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OBSTRUCDON DETECTION sySTEM 

i.fi&Jd of the Invention 

s The present invention relates to obstruction detection ~ystems. More particularly, 

but not exclusively, the present invention relates to methods and apparatus for 

detecting obstructions between or in the vicinity of elevator doors. The present 

invention may also be applied to obstruction detection in the context of industrial 

environments, safety applications, monitoring machinery activity, process control and 

10 the movement of people. 

B@ckground Art 

The following discussion will be primarily directed towards obstruction detection 

methods and apparatus for use in elevator door systems. However, it is to be 

1 s understood that this is not intended to be a limiting application. In certain 

circumstances and with appropriate modification, the invention may be suitable for 

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

To the present time, there are a large number of techniques and devices, which may 

20 be used for detecting obstructions within either static volumes or variable locations. 

For a general discussion of such techniques, see applicant's International Application 

PCT/NZ95/00067. 

Generally such prior art techniques focus on using optical devices to detect the 

25 presence of an obstruction or obstructions within a lift door detection area. These 

known systems typically use arrays of infrared (IR) emitters with corresponding 

receivers. One prior art technique consists of "shining" a sequential array of IR 

beams across an elevator door entrance and an obstruction event is triggered by 

interrupting or breaking one or more of the beams. Such an event activates a 

30 switching device that reverses or stops movement of the elevator door. An 

advantage of such systems is that they can be located along the edges of the moving 
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doors and can thus be specifically adapted to deal with variable geometry entrance 

obstruction detection in the plane defined by one or more elevator doors. 

Such techniques are generally satisfactory for detecting obstructions in the area 

5 directly between elevator doors. However, limiting obstruction detection to the door 

plane is now considered insufficient to meet contemporary industry safety standards. 

There is impetus in the lift industry to develop a lift door obstruction sensor that is 

not only capable of detecting obstructions in the area between the elevator doors, 

but also has detection capability that extends past the doors out to a predetermined 

10 distance into the lobby. Accordingly, there is a need to either be able to upgrade 

existing two-dimensional door obstruction sensing arrays to incorporate three­

dimensional functionality or to provide a new integrated door plane and vicinity 

obstruction detection system. 

15 Previous attempts to address the abovementioiled industry trend include those 

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

describes a technique whereby. an obstruction event is triggered by people 

approaching a .lift as opposed to standing statio11ary in front of the lift. That is - this 

specification describes what is essentially a movement detector. The system uses 

2.0 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. 
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The system incfudes separate masks for the hall area and elevator sill. The hall mask 

masks out variable portions of the image where the masked image size depends on 

whether any motion has b~en detected in that particular region or the viewing area. 

That is - if a person is standing at the back of the hall and not moving, that region of 

s the image is masked out by virtue of the lack of movement detection. The sill mask 

increases in size as the doors close thereby removing the doors from the image that 

is to be processed. 

Thus, the most relevant prior art describes techniques that detect objects and masks 

10 out regions of non-interest based on response to movement. 

A number of other prior art techniques (see for example US patents Nos. 5,284,225 

and 5, 182, 776) disclose systems which again use reference images that are 

compared with later collected nactive images". Such techniques conventionally use 

15 image subtraction whereby 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. 

30 

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. 
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Disclosure of the Invention 

In its broadest aspect 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 

5 · features in the imagels), and determining if any domin.ant linear features intersect 

linear features defining the area. 

Preferably the area is an object detection zone, the area being separated into at least 

two zones; a primary zone, being the volume described by a door and a door sill; and 

1 o a secondary zone, which may include the volume beyond the door through which a 

person using the door would pass. 

15 

20 

Preferably the door and sill are the door(s) and sill of an elevator and the volume 

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

Preferably there may be at least two images and the method includes a further step 

of detecting 'parallax in the two or more images, the parallax being produced by the 

presence of ·an object in an obstruction zone. More specifically in the secondary 

obstruction zone. 

_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. 
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The method may also include an operational stage which analyses one or more 

images to establish the presence of any uncharacteristic features in the volume, said 

uncharacteristic features representing potential object and/or obstructions in the area. 

5 The preliminary stage includes at least two steps, a first step of detecting the 

location and dimensions of a door sill and a second step of detecting the location and 

dimensions of one or more door edge(s). 

10 

15 

Preferably 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 silt 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 

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: 

25 

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(sl; 

subjecting the sub-image(s) to edge detection filters adapted to highlight 

edges oriented at angles which lie between some known bounds; 

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

Preferably the known bounds are substantially vertical and substantially horizontal 

edges. 
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Prior to deriving equations for the linear features in the binary image(s) the second 

step may also include: 

manipulating the ~inary image by a ramp function which increases in 

magnitude in the vertical direction; 

further manipulatiflg the. images to clearly identify any dominant linear features 

in the binary imag.e(s), the manipulation including applying a first filter to 

remove any substantially isolated features in the binary image(s), and applying 

a second filter to the binary image{s) to thin any substantially linear features in 

the image(s). 

Preferably the equations of the linear features are obtained by locating the line(s) by 

means .of a least squares, or similar, technique. There may be more than one 

dominant linear feature in the image(s) wherein once the equation for each linear 

feature has been determined, the linear feature is removed from the image and the 

1 5 next dominant linear feature equated. 

Preferably a total weighting means is used to manipulate 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: 

25 

30 

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 

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 

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. 
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The edge detection may be effected by means of filters; differentiators and the like. 

Preferably said edge dete~ion is aimed at highlighting dominant lines orientated 

·s\Jb~ntially horizontal, vertical and substantially diagonal in the image(s). More 

5 preferably the diagonal lines are at substantially 45° and 135°. 

10 

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); 

detecting the presence of obstructions on the area of the image(s) 

representing a sill; and 

detecting the presence of obstructions in the area of the image(s) representing 

the door edges. 

t 5 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. 

Preferabfy 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. 
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Preferably the operational stage may be repeated a plurality of times. 

In a further particular aspect of the invention there is a method of detecting 

5 obstructions and/or movement in obstructions, the method including the step of 

detecting parallax in two or more images of an obstruction detection area, the 

parallax produced by the presence of objects in the area. 

The method may include the step of detecting temporal changes in the images of the 

10 .area. 

The method may include the step of detecting vertical and horizontal parallax 

produced by an object located in the area. 

15 More particularly, the invention provides for a method of detecting objects includ.ing 

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: 

30 

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; 

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. 
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Preferably 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. 

s Preferably the third difference image is manipulated so as to contain substantially 

only the outlines of any 3-dimensional objects in the area. 

In an alternative embodiment, the images are divided into background images and 

door edge images wherein calculation of the necessary shift between the 

1 o backgrounds of the two images is based on the images of the background when no 

obstruction is present. 

Preferably the shift is calculated using cross-correlation. 

1 s 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. 

25 

30 

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 

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. 

The ~pp~ratus 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 
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microprocessor apparatus adapted to manipulate said. images in .order to 

calculate the shift between the backgrounds of the two images or pairs of 

images, align the ~ackground 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. 

Preferably the microprocessor is also adapted to manipulate the image or images to 

highlight substantially dominant linear features of the image(s). 

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. 

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. 

25 

30 

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. 

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. 

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

which is given by way of example only. 
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Brief Description of the Drawings 

The invention will now be described by way of example only and with reference to 

the accompanying Drawings in which: 

5 f*agure 1: 

Figure 2: 

10 

Figure 3: 

15 Figure 4: 

Figure 5: 

20 Figure 6: 

Figure 7: 

25 

Figure 8: 

Figure 9: 

30 

Figure 10: 

illustrates plan Ja), end elevation (b) and si~e elevation (c) views of an 

elevator entrance with cameras according to the preferred embodiment 

of the invention; 

illustrates schematic views of two embodiments of a parallax imaging 

system according to the invention; 

illustrates a schematic representation of the connection of two imaging 

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

illustrates the primary detection zone; 

illustrates a series of images captured by the lift cameras of the 

embodiment shown in Figure 1 ; 

illustrates an edge detection technique as apptied to determining the 

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

illustrates schematically the steps in an algorithm used for locating 

positions of the door edges; 

illustrates the sub-images in Figure 5 when processed according to 

steps 4 and 5 of Figure 7; 

illustrates a 9x9 filtering technique to remove isolated features of black 

and white images; 

illustrates broken door edge lines in the images; 
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Figure 12: 
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Figure 13: 

Figure 14: 

10 

Figure 15: 

Figure 16: 

15 

Figure 17: 

Figure 18: 

20 

Figure 19: 

25 Figure 20: 

Figure 21: 

30 

Rgure 22: 
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illustrates the application of a ramp to the black and white -images; 

illustrates appticati~n of a weighting arrav to door line edges; 

illustrates application of the weighting array to broken line images~ __ 

illustrates estimation of -the line equations for the black and white 

images; 

illustrates the equatitms used to calculate the door vanishing points; 

illustrates the detection of door position by examining the intensity--­

profile of the running clearance; 

illustrates how to determine the -position. of the doors based -on 

histograms from vertical and horizontal edge detected images; 

illustrates an example of the construction of a histogram _ Jor 

determining both the door position and any objects on the sill or door 

edges: 

Illustrates how the histogram can be used t-o detect the door position; 

illustrates how the histogram can be used to locate both the doors and 

any objects or obstructions present; 

illustrates a flow chart showing the steps in a parallax-based method 

for detecting obstructions in an obstruction sensing area; 

illustrates data produced _ ___according to the method of fjgure 21 as 

applied to a sample obstruction (a ladder) in an elevator door; 
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illustrates the detection of machine recognisable parallax for a number 

of sample obstructions; 

illustrates the ability of filtering techniques to reduce artefacts 

produced by the pixelated nature of the detected images; and 

illustrates sample data for a door edge obstruction event. 

1 o Description of the Preferred Examole 

The following description will be given in the context of obstruction detection in 

elevator door systems. This is to be understood as not to be a limiting feature of the 

invention. The apparatus and method of the present invention may be applied to 

obstruction detection applications, for example the monitoring of industrial 

15 machinery, security applications in the like. 

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 

26 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 
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. of elevator doors is particularly critical. Over time, people have -developed the habit 

of placing their hand in the door gap, or stepping onto the sill, in order to stop the 

elevator doors closing. I~ is therefore important that any obstruction detection 

system can detect hands or other objects being put between the closing doors as 

5 well as objects on the d()Or sill. 

The system can accomplish this by determining whether any lines defining the edge 

of an obstruction intersect with the lines that describe the door or the edges of the 

sill. The system could also use standard difference imaging techniques where a 

1 o reference image is used to allow obstructions to be detected. 

For detection of obstructions and objects in the secondary obstruction zone a parallax 

technique is used. This parallax technique use the same optical images obtained for 

the edge detection technique but is concerned with identifying 3-dimensional objects 

15 present in the landing/lobby area. Parallax techniques can also be used to. detect 

objects or obstructions in the primary zone. However, this has been found not t.o 

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 

30 

may be achieved by known optical imaging systems such as charged coupled device ·• 

(CCC) cameras, CMOS cameras (the applicant is currently using an Active Pixel 

Sensor or APS CMOS camera) or any other type of electronic imaging device. 

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 
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used to transmit separate views to a single camera. Also, imaging could be 

controlled by an optical cetl that would alternately interi;ose a reflector or other type 

of interception device into ~he field of view of the camera thus diverting the view to 

the spatially displaced vantage point. The major drawbacks to such a system are: 

5 that the cameras must be sufficiently fast so that the doors appear stationary in each 

·subsequently collected image; and the optical systems are likely to suffer from dust 

ingress in the elevator environment. 

Figure 2 illustrates a simplified schematic of a possible embodiment of the invention 

1 o using an electronic camera or cameras. The upper embodiment of Figure 2 shows a 

single electronic camera 110 positioned to be capable of collecting images of the 

obstruction detection area from different viewing points. This is effected by mirrors 

111, 112, 113 and 114. The horizontal length of the optical arms have been 

shortened for clarity. If a charged coupled device (CCD) camera were be used it 

15 could either comprised of two separate collection devices or a split CCD array. The 

lower embodiment of Figure 2 iltustrates 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 controUed 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 1 a 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 ·1 Oa, 1 Ob. Figure 1 b 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 1 Oa, 1 Ob. There is an overlap area 5 which 

covers the lobby area 1 and is used in the parallax technique. To allow a larger 
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volume to be viewed and /or to increase the parallax area the position of the cameras 

6 and 7 could be interchanged. This would mean that camera 6 would look . at door 

·set 10 and camera 7 would look at door set 9. Figure 1 c shows a side view of the 

elevator entrance arrangement. 

The reason for the preference of standard electronic cameras in this arrangement i~ 

that it allows the majority of lift openings to be viewed with cameras of reasonable 

cost (lenses with wide fields of view are expensive and more difficult to obtain and 

are more likely to introduce distortion into the captured image) and it provides an.area 

1 o for the parallax based secondary detection (i.e. the region where the fields of view 

overlap) in the centre of the lift opening. An example of the images obtained from 

such. a set up are shown in Figures 5a and 5b. It should be noted on these two 

images that there is an overlap of the area in front of the elevator. This is. the 

secondary obstruction zone for which the parallax technique is used, and corresponds 

1 5 to area 5 on Figure 1 b and 1 c. 

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 transmitte~ 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. 

Edge 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 
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on the door edges and sill when the doors are closing. These algorithms will be 

known as the primary calibration algorithm and primary operational algorithm 

respectively. 

5 The primary calibration algorithm 

10 

The edge detection technique used in the primary calibration algorithm is divided into 

two steps. The first step examines the image in order to detect the door sitl, 

indicated by numeral 3 in Figures 1 a and 4. The second step identifies the edges of 

the doors, indicated by numerals 9a, 9b and 1 Oa, 1 Ob in Figures 1 a, 1 b and 4. 

Referring to Figures 6a and 5b (which show images captured by cameras 6 and 7 of 

Figure 1 ): identifying linear features corresponding to the sill in the images involves 

fully opening the elevator doors and 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 technique 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 Sf, the 

result is a function which has peaks located at the positions of the tracks and edges 

of the sill Cwhen 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 6c which emphasises the vertical lines that 
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occur where the sill meets the door edges. In a similar· fashion as for. the tracks, the 

intensities in each column of pixels of Figure 6c are summed to produce the function 

shown in Figure 6e. The ~eaks in Figure 6e correspond to the horizontal position of 

the sill edges. 

The above technique provides both the horizontal and vertical locations of the sill and 

it is thus possible to separate out the sill from the image (or images in the case of 

Figure 5a and Figure 5b). 

1 o In summary the steps in determining the sill extents can be summarised: 

1 . Fully opening the lift doors with no foreign objects present on the sill or door 

edges. 

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

the vertical position 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. 

20 

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. 

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 Sc, Sd, Se and Sf. 

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. 

30 

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 

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°. 
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2. Use 'Edge detection filters capable of emphasising the door edges. For 

example - horizontal and 45° or 135 ° edge detection filters. 

3. Take the absoftrt;e value of all the edge detected images created in the 

previous step and add them together (e.g. add the absolute value of the 

horizontal and the 45° or 135° edge detected images). 

4. 

5. 

Threshold the edge detected image to obtain ·a black and white image of 

the door edges. Clean up the b/w image by excluding any isolated black 

points that are not attached to the door edge lines and eroding the door . 

edge lines. 

Apply a ramp, which decreases in value vertically with vertical displacement 

from the sill, to the black and white image. 

6. Find the maximum value in each column. That is, the points that describe 

7. 

the door edge line closest to the sill. The array containing the maximum 

value in each column is known as the maximum value array. 

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 

25 

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. 

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, Se and 
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5f. The sub-images are subjected to edge detection filters (similar to those used. to 

determine the sill extents) which are adapted to highlight edges oriented horizontal 

and at an angle approxima~ing 45 ° or 135 °. 

5 Step 4 

The sub-images of the door edges are now converted to black and white (b/w) 

images by applying a threshold. The results of thresholding are shown in Figures Sa 

and Sb which are the blac!< and white images produced by thresholding the images in 

Figure 5e and 5d respectively. The algorithm also applies routines to separate out 

1 o the lines, particularly close to the sill where they can appear to join, and to remove 

any small isolated features (i.e. isolated black pixels) that are. clearly not part of a 

line. 

To separate out the lines an erosion technique is used. In the invention the erosion 

15 technique· removes pixels from the boundary of an object. ·It does this by turning to 

white any black pixel that is adjacent to a white pixel. The object is to remove any 

pixels that are bridging adjacent lines and to .. thin down the door edge lines. The 

images in Figures Sc and 8d are the images in Figure Sa and Sb 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. 

30 

Images in Figures Se and Sf are the result after the 9x9 filter that removes isolated 

features is applied to the eroded images Sc and Sd. The ability of this filter to 

remove isolated features can most clearly be seen in image Se. -
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Steps 

A ramp is now used to sc~le the black and white image to enable linear equations 

describing the fines produced by the door edges to be determined. The ramp 

5 decreases in value with vertical displacement from the line of bisection used to create 

the sub-images. The reason for applying the ramp in tliis manner is that the door 

edge lines in the sub-images closest to the line of bisection tend to be horizontal and 

span the sub-image from vertical edge to vertical edge. Furthermore, in the sub­

images of the upper portion of the door edges the edge lines tend to slope upwards 

10 and for the lower portion of the door edge the edge lines slope downwards. These 

sloping lines tend to be shorter than the horizontal lines as they begin at a point on 

the vertical edge that is in contact with the sill and they then end on either the top 

edge of the image (for the upper sub-image) or bottom edge of the sub-image {for the 

lower sub-image). 

16 

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 11 b and 11 d, and it can be seen that the 

ramp slopes up towards the line of bisection between the two images. At the 

bottom of Figures 11 b and 11 d 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 11 b and 11 d define the door 

edge lines closest to the lines of bisection. 

30 

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. 

Referring back to Figure 8, the images in Sg and Sh depict the images that result 

after the ramp is applied to the images in Be and Sf. As previously described, the 

ramp scales the images in a linear fashion. The ramp decreases.from the top of the 
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image for the images that are of the bottom of the lift doors (i.e. Figure Se and Sf) 

and increases from the bottom of the images 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 

algorithm is enhanced when the longest, and most well defined lines, are found first. 

Thus, the ramp, which increases in value with the vertical image dimension and is . 

constant with the horizontal image dimension, now has its maximum value along the 

line of bisection and then decreases in magnitude towards the bottom or top . of the 

sub-images. In this way the line determination portion of the algorithm {i.e. steps 6-

1 o 10) starts with the longest and most well defined lines, and moves onto those lines. 

which are shorter and less well-defined. 

Step 7. 8 and 9 

The next step is to find the equation 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 11 b and 11 d). 

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. 
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2. The number of points in the column maximum array may be less than the 

horizontal dimension of the sub-image. This happens when the line does not 

'begin and end on a v~rtical edge of the image, but begins on a vertical edge 

'(where it is attached to the sitl) and then finishes on a horizontal edge . of the 

5 image. An example of this type of line can be seen in Figure 11a where the top 

line finishes on the top edge of the image. In this case the maximum column 

array would be I 5 4 2 2 1 1 1 1 11 where the last four values are 1 because 

each of these columns now completely contains zeros. These values woutd have 

the effect of rotating the line estimate upwards. 

10 

3. A further factor which effects confidence of the weighting array points is lines 

that are broken into a number of sub-tines and therefore do not completely span 

the image, It is quite common for the lines to have small breaks in them. An 

example of this type of problem is shown in Figure 10 where it can be seen that 

15 the bottom most line is broken into two sub-lines. The result is that the 

maximum column array now has two elements that are contributed from the 

upper-most tine, which would obviously corrupt the linear equation computation. 

This can be seen in the 3rd and 4th elements of the column maximum array at the 

bottom of Figure 1 Ob. 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 sodden changes in derivative 

30 are likely to be noise. 
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To overcome the above factors individual weighting· arrays are computed which 

overcome each of the above effects. These individual_ weighting arrays are known as 

the sill distance weightin'! array, short line weighting array, broken line weighting 

array and derivative weighting array. A total weighting array is found by normalising 

5 each of these component arrays, with respect to their largest element, and then 

multiplying them all together. 

Application of the short line and silt distance weighting arrays will be illustrated with 

reference to Figure 12. Figures 12a and 12b relate to a weighting estimate of the 

1 o first line in the upper group of lines in Figure 13a which exits the top of the image 

rather than the right hand side of the image. This line is called a short. line and a 

weighting function is produced which ensures that the line equation estimate is only 

influenced by line data up to the point at which the line exits the top of .the image. 

The top plot of Figure 12a shows the column maximum array 20 for this short line 

15 with the first-pass linear equation estimate 21 laid over it. The middle plqt in 12a is 

of the derivative of the column maximum array and the bottom plot of 1 2a 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 influeQce on, the 

20 linear equation estimate. The plot also shows the sill distance weight which forces 

the linear equation estimator to place less emphasis on the data making up the 

current line as the line moves further away from the sill. It can be seen that the sill 

distance weighting function decreases the weight with increasing distance in a linear 

fashion. 

25 

For the Least ·.Squares determination of the lines a standard weighted least squares 

technique is used to determine the equations of the door edge lines in the image from 

the column maximum array. Currently, the least squares algorithm is applied twice to 

each column maximum array. At the first application of the algorithm, only the sill 

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

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

accuracy the point of intersection of the line estimate and the column maximum array 
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is determined. If the two "fines" do not intersect or the angle between the two lines 

is greater than some threshold then the estimate is said to be poor. 

If the line estimate is good the computation of the broken line weight begins. This is 

s done by starting at the point of intersection and moves out towards each end of the 

column maximum array. The broken line weight then down-weights any points in the 

column maximum array that are a significant distance from the first-pass estimate of 

the line and the derivative of the column maximum array has suddenly changed. If 

there is another sudden change in derivative of the column maximum array, and the 

10 distance between the points in the column maximum array and line estimate are 

small, then down-weighting stops. Thus, down-weighting is toggted on and off. 

Application of this broken line down weighting is illustrated in Figure 13 which shows 

removal of data associated with breaks in the current line that cause data from later 

15 fines to be included in the column maximum array. Figures 13a, 13c and 13e show 

ramped images that contain lines which have breaks in various positions. In Figure 

13a the break is at the very end of the line, in Figure 13c there are two breaks in the 

middle and one break at the end of the line and in Figure 13e the break is associated 

with the feature left over from a previous line. Figures 13b, 13d and 13f are plots of 

20 the column maximum array with first-pass line estimates overlaid for each of Figures 

13a, 13c and 13e respectively. The plots also show the derivative of the column 

maximum array that is used to find the breaks in the current line and the weighting 

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

25 If the line estimate is poor an algorithm searches the column maximum array to find 

the longest line segment. It does this by looking for large changes in derivative. The 

computation of the broken line weight now begins from the middle of this longest 

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

the complete set of weights. 

30 

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

and Its components {except the sill distance weight). This total weighting function is 
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used by the linear equation estimator on its second pass to get an improved estimate 

of the equation of the line.· 

Figure 14 illustrates the estimation of linear equations and removal of lines from the 

5 ramped image of Figure Sh once an equation has been found for the current line. 

Figure 14a shows the ramped image of Figure Sh. The top plot of Figure 14b is the 

contents of the column maximum array (the value obtained by determining the 

maximum of each column of the image). The bottom plot in Figure 14b is of values 

obtained from the linear equation estimator after its first-pass. This is the data from 

1 o the equation that describes the line at the very bottom· of Figure 14a and is derived 

from applying a least square routine to the data in the top plot of Figure 14b. Figure 

14c is a result that is obtained after the data relating to the line determined above is 

erased from the image in Figure 14a. This exposes the data from which the next line 

estimate can be computed. Comparing Figure 14a to Figure 14c shows that if.there 

15 are interconnecting pixels between the current line and the neighbouring line the_n the 

lines are treated as one and both lines are then erased. The top plot in Figure 1.4d is 

a column maximum array from Figure 14c and the bottom plot of 14d i~ 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 141 is the original black and white image of the door edge with the 

calculated line estimates lin grey) overlaid. 

Step 11 

Knowledge of the vanishing point is useful as it allows the position of the doo·r 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 technique 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. 
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To obtain an estimate of the vanishing point for each camera, a least squares 

algorithm is used to find _an estimate of the point of intersection of all the lines 

previousty calculated that describe the features on the door edges. That is, the point 

5 of intersection of the linear equations describing the door edge features, on each side 

of the door, are found by solving equations of the form shown in Figures 15a. and 

15b. In these equations x is the horizontal position of the vanishing point, y is the 

vertical position of the vanishing point, ill are the slopes of the equations, b1 are the 

intercepts of the equations, and n is the number of equations. 

10 

Once the data for each of the door edge lines and vanishing points is obtained it is 

stored in non volatile memory for later use. 

While the above description discusses an automated calibration technique which 

15 defines the sill, 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. 
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This Primary operational algorithm is described below. 

Primary Operational Alqorit~m 

The primary operational algorithm consists of the following steps which will be 

s described in detail later. 

1 - Obtain a new (real time) image of the door opening; 

2 - Detect the position of the doors: 

• Use knowledge of the sill position to extract sub-images which contain 

1 o predominately the sill. 

• Use knowledge of the running clearance and rail positions to extract sub­

images of these features. 

• 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 edge detection filter on the sill to obtain confirmation of the 

door position if required. 

3 - Detect objects on Sill: 

20·· . • Using a vertical edge detection filter determine whether there are any. 

25 

30 

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: 

• Use prior knowledge of door position and the vanishing points to determine 

the door edge positions. 

• 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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Step 1 

Firstly an operational image of the elevator door, sill and lobby is obtained. As the 

cameras and lift sill are fixed relative to each other, their position in the images 

remains constant. Thus it is a relatively simple process to extract a sub-image of the 

s sill from the images that are captured during the operation of the lift detection 

system. The location of these sub-images will have been determined during the 

calibration stage described above. 

Step 2 

10 As with the sill itself, the vertical position of the running clearance (the gap, which 

bisects the sill, between the landing/lobby floor and the elevator car floor - it can be 

clearly seen when looking at images of the sill) and the door tracks (the grove in the 

sill Which the door guides run in) remain in the same position in the operational 

images. It is therefore possible to extract sub-images of these features, from the sill 

1 s 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. 

30 

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: 

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

2. Converting the edge detected Image values to absolute values. 
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3. Summing the columns of the (lbove image to produce the horizontal edge 

histogram. 

4. Filtering the image with_ a vertical edge det~ction filter 

5. Converting the edge detected image valu~~ to absolute values. 

6 6. Summing the columns of the above image to produce the vertical edge histogram. 

7. The energy in the vertical and horizontal edge histograms is then equalised. . 

8. The two energy equalised histograms are then added together to produce a single 

histogram. 

9. The peak in the histogram between the known door open and door-closed 

1 o · positions is found as this provides the new door position. 

The door-closed position (i.e. usually the centre of the lift) is found by applying the 

.above algorithm when the doors are closed. To obtain the global maxima 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 rol;:iust 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: 

• 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 occurring on the horizontal features as the doors 

close. 

• Horizontal features in the image that individually may only be a few pixels in 

30 height. 

• 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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However, the advantage of the first technique is that is computationaUy much faster 

than the later technique. 

An example of the later technique is given in Figure 17 where the original images of 

s the sill area, as the doors close, are shown in Figures 17a, 17c, 17e and 17g; and 

the plots of the corresponding histograms are shown in· Figures 17b, 17d, 17f and 

17h. The histogram plots consist of the histogram of the horizontal edge detected 

image, the histogram of the vertical edge detected image and the summation of the 

two histograms after energy equalisation. It can be seen that there is a sudden 

1 o change in intensity in the summation histogram at the position corresponding to the 

door. Thus, it is possible to automatically detect the door position using this 

technique. 

Step 3 

15 The algorithm then needs to detect objects on the sill. Objects that are on the. sill 

wm cut one or both of the horizontal "lines0 that define the vertical extent of the .sill. 

There is aJso 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 fines}. Thus, objects can also be detected 

by looking in the filtered sill image for strong vertical lines, which intersect with the 

horizontat 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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(obtained immediately above) all()W$ the equations defining the door edges to be 

modified as the doors close. Thus, as the doors close it is possible to. determine 

where the door edges shOl~ld be in the image. 

5 This knowledge can be used to extract a sub-image that. contains the door edges. A 

vertical edge detection filter is applied to the sub-images. The vertical edge detection 

filter emphasises the strong. vertical lines that these objects tend to produce due to 

their orientation with respect to the cameras. By over-laying the lines that define the 

door edges, it is possible to determine whether these lines are cut by any strong 

10 vertical lines associated with an object. Hence, it is possible to detect the object. 

An extension of the alternative method for determining the positions of the doors, 

which was described above with reference to Figure 17, allows the door position and 

any objects present to be detected in a single operation. This method based on 

15 · histograms from vertical, horizontal and substantially diagonal (e.g. 45° or 135 °) 

edge detected images. It ·involves calculating the horizontal and vertical edge 

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

1 O. 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 
.! 
i!:· 
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bottom of the doors meet the sill. Thus, the peak in the product of the two 

histograms indicates the door position. When an object is placed across the sill or 

door edges the vertical ~istograin then contains significant peaks indicating the 

positions of the edges of the object. In this case the histogram product contains 

s multiple peaks, some of which are due to the object and some due to the doors. 

The'. histogram product is divided by the horizontal histogram as this has been shown 

''to :Jdwer the background level in the histogram, and thereby emphasise the peaks. 

· 'th~ background level tends to be quite high when the image of the sill contains 

10 :-hbrit6rital features that arise from the sill being textured in some way. 

The images in Figure 18 demonstrate how the histograms of the various edge 

detected images combine to give an histogram that enables the door position to be 

deteeted. Figure 18a, 1 Sb and 18c are images of the sill after 45°, vertical, and 

15 ·ftorfzontal edge detection filters have been applied respectively. In Figure 2d the 

upg:;ermost three plots are the raw histograms obtained from the edge detected 

i~atres 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, 19c, 19e and 19g) and the accompanying histograms (Figure 19b, 19d, 

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

The irrlages 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 irnages 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. 

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

detection can be performed or confirmed using: 
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(a) a method based on searching fo.r breaks in the lines ·that describe the door edges, 

. sill/running-clearance interfaces or. sill/floor interfaces; and/or 

(b) a method that searches_ for lines that extend vertically from the horizontal lines on 

the sill or angled lines of the door edges. 

With any of the above methods of determining the door position the symmetry of the 

door opening or prediction methods can be used to provide confirmation of the door 

position provided by the algorithm. That is, the distance from the estimated left-hand 

door position to the centr~ line should be approximately equal to the estimated right-:-

1 o hand door position to the centre line·. Furthermore, the knowledge of the current 

door position, direction of travel, and estimate of door speed could be used to. 

provide confirmation of the door position in the next frame. 

The above edge imaging technique allows for the determination of objects on the 

15· door. edges and sill which might be struck by the closing doors. While this. provide~ 

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 technique 

A key feature of the secondary detection technique resides in the application of the 

25 parallax effect to obstruction detection. Referring to Figure 21, the 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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Referring to Figure 22, the parallax technique is illustrated by means of placing a 

ladder immediately outside the primary obstruction zone of a lift door (i.e. in the 

secondary obstruction zone). Two images, 22a and 22b are recorded from different 

5 vantage points. As a preliminary point, these two images have been taken with a 

different camera arrangement to that described in the earlier part of the specification. 

The earlier camera arrangement used two unsplayed cameras that were placed 

100mm apart. With the earlier camera arrangement the two images produced were 

those shown in Figures 5a and 5b. The main point to note is that the images in 

1 o Figure 22a and 22b show similar views of the door, whereas the images in Figures 

6a and 5b show corresponding views of either side of the door. This has no bearing 

on the Implementation of the following discussion as in practice once the calibration 

algorithm has determined the location of the door edges and silt, these areas would 

be masked out and only sub-images of the secondary obstruction zone (numbered 5 

1 s in Figure 4) are considered. These sub-images correspond to the upper middle of the 

images in Figures 22a and 22b or the top right and top left of the respective images 

in Figures 5a and Sb. 

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 mathematicat 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 each direction}. The resulting two images are 

subtracted and then all of the pixel values summed in the difference image. The 

30 required shift to align the images most accurately is then that which results in the 

minimum summation value. That is - when the difference image sum is minimised, 

alignment is optimised. 
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Cross-correlation is a statistical technique which is generally more robust and faster 

than techniques based on minimum energy. Further, significant enhancements in 

processing speed have be~n found when cross-correlation is effected via fast Fourier 

transforms. 

Complete cancellation of the background has been found to be impractical .due to 

inaccuracies in determining the shift due to parallax, incomplete cancellation due to 

noise, the effects of pixelated images, non-linear distortion, rotation in the image 

plane of the cameras and the differences in lighting observed from the two different 

10 vantage points. 

The error introduced by image alignment effects would depend on both the size of 

the 3-dimensional object relative to the background and the magnitude of the parallax 

that the object produces. 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 multiplying 

the image by a function (such as a two dimensional cosine function) 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. 

30 

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

generally minimal. 

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 a1ign the backgrounds 
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of the images exactiy or cancel the backgrounds compi'etely. This is due to the fact 

that the edges of objects within an image will not always lie precisely on a pixel 

boundary. The edge of _an object will generally overlap the pixel boundary and 

therefore shifts will not always correspond to an integer number of pixels. 

This error can be largely overcome by blurring or smearing the fmage so that .each 

pixel has an intensity value that is an average of its surrounding· pixel values. In 

prototyping, it has been found that gaussian and median filtering is particularly 

effective in this regard. 

Errors due to image rotation can be largely reduced by accurately aligning the optics 

during manufacture. Illumination errors can be minimised by using a system that 

implements a single camera and hence the same exposure and aperture control 

system, in order to obtain two images which are unaffected by differences in lighting 

1 s 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 operational image. This saves 

processing time. Ideally the background shift would be calcuiated 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 
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image is preferably thresholded thus producing the significantly more intense 

representation of the parallax as shown in Figure 22d. 

Ideally, the difference image will contain only outlines of the three di.mensional. 

5 objects. However, in practise, the resulting parallax-highlighted image is as shown in 

Figure 22d. This has elements of the door and sill in it. As described earlier the 

location of these is known form the calibration stage and as a consequence they can 

be masked out. 

1 o The present technique has been found to be particularly useful in detecting people 

proximate to or entering an elevator. This is because as the height of an object 

increases, the parallax effect becomes more noticeable thereby allowing more 

accurate and clear identification of the obstruction. 

1 s · 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 t.oy (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, 

20 231 and 230). As can be seen, .the existence ~f a patterned rug can hamper effective . 

subtraction of a background. However, even with significant background, the 

thresholding step significantly enhances the machine detectable position of the 

obstruction. 

25 Thus a machine recognisable parallax effect is produced when an obstruction is 

moved within or placed in the obstruction detection area. As Figures 23a, 23b and 

23c illustrate, parallax is primarily produced by the parts of the image corresponding 

to the vertical edges of the box and not by the horizontal edges. This is due to the 

fact that the cameras are displaced horizontally at the top of the lift doorway and 

30 therefore horizontal parallax effects will be minimised. The parallax produced by the 

right hand door edge is also clearly visible and it can be seen that the size of the 

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

floor area. 
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Figure 24 illustrates the ability of filtering techniques (discussed in detail earlier) to 

reduce pixelation artefacts.for identical sample images to those shown in Figure 23. 

Figures 24c, 24f and 24i (when compared with Figures 23f, 23i and 23o) illustrate 

s that filtering reduces the level of the background cancellation remnants without 

suppressing the features produced by parallax. The effectiveness of this technique is 

evident as it can be seen that the previously visible horizontal lines due to the tracks 

oh the door sm are now absent. This is desirable given that these features belong to 

the background and are not attributable to the parallax effect caused by an 

1 o obstruction. 

tt has been found that the parallax obstruction detection technique described can also 

be used to detect a hand or other obstruction on the door edge. In trials. the parallax 

·produced by a hand on the edge of the door was clearly machine detectable. Clearly 

15 if this technique was to be implemented in a practical form, it would be necessary to 

be able to distinguish the parallax produced by the door edge itself from that 

produced by the presence of a hand or other obstruction. The previously described 

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

20 An additional technique that could be used to identify such obstructions is to obtain 

reference images of the elevator door edges in a situation where no obstructions 

exist. Such reference images could continually be compared 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 26d to 25f. The reference images 25b and 26e 

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 

30 hand and its reflection in the edge of the door slamming post. 

1n trials, the present invention has been found to be capable of machine-detecting 

parallax for a reasonably large variety of objects. There are theoretical limits in the 
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parallax which can be detected by the system given the various camera parameters 

(such as maximum camera separation and height). To this end, it appears that it 

would be difficult to detect objects that are located less than 200mm above the floor 

and objects that are pt aced in the top corners of the lift. doorway. However, it is 

5 possible that tliis limit may be overcome by development of camera optics and 

geometry. 

The above-mentioned technique has been developed to allow automatic detection of 

the sill in door edges. In terms of the requirements of the primary obstruction zone, 

1 o both techniques - parallax and reference imaging have been found to work well at 

producing machine identifiable features that corresponded directly to an obstruction 

being placed in the door obstruction detection zone. However, the edge detection 

technique described earlier is much more robust and reliable for the critical zone. The 

generalised parallax technique has been found to be particularly effective at detecting 

15 objects in the secondary obstruction zone. 

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 
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obstruction detection applications such as those inVolVed in heavy machinery, 

process control, safety and the like. 

Where in the foregoing description, reference has been made to specific components 

5 or integers of the invention having known equivalents, then such equivalents are 

herein incorporated as if individually set forth. 

Although the invention has been described by way of exampte and with reference to 

possible embodiments thereof, it is to be understood that modifications or 

10 improvements may be made thereto without departing from the scope or spirit of the 

invention. 
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.CLAIMS 11111~ 1111~ 1111111111111111 
"' s * 

1. A method of detect~ng 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 

determining if any dominant linear features intersect linear features defining 

the area. 

2. A method of detecting objects in an area as claimed in claim 1 wherein the 

area is an object detection zone, the area being separated into at least two 

zones; a primary zone, being the volume described by a door and a door sill; 

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

through which a person using the door would pass. 

15 3. A method of detecting objects in an area as claimed in claim. 2 wherein 

4. 

20 

· primary zone is the door(s) and sill of an elevator and secondary zone is the 

landing/lobby wher.e passengers may wait .for the elevator. 

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

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 

def~ning 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 
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characteristic lfiie~r features are lines defining the aoor edges and/or sill and 

the location of said features is stored for future reference. 

A method of detecting objects in an area as claimed in claim 5 wherein the 

method also includes an operational stage which analyses one or more images 

to establish the presence of any uncharacteristic features in the volume, said 

uncharacteristic features representing potential object and/or obstructions in 

the area. 

A method of detecting objects in an area as claimed in claims 6 or 7 wherein 

the preliminary stage includes at least two steps, a first step of detecting the 

location and dimensions of a door sill and a second step of detecting the 

location and dimensions of one or more door edge(s). 

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 

approximately located; summing the intensity values along each row of 

pixels in the image!sl 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 

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 

30 

wherein 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); 
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subjecting the sub-image(s) to ·edge detection- filters adapted to 

highlight edges oriented at angles which lie between some known 

bounds; 

manipulatin"g the sub-image(s) ~o produce a ~inary image(s), the binary 

image(s) consisting of one of more linear fe~tures corresponding to the 

door edges; and 

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

A method of detecting objects in an area as claimed in claim 10 wherein the 

known bounds are substantially vertical and substantially horizontal edges. 

A method of detecting objec.ts in an area as claimed in claim 10 or H-wherein 

prior to deriving equations for the linear featur~s in the binary image(s) the-­

second step may also include: 

manipulating the. binary image by a ramp function whicllincreases in 

magnitude in the vertical direction; ----

-further manipulating the images to clearly identify any dominant linear 

features jn the binary image(s), the manipulation including- applying a 

first filter to remove any substantially isolated features in the biRary 

image(s), ana 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 

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 1n 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 
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equation for that linear feature, the total weighting means being found by 

normalising, and if necessary multiplying, one or more of: 

a first weigh~ing 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 rep·resenting breaks 

in the feature, the first weighting means down weighting or eliminating 

said points from the estimate; and/or 

a second weighting means, wherein points in a linear 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 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. 

20 

25 

30 

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 fitters, differentiators 

and the like. 

16. 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 image(sJ. 

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); 

detecting the presence of objects in the area of the image{s) 

representing a sill; and 

detecting the presence of objects in the area of the image(s) 

representing the door edges. 
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18. A method of detecting objects in an area as claimed in claim 17 wherein the 

position of. the do<>_rs is. obtained by ~etecting the intensity change in the 

substantially horizontal features of the sill where the intensity changes define 

5 the spatial location ~f the door(s) in the image(s). 

10 

15 

20 

19. 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 sill 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. 

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 

determined by at least using an edge detection filter to highlight predominate 

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

21. 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 

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 obstn.iction 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 1 7 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. 
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25. A method as claimed in claim 23 and 24 wherein the method includes the 

step of detecting v~rtical arid horizontal parallax produced by an object located 

in the area. 

26. A method as claimed in claim 25 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. 

10 27. A method as claimed in claim 23 or claim 26 wherein the method of detecting 

objects includes 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. 

15 28. 

20 

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; 

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. 

30 

A method as claimed in claims 28 or 29 wherein the third difference image is 

manipulated so as to contain substantially only the outlines of any 3-

dimensional objects in the area. 
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31. A method as claimed in any one of claims 28 to 30 wherein the images are 

divided into background images and door edge images wherein ca.lculation of 

the necessary shift _between the backgrounds of the two images is based on 

the images of the background when no object is J>resent. 

32. A method as claimed in any one of claims 28 to 31 wherein the shift is 

calculated using cross-correlation. 

33. A method as claimed in any one of claims 28 to 32 wherein the images are 

blurred with gaussian, median or similar filters so as to reduce the effect of 

pixelation 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 cll!lim. 

35; An apparatus .for detecting objects in an area, the apparatus including: 

20 

25 36. 

30 

at least one imaging means adapted to image the same scene from at 

least two sp~tially 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. 

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 

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. 
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37. An apparatus for detecting objects in an area as claimed in claim 34 to 36 

wherein the microp~ocessor is atso adapted to manipulate the image or images 

to highlight substantially dominant linear features of the image{s). 

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

34 to 37 wherein 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. 

39. An apparatus for 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 claims 

34 to 42 wherein there may be artificial features added to aid the 

microprocessor in highlighting substantially normal dominant features of the 

image(s). 
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44. An apparatus for detecting objects in an area. as claimed in any one of claims 

34 to 42 wherein th~re may also be an input means, the input means enabling 

a user to input the location of normal dominant features into the 

microprocessor. 
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