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An optical triangulation tracking system comprises means for creating at least two beams of light (14, IS), each being divergent, 
mounted relative to one another in a predetermined spatial and angular relationship such that the beams inteBCCt one another thereby 
illuminating a volume of apace (16), at least one reflector (3) relatively moveable within said volume of space, a light detection device (20) 
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 (24, 25) 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 dctennincs from received images 
by triangulation spatial coordinates of the reflector !hereby to determine the relative position within said volume of space of the reflector. 
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"OPTICAL PCSI'l'IOO SE1§00 SYS'Iffl" 

'lhl.s invention relates to optical positioo sensing systems generally 

arx:l more particularly, b.tt not exclusively, to an optical positiai sensing 

system operating in the .infra-red specb:um to detenni.ne the poaiti.al, or the 

·position and attitude, of a target cbject in three d.imensiooal space. 

A new display ca.cept in the field of interactive television video 

.image software applicatioos uses 'knowledge• of the head p::,sitiai of a 

viewer disposed in front of a video display screen to provide an enhanced 

field of view am a pse,vio three-dimensional effect, i.e. by blo-dimensional 

screen image perspective, similar to viewing a hologram. 'Ihi.s requires sane 

means of autamtically detel:mining the position arxi thereby tracking 

novement of the head in three dimensional cartesian co-ordinates at a 

frequency carpatihle with the picture update rate of the video display 

system. Qwiously, the head positioo could be detemi.ned in other spatial 

coordinate systems, such as spherical polar coon:linates, for exanple. 

CUJ:rent techniques for positiai sensing, which irci.ude: laser ranging, 

sooar, radar, electranagnetic field and structured lighting are not suitable 
in, for evanpJe, hane danestic interactive virtual reality games 

applicatioos for reasons of accuracy, safety, and cost. Hitherto positioo 

sensing neans have relied on the provision of separate transmitting and 

receiving means with ooe such means being fixed at a base statiai and the 

other being attached to a noo..ng target cbject. 

It is an object of the invention to prcwide a sinplified position 

sensing system based on optical triangulation which conveniently may be used 

in daJest.ic: interactive virtual reality games applicatioos or silrplified 

means to detemine DDVellent of an illuminated cbject. 

In acx:on:1ar-=e with the present invention there is pn:wided an cptical 

triangulation tracJdng system carprising means for creating at least two 

beams of light, each being divergent, no.mted relative to one another in a 
predetez:mi.ned spatial and angular relationship such that the beams intersect 

ooe another thereby illuminating a voluue of space, at least ooe reflector 

relatively mveable within said voluue of space, a light detection device 
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adapted to receive light £ran each of the two beams which has been reflected 

back along its path of transmission by the reflector an:i an image processing 

system connected to each of said detection devices, the arrangement being 

such that relative ncvement be~ said light bemn creatioo ueans and the 

reflector will be ncnitored by the image processing systan which deteimi.nes 

fran received im,.ges by triangulat..ioo spatial co:mlinates of the reflector 

thereby to detel:mine the relative position within said voluae of space of 

the reflector. 

In prefer.ced entxxliments of the imrenti.oo the reflector is a 

retroreflector. 

The imlge prcx:essing system may be adapted additicntlly to ncnitor 

angular Jl'OV'E!D&lts of the reflector. Two light detecti.oo means my be 

provided with each being masked by a coc:esponding slitted aperture plate 

with the slits of the aperture plates being relatively mrt:ually 

perpendicular in orientation. 

The detection device may carprise 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 retro-reflector. In this arrangem.:mt the system may further caiprise 

caiprise a beam splitting neans associated with each light detectial neans 

through which passes both a correspon:iing one of the divergent beams and 

light reflected by the reflector therefran, the arrangement providing that 

the path of reflected light exiting the beam splitting means and the paths 

of light of the divergent beans entering said beam splitting neans are 

angularly displaced. The divergent beams my pass dire=t.ly throogh 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 neans may each carprise a two d.inensional detector 

array, a CCO video camera, a Position Sensing Detector and/or any 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 

beans with a first beam of each said pair having a first wavelength and a 

unifODn angular intensity profile an:i the secood beam of that pair having a 
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secood wavelength and a non-uni.fOJ:m symnetrical intensity profile, and the 

light detection means or device may be adapted to neasure the intensity of 

light irx:ident thereon and the .iimge processing system my be adapted to 

deteonine the trajectory of incident light £ran the intensities received 

£ran said pa.ired unifacn and non-unifocn light beams. Filter means such as 

diffusing screens, holographic light shaping diffusers, ap,di s; ng filters 

and diffractive optics may be ,1ti Ji sed to provide both said unifOim and said 

non-unifocn intensity profiles. 

The light detection means nay be prcwided by a single detecti.al device 

c:pti.cally Dllltiplexed so as to fwx:tioo as a plurality of individual 

detection neans. The light reflected by the reflector may be channelled to 

the detector by means of a light guide coos.isting of reflective surfaces. 

The systan my further carpri.se a reflecting device having a plurality 

of spaced apart ~reflectors the relative positions of which are known 

by the .i.mge processing systan, the arrangement enabling both position and 

orientatiai of the reflecting deYice within the illuminated space to be 

det.eilnined. 'lbe _image processing system may be adapted to identify 

predeteoni.ned types of 110t.ioo of the or each ~reflector. '!be anplitude 

of the light of each divergent beam JD!lY be mxlulated. 

Polarising devices may be used to reject backgroooo illmninatiai and 

the beam splitting means may be a half-silvered min'or. The reflector may 

be a retroreflector in the fom of a high gain screen with a narrow gain 

profile around the angle of irx:idence and/or may be in the fOim of one or 

mxe retroreflective prisms. 

'!be divergent light beam9 may be laser light of one or nore narrc:rw 

spectral bard widths of wavelength and/or infrared radiation fran a light­

emitting diode. 

'!be neans for creating light may be adapted to emit sequentially a 

plurality of light be.ans each having a different wavelength, a corresponding 

plurality of retro-reflectors nay be 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 nay be adapted to receive light 

£ran the plurality of retro-reflectors ard by being nultiplexed with the 
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sequencing of the light emission may be able to discriminate between light 

reflected fran each of the retro-reflectors. 

'l1le second suR)Ort means nay carprise a body homing a retro-reflector 

am a closure or shutter ment>er associated with said body, with the closure 
or shutter ment>er being operative to mask or un--ml!l.Sk the retro-reflector. 

Preferred enixx:tiJnents of the inventiai will now be described with 

referen::e to the aee::empanying drawings, in which:-

Figure 1 illustrates diagranmatkaJ Jy the cperati.on of a first 

enixx:liment of a head or target tracking system in acamiarce with the 

inventiai; 

Figure 2 illustrates di.agramni-ticaJJy the operation of a second 

enixx:liment of a head or target tracking system generally similar to that 

shown in Figure 1 wherein like carponents or items are denoted by like 

numerals; 

Figure 3 illustrates diagramnaticaJJy the operatim of a t:hiJ:d 

entxxlillent generally similar in layoot to that shewn in Figure 1 wherein 

similar carponents or items are der¥Jted by similar numerals; 
Figure 3a illustrates the polar intensity profile of one light source 

used in the enixdi.ment shown in Figure J; 

Figure Jb illustrate the polar intensity profile of another light 

sam::e used in the entx:diment shown in Figure J; 

Figure 4 illustrates a fourth enixx:liment of the invention carprising 

q,tical heads similar in fmx:tion to those of said first mb::diment shown in 
Figure 1 arxi like parts or items are denoted by like numerals; 

Figure 5 illustrates a reflector pattem for use with a fifth 

entx:diment of the invention; 
Figure 6 illustrates cfuigramratically a sixth enixx:liment of the 

invention wherein like parts or items to those of the em:xx:l.iments of Figures 

1 to J are denoted by like numerals; 
Figure 7 illustrates a seventh entx:diment of the invention 'Wherein 

like parts or item.9 to those of the entx:diments of Figures 1 to 3 are 

denoted by like numerals; 

Figure 8 illustrates an eighth entx:diment of the invention similar to 

said aforedescribed third eubxliment shc:Mn in Figure 3 wherein like parts 

are denoted by like numerals; 
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Figure 9 illustrates diagramnatically generally in sectiooal view a 

nmrber of retroreflector devices for use with the eatxxlinents of the 

invention, and 

Figure 10 illustrates cii.agramrlfl.tlca1Jy a sensor layout for use with at 

least one of the described entx:dirnents of the invention. 

A first eatxxliment of the present invention, in the fODn of a head 

tracking system shewn in Figure 1, is based on the uae of q:,ti.cal 

~tion to deteilni.ne the spatial positioo of a viewer. It ccnpri.ses 

two identical optical receiver /transmitter he.ads 1, 2 which would typically 

be noonted at either side of a video display screen (not shewn), a small 

retroreflector or J:etroreflective target 3 worn by the viewer and an 

electronic image processor means 4. The optical heads 1, 2 are fixed in 

space at }X)Sitioos relative to a datum point and ooe another known to the 

processor means 4. F.ach optical head 1, 2 carpri.ses aloog a o MIiii 11 optical 

axis thereof a light scm:ce 5, hav.ing a substantial portion of its output in 
the near infra-red region of the optical spectrum, together with suitable 

projection optics which in this entx:diment includes a concave mirror 6, a 

coodenser lens or lens ai:ray 7 and a projectioo lens or lens array 8 to 

provide a diverging beam of field angle alpha with a SDDJthly vm:yi.ng 

intensity profile. 'l1le light scm:ces in this eni:xxliment are rendered 

.invisible to the viewer by virtue of the near infra-red wavel~ used. 

Baiiever, it will be ~ted that other wavelengths of light may be used 

in conjunctioo 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. 'Ihe type 

of beam divider shewn in Figure 1 is a glass plate 11 coated with a 

nulti-layer partially transmissive coating, i.n::lined at 45 degrees to the 

optical axis. Alternatively, a beam-splitting cube cculd be used. Light 

direct fran light scw:ce 5 not passing throogh the beam divider 11 is 

intercepted by a light trap 12. The beam then passes throogh a w.i.n::kJw 13. 

Optical receiver/transmitter head 1 radiates diverging beam 14 throogh 

its windcM 13 and $iroilarl.y optical head 2 radiates diverging beam 15. 

Relative orientatioo of optical heads 1,2 is such that their respective 

optical axes are in:::ident so that beams 14 and 15 overlap to create an 
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illuminated volune of space 16 in front of the video display screen in which 

the viewer may DOVe at will. 'l'he retroreflective target 3 worn by the 

vier.,w,er is typically IIOlilted at the centre of a pair of spectacles or 

attached directly to the vier-.ier's head in the region of the eye mid-point. 

'!be retroreflective target 3 nay be either a high gain screen, a single 

retroreflective prism or an array of small prisms. 

Herein retroreflective refers to Mf'f reflective device and/or material 

fran which a substantial portion of incident electraragnetic radiation is 

reflected back almg its incident path, i.e. thrrugh 360 uegi:ees. A single 

eleoent prism to return light rays back along the same path would be used in 

situations where the superior optical perfaonarx:e prcwi.ded by a single 

elenent prism is required. In sane cases it may be desirable to use such a 

prism for aesthetic reasoos. 

For siuplicity the retroreflector 3 is sham in Figure 1 to be at the 

centre of the volume 16 corresp::mding 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 arxi incident on retrorefle:::tor 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 experien::e negligible gain) . Light ray 17 returning to the beam 

divider 11 of optical head 1 is split and a portion 19 of the retuniing 

light is reflected by beam divider 11 toward an imaging sensor 20 equipped 

with a lens or lens airaY 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 sam:e 5. Similarly, a portion 23 of the ray 18 is 

received by imaging sensor 20 of optical head 2. 

F.ach light ray p::,rtion 19,23 results in a corresponding sensor image 

within the respective imaging sensor 20. 'lbe following description relates 

to one such sensor image by describing ccuponents of one sensor 20 and is 

equally clR)licable to the other sensor image and sensor. Within the sensor 

20 the sensor image is fODIEd on a twcrdimensional array of photodetectors 

whose responses are thresholded such that a binary image consisting of a 

single spot noving against a black backgroond is focned. Alternatively, a 

raster scanning sensor typically caiprising a 0::0 video camera could be 

used. By carrying oot analogue-to-digital conversion of the signal, the 
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spot intensity is characterised in teDRS of a m.mi:>er of grey levels -

typically up to 256. By measuring the position in the matrix of the 

sensar(s) of the peak of the sp:,t's intensity profile or, in the case of a 

spot having a flat tq,ped profile, its centroid and using the known 

orientation in space of the sensor canera it is possible to define a ray 

vector that passes throlgh·the centre of 1;he retroreflector 3. 

Another focn of sensor based on Positioo Sensing Detectors (PSD) could 

be used to deteDnine the position of a light spot in two dimensions. PSD's 

uniquely consist of a single sensitive surface layer rut generate an ooq:ut 

photocurrent which is directly prq,ortiooal to the positi.al of the light 

spot on the surface. PSD's can provide a more cost effective alternative to 

the aforenentiooed sensor types in sane applicatioos. 

By caipUting the intercept of the ray vectors fran each sensor 20 the 

position of the target retrol:eflector 3 in three d.imensiaw. space is 

cbtained. '!be deteDni.natioo of the spot position in this eotxxiiment is 

carried out by electronic circuitry 24,25 associated respectively with 

optical heads 1,2 ~ which each autar111ticaJJy locates the peak intensity in 

the matrix of associated sensor 20 by searching far the DBXimmi intensity 

a.loog each line of data in a frame as it is read out of that sensor. 

Alternatively, it is possible to store each fraae of the imge in a neraxy 

and then locate the spot by algorithm driven data analysis. 

In the eotxxliment shown in Figure 1, processing of data frcm both 

sensors 20 is car.ried out simtltaneously at frame refresh rate. 

Alternatively, it could be can-ied rut sequent.wly, with the sensor rutputs 

being m.il.tiplexed, in which case co-ordinates CCllplted by electroni.c 

ci.J:cu.its 24,25 would be delivered every other frame, far exanple. '1'he 

carp.tted x,y co-ordinates £ran each sensor 20 are transmitted by respective 

circuits 24,25 to a processor 26 where they are used to deteDnine the 

co-ordinates x,y,z of the target retroreflector 3 in three dimensional space 

within volume 16. It will be appreciated alth:ugh the described electroni.c 

image processor means 4 carprises three di.stin::t ciicui.t elements 24,25,26 

that these could be substituted by unitary or other means either hamwired 
or software controlled. 
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Additional sensors may be used to iJrprove the acc:uracy of the 

carpitation. Instead of sensors with two-di.Irensional detect.or arrays it is 

also possible to use linear arrays, which will provide greater accuracy. 

However, at least three such sensors "'°1ld be required, i.e. three optical 

heads \tK:Jllld be required. 

By using polarising filters it is possible to iuprove amient 

backgroond illumination rejection characteristics. Similar benefits may be 

gained by mcxhtl.ating the light source. 

Several different optical configurations are possible, irx:luding ooe 

in which the optical heads l, 2 are ceiling m::unted or othendse IIDlilted 

overhead with the retroreflector 3 being attached to the tq> of a helmet 

~ by the viewer, far exaople. 

The afaredescri.bed bead tracking system could be used to detei::mi.ne 

head velocity and acceleration and to recognise different types of head 

movements that could be used in interactive games, for exanple nodding and 

shaking of the head. 

It shoold be awreci,ated that the optical carponents of the 

aforedescribed head trac:king system are cooventional in nature. However, 

the invention could be inplemented with a variety of optical technologies 

including Fresnel q,ti.cs, holographic optical elements and mi.crCrl.lptlcs. 

Arguably the m::,st expensive carp:,nents of the aforedescri.bed 

entxxliment are the sensors 20. 'l'herefore, it is desirable to produce a head 

tracking system requiring atly a single sensor. 'lms could be dooe by 

intercepting light rays 19,23 (seen in Figure l) by corresponding light 

guides based on mirrors, relay optics or fibre qrt:ics, etc all leading to a 

single sensor ( 20) . Operation of light scmces 5 and the single sensor 

could be nultiplexed to determine sequentially the vectors far 

retroreflector 3. 

One such single sensor arrangement is shown in a secood em:x:xllinent of 

head tracking system illustrated in Figure 2. In this second arbodiment bNo 

~cal transmitter heeds 100,101 each carprise a light scmce 5, lens or 

lens array 8 and beamsplitter 11 resulting in two diverging beams of light 
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14,15 converging on illuminated volume of space 16 in which retroreflector 3 

can be m:,,,ed. 'l1le transmitter heads 100,101 share a single optical receiver 

head 103 which CCJlllt'ises a single detector or inagi.ng sensor 20 and two 

planar mirrors 104,105. Mirror 104 is disposed so as to reflect light 

incl.dent £ran beamsplitter 11 of optical transmitting head 100 into ~ 

20 and similarly mirror 105 reflects light receive:! £.ran transmitter: head 

101 into the sensor. Ccxlveniently, minors 104 and 105 are nutually 

perpendicular as sho,m in Figure 2. Alternatively, they may be relatively 

disposed at a DDre coovenient or optiJlum angle as required. It shc:uld be 

appreciated that an optical calbiner, in the foi:m of a prism for exanple, 

could be usm in place of mirrors 104,105. 

Electrarlc circuit and carp1tation means 106 are assoc;at-.ed with the 

detector or sensor 20. Self-eridently for the operation of this mb:xiiment 

of the inventioo it is necessm:y for means 106 to be able to differentiate 

output £ran sensor 20 resulting £ran optical beam 14 £ran that resulting 

£ran beam 15. Ccmveniently, light bemn 14 and the associated optical 

transmitting head 100 provides a first optical channel A and beam 15 and 

optical head 101 provide a secord optical channel B. Differentiation of 

sensor ootput DBY be effected by syrrllronising light sow:ce pulsing 

frequencies of optical channels A an:::i B with that of read-out electrooics 

107. 'fypically, the read-out electronics 107 pemits the processing of 

outplt signals £ran sensor 20 including auplification, filtering, analogue 

to digital conversion, noise rem::wal, nultiplexing and any other required 

signal conditioning enabling the outp.it of voltages or other digital signal 

means that can be used by o~ caip::,nents of the ccuprtatioo means 106. 

A spot co-ordinate deteJ:mination tracking algorithn in carp,nent or 

segment 108 of ca!pltation neans 106 receives nultiplexed inplt fran 

read-rut electronics 107 to enable means 106 to deteonine by application of 

the algorithm position vectors relating to retroreflector 3 corresponding to 

cptical channels A and B respectively and thereby to outpit the spatial 

position of the retroreflector 3. In effect the tracking algorithm is able 

to detenni.ne the trajectory of a target in the asso=iated q>tical cha.Mel A 

or B illuminating a detector element in the sensor 20. 

In a third errb:xliment of the inventioo, shown in Figure 3, each 

optical channel has b.10 light soon:es SA arxi SB. Light £ran sources SA and 
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SB of c:ptical head 200 is transmitted as coincident di.verging beams 14A and 

14B respectively. Similarly, light fran optical head 201 is in the fom of 

coincident di.verging beams 15A and 15B. '1hese beams 14A, 14B, 15A and lSB 

illuminate a volume of space 16 in which retroreflector 3 is able to be 

m::ived. 

Light fran soorces SB has an ~ intensity distribution profile 

shown in the diagram of Figure 3a wherein the 'Y'-axis is intensity and the 

'X • -ax.is is the angle theta with x=O corresponding to the optical axis of 

the optical head 200 or 201. Similarly, the angular intensity distribution 

profile of light fran sources SA is shewn in the diagram of Figure Jb. It 

will be ~ent that the light soorces SA have a uni.fOim angular intensity 

profile and correspond to the type of light sources 5 which may be used in 

the aforementioned first and second eoixxiiments, whilst light soorces SB 

have the non-uni.fOim synmetrical profile shown in Figure Ja. To provide the 

flat intensity profile of light sairces SA filter or other means may be 

uti Ji sed" The filter or other means may be diffractive or holographic 

optical elements which accept iocaning light and retlistri.bute it over sane 

pre-specified polar diagram. 

In this third eoixxiiment each optical head 200,201 is pravided 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 15A 

and 15B respectively and are incident on sensors 220 of optical head 201. 

Unlike the aforementioned eui:x:xlinents in which sensors 20 dete.Im:ine the 

trajectories of light 19,23 reflected fran retroreflector 3 by the position 

of 'spots' fcmned on the sensors, in this eoixxiiment the sensors 200 neasure 

the intensity of incident light 19A, 19B and 23A, 23B respectively. 'Ihe 

received intensity will be a furrtion of the angular bearing with respect to 

each light source SA,SB and the distaoce of the retroreflector 3 £ran each 

light soun:e. 

Range-angle anbiguities are avoided in this eutxxliment by using light 

sources SA,5B having different wavelengths and sensors 220 carprising single 

eleuent detectors 220A, 220B each able to measure light intensity of the 

wavelength of sam:e SA or SB respectively. '!be range ciepeix:leix:e of the 

reflected signal can thus be eliminated by ratioing the signals fran the 
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paired detectors 220A,220B. Alternatively the soon::es 5A and SB ccul.d be 

cvharacterised by nodulating the ~litudes of the beans at different 

tenp::>ral frequen=ies. The signals obtained after filtering by the 

processing electronics wc:uld then be ratioed to eliminate range depen:ience. 

An ilrprovement to this third enixx:liment ( not shewn) is to provide a 

further third cptical. channel in order that an WlaDbiguous determination of 
the co-ordinates of retroreflector 3 can be cbtained. By measuring 

intensity rather than positioo a single element detector can be used in 

place of the rore catplex requirements of the first two em:xxi:iments. 'Ibis 

RBY offer cost advantages. 

In the aforedescribed enixxliments nodding or shaking of the head may 

be detected by using a novement tracking algorithm within associated 

carprtation means which is able to discriminate bebJeen different m:,venent 

patterns of reflected light. Alternatively, specific means may be provided 

far detennining such m.,vement as hereinafter described. 

A fourth enixx:liment of the invention, sha.m in Figures 4, is adapted 

to detect the nodding or shaking m:>ti.oo of the head wearing a retrorefl~ 

in the fom of a spot or disc 303. 'l11e q,tic.al transmitter heads 300,301 of 

this foorth enixx:liment each have a single detector element 320 tc:wu:d which 
respectively reflected light beams 319,323 are reflected by corresponding 

beamsplitter 11. In cptical. head 300 a mask 308 is disposed between 

detector 320 and beamsplitter 11, similarly in q>tical 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 

horizonW slot or aperture 311, i.e. apertures 310 a.rd 311 are nutual.ly 

perpendicular. On detail {a) the resultant ilnage of disc 303 is shown as 

spot 312 and similarly on detail (b) the image is shotm as spot 313. 

Shaking of the head will result in the spot 312 oscillating in the 

horizontal plane as shown by the ar:raws on detail (a). This will result in 

an oot{:Alt 314 fran sensor 320 of cptical. head 300 which as detennined by 

cc:rtpltation means 315 will have an oscillating wavefom as represented by 

wavefoDn 316. ~, if the head is being noajed then spot 313 will nove 
in the vertical plane shom by arrows in detail {b) which will result in 

sensor 320 of cptical. head 301 outp.Itting signal 317 resulting in a similar 
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oscillating wavefOlJJl also 316. In this entx:xiiment one optical channel is 

used to detect nodding and the other to detect shaking of the head. E\1rther 

optical channels co.tl.d be provided to detect position in the manner of the 

aforedescribed entxxliments. 

In a fifth entxxliment of the invention a retroreflector device 403 

shewn in detail in Figure Sa carprises two nutually perperxii.cular typically 

respectively vertically and horizontally dispose:i striped elements 404,405 

wherein the black bars are of low refl~vity and the white bars are of 

high reflectivity. Elenent 404 has widely spaced bars and elenent 405 has 

closely spaced bars. Many different configurations are possible. The 

essential requirement is to have widely spaced and closely spaced bars 

patterns arranged orthogooa.lly. 

The retroreflector 403 is used in caijunc:tion with cpt.ica.l 

transmitter/receiver heads in accordance with said first to third 

enb:xtiments of the invention. A single element detector 420 is represented 

in Figure Sb on which is superinp:)sed an CAitl.i.ne image 403' of the 

retroreflector 403 m::iving horizontally in the directioo of the arrow. 

Detector 420 will occupy sequentially p:>Sitions 420,420' and 420' ' relative 

to the image 403 • . A signal fran the detector 420 will have a relatively 

high frequency wavefoon such as that shown as 421 \oJhich indicates that the 
retroreflector 403 is being shaken £ran side to side. Fran Figure Sc it 

will be apparent that nodding of the retroreflector up and dC7#rl will result 

in a relatively low frequency ootpit wavefom 422. 

In the sixth erbxliment of the invention shown in Figure 6 two optical 

heads 500,501 each have light soorces 505 one of which is shown in detail 

(a) . Each light source SOS is able to generate light at four different 

wavelengths A,B,C,D, e.g. four light emitting elements nay be used. This 

results in volmne of space 16 being illmninated fran optical head 500 by 

coin::ident diverging beams of light 14A,14B,14C,14D and fran optical head 

501 by coincident diverging beams of light lSA,lSB,lSC,15D. Typically, such 

illumination may be in sequential pulsed fem as slnm by transmitted signal 

510 where pulses corresponding to the different wavelengths and beam's A-D 

follow one after another. 
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Advantageaisly, this sixth artx:dinent alla,,s for the tracking of 

m::,vement of four target retroreflectors 503A,503B,503C,503D each adapted to 

reflect only light of wavelengths A,B,C,D respectively. '1his is 

acca1plished as shown in detail (b) of the retrareflector 503B by the 

retroreflector 503 being overlaid by a transmissive filter (in this case 

SUB) which absorlJs all light except that. of the carrespoooing wavelength. 

It will be understocd that the use of four wavelengths and targets here.in 

described is cruy an exanple and that the prin:iple of this eatxxliment can 

be l.11:i)isoo where two or D"Ore targets are to be tracked. 

'I11e seventh eatxxliment of the inventioo tracks nultiple 

retroreflective targets 603A,603B,603C,603D by virtue of each target having 

a distinct pattem as shown in Figure 7. These targets each has a unique 

spatial array of retroreflective dots known to associated carprtatioo DBal1S 

600 fran a digitised bituap or look-up table/tmplate 601. At any given 

.instant the cCllprtation means can fran signals received fran sensors 20 

generate a video frane 602 on which will arpear 'spats' coo:esp:>nding to 

each dot of targets 603 within space 16. Fran this frame it is possible to 

calculate the spatial position of each dot aoo. £ran this determine in 

ca1junction with tmplate 601 the actual position of the individual targets. 

Both the nethod adopted in this seventh esri:xxli.ment and that described in 

relation to the sixth eatxxliment 'l«>Uld be particularly useful when track.i.ng 

the novement of different body parts, for e.xmrple one retroreflector could 

be asscciated with the head, aie each with the shoulders arxi the remaining 

two with the hands of sc.meone JrDVing within space 16. 

In the eighth eatxxliment of the invention sham in Figure 8 two 

cptica.l transmitting/receiving heads 700,701 each illuminate a flat surface 
716 with respective diverging beams of light 14,15. Light soorces 5 within 

optical heads 700,701 result in a non-unifo:cn light pattem, such as for 

exanple in the aforedescribed manner of the third eatxxliment of the 

invention. '!be juxtaposition of light bean3 14,15 on flat surface 716 

provides that the position of a retroreflector disc or puck 703 on the 

surface 716 can be deteIIni.ned merely by analysing the intensities of 

reflected light 19,23 and carparing that with an intensity look-up table 710 

held within carp.1tation neans associated with this E!ltxxliment. en surface 

716 a contour nap is shewn in which those contours radiating fran earner 717 

correspond to beam 14 and those radiating fran corner 718 carrespcm to beam 
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15 . An application of this eighth entxxiiJrent wcw.d be in a board gane 

having sare 100 to 200 i.rm.vidual patches each identifiable by a position on 

the look-up table 710. 

Hitherto the description of the invention has centred on its 

awlication in sensing position and/or nr:,venent. The same technology could 

be used also far generating a signal inplt by, for exanple, aasking a 

retroreflector until a signal is to be generated or providing a shutter to 

JtBSk a retroreflector such that a signal is generated on:::e the reflector is 
masked. Sinple devices for ac:caiplishing this are slxlwn in Figure 9. '!bat 

shown in Figure 9a carprises a hand held plastics m::ulding 800 having a 

cavity 801 which can be erx:losed by a resiliently flexible closure meut>er 

802. A retroreflector 3 is attached to a rear wall of the cavity 801 and at 

rest the mesrt>er 802 is in the tlR)er position shown. By applying light 

pressure to button 803 the closure l1Ell'ber 802 can be noved to the closed 

position shorm in dotted outline thereby nasking the retroreflector 3. 

In the exarrple shown in Figure 9b a retroreflector 3 is housed within 

a cavity 810 ard masked by a closure meniJer 811 pivotal about pin 812. When 

pressure is awlied to ootton 813 to caipress leaf spring 814 the closure 

I11:!llDer 811 m:,ves to an upper p:,sition at which reflector 3 is wm,asked. 

The nore carplex exanple shown in Figure 9c is adapted for use with an 

errixxti.nent of the invention able to discriminate between the position of 

different targets by illuminating ard/or detecting different wavelengths of 

light. This exanple has a hollow bcdy 820 hoosing an elongate 

retroreflector 3. Buttons 821,822,823 are operative to cpen shutter 

mechanisms disposed respectively behind filters 824,825,826. These filters 

may correspond to each of three wavelengths of illumination or alternatively 

they may correspond with each of three wavelengths of detection. In the 

latter case the illustrated exanple will be illuminated with 'white' light 

arx:i only reflect that 'coloor', i.e. wavelengths assc:ciated with the filter 

whose shutter is open. 

Aforedescribed enixxli.ments have used single detectors to measure light 

intensity or 2 clin-ensional detector arrays ( for exaaple, CCD caneras) to 

detennine reflected spot position. Figt•i-e 10 illustrates a sensor layait 920 

utilising linear detector arrays 900, 901 which, for exanple, receives light 
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beam 919 reflected fran a retroreflector (not s.hown). A lens 921 focuses 

the spot of beam 919 on a beamsplitter cube 902 fran which beams 919A and 

919B are reflected. Lenses 903,904 focus respectively beams 919A,919B to 

pro'Jide elongate images respectively 905,906 of the spot of beam 919. 

As can be seen fran Figure 10 i.nage 905 is elongate in the horizontal 

plane and image 906 is elongate in the vertical plane. caiversel.y, linear 

detector array 901 on which iuage 905 is caused to fall is eloogate in the 

vertical plane and will thus detect the vertical •position' of the imge 

905. S.imilarly, linear detector array 900 on which image 906 is caused to 

fall is elongate in the horizontal plane and detects the horizootal 
•position• of the image 906. It will be clear that each BirAy 900, 902 

carprises a plurality of sensors each of which is connected to read-art: 

electronics shown respectively as 907,908. It will be ~iated that ooe 

dimensional PSD's could be used as detector az:rays 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 c:peration of varicus entxxli.ments of the invention. In addition to the 

q>tics ard/or cptical elements shown a "tNOrkable design will carprise 

appropriate housing means and possibly nay ccmprise aaii.tiooal lens elements 

for correction of distortions, optical filters, relay lenses, exit and entry 

masks and/or windows, etc. 

In entxxli.ments of the present invention so far described the target(s) 

have been DDVeable in a static vol\.mle of light created by stationary 

illumination means. It shruld be umerstocx:l that in altemative 

entxxli.ments the target(s) may be static and the illumination means may fcmn 

part of ~tus m:,unted to a m:weable object, typically the head of a 

user. The apperxled claims are intended to extend to this variation. 

Also, althoogh previoosly described BJDOd.i.ments are designed to detennine 

precise spatial position relative to a fixed datum, elrixxiiments are 

emrisaged in which either or both of the position and orientation of the 

illumination means and target(s) is or are detemi.ned relative to one 

another and/or relative to an arbitrary datum such as a given start 

position of the noveable target(s) or illumination ueans. 
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In all of the preferre:i entxxliments aoove described the reflector has been a 

retroreflector but it is this is not considered to be an essential feature 
of the invention. In sane applications, where the .i.Jraging sensor requires 

only a snail portion of the .i.ocident light to be reflecte:i back alCXXJ the 

sane path, a conventional diffuse reflector may be acceptable. 
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CIAIMS: 

1. An q,tica1 triangulation tracking system carprising means for creating 

at least two beams of light, each being divergent, m::xmted relative to one 

another in a predetemined spatial and angular relationship S\x:h that the 

beams intersect one another thereby illuminating a volume of space, at least 

one reflector relatively imveable within said voltme of space, a light 

detection device adapted to receive light £ran 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 IIIJVelIEilt between said light beam 

creation neans and the reflector will be m:nitored by the bmge processing 

system which· detemi.nes £ran received images by triangulation spatial 

coonlinates of the reflector thereby to detennine the relative p::,sition 

within said volume of space of the reflector. 

2. A system as claimed in cla.im 1, characterised in that said at least 

one reflector is a retroreflector. 

3. A system as claimed in claim l or claim 2, characterised in that the 

image processing system is adapted additionally to m:nitor angular novements 

of the retroreflector. 

4. A system in accordarx:e with claim 3, characterised in that two light 
detection means are provided with each being masked by a correspording 
slitted aperture plate with the slits of the aperture plates being 
relatively nutually perperdicular in orientation. 

5. A system in acco.rdarx:e with any preceding claim, charagterised in that 

the detocti.on device carprises a plurality of light detection means each 

asscciated with a respective one of said divergent beams arxi each adapted to 
receive light reflected back along its path of transmission by the 
reflector. 

6. A system in acco:rdarx:e with claim 5, characterised in that it further 

carprises a beam splitting neans associated with each light detect.ion neans 
throogh which passes both a corresponding one of the divergent beams arxi 

light reflected by the reflector therefran, the arrangement prcwiding that 
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the path of reflecte:i light exiting the beam splitting means and the paths 

of light of the divergent beams entering said beam splitting means are 

angularly displaced. 

7. A system in accordance with claim 6, in which light of the divergent 

beams passes directly through the cocresporrling beam splitting means and the 

path of light reflected by the retro-reflector is angularly displaced by 

these beam splitting neans. 

8. A system in accordance with airJ one of claims 5 - 7, characterised in 
~ the light detection neans each carprises a two dimensional detector 

array. 

9. A system in accordarx::e with airJ one of claims 5-8, characterised in 

~ the light detection means each catprises a CCD video camera. 

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

11. A systan in accordance with airJ one of claiJlls 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 unifonn 
angular intensity profile and the second beam of that pair having a second 

wavelength and a non-uni.fODn synnet.rical intensity profile, and in which the 

light detection neans or device are or is adapted to neasure the intensity 

of light incident thereon and the image processing system is adapted to 

determine the trajectory of irx:::ident light £ran the intensities received 

fran said paired unifoIJn and non-unifonn light beams. 

12. A system in accordarx:e with claim 11, characterised in that filter 

means are ut i J i sed to provide both said unifODll am said nan-unifOIIn 

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 nultiplexed so as to fwx:tion as a plurality of irdividual 

detection means. 
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14. A system in accordarx:e with claim 11, characterised in that light 

guides are provided each to channel light corresponding to each divergent 

beam and reflected by the reflector toward the single detectioo device. 

15. A system in accordan:::e with any one of the preceding claims, 

characterised in that the reflector carprises a reflecting device havin;J a 

plurality of spaced apart retro-reflectors the relative positioos of which 

are known by the image processing system, the arrangement enabling both 

position am orientation of the reflecting device within the illuminated 

space to be detemi.ned. 

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

characterised in that the iJJage processing system can identify predetermined 
types of D0tion of the or each retro-reflector. 

17. A system in ac:cordance with any one of the precedi OJ claims, 

characterised in that the anplitude of the light of each divergent beam is 
rodulated. 

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

characterised in that polarising devices are used to reject backgroond 

illuminaticn. 

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 fOIJll of a 

high gain screen with a narrow gain profile arcmxi the angle of inciderx:e. 

21. A system in accordance with any one of claims 1 to 19, characterised 

in that the reflector is a retro-reflector in the fo.an of one or rrore 

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 nore narrow band 

widths of wavelength. 
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23. A system in accardarx:e with any one of the preceding claims, 

characterised in that the divergent light beams are of near infrared 

wavelength( s) • 

24. A system in accordarx::e 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 "-'clvelengths, and the light detection means are 

adapted to receive light fran the plurality of retro-reflectors and by being 

nultiplexed with the sequencing of the light emission are able to 

discriminate between light reflected £ran each of the retrtrreflectors. 

25. A system in accordarx:e with any one of the preceding claims, 

characterised in that the reflector is a retroreflector hoosed in a bcdy 

and in that a closure or shutter menber is associated with said body, with 

the closure or shutter meDi)er being operative to mask or un-mask the 

retroreflector. 
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