the door; and a
Mel8hi neThel appamtup roaediagito clainll 2 evhieein uid sitrdogampe taquisition

caneras, the na hi ne V|SB$ @rocessor evggﬁg g?the
devicg |°9‘E‘§FF%%? TRRyE a( ARG COBHEHRY Y SPBUTDGA PRI
machi ne vision 25 processor generating a signal for

triggering the operation of the door based on the
obj%ct . ThkGpparatus according to claim 18 wherein at least one of said plurality of

images are acquired via a mirror.

20.  An apparatus for triggering the operation of a door comprising:

at least two cameras cooperative to provide a disparity image of a scene comprising
aregion in front of the door; and

a machine vision processor coupled to the at least two cameras, the machine vision
processor evaluating the disparity image to monitor and detect an object, the machine vision

processor generating a signal for triggering the operation of the door based on the object.
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