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(57) Abstract

An optical triangulation tracking system comprises means for creating at least two beams of light (14, 15), each being divergent,
mounted relative to one another in a predetermined spatial and angular relationship such that the beams intersect one another thereby
illuminating a volume of space (16), at least one reflector (3) relatively moveable within said volume of space, a light detection device (20)
adapted to reccive light from each of the two beams which has been reflected back along its path of transmission by the reflector and an
image processing system (24, 25) connected 1o each of said detection devices, the arrangement being such that relative movement between
said light beam creation means and the reflector will be monitored by the image processing system which determines from received images
by triangulation spatial coordinates of the reflector thereby to determine the relative position within said volume of space of the reflector.
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1
"OPTICAL POSITTON SENSING SYSTEM™

This invention relates to optical position sensing systems generally
and more particularly, but not exclusively, to an optical position sensing
system operating in the infra-red spectrum to determine the position, or the
‘position and attitude, of a target cbject in three dimensional space.

A new display concept in the field of interactive television video
image software applications uses ‘knowledge' of the head position of a
viewer disposed in front of a video display screen to provide an enhanced
field of view and a psendo three-dimensional effect, i.e. by two—dimensional
screen image perspective, similar to viewing a hologram. This requires scme
means of autamatically determining the position and thereby tracking
movement of the head in three dimensional Cartesian co-ardinates at a
frequency campatible with the picture update rate of the video display
system. Obviously, the head position could be determined in other spatial
coordinate systems, such as spherical polar coordinates, for example.

Current techniques for position sensing, which include: laser ranging,
sonar, radar, electramagnetic field and structured lighting are not suitable
in, for example, home domestic interactive virtual reality games
applications for reasons of accuracy, safety, and cost. Hitherto position
sensing means have relied on the provision of separate transmitting and
receiving means with one such means being fixed at a base station and the
other being attached to a moving target object.

It is an object of the invention to provide a simplified position
sensing system based on optical triangulation which conveniently may be used
in damestic interactive virtual reality games applications or simplified
means to determine movement of an illuminated cbject.

In accordance with the present invention there is provided an optical
triangulation tracking system camprising means for creating at least two
beams of light, each being divergent, mounted relative to one ancther in a
predetermined spatial and angular relationship such that the beams intersect
one another thereby illuminating a volume of space, at least one reflectar
relatively moveable within said volume of space, a light detection device
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adapted to receive light fram each of the two beams which has been reflected
back along its path of transmission by the reflectar and an image processing
system connected to each of said detection devices, the arrangement being
such that relative movement between said light beam creation means and the
reflector will be monitored by the image processing system which determines
from received images by trianqulation spatial coordinates of the reflectar
thereby to determine the relative position within said volume of space of
the reflector.

In preferred embodiments of the invention the reflector is a
retroreflector.

The image processing system may be adapted additionally to monitor
anqular movements of the reflector. Two light detection means may be
provided with each being masked by a corresponding slitted aperture plate
with the slits of the aperture plates being relatively mrtually
perpendicular in orientation.

The detection device may camprise a plurality of light detection means
each asscciated with a respective ane of said divergent beams and each
adapted to receive light reflected back along its path of transmission by
the retro-reflector. In this arrangement the system may further camprise
canprise a beam splitting means associated with each light detection means
through which passes both a corresponding one of the divergent beams and
light reflected by the reflector therefram, the arrangement providing that
the path of reflected light exiting the beam splitting means and the paths
of light of the divergent beams entering said beam splitting means are
angularly displaced. The divergent beams may pass directly through the
corresponding beam splitting means and the path of light reflected by the
reflector may be angularly displaced by these beam splitting means.

The light detection means may each camprise a two dimensional detector
array,a CCD video camera, a Position Sensing Detectar and/or amy type of
detector which can detect the position of a light spot in two dimensions.

The divergent beams of light may each be paired coincident light

beams with a first beam of each said pair having a first wavelength and a
uniform angular intensity profile and the second beam of that pair having a
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second wavelength and a non-uniform symmetrical intensity profile, and the
light detection means or device may be adapted to measure the intensity of
light incident thereon and the image precessing system may be adapted to
determine the trajectory of incident light from the intensities received
from said paired unifaoon and non-uniform light beams. Filter means such as
diffusing screens, holographic light shaping diffusers, apcdising filters
and diffractive optics may be utilised to provide both said uniform and said
non~-uniform intensity profiles.

The light detection means may be provided by a single detection device
optically miltiplexed so as to function as a plurality of individual
detection means. The light reflected by the reflector may be channelled to
the detector by means of a light quide consisting of reflective surfaces.

The system may further camprise a reflecting device having a plurality
of spaced apart retro-reflectors the relative positions of which are known
by the image processing system, the arrangement enabling both position and
arientation of the reflecting device within the illuminated space to be
determined. The .image processing system may be adapted to  identify
predetermined types of motion of the or each retro-reflector. The amplitude
of the light of each divergent beam may be modulated.

Polarising devices may be used to reject background illumination and
the beam splitting means may be a half-silvered mirror. The reflector may
be a retroreflector in the form of a high gain screen with a narrow gain
profile around the angle of incidence and/or may be in the form of one or
" more retroreflective prisms.

The divergent light beams may be laser light of one or more narrow
spectral band widths of wavelength and/or infrared radiation from a light-
emitting dicde.

The means for creating light may be adapted to emit sequentially a
plurality of light beams each having a different wavelength, a corresponding
plurality of retro-reflectors may be provided each being adapted by filter
or other means to retro-reflect only light of an associated cne of said
wavelengths, and the light detection means may be adapted to receive light
fram the plurality of retro-reflectors and by being multiplexed with the
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sequencing of the light emission may be able to discriminate between light
reflected fram each of the retro-reflectors.

The second support means may camprise a body housing a retro-reflector
and a closure or shutter member associated with said body, with the closure
or shutter member being operative to mask or un-mask the retro—reflector_.

Preferred embodiments of the invention will now be described with
reference to the accampanying drawings, in which:-

Figure 1 illustrates diagrammatically the operation of a first
embodiment of a head or target tracking system in accordance with the
invention;

Figure 2 illustrates diagrammatically the operation of a second
embodiment of a head or target tracking system generally similar to that
shown in Fiqure 1 wherein like camponents or items are denoted by like
numerals;

Figure 3 illustrates diagrammatically the operation of a third
embodiment generally similar in layout to that shown in Figure 1 wherein
similar components or items are denoted by similar mmerals;

Figure 3a illustrates the polar intensity profile of one light source
used in the embodiment shown in Figure 3;

Figure 3b illustrate the polar intensity profile of another light
source used in the embodiment shown in Figqure 3;

Figure 4 illustrates a fourth embodiment of the invention camprising
optical heads similar in function to those of said first embodiment shown in
Figure 1 and like parts or items are denoted by like numerals;

Figure S5 1illustrates a reflector pattern for use with a fifth
embodiment of the invention;

Figure 6 illustrates diagrammatically a sixth embodiment of the
invention wherein like parts or items to those of the embodiments of Figures
1 to 3 are denoted by like numerals;

Figqure 7 illustrates a seventh embodiment of the invention wherein
like parts or items to those of the embodiments of Figures 1 to 3 are
denoted by like mumerals;

Figure 8 illustrates an eighth embodiment of the invention similar to
said aforedescribed third embodiment shown in Figure 3 wherein like parts
are denoted by like numerals;

age 6 of 32
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Figure 9 illustrates diagrammatically generally in sectional view a
nurber of retroreflectar devices for use with the embodiments of the
invention, and

Figure 10 illustrates diagrammatically a sensor layout for use with at
least cne of the described embodiments of the imvention.

A first embodiment of the present invention, in the form of a head
tracking system shown in Figure 1, is based on the use of optical
triangulation to determine the spatial position of a viewer. It camprises
two identical optical receiver/transmitter heads 1,2 which would typically
be mounted at either side of a video display screen (not shown), a small
retroreflector or retroreflective target 3 worn by the viewer and an
electronic image processor means 4. The optical heads 1,2 are fixed in
space at positions relative to a datum point and one ancther known to the
processor means 4. Each optical head 1,2 conprises along a cammon optical
axis thereof a light socurce 5, having a substantial portion of its output in
the near infra-red region of the optical spectrum, together with suitable
projection optics which in this embodiment includes a concave mirror 6, a
condenser lens or lens array 7 and a projection lens or lens array 8 to
provide a diverging beam of field angle alpha with a smoothly varying
intensity profile. The light sources in this ewmbodiment are rendered
invisible to the viewer by virtue of the near infra-red wavelengths used.
Bowever, it will be appreciated that other wavelengths of light may be used
in conjunction with or in place of infra-red wavelengths.

The spectral output and intensity of light output are controlled by
means of optical filters 9,10. The beam passes through a beam divider or
beamsplitter 11 which divides the beam intensity in a fixed ratio. The type
of beam divider shown in Figure 1 is a glass plate 11 coated with a
multi-layer partially transmissive coating, inclined at 45 degrees to the
optical axis. Alternatively, a beamsplitting cube could be used. Light
direct fram light source 5 not passing through the beam divider 11 is
intercepted by a light trap 12. The beam then passes through a window 13.

Optical receiver/transmitter head 1 radiates diverging beam 14 through
its window 13 and similarly optical head 2 radiates diverging beam 15.
Relative crientation of optical heads 1,2 is such that their respective
optical axes are incident so that beams 14 and 15 overlap to create an
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illuminated volume of space 16 in front of the video display screen in which
the viewer may move at will. The retroreflective target 3 worn by the
viewer is typically mounted at the centre of a pair of spectacles or
attached directly to the viewer's head in the region of the eye mid-point.
The retroreflective target 3 may be either a high gain screen, a single
retroreflective prism or an array of small prisms.

Berein retroreflective refers to any reflective device and/or material
from which a substantial portion of incident electramagnetic radiation is
reflected back along its incident path, i.e. through 360 degrees. A single
element prism to return light rays back along the same path would be used in
situations where the superior optical performance provided by a single
element prism is required. In same cases it may be desirable to use such a
prism for aesthetic reasons.

For simplicity the retroreflector 3 is shown in Fiqure 1 to be at the
centre of the volume 16 corresponding to the point of intersection of the
optical axes of the two beams 14,15 (i.e. of the two optical heads 1,2).
Light rays 17,18 intercepted by and incident on retroreflector 3 are
returned along the same path (in the case of a high gain screen the effect
is similar but the mechanism is that rays not scattered in the incident ray
direction experience negligible gain). Light ray 17 returning to the beam
divider 11 of optical head 1 is split and a portion 19 of the returning
light is reflected by beam divider 11 toward an imaging sensor 20 equipped
with a lens or lens array 21 whose field angle matches that of the projected
beam 14. An infra-red filter 22 is used to select only light of the same
wavelength as the light source 5. Similarly, a portion 23 of the ray 18 is
received by imaging sensor 20 of optical head 2.

Each light ray portion 19,23 results in a corresponding sensor image
within the respective imaging sensor 20. The following description relates
to one such sensor image by describing camponents of one sensor 20 and is
equally applicable to the other sensor image and sensor. Within the sensor
20 the sensor image is formed on a two—dimensional array of photodetectars
whose responses are thresholded such that a binary image consisting of a
single spot moving against a black background is formed. Alternatively, a
raster scanning sensor typically camprising a CCD video camera could be
used. By carrying out analogue-to-digital ccnversion of the signal, the
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spot intensity is characterised in temms of a number of grey levels -
typically up to 256. By measuring the position in the matrix of the
sensar(s) of the peak of the spot's intensity profile or, in the case of a
spot having a flat topped profile, its centroid and using the known
arientation in space of the sensor camera it is possible to define a ray
vector that passes through the centre of the retroreflector 3. V

Ancther form of sensor based on Position Sensing Detectors (PSD) could
be used to determine the position of a light spot in two dimensions. PSD's
uniquely consist of a single sensitive surface layer but generate an output
photocurrent which is directly proportional to the position of the light
spot on the surface. PSD's can provide a more cost effective alternative to

By camputing the intercept of the ray vectors fram each sensor 20 the
position of the target retroreflector 3 in three dimensional space is
cbtained. The detemmination of the spot position in this embodiment is
carried out by electronic circuitry 24,25 associated respectively with
optical heads 1,2 and which each autamatically locates the peak intensity in
the matrix of associated sensor 20 by searching for the maximum intensity
along each line of data in a frame as it is read out of that sensar.
Alternatively, it is possible to store each frame of the image in a memory
and then locate the spot by algorithm driven data analysis.

In the embodiment shown in Figure 1, processing of data fram both
sensors 20 is carried out simltanecusly at frame refresh rate.
Alternatively, it could be carn.ed out sequentially, with the sensor outputs
being multiplexed, in which case co-ordinates camuted by electronic
circuits 24,25 would be delivered every other frame, for example. The
carmputed X,y co-ordinates fram each sensor 20 are transmitted by respective
circuits 24,25 to a processor 26 where they are used to determine the
co-ordinates x,y,z of the target retroreflector 3 in three dimensional space
within volume 16. It will be appreciated although the described electronic
image processor means 4 camprises three distinct circuit elements 24,25,26
that these could be substituted by unitary or other means either hardwired
or software controlled.
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Additional sensors may be used to improve the accuracy of the
camputation. Instead of sensors with two—dimensional detector arrays it is
also possible to use linear arrays, which will provide greater accuracy.
Bowever, at least three such sensors would be required, i.e. three optical
heads would be regquired.

By using polarising filters it is possible to improve ambient
background illumination rejection characteristics. Similar benefits may be
gained by modulating the light source.

Several different optical configurations are possible, including one
in which the optical heads 1,2 are ceiling mounted or otherwise mounted
overhead with the retroreflector 3 being attached to the top of a helmet
worn by the viewer, for example.

The aforedescribed head tracking system could be used to determine
head velocity and acceleration and to recognise different types of head
movements that could be used in interactive games, for example nodding and
shaking of the head. )

It should be appreciated that the optical coamponents of the
aforedescribed head tracking system are conventional in nature. Bowever,
the invention could be implemented with a variety of optical technologies
including Fresnel optics, holographic optical elements and micro-optics.

Arguably the most expensive camponents of the aforedescribed
embodiment are the sensors 20. Therefore, it is desirable to produce a head
tracking system requiring only a single sensor. This could be done by
intercepting light rays 19,23 (seen in Fiqure 1) by corresponding light
quides based on mirrors, relay optics or fibre optics, etc all leading to a
single sensor (20). Operation of light sources 5 and the single sensor
could be mltiplexed to determine sequentially the vectars for
retroreflector 3.

One such single sensor arrangement is shown in a second embodiment of
head tracking system illustrated in Figure 2. In this second embodiment two
optical transmitter heads 100,101 each camprise a light source 5, lens or
lens array 8 and beamsplitter 1l resulting in two diverging beams of light

Page 10 of 32
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14,15 converging on illuminated volume of space 16 in which retroreflector 3
can be mwed. The transmitter heads 100,101 share a single optical receiver
head 103 which camprises a single detector or imaging sensor 20 and two
planar mirrors 104,105. Mirror 104 is disposed so as to reflect light
incident fram beamsplitter 11 of optical transmitting head 100 into sensor
20 and similarly mirror 105 reflects light received fram transmitter head
101 into the sensor. Conveniently, mirrors 104 and 105 are matually
perpendicular as shown in Figure 2. Alternatively, they may be relatively
disposed at a more convenient or optimumn angle as required. It should be
appreciated that an optical carbiner, in the farm of a prism for example,
could be used in place of mirrors 104,105.

Electronic circuit and camputation means 106 are associated with the
detector or sensar 20. Self-evidently for the operation of this embodiment
of the invention it is necessary for means 106 to be able to differentiate
output fram sensor 20 resulting fraom optical beam 14 fram that resulting
fran beam 15. Conveniently, light beam 14 and the associated optical
transmitting head 100 provides a first optical channel A and beam 15 and
optical head 101 provide a second optical channel B. Differentiation of
sensor output may be effected by synchronising light source pulsing
frequencies of optical channels A and B with that of read-out electronics
107. Typically, the read-out electronics 107 permits the processing of
output signals fram sensor 20 including amplification, filtering, analogue
to digital conversion, noise removal, multiplexing and any other required
signal conditioning enabling the output of wvoltages or other digital signal
means that can be used by other camponents of the camputation means 106.

A spot co-ordinate determination tracking algorithm in camponent or
segment 108 of camputation means 106 receives multiplexed input fram
read-out electronics 107 to enable means 106 to determine by application of
the algorithm position vectors relating to retroreflector 3 corresponding to
optical channels A and B respectively and thereby to output the spatial
position of the retroreflector 3. In effect the tracking algorithm is able
to determmine the trajectory of a target in the associated optical channel A
ar B illuminating a detector element in the sensor 20.

In a third embodiment of the invention, shown in Figure 3, each
optical channel has two light sources 5A and 5B. Light from sources SA and
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SB of optical head 200 is transmitted as coincident diverging beams 14A and
14B respectively. Similarly, light from optical head 201 is in the form of
coincident diverging beams 1S5A and 15B. These beams 14A,14B,15A and 15B
illuminate a volume of space 16 in which retroreflector 3 is able to be
moved.

Light fram sources 5B has an angular intensity distribution profile
shown in the diagram of Figure 3a wherein the 'Y'-axis is intensity and the
'X'-axis is the angle theta with x=0 correspording to the optical axis of
the optical head 200 or 201. Similarly, the angular intensity distribution
profile of light fran sources 5A is shown in the diagram of Figure 3b. It
will be apparent that the light sources SA have a uniform angular intensity
profile and correspond to the type of light sources 5 which may be used in
the aforementioned first and second embodiments, whilst light sources 5B
have the non-uniform symmetrical profile shown in Figure 3a. To provide the
flat intensity profile of light sources 5A filter or other means may be
utilised. The filter or other means may be diffractive or holographic
optical elements which accept incaming light and redistribute it over same
pre-specified polar diagram.

In this third embodiment each optical head 200,201 is provided with
respective receiving sensors 220. Reflected light 19A and 19B corresponding
to beams 14A and 14B respectively are incident on sensors 220 of optical
head 200. Similarly, reflected light 23A and 23B correspond to beams 1S5A
and 15B respectively and are incident on sensars 220 of optical head 201.
Unlike the aforementioned embodiments in which sensors 20 determine the
trajectories of light 19,23 reflected fram retroreflector 3 by the position
of ‘spots' formed on the sensors, in this embodiment the sensors 200 measure
the intensity of incident light 19A, 19B and 23A, 23B respectively. The
received intensity will be a function of the angular bearing with respect to
each light source 5A,5B and the distance of the retroreflector 3 fram each
light source.

Range-angle ambigquities are avoided in this embodiment by using light
sources 5A,5B having different wavelengths and sensors 220 camprising single
element detectors 220A,220B each able to measure light intensity of the

wavelength of source SA or 5B respectively. The range dependence of the
reflected signal can thus be eliminated by ratioing the signals fram the
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paired detectors 220A,220B. Alternatively the sources SA and 5B could be
cvharacterised by modulating the amplitudes of the beams at different
temporal frequencies. The signals obtained after filtering by the
processing electronics would then be ratioced to eliminate range dependence.

An improvement to this third embodiment (not shown) is to provide a
further third optical channel in order that an unambiguous determination of
the co-ordinates of retroreflector 3 can be obtained. By measuring
intensity rather than position a single element detector can be used in
place of the more complex requirements of the first two embodiments. This
may offer cost advantages.

In the aforedescribed embodiments nodding or shaking of the head may
be detected by using a movement tracking algorithm within associated
camputation means which is able to discriminate between different movement
patterns of reflected light. Alternatively, specific means may be provided
for detemmining such movement as hereinafter described.

A fourth embodiment of the invention, shown in Figures 4, is adapted
to detect the nodding or shaking motion of the head wearing a retroreflector
in the form of a spot or disc 303. The optical transmitter heads 300,301 of
this fourth embodiment each have a single detector element 320 toward which
respectively reflected light beams 319,323 are reflected by correspording
beamsplitter 11. 1In optical head 300 a mask 308 is disposed between
detector 320 and beamsplitter 11, similarly in optical head 301 a mask 309
is provided. Detail (a) shows that mask 308 is provided with a vertical
slot or aperture 310 and detail (b) shows that mask 309 is provided with a
horizontal slot or aperture 311, i.e. apertures 310 and 311 are mutually
perpendicular. On detail (a) the resultant image of disc 303 is shown as
spot 312 and similarly on detail (b) the image is shown as spot 313.

Shaking of the head will result in the spot 312 oscillating in the
horizontal plane as shown by the arrows on detail (a). This will result in
an output 314 fram sensor 320 of optical head 300 which as determined by
camputation means 315 will have an oscillating waveform as represented by
waveform 316. However, if the head is being nodded then spot 313 will move
in the vertical plane shown by arrows in detail (b) which will result in
sensor 320 of optical head 301 outputting signal 317 resulting in a similar
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oscillating waveform also 316. In this embodiment one optical channel is
used to detect nodding and the other to detect shaking of the head. Further
optical channels could be provided to detect position in the manner of the
aforedescribed embodiments.

In a fifth embodiment of the invention a retroreflector device 403

 shown in detail in Figure 5a camprises two mutually perpendicular typically

respectively vertically and horizontally disposed striped elements 404,405
wherein the black bars are of low reflectivity and the white bars are of
high reflectivity. Element 404 has widely spaced bars and element 405 has
closely spaced bars. Many different configurations are possible. The
essential requirement is to have widely spaced and closely spaced bars

patterns arranged orthogonally.

The retroreflector 403 is wused in conjunction with optical
transmitter/receiver heads in accordance with said first to third
embodiments of the invention. A single element detectar 420 is represented
in Figure Sb on which is superimposed an outline image 403' of the
retroreflector 403 moving horizontally in the direction of the arrow.
Detector 420 will occupy sequentially positions 420,420' and 420'' relative
to the image 403°. A signal from the detector 420 will have a relatively
high frequency waveform such as that shown as 421 which indicates that the
retroreflector 403 is being shaken from side to side. From Figure 5¢ it
will be apparent that nodding of the retroreflector up and down will result
in a relatively low frequency output waveform 422.

In the sixth embodiment of the invention shown in Figure 6 two optical
heads 500,501 each have light sources 505 one of which is shown in detail
(a). Each light source 505 is able to generate light at four different
wavelengths A,B,C,D, e.g. four light emitting elements may be used. This
results in volume of space 16 being illuminated fram optical head 500 by
coincident diverging beams of light 14A,14B,14C,14D and from optical head
S01 by coincident diverging beams of light 15A,15B,15C,15D. Typically, such
illumination may be in sequential pulsed form as shown by transmitted signal
510 where pulses corresponding to the different wavelengths and beams A-D
follow one after ancther.

Pasgg_l_1>4 of 32



WO 96/17258 PCT/GB95/02799

13 .

Advantageously, this sixth embodiment allows for the tracking of
movement of four target retroreflectars 503A,503B,503C,503D each adapted to
reflect only light of wavelengths A,B,C,D respectively. This is
accamplished as shown in detail (b) of the retroreflector 503B by the
retroreflector 503 being overlaid by a transmissive filter (in this case
511B) which absorbs all light except that of the carresponding wavelength.
It will be understocd that the use of four wavelengths and targets herein
described is only an example and that the principle of this embodiment can
be utilised where two or more targets are to be tracked.

The seventh embodiment of the invention tracks mltiple
retroreflective targets 603A,603B,603C,603D by virtue of each target having
a distinct pattern as shown in Figure 7. These targets each has a unique
spatial array of retroreflective dots known to associated camputation means
600 from a digitised bitmap or look-up table/template 601. At amy given
instant the camputation means can from signals received fram sensars 20
generate a video frame 602 on which will appear ‘spots' corresponding to
each dot of targets 603 within space 16. Fram this frame it is possible to
calculate the spatial position of each dot and fram this detemmine in
conjunction with template 601 the actual position of the individual targets.
Both the method adopted in this seventh embodiment and that described in
relation to the sixth embodiment would be particularly useful when tracking
the movement of different body parts, for example one retroreflector could
be asscciated with the head, one each with the shoulders and the remaining
two with the hands of sameone moving within space 16.

In the eighth embodiment of the invention shown in Figure 8 two
optical transmitting/receiving heads 700,701 each illuminate a flat surface
716 with respective diverging beams of light 14,15. Light sources 5 within
optical heads 700,701 result in a non-uniform light pattern, such as for
example in the aforedescribed manner of the third embodiment of the
invention. The juxtaposition of light beams 14,15 on flat surface 716
provides that the position of a retroreflector disc or puck 703 on the
surface 716 can be determined merely by analysing the intensities of
reflected light 19,23 and camparing that with an intensity look-up table 710
held within camputation means associated with this embodiment. On “surface
716 a contour map is shown in which those contours radiating fram carner 717
carrespond to beam 14 and those radiating fram cornmer 718 correspond to beam
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15. An application of this eighth embodiment would be in a board game
having same 100 to 200 individual patches each identifiable by a position on
the lock-up table 710.

Hitherto the description of the invention has centred on its
application in sensing position and/or movement. The same technology could

be used also for generating a signal input by, for example, masking a

ansoociD: <wo_ bV

retroreflector until a signal is to be generated or providing a shutter to
mask a retroreflector such that a signal is generated once the reflector is
masked. Simple devices for accamplishing this are shown in Fiqure 9. That
shown in Figure 9a camprises a hand held plastics moulding 800 having a
cavity 801 which can be enclosed by a resiliently flexible closure member
802. A retrareflector 3 is attached to a rear wall of the cavity 801 and at
rest the member 802 is in the upper position shown. By applying light
pressure to button 803 the closure member 802 can be moved to the closed
position shown in dotted outline thereby masking the retroreflector 3.

In the example shown in Figure 9b a retroreflector 3 is housed within
a cavity 810 and masked by a closure member 811 pivotal about pin 812. When
pressure is applied to button 813 to campress leaf spring 814 the closure
member 811 moves to an upper position at which reflector 3 is urmasked.

The more camplex exarple shown in Figure 9c is adapted for use with an
embodiment of the invention able to discriminate between the position of
different targets by illuminating and/or detecting different wavelengths of
light. This example has a hollow body 820 housing an elongate
retroreflector 3. Buttons 821,822,823 are operative to open shutter
mechanisms disposed respectively behind filters 824,825,826. These filters
may correspond to each of three wavelengths of illumination or alternmatively
they may correspond with each of three wavelengths of detection. 1In the
latter case the illustrated example will be illuminated with ‘'white' light
and only reflect that 'colour’, i.e. wavelengths associated with the filter
whose shutter is open.

Aforedescribed erbodiments have used single detectors to measure light
intensity or 2 dimensional detector arrays (for example, CCD cameras) to
determine reflected spot position. Figure 10 illustrates a sensor layout 920
utilising linear detector arrays 900, 901 which, for example, receives light
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beam 919 reflected fram a retroreflector (not shown). A lens 921 focuses
the spot of beam 919 on a beamsplitter cube 902 fram which beams 919A and
919B are reflected. Lenses 903,904 focus respectively beams 9193,919B to
provide elongate images respectively 905,906 of the spot of beam 919.

As can be seen from Figure 10 image 905 is elongate in the horizontal
plane and image 906 is elongate in the vertical plane. Conversely, linear
detector array 901 on which image 905 is caused to fall is elongate in the
vertical plane and will thus detect the vertical 'positicn' of the image
905. Similarly, linear detector array 900 on which image 906 is caused to
fall is elongate in the horizontal plane and detects the horizontal
'‘position’ of the image 906. It will be clear that each array 900,902
camprises a plurality of sensors each of which is connected to read-out
electronics shown respectively as 907,908. It will be appreciated that one
dimensional PSD's could be used as detector arrays 900,901.

It will be understood that the optical arrangements illustrated in the
drawings are outline sketches and diagrams which show the general principles
of operation of various embodiments of the invention. In addition to the
optics and/or optical elements shown a workable design will camprise
appropriate housing means and possibly may camrise additional lens elements
for correction of distortions, optical filters, relay lenses, exit and entry
masks and/or windows, etc. ’

In embodiments of the present invention so far described the target(s)
have been moveable in a static volume of light created by staticnary
illumination means. It should be understood that in alternative
embodiments the target(s) may be static and the illumination means may form
part of apparatus mounted to a moveable cbject, typically the head of a
user. The appended claims are intended to extend to this variation.
Also, although previously described embodiments are designed to detemmine
precise spatial position relative to a fixed datum, embodiments are
envisaged in which either or both of the position and orientation of the
illumination means and target(s) is or are determined relative to one
another and/or relative to an arbitrary datum such as a given start
position of the moveable target(s) or illumination means.
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In all of the preferred embodiments above described the reflector has been a
retroreflector but it is this is not considered to be an essential feature
of the invention. In same applications, where the imaging sensor requires
only a small portion of the incident light to be reflected back along the
same path, a conventional diffuse reflector may be acceptable.
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CIAIMS:

1. An optical triangulation tracking system camprising means for creating
at least two beams of light, each being divergent, mounted relative to one
ancther in a predetermined spatial and angular relationship such that the
beams intersect one another thereby illuminating a volume of space, at least
one reflector relatively moveable within said volume of space, a light
detection device adapted to receive light from each of the two beams which
has been reflected back along its path of transmission by the reflector and
an image processing system connected to each of said detection devices, the
arrangement being such that relative movement between said light beam
creation means and the reflector will be monitored by the image processing
system which determines fram received images by triangulation spatial
coordinates of the reflector thereby to determine the relative position
within said volume of space of the reflector.

2. A system as claimed in claim 1, characterised in that said at least
one reflector is a retroreflector.

3. A system as claimed in claim 1 or claim 2, characterised in that the
image processing system is adapted additionally to monitor angular movements
of the retroreflector.

4. A system in accordance with claim 3, characterjsed in that two light
detection means are provided with each being masked by a corresponding
slitted aperture plate with the slits of the aperture plates being
relatively mutually perpendicular in orientation.

5. A system in accordance with any preceding claim, characterised in that
the detection device camprises a plurality of light detection means each
associated with a respective one of said divergent beams and each adapted to
receive light reflected back along its path of transmission by the
reflector.

6. A system in accordance with claim 5, characterised in that it further
camprises a beam splitting means associated with each light detection means
through which passes both a correspording one of the divergent beams and
light reflected by the reflectar therefram, the arrangement providing that
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the path of reflected light exiting the beam splitting means and the paths
of light of the divergent beams entering said beam splitting means are
anqularly displaced.

7. A system in accordance with claim 6, in which light of the divergent
beams passes directly through the corresponding beam splitting means and the
path of light reflected by the retro-reflector is angularly displaced by
these beam splitting means.

8. A system in accordance with any one of claims 5 - 7, characterised in
that the light detection means each camprises a two dimensional detector
array.

9. A system in accordance with any one of claims 5-8, characterised in
that the light detection means each camprises a CCD video camera.

10. A system in accordance with any one of claims 5-9, characterised in
that the light detection means each camprises a Position Sensing Detector.

11. A system in accordance with any one of claims 1 to 7, characterised in
that the divergent beams of light are each paired coincident light beams
with a first beam of each said pair having a first wavelength and a uniform
angular intensity profile and the second beam of that pair having a second
wavelength and a non-uniform symmetrical intensity profile, and in which the
light detection means or device are or is adapted to measure the intensity
of light incident thereon and the image processing system is adapted to
determine the trajectory of incident light fram the intensities received
fram said paired uniform and non-uniform light beams.

12. A system in accordance with claim 11, characterised in that filter
means are utilised to provide both said uniform and said non-uniform
intensity profiles.

13. A system in accordance with any one claims 5 to 12, characterised in
that the light detection means are provided by a single detection device
optically multiplexed so as to function as a plurality of individual
detection means.
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14. A system in accordance with claim 11, characterised ipn that light
quides are provided each to channel light corresponding to each divergent
beam and reflected by the reflectoar toward the single detection device.

15. A system in accordance with any one of the preceding claims,
characterised in that the reflector camprises a reflecting device having a
plurality of spaced apart retro-reflectors the relative positions of which
are known by the image processing system, the arrangement enabling both
position and crientation of the reflecting device within the illuminated
space to be determined.

16. A system in accordance with any one of the preceding claims,
characterised in that the image processing system can identify predetermined
types of motion of the or each retro-reflector.

17. A system in accordance with any one of the preceding claims,

characterised jin that the amplitude of the light of each divergent beam is
modulated.

18. A system in accordance with any one of the preceding claims,
characterised in that polarising devices are used to reject background

illumination.

19. A system in accordance with any one of claims 6-18, characterised in
that the beam splitting means is a half-silvered mirror.

20. A system in accordance with any one of the preceding claims,
characterised in that the reflector is a retro-reflector in the form of a
high gain screen with a narrow gain profile around the angle of incidence.

21. A system in accordance with any one of claims 1 to 19, characterised
in that the reflector is a retro-reflector in the form of one or more
retro-reflective prisms.

22. A system in accordance with any one of the preceding claims, in which

the divergent light beams are laser light within one or more narrow band
widths of wavelength.
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23. A system in accordance with any one of the preceding ‘claims,
characterised in that the divergent light beams are of near infrared
wavelength(s).

24. A system in accordance with any one of the preceding claims,
characterised in that. the means for creating light is adapted to emit
sequentially a plurality of light beams each having a different wavelength,
a corresponding plurality of retro-reflectors are provided each being
adapted by filter or other means to retro-reflect only light of an
associated one of said wavelengths, and the light detection means are
adapted to receive light fram the plurality of retro-reflectors and by being
multiplexed with the sequencing of the light emission are able to
discriminate between light reflected fram each of the retro-reflectors.

25. A system in accordance with any one of the preceding claims,
characterised in that the reflector is a retroreflector housed in a body
and in that a closure or shutter member is associated with said body, with
the closure or shutter member being operative to mask or un-mask the
retroreflector. )
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