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METHOD AND APPARATUS FOR
INHIBITING A SUBJECT’S EYES FROM
BEING EXPOSED TO PROJECTED LIGHT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 11/773,319, filed Jul. 3, 2007, which is a
continuation-in-part of U.S. patent application Ser. No.
11/420,146 to Morrison et al. filed on May 24, 2006, the
contents of both incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to projection
systems and in particular to a method and apparatus for inhib-
iting a subject’s eyes from being exposed to projected light
when the subject is positioned in front of a background on
which a projected image is displayed.

BACKGROUND OF THE INVENTION

[0003] During presentations, use of a projector to project an
image onto a projection screen so that the image can be seen
by attendees is common. In many instances, presenters inter-
act with the displayed images using a pointer to highlight and
emphasize displayed information. During such interactions,
presenters must often move between the projector and the
projection screen and into the projected image. If the pre-
senter moves into such a position and turns to face the audi-
ence, the projected light can be blinding. Subjecting a pre-
senter’s eyes to light of this nature is of course undesired.
[0004] Techniques to avoid exposing a presenter’s eyes to
projected light have been considered. For example, U.S. Pat.
No. 6,361,173 to Vlahos et al. discloses a method and appa-
ratus for inhibiting projection of selected areas of a projected
image. The apparatus includes a video projector for project-
ing a desired video image onto a projection screen. An infra-
red source close to the video projector uniformly floods the
projection screen with non-visible infrared radiation. An
infrared sensitive camera, close to the video projector,
observes the projection screen and sees only the uniform
infrared illumination flooding the projection screen. Upon
entry of a subject into the projected video image, the infrared
radiation reflected from the subject will not match that of the
projection screen and thus, the subject area can be identified.
All pixels of the projected video image, in the area occupied
by the subject, are inhibited before reaching the video pro-
jector. This allows the subject to look directly at an audience
without being blinded by light projected by the video projec-
tor.

[0005] U.S. Pat. No. 6,860,604 to Vlahos discloses a
method and apparatus for inhibiting the projection of a
shadow of a presenter onto a projection screen. Left and right
rectilinear corrections of an image are simultaneously pro-
jected onto the projection screen from each of two positions
that are off-axis on opposite sides of the centerline of the
projection screen such that both projections register as a
single image. A center of mass of the presenter’s silhouette is
generated. A vertical join line is located on the projection
screen directly behind the presenter’s center of mass. The
portion of the projected image from the left projector that
extends to the right of the join line is inhibited. The portion of
the projected image from the right projector that extends to
the left of the join line is also inhibited thereby providing the
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full projected image on the projection screen from the left and
right image segments, without either segment projecting the
image onto the presenter and without casting the presenter’s
shadow onto the projection screen.

[0006] U.S. Pat. No. 6,945,653 to Kobori et al. discloses an
anti-glare device for a projector designed to minimize stimu-
lus to the eyes of a presenter. A displayed image captured by
a camera is compared with an input image signal to generate
a difference image and thus, detect the location of the pre-
senter. The input image signal is then masked so that pixels
corresponding to the area at which the presenter is located are
set to black. The resulting projected image signal is then
projected onto the projection screen.

[0007] Although the above-references disclose techniques
to inhibit projected light from being directed into the eyes of
a presenter, the systems disclosed in these references suffer
disadvantages. For example, although the systems disclosed
in U.S. Pat. No. 6,361,173 to Vlahos et al. and U.S. Pat. No.
6,860,604 to Vlahos avoid light projected by the projector
from being directed into the eyes of a presenter, the systems
still expose the presenter’s eyes to infrared light. Also, each of
the above-described systems determines a tight-mask defin-
ing the location of the presenter and thus, requires high-
resolution cameras.

[0008] As will be appreciated, there exists a need for a
projection system designed to protect a presenter’s eyes from
virtually any form of projected light, which is easy to manu-
facture and cost effective. It is therefore an object of the
present invention to provide a novel method and apparatus for
inhibiting a subject’s eyes from being exposed to projected
light when the subject is positioned in front of a background
on which a projected image is displayed.

SUMMARY OF THE INVENTION

[0009] Accordingly, in one aspect there is provided in a
projection system comprising a projector to project an image
fordisplay on a background and at least one camera to capture
an image of said background, said at least one camera having
a viewpoint differing from the viewpoint of said projector, a
method of inhibiting a subject’s eyes from being exposed to
projected light when the subject is positioned in front of the
background, said method comprising:

[0010] capturingthe image of the background including the
displayed image;

[0011] processing the captured image to detect the exist-
ence of a subject therein and to locate generally the subject;
and

[0012] masking image dataused by the projector to project
the image corresponding to a region that encompasses at least
the subject’s eyes, said image data masking compensating for
said differing camera and projector viewpoints.

[0013] Inoneembodiment, during the processing, the sub-
jectas seen by the at least one camera is converted to a size as
would be seen by the camera if positioned at the projector.
The subject as seen by the at least one camera is also scaled to
compensate for different camera and projector resolutions.
[0014] According to another aspect there is provided in a
projection system comprising a projector to project an image
for display on a background and at least two laterally spaced
cameras to capture an image of said background, a method of
inhibiting a subject’s eyes from being exposed to projected
light when the subject is positioned in front of the back-
ground, said method comprising:
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[0015] successively capturing sets of images of the back-
ground including the displayed image;

[0016] processing each set of captured images to detect the
existence of the subject and to locate generally the subject’s
head; and

[0017] modifying image data used by the projector to
project the image taking into account differing viewpoints of
said cameras and projector, so that the displayed image com-
prises an area of darkness that at least encompasses the sub-
ject’s eyes and that does not extend appreciably beyond the
subject’s head.

[0018] According to yet another aspect there is provided a
projection system comprising:

[0019] a projector receiving image data and projecting an
image onto a background;

[0020] at least one camera capturing an image of the back-
ground including the projected image, said at least one cam-
era being spaced from said projector and having a viewpoint
differing from that of said projector; and

[0021] processing structure processing the captured image
to locate a subject in the captured image and to map the
subject to the viewpoint of said projector, said processing
structure masking image data used by the projector to project
the image corresponding to a region that encompasses at least
the subject’s eyes.

[0022] According to still yet another aspect there is pro-
vided in a projection system comprising a projector to project
an image for display on a background and at least two spaced
cameras to capture images of said background, a method of
determining the distance a subject in the captured image is
from the background, said method comprising:

[0023] comparing the images captured by the cameras to
determine image disparity; and

[0024] using the image disparity and the geometry of the
projection system to calculate the background to subject dis-
tance.

[0025] In one embodiment, during the comparing subsets
of the captured images are compared. During comparing a
subset of one image is selected and scanned across the other
image to locate a matching subset in the other image.

[0026] According to still yet another aspect there is pro-
vided in a projection system comprising a projector to project
an image for display on a background and at least one camera
to capture an image of said background, a method of setting
up said projection system comprising:

[0027] determining the orthogonal distance between the
background and the projector and determining the width of
said background,;

[0028] assuming a maximum distance that a subject will
stand in front of said background;

[0029] using the orthogonal distance, the width and the
maximum distance to calculate a maximum camera to pro-
jector spacing; and

[0030] positioning said at least one camera relative to and
within said maximum camera to projector spacing of said
projector.

[0031] The method and apparatus provide advantages in
that captured images are analyzed to detect the existence of a
subject so that the image projected onto the background is
modified to inhibit projected light from being directed at the
subject’s eyes. Thus, neither visible light nor non-visible light
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is directed at the subject’s eyes when the subject is positioned
in front of the background on which the projected image is
displayed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Embodiments will now be described more fully
with reference to the accompanying drawings in which:
[0033] FIG. 1 is a schematic side view of a projection
system including an apparatus for inhibiting a subject’s eyes
from being exposed to projected light;

[0034] FIG. 2 is a top plan view of the projection system of
FIG. 1 illustrating a pair of low resolution cameras and a
projector positioned therebetween;

[0035] FIG.3 isafront view of a projection screen on which
a projected image is displayed;

[0036] FIG. 4 is a flowchart showing the steps performed
during processing of captured images to detect the presence
of a presenter and to mask an output video data stream;
[0037] FIG.5isafront view showing a presenter positioned
in front of the projection screen;

[0038] FIG. 6 is a flowchart showing the steps performed
during processing of captured images to generate a disparity
image;

[0039] FIGS. 7a and 75 are flowcharts showing the steps
performed during processing of captured images to detect the
center of the presenter’s head;

[0040] FIG. 8 is a flowchart showing the steps performed
during processing of captured images to track the center of the
presenter’s head;

[0041] FIG. 9 shows the horizontal geometry of the projec-
tion system of FIG. 1 with respect to the left low resolution
camara;

[0042] FIGS. 10qa to 10c are tables showing the maximum
horizontal camera to projector spacing for different projec-
tion system configurations;

[0043] FIG. 11 shows the horizontal geometry with respect
to the left low resolution camera for a different projection
system configuration;

[0044] FIG. 12 shows a portion of the horizontal geometry
of FIG. 11;
[0045] FIG. 13 shows template matching between right and

left captured images to calculate stereo disparity; and

[0046] FIG. 14 shows the stereo disparity geometry.
DETAILED DESCRIPTION OF THE
EMBODIMENTS
[0047] Turning now to FIGS. 1 to 3, a projection system is

shown and is generally identified by reference numeral 10. In
this embodiment, projection system 10 is similar to that dis-
closed in above-incorporated U.S. patent application Ser. No.
11/420,146 to Morrison et al. As can be seen, projection
system 10 includes a projector 12 receiving an input video
data stream from a processing device such as for example, a
personal computer (PC) 14. Projector 12 in response to the
input video data stream projects an image I onto a projection
screen 16 as shown in FIG. 3 and by the dotted lines 12a in
FIGS. 1 and 2. Projection screen 16 in this embodiment is an
interactive touch board or panel of the type manufactured by
SMART Technologies, Inc. of Calgary, Alberta, Canada and
sold under model No. SB 680.

[0048] A pair of low resolution video cameras 18 is posi-
tioned adjacent the projector 12. The cameras 18 are horizon-
tally spaced, with each camera being fixed in position on
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either side of the projector 12. Each camera 18 has a field of
view (FOV) encompassing the projection screen 16 as shown
in FIG. 3 and by the dotted lines 184 in FIG. 1. In this manner,
the cameras 18 capture images including the entire projection
screen 16 and the image I displayed thereon as well as any
objects, such as a presenter P, positioned in front of the pro-
jection screen 16. The cameras 18 are coupled to the personal
computer 14 via universal serial bus (USB) connections 20.
[0049] To avoid a presenter P from being blinded by light
projected by the projector 12 when the presenter is positioned
in front of the projection screen 16, the projection system 10
makes use of image analysis to mask the input video data
stream provided to the projector 12 so that pixels correspond-
ing to a region generally encompassing the presenter’s head
are setto black or near black (i.e. dimmed). In this manner, the
presenter P is able to stand in front of the projection screen 16
and look back at the projector 12 without being blinded by
projected light.

[0050] During set up of the projection system 10, it is
desired to determine the maximum spacing between the pro-
jector 12 and the cameras 18 so that the projection system 10
can be installed in a manner that ensures desired operation.
Referring now to FIG. 9, the horizontal geometry of the
projection system 10 is shown assuming that the optical axis
of'the projector 12 is orthogonal to the plane of the projection
screen 16. As can be seen, the width of the projection screen
16 is designated by reference character W. The horizontal
distance between the left camera 18 and the projector 12 is
designated by reference character dCP. The distance between
the projection screen 16 and the left camera 18 is designated
by reference character dSB. The distance between the projec-
tion screen 16 and the presenter P is designated by reference
character d. The distance between the presenter P and the
projector 12 can therefore be expressed as dSB-d. As will be
appreciated by those of skill in the art, although not illustrated
the vertical geometry of the projection system 10 is very
similar to that shown in FIG. 9 with two exceptions. When
examining the vertical geometry of the projection system 10,
the projection screen width W is replaced with the projection
screen height H and the horizontal camera to projector spac-
ing dCP is replaced with the vertical camera to projector
spacing dCP.

[0051] Based on the above, the extreme viewing angle 6 of
the left camera 18 at which the entire planar surface of the
projection screen 16 as well as a presenter P in front of the
projection screen can still be seen, can be expressed as:

deg —d 1
tan0) = a2y = B2 W

Equation (1) can be rewritten as:

dsg @
()
cp = 3
[0052] From Equation (2), it can be seen that the maximum

camera to projector spacing dCP increases linearly with the
distance between the camera 18 and the projection screen 16.
The maximum camera to projector spacing dCP however
decreases as the distance d between the presenter P and the
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projection screen 16 increases. Using the minimum and maxi-
mum projection screen to camera distances dSB and the mini-
mum and maximum projection screen to presenter distances
d, from Equation (2), the maximum camera to projector spac-
ing can be calculated for different projection system configu-
rations allowing the cameras 18 and projector 12 to be quickly
and effectively oriented while ensuring that the presenter P in
front of the projection screen 16 remains within the fields of
view of the cameras 18 so that the position of the presenter P
can be properly tracked.

[0053] For example, assume that the projection screen 16
has a diagonal length equal to 1.1956 m (77 inches) and an
aspect ratio of 4:3 and that the minimum and maximum
projection screen to camera distances dSB are 1.524 m (5
feet) and 4.267 m (14 feet) respectively. Also assume that the
presenter P will typically stand at distances d in front of the
projection screen 16 in the range of from about 0.31 m to 0.61
m (1 to 2 feet). Based on the above assumptions and solving
for Equation (2), FIG. 10q is a table showing the maximum
horizontal camera to projector spacing dCP assuming the
projection screen to presenter distance d is equal to 0.31 m at
each of the minimum and maximum projection screen to
camera distances dSB as well as the maximum camera to
projector spacing dCP assuming the projection screen to pre-
senter distance d is equal to 0.61 m at each of the minimum
and maximum projection screen to camera distances dSB.
FIG. 104 is a table showing the maximum vertical camera to
projector spacing dCP assuming the projection screen to pre-
senter distance d is equal to 0.31 m at each of the minimum
and maximum projection screen to camera distances dSB as
well as the maximum camera to projector spacing dCP
assuming the projection screen to presenter distance d is
equal to 0.61 m at each of the minimum and maximum pro-
jection screen to camera distances dSB. As will be appreci-
ated from the above, at a minimum projection screen to cam-
era distance dSB equal to 5 feet, the maximum camera to
projector spacing dCP is about 3 to 4 feet.

[0054] FIG. 10¢ is atable showing the maximum horizontal
and vertical camera to projector spacing dCP assuming the
projection screen to presenter distance d is equal to 0.61 m
and that the width and height of the projection screen 16 have
been decreased by 5% at each of the minimum and maximum
projection screen to camera distances dSB. In this case, the
width of the projection screen 16 is equal to 1.1485 m and the
height of the projection screen 16 is equal to 1.115 m. As can
be seen, as the size of the projection screen 16 decreases, the
camera to projector spacing dCP decreases.

[0055] Priorto general use of the projection system 10 once
the cameras 18 and projector 12 have been properly oriented
with respect to the projection screen 16, the projection system
10 is calibrated in the manner described in above-incorpo-
rated U.S. patent application Ser. No. 11/420,146 to Morrison
et al. Accordingly, specifics of the calibration will not be
discussed further herein. Calibration of the projection system
10 matches the views of the cameras 18 through an image
transformation with respect to the surface of the projection
screen 16 such that image superposition creates one image of
the viewed scene. Foreground objects such as the presenter P
are separated from the plane ofthe projection screen 16 due to
the effect of planar parallax and show up as two images of
finite separation related to the stereo camera positions. The
calibration is fully automated without requiring intervention
from the presenter or requiring projecting of special images
that are visible during calibration.
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[0056] Once calibrated, in use the personal computer 14
outputs a video data stream that is received by the projector
12. In response to the input video data stream, the projector 12
in turn projects an image I onto the projection screen 16. The
cameras 18, which see the projection screen 16, the displayed
image I and the presenter P, if the presenter exists in their
fields of view, capture images and convey the captured images
to the personal computer 14 over the USB connections 20.
Thus, the computer 14 receives pairs of images from the
cameras 18.

[0057] Upon receipt of each pair of images from the cam-
eras 18, the computer 14 processes the images to detect
whether a presenter is positioned in front of the projection
screen 16 and if so, to determine the location of the presenter’s
head so that the video data stream input to the projector 12 can
be masked to inhibit the presenter from being blinded by
projected light. In particular as shown in FIG. 4, when the
computer 14 receives the images from the cameras 18 (step
100), the computer 14 applies a homography transformation
matrix calculated during calibration to the right camera image
to transform the right camera image to the coordinate system
of the left camera image (step 102). With the right and left
camera images in the same coordinate system, a statistical
cross-correlation between the images is performed to gener-
ate a disparity image (step 104). The disparity image is then
examined to determine if a presenter exists in the disparity
image (step 106). If the existence of a presenter is not
detected, the camera images are discarded and the process
reverts back to step 100 to await receipt of the next pair of
camera images.

[0058] Ifthe existence of a presenter is detected at step 106,
the disparity image is further processed to detect the center of
the presenter’s head (step 108). With the center of the pre-
senter’s head detected, the presenter’s head is tracked (step
110) and the average center position and velocity of the pre-
senter’s head over successive image pairs is used to mask the
video data stream so that pixels corresponding to a circular
region encompassing the presenter’s head are set to black or
near black (step 112). As a result, when the video data stream
is output to the projector 12, projected light is inhibited from
being directed at the presenter’s eyes as a circular area of
darkness 24 encompasses the presenter’s head as shown in
FIG. 5. As the cameras 18 continually capture images of the
projection screen 16 and displayed image I, movement of the
presenter P is tracked allowing the area of darkness 24 to be
moved to follow the presenter.

[0059] At step 104, during generation of the disparity
image, images A, B and C are initially calculated (see step 150
in FIG. 6) according to:

A=I; xI;
B=IgcxIrre

C=IpoxIme

where:

[0060] I, .is the image captured by the left camera; and
[0061] I, is the transformed image captured by the right
camera.

[0062] A box filter of the appropriate kernel size is then

applied to each image

[0063] A, B and C (step 152). The statistical cross-correla-
tion is then calculated to generate the disparity image P (step
154) according to:

P=A/sqrt(BxC)
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[0064] The equation used to generate the disparity image is
subject to a divide by zero (or close to zero) exception during
tracking of dark objects in the captured images. Hardware
and/or software interrupts are therefore employed to replace
such divide by zero exceptions with numbers that are in a
range that will yield a reasonable result. Overexposing the
cameras 18 such that dark objects do not appear as absolute
black and have some minimal level of illumination can also be
performed to avoid the divide by zero exceptions.

[0065] Alternatively, the disparity image may be found by
filtering a difference image based on the captured left and
transformed right captured images or by generating a Gaus-
sian weighted difference image based on the captured left and
transformed right captured images. As will be appreciated, in
these instances, the complexity of calculating a square root
and performing a divide operation are avoided.

[0066] Duringstep 108, in order to detect the location ofthe
presenter’s head, the disparity image is initially preprocessed.
During preprocessing as shown in FIG. 7a, the disparity
image is firstly converted to greyscale so that the pixel values
are in the range of 0 to 255 (step 200). The greyscale image is
then thresholded (step 202). During thresholding, pixels hav-
ing values above 245 and below 220 are set to black and pixels
having values in the range of 220 to 245 representing a dis-
parity (i.e. an object in front of the projection screen 16) are
set to white. A region of interest (ROI) within the thresholded
image that encompasses the majority of the white pixels is
then selected (step 204). A morphological open operation is
then performed on the thresholded image to remove noise
(step 208) and a flood fill operation is performed (step 208) to
remove white pixel clusters that are smaller than a threshold
size, in this example smaller than 2% of the projection screen
area in the captured images. In this manner, the remaining
white pixel clusters representing the presenter are isolated.
The center (x,y) of the presenter is calculated based on the
white pixel clusters in the region of interest (ROI). A principle
component analysis is then performed on the white pixel
clusters in the ROI (step 210) to detect the major axis of the
presenter, the minor axis of the presenter and the orientation
of the major axis with respect to the vertical.

[0067] With the disparity image preprocessing completed,
the principle component analysis results are used to calculate
the centerline of the presenter’s head and top of the presenter
along the center line (step 214 in FIG. 75). The top outline of
the presenter’s head is then calculated and possible head
positions are determined (step 216). Following this, the right
and left side outlines of the presenter are calculated and the
actual head position is determined (step 218). With the head
position determined, the center of the presenter’s head is
calculated (step 220). During processing of the outlines, to
enhance detection of the presenter’s head, one or two math-
ematical profiles referred to as rotational profiles may be
fitted to the outline to locate the presenter’s head.

[0068] At step 110, during tracking, after the center posi-
tion of the presenter’s head has been calculated at step 220,
the center position is stored in memory (step 300 in FIG. 8).
A check is then made to determine if a threshold number of
center positions are stored in the memory (step 302). If not,
the process reverts back to step 300 awaiting the next calcu-
lated head center position. If a threshold number of center
positions exist, a historical center position data group and a
historical velocity data group are formed (steps 304 and 306).
A median filter is then applied to the historical center position
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data group (step 308) and an average center position (X,,,,
Y .) is calculated (step 310) A median filter is also applied to
the historical velocity data group (step 312) and an average
velocity (V,,, V,,,) is calculated (step 314). The average cen-
ter position and average velocity is then used to predict a
position (P,, P)) representing the center of the presenter’s
head (step 316) according to:

P=X AV A
P =Y, AV Al

[0069] This center position (P,, P ) is used to calculate a
circular mask encompassing the presenter’s head (step 312).
The pixels of the video data stream falling within the circular
mask are then dimmed as described above so that when the
video data stream is input to the projector 12 and a resultant
image is projected on the projection screen 16, the area of
darkness 24 encompasses the presenter’s head inhibiting the
presenter from being blinded by projected light.

[0070] As will be appreciated, the projection system 10
tracks a presenter p moving in front of the projection screen
16 and masks the video data stream input to the projector 12
to inhibit the presenter from being blinded.

[0071] Depending on the projection system setup, the cam-
eras 18 may or may not be located close to the projector 12. If
the cameras 18 are not close to the projector 12, the view-
points of the cameras 18 as compared to the projector 12 may
be significantly different. In order to ensure that the masked
region of the video data stream accurately tracks the present-
er’s head and does not extend appreciably beyond the
intended region to be darkened, a correction to compensate
for this difference in viewpoints is desired. For example,
FIGS. 11 and 12 show an alternative projection system geom-
etry in the horizontal direction. In this geometry, the left
camera 18 is spaced further from the projection screen 16 than
the projector 12. From FIG. 12, it can be seen that the follow-
ing relationship exists:

P=s2+(1+v)? 3)

Solving Equation (3) for the projection screen to projector
distance yields:

=1V P

[0072] The angle @ of the left camera’s field of view can be
expressed as:

N
R o
[0073] The offsets s and t of the camera 12 with respect to

the projector 12 can be measured. The camera to projection
screen distance dSB is known from the projection system set
up. Because the cameras 18 are located at a distance from the
projector 12, the projected size of the presenter’s head is
different from the viewpoints of the cameras 18 and projector
12. Simply projecting the presenter’s head as seen by the
cameras 18 onto the reference frame of the projector 12 may
result in inaccuracies. Let w' denote the projected size of the
presenter’s head at the cameras 18 and w' denote the projected
size of the presenter’s head at the projector 12. The projected
size of the presenter’s head at the cameras 18 is expressed by
the perspective projection as:
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w= 1Y
d
where:
[0074] fis the focal length of the left camera 18; and
[0075] W is the diameter of the presenter’s head.
[0076] A similar expression exists for the projector. The

projected size w' of the presenter’s head at the projector 12 is
related to the projected size w of the presenter’s head at the
camera 18 by:

w'=w cos(¢)

[0077] The angle & is computed on the basis of the mea-
sured offsets s and t. With the angle @ computed, the projected
size of the presenter’s head as seen by the cameras 18 can be
converted into a corresponding projected size as seen by the
projector 12. In other words, the projected size of the present-
er’s head is converted to a size as would be seen by the
cameras if the cameras were positioned at the projector 12.
The converted projected size of the presenter’s head as seen
by the projector 12 is then scaled to take into account the
different resolutions of the cameras 18 and projector 12. The
position of the presenter’s head can then be accurately
mapped from the reference frame of the left camera 18 to the
reference frame of the projector 12 by computing the homog-
raphy relating the camera and projector focal planes assum-
ing that the keystone correction of the projector 12 orients the
optical axis of the projector such that it is orthogonal to the
plane of the projection screen 16. In this manner, the size of
the circular mask that is used to dim pixels of the video data
stream can be properly selected so that the area of darkness
encompasses at least the presenter’s eyes but does not extend
appreciably beyond the presenter’s head irrespective of the
orientation of the cameras 18 with respect to the projector 12.

[0078] Ifdesired, the distance d of the presenter P from the
projection screen 16 can be determined from the captured
right and left camera images. In order to calculate the projec-
tion screen to presenter distance d, the computer 14 selects a
rectangular sample region or search template, in this embodi-
ment a 24x12 pixel region, from the right camera image that
is positioned on the presenter’s face. The search template is
then scanned horizontally across the left camera image until a
matching region in the left camera image is determined. Dur-
ing comparing of the search template to pixel regions of the
left camera image, matching of horizontal edges is empha-
sized. Once the matching region in the left camera image is
determined, the difference between the coordinates of the
search template in the right camera image and the matching
region in the left camera image is calculated. With the coor-
dinate differences known, based on the stereo disparity geom-
etry shown in FIG. 14, the disparity can be calculated accord-
ing to:

image width (pixels)

Disparity (cm) = Disparity (pixels) =
oy
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With the disparity calculated, the projection screen to pre-
senter distance or depth d can be calculated according to:

Disparity (cm) dSB (cm)
Basline (cm) + Disparity (cm)

Depth (cm) =

where:

[0079] Baseline is the distance between the focal points of
the cameras 18. Knowing the distance or depth d of the
presenter P from the projection screen 16 allows the size of
the video data stream mask to be accurately determined.
[0080] Although the above embodiment describes the cam-
eras 18 as being fixed in position on opposite sides of the
projector 12, if desired, the cameras 18 can be mounted on
rails or tracks and moveable manually or by drive mecha-
nisms along the tracks to allow the camera to projector spac-
ings to be adjusted. In this latter case, calculation of the
projection screen to presenter distance d can be used as feed-
back for the drive mechanisms so that the drive mechanisms
can be operated to adjust the camera to projector spacing dCP
as the presenter P moves towards and away from the projec-
tion screen 16. In this manner, the cameras 18 can be posi-
tioned to ensure presenter P remains in the fields of view of
the cameras.

[0081] Although embodiments have been described with
particular reference to the drawings, those of skill in the art
will appreciate that variations and modifications may be made
without departing from the spirit and scope thereof as defined
by the appended claims.

What is claimed is:

1. In a projection system comprising a projector to project
an image for display on a background and at least one camera
to capture an image of said background, said at least one
camera having a viewpoint differing from the viewpoint of
said projector, a method of inhibiting a subject’s eyes from
being exposed to projected light when the subject is posi-
tioned in front of the background, said method comprising:

capturing the image of the background including the dis-

played image;
processing the captured image to detect the existence of a
subject therein and to locate generally the subject; and

masking image data used by the projector to project the
image corresponding to a region that encompasses at
least the subject’s eyes, said image data masking com-
pensating for said differing camera and projector view-
points.

2. The method of claim 1 wherein during said masking,
pixels in said region are set to a black or near black level.

3. The method of claim 1 wherein said region is geometri-
cally shaped and generally encompasses the subject’s head.

4. The method of claim 3 wherein said projection system
comprises at least two spaced cameras, during said capturing,
multiple images being captured and during said processing, a
disparity image based on the captured images being gener-
ated.

5. The method of claim 4 wherein during said capturing,
sets of images are successively captured and mapped to one
another, each set of mapped images being processed to yield
the disparity image.

6. The method of claim 5 wherein during said processing,
said disparity image is processed to detect generally the cen-
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ter of the subject’s head, the geometrically shaped region
being generally centered about the center of the subject’s
head.

7. The method of claim 6 wherein during processing, said
disparity image is examined to determine if a subject exists
therein, if so, said disparity image is thresholded prior to
processing to detect generally the center of the subject’s head.

8. The method of claim 7 further comprising tracking the
subject’s head over successive sets of images and calculating
an average center position, said average center position being
used to position said geometrically shaped region.

9. The method of claim 8 further comprising calculating an
average head velocity and using said average level velocity
and average head position to position said geometrically
shaped region.

10. The method of claim 1 wherein during said processing,
the subject as seen by said at least one camera, is converted
generally to a size as would be seen by said camera if posi-
tioned at said projector.

11. The method of claim 10 wherein the subject as seen by
said at least one camera is scaled to compensate for different
camera and projector resolutions.

12. The method of claim 1 wherein said background is an
interactive touch panel.

13. In a projection system comprising a projector to project
an image for display on a background and at least two later-
ally spaced cameras to capture an image of said background,
a method of inhibiting a subject’s eyes from being exposed to
projected light when the subject is positioned in front of the
background, said method comprising:

successively capturing sets of images of the background

including the displayed image;

processing each set of captured images to detect the exist-

ence of the subject and to locate generally the subject’s
head; and

modifying image data used by the projector to project the

image taking into account differing viewpoints of said
cameras and projector, so that the displayed image com-
prises an area of darkness that at least encompasses the
subject’s eyes and that does not extend appreciably
beyond the subject’s head.

14. The method of claim 13 wherein the images of each set
are mapped to one another, the mapped images being pro-
cessed to yield a disparity image.

15. The method of claim 14 wherein during processing,
said disparity image is examined to determine if a subject
exists therein, if so, said disparity image is thresholded prior
to processing to detect generally the center of the subject’s
head.

16. The method of claim 15 further comprising tracking the
subject’s head over successive sets of images and calculating
an average center position, said average center position being
used to position said geometrically shaped region.

17. A projection system comprising:

a projector receiving image data and projecting an image

onto a background;

at least one camera capturing an image of the background

including the projected image, said at least one camera
being spaced from said projector and having a viewpoint
differing from that of said projector; and

processing structure processing the captured image to

locate a subject in the captured image and to map the
subject to the viewpoint of said projector, said process-
ing structure masking image data used by the projector
to project the image corresponding to a region that
encompasses at least the subject’s eyes.
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18. A projection system according to claim 17 further
comprising a video source providing the image data to said
projector.

19. A projection system according to claim 18 wherein said
video source is a computer.

20. A projection system according to claim 19 wherein said
computer is coupled to said at least one camera and masks the
image data.

21. A projection system according to claim 20 wherein said
computer processes the captured images to detect when the
subject occludes projected light and to locate generally the
subject’s head.

22. A projection system according to claim 21 wherein
during masking, said processing structure sets pixels in the
region to a black or near black level.

23. A projection system according to claim 22 wherein said
region is geometrically shaped and generally encompasses
the subject’s head.

24. In a projection system comprising a projector to project
an image for display on a background and at least two spaced
cameras to capture images of said background, a method of
determining the distance a subject in the captured image is
from the background, said method comprising:

comparing the images captured by the cameras to deter-

mine image disparity; and
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using the image disparity and the geometry of the projec-
tion system to calculate the background to subject dis-
tance.

25. The method of claim 24 wherein during said compar-
ing, subsets of the captured images are compared.

26. The method of claim 25 wherein during said comparing
a subset of one image is selected and scanned across the other
image to locate a matching subset in said other image.

27. The method of claim 26 wherein the subset of said one
image is horizontally scanned across the other image.

28. In a projection system comprising a projector to project
an image for display on a background and at least one camera
to capture an image of said background, a method of setting
up said projection system comprising:

determining the orthogonal distance between the back-

ground and the projector and determining the width of
said background;

assuming a maximum distance that a subject will stand in

front of said background;

using the orthogonal distance, the width and the maximum

distance to calculate a maximum camera to projector
spacing; and

positioning said at least one camera relative to and within

said maximum camera to projector spacing of said
projector.



