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Field of the Invention 5 The present invention rel ates toﬂsma zgﬁgl
detection systenms. More particularly, but not exclusively, the present

i nventi oW 8V/4f58s t o met hods and apparatus for detecti ngPeb08eXibns
between or in the vicinity of elevator doors. The present invention may
al so be applied to obstruction det ectibn in the context of industrial
environments, safety applications, nmonitoring nmachinery activity, process
control and 10 the novenent of people. Background Art The foll ow ng

di scussion wll be primar} i ction detection

nmet hods and appar at us forbkgﬂgu{ﬁ BE&E%{ SWEMWB. However, it is to
be 15 understood that this is not intended to be a limting application. In
certain _circunstances' and with appropriate nodification, the invention
may be digldgfithednyentighe jn ot her obstruction detection situations

di scussed el sewhere in this specification. To the present tinme, there are a

| ar gé nulifisepresent EptentiglédaigndodeRATREE on \ifitedidtayY S0 she MiedPEFu'akY ect i ng
obst ructy ?nﬁo%’“e&@l'ugivgfyt qﬁ{] prb etk GnYéHhbme a1 s VA 'r@QhSdé QLR laBPSratfsOkord
general di'sCussion of ‘such 't echni ques, see applicant's International

Appl i catderectifdCbbMZOGIDBOETwear merial the sigolitypef @levater teedsni dinespresetts on

using optical devices to detect the 25 presence of an ob ugtid on
obst r uct'PEFEIARN MRYNISe (B8 "fpph?)cgrm aog’tsgé‘ﬂ'%'ﬁ d%?eec oR il 16 ffggt\?\en% s%c}s'%1 g‘frssf%l
typi cal | ghh9BmRht2)Saéd) apftfcaBses] nfdriRori@gimidiisen dciviRgr presf domgol and
receivers. One prior art technique consists of "shining" a sequential array
of "R Bbamsowreysefaeosleevat or door entrance and an obstruction event is
triggered by interrupting or breaking one or nore of the beans. Such an
event activates a 30 switching device that reverses or stops novenent of
t he el e\BackoralmdrArtAn advant age of such systens is that they can be
| ocat ed al ong the edges of the noving 1 1 AU G 2003 WD 00/ 47511 2

The following discussion will be primarily directed towards obstruction detection

methods and apparatus for use in elevator door systems. However, it is to be
15 understood that this is not intended to be a limiting application. In certain
circumstances and with appropriate modification, the invention may be suitable for

use in other obstruction detection situations discussed elsewhere in this specification.

To the present time, there are a large number of techniques and devices, which may
20 be used for detecting obstructions within either static volumes or variable locations.
For a general discussion of such techniques, see applicant’s International Application

PCT/NZ95/00067.

Generally such prior art techniques focus on using optical devices to detect the
25 presence of an obstruction or obstructions within a lift door detection area. These
known systems typically use arrays of infrared (IR) emitters with corresponding
receivers. One prior art technique consists of “shining” a sequential array of IR
beams across an elevator door entrance and an obstruction event is triggered by
interrupting or breaking one or more of the beams. Such an event activates a
30 switching device that reverses or stops movement of the elevator door. An

advantage of such systems is that they can be located along the edges of the moving




PCT/ Nz0O/ 00013 doors and can thus be specifically adapted } }
vari abl e geonetry entrance obstruction detection in the p‘i iﬁeﬁbf mgg by

one or mowe @eyat or doors. Such techni ques are general | y sattisfoactoosy for
detecting obstructions in the area 5 directly between el evator doors.
However, limting obstruction detectionsto the door plane is now considered
insufficient to neet contenporary industry safety standards. There is
inpetus in the lift industry to develop a |ift door opstruction sensor that

is not Gifeys EBPANENYP BeetRARATTGRYY FBPIYCT? 6RE! VNt YREIaB PSP ARe e BRI EHE
el evator QQfiSiion Bg{ec%ﬁ@n h@éﬁlgﬁ% Qetihod nG AR ek didatoreadopads past the

doors out to a predeterm ned istance into the | obby. Accordingly, there

is a need to either be able to upgrade existing two-di nensional door
obstruction sensing arrays to_incgorporate ihree- di i | fungti lity
or to prHHe'®s ﬁ'@%ef n?rgg?%qeé?jdydgg{r@%fsgoﬁ {aorrldg e\%f’%t?r{r#t% 9&%%@"?? u'lét ?r%ng%

det ectsi Oy e¥ 8y ®Btwasn BleeNiod Wdod.t elopisy et Oliradidy epstrubtgorabencetiemtté omedoor
industry trend include those described in US patent no. 5,387, 768 égll S

El evat or PEHIRIAMAW cPRsidergdinsitificigat & Mres cant RRYUIBIHTY B G TYaprandards.

obst r uct i{Qn, eYEMpdtds tif iﬂgegﬁheﬁl.dbyumeF&&euo%ppmﬂa@&arn&saukhm s@fs@PRPesRd to
standing stationary 1n front of the lift. That is - this specification

descri beswonhaty icspaigs eritdedbéyng ohstvestians dethecerep . berweaer 18 &gvatassdonps,

maski ng techni ques ;to renove_r.eqgi on e lLfil i e ot

rel evant 34 a'%bﬁ?? ﬂﬁttelcg?ln §épb %%'F i o%.a%f%féeicj}s‘fgeslrtntﬁ etgElj éggsédggcgsaehg%tre ts?ﬁq?\oeﬁt rols

t he mpvenkeabned iftbethedoptys alctcoinglys thhe npuainerd ob gtes degarls to nipgrade

attenpt to mnimse waiting tine between el evators. 2? To inplenent this
% MEgErS

functi ond@istipg tWe-EIeesiPRRgidRg” sORTBIRTODI PBY'Y | THEYEs FfFEFent
times andyibefoNseRiAchenslit) f & encRobrlewaeRew hibtdgneretimagrsplane deide kg
whet her there is a noving object in the elevator obstruction detection
zone. ThiobstrugtidmgisstipeiSYE$™N t he use of a reference inmage that is
captured at a tinme before the second obstruction detection inmage is
recorded. The two images are then subtracted 30 and threshol ded to produce
an i mage reewvibad natogmpnsl yo tausiresst [thaesbofemdrdioodd eodestihdtendn ivadudep yieese

during the | nterval betveen col legy) o N6 L1 ElaRPOcSREMA. | AR ool

describes a technique whereby an obstruction event is triggered by people
approaching a lift as opposed to standing stationary in front of the lift. That is — this
specification describes what is essentially a movement detector. The system uses
20 masking techniques to remove regions of the lift/area image that are not relevant to
obstruction detection. The system detects passengers, controls the movement of the

doors and counts the number of passengers in an attempt to minimise waiting time

between elevators.

25 To implement this functionality, the Otis imaging system collects images at two
different times and then uses the difference between the two images to determine
whether there is a moving object in the elevator obstruction detection zone. This
technique relies on the use of a reference image that is captured at a time before the
second obstruction detection image is recorded. The two images are then subtracted

30 and thresholded to produce an image containing only the outlines of the objects that

have moved during the interval between collecting the first and second image.




PCT/ NzOQ' 00013 The system i ncl udes separate nmasks for the hall area and

el evator sill. The hall mask masks out vari able portionSAOLdgng%i

wher e thgyﬁﬂ@ﬁgﬁ,inage si ze depends on whether any notio

detected particular region or the viewing area. THaN{W/0003¢ 7
person is standing at the back of the hall and not noving, that region of 5
the imge is masked out by virtue of tRBe | ack of nmovenent detection. The
sill mask increases in size as the doors close thereby renoving the doors

from t heThargetdmalciudes stsarbR PESGEDS ekt hdiNdfoa 4MLeRDShr Rl eMANhaiPmiaof art
descri bes techni ques that detect objects and nmasks 10 out regions of

non- i nt ePEasks K4S &@riae Pesra<Y the imagenuhere thenmadicad itagst $iee dppérots et
techni qUGshokf&Car OnofisABL BoliDBALEI f D03 -naPuafd: Al BN v.%wmagf Geh

di scl ose systens wh agai n use reference |1 nages at are
| at er collhetised if'"apdrareisi stamping at ﬁtmcwawe@fmmeqwarmommeﬁbwﬁ@,amay rétfen &b

i mage. su tractlon wher eb he.reference | es are s btracte fronlthose
Lo et ale Bface R avenkeq Bln by s B AT BohiR TRy afy SeF i T B e ERoek
entered frlepesdastin Uik iz@nthe dBbRCEILONTRNS, rekhEsiRg ttRE MBbALAS MR idgeanatimber
of disadvantages in that tine- based obstruction detection systens nay not

be sensi siipebq B'OCE$REdi nterval s | onger than a certain threshold. This may
produce problens where there is rapid transitory 20 novenent in an object
following a stationary period. Al so, known techniques can be difficult to
i mpl enenfhgs vibe b rblavga ni@graefed@fcrip@ssmdﬁnmu&aruhat detechebjeewnarel enaakor
door _environnents varlatlong%ln furniture (and ot her

per mihenf!t fqu‘ﬂfroéswon '?ﬁe{)eg?rgg%%/de(r”? ﬁegSpﬁaf? AOVER¥he 1ike can hanper the

detection of incremental changes in a visual scene based on tine

differences. This is particularly so if the 25 reference jmage nust be set
at an eaf JBPeTThAsBe ARG AT tlefh'i‘gu?%(?reéffBP8"%??9&%‘1’%@@‘9@%"1?@ @88mM25

i nventi ognd O5 NRQVY S 8isBBES 08} s8dHHs aRRRMAlYSIN flge AabRAEE NEn RS HIRT bRNS
whi ch overconmes or at |east aneliorates sone of the disadvantages of the

pri or areompargd Wighdatenriprirss "adiwe gmigppe’. wistishaeakrinugs epmieodondly usel AUG
20031 SV\D Wégé}a?g}bjfra%ﬂ& Wepe%'{lrt%qufetré}?bel iWa%%E'aQQ subtracted from those collected

at a later time to determine whether any obstructions have entered the obstruction
detection zone. These techniques exhibit a number of disadvantages in that time-
based obstruction detection systems may not be sensitive to time intervals longer
than a certain threshold. This may produce problems where there is rapid transitory
20 movement in an object following a stationary period. Also, known techniques can be
difficult to implement given the large degree of possible variation between elevator
door environments. For example, variations in furniture {and other permanent
fixtures), floor covering patterns and the like can hamper the detection of incremental
changes in a visual scene based on time differences. This is particularly so if the

25 reference image must be set at an early or fixed stage.

It is therefore an object of the present invention to provide a method and apparatus
for detecting obstructions which overcomes or at least ameliorates some of the
disadvantages of the prior art or at least provides the public with a useful choice.

30




PCT/ NZOO) 00013 In its broadest aspect the invention provibdsAUE 2003t hod
of detecting objects in an area, the nethod including obtaining one or
nore i mMoRs Mfs7khe area, using an edge detection techni quectmzedmbiza way
as to highlight substantially domnant linear 5 features in the imge(s),
and determning if any dom nant |inear Reatur es intersect Ilinear features
defining the area. Preferably the area I's an object detection zone, the
area being separated into at |east two zones; a primary zone, being the
vol une d&@isalosuse ofghe Inueptionnd a door sill; and 10 a secondary zone, which
may include the volune beyond the door through which a person using the
door woulid igsassadditefspeabthe inventioro praviressfior [a methodhef didest{ng)obiaets ¥1 B of

an el evator and the valume. bevond the door is I inall
passengeraéearmtge\%‘?§°1ddpcgﬁ'é‘geﬁ?%\?5‘t'rbgr 95" A% e'?qtgg Syofﬂger g'%?fa‘gg@%a%gpgast
two i magestaidnt fhmrjroth isichudewaq dunb heighighe psutatardiatie cidnigarpatisdar ax i n
the two or nore inmages, the parallax being produced by thg ﬁresence of an
obj ect i featyrashift PR tmanesbnend MEFEMEPRE T PR\IGAN e ek degHga prersect

obst ruct iliﬁg(ajrzfégﬁﬁeggehﬂina thbra$da particul ar aspect the invention provides

for a net etecting objects/obstructions in relation to the vol une
defined by a door and/or sill, said nethod including using edge detection
techni ques jn such a way So i Laht S Ak Yntd O sant

| i near f%é?gﬁf Vi%?‘ue El agr‘e(’@?‘:tlt (?mefg!é S %&ta%héh%re;tﬁegrﬁn%?ﬁé %é%lr% gSntany ‘g%rri nant

| i near fealous®®es BiRINs@9tzohkNkéing fteatulues dexfcrihedyy sadabrdodra dovd/sdlr asd| | .
Preferably the nethod may include a, prelimnary st of characterising one
or nmiPe 3 PREPELADOZY Ay ECQH"?Hé”%Y%‘gg?‘Fcéc%Wea Vof:‘ﬁgﬁgé{o& it“gﬂ’@" gﬁcl%ngnt '
linear featd£Ssihdtitd18ooh@aid Ppyse preferably said characteristic dom nant

| i near fg)aturnes Iag?e Iiﬁes defining 30 the door edges and/or sill and the

| ocation of said features may be stored for future reference. 1 1 AUG 2003

VO 00/ 47%&fe§ab€ﬂkmrog%1§m are the door{s) and sill of an elevator and the volume

beyond the door is the landing/lobby where passengers may wait for the elevator.

15
Preferably there may be at least two images and the method includes a further step
of detecting parallax in the two or more images, the parallax beirig produced by the
presence of an object in an obstruction zone. More specifically in the secondary
obstruction zone.

20

In a first particular aspect the invention provides for a method of detecting
objects/obstructions in relation to the volume defined by a door and/or sill, said
method including using edge detection techniques in such a way so as to highlight
the substantially dominant linear features in an image or image(s), and determining if

25  any dominant linear features intersect linear features defining said door and/or sill.

Preferably the method may include a preliminary stage of characterising one or more
images to establish the presence of any characteristic dominant linear features in the
area. More preferably said characteristic dominant linear features are lines defining

30 the door edges and/or sill and the location of said features may be stored for future

reference.




The nethod may al so include an operational stage which a nor e
i mges to establish the presence of any uncharacteristi crfegtmgg?ﬁg&h

vol ume, said aracteristic features representing potengiahzsiisat
and/ or ob%vthPé#?g{r:s in the area. 5 The prelimnary stage in %udes at | east

two steps, a first step of detecting the | ocation and di nensi ons of a door
sill and a second step of detecting the® ocation and di mensions of one or
nore door edge(s). Preferably the first step includes: 10 using

subst ant i7ald ¥ndtAbH zZeayakisandéiode sumbsperatib@all ytagerWlhicl&laneNg@ det eatt inve
filters to hig hllght the dom nant vertical a i zont al I|nes |§ th

part of timages tagstalishehe meesenr of §”Y<H8ﬁha'?8teblét'%ﬁ)e§r %5 Mats ‘§/° YHEafe

summi ng t ﬁﬁs‘t Vb Bshradpiitlg §REhtiaP¥bjett SHME dbstrOctidie ih MRgafem)
pr oduced J&?Pﬁ}g&% licf/gerat‘?rca épénd/ Ol‘g%gl‘l zgnt aJI edge detection filters thus

produci ng a vertical and/or 15 horizontal function with maxi ma and/ or

mnim c respg ndi ng to the posit f .10 gt lg; ds i roff Bédebfies @ed/ or
verti Gal 11n&5 'W'é‘ggﬁ gg sal'gdssl htg(fras écé\'{bures (fafﬂlrérglér}geto egspatllgl

| ocati on |géatidieafl@@kmehdibng of 4 dbamsibant ardezond ateparfdietenting da¢ locedian @ds i n
the image. 20 Preferably, the second step includes: using know edge of the
spati al |de@nPiORSST MFrSTPIe 4000 eRASSI edge of the physical rel ationship
between the sill and the door edge(s) to obtain a sub- inmage or sub-inages
of the door(s); subjecting the sub-inage(s) to edge detection filters
adapt ed tErefnrghlIyl@IethFSQSteédQ@Bd@r| ented at angles which |Iie between sone

known bounds n’%.nl Rl %annigll\{ ﬁ@r.z%%fax a%ﬁ?(sﬁ%sttaﬂtlafy%l 8dd¥l dakytidriBgess)

the bihary i E?SS)U consrs one of nore |1 near features
correspondi ng {® Higtgighoahe ctcdrgesr;t aerdcaeand/pbndrogzamgali loes if ghetpast |9 nEgr

subst anti al |y 7er8q cuferariatibae IR M 19 ForPRsRIar et 197 R0E Bos wo
00/ 47511 6 intensity values along each row of pixels in the image(s) produced using the
vertical and/or horizontal edge detection filters thus producing a vertical and/or
15 horizontal function with maxima and/or minima corresponding to the position
of horizontal linear features and/or vertical linear features, said linear features

. defining the spatial location of the door sill in terms of horizontal and vertical

features in the image.

20 Preferably, the second step includes:

using knowledge of the spatial location of the sill and knowledge of the

physical relationship between the sill and the door edge(s) to obtain a sub-

image or sub-images of the door(s);

subjecting the sub-image(s) to edge detection filters adapted to highlight
25 edges oriented at angles which lie between some known bounds;

manipulating the sub-image(s) to produce a binary imagel(s), the binary

image(s) consisting of one of more linear features corresponding to the door

edges; and

deriving equations for the linear features in the binary image(s).

30
Preferably the known bounds are substantially vertical and substantially horizonta!

edges.




PCT' / NZ00/ 00013 Prior to deriving equations for the Iineat ¥ ¢djGr2803n the
binary ima e&z{g the second step may also include: manipul ati ng t he binary
i mge by 5¥lunction which increases in magnitude in FHENGRY9OES)
direction; 5 further mani pulating the inages to clearly identify any

dom nant linear features in the binary i mage(s), the manipul ation
including applying a first filter to renove any substantially isol ated

features gt Bedéwwg{]\équme(f%) theAWbaAPOAtitalin theSERONiriidelOF tHeOséddd
bi nary i mage(s) in any substantially linear features in the inmage(s).

10 Pref ersabwwayhaisceqwameons of the linear features are obtained by |ocating
the Iine(s) by, %ﬁpggn@e :b?%?% HEgET B9 2 Otark ”?Jn%'i.on Wqurea£Q§raﬂ iiod

be nore than orﬂgmpﬁ I ne atu e I mag erein once
equation for eaggnitudeeiarthe veaictrdrebesn; been det erm ned the Iinear feature

is renoved fromthe imge and the 15 n m pant I' ear feature uat ed
Prefefably a tioftaer Wﬁ”{j’r‘r’ﬂ?tﬁ‘é tﬁ%é{ﬂ%geiséoﬁgeéﬁyt"g YliaBl"J'IJz?l”e' e

equation for gagh Blﬁ&%%m%ﬁé&)urtﬁetrﬂadl;smmcvre ihd1€difQ NddpaRg €a Crirst Rteequat i on
for that linear feature e total weighting neans being found by

normal i si ng, amchave aracebstanyiallyigolaiedtfeatujenty, therRinay imagelshf 3”daaPP'V§’9
wei ghting neans g%ﬁ\]ﬂgléﬁr ge,,tgqﬁ%e%;gy%g%{@) anthi ,g%m@ns&aﬂi.a@ i.a.&ﬁ%aifﬁ@st.w e

are deternined es™hin ive an stance of points of the
feature whi chthar“e,agutsssl de a given paraneter representing breaks in the
feature, the first weighting means down weighting or elimnating said
poi nt'® fromthe 25 estinmate; and/or a second wei ghti ng means, wherein

poi nts i rbr@f]é‘r%%iﬁ@ qUEL O oraMRYink&roRb{UREs aleTBB@INGAMEWICZ a0y Itbe liakes) giyven a
hi gher weighting than points in the same feature which are closer to the

i mage captess Sdur deastasriaEs. 't HIVE iBPYHEYhg MRRIRSTANBT €TR™ 827 B"Fd

wel ght I ng, Teans, 5r§e hleea'td}gv\ﬁlst?\eQ%a 39 WierdrrintatinteeQliatddherdreaddt @neaand/ or
a fourth wei ﬁ means erein PI near features which do not span any

sub- i rrageafur@mauewdanc@éteeuiged t e Vipeari @aturedgeeraﬂeed/\émghtte@ image and the

15 next dominant linear feature equated.

Preferably a total weighting means is used to m.anipulate an estimate of the equation
for each linear feature to improve the confidence of the equation for that linear
feature, the total weighting means being found by normalising, and if necessary
20  multiplying, one or more of:
a first weighting means, wherein the derivative and variance of a linear feature
are determined, changes in the derivative and distance of points of the feature
which are outside a given parameter representing breaks in the feature, the
first weighting means down weighting or eliminating said points from the
25 estimate; and/or
a second weighting means, wherein points in a feature further away from the
image capture source are given a higher weighting than points in the same
feature which are closer to the image capture source; and/or
a third weighting means, wherein the third weighting means is the inverse of
30 the derivative of the feature; and/or
a fourth weighting means, wherein linear features which do not span any sub-

image from vertical edge to vertical edge are weighted.

nangt ey ﬁ%?té' St the -




1 1 AUG 2003 WD 00/47511 7 PCT/ Nz00O/ 00013 The edge det ectl on
effected by neans of filters, differentiators and the I| y said

edge det egld gysss ai ned at hi ghlighting dom nant |ines O“Fé‘f 13
substantially horizontal, vertical and substantially diagonal In t?]

image(s). More 5 preferably the diagonal |ines are at substantially 45 and
135. The operational stage incl udes t he/ steps of: capturing one or nore
real tinme operational images of the area; detecting the position of a door
or doors The ¢dae demgtg¢rsinay be effetedtiynmetieopiiesandigfepéntdisisr aret ihenikeon t he
area of the image(s) representing a sill; and detecting the presence of
obstructions in the area of the image(s) representing the door edges. 15

Pr ef er abl ptetdigblposdid | sdge OdetédtRndROBINSd 126 HIGHIRIHIRY BYmARLEQlHedJodidRated
intensity chf@%e in the substantially horizontal features of the sill

wher e t heSUDRtAERS!Y yhogiRentgles eaiTa @A gsubstantisputdiagonaddat ihenirodgeldie ddwe(s)
in the i gy tﬁé%faswlnuesté}@ a@rssﬁaeﬁﬁawfa,@b%ﬁa ygksons in the area of the

i mge representing thé sil is determned by at l'east using a
substantially vertical edge det ection filter to highlight predom natel y

vertical features in the ich i tersect the linear features of the
sill. Pref gy ?'I"Fésfﬁggé'écﬁ%% 5¥m8'§§tsr°uct| ons in the area of the inmage

representing tduptQ@f one2sr rﬁd@esautﬁnélepabﬂbmdmageabf tieastealsi Nng an edge
detection filter to highli gredom nate features in the inmge which

i ntersect the 99tAGtN9 Théé’Pﬁ' 8%0 £ dogeogderrs ipitas Epaga(s)it he operational step
i ncl ydes conveydibighd I}E e CHAR MG eft &bst IBESHS) o Ottt {}%g[ Qgr &ty Ol;'r{aﬁgg(sé

hi st ograns wherein peaks in the histograns represent features in
i mge(s), sai depeeseatirasa pidparesent i ng t he door (s) and/or sill, and or an

obstruction Ordetec n%tlﬁgté)lrgsgﬁc 5'1} })tpsﬁruc?gns mdgwe( gr)ea or}%\grlmrs‘r%e(ﬁé re(ﬁ)é%sePnB%

oper ati onal stage mani pulation
earlier. 1 1 AW&d2008dyMe 00/ 47511

15 Preferably the position of the door{s) is obtained by detecting the intensity change in
the substantially horizontal features of the sill where the intensity changes defining

the spatial location of the door(s} in the image(s).

Preferably the presence of obstructions in the area of the image representing the sill
20 is determined by at least using a substantially vertical edge detection filter to
highlight predominately vertical features in the image which intersect the linear

features of the sill.

Preferably the presence of obstructions in the area of the image representing the door
25 edges is determined by at least using an edge detection filter to highlight predominate

features in the image which intersect the linear features of the door.

Preferably the operational step includes converting the edge detected image(s) to a
histogram or histograms wherein peaks in the histograms represent features in the
30 image(s), said features representing the door(s) and/or sill, and or an obstruction or

obstructions on the door edge(s) and/or sill.

The operational stage may use any of the image manipulation means describe earlier.




8 Preferably the operational stage may be repeated a plurality of tines.
PCT/ NZ00/ 00013 In a further particul ar aspect of the inveﬁt1q&UtG1@083 s a
met hod of detecting 5 obstructions and/or novenent in obs%&&}#o 3 t he
net hod i n®AUYi4it 1t he step of detecting parallax in two or &r@éés of an
obstruction detection area, the parallax produced by the presence of
objects in the area. The nethod nmay incBude the step of detecting tenporal
changes in the inages of the 10 area. The method nay include the step of
detecting vertical and horizontal parallax produced by an object |ocated
in the area. 15 More particularly, the invention provides for a nethod of
det ect i ngPrefeyrady she npénationa) St@mﬁ@ve@sre@ﬁa@ﬁiaan'PWStVoafc‘k'@P%unds of a
plurality of imges of an area and subtracting pairs of imges so as to
reveal , by way of parallax, the presence of objects in the area. 20 Even
nore par tjhcHl Rirdngr pdt€cilar espbeon gir ovd degerftion thenetihoal mkthedt o€ tdeitertoBj ect s
including the steps of aligning backgrounds of a first . and.sec I e of
an arda Qbsyustiens e?@td??ingHEmF%F Jf ¢ @’é“f’?%nh%é"eéé%%ﬁraa“‘%'ﬁgrtggsﬁgw

revealin i AfilaxPAr Avba¥s rhét@ PRARENEE P oBstilutea deteetisi aned, bj ect .
25 1n a g"ﬁ ég}n\rggﬁaem%di ment, the method includes the steps of: collecting

a first ipmgxairodncet batlie presaned pEebigewIN B gtient ;  col l ecting a second

i mge of the area froma second view ng point; calculating the shift

bet ween the backgrounds of the two inmages; aligning the backgrounds of the
tWo i Magemie RRtIIDINagMhilnge thee stapoofi deigetng terraodrianges i the idresterkice

i mge; analysing the third difference image to detect parallax thereby
reveald nggretfhie presence of a 3-dinensional object in the area. 1 1 AU G
2003 WD 00/ 47511 9 PCT/ NzZ0O/ 00013 Preferably follow ng the subtraction

step, and before the analysing step, there is a . .
P The method may include gche st%p of detecting vertical and horizontal parallax

produced by an object located in the area.

15  More particularly, the invention provides for a method of detecting objects including
the steps of aligning backgrounds of a plurality of images of an area and subtracting

pairs of images so as to reveal, by way of parallax, the presence of objects in the

area.

20 Even more particularly, the invention provides for a method of detecting objects
including the steps of aligning backgrounds of a first and second image of an area
and subtracting the first image from the second, thereby revealing, by way of

parallax, the presence of a three dimensional object.

25  In a preferred embodiment, the method includes the steps of:
collecting a first image of an area from a first viewing point;
collecting a second image of the area from a second viewing point;
calculating the shift between the backgrounds of the two images;
aligning the backgrounds of the two images;
30 subtracting the two images to produce a third difference image;
analysing the third difference image to detect parallax thereby revealing the

presence of a 3-dimensional object in the area.




t hreshol ding step whereby the difference inmage is thre hﬁl%tm cl ude
noi se thus producing a binary image. 5 Preferably the %tAhi i ence

i mage i swRispsthated so as to contain substantially onl ypdpRz@wbdisnes of
any 3-dinensional objects in the area. In an alternative enbodi ment, the

i mges are divided into background ima%gs and door edge inages wherein

cal cul ation of the necessary shift between the 10 backgrounds of the two

i mges is based on the images of the background when no obstruction is

pr esent .Préfeedtdy £bllgwingethehisfibtractiopadtenl arddeime nhe anelysing mtem| tieieois. al5
Preferal the images are blurr Wi th _gaussj.an i.an imlar filters
SO0 as t&l"ydrsgaﬁéng f"i?g Vé’PF%‘%ty t('# %ﬁg’g[‘g‘f i"B%gei i hﬁ%s}‘loﬁ;egetge Ugginnm{/sgﬁtthluén al so
provi deprb@icind aadparydinagef or detecting obstructions in an obstruction
detection area, said apparatus including at |east one inmagi ng neans and a
20 m croprocessor apparatus adapted to mani pul ate said i mage(s) according

to agy RRbferall thBenAROUBrHERE infddeOid: mARIpARRAY 3bUss fPkomtanesitshghiriny ect s
in an area, the apparatus including: at |east one.inaging neans adapted to
i mage t lmistheeostheeeof pon3adiniesaiopal gfeatouy tgadreal |y separate vi ewi ng

poi nts; and m croprocessor apparatus adapted to mani pulate said i nmages in
such a way as to highlight substantially dom nant |linear features in said
i mages anthn deéiativeermbodimendothieniardgek i are afivifleditintoesackggnnd ymbabes pnésence

of an object in the area, 30 Th aratus for detecting opstructions in
an obst 990 | 6A9%etBRAGonVRPED | ﬁ%?‘ﬁ%g@ gk headeceiRa™y rﬁi‘gf nge%eaeﬁs tgtaapt ed

t 0. i1ABIG3KESLARE Icdth¥ tEimades i5GRBEd ohltaBimbgé£asthed WarkgRaht alhan separate
view ng points; and 1 1 AUG 2003 WD 00/47511 10 PCT/ NzOQ' 00013

m cr opr cbsyyeronppRieaeds adapted to mani pul ate said images in order to

cal cul ate the shift between the backgrounds of the two images or pairs of

Preferably the shift is calculated using cross-correlation.

15  Preferably, the images are blurred with gaussian, median or similar filters so as to

reduce the effect of pixelation in the images.

The invention also proVides for an apparatus for detecting obstructions in an
obstruction detection area, said apparatus including at least one imaging means and a
20 microprocessor apparatus adapted to manipulate said image(s) according to any part

of the above description.

An apparatus for detecting objects in an area, the apparatus including:
at least one imaging means adapted to image the same scene from at least
25 two spatially separate viewing points; and
microprocessor apparatus adapted to manipulate said images in such a way as
to highlight substantially dominant linear features in said images and
determine if any dominant linear features signify the presence of an object in
the area.

30

The apparatus for detecting obstructions in an obstruction detection area includes:
at least one imaging means adapted to image substantially the same scene

from at least two spatially separate viewing points; and




i mages, align the background i mages based on said shift,?s};\%”??}[ﬁ)ﬂ@e
| oW €

resulting images to produce a difference inage thereby a

det ect i oWG0@$75plar al | ax effects in the difference i mage tHENEWMOIYi ng t he
presence of an object in the area. Preferably the m croprocessor is also
adapted to mani pul ate the inmage or images to highlight substantially

dom nant linear features of the imge(s). 10 The i nages nmay be mani pul at ed
optically, mathematically N i ' Leh,iqr S: }

| i near feat ur'@écrcﬁ)ﬁaf%s;%ohaapghég&s ?ar?laftjﬁg fganamgag?%%f Q?'ﬁeﬁﬁégg. ”g(rgg?gfggl y the
M Cr opr ocessogaldBatbutHehsiftaskepteed the babkgrstmudsdof hiwe divbf ierameseor paige.of 15

The m croprocessor may be in the formof a,soljd state, ti e like
devi ce. |n cag@gesh&iign agfi H@F'&grﬁ‘éﬂ‘fgt"ﬁaﬁ’? L?EE%A, %%éaﬁ‘gﬁgﬁgt S@ﬂrar{ htqé‘rg :
incl udes an optiGak idkges 8NErddaké achiff@bndemmmeatiapbyciboingkisy darectivage
froma viewing point that is displaced 20 fromthe physical |ocat|jon of

the sanera. 26f B@alfheetfettsdetthe difreesrigaogxhiapesYingytheeP eF¢eE 8H 2By
i e%(i sns, coherent optical fibre guides, and the

opti cal neans i.nctIiH Log
like or alterRdEY vely the i mgi ng neans thenselves nmay be transl ated or

sui tably displaced. In one enbodinent there may be artificial features
added to aid the mcroprocessor in _highlightin Lal |y L8k,
domi nantPretasebly d8e gPIci4REC 5 agle Esd'SO é?‘f’f’é’re‘é(J #r(g{/naéﬁ'@éa%g%gg gﬁ‘tapﬁpc}dtm%g’ans, t he
i nput  mMeARs; SRABLERGAILEShinkAt lifdatieaties bbatimagesi. normal  doni nant
features Tnto the m croprocessor. Further aspects of the invention wll
become apparent fromthe foll ow ng description which is given by way of

exanpl e d?fgﬁlmyrﬂﬁl 1 _AY.G ,%QQ?MMQCP%%%N%Eﬂ%@g(ﬁ&owa like Brimfer DRBAI pti on

of the ESREY imvent ron w now be described by way of exanple only
and Wi t hrekghierdentearitdinethieatces apHenypaneflaRriaihe gragess \iitbp area.

Preferably the microprocessor is further adapted to threshold the difference image.

15
The microprocessor may be in the form of a solid state, optical or the like device.

In cases where a single camera is used, the apparatus further includes an optical arm

and reflection means adapted to relay an image from a viewing point that is displaced

20 from the physical location of the camera.

The collection of parallax images may be effected by optical means including prisms,
coherent optical fibre guides, and the like or alternatively the imaging means

themselves may be translated or suitably displaced.

25
In one embodiment there may be artificial features added to aid the microprocessor in
highlighting substantially normal dominant features of the image(s). There may also
be an input means, the input means enabling a user to input the location of normal
dominant features into the microprocessor.

30

Further aspects of the invention will become apparent from the following description

which is given by way of example only.




5 Figure 1: illustrates plan (a), end elevation (b) and Shﬂﬁﬁb@/m (c)

views of an elevator entrance wth caneras according to
enbodi meny,, @fs7iFe invention; Figure 2: illustrates schemgicgnaiR¥ssof two
enbodi ments of a parallax imaging 10 system according to the invention;
Figure 3. 15 Figure 4: Figure 5: 20 Figure 6: 25 30 Figure 7: Figure 8:
Figure 9: Figure 10: illustrates a sch hatic representation of the
connection of two imging devices (caneras), conputer and interface with
t he door Briefiesktigtion of thedrawinags t he primary detection zone; illustrates a
series of images captured by the lift cameras of the enbodi nent shown in
Fi gure 1;THel invehticit esll apwebky dedteibed biy 0Nay ¢ krbgpr aslyapl ivith teerdaterari ni ng
the horizontal and vertical posjitjion, in an inmge, of an el evator door
sill; ilItheBFaeBRARYNG EIVIESS INVWPIKR: steps in an al gorithm used for |ocating
positions of the door edges; illustrates the sub-inmages in Figure 5 when
processed according to steps 4 and 5 of Figure 7; illustrates a 9x9
filtesi nFigweHlni quelitsratesrohae (dls ehdeleyatientirang sfle Hlevakionrd wievtseol Ages:
1 1ust rates broken qoor edqe. kb U5 g abbBIRRY toltrh AbdFeR0BR YRR 47511
of the invention;

Figure 2: illustrates schematic views of two embodiments of a parallax imaging
10 system according to the invention;
Figure 3: illustrates a schematic representation of the connection of two imaging

devices (cameras), computer and interface with the door controller;

15  Figure 4: illustrates the primary detection zone;

Figure 5: illustrates a series of images captured by the lift cameras of the

embodiment shown in Figure 1;

20 Figure 6: illustrates an edge detection technique as applied to determining the

horizontal and vertical position, in an image, of an elevator door sill;

Figure 7: illustrates schematically the steps in an algorithm used for locating

positions of the door edges;

25
Figure 8: ilustrates the sub-images in Figure 5 when processed according to
steps 4 and 5 of Figure 7;
Figure 9: illustrates a 9x9 filtering technique to remove isolated features of black
30 and white images;

Figure 10: illustrates broken door edge lines in the images;




12 5 10 15 20 Figure 11: illustrates the application of f.TagpS%?¥EEp bl ack
a

and white inmages; Figure 12: illustrates application of array
to door Iwoeoedges; Figure 13: illustrates application ofpdimezevaoghti ng
array to broken line images; Figure 14: illustrates estimation of the line
equations for the black and white inmaggs; Figure 15: illustrates the

equations used to cal cul ate the door vanishing points; Figure 16:
illustrates the detection of door position by exam ning the intensity
profile of the running clearance; Figure 17: illustrates how to determ ne
the posikjp0R ¢4 t h@idRgfes thé%?gncca@ionmfsé PER RS tfd QALY 8hd WhAk iRBdedi0r i zoNt al
edge detegted I mages; Figure - illustrates an exanple of the Construction
of a histogramfor determ ning both the door position and any objects on
the sill __or dogr ges, Figure 19. 11l ustrates how the histogram can be
used to BEPECTZ: neiatr s seplifich st i AL R Far s8 88w the " -

hi st ogram can be used to |locate both the doors and any objects or ‘
obstructions Present; Figure 21; illustrates a flow chart show ng the steps
in a par BioME 1 Bas e HlUFEERS FPPHER et Teldte WEIIBHES AlTRY T REKER IBR BBIEY uct i on
sensing area; 30 Figure 22: illustrates data produced according to the

met hod of Figure 21 as applied to a sanple obstruction (a |adder) in an

el evat or Figoor 14:1 1illasIGat2e08stNRt0Y 475t lie FUPENZT0 /00018 bigchuped 2ghite
illustrates the de¥ection of machi ne recogni sabl e parallax for a nunber of
sanpl e obstructions; '

10
Figure 15: illustrates the equations used to calculate the door vanishing points;
Figure 16: illustrates the detection of door position by examining the intensity
profile of the running clearance;
15
Figure 17: illustrates how to determine the position of the doors based on
histogréms from vertical and horizontal edge detected images;
Figure 18: iHustrates an example of the construction of a histogram for
20 determining both the door position and any objects on the sill or door
edges;
Figure 19: lllustrates how the histogram can be used to detect the door position;
25  Figure 20: illustrates how the histogram can be used to locate both the doors and
any objects or obstructions present;
Figure 21: illustrates a flow chart showing the steps in a parallax-based method
for detecting obstructions in an obstruction sensing area;
30

Figure 22: ilustrates data produced according to the method of Figure 21 as

applied to a sample obstruction (a tadder) in an elevator door;




Figure 24: illustrates the ability of filtering techni ques tﬁAll @03
artefacts 5 produced by the pixelated nature of the detecae I and

Fi gure 254 rates sanple data for a door edge obstructg . 10
Descri pt ?\ggo('g{;x%‘stﬁ e Preferred Exanple The foll ow ng descri pﬁ@ﬁz«&%ﬁ{lﬁbe
given in the context of obstruction detection in elevator door systens.
This is to be understood as not to be a“?in‘iting feature of the invention.
The apparatus and nethod of the present invention nay be applied to

obst r uct iFgure@3ect iibustegaps iticadetasion fabrmectamg ke oghisaiie rparalak rfgr efnumber

i ndustrial 15 machi_ner securi té/ applications in the like. In the context
of el evator door ob%ftsr%”gq'?(? SURTEOS on systens there are two distinct
zones. The first is the critical volunme bounded by the sill and both sets
of door _edges,,.Thi. i1l be call t be pLi mar truciion,zone, ects
O ters EE e st e Y, ﬁ?af'ﬁ%ﬁ?d%e/egcﬁ@é“%% o, P i%"f%géésa

cl osi pg door w || alreBstedciey tiad pikglasdd mdtare athealesédted irhadges; dle second zone
is the | obby/landing area in front of the elevator where people approach
and wait for the elevator. This zone will be called the secondary

obstruct iggf,g 2Be. TiGstFREYEEAPRath 96r absCidforatruehisd BU&Hti ons in this
area is less critical and the obstruction detection system nust be able to
mask out 25 irrelevant or erroneous objects. The obstruction detection
system of the current invention is based on optical detection nethods with
di fference i maging techniques wused to provide the required |evel of

obst noct iDescretiecot the PeferemtBxgmple. For the primary obstruction zone the
obstruction detection systemuses an edge 30 detection technique to

det er mi nerhief fABWIRPjREESPH{PDSEN Ut bives)inathe poesenbf bekwaetiort Heteddar iredges
or on the sillﬁgohe sill is the sgction ongéhe roog of . the Ievat?r car
and | an@laygtarrigor setesay ARG 'F ARGEHPYaBEPE ARACT 1P Pe FHIENHRY LAEY89T 4B edges
in the coniexbnl ndWapaPREs WRd0PEAGA1d:r e BFFENZAVEAROA Insf bel@pRéto door s
is particularly critical. Over time, people have devel oped the habit of

pl aci ng oheiructieinddétectine @eslicajigps. otor ste&pPiPly BAt dNemterep| [of indusiigér to
stop_the el evator door 1.Ng; .S therefore inportant that any

obst rlict i”?)a}?hH}eetr\é’cstelc(l)JH?y 59@{%?7‘15@%‘# %’tgt”é(gt hands or other objects being put
bet ween the cl osing doors as .

In the context of elevator door obstruction detection systems there are two distinct
zones. The first is the critical volume bounded by the sill and both sets of door
edges. This will be called the primary obstruction zone. Objects in this area must be
20 detected with a high degree of reliability as a closing door will almost certainly strike
any obstruction. The second zone is the lobby/landing area in front of the elevator
where people approach and wait for the elevator. This zone will be called the
secondary obstruction zone. The requirement for detection of obstructions in this
area is less critical and the obstruction detection system must be able to mask out
25 irrelevant or erroneous objects. The obstruction detection system of the current
invention is based on optical detection methods with difference imaging techniques

used to provide the required level of obstruction detection for each zone.

For the primary obstruction zone the obstruction detection system uses an edge
30 detection technique to determine if any objects (obstructions) are present between
the door edges or on the sill {the sill is the section on the floor of the elevator car and

landing that the car and landing doors run in). The detection of edges in the context




5 well as objects on the door sill. The system can acconplq sh
determ ni ng whether any lines defining the edge of an ob 151 A‘Dﬁnzaﬁa

i ntersect WOtW/4flé | i nes that describe the door or the edg@STNZoe/bEw13sill .
The system could al so use standard difference imagi ng techni ques where a
10 reference image is used to all ow obstpuctions to be detected. For
deterfion of obstructions and objects in the secondary obstruction zone a
paral | ax | hax techni que use the s opt.i.cal

i mages Obtoglleﬁl% ! gtcug?ilgtcrlq P bver Warqle Eupa\fesd%\be %pee?ig@(? ﬁf?'ﬁ
identifying ;ﬂa@lhgmnst oaadi lrobﬂ\eedbSr @5p pdsreﬁeasﬁmg Bnfohthel Mdinngldeobd¥tay eive
Par al | ax t echni ques can al so be used to detect objects or obstructions in

the pri ma®EVAsHe OUSWEPEINS: t Hi és HAE & NMPSHRAT ABRT 8By IRsvectiaR deigehiond

accuracy f0Ltdh&afddib&aharkRNG otHaP JbRREOPeihE" t
t he door gggte prgduces a ?substa%ttl al gegra ?lag p(laﬁ ;Uggivbﬁhft%fcéﬂasgrgpg?gﬁt%%l ly

swanp § he vpalt a$ beircisradtieetbobypillsmal | er t hr ee- di nensi onal obj ects; and
secondly, the 20 applicants have found that it m ght not be possi ble to
detect objects I ess than 200nmm above the sill using the parallax technique
(Eﬂl‘;l S proliihemnysserdaseradeedchplistt @i} byTdeerplinisg @ﬁietfhﬂyamtlirien deffiairgr efecedgp
enbodi nent the systemis |likely to consi st ras ich 25 view
Cho 1 1e Gbe RGSTHCT A5 SEh Al Hh S aka Gt EACHPS Sha RBOT ot ke et &1 b ng

poi nts al lkgw t-he seGerdabyddfie sk OftaRBRD Tifflrased i EgiR@ tathmduest (wHereIcd i on.
This nmay be achi eved by known optical imaging systems such as charged

coupl &d desfecence(iepy it st wsallomvaissteuavePas be AReAISH i cant is currently
usi ng an Active Pixel Sensor or APS CMOS canera) or any other type of

el ectronic imaging device. 30 Alternatively, a single canera may be used
wher eby oifer detenpipe ocbpﬂoistractticmsrmdobhmm 8 thamei:wralge/ olbstaxcrciiongpnviaawréua'%vved

froma fi rst vanta oi nd view (froma . second yanta nt
Lo the si Ao Eumeriztor TUbRAPLRT ‘GTTesk: SF br aogs cuSoblHeat REHE 18 &
2003 WO O%élzaéa d&&cB@I/tBEGﬁH&O&J:&smderh@d Witnasitifysig R batiensitinebbjeota
single canera. Also, inmagi n% could be controlled by an optical cell that
woul d1Bl t EFeRRNE|iy thet @Rgioe/loDRY raes e cRaspllag tegbmigyest Gafp also be used to detect

objects or obstructions in the primary zone. However, this has been found not to
have the required accuracy} for the critical zone. The reason for this is twofold:
firstly, the door edge produces a substantial parallax effect which can potentially
swamp the parallax produced by smaller three-dimensional objects; and secondly, the
20 applicants have found that it might not be possible to detect objects less than

200mm above the sill using the parallax technique (this problem is described later).

The physical Layout

In the preferred embodiment the system is likely to consist of two cameras which
25 view the lift opening from two separate viewing points. The two separate viewing
points allow the secondary detection means, based on parallax, to function. This
may be achieved by known optical imaging systems such as charged coupled device
(CCD) cameras, CMOS cameras ({the applicant is currently using an Active Pixel
Sensor or APS CMOS camera) or any other type of electronic imaging device.
30
Alternatively, a single camera may be used whereby one or more optical arms directs
an image of a first view {viewed from a first vantage point) and second view {from a

second vantage point) to the single camera, or coherent optical -fibre guides could be




of interception device into the field of view of the canera t rting
the viewto the spatially displaced vantage point. The ﬂajo Lﬂﬁ ks to

such a sy 1 5 that the caneras nust be sufficiently hat t he
doors app?a(fmé%ﬁi onary in each subsequently collected i r&é&z@%{i‘%"

optical systens are likely to suffer fromdust ingress in the el evator
environment. Figure 2 illustrates a sifplified schematic of a possible

enbodi ment of the invention 10 using an electronic canera or caneras. The

upper emhaddnest tredsniit Eeparate Shows @ siﬂg@e €dreéral OnAleo CamBgiagltuld be
positioned to be capable of collecting i mages of the obstruction detection
area fronsadrotigd (—PHta’\/P%War'lge‘bH"aﬁt"éOU'q'ﬁF%m? heitterpeesl ag§tiastor oF othar wpe |

112, 1 13,63 Hﬁeré%ﬁlonﬂi@v QO WY AbId| B oPhnd BEmER! iHed ! 4idiRg RAY &idkaB
shortened for clarity f a charged coupl ed device (CCD) canera were be

used it mecmmmallmdtsmacedommagegpnm Too "S@Wadrarwagbs fooUchn dusiessarar a
plit CCD Th t of 'l t
of Ia 9 ngﬁhg{ &Tg%%?rge%grr%ﬁ e su |gr\t[m 15 § that QHQ ﬁ@grslapgggll L:t%% ﬁa&ﬁﬁcgl,%;;ra ic

scene passublsbf@drdly seeateat |ﬁ1a@éfr§nd)fhe bﬁt&ad@tﬁem@rare Thayael ﬁﬁfferonnomf dtidie
particular viewng point is controlled by electro- optical svm t ches which
are cont ripgess ibiNeselPYAr §1970MMEE.canera col | ects i mages 20 ' seen' through
alternate optical arns and the parallax detection is nade on the basis of
switched viewi ng of the scene. The optical armis fornmed using mrrors 116,
117 and Fid®e Hoilustretes 2 lsenplijied srhgmeticeet e obgiblehambgriimeotat §h@$@§n§l°andar d

2
o a'tlgsﬁ%éﬁle‘?e\é‘%mmc ?a bt Lot a?hesﬂé’m én@bfdnr%:ﬁt ofl{:lﬁ Elgob ows ga. 1

Vi ew of the e or rance show n
and car Ss!nﬁ@e?eleélfhﬁﬁ(e chwerardaspasit®nse par o edpdﬁye oh‘h&)!lecﬂlrhg Iabe<chvfithe
bi sected by the runni ng cI earancg f8 The door g j_are shown 8% 9a, 9b
and 1 Ca, Obftfel‘j“"'l’—ﬁdﬁfﬁcé % FOTS 07 51955 VIWIBR @Ry APToR TETRFHGY THRT e he
lobby 1 jy{oqthe G add THES FhewoBzdht@akehyths BOWRe t ¥MticaARMEShvesber
nount ed on t'he 30 entrance header 4. The canmeras are arranged in a spl ayed

conf i gur athostened foh&larite.aniraaciearped Griried deviget(GfdY demerpi wete BedeSedobr
edge da, Qxlégﬂh&%;?r bdl & il E@ﬂ%}é’ch%@Ié&%rﬁeﬁn(}eg%rsaegﬂﬂdC@ﬁoé'rréEﬂQth Ga,
10b. Ther€9 S an over ap area covers the by area 1 and is used
i n the papalel amteihentot Figtoe & [lowirates s gerematic AU aGsiPOB3cyPeGOPATHEIRE 16
detection device. Here, separate images of a scene pass through separate arms of
the detector. The selection of the particular viewing point is controlled by electro-
optical switches which are controlled by switch 119. The camera collects images
20 ‘seen’ through alternate optical arms and the parallax detection is made on the basis

of switched viewing of the scene. The optical arm is formed using mirrors 116, 117

and 118,

However, the system preferred by the applicants uses standard cameras in a splayed
25 arrangement as shown in Figure 1. Figure 1a illustrates a plan view of the elevator
entrance showing the lobby side 1 and car side 2. These two areas are separated by
the sill 3 which is bisected by the running clearance 8. The door edges are shown by
9a, 9b and 10a, 10b. Figure 1b illustrates an end elevation looking from the lobby 1
into the car 2. This Figure clearly shows two cameras 6 and 7 mounted on the
30 entrance header 4. The cameras are arranged in a splayed configuration so that
camera 6 is orientated towards a first side door edge 9a, 9b and camera 7 is
orientated towards the second door edge 10a, 10b. There is an overlap area 5 which

covers the lobby area 1 and is used in the parallax technique. To allow a larger




PCT/ NZ00/ 00013 vol une to be viewed and /or to increase fjn¢ Ah}&lﬁ(lﬂfl area
the position of the canmeras 6 and 7 could be interchanged. This woul d nean
t hat canewe ob/4mwoul d | ook at door set 10 and canera 7 woul gt1/ogis/oasizdoor
set 9. Figure 1c shows a side view of the elevator entrance arrangenent. 5
The reason for the preference of standatd electronic caneras in this
arrangenent is that it allows the magjority of |ift openings to be viewed
wi th cameras of reasonable cost (lenses with wide fields of view are

expensi vOlME Wwoteevigrediadl/er 1oinstRear Ahargralaxareping ﬂ"i’sk"é‘?’y"ft Be GAmYatice

di storti@ndy %ohﬂ%&ﬁ‘ﬂé#&ﬁ%éd”aﬁﬁl VB dihe % QNdtdeIn &0 AlRRIdLBok &t dode
paral | ax based secondary detection (i.e. the region where the fields of

vi ew oveet af)andreatrieea dewprld lobk ahalobi set Bpehionig. 1Ashewarmpside gfewt o€ therages
obt ai ned [rom such a set lr,lrf gre shown in Figures 5a and 5b. It should be
not ed on °tHBYE *PHB Y TEYES 14t there is an overlap of the area in front of
the efevator. This is the secondary obstruction zone for which the ,
paral | ax technique is used, and corresponds 15 to area 5, on Figure 1 b and

1 c. Figlihe reasoRoins the SEafeieRee ©f riandacd HIeRtisic 6FmerRs 1BdRIset? "lfé‘?v\féen
the two I‘i:zﬂ”g AfSw S tﬁ@% g orith Ii‘?PHPéHulg% id r_nGelvab ek fRcamatdshot REs89Mle

controller ring signal fromthe interface wwth the door
control | eosﬂ@ensss Mlanmqi& fields tof 2w tare edaeﬂs'eérﬂﬂﬂdhp@rd'ﬁfm@ihto slypinegatpl e,

The presarcmout e ot Peued SRoribf oSt eabr 8 RhaqataG0 LR BEE R AT o' ©

preseft kst dpaliakesdsde setdndahe dledﬁm‘bhf(i eat thenregfonl whemrthbefmldsr e viep for
use in pri marpi,obstructl on deggctl on where the el evat or door & ’3 and sill
are obsPVedaredn thhrentrs of ¢he JEPRE¥NSy AThE*XaRRed HIeeR 39S MPRIFE A he
edge det gGLi QNed: AN ALV ifliFKies Sanki BED SEPRGAE BeSAElel 0315 thebetvid r st
section 1s an automatic calibration algorithm which is used_to determ ne

the posi imagesothat lteergOisdeibrovedrfest dha ake @i front pfithe 9IRERR or iipdle 1t
: ?15?2][ : g:ﬁ c%[ngigv}{ %&ru‘ihbtﬁ %QP&'\LM% t%é\% L)Iaramldg WOt J4Bht addPcdrtdspbnds

Fovi de a nunb paraneters that describe the lift
door 1and t@afmraogew&t n i .andHe. second section of the edge detection
technique is an operational algorithmwhich detects the. presence of
objects 1 1 AU G 2003

Figure 3 shows a schematic representation of the connection between the two
cameras 6 and 7, the computer 11 and interface with the door controller 12. A
triggering signal 13 from the interface with the door controller 12 is transmitted to
20 the door controller which, for example, can operate a relay which opens the elevator

doors when the system detects the presence of an obstruction.

Edae Detection

The first aspect of the present invention resides in the identification of linear features
25  for use in primary obstruction detection where the elevator door edges and sill are

obstructed. This is represented by the shaded area in Figure 4.

The edge detection technique is divided into two separate sections. The first section
is an automatic calibration algorithm, which is used to determine the position of the
30  door edges and the sill in the image or images. It is anticipated that this algorithm
will run when the unit is first installed and will provide a number of parameters that
describe the lift door and camera geometry. The second section of the edge

detection technique is an operational algorithm which detects the presence of objects




WD 00/ 47511 17 PCT/ NZOQ 00013 on the door edges and sil] widhGt §g0Foors are
closing. These algorithns will be known as the primary calibration

al gori t hmyang, psimary operational algorithm respectively. 5. Th i mary
calibration gﬁ/g%ir]i t hm The edge detection technique used in P?HB%P@% y
calibration algorithmis divided into two steps.. The first step exam nes
the image in order to detect the door stfl, indicated by numeral 3 in
Figures 1 a and 4. The second step identifies the edges of the doors,

i ndi cat ecbrbyhendoer adgedand Hill averl Bse dbofd aten cloisigyr e Thdsea algbrithragidvid.bel0
Referring to Fiagsur s 5a and 5h (which show i mages captured by caneras 6 and
7 of Fi giﬂo M)3s tREnPIFIDhFAPHERN RBRTIPEs 308r PERBDh RRSEEHAat Hloithm j n
the i magegspdrtbNes fully opening the el evator doors and using horizontal
and vertical edge detection filters to highlight the strong vertical and

horizontal lines in the respective right 15 (inmage 5a) and left (inage 5b)
si des s.Of H%e |ji ESuibriod diSorthgy € the sill is expected to be located in
t hese i ; echnique is illustrated by the imge in

Fi gure 6 e edye detbati@ntdapnmuesiseglie thameineary calitragordelyoritnt i tivelesiitb.
However, the sane techni que can be 20 ft?ﬁlppl ied to each of the t'%‘rrages i.lp
Fi gure 5d“4hd'eRs: FEY i S6Rt RF2067F TFaltkafec tn OFe" Qe dRtech PRGN part

of Fi gur gn&iBatelitbycAlinalab @ iREFiG@ER tiaNadd QUr ehddeddiatstéMaienBines #RNEddesadge
detection enphasises the horizontal |ines due to the sill and the door

tracks. 2Bedeees. indicaied by swimgralsdife Ithank 188 PRy dowagsile, dbtaadfed t he
intensgity values along each row of pixels in the inmage are summed. As can
be seen fromFigure 6f, the result is a function which has peaks | ocated
at the pdsfeiriopgodiigarae Sararck8b dwhickdsfesv imbBgesheapsided Kywbameras fhareti7iaf t he
vertical direction).. . These peaks can be quite easily. detected [n order to
rovi de. (HUTF o b RGPS TReRe e S o tiidifa hdhy i (nBiEer Ml
(the hor ifamptopenpar theoklet/bwreda@rat anid depig Bomahraltdiel vemige es§owetddiiofri gur e
6b is subH' ected to a vertical ed\ge,det ection filter. The , ,
ilters to highlight the strong vertical and horizontal lines in the respective right
15 (image 5a) and left (image 5b) sides of the images. This is where the sill is expected

to be located in these images.

This filtering technigue is illustrated by the image in Figure 6 which is taken by a
single camera looking down onto the sill. However, the same technique can be
20 applied to each of the images in Figure 5a and 5b. The horizontal door tracks can be
seen in the lower part of Figure 6b. It can also be seen in Figure 6d that the
horizontal edge detection emphasises the horizontal lines due to the sill and the door

tracks.

25 Once the horizontal edge image of Figure 6d is obtained the intensity values along
each row of pixels in the image are summed. As can be seen from Figure 6f, the
result is a function which has peaks located at the positions of the tracks and edges
of the sill (when scanned in the vertical direction). These peaks can be quite easily
detected in order to provide the location of the sill.

30
To determine the width of the sill {the horizontal part of the elevator door zone), the
image shown in Figure 6b is subjected to a vertical edge detection filter. The

resulting image is that shown in Figure 6¢c which emphasises the vertical lines that




resulting image is that shown in Figure 6¢c which enphasises the verti cal
lines that 1 1 AUG 2003 WD 00/47511 18 PCT/ Nz00O/ 00013 OCquﬁM@ EOGBe sil
nmeets thewdogssRgpes. In a simlar fashion as for the tracksynbhBooo:
intensities in each colum of pixels of Figure 6c are summed to prodzuce t he
function shown in Figure 6e. The peaks in Figure 6e correspond to the

hori zontal position of the sill edges.1§ The above techni que provides both
the horizontal and vertical locations of the sill and it is thus possible
to separ ad:cB:LmuA/her‘reethsi s!ill mfeetmhehdoor eelges. ( or aishai@eﬁasihrmnt befoabe tafcks Fitgur e

5a and Fi gur n,su n determnin he sill extents
can be su'?hﬁ%[ﬁ"é%%m iaChFcfﬂ H"ngé’x’feﬁms ot E’ Fe\ ?‘f aE?o%V‘%mW th pﬂ%}“FS ?é‘rﬁn%ttﬁ ect s
present oghdwig iSiFidurereedoDre pealEes. Figure Uscarrdipbhd et heieat §loRIdnOsY |
filter to determ ne the vertical extent of the sill, the vertical position

of the rueifit)eePeRr ance and the vertical position of any rails. 15 3. Use
a-vertical edge detection filter to determ ne the horizontal extent of the
sill. That is, determ ne the vertical lines that describe where the sill
fini shes dne abhee teldmiguesiravides hotrShedrarigontahandbetival dogntiens pf tihee siiafiser s

(et Sescy e e RSRId LoD a8 Ll RorPR 05, 120200l e o

ower part of
the sill mdoessarkeFigdre@dssi ble to separate out sub-inmages of the |eft
hand and right hand door edges. These sub-inages are shown in Figures 5c,
5d, 5e and 5f. The sub-inages are then used in the second step of the

met hqd, fof, é&ﬁﬂ\taht YA Gehbh 3¢.5ceﬂ'ﬂi@\rn aflg et exkBfrsfcah lbeWuR@ndrked: summary of how
to determ ne the position of goor edges and the vani shing %nts. 1.

Use the sil |Fudiyteparsng des éftnﬁmra wiih [Moeforeigs ebigqtadreseBlonsts- $ieRfed°™n
whi ch the d%or edges are the major features. The four inages consist of
two |eft

2. Use a horizontal edge detection filter to determine the vertical extent of the sill,

the vertical positioh of the running clearance and the vertical position of any rails.
15 3. Use a vertical edge detection filter to determine the horizontal extent of the sill.
That is, determine the vertical lines that describe where the sill finishes and the
doors start.
4. Save to non-volatile memory the numbers that describe the position of the sill in
each image.

20

As the edges of the sill are attached to the lower part of the door edges, knowledge
of the sill edges makes it possible to separate out sub-images of the left hand and
right hand door edges. These sub-images are shown in Figures 5c¢, 5d, be and 5f.
The sub-images are then used in the second step of the method for identifying the

25 door edges. The following is a summary of how to determine the position of the

door edges and the vanishing points.

1. Use the sill extents (determined earlier) to extract four sub-images in which

the door edges are the major features. The four images consist of two left

30 and two right door edge images (Figures 5c, 5d, 5e and 5f). The two
images for each side consist of images where the door edges are at angles

approximating 45° or alternatively approximating 135°.




30 and two right door edge imges (Figures 5c, 5d, 5e and 5f)AJQe2
i mges for each side consist of inmages where the door edg Qﬁ& es

appr oxi miybhgasr; or alternatively approximating 135. 1 1 Aaz9861Y0
00/ 47511 19 PCT/ NZ0O/ 00013 2. Use Edge detection filters capabl e of

enphasi sing the door edges. For exanpl e - horizontal and 45 or 135 edge
detection filters. 3. Take the absol ute%alue of all the edge detected
i mges created in the previous step and add themtogether (e.g. add the
absol ute vakue diset Eége Rlepentiorofittals erkbichef 4BnphesitlE thiydoeteedgstsed For

| mages). 4. Th esnobdh LHGnsigs) 951 951 57 5HRE5 0001 fieg.b! ock and vhite

i mge of the d&of é’cf es ean up exc ing any isol ated
bl ack poings thakeaﬂhe almstohmat agibe it gl the edgerde&dgedhmg& arddtey oditing t he

door edge lines. 10 5. ich decreases in val ue ver |caIIy
W h vertical APEpTEEHAR Sd A0 THE UKo 65 naohtEIECHH AN Ol e, o
Find §he maxi MumoVabsal bid BRCA5CE} WBB° eddtilietestedti@geni nts that describe
t he door edge line closest to the sill. The array.containing the maxi mum

val ue in eath cdlhoesholds theneviae Alstedted imrgenion apidine Alaelyand1ghire inmpgeaphi ng a
wei ghting matri érc]'i%%r %%§8£' t@?a#% AEHILR rﬁ:laé'e 6 %Qc@fdm:?hﬁﬁ/elsolgfé'dnﬁl%cﬂ S

known. 8. Use a PR &S sqdar'es 'l near equation es orithmto
obtain a |inear pofteahaparel@st raittached ttdsnehélduar edge [Deberamdmrmgng hige Wiodt h of
the current line and erase this line fromthe inmage. 20 10. Looping back
to step 6 and cSABEMOFTg to find lines until the maxi numarray is

predog natesy emypty akarhp; V\Wﬁémge&ebﬁﬁ% validaleREcall@ Gt GatEicd] QlispladdmieRe
poi nt of |ntersect|on of all the door edge |lines found on each side of the

door opening. Tvkenyang sili ngthep’é'laﬁ*f gnémehitghigiBAed using this techni que; one
for each Cag?r aFlr%sthe maximum value in each column. That is, the points that describe

the door edge line closest to the sill. The array containing the maximum
value in each column is known as the maximum value array.

15 7. Obtaining a weighting matrix that describes how accurately each of these
points is known.

8. Use a least squares linear equation estimation algorithm to obtain a linear
equation describing the line.

9. Determining the width of the current line and erase this line from the image.

20 10. Looping back to step 6 and continuing to find lines until the maximum array
is predominately empty.

11. Using a least squares technique to find the point of intersection of all the
door edge lines found on each side of the door opening. Two vanishing
points are obtained using this technique; one for each camera.

25 |
Figure 7 contains a flow chart of the second stage of the primary calibration

algorithm applied to an actual set of elevator doors. Each step will now be described

in more detail.

30 Steps 1, 2 and 3

The initial step is to use knowledge of the sill extents (obtained above) to subdivide
the image into four sub-images which contain lines which slope either towards the

top or bottom of the image. These sub-images are shown in Figure 5c, 5d, be and




Figure 7 contains a flow chart of the second stage of tae pmrznu%
calibration algorithmapplied to an actual set of elev tar rie¥YEach

step w | |Woo/4G&tidescribed in nore detail. 30 Steps 1, 2PSAMNZROAHME3| niti al
step is to use know edge of the sill extents (obtained above) to subdivide
the image into four sub-inmages which cegtain |ines.which slope either
towards the top or bottomof the inage. These sub-inmages are shown in
Figure 5c,, 5d, 5e,and 1 1 AU G 20 0Q/47511 PCTf NZ00/ Q0013 20 5f. The
sub | magel o be 3B ae g Hio RE%ALs SORT OFOFIT AP SITHAT dF 1004 HOSh s eq
to deterdgtaeninbansisill estehentwhicibire hdasted adangtight eabdOblidmtel gestal
oriented horizontal and at an angl e approximating 45 or 135. 5 Step 4 The

sub- i mage§dolt IMaYS SPPOYIRALING 45 18 8dnverted to bl ack and white (b/w)

i mges by applying a threshold. The results of thresholding are shown in
Figures 8a and 8b which are the black and white images produced by

t hreshol &iteag4 he inages in Figure 5e and 5d respectively. The al gorithm

al so appl4,es _routines epara ut 10 the lines, rticular close to
the st 1T Vite EBTEDE gh a8 R bR e ouh oy e aeet SRt LR, e

f eat ur es ifllages blySaplpiegl akh@ekolpi XEesestiltsabf tiresheldedy hig $Mbwvpar FigafesaB8al i ne.
To separate out the lines an erosion technique is used, In the invention

the erosidd 88 VLR eIk I hise Ragss PrefHCER &YHBIRTAAPN ot edmaghf dit . | t

does thi sy et 8 RhAGd RespbidvanAnyrhRl AgdriththXho bhdesi BuAflsAESREpsRta othi te
pixel . The object is to renove any pixels that are bridging adjacent |ines

and to tlthe ldeanparieuldderclasddge therrds whiteethel rmagespriedr 1 i 62N B0 &918°8¢ ar e
the images, | iEl Q683 Ah:Eh ONEB AN NAKEREEN: SLOflady AL gan de; seen

that thi $ a3 the thi'nning down ahd Separ ng out 2@ the Tines
t hat desdinebe the door edges. To renove isolated features a filter, which
operates on 9x9 sub-sections of the image, is used. |If the summtion of

a!l the elenents in the 9x9 sub-section s !ess than nine then the centre
pi xel |s 19eteptra®esi, thellifes WhS®odibe tedHhRE it sistd1e Iy ahdipvehtibMehe erosion

15 technique removes pixels from the boundary of an object. It does this by turning to
white any black pixel that is adjacent to a white pixel. The object is to remove any
pixels that are bridging adjacent lines and to thin down the door edge lines. The
images in Figures 8c and 8d are the images in Figure 8a and 8b once they have been
eroded. It can be seen that this has the effect of thinning down and separating out

20 the lines that describe the door edges.

To remove isolated features a filter, which operates on 9x9 sub-sections of the
image, is used. If the summation of all the elements in the 9x9 sub-section is less
than nine then the centre pixel is set at zero, otherwise the output is the value of the
25 centre pixel. Consequently, the algorithm looks to see if at least a complete line is
likely to be passing through the 9x9 sub-section. The size of the filter (i.e. 9x9 in
our case) is somewhat arbitrary and could be varied to exclude smaller or include
larger objects. This technique is illustrated by Figures 9a and 9b. In Figure 9b the

centre pixel will be set to zero.

Images in Figures 8e and 8f are the result after the 9x9 filter that removes isolated
features is applied to the eroded images 8c and 8d. The ability of this filter to

remove isolated features can most clearly be seen in image 8e.




25 centre pixel. Consequently, the algorithmlooks to see if at b st a
conplete lineis likely to be passing through the 9x9 u‘b-Aldéz ﬁg The

si ze of t\bﬁé)foj‘a#sf:ﬁr (i.e. 9x9 in our case) is sonewhat ar?k“ﬁ“é@ﬁdﬂ? coul d
ex i's

be varied ude smal l er or include |arger objects. gque is
illustrated by Figures 9a and 9b. In Figure 9b the centre pixel will be
set to zero. 30 Images in Figures 8e &ld 8f are the result after the 9x9
filter that renoves isolated features is applied to the eroded i nages 8c
and 8d. The ability of this filter to renove isolated features can nost
clearly be seen in inmage 8e. 1 1 AUG 2003 WD 00/47511 21 PCTI NzZ00O/ 00013
Step 5 A§H§h§ is now used to scale the black and white inmage to enabl e

linear equaflOns nofes&dd B Bshid B biabBean@ RS @add td BRaBIBANCAAGESatihde

det er m ned. T[ﬁe ranp 5 decreases in value with vertical displacement from
t he |i nededcribirgeabe dimesspaducedcbeathe ddns eddesi imdies detpi@inashsonhé grrmp

applying the ranp in thi nner. i,s t 0 N j

sub- i tragQECTERHE tvaP”(? WH@ Vnﬁﬁgle%?pl%ﬁeg%g’% if{)ort;ll'%a{E lgejen@%t %fetggg%!)drnl gs;er#t% &}agﬁzf span
the sub- iHEgEb-frhewasy eThi Gahsordige abplyiner thecrampethgehis Funrtieerisrohat thendbbre sub-
i mages of the upper portion of the door ed I3 the ed g | ines tend lto | ope
upwar ds gdoslices & the eibrig\ages pasast o “‘i%g E'ﬁ%‘?“oé’dﬁ'g ttﬁebeegagzqr\tﬂe%ndzl ope

downwar dg nTl?ﬁ%%ub—SiJnQ? Nebrh iVBRR Al BASE 1O VBRIGhREEE! Klhieterirdee hov kRORUB
| i nes as ?%ey egin at a point on the vertical edge that is in contact

Wi th t heirsadds einthet drmer trieetipnesfdtherfosr eHess theeedaspinesdgad dP HeRe MREGEIY f or

t he upper b-.mage) ar bo e ! f | 0

sub- 1 gy 19t Een oy 16, pP eCEn b xF sSUTphEERPE BwrkB gy TP by
Fi gure 1giophigCimeshewns tosteystosted thamage shavizotted lingpes thef begiorati amoott arhe

door and the lower left portion of th door., Fi c.are
styl i sedtheamdgdisabrdgentaydo” eUyRe ‘?ﬁ%? SIPe 20pt Y ﬁ’ﬁgﬁh? eéég%‘ ggﬁgéheoﬁo%

i sol at ed @i et 1 FhRqsbraRe libhérasis-im3he dfivcrtin edgobf theesuahpagd Gpetties 20
shown in colums A and Bto the left of these Figures. The application of
t he ranplower sub-image).

15

An example of the application of the ramp is illustrated by Figure 11 which shows
stylised images of the upper left portion of the door and the lower left portion of the
door. Figures 11a and 11c are stylised images of the door edges after applying the
edge detection, isolated pixel and erosion filters. The direction of the ramp slope is
20  shown in columns A and B to the left of these Figures. The application of the ramp
to the filtered images is shown in Figures 11b and 11d, and it can be seen that the
ramp slopes up towards the line of bisection between the two images. At the
bottom of Figures 11b and 11d the first column maximum value arrays (which are
used by the least squares technique to produce the equations describing the lines} are
25 shown. The column maximum value arrays in Figure 11b and 11d define the door

edge lines closest to the lines of bisection.

The stylised images in Figure 11 are representative of the type of images obtained
when images in Figure 5d and 5e are filtered and then multiplied by a ramp.

30 }
Referring back to Figure 8, the images in 8g and 8h depict the images that result
after the ramp is applied to the images in 8e and 8f. As previously described, the

ramp scales the images in a linear fashion. The ramp decreases.from the top of the




tothe filtered inmages is shown in Figures 11 b and 11 d, and it ¢ (ﬁi
seen that the ranp slopes up towards the |ine of bisectioﬂ &eA&H&%ﬂ} t wo
i mages. Awa dmna7shott om of Figures 11b and 11d the first cobPammzoesgomim

val ue arrays (which are wused by the |east squares technique to produce the
equations describing the lines) are 25 gshown. The col umm naxi mum val ue
arrays in Figure 11 b and 11 d define the door edge lines closest to the

| i nes of bise%%ion..The sg |i sed, images in Figure 11 are representative of
the type BIPGehde BBTSRTBET ot mboRem of HEghiF €989 kRa U8 PR 158F ed
and then gl tidpddses thyn ané HRtor? @t RAE QRT589 fBAGKe trRaddsIbf eheBtod BE thaBges in
8g and 8h depict the images that result "after the ranp is applied to the

i mages i nd®usdhel dfigurasogppedidsiis| Thelegasonbled, thishis thehtfpe pedbrsandeeot theges

o0/ 47511 B WETRBeA 050 AP A EBERE Bnt Rk 18 bR Gt R o o

the lidt doors (i.e. Figure 5e and 5f) and increases fromthe bottom of
the inages for the imges of the top of the |lift -doors (i.e. Figure 5c and
5d). The TRsdRe FOP AINCH SPRRES TR A PETIARG So0FR KePoead P e 1
enhanced yheRadth@th eNYRSEAz0ned dmABS lihBhdioslehd Waths! it @sxinin® vhRdbdd frsd . 5
Thus, the ra whi ch increases 1n value with the vertical image di nension

and is c‘mg{a)lhiﬁequhaftqﬁé“eﬁ‘o??%ﬁﬁeéli”irﬁa@fét%en%f%jfh%ﬁwtﬂ@smi o9 elathenum
val ue al ogg,.i i : j [ : i [Lu var ds
{he bot t ooy gy o oy R B A el PR R o ARl & Rt o
porti on ofOlt startalvgor ithdmngesteands reyss véeill@efirEd briesr asd wiqvestdngo Itbhegrelitesand
nmost wel | gfe}‘inedhlines,d and nﬁye onto those lines which are shorter and -
less wel | YAER ReaNOr& H758WENE*8 S e next step is to find the equation of
each door edge line in the imges. This 15 starts with the col um maxi num
array which defines the edge closest to the line of bisection of the

i mages (§§@Eﬁhéhﬂ§%§11 b and 1 1 d). Sone of the points in the col umm

maxi mm affayext hap idabi 76 thdr@qlibtieh WRQASRh door edge line in the images. This
15 starts with the column maximum array which defines the edge closest to the line of

bisection of the images {see Figures 11b and 11d).

Some of the points in the column maximum array, that defines the line whose
equation is currently being determined, have an accuracy to which can be attributed
20 a greater confidence than other points. For this reason the algorithm produces a
weighting array that influences the linear equation result depending on the confidence

of the data points.

The confidence with which the column maximum array is determined is affected by a

25  number of factors. These factors including:

1. Points further away from the sill having less contrast. That is, as the lines

defining the door edge move from the sill to the top of the car they tend to

30 points on the lines closest to the sill are given a higher weight than those closest

|
1
become less well defined due to a loss of contrast. As a consequence those
] to the top of the car.




equation is currently being determ ned, have an accuracy to whi ch can be
attributed 20 a greater confidence than other points. n t he
al gorith 0 es a weighting array that influences t uatlon
result d(@ﬁgﬁ%&gé on the confidence of the data points. /P‘@ nce with
whi ch the colum maximumarray is determned is affected by a 25 nunber of
factors. These factors including: 1. P3nts further away fromthe sill
having | ess contrast. That is, as the lines defining the door edge nove
from they sithk h@mb&e of Opoiffs ihaheatolum@y miaxmeurhoarrbeanape Beesssvadbh thef i ned
due to a loss of contrast. As a consequence t hose 30 0| n s on the lines

cl osest tohpﬁéorgﬁ'l dimgnsicy} 9kihe Hbgmaseneil §ist hi“?ﬁfn‘st g Jigeqoesi Pt he
top of theb@&% Ad £n8i 2003 c¥009¢ HF5the .%%QBC"B/uN%@QnQOM% Yertiddl Cedgmber
of points in Che coPurm maxi num array may be |1 ess than the horizontal

di mensi on N\/hedeectsatnttanhrgé toTthes swa@pdn@em@man@eom ianborizgsatal gge dfedien and
end on a verti cal t 0 r d wher e
it i< attalRa%e ¢ 6\nt Ioijg'r?dtytp% af Iqle Qé U2ef 91 MsPe “ a{he?e e to

ni'shes on a ari-zon edge of the 5
i mge. An ﬁK@rfmuﬁerfort hlhé tbpy pagefofl iHeeintaye. bén skiercase the guaxdmiit eolumer e t he

top line finishes on _the IQ%_.edg{e__oL_Lhe image. In_th case the nmax
col umm  ar PEYY WRHId bB 5544202211 19 11 19 Ty gh? |7t f%’ét"a’f“'&ﬁra'?/ Ibﬁ‘é%”sgre 1
because eagh of r"P? g%o(f\gr#ungvwe%B%wb%Bﬁjtéi’ns(:?é%@' FhedE (U ABes m@@%éﬁ@ ues

woul d have él‘t: rotating the Iine estinate upwards.

further facmeoeffadm afiroedtirectte lmrﬁstdmwe:p@«fardme wei ghting array p0| nts is
lines that are broken into a nunber of sub-lines and therefore do not
conpl%tely span the image. It is quite common for the lines to have smal |
breaks if pheinheéNfac@*amhich &fedtbi@rifidpeccbf phoblaghting amampoints Ei rgmse 10
where it can be seen that 15 the bottom nost I|ne i s broken

sub- 1 i nes. tMateareiaken ingo i BEMPRE Of SHRIIAEHPRG therHTose PQW%O‘W"?PE e‘tyv&?a”

el ements thal ;aLe CQ{'H’ Lowd edrirh@Mibnehe HRRETs ABA skl ®reaMi B themul An

obvi ously corrupt the |1’ near equation conputation.
example of this type of problem is shown in Figure 10 where it can be seen that

15 the bottom most line is broken into two sub-lines. The result is that the
maximum column array now has two elements that are contributed from the
upper-most line, which would obviously corrupt the linear equation computation.
This can be seen in the 3 and 4" elements of the column maximum array at the
bottom of Figure 10b. If the derivative and variance of the maximum column

20 array is computed, these sections can be found by a sudden change in derivative
and their distance, from a previously calculated estimate of the line, being larger

than the variance. These portions are removed from the linear equation

estimation by down-weighting them.

25 4. The final factor which may contribute to maximum array confidence is noisy data.
By generating a weighting function that is the inverse of the derivative of the
column maximum array it is possible to down weight the noise. That is, as the
line whose equation is being sought should be smooth, the column maximum

array should also be smooth and consequently any sudden changes in derivative

30 are likely to be noise.




This can be seen in the 3'd and 4th el ements of the col urm rraxi mum array at
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wei ghting arrays are known as I stance wel ng array,

| i ne wei ghtuitindyiag thgm aiirtogethed.i ne wei ghting array and derivative wei ghting
array. Atotal weighting array is found by normalising 5 each of these
conponent arrays, with respect to their largest elenent, and then

nul ti pl yi agplidigizhadfl thea@ettniie. andipil idasaénenweightifeasdiar Wil bdluaiskesi With

di stance weighting arrays will be illustrated with reference to Figure 12.
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rat her than the ri srde of the T nmge litne 1s called a Short
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equation estimate 21 laid over it. The middle plot in 1 2a i t he
deri vat | VE'%foR Rt Kigwentia Y St oAl MREMLE EBAY H1O ?"&ﬁ‘sls*?ét 8

pr odugt Qlith e SHOL bads! IMBaRBELiatioh |estihitt 8D aiRIVENE S - THel iR PRt HEEDatiBat
the sill of the derivative of the column maximum array and the bottom piot of 12a is a
product of the short line and sill distance weights. It can be seen that the sill
distance weight sets the weighting function to zero at the point where the short line
exits the top of the image therefore data after this point has no influence on the
20 linear equation estimate. The plot also shows the sill distance weight which forces
the linear equation estimator to place less emphasis on the data making up the
current line as the line moves further away from the sill. It can be seen that the sill
distance weighting function decreases the weight with increasing distance in a linear
fashion.
25
For the Least Squares determination of the lines a standard weighted least squares
technique is used to determine the equations of the door edge lines in the image from
the column maximum array. Currently, the least squares algorithm is applied twice to
each column maximum array. At the first application of the algorithm, only the sill

30 distance and short line weights are used to find a first estimate of the line equation.

To determine whether the first-pass of the line equation estimates is of reasonable

accuracy the point of intersection of the line estimate and the column maximum array
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of the broken 1ine wei ght begins. This is done by starting at the point
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If there is another sudden change in derivative of the colum maxi num
array, and the 10 di stance between the points in the colum maxi nrum array

and |ine ﬁ?hhéﬁfo‘ﬁ H# s 5HRd tind 8&0n %YMMM?'!EQ#RD&M&E&tirQP@urérthSNhnch shows
down-wei ghting I's toggled on and of f ication of this broken |line down
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li nes’ he col unm maxi mum array |gures 3a, 13c and 13e
show ramped images that contain lines which have breaks in various posittons In Figure

13a the break is at the very end of the line, in Figure 13c there are two breaks in the
middle and one break at the end of the line and in Figure 13e the break is associated
with the feature left over from a previous line. Figures 13b, 13d and 13f are plots of
20 the column maximum array with first-pass line estimates overlaid for each of Figures
13a, 13c and 13e respectively. The plots also show the derivative of the column
maximum array that is used to find the breaks in the current line and the weighting

function that is used to remove the data that is present at the breaks.

25 If the line estimate is poor an algorithm searches the column maximum array to find
the longest line segment. It does this by looking for large changes in derivative. The
computation of the broken line weight now begins from the middie of this longest

line. A second line estimate is then computed using the column maximum array and

the complete set of weights.

30
Referring back to Figure 12, the plots in Figure 12b show the total weighting function

and its components (except the sill distance weight). This total weighting function is
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rilj;é)sn%r\é\me%padt ggeor%eért\d l:)i){?\elines are then erased. The top plot in Figure 14d is

a column maximum array from Figure 14c and the bottom plot of 14d is the firét
estimate of the linear equation that describes the data in the top plot. The process of
obtaining line data and erasing each successive line is shown in Figures 14e to 14k.
The final Figure 14l is the original black and white image of the door edge with the

calculated line estimates (in grey) overlaid.

Step 11

Knowledge of the vanishing point is useful as it allows the position of the door edges
to be tracked as the door closes. The vanishing point remains stationary as the doors
close and it is therefore possible, with knowledge of the position of the door on the
sill, to determine the position of the door edges as the doors close. That is, if the
point where the bottom of the door makes contact with the sill can be determined,
then the door edges can be derived by drawing a line through this point and the
vanishing point. A technigue can be developed to detect lines that have been
incorrectly calculated and do not appear to pass through the vanishing point. If this

were done the least squares estimate of the vanishing point would not be skewed by

these lines.




estimate can be conmputed. Conparing Figure 14a to Figure 14c shows that if
there 15 are interconnecting pixels between the current I'r\n‘a Ah}Gt
nelghbourlngvline then the lines are treated as one and both lines a

t hen erased!

equation that describes. the data in th2 top plot. The process of
obtaining |line data and erasing each successive line is shown in Figures
14e to 14k. 20 The final Figure 141 is the original black and white

of the door edge with the <calculated line estimates (in grey) overla
Step 11 meteiugen ofstinhase veinitidi wvagishointpoing f.psref:mh asmeta, al |leaw sdneares

position il
vanlshlng 8

he door edg 0 be t ked he doo
A i SR R oty 8, b RESHRE of IsbaSln

re

“AE top plot in Figure 14d is a col um maxi AHNOP8801F r om

Figure 14c and the bottom plot of 14d is the first estimate of the |inear

mage
id.

B O?taqlsghet H@? ef or e

possi bl EpreWohblmeMlﬁdgeh&fdéshﬁb@@ise 'fe:ﬂﬂrdafort tte dhapredges.t Meat i8j tHe, pdi

determ ne the position of the door

the Poi

det er mi ngdihe GHGN 2k G0 HROby EBARSy ©BDatIHI8F kNS dohY sHERMIiRG

es as the doors close. That is

Pt intitiegdionRf Hediedh eAUAtRES G’Gg?”?fﬁ%é%e 2Bt efge FRpTUFeS, 198 ﬁcf‘ls'd@an be

rké & at fHgough

nt and the 30 vani shing point. A technique can be Jﬁxe | oped to

t hi
delt chtDO: i Plas In agseheqratipeenx is teoherzantgl @@ﬁvmn at the wandshies petntappedie to
h hj
ot mat oo Ree RS eVl poler aded B ER e WRpEAN, FIAURT |

G 2003 Vi&d)ﬂépﬁﬁilh@@uﬁd‘%&@/ oD 4 3s fﬂe fﬁomdnbt af aquaaamoestl mat e of the vani shing
point for each canera, a |east squares algorithmis used to find an
esti Mhte of the point of intersection of all the lines previously

cal cul at @fcd bt d8aSGF idaen ek aloHe@g e OMmek e ddesisHRPBSIntsTRAdbteBed ting poi Nt

5 of int

ersection of the linear equations describing the door edge

f eat ur esStod iBACR \@lafde neMarndoyiE", Us8r e f ound by sol vi ng equations of the

formshown in Figures 15a and 1 5b.

position of the vanishing point, y is the vertical position of the
vani shi n¢hpeitht, alaiveadesaripgos| dipasses ameaueqnateidondibrajionate@hnme wicdr cept s

of thse € E’:telaogF Sélgggo?rl & the r(‘iuggr%rsﬁmﬂg ggfl’itrl;a![yogssmg & g aO1tC &tcrlgesquét%nf or

each'of

20

25

30

vanl S
process. These features could be manually selected at mstallatson by using, for

example, a computer and mouse arrangement that is interfaced to the detection

system.

Also, it may also be possible to assist the automatic calibration technique by placing
artificial landmarks on important features on the sill and door edges. For example
tape or stickers could be used to mark the centre of the door opening or to
emphasise features, such as the tracks in which the door guides run or the line along

which the sill meets the elevator doors.

The primary detection algorithm is divided into two separate sections. The first
section is an automatic calibration algorithm, which is used to determine the position,
in the image, of the door edges and the sill as described above. It is anticipated that
this algorithm will run when the unit is first installed and will provide a number of
parameters that describe the lift door and camera geometry. The second section is
an operational algorithm that detects the presence of objects on the door edges and

sill when the doors are closing.

In these equations x is the horizontal




stored in non volatile nenory for |ater use. Wile the abo ion
di scusses an automated calibration technique which 15 d fAXrAgﬁﬁ?:ﬂ@

door edgeso ¢gndsnmani shing point by using an automatic sel q,%tfmo;%@gess
These features could be manually selected at installation by using, for
exanpl e, a conputer and nouse arrangenent that is interfaced to the
detection system 20 Also, it nmay al s#%e possible to assist the autonmatic
calibration technique by placing artificial |andnmarks on inportant

f eat ur es This frir@asy ppergriona gigorighipes desenibedsbmimpi.e  tape or stickers coul d be
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11 AUG ZOOBeM&GﬁHéaﬁﬁan BBtﬁléhdi@orE’rl mary operational algorithmis described
bel ow, PCT/ NzZ00O/ 00013 Pri mary erational Al gorithm The primary operational
al gorit hm congi sbse dﬁ‘”"t"‘ﬂ%dqeof’f 30 174! BPRIHeN iRI Bfiragk ISPb‘Hﬁage§ H’é‘%‘r F™@IN n
detajd |ater. 10pdkRohinateRtbRii@ new (real time) image of the door opening;
2 - Detect the position of the doors: Use know edge of the sill position to
extract sub-i mag@ge whewiedsemfathg running clearance and rail positions to extract sub-

images of these features.

e Determine the door position by determining the position at which there is a
sudden change in intensity in the horizontal direction. That is, the running

15 clearance and tracks are almost always dark features and the intensity of
these features changes at points where they intersect with the doors.

* Use a vertical edgé detection filter on the sill to -obtain confirmation of the
door position if required.
3 - Detect objects on Sill:

20 e Using a vertical edge detection filter determine whether there are any
strong vertical lines in the sub-image of the sill that cut either of the lines
that describe the vertical extent of the sill.

4 Detect objects on door edges:
e Use prior knowledge of door position and the vanishing points to determine

25 the door edge positions.

e Use edge detection techniques to confirm the position of door edges if

required.

Details of Specific Steps will now be described.

30
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descri bed above. 10 As with the sill itself, the vertical L%lon
of th¥® r uf§i Wﬁhcqhéasr”gﬁﬁ‘ﬂf (tpﬁe"e@%ﬁ?' p\%;tneﬁ of the runmng clearance (the gap,

bisects the sill, between the landing/lobby floor and the elevator car floor - it can be
clearly seen when looking at images of the sill) and the door tracks (the grove in the
sill which the door guides run in) remain in the same position in the operational
images. It is therefore possible to extract sub-images of these features, from the sill

15 image, by using the knowledge of the position of these features, which was gained

during the calibration stage.

As the elevator doors close ’the sub-images of the running clearance and door tracks
are characterised by sudden intensity changes near their ends. This is due to the
20  highly polished doors now obscuring these darker features. The intensity change
seen is from dark to light as is shown in the stylised images in Figure 16. As the
doors close the position of this intensity change also moves and as a consequence it
is possible to track the position of the bottom of the door. In Figure 16 number 31
represents the running clearance when the doors are fully open and 32 represents the

25 running clearance when the doors are partially closed.

An alternative method of finding the door position uses the principle that the
horizontal lines in the image are shortened as the doors close, and that the door edge
lines become more vertical as the doors close. The second technique involves:

30
1. Filtering the image with a horizontal edge detection filter.

2. Converting the edge detected image values to absolute values.
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15 the points on either side of the peak where the peak’s values approach the

background level.

The advantage of this technique over the first technique is that it is more robust with
respect to noise and any movement in image features as the doors close. The reason
20  for this is that the summation averages out any noise and reinforces the change in
width of all the horizontal features on the sill as the door closes. In contrast the first

technique is quite reliant on:

e The position of the running clearance in the images remaining in the same position
25 from image to image (if the imaging system is rigidly mounted this should not
pose too much of a problem).
« No major changes in lighting occurrihg on the horizontal features as the doors
close.
e Horizontal features in the image that individually may only be a few pixels in
30 height.
e The horizontal features being orientated to the horizontal reasonably accurately

(i.e. the images cannot be tilted too much with respect to the horizontal).
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17d, 17f &¢fMiaUB7h. The hi stogram pl ots consist of the histogramof the
hori zont al edge detected inmge, the histogram of the vertical edge

detected i mage and the sunmation of the
Step 3

15  The algorithm then needs to detect objects on the sill. Objects that are on the sill
will cut one or both of the horizontal “lines” that define the vertical extent of the sill.
There is also the possibility that they will cut the horizontal lines that describe the

vertical position of the running clearance and tracks.

20 By applying horizontal and vertical edge detection filters to the sill sub-image it is
possible to emphasise any objects placed on the sill. Detection is then possible by
looking for cuts in the horizontal lines that define the vertical sill extent, the running
clearance and the door tracks. Once the vertical edge detection filter has been used
objects on the sill also tend to produce strong vertical lines {in contrast to the native

25  sill which tends to have strong horizontal lines). Thus, objects can also be detected
by looking in the filtered sill image for strong vertical lines, which intersect with the
horizontal lines that define the sill, the running clearance or door tracks. Knowledge
of the door position gained in the above step means that the elevator doors will not
be detected, erroneously, as an object.

30

Step 4
Detection of objects on the door edges: knowledge of the vanishing points (obtained

during the calibration stage) and the position of the bottom of the doors on the sill

~




two histograns after energy equalisation. It can be seen tfﬁt \ 3
sudden 10 change in intensity in the summati on hi stogram a Mgo@ﬁ

correspongong@.qtnithe door. Thus, it is possible to aut omaidigaddododist ect
t he door position using this techni gque. Step 3 15 The algorithmthen needs

to detect objects on the SI|| bj ects that are on the sill wll cut one
or both of the horizontal "lines" that efine the vertical extent of the
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all ows the equations defining the door edges to be nodified as the doors

cl ose. Th,&'r?é:x esns (ﬂne ﬂQRE salt%t'r%ﬁg f#ﬁfh%d%?%‘ep fhi lji R%QR%%BQ}@ owa% %obn@e door

edges shoul N Che 't ma know e ge c e use to extract
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15 histograms from vertical, horizontal and substantially diagonal (e.g. 45° or 135 °)
edge detected images. It involves calculating the horizontal and vertical edge

histograms as descried in steps 1 to 9 above, and then:

10. Calculating an edge histogram from an image processed by an edge detection
20 filter designed to emphasise substantially diagonal lines in the image. For
example a 45° edge detected image for the left-hand door (when standing in the
elevator looking outwards) and 135 ° edge detected for the right hand door.
11. A new histogram is calculated from the product of the angled edge histogram
and the vertical edge histogram, divided by the horizontal edge histogram.
25 12. The peaks in this histogram are tracked as the doors close. If the protection area
is clear these peaks belong to the door position. If an object appears on either
the sill or door edges large additional peaks appear in the histogram, in positions

not corresponding to the door peaks, indicating the presence of an object.

30 This technique indicates the door position as the substantially diagonal edge
detection emphasises the door edges resulting in a raised histogram level from the
left (or right) side of the image to the door position. The vertical edge detection also

provides a peak aligned with the door position due to the edge that results where the
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images and the bottom plot is the combination histogram which is used to determine

the door position.

20 Figure 19 demonstrates, using a number of images of the sill area as the door close
{(Figure 19a, 19¢, 19e and 19g) and the accompanying histograms (Figure 18b, 19d,

19f and 19h), how this further technique can be used to determine the door position.

The images and plots in Figure 20 demonstrate how the histograms combine to
25 enable doors and objects to be located. The objects in Figure 20 are a foot on the
elevator sill and an arm on the elevator door edges. The original images of the sill, at
various stages of door closure, are in Figure 20a, 20c, 20e and 20g and the
accompanying histograms are in Figure 20b, 20d, 20f, and 20h. It can be seen that

with the objects used in this example, the peaks associated with the object are much

30 larger than those associated with the door edges.

In addition to the histogram method, described above, for detecting objects,

detection can be performed or confirmed using:
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or confirnmed using: 1 1 AU G 2003 WD 00/47511 34 PCT/ NzOO 00013 (a) a

nmet hod based on searching for breaks in the lines that describe the door
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hor i zent adodr iedgss @nd sithehihlrhigor barglekl blyitheslading HeordoowWtéld e, provides
the required safety feature of the door obstruction detection, it would be
advantageous to have some early warning of objects moving in the vicinity of the
elevator doors. This would allow the elevator controller to anticipate a person
wanting to enter the elevator car. It is envisaged that the parallax technique,

20 described next, will serve as such an early warning and anticipatory device. Thus,

the doors would reverse before objects appeared on the sill or door edges.

Parallax Detection technigue
A key feature of the secondary detection technique resides in the application of the

25 parallax effect to obstruction detection. Referring to Figure 21, fhe steps in a
preferred embodiment are shown. The two images are collected from spatially
separate vantage points. These images correspond to the scene looking down into
an elevator doorway from two different locations (see Figure 22a and 22b). The
views encompass the immediate vicinity of the elevator doorway - this being the

30 area where normally users of the lift would approach the lift doors. This vicinity can
be broken down into a primary obstruction zone (described earlier) and the wider,

secondary obstruction zone through which users pass when approaching the lift (see

Figure 4).
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images in Figures 22a and 22b or the top right and top left of the respective images

in Figures 5a and 5b.

Once the images in Figures 22a and 22b have been obtained the shift between the
20 backgrounds of the two images is calculated and used to align the background of one
scene with the other. The amount of alignment of the backgrounds would preferably
be minimised by ensuring that the optics of the system are as precisely aligned as
possible during their manufacture. Any minor imperfections in the alignment of the
backgrounds could then be compensated for by a suitable mathematical image
25  processing technique. In the preferred embodiment the technique for correcting for
such imperfections is by way of cross-correlation or minimum energy. The minimum
energy technique involves ‘shifting’ the image (in two dimensions) by a pixel at a
time (in an ordered manner in éach direction). The resulting two images are
subtracted and then all of the pixel values summed in the difference image. The

g I3 . »
| 30 required shift to align the images most accurately is then that which results in the
1 minimum summation value. That is — when the difference image sum is minimised,

alignment is optimised.
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necessary to align the backgrounds of the images.

The mathematical techniques that are used to compute the shift between the
backgrounds of the images assume that the images are infinite. Real images are
20 finite and as a result, these techniques tend to underestimate the shift. These
effects can usually be overcome by forcing the image to zero at its perimeter before
using a mathematical technique to compute the shift. This is achieved by muitiplying
the image by a function (such as a two dimensional cosine functAion) that is zero
valued at its boundary {perimeter). When this is done, it has been found that the
25  shifts tend to be correctly calculated and the difference images have only a relatively

small contribution from background that is not completely cancelled.

Additional sources of error come from noise. However, the overall effect of this is
generally minimal.

30

A further source of error in background shifting is pixelation of the elements of the
picture. Real images are, by their nature, discrete at their boundaries and as they are

viewed from two different vantage points, it is not possible to align the backgrounds
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two di mengieenat irc$d Aafdinction) that is zero valued at its boundary

(perimeter). When this is done, it has been found that the 25 shifts tend
to beélcorrectly calculated and the difference i mages have only a relatively

smal | Cortltrroir?uhé B i b haskgantd IhRaly FsiRel BiosRLALENYaiigAREShk &fbtics
Addi tional sources of "error cone from noise. However, the overall effect of
this is dyenermbnufaetund. mellumdgtin fatirheransbeireiginoised by ovsing aharKeMotd
SHTLING hBicRleted 3 sfBieobainfy ShATRINE Ofe e RLSINE arld®BertTBISSAT € DY
their nature, dISCI‘e{ at their oundari es and as they are Viewe romtwo
di f f er entsyyaeni, dgerqeoitatobtain twiosmages paseh hlreubaffalted by tdifderbacdsgndightisg 1 1
AU G 2003 WO 00/ 475iL1 . . . . . .
15  intensity. Parallax effects can then be obtained using a single camera in conjunction
with a mirror/lens system to obtain spatially separate views whereby the resulting
images are focused onto separate halves of the imaging device within a single
camera. It is not necessary that the image be split onto separate halves of the
imaging device. A switching means may be used to select the required image which

20 is then focussed on the camera. This was discussed earlier.

Once the shift between the backgrounds of the two initially collected images is
calculated. The information is stored in non-volatile memory for future use. As the
cameras and lobby remain at a fixed location in respect to each other there is no
25 need to recalculate the background shift for each operationa! image. This saves
processing time. Ideally the background shift would be calculated during the

calibration stage.

The backgrounds are aligned and then subtracted in order to produce a difference
30 image. This is shown in Figure 22c. As can be seen, the background and lift sill
contribution to the image is substantially cancelled while the obstruction (in the

present case a ladder) is emphasised. To enhance the parallax effect, the resulting




37 PCTI NZ0O/ 00013 of the images exactly or cancel the back‘gr‘o %003
conpletely. This is due to the fact that the edges of objects Wthin an

i mge W | Wwanossshways |ie precisely on a pixel boundary. pghenesgmog an
object will generally overlap the pi er boundary and therefore shifts wll
not al ways correspond to an i nteger n‘ggr of pixels. 5 This error can be

| argely overcone by blurring or snearing~the i mage so that each pixel has
an intensity value that is an average of its surrounding pixel values. In
pr ot ot ypi wgagei tis hasetpeably fdiraoldRdt thisuPsedusintdhereslbrificantlvt erdragiritgnse
parti cul afloyoc il 661 LY gnd DabithSod SORL M dGuF7 5905 due to imge rotation can
be Iargely uce y acc rat y al1gni ng e optics during manufacture.
[I'lum nation errors can be mnimsed by using a systemthat inplenents a
single canera and ce the same exposure and a erture control  system in
order to '(S’B’FEYn %\Kfﬁf}ﬁ%‘ég Wﬁgghw‘alré’om?éﬁ FERY R tps o9fr s dfee sdimgnsiogdl i ng
15 i ntenspipetsLansled¥r, af\f;ﬁs&@ecaﬁ ﬂeQ@ﬂn@%aEﬁ?ﬂa@h%dgM@d NPadfe 181 RS vEAREN a
in conjunction wth a mrror/lens systemto obtain spatially separate

vi ews wheFigbte 2R€. r did hpsglemandy)ed tgeeiopo@méeﬁ“ dhito Sepieseibedheariersthef t he
i magi ng d c i t ma e
R R A el
be used tbesmiseketi oule required i mage whi ch 20 is then focussed on the
canmera. This was discussed earlier. Once the shift between the backgrounds
of the two initially collected inmages is calculated. The information is

storeg | NTREHr¥imitebAniBETaE He@h fouhdilte BES PartSiatin@iseitaifetie@cangl deapley
remain at a fixed location in respect to each other there is no 25 need to

recal cul aP@xirnatepi lagr YURHNS BT e YBPr- e deVs Spoeatysermsl tenkRiet Thes QRitds
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the <calibration stage. The backgrounds are aligned and then subtracted in
order to gramdatecara diehf eieentx@atloswﬁthagéstrtrcmosw is shown in Figure 22c. As
can be seen, the background and lift sill contribution to the image is

substantially cancelled while the obstruction (in the present case a
| adders) i sigarpbasisetited eheerebain ot plabimgpavaidiarof effple topstrbaione $mhteidirgely

outside an elevator door. Figures 23a, 23d, 23g, 23j and 23m illustrate a box; box
on a rug; a cane; a soft toy (representing an animal); and the leg of an approaching
user. The corresponding difference image (Figures 23b, 23e, 23h, 23k and 23n) are
shown along with subsequently thresholded difference images (Figure 23c, 23f, 23i,
20 23] and 230). As can be seen, the existence of a patterned rug can hamper effective
subtraction of a background. However, even with significant background, the
thresholding step significantly enhances the machine detectable position of the

obstruction.

25 Thus a machine recognisable parallax effect is produced when an obstruction is
moved within or placed in the obstruction detection area. As Figures 23a, 23b and
23c illustrate, parallax is primarily produced by the parts of the image corresponding
to the vertical edges of the box and not by the horizontal edges. This is due to the
fact that the cameras are displaced horizontally at the top of the lift doorway and

30 therefore horizontal parallax effects will be minimised. The parallax produced by the
right hand door edge is also clearly visible and it can be seen that the size of the

parallax decreases and eventually vanishes as the door edge approaches the sill or

floor area.
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t hus producing the significantly nore intense represent ati\ ‘p AUq

paral |l ax as shown in Figure 22d. ldeally, the difference inage wll contal n
~ only outl WR40/éT51the t hree di nensional 5 objects. HoweverPC"l?/NZW“Q@’@l se,

the resulting parallax-highlighted image is as shown in Figure 22d. This
has el enments of the door and sill in it3aggAs described earlier the |ocation
of these is known formthe calibration stage and as a consequence they can
be nmasked out. 10 The present technique has been found to be particularly
useful in detecting people proximate to or entering an elevator. This is
because afpiguhe Jaeilightratet tha abbiteot filteriog easeuet hidspased limdetdif estieacones
nore noti ceabl e thereb allo accurate and, cl ear ident ‘fic j on of

o obat r (R, PixalSien JPtacsard TRREALe BENIE fabgesl ons Shpudrnaiaure 24 o,

of Sarrpl eF%'a%ésf ggt] 94f ahmﬂl(@h&k YormPHiedi WRh ey af, Or3i dpar 234 igusteste23a,
23d, 23millustrate a box; box onaruig a cane; a soft toy
a

(repreﬁsenéhaﬁgfl&w"mnrﬂdﬂc)es thedlevhleof ehe oFackaronpresaetiiatign rgawiantsTgthout
correspondin i.ffere e
shown al oﬁgf) egghn%S%%gegaglgﬁg%gﬁu%faégﬁcﬂ%e%g'diTP % %(r?ﬁgﬁ%\géa;e ﬁ%gggﬁgg?%ﬁrr%ueg‘%c,
23f, 23i, eviedBas anchn2iBo yeenthat aime bevkmew vigible hexisttarines @Meaopamteaqked rug

can hanper effective subtr ctlon round weve

si gni fi caf® thadegr sifraie "PKe? stem e%ﬁ'&l'ﬁhdﬁﬁ‘ ag’?e gven st L?ecsaen{el'atur %‘Q@’é °t he
machi ne dgi{LyRRLAUAABS bhd OdreOhot htrivdbsdd U6t tian pa%ﬂafﬂﬂﬁec& ﬁmﬂnﬁy an
recogni sabl e parallax effect is produced when an obstruction is noved

vuth!w or ob$taetiPni- n t he obstruction detection area. As Figures 23a, 23b and
23c illustrate, parallax is primarily produced by the parts of the inage
corresponding to the vertical edges of the box and not by the horizontal
edges. Thitshassbednefound triws the metallehabstrémiopaleecaion spadnifiugesederchenn 26ht al |y

o1 OB Ao 08 b SRR 1 Pk I bl oot
35%; ! eaﬁﬂo)da%b&'bb'é?hi&:&ﬂoh tthe 8tigdd6f Sredvol fwads diduely shauhiraf dethetablear Gleasx
158eslfz%cr!lls tee\éﬁrrw];[qldg wg/s t\{)agelz ﬁ*rbﬁgmggteg I';Ir? adp?ggtlcapf%e aP Woutd rﬁ)%snécggsasr{/ lt!) or
be able to distinguish the parallax produced by the door edge itself from that
produced by the presence of a hand or other obstruction. The previously described

technique for identifying the door edges in an image could be used for this purpose.

20 An additional technique that could be used to identify such obstructions is to obtain
reference images of the elevator door edges in a situation where no obstructions
exist. Such reference images could continually be comparéd with the images of the
car door edges recorded when the lift is in use. If a hand is placed between the
doors, the reference image could be subtracted from the newly obtained ‘operative’

25 image. If an obstruction is present, it will then be visible in the difference image
otherwise the difference image should be zero. An example of such a subtractive
process is shown in Figures 25d to 25f. The reference images 25b and 25e
illustrates a non-obstruction situation and the image 25a and 25d respectively are

‘operative’ images. The subtracted image 25f and 25c reveals the presence of the

in trials, the present invention has been found to be capable of machine-detecting

30 hand and its refiection in the edge of the door slamming post.
~ parallax for a reasonably large variety of objects. There are theoretical limits in the
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illustrates the ability of filtering techniques (discuss d AUGeZBUB

earlier) Wweooksflyce pixelation artefacts for identical sa to
those shown in Figure 23. Figures 24c, 24f and 24i (Men%&p@p@%ﬁ\?\jth

Figures 23f, 23i and 230) illustrate 5 that filtering reduces the |evel of
t he background cancel l ation remants vt4 hout suppressing the features
produced by parallax. The effectiveness of this technique is evident as it
can be seemliBRavhicheapreviaesky byi the Hystdno giveontiel vanqusscaieratmrarneters acks
on the d?or hsi |1 _are now absent r This ids desti r Iet %i ven Ithat the&e .
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obstruction detection technique described can also be used to detect a
hand or GPAAPIFBEPACLICONERT Phided@sr cuBgfE. off Hha Fitaferwiaye pavgreaxit is

produged Bysigien AN O iR FHJCOTLRBKIORY YBRIEREN b1 MU BCoHiRLCRAD! &

Clearly is | technique was to be inplenmented in a practical form it
woul d begeemesyary to be able to distinguish the parall ax produced by the
door edge itself fromthat produced by the presence of a hand or other
obstruction. The previously described technique for identifying the door
edges i NThg dutRgen&itndd bechamed Haerbekehidevplopbpose.alidd: Amoaddict deraatlion of
techni que that could be used to identifﬁ such ogﬁé{uctions iS to obtain
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obst pyct i,@R$ te@idiles -SPalISEEST PEERNCEBGAGiINGONE & ko Ly vk Goapar ed
with the images of the car door edges recorded when the lift is in use. If

a hand i oredusinad mashine deertifiable feeiuees tae coerepeifed difasgly toam @bpeuction
subtracted. fr . oht.a| ' BLING: 280l -thbf skfigietion
is pr ese‘r?? ',ngi @%4"& ?ﬁe‘é"{%éf%e%?rglﬂﬁ&e dlg{r%%']t{'ﬁé Zz{i)i%?f efﬁglr,]\gggr?n!ageeo%gt ervm'lse t he
di f f er eneectiniagedsleabédebberiemoch Amore xalmgdt eandf reBaid fer thebtritiwet zone. Preocess
is shown in Figures 25d to 25f. The reference inmages 25 nd 25 N

1 ot r a@8Bera RSB G GETTOH L% AR GHM T PP SHac iy ecting
respegt i yglektdinethe sBBSHdRTY VstructiBgesne. The subtracted i mage 25f and 25c
reveal s the presence of the 30 hand and its reflection in the edge of the

door slammng post. In trials, the present invention has been found to be
capabl e Gﬁmﬁﬁ@brb%éqfa{n@&;do'ﬂq:rovides for a significantly improved obstruction detection

system which can reliably detect objects in both the door edge and wider protection
zones. Changes in imaging parameters will only improve this detection threshold,

20 particularly for the parallax technique. The system can further reliably remove the
majority of the background from the image to aid in further processing. In addition, it
has been found that hands or other obstructions placed at the door edges can be
reliably detected - this being done by separating the image into a primary obstruction
zone and a secondary obstruction zone. Numerous variations and modifications will

25 be clear to one skilled in the art. These may include substituting different types of
camera or imaging devices. Further, it may be possible to reduce the number of
image collection devices to one by means of optical systems such as that described
above. This may provide significant cost savings in terms of the requirements of
providing two spatially separate viewing points.

30

Although the present invention has been described in the context of elevator doors, it

is possible that, with suitable modification, the invention may be applicable to other




paral  ax for a reasonably |large variety of objects. There are theoreti cal
limts in the 1 1 AUG 2003 WD 00/ 47511 40 PCT/ NzOQO 000131p‘pr@U|@>20@3 ch can
be detected by the system given the various camera paraneters (ésgch as
maxi mum Eah¥f 51éeparation and height). To this end, it ap‘%HV§°(ﬂ it
woul d be difficult to detect objects that are |located | ess than 200mm above
the floor and objects that are placedlin the top corners of the |ift
doorway. However, it is 5 possible that this |[imt may be overcone by

devel opngsdirRtios 2HREGIPlabpcaABAs YRR YrosEhen@ipaee iNERddnathchrehpi que
has been devel oped to allow automatic detection of the sill in door edges.
| n t er meProfessheontrolsiafadvend shotika.he primary obstruction zone, 10 both
techni ques - parallax and reference i magi ng have been found to work well at
produci ng machine identifiable features that corresponded directly to an
obst r uctWhare ieihadoreigaingdiestrigtion, defererchdHasulsdeanomade tte cheafic zompontimaever ,
the edge detectio technigye descri bed eark%&g i s, much nore.r

| bust d
rel i &bl e°f BIegasR Of rthe IRYgntion,RaviRg, knoydy, Ayl I pkieq) Jugl ?%%Ylﬁ? gearﬁgs

been f ouneinOnbRphratdd Uk AHdivid@dil et fyren.at detecting 15 objects in the
secondary obstruction zone. Thus the present invention provides for a,
significantly inproved obstruction detection systemwhich can reliably
det ect opj 0 i t) ; nges
o gt Ao e Aroh Hfis 4805 LGN WP PLARAE dnfl itk PRl 1B
parti cul podsibld osmiidiimpatsalthereot, eithns que. b& hendsgrstamah ahat fmpedifieatians| icibl y
remove the majorit f the backgroupnd fromthe.imge to aid in. further
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obst ructihogsidpl aced at the door edges can be reliably detected - this
bei ng done by separating the inmage into a primary obstruction zone and a
secondary obstruction zone. Nunerous variations and nodifications wll 25
be clear to one skilled in the art. These nmay include substituting
different types of camera or imaging devices. Further, it nmay be possible
to reduce the nunber of image collection devices to one by nmeans of
optical systens such as that described above. This nmay provide significant
cost savings in terns of the requirenents of providing two spatially
separate view ng points.




30 Although the present invention has been described in gh f
el evator doors, it 1is possible that, with suitable nndihiid&ﬁ@iiﬁﬁng

inventio , applicable to other WO 00/47511 41 1 1 A 0
PCT/NZOO?Hgg%gggbstruction detection applications such asH%ﬁ%§@83ﬂ96lved in

heavy machinery, process control, safety and the |ike. Were in the

f oregoi ng description, reference has b&én nade to specific conponents 5 or
i ntegers of the invention having known equival ents, then such equival ents
are hereLalmacorporated as if individually set forth. Al though the

i nvention has been described by way of exanple and with reference to
possi bl e enbodi nents thereof, it is to be understood that nodifications or
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1. A nethod obr gearedmiaggs ohjtee@sea, wsing s edge détectien kesdinianelirudiaigaobavai ni ng
one 0r nore i es. of. : i - e i echni gue LN, such
a waf 5 as to° igh|#gﬁ?hgﬁ%ﬁ%gﬁngfFggH@%anﬁﬁ'ﬁ?%@gégﬁgéﬁ%ﬁﬂégﬁﬁ”tﬂgi

i mge(s), anddeteingting rif ragyi doraingntd bmdanaflebtdren Gaerstentingae Seatotegr gfiztind | near
features definugg the area. 2. A nethod of detecting objects in an area as
claimed in cl #%fE3herein the 10 area is an obj ect detection zone, the
area being separated into at | east two zones; a prinmary zone, being the

vol ume described by a door and a door sill; and a secondary zone, which
may incl &de t Aemgshedref seferiing pljeetsdp ant AreguRfhciaimechinaclpier dowhersimipe he

door, woul d Pagha %Sar%-obfécraﬁmgaiow 2618t §RL I Gh BDINGCdedal e 23 A% W A1 MEd

incl’aim2 whére
zones; a primary zone, being the volume described by a door and a door sill;

and a secondary zone, which may include the volume beyond the door

through which a person using the door would pass.

15 3. A method of detecting objects in an area as claimed in claim 2 wherein
primary zone is the door(s) and sill of an elevator and secondary zone is the

landing/lobby where passengers may wait for the elevator.

4, A method of detecting objects in an area as claimed in any one of claims 1 to

20 3 wherein there are at least two images and the method includes a further
step of detecting parallax in the two or more images, the parallax being

produced by the presence of an object in the area, more specifically in the

secondary zone.

25 5, A method of detecting objects in an area defined by a door and/or sill, said
method including using edge detection techniques in such a way so as to
highlight the substantially dominant linear features in an image or image(s},
and determining if any dominant linear features intersect linear features
defining said door and/or sill.

30

6. A method of detecting objects in an area as claimed in claim 5 wherein the
method includes a preliminary stage of characterising one or more images to

establish the presence of any characteristic linear features in the area, said




primary zone is the door(s) and sill of an elevator and secondary zone is
the | anding/l obby where passengers may wait for the ele a}oAUGlgﬂﬂ t hod
of detecting objects in an area as clainmed in any one of "cl ai s to
wher ei n t"ﬁ‘é%@“é%’é at least two i mages and the nethod incl BEENZA0/HQ9I her
step of detecting parallax in the two or nore inmages, the parallax being
produced by the presence of an object iggthe area, nore specifically in the
secondary zone. 25 5. A nethod of detecting objects in an area defined by a
door and/or si L. i ncl uding usi.ng edge. detection techni ques in
such a way so %Hsa,r?%%h%l'cgﬁ'l‘?%agﬁg The élrﬁbhs an elf%rt'?q%/g%odrﬁoﬁae #°9 PA%SF Smeﬁ‘? res
in an i mage ortherrags(s) of saih thati@be fdtBigadfor futry refi@andeant | i near features
intersect linear features defining said door and/or sill. 30 6. A nethod

of detecting objects in an area as clainmed in claim5 wherein the nethod

i ncludes 7a preAiRbiaGYoSiAGEHR] o6RRIARt £ bdaNgs CRRNES inMBkif EMRAERIA Che
establish the presence of any characteristic linear features in the area,
said 4 1 AU Gretdyis@iichinss BnloreTFtiqneD#e0e vahichanaltsgs 08 @F inkare dmiagear
features are Ijn finin or..e [ ¢S] h ocat i on of
said features é|°sg5§? g‘%@dﬁf 0‘? e# u%ﬁg’g a;ngf er z]%{:%?gjjfgcﬁér%{eﬁggqgé Vgléjltr%ed?‘ciaﬁag

obj ects i n an watcharsasedtiai feaciren regrasemtingwhetestial dofeet abdroetdeduations in

i ncl udes an operational stage which anal yses one or nore inages to

establ i sh the 'PP¥8%fice of any uncharacteristic features in the vol une, said
uncharacteristic features representing potential object and/or obstructions
in the area. 10 8. A nethod of detecting objects in an area as clainmed in
clai M 68or 7 Aumestepd oftdeteqsingl Qbigciainy a8 RERfeas ARIMATES aimshst 7t \Be¢ineps, a
first step of tecti I j [ ' f i d a
second step oftﬂgeptgglﬁ:r{tw?‘%ai tgﬁge "I%g‘géaétsio%n‘gga%cfw | ne?\%s"?d;ﬁfssg)os%é%oﬁfg&%reéerfﬁdr ter?é(;oor
edge(s). 15 9.lodativet hod difedgomc of rag dobj et snd r savoad eteraof cdeagatind the cl ai m

8 wherein the igc(:)ation and dimensions of one or more door edge{s).

15 9. A method of detecting objects in an area as claimed in claim 8 wherein the
first step includes:
using substantially horizontal and/or substantially vertical edge
detection filters to highlight the dominant vertical and/or horizontal
lines in the part of the image where the sill is known to be
20 approximately located; summing the intensity values along each row of
pixels in the image(s) produced using the vertical and/or horizontal edge
detection filters thus producing a vertical and/or horizontal function
with maxima and/or minima corresponding to the position of horizontal
linear features and/or vertical linear features, said linear features
25 defining the spatial location of the door sill in terms of horizontal and

vertical features in the image.

10. A method of detecting objects in an area as claimed in claim 8 or claim 9
wherein the second step includes:

30 using knowledge of the spatial location of the sill and knowledge of the

physical relationship between the sill and the door edge(s) to obtain a

sub-image or sub-images of the door(s);




25 30 first step includes: using substantially horizontal and/or
substantially vertical edge detection filters to highligh{ 1 hUG2003nt
vertical awb@srshiori zontal lines in the part of the i magereheizeobdees sil
is knowmn to be approximtely |ocated; summing the intensity val ues al ong
each row of pixels in the inmge(s) prgduced using the vertical and/or
hori zontal edge detection filters thus producing a vertical and/or

hori zontal function wth nagelrna and/or mnima corresponding to the
position of horizont#liectondhs FULAMGRRIS! aivd/esoev dptactiar ffiltgEaradagsedires,

sai d linear featuregignhfigil 8ddag ér%tédoéftiﬁgle!sog\ﬁ%érpﬁieof)em&rﬂ%%hesik'nlavx) n

terms of horizontal an vertical features in the inmage. 10. met hodnof
detecting objects iboundsarea as claimed in claim8 or claim9 wherein the

second step includes: using know edge of .the spatial |ocati of the sill
and know edge of thré‘anig’ﬁg%'lg%g?e Fe g‘tsgalgc‘)3 Sgﬁlopf’rgé (Weae%’"fairn '%iapggéntget?{gardoor

edge(s) to obtain aimaiels)icragstirgr ofSeHe oMmYes lindar tfBatueks0t ¢regspohdihgMd 82003
WD 00/ 47511 PCT/ Nz0Q/ 00013 -44d5 subj ecting the sub-image(s) to edge
detection filters atPt®9et:#Ndhi ghlight edges oriented at angles which lie

bet ween sone known ghajmesquatBnd RiIRd lifkhr rBRufddhn itFBBR/PY ihBgdlEpduce a
bi nary i mage(s), the binary image(s) consisting of one of nore |inear
features corresponding to the door edges; and deriving equations for the
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substianti al | y kentn ealindnate subsbatidly adketticahend mtmamtizé!dgugizbntal edges.

12. A method of detecting objects in an area as claimed in claim 10 or 11 wherein
prior to deriving equations for the linear features in the binary image(s) the
second step may also include:

15 manipulating the binary image by a ramp function which increases in
magnitude in the vertical direction;
furfher manipulating the images to clearly identify any dominant linear
features in the binary image(s), the manipulation including applying a
first filter to remove any substantially isolated features in the binary
20 image(s), and applying a second filter to the binary image(s) to thin any

substantially linear features in the image(s).

13. A method of detecting objects in an area as claimed in any one of claims 10

to 12 wherein the equations of the linear features are obtained by locating the

25 line(s) by means of a least squares, or similar, technique; if there is more than
one dominant linear feature in the image(s), once the equation for any one

linear feature has been determined, that linear feature is removed from the

image and the next dominant linear feature equated.

30 14. A method of detecting objects in an area as claimed in any one of claims 10
to 13 wherein a total weighting means is used to manipulate an estimate of

the equation for each linear feature, thereby improving the confidence of the




12. A method of detecting objects in an area as clainmed in,chai g1l
wherein prior to deriving equations for the |inear featuréslii Aﬂﬁ?w%ary

i mge(s) nd step may al so include: 15 mani pul ating the binary
i mge by gvmr;oaor/r%g?ﬁncti on which increases in nagnitude in ?ﬂW&q/‘{oi‘)@al
direction; further manipulating the images to clearly identify any dom nant
linear features in the binary imge(s¥5 the manipul ati on including
applying a first filter to renove any substantially isolated features in

the binary 20 equgrbsior tandimp! iebige atrkeeond idibhdlg hRediieodh§abynd HIE(S)
to thin any substantially linear features in the inmage(s). 13. A nethod of
det ecti ng obj eEPW"ﬁmanar&féae%seqw%@'ww,amye @reoef okl ains 10 to 12
wherein the equati Oﬁ'sfiré}fw%igﬁtir,g' RE&Hs, \eRlrbihehedd ?ivggg%"anﬁ(é/.ah%éeogfa; Qg t he
25 line(s) by neans of a |east squares, or si m ] ar, technique; 1f there is
nmore than one don featdre laiendsaerniieed, nhanges trhehei daiyatise andniiseandecofespiatsi on
for a one Iinear%é%atfurte ha§. E‘een dgﬁsrn‘i nedﬁ that linear featyre is
removed fromthe iRafe SAT"T ' NeYE WOHTRATVPT RELYFI8LI R 85904 0a2Eerks30
14. A method of det @cthiAgatof] &6d firsit velghtHEmedhs GbANREAighting Y effthaling
claims 10 to 13 wherein a total weighting neans is used to mani pul ate an
estimate of the eqt?d PRt iEeM bR BSIMA®aRNE®st ure, thereby inproving the

confidence of the I,L.Alfg %ngtiMpQQJﬁ?%r m égil;@f{pgolﬁaéﬁeétu O¢drtng0 25

30 equation for that linear feature, the total welghting means being found
by normalising, anaway¥ fraecissdmege gabturpkyincg,arergveoy a migher oveightingi then

wei ghti ng neans, wher.ein. tp,ia deri vfaticve agd vari ance of | i.near feature
eh ea

are determ ned, cha%ci;'rétss ™ 48 VAT VE écrti’d 3t scf%isﬁéemo epéri“ﬁges capture

source; and/or

a third weighting means, wherein the third weighting means is the
inverse of the derivative of the feature; and/or

a fourth weighting means, wherein linear features which do not span

15 any sub-image from vertical edge to vertical edge are weighted.

15. A method of detecting objects in an area as claimed in any preceding claim
wherein the edge detection may be effected by means of filters, differentiators
and the like.

20

186. A method of detecting objects in an area as claimed in any preceding claim
wherein said edge detection is aimed at highlighting dominant lines orientated
substantially horizontal, vertical and substantially diagonal, more particularly
the diagonal lines are at substantially 45° and 135°, in the imagel(s).

25 '
17. A method of detecting objects in an area as claimed in claim 7 wherein the
operational stage includes the steps of:
capturing one or more real time operational images of the area;
detecting the position of a door or doors in the image(s);
30 detecting the presence of objects in the area of the imagel(s)
representing a sill; and
detecting the presence of objects in the area of the image(s)

representing the door edges.




of the feature which are outside a given paraneter represgnji S in
the feature, the first weighting neans down wei ghting or ilfn&@ﬁb&ﬁgﬁsaid

poi nts f mamw4rsliesti nate; and/or a second wei ghti ng nmeans,pomrezi@dovipoi nt s
in alinear feature further away fromthe inmage capture source are given a
hi gher weighting than points in the sgge feature which are closer to the

i mage capture source; and/or a third weighting nmeans, wherein the third
wei ghting nmeans is the inverse of the derivative of the feature; and/or a
fourth wei ghting neans, wherein |inear features which do not span any

sub- i mageg f r OM MEIHOWCAH d&888NG dbYRNES irfah 2R608s Blafn¥@IOBIGH 1 71 RhediMBichod Of
detecting objects in an area as clained in any preceding claim wherein the

edge det ect i oposiagn Isé tef deersdisbgbiainads bvfdet¢dtingr the diteénsitveabange oinstheand
the Iike. 16._A net.had ,of. ' ohj gct S | cl.ained. in _any
precedi ng cl a?unqsra t@?éih%r'égﬁ%?g%gtg%ﬁe&e%% [ %‘hwmg%gf%e§§%%§ﬁ¥i Cgr}%ln?egsh??ﬁnnﬁ
dom mant | i neshespatial latedlon stibsd dodri{€lih yhdiodgeoant al , vertical and
substantially diagonal, nore particularly the diagonal |ines are at
substantially 45 and 135, in the inmage(s). 17. A nethod of detecting

obj ects {d anaahgmodSofChdebBsy ioBjdekRidThd AEELERIMELIn ORAK At QRakiSTRIE
i ncludes the steps of: capturing one or nore real tine operational imges

of the area; prgeerast diepieple ipdsetaremobthedmagereresespostie il inderammieds) ;
detecting the raqsf%g%tetu%{ngogj ?St;s?aﬁtréﬁ*lltyhgeraEQaeg e WBGCHBRIRLS) 10 F\@{P\ﬁggent Ing

a sill; and detectin e presence objects 1h the area of the e(s)

repr@senti ng prladoshratelgdgescal YedtuAddGn206 Imue Odvich/iDidseld tRETHNL0S4100013 18.
A nmet hod of detecting objects in an area as clained in claim 17 wherein the
position of t?lfethﬁo%'ps is obtained by detecting the intensity change in the

20. A method of detecting objects in an area as claimed in claim 17 wherein the
presence of objects in the area of the image representing the door edges is
15 determined by at least using an edge detection filter to highlight predominate

features in the image which intersect the linear features of the door.

217. A method of detecting objects in an area as claimed in any one of claims 17

to 20 wherein the operational step includes converting the edge detected

20 image(s) to a histogram or histograms wherein peaks in the histograms
represent features in the image(s), said features representing the door(s)

and/or sill, and/or an obstruction or obstructions on the door edge(s) and/or

sill.

25 22. A method of detecting objects in an area as claimed in any one of clams 17 to

21 wherein the operational stage may be repeated a plurality of times.

23. A method of detecting objects and/or movement in objects, the method
including the step of detecting parallax in two or more images of an area, the

30 parallax produced by the presence of an object in the area.

24. A method as claimed in claim 23 the method including the step of detecting

temporal changes in the images of the area.




substantially horizontal features of the sill where the intensity changes

define 5 the spatial |ocation of the door(s) in the i maggtl)auﬁg(}ﬁsmat hod

of detecting objects in an area as clainmed in claim17 wh

presence WO MWN780ts in the area of the image representing TEENEIIN0013s
determned by at least using a substantially vertical edge detection
filter to highlight 10 predom nately ventical features in the inmage which
intersect the linear features of the sill. 20. A nethod of detecting
objects in an area as clainmed in claim17 wherein the presence of objects
in the area of the inmage representing the door edges is 15 determ ned by at
| east usi pg. an sedgrhdetRCtiabied il tRimt 28 hihght4 glferphafle Métabe indleddsutes in
the image which intersect the |inear features of the door. 21. A nethod of
det ecti ng obj eéteP phdefscHpeyericatangd heironta! Rafalianeresuced By as opipct {osatay
wherei n the opglald gal step includes converting the edge detected 20

i mage(s) to a histogram or histograns wherein peaks in the histograns
represent features in the imge(s), said features representing the door(s)
and/or sill, and/or, an obstruct.ion.or,obstructions on the door edge(s
and/or sPPi . “J5menad s a3aikieS o Whiead M B SR o e BLbad P e 1
any one of cl agh algidr&lity 25 igeeiol drhereapaidatumnaltingtrage ofyabes sepratoed a
plurality of times. 23. A nmethod of detectin bj ect s and/ or novenent in

obj ects, the mEEYRGH PY waVWIinaGR!ienethe RIpSYIce SRR HY BEAH3 ax in two or
nore images of an area, the 30 parallax produced by the presence of an
object in the area. 24. A nethod as clained in claim23 the nethod

i'ncl uth ng27he ¢t eyethydd decEimedhin cleiomadral claimad@eeherein thremethnded dstegting

area. 1 1 AUG 200 00/ A7 / 4 ied in
claim 23 and 2Eg{ﬁr‘?g&cﬁuc{éﬁg%%F%ﬁﬁﬁgfﬁggé%ﬁéugg 8@3 gﬁgggtgesg??rﬁ\dg%@ti cal
and hori zont al opanadreaxangrsattraetndyheafirsolpag frooctteetkcond thérebaresalibg.26.

Q;’;IC rknga: gaﬁdgs Clbelv(lrgy(lj olf gaFalllg'k,n‘gh%Sprés%%lcg%lf 'ggthlteréedirsnteg |§na(?fobi%|ctl. gning

15 28. A method as claimed in claim 23, 26 or 27 wherein the method includes the
steps of:

collecting a first image of an area from a first viewing point;
collecting a second image of an area from a second viewing point;
calculating the shift between the backgrounds of the two images;

20 aligning the backgrounds of the two images;
subtracting the two images to produce a third difference image;
analysing the third difference image to detect parallax thereby revealing

the presence of a 3-dimensional object in the area.

25  29. A method as claimed in claim 28 wherein following the subtraction step, and
before the analysing step, there is a thresholding step whereby the difference

image is thresholded to exclude noise thus producing a binary image.

30. A method as claimed in claims 28 or 29 wherein the third difference image is
30 manipulated so as to contain substantially only the outlines of any 3-

dimensional objects in the area.




of a plurality of images of an area and subtracting pairs of images SO as
to reveal, by way of parallax, the presence of objects it 1tﬂ§‘j 10 27.
A method as claimed in claim23 or claim26 wherein the t hod of detecting
objects i NAUHEY 'the steps of aligning backgrounds of a fFfSN2§*Yecond
imge of an area and subtracting the first imge fromthe second, thereby
revealing, by way of parallax, the prasence of a three dinensi onal obj ect.
15 28. A nethod as clained in claim23, 26 or 27 wherein the nethod

i ncl udes ghhe g %pe%heé ‘as ChibRALh Gy Bk JrSdiailTRIE 1813 AN HRFEA thE QMaBelidrst
view ng point; collecting a second imge of an area froma second view ng

poi nt; cal culca\tlﬂwgIrtthéaashgdovndb@vmrﬁnﬂr@%aﬁﬁlggrlmgds Vd‘ier@lhecatkv\damwmgés 20
aligning the Hackarounds ook hiGehNond FRGER:BHDLT ASLDD kD% o Lamags L0

produce a thir |ng eren i'mage to

det ect paral | aKe iriggesbyr ﬂhe\lﬁakgrﬁghd when po esw&ces gksent3- di nensi onal obj ect
in the area. 25 29. A nethod as clained in claim28 wherein follow ng the
subtraction step, and before the analysing step, there is a t hreshol di ng

step wherggby W%&th&&egseeraﬁned TR ighel ¥ BRIHOS dBfl 14 G EXGhetER A %ﬁxfi hys
produci ng a binary i nage. ¥hod as claimed in clains 28 or

wherei n t he t afcdiaded fismem«:@ssmmg@tlp@ 30 mani pul ated so as to cont al n
substantially only the outlines of any 3- dinmensional objects in the area.
1 1 AUG 2003 WD 00/ 47511 PCT/ NzZ0OO/ 00013 48 5 31. A nethod as clainmed in any
one of cla®.ms R&diBodas vdtgmet rin tahg oneag edaiause28 do \A2dedierqit shbawleges anel

i mages and door chge,i mages. wher n cal. CEI arion of %Cr)]e nece argf shift

bet w88n t he bAWHHDMIEsIBSSEERe ™ g3 S4B TS gt ©

backgr ound \Ah?yéyg,oqhhqgg irh8gdal esent 32 A nmethod as claimed in any one of
clainms 28 to wherein the shift is

34. An apparatus for detecting objects in an area, said apparatus including at least
one imaging means and a microprocessor apparatus adapted to carry out the

15 method as claimed in any preceding claim.

35. An apparatus for detecting objects in an area, the apparatus including:
at least one imaging means adapted to image the same scene from at
least two spatially separate viewing points; and
20 microprocessor apparatus adapted to manipulate said images in such a
way as to highlight substantially dominant linear features in said
images and determine if any dominant linear features signify the

presence of an object in the area.

25  36. An apparatus for detecting objects in an area, the apparatus including:
at least one imaging means adapted to image substantially the same
scene from at least two spatially separate viewing points; and
microprocessor apparatus adapted to manipulate said images in order
to calculate the shift between the backgrounds of the two images or

30 pairs of images, align the background images based on said shift,
subtract the resulting images to produce a difference image thereby
allowing the detection of parallax effects in the difference image thus

signifying the presence of an object in the area.




cal cul ated using cross-correlation. 33. A nethod as clained in an e of
clains 28 to 32 wherein the inmages are 10 blurred with Qaqu : [&éﬁi an or
simlar f'k,t [,55,50 as to reduce the effect of pixelation in the i mges.

P r"gt“Z%

34. An ap) for detecting objects in an area, said apsdri&id40Qiac| udi ng

at |east one inmaging nmeans and a m croprocessor apparatus adapted to carry
out the 15 nethod as clainmed in any pgeceding claim 20 35. An apparatus
for detecting objects in an area, the apparatus including: at |east one

i magi ng neans adapted to image the same scene fromat |east two spatially
separate view ng points; and m croprocessor apparatus adapted to mani pul ate
sai d i mag@s i nABLarPasmtusvdyr detectinghoiyhttisght ars abest antciadnky idostainany td Bear
features in saj i es. and deter.m ne i ny, dom nant | jnear feafures
signify the S‘Wﬁ%@eﬁ@%o?%'°§° "B eTt " 1B lepfilio mapiaglste ghe 4PPYT 8t (1eagesy

det ecti ng obj et isighigrasubdtestially iemamaniabarstebife i f1E infdyedd). | east one

i magi ng neans adapted to i mage substantially the sanme scene from at | east
t wo sﬁati ally separate viewi ng points; and m croprocessor apparatus

adapt ed t%.mnj\mélpﬁﬁr%t&a\ioq defRERS obfRclY fein alte? gabiGimh g] LAR ofbidk (i hGk ween

the backgrounds of the two inmages or pairs of 1Inages, I gh the background
i mages based o¥t$ai3dd wherkin, the dmbgasamey tbeemaripulbtddngpticaliiyematiepaticiliy or a

di fference i - I pwing, t etection g arallax effects . in the
di fference i @gga E'Eeﬁén%é?rgﬁlhfcg%\é&t' ggrafngggﬁgéearof aé’ﬁg%gfg}cqtr Ffarrlal[aﬁe'natpga. 11
AU G 2003 WO Obvafétsl bf 4@ dred.l NZOO 00013 37. An apparatus for detecting
objects in an area as clainmed in claim34 to 36 wherein ;the

i crd_ rocessor is also adapted to manipul ate the inmage or images to
hi ghl i ghtzgsubsA@Rbpalatls @patfReftg bbjReArinfHRldE s Qlintddeinl AMOIBAS bt claims

34 to 38 wherein the microprocessor is further adapted to threshold the

image(s).

15 40, An apparatus for detecting objects in an area as claimed in any one of claims
33 to 39 wherein the microprocessor may be in the form of a solid state,

optical or the like device.

41, An apparatus for detecting objects in an area as claimed in any one of claims
20 34 to 40 wherein a single camera is used and the apparatus includes an
optical arm and reflection means adapted to relay an image from a viewing

point that is displaced from the physical location of the camera.

42. An apparatus for detecting objects in an area as claimed in any one of claims

25 34 to 41 wherein the collection of two or more images may be effected by
optical means including prisms, coherent optical fibre guides, and the like or
alternatively the imaging means themselves may be translated or suitably

displaced.

30 43. An apparatus for detecting objects in an area as claimed in any one of ciaims
34 to 42 wherein there may be artificial features added to aid the

microprocessor in highlighting substantially normal dominant features of the

image(s).




5 38. An apparatus for detecting objects in an area as chaig&ﬁﬁrz one
of claine 34 to 37 wherein the inmages may be nani pul ate I@y

mat hemat ivpglyh¥759f in a |i ke manner which reveal s doninantp&ﬁﬂgﬁﬁmﬁgatures
and/or parallax in the inage(s) of the area. 10 39. An apparatus tor
detecting objects in an area as claineg in any one of clains 34 to 38
wherein the m croprocessor is further Qapted to threshold the image(s).
15 40. An apparatus for detecting objects in an area as clainmed in any one
of claime 33 to 39 wherein the m croprocessor nay be in the formof a

sol i d Stg .e’ Arqpaté)lg%?altugq‘or.tcaegaét:ir:f?eogeviscl%' a4]a'E a';‘%’]sr@g%%agzgr}yggrgﬁ)g tlgﬁ'rtés: zga

objects i an ar as clai an?cone 0
si ngl e caner az43ouedharth thee appasiab we amntputafass) BPLihHAlmedr® évadiing
-reflection neans adapted to relay an image froma viewng point that is
di spl aced froﬁ1Pﬁ%’dﬁy§P@&l‘wﬁchéﬁﬁ”bfoﬁH@"E@he?%?”@?? RWBHat™e udhs or
detecting objggdrSpioResddrarea as clainmed in any one of claims 25 34 to 41
wherein the collection of two or nore inages may be effected by opti cal
means including prisns, coherent optical fibre guides, and the |ike or
alternatively the imgi ng neans thensel ves may be translated or suitably

di spl aced. 30 43. An apparatus for detecting objects in an area as cl ai ned
in any one of clains 34 to 42 wherein there may be artificial features
added to aid the mcroprocessor in highlighting substantially nornal

dom nant features of the inmage(s). 1 1 AUG 2003 WD 00/47511 PCT/ NzOQ' 00013
50 44. An apparatus for detecting objects in an area as clained in any one
of clainms 34 to 42 wherein there nay al so be an input neans, the input
means enabling a user to input the |location of normal dom nant features
into the 5 mcroprocessor.






