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(54) Title: OBSTRUCTION DETECTION SYSTEM

(57) Abstract

The invention provides for a method of detecting
objects in an area, the method including obtaining one
or more images of the area, using an edge detection
technique in such a way as to highlight substantially
! dominant linear features in the image(s), and deter-
¢ aining if any dominant linear features intersect linear
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WO 00/ 47511 PCT/ NZ00/ 00013 1 OBSTRUCTI ON DETECTI ON SYSTEM Fi el d of the
Invention 5 The present invention relates to obstruction detection systens.
More particularly, but not exclusively, the present invention relates to
met hods and apparatus for detecting obstructions between or in the
vicinity of elevator doors. The present invention nmay al so be applied to
obstruction detection in the context of industrial environments, safety
applications, nonitoring machinery activity, process control and 10 the
novenment of people.
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Background Art The follow ng discussion will be primarily fdi4 ggt rds
obstruction detection nethods and apparatus for use in eI‘E\Jamnggﬂga

systens. However, it is to be 15 understood that this is not intended to be
a limtiMpe@gbilcation. In certain circunstances' and wi PRTAFSYVHON ate
nodi fication, the invention may be suitable for use in other obstruction
detection situations discussed el sewhete in this specification. To the
present time, there are a | arge nunber of techniques and devices, which may
20 be used for detecting obstructions within either static volunes or

vari abl e |l ocations. For a I | i t echni ques, see
applicant's International 9 Enﬁuejrd“ DEY M?. Cenerally such prior
art techniques focus on using optical devices to detect the 25 presence of
an obstruction or obstructions within a |ift door detection area. These
known syHeldaf thelnventiod yse arrays of infrared (IR emitters with
corresponding receivers. One prior art technique consists of "shining" a
sequént iHile aresayt dfvepRon FRlates tacPRIIVICHAN HeIGeid) SUTEMsentMeifcRAr bRy
obstructjon_eyv kSt li Yorud r Ln ' re of
t he bearPsu? gﬁtcﬁgéiﬁg'g\?&httgggr%\%g? égvétrm??g g%&%gh?)ngq%gé?%gé r{t?ﬁgﬁ B%gsfésr ggs or
st ops nisgestig obstrieticrseheatveen doadn. thanviciityant ®tgyapdr doets. syideepesert t hat

they can be | ocated al ogng the,edges_ of .the noving 1 1 A 0Q3 47511
> BT NDOOR DL Boea APRISH T e e e SEFaHaR T W SEr ]l ¢
vari abl & 4&eRBichYs, @atdtARERicalbvd, MidHiioPing dRAERHEQMCHNity Nerdekaneodkesli aned by
one or nore elevator doors. Such techniques are generally satisfactory for
det @t i rtheaheranentiSrieopls- the area 5 directly between el evator doors.
However, limting obstruction detection to the door plane is now considered
insufficient to meet contenporary industry safety standards. There is

i npet us BazkiohmmnidiAtt | ndustry to develop a |ift door obstruction sensor that
is not only capable of detecting obstructions in the area between the

el evat orTriodsisowinhutiisabssonhadl tet moharn dieguadd | totwardh atbsewt tonl sigyessiont he
doors out to a %)r edeterm ned 10 di stfance jnto tge | ob .Wéb\\lce(;oritdisn ¥y there
is a nedBeth9dsi e PAPBR AL BT 6 Cu g FRYBIT S8 t PV T Ro- JISWRST ohal® Hoof
obstgucCt i Rfr$BHS| fHat AfHIAYS d® INi&IRORAL Be LAINI@RIting 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




di rensional functionality or to provide a new integrated r

vicinity obstruction detection system 15 Previous atterrpfql &J&ZQ@SS t he
abovenent wan@di7sndustry trend include those described in BSMpatoendoIno.
5,387,768 (Qis Elevator Conpany). This patent describes a technique

wher eby an obstruction event is triggered by people approaching alift as
opposed to standing stationary in front of the lift. That is - this
specification describes what i s essentially a novenent detector. The system

uses 20 rARekS ARd tcé‘Ehﬁﬁ‘PaLPéssFﬁ?' fcafp\rdaps 6?1§*36‘f WitheVarigple/ %%%‘éetf\frﬁ@%a'f%at
are not rgl.evantn Hgtecﬂpmr{ H’fé bIQHe deHRES bYbne enui8MEleiREs s passengers,
controls the novenent of doors and counts the nunber of passengers in
an attenpt to mnimse vvaltl ng time between elevators. 25 To inpl enment

i 11 or ontoeRnireiites s St IR 3 RRARTLTTE: ap GRS obRENTRR, pe B oes

det er @i n%nre%?%ﬁ&heérhereeaﬂo‘s dbor’ﬂ)VH@gv@kér elirhiting dberueti@v détectiohss thectioan |
detection zone. This technique relies on the use of a reference i ge t hat |

i s capt urbanedis new icRBSIBEEErBSYTHEIENE & HARET OSSR PIYNHTIRC B T6FY TRRYRCS

recor ded.pL0g id ¥, ét@%%h@rlﬁ ﬁwh@&r@qgtde@%to%d 30 a6yt ddneehen defsdrahpr Qduce
an i nage cont al ni n only the outlines of the objects that have noved
during th@tlcnﬂ\erc\aabblbeIfVMQC‘rajm béeﬁru@ngrISh@ ther ariea drrdwsern dhel ei'?iﬁ‘&é dages,

00/ 47511 3 200 PCT/ | k
for the HPAft Ia'sa?r@%s Cﬁ?%\?ﬁ?%r @%%Q]‘% a%gﬁrgésnlgbg% M‘Es ou P%%?%@B >

porti@ns cﬁﬁtah&'@cﬂtme lbisy.e Adwramgkedhermgea sieze tdegitrddeoable mmplgeerdeany
noti on has been detected in that particular region or the v ew n

That is -existing ﬁwps%wergog?'aﬁaf’hgg%ft“%oﬁ'é’”bé&'ks‘ TRYSh ?l'”&ﬂ’d""%? ﬁ’or\e/?'ng,
that regifQfeRfioRalt hﬁ\chgﬁ&ﬁy'& ABSiredideut M¥v Vintddigteaf dddieplané karalf vizirgment
detection. The sill mask 1ncreases in size as the doors close thereby

r enovi ng abstrudoon detectipm sHeteMmge that is to be processed. Thus, the nost
rel evant prior art describes techniques that detect objects and rrasks 10
out regions of non-interest based on response to novenent. A nunber of

ot herisprirpeviaud dteshpisquesaddsess ftoe exavephantidSepanduttyy [end Bichgle 2hose

described in US patent no. 5,387,768 (Otis Efevator Company). This patent

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.




and 5,182, 776) discl ose systems whi ch again use reference images that are
conpared with later collected "active imges". Such techn!qteA'J

convent i o\g%l lyflﬁH?e 15 i mage subtraction vvhereby the refer @ggg re
subtract edO®8M t hose collTected at a later time to deter MATEHNOPHEr any

obstructions have entered the obstruction detection zone. These techni ques
exhi bit a nunber of disadvantages in tRat tinme- based obstruction detection
systens may not be sensitive to tinme intervals longer than a certain

t hr eshol ghe BysteriTRitiUE S deisRater bdIRMSr WHERE!l BRRY Shd SieUaRE dint rBNShIIPMYsIR0
novenent in an object following a stationary period. Al so, known techniques

can be @1askF Qul t/atigple ARl grverage neherarige e saseimAgepsizs debendsasn at i on
bet ween Wh%¥ﬁér0£nr¥ rqgﬁ&]g ﬁE'é"bEéWﬁE{é ad Ewo{ha? 'F‘Réﬁar a3 dnay %SwFﬁner]:qur@ ture

(and ot her per manent I Xt ures) oor covering patterns and K& can
hanper t Mbadist-edta pms@f isi smanrcbmuaat tile baz:lkanrfgms Hall endvh@rabviagethat baﬁ@doﬂn

t di f f t f the 25 ref
be St al inean bynenked g By piiof Ine 18R it perBpe P BfL OF SInBeBt sent

i nvent i omhck@adRE QY isie a8 tRBldoe ansk ﬁfé’v’@tﬁ@'ﬁéiﬁovnfx?ﬁhé‘%@?st 86 asikiadetdhans
whi ch overconmes or at |east aneliorates sone of the disadvantages of the

prior arts ®rb&processsd- provides the public with a useful choice. 30 1 1 AUG
2003 WD 00/ 47511 4 Disclosure of the Invention PCT/NzZOO 00013 In its

br oadest aspect the invention provides for a nmethod of detecting objects in
an ar eaThuhethﬁHUMdeieMthMiongirb@esgrihémgemnmms tivet detienhgbjecof artdhmaskea,

usi n an_ed detf%ctglr(‘)rérés u'%arisn ?,Eé: \ X] ﬁg to highlight

s"Ubs Ant P2 %9'0(5‘&'8 MERE"™ ] near PR |Qn"{qn§ 'ge(s), and determ ning
if any dom nant |inear featur es intersect |inear features defining the
area. Preferably the area is ogé ect det ection zone, the area bein

separ at eft TyinBeraaf qtﬁ%{sﬁ"orta\?&)tefBWE s BB PHEXIMRENES PBESTIE Nose X/8EG

descri beg,pys a s30pf6)afdcRséoffstarhd | whihd a4@ina @@C%}@@we Z PRsyes M 42D arERY
i ncl ude the vol ume beyond the door throug whi ch a person using the door

woul d pasemppredfwithiatgr cellectsloraciivg igiapes ar Suchetedyrayes) camenspnallyogsean
el ev?st Orin‘”f‘z;bc%e g&%ra\éﬂgﬁjmereby the reference images are 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




beyond the door is the | anding/l obby where passengers ma J 0, e
elevator. 15 Preferably there may be at Ieagt tvvogi rragesy‘la\r?gﬁt‘r'g grge?%od
includes wddhjsrkgr step of detecting parallax in the two etrmei@oobizages,
the paral | ax being produced by the presence of an object in an obstruction
zone. Mre specifically in the secondar obstruction zone. 20 In a first
particul ar aspect the invention provides for a method of detecting

obj ects/obstructions in relation to the volune defined by a door and/or
sill, saiDisclosuraof thednventiag using edge detection techniques in such a way
so as to highlight  the substantially domnant linear features in an i mge
or i mage(rs)ts @nadetetaspatntheyinvenién arpyidisnfionanmethodexrdeftectingrabiecthirepRect

| i near features defini.n ai d_door_ and/or sill e b th
el ude 2 o ey BB oo SeRind BBl aftrg mret T IR wter Rl Eh g™
est abl i shietdiRicRr esmigue0fin anithchanagt & itst highkghti siedstartiang afonfieattuliresar i n

the area. Mre preferab!e)(?é) said characterjstic dom nant |inear features are .

} i ntes5 deffeatiurgs ‘goﬂwé';'aa eRffbSetEaiRg &f PRV Lo InseadfEH e 1 AT Ft
eatures entbouetningrinb Way e reference. 1 1 AUG 2003 WO 00/47511 5
PCTI NZOOJ'gg%rl’% ﬁ&ﬁe met P\'g may al so include an operational stage which
anaLyses one or n?re i mages to establish the presence of any
uncharacterj stic features in.the . ai C LSk e f es
repr _es_entplr?l%r??ck\f é'?‘uet ih 'Sbﬁneéltfjggtn#g!rﬁ%ﬁ%?'?eugﬁ? ghgs% %?E%&{ﬁ%gﬁg a‘?’ﬁéeéért
prelim napy sdrRgfaiphichardesnal béiegshe volorst egsribed by rasdos tapp acdoodetlieending

the location and di nensions of .a door sill and a secon f tecti .
the 'Bcatd BoFoadary El‘i"?ﬁen‘é’h'ﬁﬁsmﬁ’f’ '%ﬂ‘égeofhenﬁ?lém&o%‘?‘yo@agfgfscg)??:ﬁg?%%r \é%%fe%hleng
first st %gr Jich g she 48ouplo0@ sadest antial Iy horizontal and/or substantially

verti cal ge detection filters to highlight the dom nant vertical and/or
horizontal lines in the part of the image where the sill is known to be
g?g;?él {Tﬁ’tr?egr%ab:lﬁgg%?%or;%@gajenfg}engﬁrﬁzséntdysmadfuﬁ RVARY FaCheIMAE
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 paraliax in the two or more images, the parallax being 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.




vertical and/or horizontal edge detection filters thus pr dP i rti
( t
and/ or 15 horizontal function with maxi ma and/ or nininapégrrzgggnzoas tgcal

t he position f horizontal |inear features and/or vertica i
features,“@%wﬂgFfﬂear features defining the spati al Iocatf%ﬁkggﬁ?ﬂg door

sill in ternms of horizontal and vertical features in the imge. 20
Preferably, the second step includes: u8i ng know edge of the spati al
| ocation of the sill and know edge of the physical relationship between

gggrfggl-gﬁﬁfg%?pQOQFKeag@gsyuﬂ@eﬁbbﬁbﬂﬁanaubmgéna@ehama&ah}bnageerHWthe
( S); . ing the sub-i mage t dge det i '
hi ghl i ghtimaggs é@lgfégatﬁ‘rsf‘éhﬁ @aesgpg%l%g?a% C‘){F\‘Ef‘%ﬁcﬁ‘f‘é&‘gga&ﬁg%Erlh%ﬁtrevs%ﬁ%\%gg%ouags ;

mani pul at | 19 .t Nee s 1dHRIRE $dprbLrBhg PdEchiadl Bbjaas and/sredetrasti :
i mge(s) conglst?ng of one o#"nnpe ?%nea; fegturﬁé/corrggﬁgﬁgrﬁébfga?%e

?ggé e?gega gndfderLYinghequations for the linear features in the binary
e(s). refera the kn bst ant.i v t d
subst ant i 19 )Prﬂlﬂ"i"ff)\ht%fge é’%f’g“e%\.gni‘bi&%é“%&%%% 4/an o AR 300015
tPL IE‘ or to Iﬂ@éﬁc%ﬁ B6d @qﬂa:?sa@moﬁ odobdhsll hht@arechbedistaped detecting the iseation@age( s)
second step may also include: nanipulating the binary image by a ra
function %ﬁweﬁopﬁﬁﬁéﬁ§é§'Pﬂm‘ﬁﬁﬁﬁpgﬁah in the verti cal diyectign; % furtﬂgr
mani pul ating the inages to clearly identify any dom nant linear features
in the binary image(s), the manipulation including applying a first filter
to renovRrefargblyuthetfirat steP|igclidest at ed features in the binary imge(s), and

ﬁ?ﬁ'eg;on?eafufgggﬂa d ib%%a%ﬁiﬁgggéﬁ%%_n%igﬂ%risﬁﬁ%ﬁﬁéllyt\%r&&i Bdg¥WetSeths antdsal | y
to highlight the dominant vertical and/or horizontal lines in the part of the
image where the sill is known to be 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

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.




Preferably the equations of the linear features are obtai quﬂGI aag& ng
t he Iine(g} b)y means of a | east squares, or simlar, techn que. There may
be more t WEhOU4i&!! domi nant |inear feature in the inmage(s) VWhEFNEHBhce the
equation for each linear feature has been determ ned, the linear feature
is removed fromthe image and the 15 rext dom nant |inear feature equated.
Preferably a total weighting neans is used to mani pul ate an estimte of the

equat i on Prfo‘?rtoe@&mrq BEG4tidnE oM e likat TRLOME Inh@eCORbiVIRRAR (O tHehge@Maat i on
for that linear feature, the total weighting neans being found by

nor mal i sisiep raaydalsd insduetessary 20 nultiplying, one or nore of: a first

wei ghting nmeans, wherein_the.deri. Lve, apd _vari f a:ddn f.eat.ure
are determ ned',"bg'ﬁﬁﬁé'gg f:hne ﬁﬁrgeja%e%%\%t iG\('/eQaFla dis %ﬁgg (\)A?w%)ﬂoi ﬁ?éeagggt'ﬁe
feature whi chnag@taiisitde vartigahdirecpar,anet er representing breaks in the

feature, the first weighting neans do i.ghtj.ng or, el.imnating said

poi nt§ from t higrthes MagtAliatng:; he B9%5s 19 © ééﬂ_rﬁ%e%é}' g‘ﬁf" idr?é’"'ﬁﬁrgnléqeaﬁ%?tgfeﬁ
points in a feat e plaf) IBEgA¥RNNE IARSRiIB NS0 NTRAEIRGPIIHIPInG OAIr a6t Eigr gbven a
hi gher wei ghting than points in the same feature which are closer to the

i tage capt ur e sowveanyasubstantially iplated\iepiyhes ingtheeingy iRee s nakcharpiingd

wei ghting nmeans_is the i . - [ ' Rfialind £ L i fas i@nd/ or
a fourth wei ght F%Cgc"}?e@ﬁesf?‘gﬁﬁirg'é‘?& 'P“%ﬁee‘tér?‘% gg"lt.‘ Sﬁgghy\ﬁac 1"do ot spanesa|ny
sub- image frommeveabe@nl edge to vertical edge are weighted. 1 1 AUG 2003
WO 00/ 47511 7 PCT/ NZ0O/ 00013 The edge detection may be effected by nmeans of

filtePs, differentiators and the |like. Preferably said edge detection is

ai med at r*}iag!?!aél Rhb NG USRS NG Hhe! linBESTeBIUr @bt B6taineulist Atatiag Itite hiakisz oyt al |
vertical and substantially diagonal in the inmage(s). Mure 5 gqreferabl y the
di agonal rheams ohr® leastssmisresntdrasimjargeahyauss THHE BF¥r 8¢ i'BRA RFagee

| ncludes J8ShERSed! foafFRUHTHBUNADOSOLERGS SRRI el BRUARA A o5H hemges
of the area, “detecting the position of a door or doors in the |mageﬁ"s);
feature has been determined, the linear feature is removed from the 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.




10 detecting the presence of obstructions on the area of the i ma b?‘u
representing a sill; and detecting the presence of obstr c | % e area
of the i ({msﬁepresentl ng the door edges. 15 Preferably. f/pg PREist i on of
t he door(s) i's obtained by detecting the intensity change in ?1 ‘
substantially horizontal features of the sill where the intensity changes
defining the spatial |ocation of the d700r(s) in the imge(s). Preferably

t he presence of obstructions in the area of the image representing the sill
20 i s detBraedgddétgction inensde effscreg by mebst ahtiiteds| difteeettiaats sdggedgbect i on
filter to highlight predom nately vertical features in the image which
intersect the linear features of the sill. Preferably the presence of

obst ruct imeferaflyt 8d addga @redthtd ismaBRd eprrﬁaarym,a? L& r&é?.@rnneg%ﬁéi@a%d' S
determ ned by at |east using an edge detection filter to highlight

pr edoni natu@stangiatlyirhesizoniak nertiGeh gadvitbstantigterdiagana He thenisaggefgat Mare of
the dgor. prg’f&é@wnéﬁ.abbﬁaaQR@Sraea@@abséﬁ@auy'w ddpgagonverting the edge

detected inmage(s) to a histogramor histograns wherei n peaks in the
hi stogranms represent features in the 30 inmage(s), said features

represent+ ng_ t he .do 0Qr %, E‘QJ si]l nd or an obstruction or

obst ructi difs %eﬁaft' ' G g 56’.%5’9 8PS sill. The operational stage may use
any of the i nmegptomay nd @trhéera reBanse 0psafibha iRagkd 8f thelarkaAUG 2003 WO

00/ 47511 8 Preferably the operational stage may be repeat ed a plurality of

times. PCTI NZGtﬂtemthPrﬁmé'“PﬁPf Re&toopaf t’P%’ﬁl”aﬂh%tﬁ'@w(s)@f the invention there
I's a,gethod Ofd&@é% A8 prsoRst rdetdbgﬂﬁcf?r%y 06? MeNREL LR POStLUGLIGNS,

the method including the step of detecting parallax in two or nore I mages
of an obst r uctrepresdetiraca sidnamar ea, t he par al I ax produced by the pr esence of

objectsinth e h gf.n@sX'” e, of. detetln
changes in the m%ES J‘ "{%we rngCt' Eﬁjn t}}eh #33“?6%’?%%‘8 fer?égsepg
detecting verttheaiooaadigéaorl zontal parall ax produced by an obj ect Iocat ed
in the area.
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.




15 More particularly, the invention provides for a nethod of detecting
objects including the steps of aligning backgrounds of a1p1 LA@IG t2ﬂ03‘

i mges of an area and subtracting pairs of imges so as t$§3‘&¥%&}5001})y way
of paral | ¥ %4 1pr esence of objects in the area. 20 Even ¢
particularly, the invention provides for a nethod of detecting objects

i ncluding the steps of aligning backgroénds of a first and second i mage of
an area and subtracting the first inage fromthe second, thereby

reveal ing, by way of parallax, the presence of a three dinensional object.
25 In a preferred enbodi ment, the nmethod includes the steps of: «collecting
a first iRrefpeatdy tae operetionalmtage friavsie fgpedlieAd Plaiakty of ¥®PFecting a second

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

bet ween the backgrounds of the two images; aligning the backgrounds of the -
two i negas; a 3Rirgebt patitilag dshect vad kmagegentionptiedeice a mhthod @f fdesedinge

i mge; analysing the third difference inmage to detect. paral

r evealsi nepbstieictipne FOFES Wvﬁ"ﬁﬂai‘hﬂgﬁtwgg"%b eclme_l%ﬁoq H%Cia(érllég?&h%h{tgﬁ%%
2003 WO gpo%ggf tﬁ,ggl pghgﬁg/ NZERE 080 FiorBr Bh&JerbbY dnobbavidignt betestitn raaed, i tha
step, an efore the analysing step, there is a threshol ding step whereby
the diff eraeaice prodigesd by the preisenered’ poieesec! bl 2ff8i se thus producing a
binary image. 5 Preferably the third difference inage is mani pul ated so as
to contain substantially only the outlines of any 3-di nensional ob#' ects in
the area.THImathal faknadluye tearbogi ofedetectitgetanmragelschapgesdiningdenapef o the
background i mages and door edge inages wherein calculation of the

neces¥ar yar8fi ft bet ween t he 10 backgrounds of the two inages is based on

t he i mages of the background when no obstruction is present. Preferably
the shift is calculated using cross-correl atjon.

i 15 Preferabl t he i.gages
are bl ur r'ee whethodamssi dieludpedhPanstsp 8f rAsteRting, IV?%F§F§8da Orfzcg’){"tarl epaaﬁ?:lgg?he
effect of Bixel AL} AR dofkct Mot ULt 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.




The invention al so provides for an apparatus for det echi rig %M| ons in
an obstruction detection area, said apparatus including aA ne

i magi ng WeaesaRd a 20 microprocessor apparatus adapted tg-PRAdoREd3t € said
i mge(s) according to any part of the above description. An apparatus for

detecting objects in an area, the apparatus including: at |east one inaging
nmeans adapted to i nage the sane scene Promat least 25 two spatially
separate view ng points; and m croprocessor apparatus adapted to manipul ate
sai d i miyyeferabiy Jaldwimonthye agbtraasioni syeipi ghd befdsetthmtanalvybipg dwen, nthate [si pear

features,in,said ihages an etermne.if any,, dom t. linear feat S
signify tPWé’hgﬁé@eﬁt@@qﬁ’% e'ffr?q'orbhj%e%ﬁerirpﬂcef %gea'r%@re%pa?eﬁetozfﬁ(ﬁg’rg?itnglsseftgpg

det ect i ngo@hsShd ddinarpdmiagean obstruction detection area includes: at |east
one i nmagi ng neans adapted to i mage substantially the 'same scene from at

| east two spatially separate view ng points; and 1 1 AUG 2003 WD 00/ 47511

10 PET/ NZOK 90 kR e NMHGHOBH REESROImARPA RaHPuREaPEE80ad & BBMaRUL@IsarfiAil
images in order to calculate the shift between the backgrounds of the two

i mages omhptiea suthfies pfrageS-digiengignaliedi¢nie kytheusdidai nages based on said
shift, subtract the resulting inmages to produce a difference imge thereby
allowing the detection 5 of parallax effects in the difference i nage thus
si gni f yilncart Brepiaserebadim@nt, lej ietigek neré hidvided antoPraekegmoabdl ymiabes and

m croprocessor is _also adapted t ni pul ate the i mage or, i es t

hi ghl i giftoesuBeeantTaggsy ‘Hg eanfg?‘i'rT%é ‘F@a‘?‘ﬁr é'?cﬁsfsag’hesqﬁ'fﬁag%%e)ef‘ c1)‘869The

| TAgeS BAXkHRURBRIRthatterh ARddesak inbsedBhaBagEd byt bddkguht keharanaer
which reveals domnant |inear features and/or parallax in the imge(s) of
t he ar embsPuefien isobigsene ni croprocessor is further adapted to threshold the
difference i mage. 15

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




The m croprocessor may be in the formof a solid state, Tp{ |/§gp ?[)Hehe i ke
device. In cases where a single canera is used, the apparatu urther

i ncl udeswamo@siical arm and reflection neans adapted to Pel/A$00449013rage
froma viewing point that is displaced 20 fromthe physical |ocation of
the canera. 25 30 The collection of papallax i mges nmay be effected by
optical neans including prisns, coherent optical fibre guides, and the
li ke or alternatively the | ' S t,%% ghesai t or
suitably di splac¥d°e Snso(b)nagpg%rg%%%r?egﬁll?etWere rlrayé%e%g??{?%b%isalmgbzgﬁ?gs
added to aid ¢heuiatiectrepsiofetsaoreen rthe tagkdrogids nf) tisailveaimaggs| 9 nair sredf

dom nant features of the i e(s). There al so bhe an..in t he

i nput means eAAIEFnGlign u%p%gﬁlgqr%’l‘ﬂlﬂ 'Tﬁ%esln%%g?ci S SFGH 'rﬁ[ail %Hég%lgﬁgﬁt?
features into Lhengichgly RF B0t afdiffdrbede MSHRCISredl dlbavingvientizmation |
becone apparent fromthe follow ng description which is given by of
exanmgl e onl y. oflparaiiax effeee3n Wi diffdeme1MBET/ R 6/900H TS e ‘BFF%’?“D@E%\PIi ption
of the Draw ngs 'I;hg &Q‘é‘ﬁ{%“ on will now be described by way of exanple only
and with refefdRte"t'o e acconpanyi ng Drawi ngs in which: 5 Figure 1:
illustrates plan (a), end elevation (b) and side elevation (c) views of an

el evator entrance with caneras. accordin o the ferr | t,, of

t he i nveiiefesally BhgUPE R OGa5F s S ?Oegéja é%jen% |a€'pv$%§stﬁ%f'%gagrggﬁﬂl§§§r%gﬁts of
a paral | 3%, i IRGLBG anbQnSyShREhamRer thanged of tHeemagumnt i on; Figure 3: 15
Figure 4:"Figure 5: 20 Figure 6: 25 30

10
The images may be manipulated optically, mathematically or in a like manner which
reveals dominant linear features and/or parallax in the image(s) of the 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.




Figure 7: Figure 8 Figure 9: Figure 10: illustrates a sgh i
representation of the connection of two imaging devices ﬁcﬁ'ﬁlﬁﬁﬂ%

conput er @pdeltgrface with the door controller; illustratRg g opkmary
detection zone; illustrates a series of imges captured by the lift caneras
of the enbodinent shown in Figure 1; illustrates an edge detection

techni que as applied to determ ning the! horizontal and verti cal posi tion,
in an inmage, of an elevator door sill; illustrates schematically the steps
in an al @eief Descrstinh 60Othel Rrawiigag posi ti ons of the door edges; illustrates
the sub-images in Figure 5 when processed according to steps 4 and 5 of

Fi gure 7;THel invehticit esll aoBixBe Hedcribed by weaE bhiega@pteooig randewitholefidredcd eat ur es
of black and white images;. illustrates broken door edge lines in the

i tages; 1ha apcPTEPIDONG WH\BISS PSWRICKCT/ NZ00/ 00013 12 5 10 15 20 Figure 11:
illustrates the application of a ranp to the black and white i nages;

Figure 12: illustrates application of a weighting array to door |ine edges;
Fi gur @ 1Figure|ust r dthestraippbliasde)i end efevatien Wi ajiet sidg edgvatipntle) Miewkses’ BR ne

i mges; Figure 14: ,illustrat t] I e ljne i . he

bl ack and white irraed%vsa;m's%—'ft%ﬁ’(rgg V‘%&’ éﬁrﬁ?‘%’ﬁgg F g‘%rggngtﬁ?e{hg urgﬁget#sgﬂgg%ﬂ{egg

cal cul ate the door ofadhieSivengoroi Nts;

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;




Figure 16: illustrates the detection of door position by
intensity profile of the running clearance; Figure 17: ]eﬁ?qu ng?gw to
det er m newbhe4posi ti on of the doors based on hlstogranB f rorNeevdoocal and

hori zontal edge detected inmges; Figure 18: illustrates an exanple of the
construction of a histogramfor detergyning both the door position and any
objects on the sill or door edges; Figure 19: Illustrates how the

hi st ogram can be used to detect the door position; 25 Figure 20:
illustrates how the histogram can be used to |ocate both the doors and any

obj ects tﬁﬁuﬂpﬁ T UClii QR §teR RS @RblicdticdUs e ?almp kd kesibAL §5d evhitlaqmagggart

show ng e steps in a paral | ax-based nethod for detecting obstructions in
an obstructlon sensing area; 30 Flgure 22: illustrates data produced
accordin thod of_ Fi 21 a lied to gbstruction (a
| adder) 8 RPN B gpPligation &ia Wi oyt e cr TBEReSa 000! 00015
Figurg 23: illustrates the detectlon of machi ne recogni sable parallax for a.
nunber of sanple obstructions; gure 24: |IIustrates the ability of
filterinbiorechdi qué@svet%?@a&%atm%ff%tvye'gét'aﬁ? GHAY &Y PIRKep fae ﬁf‘i%?sat ed

nature of the detected inages; and Figure 25: illustrates sanple data for a

door edge obstruction event. 10 Description of the Preferred Exanple The

f ol | owi nBigdest4:i pt illgatrafels| eysemafivefi Wet liee civetses dor sstiagkt Posh Waitect i on
in elevator door Syst ens. This is to be understood as not to be a limting
feature of the inVeiion. The apparatus and nethod of the present
invemsion may be applied to obstructi on detection applications, for

exanpl e the npnitorin ndust ri securlt | [ cations
in the |figdre T3 théluﬁ‘gﬁ?éibe SPU%tI"’é\fa'fsoerd §ot a\(fc%?)g %8 Por" éﬁ{%%?%?o% ‘syst ens
there are two distinct zones. The first is the critical volune bounded by

the sill _and both sets of door _ N » _ .
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;




edges. This will be called the primary obstruction zone. ] £C } S
area nust be 20 detected with a high degree of reliabili tﬁaf éﬂgf &qﬂr?g

door willyaljgRsscertainly strike any obstruction. The segepd, #8631 S the
| obby/l anding area in front of the elevator where people approach and wait
for the elevator. This zone wll be called the secondary obstruction zone.
The requirenent for detection of obstructions in this area is |ess
critical and the obstruction detection system nust be able to mask out 25

i rrel evaigure 28rr onbusisatebjtiee detecTine cdlbséctund rawgdsbide tpapallag st e muefbet he
current invention is basiedbon QC,)HP“ cal detection nmethods with difference

i magi ng techni ques °TuU@EP'e GOBVBHUE  t he required | evel of obstruction
detection for each zone. For the primary obstruction zone the obstruction
detection. system usges .an_edge Jdetection te i.que to d rmne.if any
obj ect s ? lﬂ%? >§Cti o %3”33?% g”reesagbﬂft bé);fe még%’ﬂ??é]e& ﬁ}&’rau%dg%s rggr’l?cc?n %rﬁéacéfl I
(the sill is the sggbiotedny thepikblatsd odtutehef tleatsadmed oraageandnd | andi ng t hat
the car and |l anding doors run in). The detection of edges in the context 1
1 AUG 2003 WD 00/ 47511 14 PCT/ NZ0O/ 00013 of el evator doors is particularly
critical mddt@rosti MG uRABS SaRBMedABYE! HRBE sdi dbittio@Evairaci ng their hand
in the door gap, or stepping onto the sill, in order to stop the elevator
doors closing. It is therefore inportant that any obstruction detection
system can detect hands or other objects being put between the closing

doors as 5 well as objects on the door sill. The system can acconplish
thi s1by @eiseripiion afjithehBtelmrecaByathplaes defining the edge of an obstruction

intersect with the lines that describe the door or the edges of the sill.
The syst gmecrmbilind HRsts@ict andldred gidieh fiar evc eontargich@bseabiirdescibreie a

10 reference image is used_to allow obstructions to, be det,ec%ﬁg?. F?r
det ect i oRlQYRtHANF gyEtesns ARG BBP BE(LIRIIRPL 28 BebIES ¢ BHLRS [RAY819T 2¥%he a

par al | ax ;JReBRI A¥Re i sboaiRds ahdi MeftRidabi e PRSIAAE HIRNHSR hilebs amBli@pté cal
i mges obtained for the edge detection technique but is concerned with

i dent i f yiohgtr@ctiimedetestiah @BPEGALONIS {9 e SXAMPlen thRe MeANEATRG/ 9B bHEUSTSA.
e tob e SR Ao AR B0, OpLec, ob ecte, O oonL et Lone
accuracy for the critical zone. The reason for this is twofold:
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




firstly, the door edge produces a substantial parallax eff [ n
potentially swanp the parallax produced by smaller three-E?’trrAQBgzgﬁg

obj ects; aMO® MW&EPndly, the 20 applicants have found that i PCHINGGe/0003 be
possi ble to detect objects |ess than 200mm above the sill using the

paral |l ax technique (this problemis desgpibed |ater). The physical Layout
In the preferred enbodi nent the systemis likely to consist of two caneras
which 25 yi t. f epar at e W n ints .1 wo
separ at e \(/)|¥ee\q/!vlé%nattgIr déérfs '3 %Bﬁ[&h@ﬂy h%qgétgﬁ&%rfo’“ae?“ﬂe g?lverrg%\ﬁegomga@edﬂ?e)b']é

par al | ax, otfcplimngtth@nhaidmms theTdyo §am Cdri ﬁmﬂngbyndcnﬂwsnmpxw ordkr tdTREBNGhe

syst ens such as charged coupl ed device (CCD) caneras, CMOS caneras (the
appl i cant &feyvatef F@ﬂ’tsl {]"Oﬁg‘igng Ihis ABerejre pmpertansdhalo Ay robsPYCERSIAaF ) or
any ot her {,¥pen QhnelRedt RIHEE drBHPGLARY 68ing ?pfat /Bleméaamé/%lo\émgadébaggé@
camera may be used whereby one or nore optical arns directs an inage of a
first wi ewdglvaepeidcisranthe ddor stl. vant age point) and second view (froma
second vantage point) to the single canera, or coherent optical fibre
guides could be 1 1 AU G 2003 WO 00/47511 15 PCT/ NZ00O/ 00013 used to
transmt gepasaten\daevaccoompliststinglby daeericing Alteoheri amggineg dedining thee edge
controll ed by an optical cell at ul d alterntel i nterpose, a reflector
or other O F® ot %‘Par'ﬁkﬁﬁﬁ%ﬁv'{}by‘%\@ nesPET ERer ?é'i‘% dger 9f g‘ ‘i’getshg Bfrer a
thus di vekfij, ngrihgystb@Wchb@d 418 usBadthRddry diff&rBh@C Afadifd ltagehif@isNivhefden

maj or drawbacks to such a systemare: 5 that the caneras nust be

suf f i 9 ent¢fprénpstimage ihused ioeali@voPhstaspent tsbadfefi@ly in each subsequently
collected image; and the optical systens are likely to suffer from dust '
ingress in the elevator environnment. Figure 2 illustrates a sinplified
schemat i c Fof datqmaissiolﬁloeseadawisrmdtobﬁcw tmethie meewrtciacmobﬂt)mmish rgnam rAreltax oni c
camera or caneras of Fi hows a sin

el ectroni &® e 'Slﬁgpgﬂpf |p8rr‘?é8x q%é%équgalﬁﬁ t?"g 38'5‘“6 ch)l%' dcma Sslor?galggd 5" t he
obstructi ere dayeekiefionrteeniquanbati sfdhesthed WeIN iBENtFPINGtS dindétisniab objebect ed

by mrrors 111 112, 1 13 and 114. The horizontal |ength of the optical
arms havePIRSERt 18 1Be tlanmino/fabby Arari tKerallak tgchniayesetPt 8iAI %ed“a%%tEe&(t&b)

canera V\BI;)BJGQ:F(\S l6$%@s{ractlons 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




15 could either conprised of two separate collection devices mit CCD
array. The |ower enbodi nent of Figure 2 illustrates a sdhinﬁﬂ@

single cag;g%@%‘pghal | ax detection device. Here, separate i‘[@f?ﬁ??@“"% scene

pass throu eparate arns of the detector. The sel ection

particular viewing point is controlled by electro- optical sw tches which
are controlled by switch 119. The caneff collects i mages 20 'seen' through
alternate optical arnms and the parallax detection is made on the basis of
swi t ched yeawkdOtr@isniihesepamite. vidhe wophi adle acamera. f oaleBd imaying Bblioms 116,
117 and 118. However, the system preferred by the applicants uses standard
caneras iGPrardpe Hyedn OQ%C%CF%%% Id gkergRtahn nterPRF¢ arreflectorpg @theritype

i1 lustr atcﬁjn?ereémnvam&fmé A% BLIE\ALRW BRERABGR SRS Ny drhRg tRBRYe Bitde 1
and car side 2. These two areas are separated by the sill 3 which is

bi sect ed thg spatialiydisptaged| watzaeceoi®. The mRior d@daskate ssiabvn skgterdare:9b
and 1 Oa, 1 . _Figqure 1 ill tes an.end el tion ing f.ro he
| obby 51 YAt %et ﬁ%m%rgf r'i‘f“%r?i SsUf#I‘iclS%'ﬁS’ef%%ﬁ %atrqaf/q@%gg\gr%ta\ﬁge%él%bgggrg 'én%‘:;}
mount ed ofublsbguerilyeddlieatreicintaganend fhe ditcat ay@ems ané dikelyrangsdteri fiom spdtayed
configuration so that canmera 6 is orientated towards a first side door
edge 9a, ogreahdn ERBIRYALPr PRVIIOSMESHt at ed t owards t he second door edge 10a,
10b. There is an overlap area 5 which covers the |obby area 1 and is used
in the parallax technique: To allow a larger 1 1 AU G 2003 WO 00/ 47511 16
PCT/ NZ0O/ e@£32 vibistnatest @ siveplijied\aetierastir plop prssiblscerebedtiment opahalinvwpotighea

the position of the ca C i . . LS nmean
t hat ’@ane‘fsén%amtij Cgr n(.)cggérg%ra go%%é%f ﬁgé g%%qcééﬁ‘if%'%gﬁtnmgﬁ guﬂ_%ngW%gor
set 9. Figngle dlectsdrvveamesd ddOvpasivionkd tthebe ebpatdd @f afitcdme énagesandetment . 5

The reason for the preference of standard el ectroni.c.caneras iin this

ar r angenmgiftstiugtiop H’&F@“P”aﬁ@%&@"t H'theﬁ*é’jt SHE09 PN f tﬁbsp'én‘?fﬁegcs‘:e? gwb'é”r\r/?réwed
with canergf @f2r easonabl £14.c0%ke Hopnses Whith WF daefiklcds Hhsvisve ajeen
expensive and nore difficult to obtain and are nore likely to introduce

di st orti owhortenedtfne clasy-urlé PR¥ERY cavried depicBViCEY M P YR PP diSachi
S?resvl Jax hasedi RECONNRk IO &S shrdik BHedifdR JRMLBNEER EBB 4rtf). dThef
lower embodiment of Figure 2 illustrates a schematic of a single camera parallax

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




\

i overlap) in the centre of the lift opening. An exanple Qf]tAHGm

| obtained from such a set up are shown in Figures 5a and 5b. It should be

| not ed on wbesersiywo inages that there is an overlap of the@mezoiopoisr ont of

| the elevator. This is the secondary obstruction zone for which the
parall ax technique is used, and correspgnds 15 to area 5 on Figure 1 b and
1 c. Figure 3 shows a schematic representation of the connection between
the two caneras 6 and 7, the conputer 11 and interface with the door

cont rol | &pIUTE topbe YipwgganArgr 19 (§REA258 3h¢ PaFAlieKrehing PaRuOn Pt et Grne 8o
control | gr, @i c%uidr mﬁmﬁch%e&io PRis s GREaS QRE bl MBIy 10bRTat ILRAP! €,

can operate a relay ch opens the el evator doors when the system detects
the preseac&0ahdamameds t/r wotlddnok BtigeoDeeteBt | DourEhic Shews aasigesievoiof tthe

pr esent rvent on resides in %he identification of |inear features 25 for
use in pPISYAIY CBHERFUHTI S " det'ect i on where the el evator door edges and sill
are gbstructed. This is represented by the shaded area in Figure 4. The
edge detection technique is divided into two separate sectl ons. The first

section Ths Tai’ﬁoauftobr*rh‘t ipeeferenee oAt asg @&’r‘itf%‘r‘i CAmPEas Nsthifs ¥R d mi ne
the posi i an, Io}lg?hegﬁ\azd}ﬂf/ o‘?qﬂfaépémqgg lf'(? bl VikweB \M@ﬁ caFRES Of rdafBgsste |t

is anticipated that orithm will run when the unit is first
i nst al | edosintlensies$ Iwigr wqi&jéelds o rdew ané egapawe@né mprgt diffipadicto etairhand j f t

door and caner
doot o RIS 0 P A0 ¢ PELAEL Ly
obj eg¢ s %rltké%a%l%Q%’aSWS@%ﬁWa&lBeﬂeT:tIBEW NZGHeom@ib& whertehfb\edfmbds eﬁg@SN and

sill when the doors are closi n These orith be known
ot rmar'y GXPTAR b R AR (iR e Ay SR Ghile TG Epgined Trom

respecti Vgty a st THE alel 5HERLY if FHdPE a0 IS0 it BrRa i eceA@ed dal Etdsieoto
technique used in the primary calibration algorithmis divided into two

steps.. Vhegdsi thet therepisexaevAraP rhehenaiga infrortel he detdet i fodkesill,
i ndi cat 4o O¥ JATBIR) cRoh 2o a% %&”v@ﬁtcl]r tAe BQQ:H%X 12O GREANE ST SRy LARRDLREES T he

edges of SeEHEdoors, “rndic by nuneral s 9a, 9b and 10a, 10b in Figures 1
a, 11k amcﬁlal@.a 5 on Figure 1b and tc.

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




10 Referring to Figures 5a and 5b (which show i mages captjufddGog0@3neras 6
and 7 of Figure 1): identifying linear features corresponding to the sil

in the i mgssqd-8yol ves fully opening the el evator doors angd. us;
hori zontal and vertical edge detection filters to highli g%%'ﬂi}é’g@?or’%ng

vertical and horizontal lines in the resgective right 15 (image 5a) and
left (image 5b) sides of the images. Thid is where the sill is expected to
be located in these images. This filtering technique is illustrated by the
i mage in dr g @obr wges ang dilhkemerbyha dosrangtee coaimgr a Thesk alygrickons vamtbe t he
sill. However, the sane technLgue.can be_%O applied to each of the imges
in Fi gur XL 5B AHTROrGUBHAIN RRRTtEMa@RE pUNale oRSEEIPNEh AFREDHuer
part of Fegye®ivBly. It can also be seen in Figure 6d that the horizontal
edge detection enphasi ses the horizontal lines due to the sill and the door
tracks. 25 Once the horizontal edge inmage of Figure 6d is obtained the

i ntensi ty-val L . of pixels in the imge are sunmed. As can
be sezsn %‘ﬁ—he A8 B hriof b It is a function which has peaks | ocated

at the pomet édyesdelfacﬁdfrétdchaidas wsed indbe prinairy tchitbrstidn algakitm scainided intn t he
vertical direction), These peaks can be quite easi detected in order to
brovi do (T PGS | dieofr e o8 Faags ABeGR e e o aERt gie e S|

(the horiizgpib Hartmefal BNA RE@EANE aglpal 7IRNEIcontiNRep idBRBAS BWBIdeR dfi gur e
6b is subjected to a vertical edge detection filter. The resulting inmge

i s that gheweoisaimdigaied bguppsrels npttagnd d9at Heb drigyreallal theddthat 1 1 AUG
2003 MO 00/47511 18 PCT/ NZ0O/ 00013 occur where the sill neets the door
€dges. In a simlar fashion as for the tracks, the intensities in each

col um ofRgfenxieh godfigWieg Paeargc5ar &hinlmshedy imagesodarseredhyy ¢amertas dhandsHRadn i n

Figure 6e.. The, peaks.i.n Ei gur orrespond to the horizaontal position of
the i1 | ighBe Rl SheM fealfied do ERB0MR Y 0%, ofe' 81 el IVoleS
vertical tLpgalpening tHe eleatirl doandand using horizontal and vertical edge detection
filters 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




it is thus possible to separate out the sill fromthe imge (or inages in
the case of Figure 5a and Figure 5b). 10 In sunmary the| 4t 4i4G 200§

determ ni \gHhf)§sgi || extents can be summarised: 1. Fully opgp ng/(gdg% lift
doors with no foreign objects present on the sill or door edges. 2. Use a

hori zontal edge detection filter to determne the vertical extent of the
sill, the vertical position of the run?\?ng cl earance and the verti cal
position of any rails. 15 3. Use a vertical edge detection filter to
det er m neot¢he wberezthet Bl mertsetne difor tedgessi Il a shhilr fashjondad érrnthaerdcke, the

vertical lines.that describe \@herz t{]ﬁﬂSi Ié finishes and t(ﬂe dogrs start.
4. Save t'GTHERUSOIMETT e HYRB ) FFE RLRGHISSOF AL SHTRBET FHRIIIEe fR] PTG ot
the sill igbwRasFiduragR. PR Asakshin REGeBOEtQosd kd 1y Bodohed Rdition dhe

| ower part of the door edges, knowl edge of the sill edges nmakes it

possi bl e te Hkgdeas-e out sub-i mages of the left hand and right hand door
edges., These sub-images are shown in Figures 5c, 5d, 5e and 5f. The
sub-inmages are then used in the second step of the nmethod for identifying
the 25 dobhe edges techiméndeatrbovienothsthe honianetey and vertioe! teratiene ofitine silland

posi tion of the door, 6 edges a N shin i ’ . e sil
extents ('4é? éFHf e S'é%?rfjo?%er"}ar%g ée@'?trh\égm rg’lTr g‘su@zﬁgfg}ga%én?%egsmﬁi%ﬁ Cat'ssﬁeéfdoor
edges ar e;:ité,hﬁé PRjaaH Higakwbes. The four images consist of two |eft 30 and
two right door edge inages (Figures 5c, 5d, 5e and 5f). The two images for
each side consist of inmages where the door edges are at angles

appr ox| | £ RLASAhNIrRPRE QY1 SBEARGaA DR subndarfbdG 2003 WO
00/ 4(7), 1?81 99%“0@“%&%%%{8313 2.t Use' dge detecti or? fi Istuers rcapabl e of

enphasi si hg Aulig deninedpredft foars witams EoreighorhistsnraiseRh@natheotill 15doddge
detection fieldt ers. 3. Take the absolute value of all the edge detected
i mages creat 6d°"n the previous step and add themtogether (e.g. add the
absol ut e galue efhdrizental 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°.




5 horizontal and the 45 or 135 edge detected images). 4. Thresh iﬁﬁ% edge
detected inage to obtain a black and white i mage of the cioar ean

up the biwpiggaee: by excl udi ng any isol ated black points thatnab8ediot
attached to the door edge lines and eroding the door edge lines. 10 5.

Apply a ranp, which decreases in value vertically with vertical

di spl acenent fromthe sill, to the bl dck and white image. 6. Find the
maxi num val ue in each colum. That is, the points that describe the door
edge |ine cRosediset Bdghaletedtion TiHersararaple ontemptianiginghthardsomedgesvalfae in
each colum is known, as ,th i val array. 15.7. .(Obtaining a

wei ghting matri fx?ﬁ'ﬁe aé‘&é‘??’%ﬁa'%\%ageﬁgt gf@élggg e f'?%es'se points is
known. 8. Wse aTlakasthesapeni@e Valneast sifjuiad iedge edetéorad iisragesd gaatddin trige
obtain a linear equation describing the |line. 9. ermning the width of
the current |in® @feuerapean iaéidltihﬁg’ f‘?ﬁ?ﬁﬁ‘%’h‘@'qnﬁﬁg%e Apsqyte Y_%‘bi)iow&h%ack
to step 6 and CeiLWaNSnd thd 160l 1 BES et lidretfed iMBYEUM array is

predom nately enpty. 1 1 . Using a | east squares technique to find the

poi nt of i ndersdbrésholdbtheledge etegtodrimadgdo|qbias ¥ blasly and whith imagreobf t he

door opening. Two_ vanishi ] r | he Lng. this i . one
for each camera\.éﬁezﬁ Elr Segb§9.7 c@g%]@té‘@n@egb E)rﬁvé%]g}f;é §g@g{rﬁeé@e'%§%%%sggg(e of
the primary cal ipbfratitast asd got iattaeheppd ithe door @dgadinaslansedrodifg ehedabor
doors. Each step will now be described in nore detail. 30 Steps 1, 2 and 3

The initial sted9€iPgS-use know edge of the sill extents (obtained above)

to sypdivide thegdJWBIEMbNIWhidIPHECrEBYsI iIARERS Wiiday GatH Qérficdl Idpfaceheh
sl ope either towards the top or bottomof the inmage. These sub-inages are
shown in Fi gur e fBum tiagsilipeo Hyegblack apg)WHite0ORINO 00/ 47511 PCTf NZ0O/ 00013 20

6. Find the 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




5f. The sub-inmages are subjected to edge detection filtg a éﬁi@?
those used to determne the sill extents) which are adaptie Ilght
edges ori Waxt®d7fldri zontal and at an angl e approxi mati ng 25TGYZ0988135 St ep
4 The sub-images of the door edges are now converted to black and white
(b/w) images by applying a threshol d. ,ghe results of thresholding are
shown in Figures 8a and 8b mhich are the black and white i mages produced

RAUASRIRERNENE T SNICETIER AR IR M

al so appliés routlnes 0 sepa

the sill ddﬂerrnane hey sipex@pR¢avhith dr@iaBaptaddo tHighligAP¢BgesABYersidB! Rorizeatat ed
features (i.e. isolated black plxels% that are clearly not part of a line.

To separa?c"éi %‘u"f” ghle EPRRLIMATINGr B3 8h18%Chni que is used. In the invention

the erosion 15 technique renoves pixels fromthe boundary of an object. It
does this by turning to white any black pixel that is adjacent to a white

pi xel 5 Tﬁﬁ_ghiect is to renove any pixels that are bridging adjacent l'ines .

and to thi el ﬁuﬁ’nmt e d(f)ql;weddjcg)b edﬁﬂgsarﬁ-rhe B ed LD il ure I\fv?wlte p are

t he |nage a an ave ero can e seen
t hat t hi smiagss tblveapefyfneg:ta tbifeshdsiunnTrregreddmOfandeﬁewafgahner@o@m in BiQutdse8hi nes
t hat descri be the door es. To renpve isolated features a filter, which

oper at es 3 %W@%a@e‘é‘ﬁ 2y white imaggg erodusced by threspolding SErimAgEs A of

all the gh&BNEs oh8 ddfesBEdiveuR- seetdigiths 41859 p;telaaflauméset& Reparkfie otent r e
pi xel is set at zero, otherw se the output is tﬁe val ue of the 25 centre

pi xeho Cchsédeenpwcufaﬁe ckisgdpei thiarill MRE@ they swee dpipear td iiistand torpneYe |ine
likely to b h T t
1o <ty SgBE iRAReL N8Ol KBE oAl BraRE WA e W) 68 Blreidrea

filter (i case) is sone rary an e Varied to
excl ude gimal | er or |nclude | arger objects. This technique is illustrated
by Figures 9a and 9b. In Figure 9b the <centre pixel wll be set to zero.
30 I'mages in Figures 8e and 8f are the result after the 9x9 filter that

renoves itgpkgiReke §RaENREs lah A#BSIbh eetrhRubhe LeERded thdTREeAtiSE tRadrditon The
ability of this filter to renove isolated features can nost clearly be
seen’fn ﬂﬁgry@q% removies/pirels (oo Wes beyirryqf 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.




21 PCTI NZ00O/ 00013 Step 5 Aranp is now used to scale the bl acéj av\,hite
image to enable |inear equations . describing the |ines ﬁr‘b(Ald aa 3t he door

edges torﬁﬁ Og;é%%rm' ned. The ranp 5 decreases in value w E’ET)@OB)#@SE o
n s up-1 s. The

di spl ace fthe line of bisection used to create theé s

reason for applying the ranp in this manner is that the door edge lines in
the sub-images closest to the |ine of &isection tend to be horizontal and
span the sub-inage fromvertical edge to vertical edge. Furthernore, in the
sub- i mges of the upper portion of the door edges the edge lines tend to
sl ope upwards 10 and for the | ower portion of the door edge the edge |ines
sl ope dowkBRa®ds. These sloping lines tend to be shorter than the

horizont @l gy Peciid 1 bRcPBhAtwWRIRe ihég: ¥ekhbbialirR80@qlBadnd S I N
cont act \%irtghrﬁ?ﬁingﬁll ‘P%Ej theytthencend oV\rll ei{hge}@the top ledgeqof tnhe

i mage (f desdrivérqupperlinesbpriodeced) by rthpodawnedanse tofbet Hetesmingdragéhg fremn he

| ower_sub-image). 15 An.exanple.of the | ] i on_of. r | S

iI1ust ra?%ﬁeﬁ%%f"d’ﬁf“@ ‘Tfﬁﬁﬁchpzcﬁleds' d?/\%etpne&? %”’é@ﬁé e'r%a%géls% ?ot [Zé%ap%e(r:re & t
portion gfe thsirdegys. amde trogsohOoREppiging ther targninofhis heanndods thét tur dsorll a
and 11 c are stylised inmages of the doo", edges after spgll%/i Hg.th% | edge
det ect i 0rY9§ Yrngsaincide subdmagesiclasestto e fing aF Biseqpl P e RO RCHFOT A anp
sl ope is jj IS eficBaNdddR t® veRfal @bibe.of FurtRsmoR g &% sibe
appl i cat F%% ?f;@\tgﬁg "53%% f% fhg fi Iiﬁer ea/ i nggesé?s shrovvn ion Fi gur essull b
and 11 dimages ¢ft theawpree poetian efithe dope edgemibesedgsdinegferdtarders HBWMardfe of

bi section between the t ' Sy b HYESw affedeld the
first®coPll Or\rl\rﬁ‘ﬁ Wuwrﬁr\f)éjl\pﬁ%'{ gf%%y%ofmpgﬁh%%ghg 352%%%?%1% I eéic{g' sgﬂ%r es
t echni quelopmgPireduead tthebeeshnate ons the Starizbitag lindread ithesbegineat2® pomgvan.  The

col um maxi num val ue arrays in Fiqure 11 and.. 1 fi,n ar. . edge
lines cl Be¥ertica! e¢re V]aﬁé%”b‘?orﬁ?cstg?f'tﬂi’ o sSR! s}hyel%itggg%inﬁng%tsenﬁﬁrd&egmpe 11
are reprggenbathe/fnde (Fhrant Ypgerafublimagesoraiiteinnedge whete sutkiesge (foFttgur e 5d
and 5e are filtered and then nmultiplied by a ranp. 30 Referring back to

Fi gure 8loweresubniags)-in 8g and 8h depict the inmages that result after the
rarrp&s applied to the inages in Be and 8f. As previously described, the

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




ranp scales the images in a |linear fashion. The ranp decreases.fromt top
of the 1 1 AUG 2003 WD 00/ 47511 22 PC: TI NZOO 00013 i mage fdr4t A&GM
that are WO ehgsottom of the |ift doors (i.e. Figure 5e anrdTAizposomns

i ncreases fromthe bottomof the imges for the images of the top of the
lift doors (i.e. Figure 5c and 5d). The,reason for this is that the
performance of the algorithntis enhanced mhen the Iongest and nost wel |
defined lines,, are found fir ? Thus, whi ch i ncreases in val ue
with the {48 foahs Wa@geesoﬁhﬁ%ﬁ%% gh %?nBOtt%m Totet i ORiS fret HA9WE 76 ane &1

i mage di MBS iRPeasBOWrdHaShé tEotiBRXIoTURE Vidlddes dbPRBe ifgges b ehetodbFaRt ign and
t hen decreases in magnitude towards the bottomor top of the sub-inmages.

In this wégersHee| ifiguracrepnd et i ohhﬁpof?QSOOnfOOfthtshé rénlag@tne phrfp(hanse of tps 6
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t hose | are shorter and defi ne The
next siep is to find the equation of each door edge line in the |nages
Thi s art wtht e col um naxi ntarra whi ch defi nes the, edge .
T osest t DG aRe FaBopvie Sioteosn VAR o b Ve Frast dgiensiop Shisy 1

d). Sone @fnstdlf Agh B hbizdnb® iSAbY Min BBIbMURB\BIHRYts hmbRiuelbReSIéietd ne
whose equation is currently being determ ned, have an accuracy to which

can be atlne plubisertizy a*cbtteeat @9Creanesi i dRe@NitudeNtayYadT theoPRItem Grotop; pif the
reason thg,al 'éét hmrg fhe d&é@hhtm BbRh ﬁhﬂt aAdUrkMRNEES stae &1 near
I ng on the con

equation resu t depe ence of the data points.

conf i denctOmstiatts whittt bhe legest! anthmuesx ivalindefinealylines, ded ernqnenemtp shaﬁa‘ em,etsed by

a 25 nunb r_ of fgc ors IThese”fda tors including: 1. Points further away
fromthe ¥ 1°Ih it éerlaé’éise%so\nvtera f ®Ihat is, as the lines defining the
door edge nove fromthe sill to the top of the car they tend to becone
| ess well defined due to a | oss of contrast. As a consequence those 30
poi nts ornteRel48 3k 9c| osest to the sill are gi ven a hi gher weight than

those cl opgstext ebN€ thOAnPhhd RGUEREn of each 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
become less well defined due to a loss of contrast. As a consequence those

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

to the top of the car.




1 1 AU G 2003 WO 00/47511 23 PCT/ NzOQ' 00013 2. The nunber of p0| nts |n t he
col um maxi num array may be | ess than the horizontal ﬁg\
sub-i mag T happens when the |ine does not begin a vertl cal
edge of ?‘f%"qh‘k’gb‘ but begins on a vertical edge (where |tq %Q{?@ Yehed to
the sill) and then finishes on a horizontal edge of the 5 imge. An exanple
of this type of line can be seen in Figdre 11 a where the top |Iline
finishes on the top edge of the image. In this case the maxi mum col um
array woul gdhbendmber? o doidtslinl theWbslugnt reaxinagh Boay rva) WS lesk ethan beause
each of these colums now conpletely contains zeros. These val ues woul d
have the Bpfiggittaloflimensian ﬁ@nﬁﬁesqbi"ﬁ??géstl Thist BarpsnsryEen 18e dine Hoeg Adier

factor whi gl LafbAaCollal Jeies Qliod it ! bgeNGTbegitsPoH Bl Sertigall ddaes
that are broken into a number of sub-lines and therefore do not conpl etely
span the iwhee. itlis atmo@adtw theneih ahdr thenefinishasson @ h@rv@"@*mﬂdlgeb?fe@ﬁs | n
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result is fiRatfinidM@s dFRXhdé 6D @aburm e myagmowlmalsnstc/ase ehe meatimutrhadiuane

contributed fromthe _upj d bvi o E’ly Cirert t he
li near equatiynvedenbat 2 é""éeé% FYYER A A% %Enment s

of the colum, ?F%ﬁé&@o‘?u%ﬂy nggv E&‘?\pl 8 {icOmas Eérgé” Thdfvallids Wakiddesevati ve
and variancé of thée naxi mim col um array 1s conmputed, these sections can
be found byheaeﬁfaddmfrrocdftmggﬂnmlnned@rtlnwaielumwar@md their distance, froma
previously cal cul ated estimte of the line, being larger than the
vari®nce. These portions are renoved fromthe |linear equation estimation
by down-yeighirkiig fabein whlehdeffddie d‘dnm.alanéeaet e \Mér@‘hinlgayrrmpbim'téoist et o

maxi mum array confidence is noi sy data. ener t| g function
that is thshdtparerbsekest inthe ﬂ‘é’F‘P?’aPT wrb Hif‘est ﬁ% theye dgdiﬁtrﬁ? FENVRAP i s

possi bl e N Q%Q%%’w'lgm q&ulf'éa BN fa-rha;e liSes 85 hbE smblil BReMIOBEREGUARKON 'S
S

bei ng sought e snooth, the columm maxi mum array should al so be
snoot h and ezxampkeqefertid yyrenyf bt i€ Rbenyedn Figude ! Pyahergdt 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.




30 are likely to be noise. WO 00/47511 24 1 1 AUG 2003 PC I NZOO 00013 To
overconme the above factors individual weighting arrays a 1c 3\,hi ch
overcone Qasho/fisif he above effects. These individual g} @g}g dogsS are
known as the sill distance weighting array, short I|ne vvelg t| ng array,
broken line weighting array and deri vat| ve weighting array. A total

wei ghting array is found by normalising?% each of these component arrays,
wWith respect to their largest elenent, and then nmultiplying themall

t oget her . T@\pptércamieotheofbovee fadtorst iddi\hmandeighﬂidg drrayance swen@iéd Nghrdhr ays

wil | beillustrated Wit ef erence ure 12. Fi urelea and 1 2b

relate to°& \‘Kgmﬁh‘ﬁcﬁg(’fetg?i F’rﬁ‘feeefg?c’t§h§%f %df"é‘f“all Wﬁ@h 'AS BH@Y 8Bk "YW BES of
lines in fHegwiteditmcuhiveighevd tafral hend@pinel whightihdBee
hand side of the image. This line is called a short Ylne and a wei ghting
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infl u%nceéjacl?ﬁyl_olf'tﬂ@s@%%ﬂﬂp‘éﬂ?ﬁtoartr% p@ltﬂtreﬁﬁec‘f\’{}'ocmeﬁ h?r&egp%le%nttsaplg tHeRP Of

t he i mage he top pl ot Figure 12a s he col U nmaxi mim array 20
for this mbhbomlyihgneerhmivtogéthehe first-pass |inear equation estimate 21 | ai d
over it. The mddle plot in 1 2a is of the derivative of the colum

maxi mum array and the bottomplot of 1 2a is a product of the short |ine

and sill Applicitieon orethghihert life aansib@isseae Whightidd sl Will B4 BlaneRdWRitght
sets the weighting function to zero at the point where the short |ine

exits theefypsnes t‘E’ Hdayraelfe Flodrest e a@ﬂt%@af%‘@? 11 Weishiting asigat® of i euence
on the 2Gkin rkﬁ@rmemgqtphen?ﬁo%l SBifes ,Irﬁgﬁbqtsa%ﬁehsé;ﬁmré hsp%'f'the%é ance

wei ght which forces I near equation estimtor to ace |l ess enphasis
on the daawamﬂiangth@pnqﬂ'idﬁandwd%nf thé heages tThe liienie cmbleésa Bhart Hiee eaWay from

the sill. L1 fBﬁ(t:tsxéanenkﬁ gucedh\%hlc'hl%wsuE gﬁtbg’tnﬁwe lmelqua{erg ef ug(ﬁ:f &R, Olﬂg For

decr eases F'ﬁg PAcreasi ng ear

t he Least;nﬁqmeezsbﬂeherdmmamitonh@fpotd‘neatlwmels tide StcaBgey thewmipghit 8@ ineast.

squares technique is used to determne the e?uatl ons qf {he doar edgg
t

lines in "E'Tf’et‘? g 9t gavre: e SemPegRIMRINMAr AR 3y ontaryhis shert &
squanres akgRrthk h‘ﬂ%ﬂ Sas3NPlebtqlatloh &stifhate 21 laid over it. The middle plot in 12a is

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

Bﬁ)tkgﬁrlmreh@@lgtrnﬁlg“ ght




each colum maxi numarray. At the first application of the, a] gpf, nly
the sill 30 distance and short line weights are used to fi‘r\d*a&{JiGt?zﬁO30

estimate | { ne equation. To determ ne whether the fi - f the
l'i ne equa%%hp/gzsstl, mates is of reasonable accuracy the poi f]¢+/8290§(§0093

intersection of the line estimate and the colum maxinumarray 1 1 AUG 2003
WO 00/ 47511 25 PCT/ NZOQ/ 00013 is determmed. If the two "lines" do not
intersect or the angle between the two lines is greater than sone
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poi nt's i NchRhrCAlaNmuiBdafuMAarsroyendind wéigiet ®ehidoRirewaights 8fBbbintd rethe
down-wei ghting stops. Thus, down-weighting is toggled on and off,
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whi ch shoyg, liﬁee'gﬁgaclne Yeri@hd_ 66 FRCEAMIRS n’(!.xsrhuﬂrﬁgégsh&@s&&@en%%%edu e

that cause data fromlater 15 lines to be includ in the col unmm maxi num

array. Fi guress dBathel 3uddamdcHgeshdwivatiyapddhe malyewn Meximewmredh dndnde

whi ch have, breaks .in various positions, ln Fj 3 b i,s.at the
very thd g'fSt?'}‘fg g?tﬁ‘ée,eni eFP%'BrSe"itngecc?lH@rn emggr(g*{{rﬁoarf)a?'egﬂéhﬁﬁ %ﬁ@atjﬁi %%I e
and one bggak, Mentdievren@ighiting ksl IMehuandowmweiighting id t@ggléden landalf.i s

associated wth the feature left over froma previous line. Figures 1 3b,
1 3d and 1 3f are plots of 20 the colum maxinumarray with first-pass |line

esti mat es ARYELdtRInth i Bls 5i8kdh e EbINLRRNAGE iI1bSFataath ERRrd #3Resth\sebws The
pl ots al so show the derivative of the columm maxinmumarray that is used to

find the Mmeedea of Wathessgiatechwith breaksna thhsurenglng Higt crUsR frtniremalaters
used to renove the : j e 32293k fankinesd LRSw
estimate ﬁ%espgoo%e é?lcq\g‘f%o'hqg %nd]o?engrﬁ Eﬁg@%rﬁtgrrégl u Lﬁ%i?ﬁhﬁ]3grap ay to find
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(rj]fgid?lgt L¥??ﬂ;¥£ee|bb%g'§$att %Ré \C/)gryoefndtor}%hggigek,qg F!giupg1%itggte a’?é’%@%é&?s fnrt?@ 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




line. A second line estimate is then conputed using the cplfu m
array and the conplete set of weights. 30 Referring back‘bt‘loﬁlygﬁggﬂ%z, t he
plots in FYQaw&sm 2b show the total weighting function andCriNO@eNpdNent s
(except the sill distance weight). This total weighting function is 1 1 AUG
2003 WO 00/47511 26 PCT/ NZ0O/ 00013 useddy the linear equation estimator on
|Fts secgzd Ipass to get an irrproved esti mate of the equation of the Iine
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for the cyfeNdquatin® of ediHee 14a shows the ranped i nage of Figure 8h. The
top plot of Figure 14b is the contents of the columm naxi mum array (the

val ue obtai ned by determ ning the maxi mum of each colum of the inmage).
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derived rom | east S outipe tg the data Ln th | ot
of Fi gur e Fiswis TE giipa tRbsrrRee,iAde, 1 Fiovia B he Pt B PR et SR
relating tgnteh® bi RRe AR MEdmaRO\Rrays (ther Jare Bmmeuheyldmgmhmgﬁrgure
l4a. This exposes the data fromwhich the next line estimte can be

conput ed. MBIPAR ohgaFh GakE akthegmMAcglr d Ne4ROEHBRCL ReTiolE THfeiseP1P %
I nterconng ﬁl Al PIXGhS Ilpgr%%gtléﬁﬁs&MEfo?@ftér iPerigRdathe Theiighhewatd gold ne

then the nes are treated as one and lines are then erased. The top
pl ot im FtrgaJe@Jandd that de;scob¢furh13 lmamhn aeWapOﬂpmn@fFFlgwé 421 gnch il deteed

b ! ' |
ottomp PO{T}?%DP \g‘?%‘a%e ast|s 8u?re rguﬁl eotd IR §afintdhg tlj#? %(Fob% EI“Qﬂl tB@Bat a

descri bes e process o I'ng 11 ne
?nd Ier ESI ngc €6 hessmcmas si Mﬁaﬂnbdilefﬂes tisd iatatigty g ﬂrzeedeternmkd aROvd ke
i na igure 141 is the original, bla and white i,na oor
with the e@spefirm g ‘F‘iaﬂ"e”'ég‘ﬁf"r?alg% ?Fﬁ YPEFFS 50%Pﬁ%gf%mg?’@ﬁh fﬁ Rﬁ’(ﬁt\M"%dge

of the vapighiR®aRUeNtorhSutdg efddm@ASingt FighrleOV8a kb &iglos i1k GRoRls thBeifdeere
edges 25 to be tracked as the door closes. The vanishing point renains
st ati onar 9reagte[r¢mmggmg;p|xels between the current line and the neighbouring line then the
lines are treated as one and both lines 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 first
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.

20  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
25 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
30 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.




close and it is therefore possible, with know edge of the position of the
door on the sill, to determne the position of the door ngeAUe@ZOﬁ}Sdoors
close. That is, if the poi nt where the bottom of the door nekes contact
with the 2 PY¥%EUn be determined, then the door edges can "hdMHIPPMY by
drawing a line through this point and the 30 vani shing point. A technique
can be devel oped to detect lines that hAdave been 1incorrectly calculated and
do not appear to pass through the vanishing point. If this were done the

| east squares estimate of the vanishing point would not be skewed by these
lines. 1 1 AU G 2003 WO 00/ 47511 PCT/ NZ00O/ 00013 27 To obtain an estimate of
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5 of int @rresmtsuycum@ﬂatbhehéﬂ d&ahbeqlhl@'féaﬂﬁasdﬁﬁﬂfel chid’ﬂ@dbdite lﬂﬁ)&rlsﬁd@epomt
features, on each side of the door, are found by solvin equatlons of the

form %hoWn'”Fer'isqfitﬁ’ﬂr‘gsthié'ae%l'n‘%ﬂ“aim% deperiping dhe Q&Wa‘?qgﬁrfga résg ANHECAGIez ont al

POSi ti 0Ny Ofhd B8orY 3P 38N b{?@ommg ¥qliStibrie of YRS tbiGRlshBRR ihiFgLred 158€and
vani shing point, ai are the slopes of the equations, bi are the intercepts

of the etbat |Irmmlsesea¢m1anons ¥ e theuhbezondsl eepiten ohthe yapistringpeing Yia thef or
each of {dcHRnRA0S: He"FRidith bBRLSH 0 B!kl &t AR ABAD b b 13t OF &

in non volat] % nmenory use bove description discusses
an automateedepmlolfbmaqu:ohechmﬂ quetlvuhnudmbeasf deddtines. t he si II door edges,
and vani shing point by using an automatic sel ecti on process. These features
coul i be manual |y selected at installation by using, for exanple, a

conput er oREHEIDHSR @ lABYITRAE ddddtedgs linkkedrldascakHiy béintyirt &sbined it gystem
20 Also, it may al so be possible to assist the automatic calibration

t echni qu%c’tf’y?' iningei vedetilapmentaryital 1akeln¢hPar ks on i nportant features on the
sill and door edges. For exanple tape or stickers could be used to mark
the centre of the door opening or to enphasise features, such as the
tracks iWhikitbh abveeddescrigtivdediscussesrarn aitdématedatadibgatiophtechntdee wibich neet s
the el ev(?tﬂ%lés t?ugrsslﬂ, door edges, and vanishing point by using an automatic selection
process. These features could be manually selected at installation by using, for
example, a computer and mouse arrangement that is interfaced to the detection

system.

20 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.

25
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

30 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.




25 The primary detection algorithmis divided into two sgp ons.
The first section is an autonmatic calibration algorithm i m%mw to

det erm neybh@spegition, in the image, of the door edges q;&df,ﬁiygmg lgl as
descri bed above. It is anticipated that this algorithmw Il run t he
unit is first installed and will provide a nunber of 30 paraneters that
describe the |ift door and canera geo y. The second section is an
operational algorithmthat detects the presence of objects on the door
edges andhissPlimanheperetienalgigositiames deosibrg belbowl. AUG 2003 WD 00/ 47511 28
This Primary operational algorithmis described bel ow, PCT/ NZ0O/ 00013
Primary Operational Al gorithm The primary operational al gorithm consists of
the foll Bvﬁrrmvﬂ@&mfﬁlwmoﬁmhrh be 5 described in det ail later. 10 15 1 -

Ootalnanew&real tinme) of t he door opening 2 - Detect the
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sub- i greggss M eNinCcbiRiater, Predonmi nately the sill. Use know edge of the

runni ng cl earance and rail positions to extract sub- images of these
features. Determ ne the door position by determ ning the position at which

there is 1@ Oéﬁwgg]eég ag,ﬁmjng) lh'pcqug%§ltkgdlogr 5he hori zontal direction. That

is, the runn| n racks are HmE al ways dark features and
the int eﬂsmq'teof thd pestor eathermsorshanges at points where they intersect
with the doors. A Use a vertic qe detection filter on the sill to obtain

confirmation &f VA® kKOsredassPti i f1 STk PRSIHeN rtagextragt subypagss WECESNS Sil | ;
20 Ug ng a vertig,@ldogg,%egqh@gm[on filter determ ne whether there are any

e Use knowiedge of the 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.
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1 Firstly an operational inmage of the elevator door, sill and | obby is
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their position in the inages remains constant. Thus it is a relatively
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sill, et @effofhébe dmareyythebBlE FFB%‘fedaﬁH”'f%éh%log@%tt@P ehithg |lifhdetegtionc o

be cl ear Ly sgen LR ABK | A0tRke ISRARBES whil sl Iebn afferhiSe 4 QRFink " AKS

(the grove'in the whi ch the door guides run in) remain in the sane
posi ti on calitrhBomptagatdeserited ahonges. It is therefore possible to extract
sub-inmages of these features, fromthe sill 15 image, by using the

know edge of the position of these features, which was gained during the
cal i bratiggemgmpage. As the el evator doors close the sub- inages of the
runni ng clearance and door tracks, K are characterised n_intensity

changts néarwithaihe sthigelf 1ihe yverica)pasitign éh‘?(ﬁ“'}ﬁ'%f:';?a%ﬁ ﬂ’%dg‘?foo‘fv "“How

obscuri ngpiheaeqdaiieserhvegh Liﬁ@%and%obw BPS dnd HBANEIR torSERFIdos -Tif eam dark to
light as 1s showmn in the stylised @fges in Figure 16. As the doors close

t he posi tpbnr/)z)fset‘-‘hl\fd'anr‘?é/ﬁ@ﬂ taf/”@h%ﬁfg desdh r?ﬁQé@e dAer Hacks Eomeeryigeicis t

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.




is possible to track the position of the bottom of the d?qﬁgﬁzqgge 16
nunber 31 represents the running clearance when the doors’ar ulr'l’y open

and 32 repregrilss the 25 running cl earance when t he door spar/sz@avizal |y
closed. An alternative nethod of finding the door position uses the
principle that the horizontal lines igythe image are shortened as the
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val ues to absbdthe.values. 1 1 AU G 2003 WO 00/47511 30 PCT/ NZ0O/ 00013 3.
Summ ng the columms of the above inage to produce the horizontal edge

hi st ogr amt. ZilteFing ttleg inmagetwigh B vegticahvedde dereetion Eiter edge detection filter 5.
Converti e ed et ect i e_values to_absolute values. 5 6. Summ ng
the colu ‘skgpv?rﬁ'ggég%sg el%&%‘étg?gm% o4tice® E%Eg%‘i?{% \(/:ag esédge hi stogram 7.
The eser gy, iSaninfiag \ted toicmhs anchdaidvaombae te Geed Jtiesthegreatical ie8gé higtogram.
equal ised. 8. The two energy equalised histograns-are then added together

to produck dhgieRgi®y NEhsyYEFdANdgeriptaledde Ngtagramails gy edieb¥tdneen t he

known doag, eme@mr@weempéq@hmsmg%n&og#etﬂh@nsaad%dfteggmeaso bidicP08hgles the

new door position. The door-closed position (i.e. usually the centre of the

lift) is f obistodsgmappl yi ng the above algorithmwhen the doors are closed.
To obtai r§.t kfge g%%l%alin qﬁ%' I{r%ogﬁqn aoe%‘é)gn @kaf‘?&%ﬁahwﬁ o%fent Qr?d do%%lf'-cfdsgaed
abo itted t pea 1

position da par als o the maxi ma and the points on

ei t hao si depeoéitibheisgfeakd aharieptdvalepabk nevwddargsppr. oach the background
| evel . The advantage of this technique over the first technique is that it

is nore robust with respect to noise and any novenent in inmage features as

the door stHd 9§&-ciddta gRaRAN.0usWlly tthé TehGetdtainet ife) BUIBIME i Na@IEhaGas out
any noi se and reinforces the change in wdth of all the horizontal

f eat ur es aNPVeRGosIthim vehenithe da8Ey arg|cipsed. ThokigHt FfsplopRlgmpximg and a good

approximation of the door closed position a parabola is fitted to the peak maxima and
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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Thy
this tech he al gorithmthen needs to detect objects on
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h t al f
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hori zontal and vertical edge detection filters to the sill sub-inmage it is
possi bl e ¢ HHfhasi se any objects placed on the sill. Detection is then
possi bl e by

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

~
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to detect the object. An extension of the alternative method for

determ ning the positions of the doors, which was described above with
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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




20 filter designed to enphasise substantially diagonal lines in the imge.

For exanple a 45 edge detected inmage for the | eft-hand dgo P‘%gw ndi ng
in the elevator |ooking outwards) and 135 edge detecte %

hand doorVO/47/Inew hi stogramis cal cul ated fromthe pro8GENZVMKL angl ed
edge histogram and the vertical edge histogram divided by the horizontal
edge histogram 25 12. The peaks in thizd histogram are tracked as the doors
close. If the protection area is clear these peaks belong to the door

POSI ti 0Nyl fo ANG O E G oPPRER StHRNsiR  Rls, 4E p3bd lin Qhe 4RBHUAIILINL LGS

S
addi ti onal peaks appear 1n th th%l stogram in |5)OS| tions not corresponding
to the dédstogemks jndicates e dgot hesnpmreséﬂdbm @h czbwcob':] pleted 36rofhitke tschni que
i ndi cates, t he éioor ositiop.,as the i agonal det ection
05 3 o

ot s ooy e RO Ybicdl siStpeiefy, YT LM L onePR PRk afieetiEn 4 he

left (or posgliins 6 te eligddhet k@eejebt tIReth@0oedseP®si Histograml Beodiet idopedinedge
detection also provides a peak aligned with the door position due to the

edge ¥ hatmylgigle pepkanhaerae Oh&Vhigh UG/%’PBtPlthSS’bfclaW@?éb%tQD@'ﬂW 00013
bottom of the doors neet the sill. Thus, the peak in the product of the two
hi stograns indicates the door position. Wien an object is placed across the
sill or Theohisedgas drhduazas dividdd by Sieolyorinentah bistagoarh ais ribisdiagridencwwmpeaks

i ndi cating the osi tions t he sof the bj, e | n .t hi

hi st ogr aﬁgdf’lﬁ"cﬁﬁc ifzﬂ?%am#fg I%Verlrﬂrl’teiﬁg STRAER., angogr?greo V\'ﬁﬁhca%sgrtg]g ? o the
obj ect amﬂmesaa&gw@nd Devieh @e 3OS berilﬁt&h%O@haxﬁntm’ odagd of stheli sifi Gtedtdmys t he
hori zontal histogramas this has been_ shown to |ower the background | evel

in the hihgriggpahfean@sttiey ¥isg fé@fﬁﬁ%%?@@ef%teﬁ%‘é?{jsm SOFReVBhckgr ound | evel
tends to be quite high when the image of the sill contains 10 horizontal
features that arise fromthe sill being textured in sone way. The inages in
Fi gure 18m|>enmng¢-°r an Fitwe 18 edemensseptamevofthe Hestoaiemsust dbgevaripes eeded
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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:




t he door position. 20 Figure 19 denonstrates, using a nuntﬁﬁ %‘fpgm of
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detecting obj®elLr AGEALET BhTEH°hEY9%Y for med or confirmed using: 1 1 AU G
2003 WO 00/ 47511 34 PCT/ NZOO 00013 (a) a nethod based on searching for
breaks in the lines that describe the door edges, - sill/running-clearance
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det er m ni pugitidreprdeied ysthe ia@oeritire  Spatist the diftanhbe frodotine epdmereg left-hand
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approximately equal to the estimated ri %ht 10 hand door position to the
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di rect i 0N, 8figk ¥ AIma@HoEHE BB SosPiordipahe $R&EHaRUI d be used to provide
confirmation of the door position in the next frame. The above edge i magi ng

technique allows for the determi nation of objects on the 15 door edges and
sill . whi Cﬂwefmagcmef 13,'3 gtirlhggsbg Qﬁcﬁnﬁ%eciﬂﬂﬁlb{gord f etgymnla%okhbfsopjreg'}@ [ggstgghe
I’EC]UII’Ed sarety reature t he or obstruction detection, | WwWou e
15  door edges and sill which might be struck by the closing doors. While this 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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, cribed in'the earlier part o _
speci fi cabhaind Sihehearddrespaating aieasraireitbaresite o gt dow. uR¥plhayew kearimgas

that were placed 1 00mm apart.. Wth the earlier. canmer rr e e two
i mges préaﬁéédwr‘t?%gﬁ OKRM%WWQF‘?'W&”@& 'arﬁ)&aﬁfg Q?L}?eeatrrg‘gi éﬁgfﬁ"fﬂ’? to
note is thRbritkR HadBBRsmiRed e kLo 3R tNGoc? 2igshiand sillithase arezmaswobidt he

door, whereas the inmages in Figures 5a and 5b show correspondi Prﬂ]&vi(g\gs of
ei ther si He rosskedeowdcnd, ontnisyb#a39¢F0° oS rSeRG 3N OPHEUSHPRI ZENTHITRSRCDE t he

fol'l oyt ng; d{:rﬁﬁl’%sﬁi ) c?o%sid?re%': afhdse S uBNREgdGorRRboRY & tHRNuppr GRitlehen fhas
det er m ne e 1ocation of the door edges and sill, these areas would be
masked outmadud irffigurssRlanmged2mbr theetopatamh@dad yop kst plithd msPeemee MidfSer ed

> 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.




15 in Figure 4) are considered. These sub-inmages correspond t h per
m;cddl e of the inmages in Figures 22a and 22b or the top r1 dhu&iﬁbdfgg | ef t
of the re J images in Figures 5a and 5b. Once the i i i gures
22a and Z%lgﬁg(gy\éﬁbeen obtained the shift between the 20 bﬁf@?‘éﬁ%&? gf t he
two images is cal culated and used to align the background of one scene with
the other. The anpunt of alignment of e backgrounds woul d preferably be
m nim sed by ensuring that the optics of the systemare as precisely

al i gned aGrossessielakien duristagtidtivel rechaiqué agbiohds ghngrally mosrei nopast aat Fasiar i n
the alignnent of the backgrounds could then be conpensated for by a .
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of cross-correlation or mninmmenergy. The mnimum energy techni que

i nvol ves am$fefmfig' the image (in two dinensions) by a pixel at a tine (in
an ordered manner in each direction). The resulting two inmges are
subtracted and then all of the pixel values sunmed in the difference i nmage.
The 30 r eQoumpéde shnédilation af itge Hakkgronnddwsnbedn dowutr & dleyimpgattivah dubato

which results in the mninmumsu tion value. That is_- when t.he
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1 1 AU G F488, RTEMERD/ A08tdatedomsades hehainkan digomion| abiatibh Cial theeiphayeque
which is generally nore robust and faster than technjgues based on m ni num
energy. FRIPDRST theFampme @A tthe MAsERMNINSIghRingpelcasad Hgmstsevhditereten

f ound, wh Y relation is effected via fast Fourier transforns. 5
Corrpld1eot ee\%ar&%gfﬁgﬁﬁgn of the background has been found to be inpracti cal
due to inaccuracies in determning the shift due to parallax, inconplete

cancel l atfon due.to  noise, the effects af pixel i - |l.i_near
distortio l:'e re(SrtOéﬂtbor?UlC%A E Hén}aﬂ%gaggn%%%tngﬁg? t he ugdtaggreé‘srga gﬁcs?bpﬂgﬁedlsk eorqences
in lightiteg Dlagesnsemal sHeottrbetivevio thd badk@ndundlOnd and aggnipadendisthe uealixr or
i ntroduced by image alignnent effects woul d depend on_both the size of
that “the object prodlices. To minimise this error, a section of the images containing
15 no or minimal parallax and maximum background, can be used to calculate the shift

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




t he 3-di nensional object relative to the background and t
the parallax that the object produces. To mninmse this r1xﬁ@ﬁb§3| on

of the i s containing 15 no or mnimal parallax and maxi nrum background,
can be us@g"’é’d @&l cul ate the shift necessary to align t hePOHEYA8UAds of
the i mages. The mat hematical techniques that are used to conpute the shift
bet ween the backgrounds of the inmages 3assune that the images are infinite.
Real images are 20 finite and as a result, these techniques tend to

under est | gakg fgesbiddy dheseq ﬁ’\fef%g?(gr&ﬁl@s% bty PETRYRL BOUTR, e FC1 g

the image to zer It perlneter re usin emat | cal techni que
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function h as t di_pensi si.ne f nctiqn s, zero val ued
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25 shi ft&hbﬁmets‘hiffb?wﬂprﬁd’t@\hbw gairésponrtad anidtddee ndibbebepireisi mages have
only a relatively small contribution from background that is not

conpl étely cancel l ed. Additional sources of error come from noise. However
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error in background shifting is pixelation” of enents of the picture.
Real i mageselarag, arbyntehsiyr valae thet, isdes caverageapf tntsestrrrdmdmawelsvan@is adnt hey
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exactly offfeeanedl tHihegaatkgrounds conpletely. This is due to the fact that
the edges of objects within an inage will not always |lie precisely on a
pi xel'® boundary. The edge of an object will generally overlap the pixel

boundary @ngs dh@% &he T%@ram:éﬁ SaMiel Ian@iy aéam& bqnscrc@&.te@wdangpmanhb Hpeiger

nunber of pixels. IS error can | argely overcone by blurring or
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regard. system, in order to obtain two images Wthh are unaffected by differences in lughtmg

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




10 Errors due to inmage rotation can be |largely reduced by qcpﬂf@eZ@ﬂS
aligning the optics during manufacture. Illumnation errors can be

m ni m sedwayosigispig a systemthat inplenments a single caneparspgh/dyence the
sanme exposure and aperture control system in order to obtain two inmages

whi ch are unaffected by differences in h'ghting 15 intensity. Parall ax
effects can then be obtained using a sifigle canmera in conjunction wth a
mrror/lens systemto obtain spatially separate views whereby the resulting
i mages ar @3gt Us e@raiatabls effsgsapldeatiss poddudieg | thagsianjfickntlyc enakk t hitense

S ngle CARRLAndiod B 9L pOSRESIALLANA LD paROe be split onto separate

hal ves of I magi ng Ice. SWic nmeans nay be used to select the
required i mage which 20 is then focussed on the canera. This was di scussed

earlier. Once the shift between the backgrounds of the two initially
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in respect to each other there is no 25 need to recal cul ate the background

shift forFigath 28der dhiohas elameies ofrihe doguand i dréssPadleseriaed qagkerl 1ng t he
backgr oun P ft d. (" | br.at i e
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di fferenciee n3kedwge. This is shown in Figure 22c. As can be seen, the
background and lift sill contribution to the image is substantially

cancel l ed while the obstruction (in the present case a |adder) is

enphag sethe TRe M aRERNIGIE RRINehapoupd fteta phRRuRAS Wstfiunth detbcihy Gedfi@3 WO
00/ 47511 38 PCT/ Nz0O/ 00013 imge is preferably threshol ded thus producing

t he si gni BioxiREIey oY eeMBlivhIE elpvPesditats H5cafsetIvethfareidntar’ a8 AHefkn in
Fi gure 22d. ddeal ke hLAGugk fiRI@NEEINRIGYe! hof QbR ThePblyY aQUlIdgNGRoef the
three dinensional 5 objects. However, in practise, the resulting

par al | ax- inghbiegaricediepnigetificatas ofibeabstnudticqure 22d. This has el enments of
the door and sill in it. As described earlier the Ilocation of these is
known formthe calibration stage and as a consequence they can be masked
out. 15 Figure 23 illustrates the result of placing a variety of sample obstructions immediately

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.




| 10 The present techni que has been found to be particularly useful in

| detecting people proximate to or entering an el evator. Thi\s] |AU®Q@@§9 as

t he hei ght of an object increases, the parallax effect becones nore

~ noticeabl vOR¥FEBY al |l owi ng nore accurate and clear identBGHRALUEM30f t he
obstruction. 15 Figure 23 illustrates the result of placing a variety of
sanpl e obstructions imediately outsidggan elevator door. Figures 23a,
23d, 23g, 23] and 23millustrate a box; box on a rug; a cane; a soft toy
(representing an animal); and the |leg of an approaching wuser. The
correspondi ng difference i mage (Figures 23b, 23e, 23h, 23k and 23n) are
shown al opguvé 23 Biubseeeaht lapilith e Sitetidg dedtinfdues ddismussedigre slefdHi eartier) 28c,
23f, 23i, 20 231 and 230), As.can be seen, the exi sthgnce of a patterned rug
can hanpefeddce Rixslaton agiptacty {97 drenbreabs Pk JPegaTdo %ﬁa?W”éQﬁPWt%e'
si gni fi capfy Rackar ounf and PR (WREREBRIpEIAOWRR FRyUPeORBS, | TANNY2 80 hanseset he
machi ne detectabl e position of the obstruction. 25 Thus a machi ne

recogrii satiias fiierind agduses ethe leyelppbdhe depokprenndrappaiiatioet eaants Wishasy
within or_placed in ' [ 1 [ . 3b and
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edges. This is due to the fact that the .c ras ar i splace ofr i tally
at the topndhedeer pilrare 38+ ﬁ%@?"&ngﬁ%stdﬁﬁ‘F%ﬂg?'ée%&asﬁgensteaﬁeaﬁég%lpf'ghéggf ects
will be md rdazRdrouhBean@r skl A¥t RiOBUCRIL by tHe pardighteffandcaloed eggeni s
also clearly visible and it can be seen that the size of the parallax

decr edsesobgiuatiasnt ual | y vani shes as the door edge approaches the sill or
floor area. 1 1 AU G 2003 WD 00/ 47511 PCT/ Nz0O/ 00013 39 Figure 24
illustrates the ability of filtering techniques (discussed in detail
earlier) hdasresgndeupd edtahe oaratiax ebsteuatiohaletdodienteadbiauedRsrabsdhesdjesd!seo

th h in Fi 23.__ Fi 4. .24 d, 24i i h
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features belong to . .
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




t he background and are not attributable to the parallax effect c d by an
10 obstruction. It has been found that the parall ax obst} dctﬁ[c}ﬁ ﬁéégcti on

techni queygqgmkdped can also be used to detect a hand or ruction
on the door edge. In trials, the parallax produced by a Hﬁ‘ﬂ%’%@{?ﬂ% edge

of the door was clearly nmachine detectable. Cearly is if this technique
was to be inplenented in a practical f‘dtprm it would be necessary to be
able to distinguish the parallax produced by the door edge itself fromthat
pr oduced peygliehevipcesende ddtected dvathersysteme mivers theucsriaws. caher apragarnetess y

descri be echnique for_ identifyi.ng the door edges.in an. inmage cquld be
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door edges in _a situation where no obstructions exist. Such reference
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the reference i mage could be subtracted fromthe newy obtained 'operative'
25 i magegebfety. obstruction is present, it will then be visible in the
difference image otherwi se the difference i mage should be zero. An exanple
of such a subtractive process is shown in Figures 25d to 25f. The

r ef er enc @hiera@os-r&hicasd t&heique |Has Heeatdese@padne allistv agtontnicsddte@isronf and
the i mage 25a and 25d res are . 'operat The subtracted

Pectivel , jve' images.
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in the edge, edcHtRied00hashiBHhdGeiBRS ke iAgingl Bve bédIe RS aNvdriveatl bon has
been found to be capable of machine-detecting parallax for a reasonably
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gi ven the various canera paraneters such as maxi nmum canera separation and
hei ght) . tdéhnliduesdesaeibed éarbgypemush inae robustvendl rédlidide dorf thiecariticat oneet But
objects that are |located | ess than 200mm e the floot} and o(;)é'gect's t hat
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Thus the present invention provides 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




The above-nentioned techni que has been devel oped to all ow automatic
detection of the sill in door edges. In terns of the req|u‘| rAU@Q@Ug t he
primary gbstruction zone, 10 both techni ques - parall ax %Qg‘rzference

i magi ng WY 4N found to work wel | at pr oduci ng nmachi ne FRERO P abi e
features that corresponded directly to an obstruction being placed in the
door obstruction detection zone. Howevwédr, the edge detection technique
described earlier is much nore robust and reliable for the critical zone.
The gensalicesd RAESd aphRCRBhSUSLdMASsDaeskel Aivdd iRendiait nfdehiehy,
effective at detectln? lg objects in the secondary obstruction zone. Thus
t he preserecessmeatiol satgly eofideslifar a, significantly inproved obstruction
detection system which can reliably detect objects in both the door edge
and wi der protection zones. Changes in inmaging paraneters will only

i mprove Whiege thethe dbiegning teastistiath, r@fergrerethasubeem yafiono tsheciparcaimparents

techni que.  The syﬁtﬁnLcan further reliablé regpve he n%jorL%¥ %f t he
backgr outfd FEH PheNE RS 8RN ANPUY RBYIVAIEEER PR e R T 183" ¢
has been,d gnAcdrherhtddcdrds irdfividldngrse@bsrd uct i ons placed at the door edges
can be reliably detected - this being done by separating the inage into a
primary obstruction zone and a secondary obstruction zone. Nunerous
variatio i fi i i | - il i rt.
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devi ces.pdusittdhesmbddimamtyg bieerpoksitblis t® beduodersttednuhbermodificitinnge or

col l ection devices to one means of optical. systenms such as t
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requi renmgéstiocdf providing two spatially separate view ng points. 30

Al t hough the present invention has been described in the context of

el evator doors, it 1is possible that, with suitable nodification, the

i nvention may be applicable to other WO 00/47511 41 1 1 AU G 2003

PCT/ Nz0O/ 00013 obstruction detection applications such as those involved in
heavy machinery, process control, safety and the Iike. Were in the
foregoi ng description, reference has been made to specific conponents 5 or
i ntegers of the invention having known equival ents, then such equival ents
are




herein incorporated as if individually set forth. At houqh tgmrmi on
has been descri bed by way of exanple and with reference to1 i

enbodi ne hgreof, it is to be understood that nodificat] r 10
i npr overrg\t/n galrrrlé)l/{ebe made thereto w thout departing fromttflngkfz&&go%? spirit

of the invention. 1 1 AUG 2003 WD 00/47511 42 CLAI M5 PCTMZOO/ 00013 1. A
met hod of detecting objects in an area?2the nethod including obtaining one
or nore inmages of the area, using an edge detection technique in such a way
5 as to aLgsght substantially domi nant |inear features in the image(s),
and determning if any domnant |inear features intersect |inear features
defining the area. 2. A nethod of detecting objects in an area as cl ai ned

in claiml whergiethdd18f dbfecingdbjcztdth 8RIaPEd, tHEHRGHL@ThoRRIMYy ofltBRirRf 6/ Pei ng
separated into at | east two zones; a primary zone, being the vol une

descri bed by ar duwe imaded ofdbe agda lusingggidedges detontien yechoidee imbiaha vagy
inclyde the v : - h;. whi ers using_t he door
woul d” pass. 1%‘ gtrge R&ﬁ%@ﬁgfh tgg tag{e)'? |WeyctdirbBl{gﬁﬁ)am(’gj 'é')({:%ggcflgﬂﬁé% ar gge é@a%%all'naen in

cl ai m 2 wher edaterpiiningriy angndorinatthénaiodieésreaidesiett liedar deatatee vadfmingand
secondary zone is the | anding/lobby where passengers may wait for the

el evator. 4. H$BtFod of detecting objects in an area as claimed in any one
of claims 1 to 20 3 wherein there are at | east two i mages and the net hod
includes a further step of detecting parallax in the two or nore inages,

t he parall ax Bemeghopoddleteetingyobipets gp exented af claimesbjreeleim A wherelly 822 nore
specjfically in._the C n 2 . t o ti j.ects in
an a4r0ea defi né%ab{% E ?%ﬁ%qg%ﬁ%f&sﬁqe,' 5ggia&& %‘%Eo%plg%éﬁgﬁ%g& E%Sggb\godge
detecti on techmeuesprimasyuchna wayg s asiutre ddscghdéd ghta ddve adbstaot sill | y
dom nant |inear feature det er m nj ngdiof)r any

; : ) :
domi nant | i neﬁ?df%a?et?roé’éar:yztzga%';g\fwﬁ ﬁéaa‘}r q?‘ggcﬁelsjzﬂé% Fllime “bevona "the

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




defining said door and/or sill. 30 6. A nmethod of detecti ng Ob] ects in an
area as clained in claim5 wherein the nethod includes E st age
of characterising one or nore inmages to establish the presence of any

char act erWQPd73llnear features in the area, said 1 1 AU GPSOHOZOURYOD/ 47511
1' CT/ Nz00O/ 00013 43 characteristic |linear features are lines defining the
door edges and/or sill and the |ocatiom®f said features is stored for
future reference. 7. A nethod of detecting objects in an area as clainmed in

claim5 whereif th 0|nclude anoertlo aI st age ich
anal yses one of a &en?ﬁﬁ&@a?ﬁgﬂgi l’lel hS es mmrgese OOT e S ?ng%r s‘;’l\{nand
unchar act eri stthe lbeatdﬂ@fsSaumfdaInﬂewd $toEed &alfdturamélarﬁ@ct erl stic features
representing potential object and/or obstructions in the area. 10 8. A

nmet hod of detecting objects in an area as clained in clainms 6 or 7 wherein

the prelizm nary AEAQRE bNEAHERSy 8bjebRARL ad %é&@%nméﬁ il E1gin 3t GRe@in the
detecting the Ilocation and dinensions of a door sill and a second step of

det ecfi ng t he methwal 2lon inshifledianearsi ativnabstagp evhigh mﬁh@ea@op Oedfg@(%sf)ﬁaQQS 9. A
rothod of det SolLagy ol 8615 eldh8 AL AR FLALIRE d0,BLo% B IIBLE i he 20

25 30 first step1nc Udes: P s ng s tanti orrzonta

subst anti al | y wesharaaériidgieatdted eexiresmwtifngl ;baesnalmblfacghlnugalntoﬂshacdm rant
verti cal and/oL horizontal [lines in the part of the image where the sill
is known to bé ®&bptoxi mately located; sunming the intensity val ues al ong
each row of pixels in the imge(s) produced using the vertical and/or
hori zontal edge detection filters thus producing a vertical and/or

hori 2&nt 8 f untethod if tdetepsigio rRPIGHS oA #Ted AR CeBradei8pimEns iy ot § wherein

posi tion of hqmaffqgﬁrﬁinard L1168 n G W88 ANH PLel e T FikRlstdp Me@dtel &R WS,

said linear feat
location and dimensions of a door sill and a second step of detecting the

location 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);




defining the spatial location of the door sill in terns of horizontal and
vertical features in the image. 10. A nethod of detecting o] AUS Qﬂ[]an
area as chabomdsin claim8 or claim9 wherein the second stemzomedouses

usi ng knowl edge of the spatial |ocation of the sill and know edge of t he
physi cal rel ationship between the sill 4gnd t he door edge(s) to obtain a
sub-i mage or sub-images of the door(s); 1 1 AU G 2003 WD 00/ 47511

PCT/ Nz0O/ 00013 44 5 sub ecting the sub-inmage(s) to edge detection filters
adapted to hi ghl i gFHPI®dEEs T | ¥RiBgoels) a‘r?gleéigev\HF’Eﬂ‘f“PPef‘Héfﬁ/ve%’@p%?ﬂTetoknom

bounds; mani pul at i ngighfishtSkthyek RS aioar@ré;dwcm@ Bé{WeddTRIRHS knoline

binary image(s) consisting of one of nore linear features corresponding to
the door edges; andowdsiving equatl ons for the linear features in the

bi nary image(s). 11. A h 0 d jects |n an_ar clal med in
cl aim 10 wherein theanTnPﬁ(mg%e ou(r:fl"]%dasq Ll)qgspug ant i a ﬂr\{/' ?flé’aﬁ%e Ad>"Y
substanti al 'y hori ziemnigels)edgsistinglé. onk ofetnload linfar dedtecdsi mr@tmoedtr@ tonthan
area as clained in cI aim10 or, 11 wherein prior to deriving equations for

the linear featuresd®¥ §9985HAary i mage(s) the second step may al so

include: 15 mani pul @dvigy LORLBANRI ¥hd RO 1BMures iATRe biHaeY iBgayly. ch
increases in magnitude 1n the vertical direction; further manipulating the

images to clearly identify any dom nant |inear features in the bi nary

i mge(s),,{he n I i j: 1t e an
subst anti af Ty }ISTZ}B ‘@?é? &;é;%&l}ﬁg ?dc‘?@ @Q@Ia%%érﬂ'gs gg"f‘%r%ai %rln %dgtgeﬁ% nﬁ%g a Y
secoma filter krovidmeobndsasry subageiay vtamdcahamld anystasisdiytrantzoatdl pdgenear
features in the inmage(s). 13. A nethod of detecting objects in an area as
clainmed in any one of clainms 10

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




to 12 wherein the equations of the linear features are obtgihﬂe&@ ?w ting
i )

the 25 line(s) by neans of a | east squares, or simlar, te her e
is nore t y dom nant linear feature in the imge(s), once the
equation for any one linear feature has been determ ned, PHENZPY/GIRLY

feature is renoved fromthe inmage and the next dom nant |inear feature
equated. 30 14. A nmethod of detecting d@jects in an area as clainmed in any
one of clainms 10 to 13 wherein a total weighting nmeans is used to

mani pul at e an egtiativat &rohat tifr egdaké Othd etaBacdighti f?ﬁed‘n%aiaélﬁ'\@fo&ﬁ&r by
i nproving the confidence of the | 1 AUG 20U3 V\D%O/4 511 PCT/ Nz00O/ 00013 45

5 10 15 20 25 BOMeRisiRg; 8if f Apcessaty MHiisling. eaneweremnotenef:t ot al  wei ght i ng
nmeans bei ng found by ¢ § S if: i.plyi ne_or
Tore of - A first vel oh nauard @lenthdrbin Re R UL bl kbt SRBer
| i near feature arefedtirenrs dmermiobdnyesgesint the diziviaviat iand dindna &t e of
poi nt of the feat g{@ v¥hitch are outside, ,a gi.ven par anet er reﬁpr.esgﬁr‘]ti ng
breaks in the feat 02 EAES WIS & YHTPRS HKEENE TRENFFERETRIRRANHEY Greaks

el imnating said poinnthg fé4tom thefies dghtig AREAOHodrSReRIM nYaIr Biifdingeans,
wherein points in a linear feature further away fromthe inage capture
source are given a FAYREPSESHRPE AITAEA aNE@ Nts in the same feature which

are closer to the igaggokaRkidhEng SRMHSE; OLoi | L0k W ' BRGNS,
wherein the third weighting irdrj'earrwlgs I'S r%he\/\/ﬁ%?g@eéggtgoy tahhe%%"e??{’/ﬂgp?\iue of the

feature; and/or a fauat fromeihghimiane captang sowlserase givamadighiee avaighsmanthiaoh do

r}p‘t Sgan - any sub-i &ﬁ% ifnr 0 \slgrlv’wgl ﬁa%{urgd\%%ictho ayeercﬁés%?ltoeggee ir%lége V\é%lp lprteed'

| 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.




15. A method of detecting objects in an area as clained ip an i ng
claim wherein the edge detection may be effected by mean£ ﬁf;&ugﬁbﬁg

di fferenwa@ows7si1 and the |ike. 16. A nethod of detecting dujTecdososons an area
as claimed in any preceding claim wherein said edge detection is ainmed at
hi ghli ghting domi nant lines orientatedsgsubstantially horizontal, vertical
and substantially diagonal, nore particularly the diagonal |ines are at
substantially 45 and 135, in the inmage(s). 17. A nethod of detecting
objects in an area as clainmed in claim7 wherein the operational stage

i ncl udesig he At@BHoAfof GRBEHRG B[R iPbn W Lad eRImEH I cRRETEE WARRIN tHERgeS
of the area; detecting the position of a door or doors in the inmage(s);

det ecti ng t hepgridwend ethgf dewjsetst gbianeadnhby sdesectig thee irtemg)ey( shangeeipr teent i ng

il d det ' t.he. f ' ' : f.the i
epresenti ng TG bn asBhe] AR o B G e u b e BT e
A netshod of deleespiatingloobji@tbs thendasr (grieahasnagedd)med in claim 17 wherein the.

position of the doors is obtained by detecting the intensity change in the
substantially horizontal features of the sill where the intensity changes

define pgtheaspatiodl of @GRLEHM oBfectd®r §0QFdSds LRIMERIH BRIR(19) whdRin Heet hod
of detecting objects in an area as clainmed in claim 17 wherein the

presence of objeserce ¢hobipetsdpahe grea pethenigee repeeting thg silhie dgtarmined

det erm ned I i Qg ng i y Ity . ed det b

filter to hi g% iaatéhlteg%ghf)'lrﬁ d?)mS L?lbast?gﬁgn\?e\tg%r?égl e%{ggea{dh?eggoﬁngﬁe&i ﬁ%&g&ﬂv\hi ch

i nt efosect t hepredbmaratélgatentics feadurdshie thie limag®uhioh imedrbext toé lidedr dedtiureg
objects in an area as clainmed in claim17 wherein the presence of objects
in the area off tHeé-mage representing the door edges is 15 deternined by at
| east using an edge detection filter to highlight predom nate features in
the image which intersect the linear features of the door

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.




21. A nethod of detecting objects in an area as clainmed in any one of

clains 17 to 20 wherein the operational step includes comvgﬁqu;gnm edge
detected 20 image(s) to a histogram or histograns wherein'p

hi st ogr an®O $&3fdsent features in the i nage(s), said feat rEBNZ@IOBESent i ng
the door(s) and/or sill, and/or an obstruction or obstructions on the door
edge(s) and/or sill. 25 22. A nmethod ofgydetecting objects in an area as
claimed in any one of clans 17 to 21 wherein the operational stage may be
repeated a plurality of times. 23. A method of detecting objects and/or
novenent in objects, the nmethod including the step of detecting parall ax

in two or 2BDr e A WR@R6d s BRiMéEd claitf 28Qnpazalvireinrdus@tod)ndiidesptrsence
of an object in the area. 24. A nethod as claimed in claim23 the method

i ncl udi ng the stapobreigsting verigal Fchpizanta Raryas Prefduesbby ﬁﬁ@é&ecbfooﬁf‘é’
area. 1 %Q\%V\Q &30/ 47511 PCT/ NZ00O/ 00013 47 25. A nethod as clainmed in
claim 23 and 24 erein the nethod includes the step of detecting vertical
and harizontal parall ax produced by an object |ocated |n the area. 5 26.

A. met hod sclal N claim?25 inc i N he.st eps _of

backgr oundg: r%ﬁ‘?ﬁ’ gflct'?)mgfj 'Pr%ad@sygfncg‘h‘}'%q 8 ﬁ s&lghy a’g |bﬁ§( [oNds of

i mages so as t@f d predlity dFYimeaps off frabbl @, siibieadihg s of dhagky ectas don t he
area. 10 27. A nethod as clained in claim23 or claim 26 wherein the nmethod
of detecting 6Byeabtly My AReslEnet e RIBEeSF A1 hE BEAEKGr ounds of a first
and second inmage of an area and subtracting the first inmage fromthe
second, thereby revealing, by way of parallax, the presence of a three

di rensd onaV. objfetiethdds agglaimedin plgiin 23 | aimedd iwhegsinitha Pethogef sfetecting
wherein the met tt]){ects xnn%lh}gégschg Q?ep%tog ?npﬂlfn%; b%gkér%ﬁhdpgf Qﬂ s't aﬁd 'Tegc?r%em?afgean

area froma firs i mge of an area from
a second vi ew pg aﬁoarata andcmibmabarﬁg n@ titse xrshga‘ trobethmnomdaehmtzkgqswhd@ of

the two images, by way of parallax, the presence of a three dimensional object.

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.




20 aligning the backgrounds of the two inages; subtracting the two inmages
to produce a third difference image; analysing the thir gi e@@@?inage
to detect _parallax thereby revealing the presence of a 3-di nensi ona

obj ect i n"Oh¥4&%'da. 25 290 A nethod as clainmed in clai m 28CIAE8{0R013
follow ng the subtraction step, and before the analysing step, there is a
t hreshol ding step whereby the differem&® i1image is threshol ded to exclude
noi se thus producing a binary imge. 30. A nmethod as clained in clains 28

or 29 whefei n £ eerhbi fad @&ime@riﬁrb%?ldn@%ecléfi%s 36 H8 AHeALIRdnE el Gre

contain substantially only the outlines of any 3- dinensional objects in
the area. 1 1 di@@R008 bACKk@OLAY B1dgePETHNIRED/CA6 iG1ad8s viBtein Aalmtlboeh o

claimed in any,one of clai. 8t 0 erein the. i es_are .divided into
backgr ound | miBedearereto 8 Meage b aie e iRl Saneubdr afbdy s bisteen
necessary shi fthe haty&est thbaabregrsgiowheas nofbobjdie is pesértages is based on the

i mges of the background when no object is present. 32. A nethod as cl ai ned
in any one of clainms 28 to 31 wherein the shift is calculated using '

cross- cordel at QRethdd- as clERhiPth ady Inei s diairs iy 1ONe1 An&bRl e 2Bift 05 32
wherein the images are 10 blurred with gaussian, nedian or simlar filters

so as to reducelauttedisiogtcress-copielatipmti on in the i nages. 34. An apparatus
for detecting objects in an area, said apparatus including at |east one
i magi ng neans and a m croprocessor apparatus adapted to carry out the 15
met hod agacl aiAretkthod asyclgimedddiang ook aif mlai2@ 35 .to A2 ayheeasiattbs ifaegesletect i ng

objects in an area, the apparatus.including., at |east one i i ng _nmeaps
adpi8d to | mirache HasRiss N BE IR 9T LTS 1o s AT ey e PSS 8

Vi ewi ng poi Nt $ixeifhn in the images.

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.




m croprocessor apparatus adapted to mani pul ate said i mages in such way
as to highlight substantially dom nant |inear features i QaﬂUGi s and
determ new%)f ﬁzﬁi dom nant linear features signify the presence of an

obj ect in"PH4P8a. 25 36. An apparatus for detecting obj FETENZHOH3 ar ea,
the apparatus including: 30 at |east one inmagi ng neans adapted to inage
substantially the sane scene fromat Keast two spatially separate view ng
poi nts; and m croprocessor apparatus adapted to nanipulate said inages in
order to calculate the shift between the backgrounds of the two i mages or
pairs of images, align the background i mages based on said shift, subtract
t he resul37ng Aneapesratos ferodeiecting dbjbétsrienae aiaunge cldeedby clail 6w rg3she

oresence. of antoB ARine HRRk el U 5ed AR SRR 8 i ek 11
PCTI NZOQ' 0001 3tc3righifghtappsaamdadiy doainahetinesr lagtupdd ecire imfagafs)ar ea as cl ai med

inclaim34 to 36 wherein ;the mcroprocessor is also adapted to
mani pal ate the image or inmages to highlight substantially dom nant |inear

features o thgnipRARLS for %e%%tingb‘!abj%gp%i@aétrg§§afaogs gehesd irﬂgnxplajn@cbtf%léir%an

area as clained in any one of clains , 7 wherein the 1 mages may be
mani pul at ed op#4 éal37ywherainHeeampassl ingy de mampalatddkepticatine mathérottically @al s

dom nant |ine n r ral in.the i e(s),, of t area. 10
39. An appar a?hsET ﬁgér m&@ﬁ%’i\?ﬂ{r‘%g 8 ?%'escfjé'%lg(nr?ngr'{ngarrefgag@gscI lejf?édjﬂragén'{) tgﬁe of
clainms 34 to iBagefsdoéihe d&rb& m croprocessor is further adapted to threshold
the _.imge(s). 15 40. An apparatus for detecting objects in an area as

¢laiméd in any one of claims 33 to 39 wherein the mcroprocessor may be in
the formay, a s®lapPastidt@r detecting objects in an area as claimed in any one of 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).




optical or the like device. 41. An apparatus for detecti ag o%t@@ an
area as clained in any one of clains 20 34 to 40 wherei 1 I mer a

i s used apgdobhsippparatus includes an optical arm and ‘refh§ﬁ&kﬁﬁm ans
adapted to relay an inmage froma viewing point that is displace romthe
physi cal |ocation of the canera. 42. ﬁg apparatus for detecting objects in
an area as clained in any one of clai O 25 34 to 41 wherein the col | ection
of two or nore inages may be effected by optical neans including prisns,
coherent optical fibre guides, and the like or alternatively the inmaging

means th el yes may be. tr |.at ed, or. suitabl di spl aced. 30 43

appar at ugmfsor X‘Beﬁpgéglalt'ﬁsgf%rb?egg?ts'éq RPES S e grségc?saf’ﬁ@'beq I Ay o8t 8@"&? ai s
34 to 42 wher gino4reweersry thiee andy blis6ital arf BalUURRINaAAREdnF A rAéshst dMRbling

m croprocessor in highlighting substantially normal dom nant features of

the irmage(s)? ¥4 AOG'D9¥3 degares 1°PPCIy b oD ERt stPalyes AtAp A at us
for detecting . QRb&elkssddr. an area as clained in any one of claims 34 to 42
wherein there may al so be an input neans, the input neans enabling a user
to input the location of nornmal domi nant features into the 5

m Ccr opr ocessor.






