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EYE TRACKING APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. patent 
application Ser. No. 09/574,975, ?led May 19, 2000, Which 
is a continuation of International Application No. PCT/ 
AU98/00969 (published as WO 99/27412), ?led Nov. 20, 
1998 and designating the United States, Which is based upon 
and claims the bene?t of priority from the prior Australian 
Application No. PP 0480, ?led Nov. 21, 1997, the entire 
contents of Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention is directed toWards an 
improved eye tracking apparatus, and in particular an eye 
tracking apparatus for use on an auto stereoscopic vieWing 
system. 

BACKGROUND ART 

[0003] The present Applicant’s original 3-D auto stereo 
scopic display unit included an eye tracking unit to enable 
the correct positioning of a stereoscopic projector pair, to 
thereby enable the observer to vieW 3-D video Without the 
use of special glasses. This tracking system, Which Was 
disclosed in Australian Application No. 42929/96, required 
the data for the location of eyes in the X and y directions. 
That is, the horiZontal and the vertical positions of the eyes 
from a knoWn datum point at a set distance from the single 
camera. 

[0004] The earlier developments Were based on the 
premise that the vieWer Would be located a relative ?Xed 
distance from the screen. HoWever, it is noW desirable to 
develop a system Which is able to determine the location of 
the eyes in the X, y and Z directions. That is, the horiZontal 
(lateral) position, vertical (height) position and horiZontal 
(depth) position from a knoWn datum point. Such a system 
Will enable an observer to move left and right, up and doWn, 
and also forWards and backWards With respect to the screen. 
HoWever, to create such a system additional data is required 
in order to obtain the depth or Z information. 

[0005] The present applicants have investigated a number 
of alternative systems using feed back focus information and 
ultrasonics. HoWever these other methods have not been 
found to be technically or commercially practical at this 
time. 

SUMMARY OF THE INVENTION 

[0006] It is therefore the object of the present invention to 
provide an eye tracking system Which is capable of provid 
ing the location of the observer’s eyes in the X, y and Z 
directions. 

[0007] It is also intended that the observer should not be 
required to Wear any speci?c head-gear and the system 
should track the observer reliably irrespective of any cor 
rective glasses Worn by the observer. Preferably, the system 
should correctly report the observer’s eye position during 
momentary blinking or periods Where one or both of the 
observer’s eyes are closed or the vieWer has momentarily 
looked aWay from the system. Ideally, it is also intended that 
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the system should reliably differentiate betWeen the observ 
er’s eyes and other facial features e.g., earrings or back 
ground objects. 
[0008] With the above object in mind the present invention 
provides in one aspect a tracking system for locating the 
head and/or eyes of a vieWer including an illumination 
means; a plurality of cameras; and a processing means; 
Wherein at least one of the vieWer’s eyes is illuminated by 
the illumination means to enable capture by each camera, 
and said processing means is adapted to process images 
from each camera so as to detect the position of the vieWer’s 
eyes and/or head. 

[0009] For a system that is required to track in the Z 
direction as Well as X and y then preferably tWo cameras can 
be located on either side of the observers head or the 
autostereoscopic display system that requires the coordi 
nates of the observer to be determined. The processing 
means is then able to utiliZe a method of triangulation to 
locate the vieWer’s head and/or eyes. In order to obtain a 
more compact tracking system, each camera can be associ 
ated With a corresponding mirror ideally located at 135 
relative to the optical aXis of each respective camera. The 
addition of such mirrors does not adversely affect the 
performance of each camera, but do alloW for a more 
compact system. 

[0010] Ideally, the illumination means can be formed from 
a plurality of separate illumination means, each separate 
illumination means being moveable in response to move 
ment of the vieWer. 

[0011] It Will be understood that such illumination means 
Will conform to local safety regulations. 

[0012] In a further aspect the present invention provides a 
tracking toWer for locating the eyes of a vieWer including: 

[0013] an illumination means for illuminating at least 
the eyes of a vieWer; 

[0014] a vertically mounted camera for capturing at 
least the re?ected light from the eyes of the vieWer; 
and 

[0015] a mirror positioned to enable the vertically 
mounted camera to capture images in front of the 
tracking toWer. 

[0016] In yet a further aspect the present invention pro 
vides a method of tracking the eyes of a vieWer including: 

[0017] projecting light capable of being re?ected 
from the cornea of a vieWer from an illumination 

means onto the eyes of the vieWer; 

[0018] capturing the image of the vieWer by a plu 
rality of cameras capable of detecting the re?ected 
light from the vieWer’s cornea; 

[0019] and processing the captured images from each 
camera in a processing means to determine the 
position of the vieWer’s eyes. 

[0020] In another aspect the present invention provides an 
autostereoscopic display system including: 

[0021] a display means for displaying images to be 
vieWed by a vieWer; 
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[0022] a tracking tower located on either side of the 
display means, each tracking toWer including: 

[0023] an upper and loWer illumination means for 
illuminating at least the eyes of a vieWer; 

[0024] a vertically mounted camera for capturing 
at least the re?ected light from the eyes of the 
vieWer; and 

[0025] a mirror positioned to enable the vertically 
mounted camera to capture images of the vieWer 
in front of the tracking toWer; 

[0026] a processing means located beloW the display 
means for receiving the images captured by each 
camera, determining the position of the vieWers eyes, 
and sending the output from the processing means to 
each tracking toWer to thereby adjust each said 
camera in response to movement of the vieWer; 

[0027] and Wherein the output from the processing 
means is utiliZed to display respective left and right 
eye images of the image to be vieWed by the vieWer 
on the display means. 

BRIEF DESCRIPTION OF DRAWINGS 

[0028] FIG. 1 shoWs a preferred set-out of the present 
invention. 

[0029] FIG. 2 shoWs an example of a tracking toWer that 
corresponds to one embodiment of the present invention. 

[0030] FIG. 3 shoWs a block diagram of the typical 
elements of the tracking toWers (minus illuminating means) 
and processing means of one embodiment of the present 
invention. 

[0031] FIG. 4a-c shoW a ?oW diagram of the calibration 
system of one embodiment of the present invention. 

[0032] FIG. 5a-b, shoW a ?oW diagram of the operation of 
the eye tracker and the head tracker in the preferred embodi 
ment. 

[0033] FIG. 6 shoWs a block diagram of hardWare require 
ments for one embodiment of the present invention. 

DETAILED DESCRIPTION 

[0034] In order that the system should reliably track the 
eyes of an observer, under standard domestic and industrial 
ambient lighting conditions, it Was necessary to determine 
the optimum manner in Which the observers face should be 
illuminated so as to maximiZe the uniqueness of the re?ec 
tions from the observers eyes and minimiZe the occurrence 
of other re?ections that could be mistaken as eye re?ections. 

[0035] Through experimentation it Was discovered that a 
localiZed source of light shone into the face of an observer 
returned a high level of re?ection of that source from the 
cornea of the observers eyes. In vieWing these cornea 
re?ections it Was observed that the characteristics of such 
re?ections Were suf?ciently unique to enable them to be 
reliably differentiated from other re?ections from the 
observers face, and also other objects Within the vicinity of 
the observer. 

[0036] In order to prevent discomfort to the vieWer, a 
source of non-visible light is desirable and infrared is a 
preferred solution. 
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[0037] HoWever, should the observer be Wearing correc 
tive glasses, it Was determined that re?ections from the 
cornea may not be detectable through the glasses, or may be 
dif?cult to differentiate from re?ections of the illuminating 
light source from the observers glasses. 

[0038] Under these circumstances, it Was noted that the 
re?ections from the outside rim of the glasses Were suf? 
ciently unique to enable them to be reliably differentiated 
from other re?ections from the observers face and other 
objects Within the vicinity of the observer. 

[0039] Since the general shape of glasses are Well knoWn, 
it is possible to determine the left, right, upper and loWer 
boundaries of the observers glasses and from this rectangle 
estimate the X and y coordinates of the observers eye(s). 

[0040] If the X and y coordinates of the observers eyes or 
glass rims, in relation to some ?xed datum, are to be located 
then illuminating the observers face With a localiZed source 
of infrared light and imaging the vieWers face With a video 
camera sensitive to infrared light Will enable the use of 
computer image processing techniques to determine these 
coordinates. This is a preferred embodiment of the current 
invention. 

[0041] Since general eye and glasses characteristics are 
generally consistent betWeen observers, computer image 
processing techniques can take advantage of these charac 
teristics and use them to distinguish betWeen Wanted and 
unWanted re?ections. 

[0042] Should the distance Z of the observer from a ?xed 
datum also be required then tWo such con?gurations can be 
placed a knoWn distance apart, and in the preferred embodi 
ment, either side of the vieWers face or autostereoscopic 
display device, and standard triangulation techniques 
applied to determine the Z distance of the observer from the 
datum. 

[0043] This con?guration Will enable the eyes or glasses 
of the observer to be tracked Within a volume determined by 
the characteristics of the lens of the video camera used. 
Whilst a Wide angle lens could be used to provide a large 
tracking area, this Will also image objects other than the 
observer’s face Which could result in extraneous objects 
being incorrectly interpreted as eyes, thus reducing the 
reliability of the tracking system. 

[0044] In order to increase the reliability of eye tracking it 
is desirable that the video camera should utiliZe a narroW 
angle lens, such that only the observer’s eyes are imaged and 
other extraneous objects are eliminated. 

[0045] HoWever, such a con?guration may yield an unac 
ceptably small volume Within Which the observer’s eyes can 
be successfully tracked. 

[0046] In order to increase the tracking volume, Without 
reducing the reliability of the system, the video camera(s) 
can pan and tilt so as to folloW the observer’s movements. 
This can be achieved since, once the initial location of the 
observers eyes have been determined, the x and y coordi 
nates so obtained can be used as the input of a pan and tilt 
control system that keeps the observers eyes Within the ?eld 
of vieW of the video camera(s). Should the location of the 
vieWers eyes be lost then after a predetermined period the 
control system Would return the camera to a knoWn home 
position. 
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[0047] Additionally, once the vieWer’s eyes have been 
located the characteristics of the lens of the video camera 
can be altered, by the use of a poWer Zoom for example, to 
optimiZe the image siZe as the position of the observer 
changes in the Z axis. 

[0048] In more detail, the preferred embodiment of the 
present invention involves the use of tWo horizontally 
mounted cameras ?tted With poWer pan, tilt, Zoom and 
focus. Alternatively, for functional compactness the cameras 
can be mounted vertically and use a mirror oriented at 45° 
to the horiZontal, to obtain the correct ?eld of vieW. It Will 
be appreciated that a camera Would normally be horiZontally 
mounted. If space constraints require the camera to be 
mounted vertically, the mirror Will be required to correct the 
optical path of the camera. Further, the camera need not be 
vertically mounted at 90°, but rather may be at any angle 
convenient to the particular application provided that the 
orientation of the mirror is adjusted to provide the correct 
optical path for the camera. This mirror may be ?xed, 
therefore giving no tilt function or, articulated to achieve the 
tilt function. The independent data derived from both cam 
eras can be processed through triangulation to ?nd the X, y 
and Z depth data. 

[0049] Preferably, the illumination means includes infra 
red (IR). In order that the system Will operate Within the 
safety requirements for IR illumination, a camera With high 
sensitivity in the IR region is required. The functional 
requirement of the camera is to capture the re?ected light 
from the vieWer’s cornea, or rim of corrective glasses if 
Worn. Ideally, the re?ected IR light is captured over tWo or 
three pixels of the camera’s CCD element. This interpolates 
to the camera’s ?eld of vieW, at the greater vieWing range, 
to span approximately 11/2 head Widths. The three dimen 
sional space detailed by x, y and Z as a region in Which eye 
tracking is effective, Will be referred to as the Zone of regard. 
In order to achieve the inspection of, or to scan the Zone of 
regard, the camera needs to pan horiZontally. 

[0050] As previously indicated the safe usage of the 
equipment is a primary design requirement in order to 
conform to respective IR safety regulations. For example, in 
Australia the IR illumination level must be beloW the Class 
1 IR Illumination Standards Requirement. This IR illumi 
nation level must also be safe for the casual observer and not 
only the primary vieWer. That is, the IR illumination level 
must be safe for both the primary vieWer, and also for any 
person Who may come Within the illuminated region. In 
order to further reduce the mean level of IR the observer, or 
other person in the vicinity of the system, is exposed to, the 
IR illumination source may be pulsed rather than perma 
nently illuminated. In the preferred embodiment the IR 
source Would be turned on for a period during Which the 
shutter of the CCD video camera is open. 

[0051] As a further means of reducing the level of IR 
radiation the observer is exposed to, the on time of the 
illumination source can be varied. Since the distance of the 
observer from the system is knoWn, the length of time the IR 
illumination is on can be altered in relation to the distance 
the vieWer is from the IR source. Since less illumination is 
required the closer the observer is to the illumination source, 
as the observer moves closer to the system the on time can 
be reduced and visa versa. 

[0052] Should the shutter speed of the CCD camera be 
altered in accordance With the distance of the observer from 
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the camera, or other parameters, then the on time of the IR 
source may be varied accordingly. 

[0053] Preferably, the cameras are equipped With a pan 
mechanism in order to increase the horiZontal ?eld of vieW 
of the eye tracker system. Accordingly, in order to accom 
modate the pan movement requirement, the illumination 
means (61a and 61b) is ideally coaxially articulated in the 
direction of the camera so as to further assist in minimiZing 
illumination energy and satisfying IR illumination Safety 
Standards. It Will be understood that the illumination means 
need not be formed by an upper and loWer illumination 
means, but could be formed by a single illumination means, 
or other functionally equivalent arrangement. In another 
preferred embodiment the illumination sources are located 
close to the vieWers face, in order to maximiZe the incident 
IR radiation on the face of the observer, and the cameras 
located some distance behind. 

[0054] As can be seen from FIGS. 1 and 2, in a preferred 
embodiment the present invention provides tWo tracking 
toWers (54), one either side of the screen (70) and a 
processing means (55) located beloW the screen (70) in a 
base unit (72). The tracking toWers (54) may be inclined 
toWards the center of the screen (70) to ensure the area in 
front of the screen (70) is illuminated. Ideally, this angle of 
inclination is approximately 20°. Preferably, each tracking 
toWer (54) contains a panning camera (60) for tracking the 
vieWer’s eyes. Such a Dual Pan Eye Tracking Apparatus 
may conveniently consist of tWo tracking toWers (54) and a 
processor module (55). The tracking toWers (54) can include 
a support frame (73), and an IR illumination carrier frame 
(74) With mounts and pivots. In the preferred embodiment, 
each tracking toWer includes an upper illumination means 
(61a) and a loWer illumination means (61b). Both the upper 
and loWer illumination means (61a, 61b) may be formed by 
a bank of infra-red LED’s all of Which act to illuminate the 
vieWer. Ideally, the, or each, illumination means is moveable 
and also generally tracks the vieWer’s head. The orientation 
of the illumination means (61) can be arranged as a result of 
feedback from the processing means (55). That is, the 
processing means (55) can be used to locate the vieWer’s 
eyes for an autostereoscopic display device, and also for 
adjustments to the illumination means (61) Which assisted in 
the location of the vieWer’s eyes. This movement of the 
illumination means (61) has the advantage that suf?cient 
light illuminates the vieWer at all times thereby enabling the 
cameras (60) and processing means (55) to detect the 
vieWer’s eyes and/or head. Further, the use of directional 
illuminating means improves the ability of the system to 
meet IR safety regulations. A stronger, more focused, 
“beam” may be directed at the vieWer, Without the need to 
?ood the entire area in infra-red. A feature Which may be of 
particular relevance to any casual observers. 

[0055] The toWers (54) may also include a stepper motor 
or DC motor (56), a mirror (57), a position feed back device 
(58), that measures the angle through Which the toWer 
rotates and a poWer supply (59). This preferred layout is 
shoWn at FIG. 2. This shoWs a vertical axis pan unit With a 
front silvered mirror (57) at 45°. The inclusion of a mirror 
(57) in the tracking toWers (54) alloWs for a more compact 
unit, Which Would be less obtrusive to the vieWer, and 
require less real estate. The mirror (57) can be ?xed With 
respect to the camera (60) or moveable. A ?xed mirror 
decreases the amount of processing poWer required to deter 
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mine the position of the vieWer’s eyes. However, a moveable 
mirror has the advantage of increasing the degree of freedom 
afforded to the vieWer’s movement. That is, a moveable 
mirror Will enable a vieWer to be tracked over a greater area 
than a ?xed mirror. 

[0056] The IR Tracking Camera (60) can be mounted so 
the axis of the stepper motor (56) is in the optical center of 
the camera lens, i.e., the camera is arranged to pivot about 
its optical center. The camera (60) revolves With the mirror 
unit (57) and remains in a relative axial position to the 
illumination arrays (61a, 61b). Aligning adjustments can be 
incorporated in the design to alloW for initial set up and 
calibration adjustments. As an alternate to the stepper motor 
(56), a DC servomotor With a PID controller could provide 
the rotation drive for the camera and IR illumination arrays. 

[0057] The processor unit (55) may consist of a Composite 
Video Image Processor for each camera (60) and a CPU 
Board. The processing of the video signal is ideally under 
taken in hardWare and softWare. Positional information of 
the eye location is constantly calculated in the CPU and the 
information used to drive the stepper motor (56) and hence 
the camera pan mechanism. The absolute position informa 
tion of the center of reference betWeen the eyes (as X, y and 
Z coordinates) is also supplied as an output. 

[0058] The processor unit (55) locates the position of the 
eyes by examining the video image. The processor examines 
the image from the video camera to determine the areas of 
the image that have high brightness levels. Since the vieWers 
face is being illuminated With infrared light, then one of the 
highest levels of natural re?ections or brightness levels from 
the face Will be the re?ection of the infrared light source 
from the cornea of the vieWers eyes. The processor searches 
for these re?ections on the basis that there are tWo eyes, that 
they are approximately 67 mm apart, and that they are 
located approximately horiZontal to one another. After the 
eyes have been located initially, these attributes are used to 
verify that the bright features identi?ed are in fact eyes and 
not other similar objects Within the image. 

[0059] There are tWo calibration sequences for this pre 
ferred embodiment. The ?rst is a full set up calibration. The 
FloW Diagram of FIG. 4(a-c) details one embodiment of the 
calibration of the complete unit. A calibration frame is 
positioned in front of the complete unit. This frame consists 
of a series of IR LED’s (the absolute position of each LED 
is knoWn) on a horiZontal and vertical axis, in the preferred 
embodiment the LED’s are con?gured in the form of a cross. 
The Z distance from the calibrations frame’s LED’s to the 
prescribed calibration datum point is also knoWn. The opera 
tion of the LED’s is controlled from the processor unit (55). 

[0060] FIG. 4(a-c) details the operation of the calibration 
for this preferred embodiment. The calibration frame is 
mounted (1) at the calibration height and distance from the 
tracking toWers (54). The calibration frame is poWered up 
(2) by plugging into the processor unit (55) via a cable. Data 
is supplied via a monitor port on the processor unit (55). The 
?rst part of the calibration involves the alignment of the 
tracking toWers (54), accordingly the toWer alignment test 
(3) is initiated. The routine for adjusting the alignment of 
toWer 1 is undertaken (4, 5 and 6) automatically on poWer 
up. This consists of moving the toWer alignment until a 
nulled result is obtained. A similar routing is undertaken on 
toWer 2, (7, 8 and 9) again until a nulled result is obtained. 
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This completes the alignment calibration. Note: FIGS. 1 
and 2 do not shoW alignment mechanism. 

[0061] The next step is the camera roll adjustment. Roll 
adjustment compensates for the fact that the CCD element 
Within the camera may not be mounted exactly horiZontal 
Within the camera mounting and compensates for the fact 
that in the preferred embodiment the camera is mounted 
pointing inWards and upWards toWards the observer. Camera 
roll test is initiated (10) automatically on successful comple 
tion of the toWer alignment routines. The routine for the 
rotational or roll alignment of camera 1 is undertaken (11, 12 
and 13). This consists of rotating the camera in its mounting 
until a nulled result is obtained. A similar routine is under 
taken on camera 2 (14, 15 and 16) again until a nulled result 
is obtained. 

[0062] The next stage, horiZontal calibration (17) is auto 
matically initiated on successful completion of the camera 
roll calibration. This calibration routine is also an automatic 
process. The iterative routine (18, 19, 20 and 21) is per 
formed on data processed from the tWo cameras. The 
calculated x, y and Z position of each of the horiZontal 
calibration LED’s is stored. The absolute positions of the 
horiZontal LED’s are then used to calculate (22) the hori 
Zontal calibration constants for the system. 

[0063] Vertical calibration (23) is carried out in a similar 
manner to the horiZontal calibration (17). The iterative 
routine (24, 25, 26 and 27) is performed on data processed 
from the tWo cameras. The calculated x, y and Z position of 
each of the vertical calibration LED’s is stored. The absolute 
position of the vertical LED’s are then used to calculate (28) 
the vertical calibration constants for the system. 

[0064] The ?nal calibration step is to store the calibration 
constants in nonvolatile memory (29). 

[0065] The second calibration phase is an ongoing opera 
tional check calibration. This is related to the stepper motor 
drive system, Where the step count is checked against the 
positional feed back device and corrected as required. This 
could be undertaken automatically With a DC servo motor 
With a PID control. 

[0066] In an alternative embodiment, the illumination 
means is separated from the camera, in that they need not be 
located in the same tracking toWer. This enables the illumi 
nation source to be located closer to the vieWers face, 
thereby enabling the illumination means to have loWer 
poWer usage, and reduced beam Width, features Which in an 
infra red environment assist in the system meeting the 
necessary health and safety standards. This embodiment also 
alloWs the camera(s) to be located further aWay from the 
vieWer, and out of sight of the vieWer if desired. Such 
cameras are also more likely to be able to employ a standard 
angle lens, as opposed to the likelihood of requiring cameras 
With Wide angle lens, as the camera need not be located close 
to the vieWer and illumination source. 

[0067] The present invention may also be adapted to 
address one of the major problems associated With attempts 
to perform eye tracking, in the temporary loss of eye 
re?ections associated With either blinking or looking aWay 
in another direction. To address this problem at least one 
further reference point for the eyes can be incorporated. This 
further reference point should only be achieved after eye 
lock (valid eye recognition) is con?rmed. The method may 
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be called associated head tracking and involves additional 
software routines. After the valid eye recognition is 
achieved, the system looks above the position of the eyes to 
?nd the edges of the head approximately in the position of 
the forehead. This is a transient point betWeen the darkness 
of the background and the lighter face. One point on either 
side of the face can be established and the eye positions 
referenced to these points. If the eye lock is momentarily 
lost, the system can then continue to calculate the position 
of the eyes based on these reference points. Ideally, the 
position reference can be continually updated While eye lock 
is established if required. 

[0068] FIGS. 5a and 5b detail the operation of the eye 
tracking With head tracking system for this preferred 
embodiment of the invention. The system is initialiZed (30) 
automatically on poWer up. The operation of the system can 
be considered to be a continuous process to output a constant 
data stream for the absolute X, y and Z positions of the 
observer’s eyes. This is obtained by reading the eye re?ec 
tion data from camera 1 (31) and reading the head tracking 
data from camera 1 (32). The eye re?ection data is compared 
With the knoWn characteristics of a valid eye re?ection, in 
terms of shape and siZe etc, that are stored as parameters 
Within the program. If the comparison does not indicate that 
a valid eye re?ection has been located then the camera is 
panned to the home position after a predetermined time out 
period. Once a valid set of eye re?ections have been 
established a referenced head position can be indeXed to the 
eye position and Will be retained as a valid head position 
(34). If subsequent valid eye data is not returned, due to 
blinking or closing the eyes, the head position is then used 
to calculate the eye position (35). If the valid eye position 
indicates the observer is near the horiZontal limit of the ?eld 
of vieW of the camera the stepper motor Will be instructed to 
pan the camera (37) to centraliZe the image in the ?eld of 
vieW. Whilst the embodiment described is predominately 
intended to track an observer as they move in the X aXis, 
should the valid eye position indicate that the observer is 
near the vertical limit of the ?eld of vieW then a tilt 
mechanism attached to the camera, or 45 degree mirror, 
Would enable the tracking in this direction to also be 
extended. 

[0069] The same process is used for camera 2 (39 to 46) 
as described for camera 1 (31 to 38). With valid and or 
calculated eye re?ections from both cameras (47) the eye 
position in X, y and Z can be calculated (48). If valid or 
calculated eye re?ections are not available then no valid 
output can be calculated and the previous values for X, y and 
Z are repeated until valid data updates the system. An invalid 
data counter (62) is in both the camera 1 and the camera 2 
?oW diagram. If the camera data continues to register 
invalid, the camera Will pan to the home position. 

[0070] Such a system can also be adapted to establish a 
stable position indication of the eyes even When the vieWer 
is Wearing glasses. The re?ections from glasses are multiple 
and can be fast moving and unstable. Once the position of 
the glasses is established, the system looks for the transient 
from the dark background to the lighter face above the level 
of the glasses. As the vieWer moves, looks doWn or right and 
left the reference points act as a ?lter, rejecting the invalid 
data and updating the reference When valid position data is 
processed. 

Jun. 20, 2002 

[0071] The con?nement of IR light to beloW the level of 
Class 1 IR Illumination Standards Requirement Was consid 
ered a design criterion. TWo methods Were formulated to 
ensure the present invention provides a safe Working envi 
ronment. The ?rst involved determining the minimum IR 
Illumination possible to obtain accurate and repeatable eye 
position data. This involved the incorporation of a loW light 
(IR) camera together With the aXial mounted IR Illumina 
tion. The stand by condition of the system assumes that the 
vieWer Will enter the home position in the ?rst third of the 
Z vieWing distance. The IR illumination and shutter speed is 
optimiZed for this vieWing distance. As the vieWer moves 
back (increase in Z) the shutter speed is dynamically 
decreased and the IR illumination time is increased. The 
second method involves vieWers not being the primary 
vieWer. With the IR illumination articulated coaXially With 
the camera and With the IR LED’s having an emission cone 
of a 40° solid angle, any other observer is outside the 
in?uence of the IR illumination and therefore eXposed to 
less than Class 1 IR illumination Standards. 

[0072] The cameras are also synchroniZed to minimiZe the 
IR illumination on time and to improve the accuracy of the 
system. 

[0073] FIG. 6 details a typical block diagram of the 
hardWare aspects of the operation for this preferred embodi 
ment. Video from the camera(s) is converted from an analog 
to a digital signal (49). HardWare processes the digital data 
using transient re?ection detection (50) and threshold detec 
tion (51) to obtain the X and y positions of the re?ections and 
the X positions of the left and right edges of the observer’s 
head (above the level of the detected eyes). High level 
?ltering is used to establish the X and y position of the 
detected re?ections With respect to the camera’s ?eld of 
vieW (52). The X and y rectangular positions are then 
converted to a polar coordinate position (53). That is the X 
and y position With respect to the camera ?eld of vieW is 
converted to the horiZontal and vertical components of angle 
to the eye position With respect to the optical aXis of the 
camera. With this positional data from both cameras and the 
positional data from the pan position of the cameras the 
absolute location of the eyes in X, y and Z space can be 
calculated. This data can be output from the system via a 
nominated data stream format in various serial communica 
tion modes or other methods familiar to those skilled in the 
art. 

[0074] The present invention is of particular advantage to 
the Applicant’s eXisting autostereoscopic display system, 
hoWever, it is also of advantage to all other autostereoscopic 
display systems. The tracking system as disclosed herein 
alloWs the vieWer additional freedom of movement not 
available in eXisting systems. Where previously the vieWer 
Was constrained to remain a relatively ?Xed distance from 
the display means, the present invention provides a system 
Whereby the vieWer can move aWay from, or toWards, the 
screen Without loss of stereoscopic effect. That is, the ability 
to track the vieWer’s eyes in the X, y and Z directions enables 
the stereoscopic system to correctly project the left eye and 
right eye images for vieWing by the vieWer’s respective left 
and right eyes. 

[0075] Whilst the main advantage of the eye tracking unit 
of the present invention is that the vieWer is not required to 
remain a ?Xed distance from the screen, the preferred 
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embodiments of the present invention are also able to 
address other problems With existing systems Which attempt 
to track a vieWer’s eyes in the X and y direction by being able 
to compensate for When valid eye data is not valid, or the 
vieWer is Wearing glasses. HoWever, it Will be understood 
that modi?cations and variations such as Would be apparent 
to a skilled addressee are considered Within the scope of the 
present invention. 

1. An autostereoscopic display system comprising: 

a display means for displaying images to be vieWed by a 
vieWer; 

a tracking toWer located on either side of the display 
means, each tracking toWer including: 

an upper and loWer illumination means for illuminating 
at least the eyes of a vieWer; 

a vertically mounted camera for capturing at least the 
re?ected light from the eyes of the vieWer; 

a camera mounted perpendicular to the horiZontal for 
capturing at lest the re?ected light from the eyes of 
the vieW; and 

a mirror positioned to enable the vertically mounted 
camera to capture images of the vieWer in front of the 
tracking toWer; a processing means for receiving the 
images captured by each camera, determining the 
position of the vieWer’s eyes, and sending the output 
from the processing means to each tracking toWer to 
thereby adjust each said camera in response to move 
ment of the vieWer; 
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and Wherein the output from the processing means is 
utiliZed to display respective left and right eye 
images of the image to be vieWed by the vieWer on 
the display means. 

2. The display system as claimed in claim 1, Wherein said 
processing means is located beloW the display means. 

3. The display system as claimed in claim 1, Wherein 
output from the processing means is utiliZed to adjust the 
orientation of each illumination means in response to move 
ment of the vieWer. 

4. The display system as claimed in claim 1, Wherein each 
illumination means includes a bank of infra red LED’s. 

5. The display system as claimed in claim 1, Wherein 
output from the processing means is utiliZed to adjust the 
orientation of each camera in response to movement of the 
vieWer. 

6. The display system as claimed in claim 1, Wherein each 
camera is arranged to pivot about its optical center. 

7. The display system as claimed in claim 1, Wherein 
output from the processing means is utiliZed to adjust the 
orientation of each mirror in response to movement of the 
vieWer. 

8. The display system as claimed in claim 1, Wherein said 
processing means utiliZes a method of triangulation to assist 
in the location of the vieWer’s eyes. 

9. An autostereoscopic display including the system as 
claimed in claim 8. 


