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POSITION DETERMINATION elements . Alternatively , the first and second target elements 
may be photodetector elements . 

CROSS - REFERENCE TO RELATED The processing means may be configured to determine the 
APPLICATION position of the object based on respective first and second 

angles between a reference position and the positions of said 
This application is a Section 371 National Stage Appli first and second points in the scanning path , and the known 

cation of International Application No . PCT / GB2013 / separation distance between the two reflective elements . 
000366 , filed Sep . 2 , 2013 , which is incorporated by refer The processing means may be configured to determine the 
ence in its entirety and published as wO 2014 / 033425 on first and second angles using optical feedback to directly 
Mar . 6 , 2014 , in English . 10 measure the angle at which the scanning light source is 

emitting its beam when a reflection from a reflective element 
FIELD OF THE INVENTION is detected at the detector . 

Alternatively , the apparatus may further comprise one or 
This invention relates to an apparatus and method for more reference reflectors located at known position ( s ) 

position determination . 15 within the region covered by the scanning path and wherein 
the processing means is configured to determine the first and 

BACKGROUND OF THE INVENTION second angles based on the respective positions of said first 
and second points relative to reference point ( s ) in the 

It is known to determine the position of an object using scanning path at which the detector detects light returned 
optical metrology , which includes the process of using 20 from the or each reference reflector . 
reflected light to identify or at least estimate the position of The processing means may be configured to determine an 
an object in a region . indication of at least the object ' s distance from the light 

Optical metrology is one way of obtaining the real - time source along a first dimensional axis by means of triangu 
position of a moving object , for example in gaming , robot - lation based on the first and second angles and the known 
ics , human - computer interaction applications and in medical 25 separation distance between the two reflective elements . The 
applications . Regarding the latter , optical metrology has processing means may be further configured to generate an 
been found to be particularly useful in radio therapeutic indication of the of the object ' s relative position along a 
apparatuses where it is important to determine the position second dimensional axis , generally orthogonal to the first . 
of a remote object with a high degree of accuracy . One The scanning light source may comprises a source of light 
example is that of a multi leaf collimator ( MLC ) which is a 30 and a mirror , the source of light being directed towards the 
device used in a linear accelerator ( Linacs ) to shape a beam mirror , the mirror being controllably movable so as to direct 
of X - ray radiation to appropriately treat tumours . The posi - light from the source towards the object along the one 
tion of each leaf must be accurately determined but from a dimensional scanning pattern . The source of light may be a 
remote position to avoid exposure to the X - rays . The use of laser . The mirror may be part of a micro - electromechanical 
a scanning light source and reflectors for identifying the leaf 35 ( MEM ) device with associated control means . The detector 
positions has been described in WO2011 / 107112 . is configured so as to receive the reflected light from the 

A fast and accurate three - dimensional ( 3D ) tracking and controllably movable mirror . 
position measurement method is described in http : / / adriati - The processing means may be configured to determine the 
cresearch . org / Research / pdf / Tracking _ OMEMS2008 . pdf . first and second angles using optical or electrical feedback to 
Here , two sets of two - dimensional ( 2D ) micro - electrome - 40 directly measure the angle of the mirror when a reflection 

chanical ( MEM ) scanning mirrors are required to track an from a reflective element is detected at the detector . 
object in 3D space , regardless of the method used to mark The processing means may be configured to determine the 
the devices to the system , e . g . using reflectors or infra - red first and second angles using the time taken between detect 
( IR ) sources . However , 2D MEM devices are relatively ing a reflection between a reference mirror and from the 
expensive , particularly compared with one - dimensional 45 respective first and second reflective elements . 
( 1D ) MEM devices and furthermore require additional cir One of the reflective elements , or a further reflective 
cuitry to drive and track their orientation . element , may be provided having a property or characteristic 

that causes a temporal variation in reflected light depending 
SUMMARY OF THE INVENTION on the part of the element that is illuminated along a given 

50 axis , and wherein the processing means is further configured 
A first aspect of the invention provides apparatus for to determine the position of the object based on the reflected 

position - detection of an object within a region , the apparatus light received by the detector from said reflective element . 
comprising : first and second target elements mounted or Said reflective element may have a shape that varies in width 
mountable on an object and having a known separation along the given axis , substantially transverse to the one 
distance between the two ; a scanning light source adapted to 55 dimensional scanning path , and wherein the processing 
issue a beam of light along a substantially one - dimensional means is further configured to determine the position of the 
scanning path which illuminates a point that moves over the object based on the width of the light pulse received by the 
first and second target elements ; detection means for light detector from said reflective element . Said reflective element 
reflected from , or received by , the first and second target may have a shape that tapers inwards along the given axis . 
elements , and processing means configured to determine the 60 The first and second target elements may be photodetec 
position of the object within the region based on first and tors which comprise the detection means . 
second points in the scanning path at which the detection A second aspect of the invention provides apparatus for 
means detects light returned from , or received by , the first position detection of an object within a region , the apparatus 
and second target elements and the known separation dis - comprising : first and second reflective elements mounted or 
tance between the two reflective elements . 65 mountable on an object and having a known separation 

The first and second target elements may be reflective distance between the two ; a scanning light source which 
elements . Said reflective elements may be retroreflective includes a mirror adapted to be controllably movable so as 
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to direct emitted light towards the object , back - and - forth the mirror at which light is reflected from the first and 
along a one - dimensional scanning path to illuminate a point second reflective elements and ( ii ) the known separation 
that moves over the first and second reflective elements ; a distance between the two . 
detector for generating a signal indicative of light reflected A sixth aspect of the invention provides a method for 
from the first and second reflective elements , and processing 5 position - detection of an object within a region , the method 
means configured to determine the position of the object comprising : scanning a beam of light along a substantially 
along first and second axes within the region by means of one - dimensional scanning path which illuminates a point 
determining using the light signal ( i ) first and second angles that moves over a reflective element mounted on an object 

between a reference point and the position of the mirror at separated by a known distance , the reflective element having 
which light is reflected from the first and second reflective live 10 a property or characteristic that causes a variation in the 

reflected light signal depending on which part of the element elements and ( ii ) the known separation distance between the is illuminated along the axis substantially transverse to the two . scanning path ; detecting light reflected from the reflective One of the first and second reflective elements , or a third element ; and generating a signal indicative of said detected reflective element , may be provided and configured so as to 15 light ; and determining the position of the object within the 
vary in shape along an axis substantially transverse to that of region based on the light signal . 
the scan path thereby to cause a temporal variation in the Preferred features are defined in the appended set of 
light signal depending on the part of the element along said claims . 
transverse axis that is illuminated , and wherein the process A seventh aspect of the invention provides a non - transi 
ing means is further configured to determine the position of 20 tory computer - readable storage medium having stored 
the object along said transverse axis based on said light thereon computer - readable code , which , when executed by 
signal . computing apparatus , causes the computing apparatus to 

A third aspect of the invention provides apparatus for perform a method comprising : scanning a beam of light 
position - detection of an object within a region , the apparatus along a substantially one - dimensional scanning pattern 
comprising : a reflective element mounted or mountable on 25 which illuminates a point that moves over first and second 
an object ; a scanning light source adapted to issue a beam of target elements mounted on an object separated by a known 
light back - and - forth along a substantially one - dimensional distance ; detecting light reflected from , or received by , the 
scanning path which illuminates a point that moves over the first and second target elements , and determining the posi 
reflective element ; a detector for generating a signal in tion of the object within the region based on first and second 
response to light reflected from the reflective element ; and 30 points in the scanning pattern at which the detector detects 
processing means configured to determine the position of the light returned from , or received by , the first and second 
object within the region based on the light signal , wherein target elements and the known separation distance between 
the reflective element has a property or characteristic that the two . 
causes a variation in the reflected light signal depending on An eighth aspect of the invention provides an apparatus , 
which part of the element is illuminated along the axis 35 the apparatus having at least one processor and at least one 
substantially transverse to the scanning path , and wherein memory having computer - readable code stored thereon 
the processing means is further configured to determine the which when executed controls the at least one processor : to 
object ' s position along said axis based on the light signal . scan a beam of light along a substantially one - dimensional 

Preferred features of this aspect are defined in the scanning pattern which illuminates a point that moves over 
appended claims . For examples , the apparatus may be 40 first and second target elements mounted on an object 
employed in radiotherapeutic apparatus . separated by a known distance ; to detect light reflected from , 

A fourth aspect of the invention provides a method for or received by , the first and second target elements , and to 
position - detection of an object within a region , the method determine the position of the object within the region based 
comprising : scanning a beam of light along a substantially on first and second points in the scanning pattern at which 
one - dimensional scanning path which illuminates a point 45 the detector detects light returned from , or received by , the 
that moves over first and second target elements mounted on first and second reflective elements and the known separa 
an object separated by a known distance ; detecting light tion distance between the two . 
reflected from , or received by , the first and second reflective A ninth aspect of the invention provides apparatus for 
elements ; and determining the position of the object within position - detection of an object within a region , the apparatus 
the region based on first and second points in the scanning 50 comprising : first and second light sources , for example IR 
path at which the detector detects light returned from , or light sources , mounted or mountable on an object and having 
received by , the first and second target elements and the a known separation distance between the two ; light detection 
known separation distance between the two . means ; a scanning reflector adapted to move along a sub 

Preferred features of this aspect are defined in the stantially one - dimensional scanning path so as to reflect 
appended claims . 55 light from each of the first and second light sources to the 

A fifth aspect of the invention provides a method for light detection means at respective first and second points in 
position - detection of an object within a region , the method the scanning path ; and processing means configured to 
comprising : controlling a mirror so as to scan a beam of light determine the position of the object within the region based 
back - and - forth along a substantially one - dimensional scan on the first and second points in the scanning path at which 
ning path which illuminates a point that moves over first and 60 the detection means detects light from the first and second 
second reflective elements mounted on an object separated light sources and the known separation distance between the 
by a known distance ; detecting light reflected from the first two light sources . 
and second reflective elements and generating a signal A tenth aspect of the invention provides method for 
indicative of the detected light ; determining the position of position - detection of an object within a region , the method 
the object along first and second axes within the region by 65 comprising : emitting light from first and second light 
means of determining using the light signal ( i ) first and sources , IR sources for example , which are positioned on an 
second angles between a reference point and the position of object with a known separation distance between the two ; 
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scanning a reflector along a substantially one - dimensional can be determined ) could be many orders of magnitude 
scanning path to reflect light from each of the first and higher than with prior art methods . 
second light sources ; detecting first and second points in the Position determination in the present context involves 
scanning path when light from the respective light sources is obtaining measurement data representing the distance of the 
reflected into a light sensor ; and determining the position of 5 object , or part thereof , from a reference position . Subsequent 
the object within the region based on the first and second processing can be used to convert the obtained measurement 
points in the scanning path at which light is detected from ( s ) into coordinates or a vector representing an absolute 
the first and second light sources and the known separation position within 2D or 3D space . 
distance between the two light sources . It will be appreciated that by repeating the position 

determination steps periodically for subsequent scans BRIEF DESCRIPTION OF THE DRAWINGS enables movement to be detected and captured which may 
involve , for example , recording and / or plotting the move Embodiments of the invention will now be described by 

way of non - limiting example with reference to the accom ment path of an object in a region . 
In the first embodiment , there is provided an apparatus for panying drawings , in which : 

FIG . 1 is a schematic diagram of a first embodiment the measurement of an object ' s longitudinal and lateral 
position determining apparatus according to the invention ; distance from a reference position . In the second embodi 

FIG . 2 is a partial plan view of the FIG . 1 diagram which ment , an additional measurement is generated indicative of 
is useful for understanding the invention ; the object ' s vertical displacement from a reference position . 

FIG . 3 is a more detailed plan view of the FIG . 1 20 The terms longitudinal , lateral and vertical are relative ones 
embodiment including reference reflectors ; used for ease of reference . Other position representations 

FIG . 4 is a schematic diagram of a further embodiment can be derived . 
position determining apparatus according to the invention ; The apparatuses described can be used to obtain the 

FIG . 5 is a schematic diagram of a front view of the FIG . position in one , two or three dimensions . 
4 embodiment with associated waveform ; 25 Referring to FIG . 1 , a first embodiment apparatus 1 is 

FIG . 6 is a schematic diagram of a processing system of shown for determining the position of an object 3 , particu 
the embodiments ; larly its longitudinal and / or lateral position or displacement 

FIG . 7 is a flow diagram indicative of processing steps Orthogonal x , y and z axes are shown and longitudinal and 
performed by the FIG . 6 processing system ; and lateral positions refer to positions along the z and x axes 

FIG . 8 is a schematic diagram of a further embodiment 30 respectively . 
radiotherapy system according to the invention . The apparatus 1 comprises a scanning system 5 incorpo 

rating a one - dimensional MEM mirror 8 , a laser light source 
DETAILED DESCRIPTION OF PREFERRED ba and a light detector 6b . The laser light source ba is 

EMBODIMENTS arranged to direct a beam of light towards the MEM mirror 
35 8 which reflects the beam towards the object 3 . The light 

The following embodiments describe a system and detector 6b is arranged to detect light reflected back via the 
method for position determination of an object within a MEM mirror 8 . The light detector 6b can be positioned in 
space or region . The systems and method are applicable to front of the MEM mirror 8 or before it and in both cases a 
the medical instruments field , for example in radiotherapy beam splitter can be used , as is the case of the third 
whereby the position of certain objects ( e . g . the leaves of a 40 embodiment below . A processing system 7 is associated with 
MLC ) need to be determined accurately and remotely from the scanning system 5 and operates under software control 
the radiation source . The systems and methods are however to serve the dual purpose of ( a ) controlling the angle of the 
applicable in any field or application in which position MEM mirror 8 , and ( b ) processing the received signal from 
determination is required . the light detector 6b to perform position determination . 

In some embodiments , the system and method operate by 45 More specifically , the processing system 7 is programmed 
means of directing a beam of light along a one - dimensional or otherwise configured to move the MEM mirror 8 back and 
path only , for example from side - to - side along a single axis forth along a predefined one - dimensional axis thereby defin 
( although in practice any orientation can be used and there ing a scan pattern , or more appropriately , path for the laser 
may be slight deviations either side of this axis ) . Conse - beam which is indicated in FIG . 1 by the dashed line 13 . 
quently the scanning apparatus , which in the embodiments 50 Reference numerals 9 and 11 indicate extremities of the scan 
below include an oscillating MEM mirror , can use a one - path 13 although these can be wider or narrower . 
dimensional device offering advantages in terms of relative The apparatus 1 further comprises first and second reflec 
cost and complexity . Even if a two - dimensional device is tors 15 , 17 which are fixed to the object with a predefined 
used , operating it in a one - dimensional mode still offers separation distance s between the two . Each reflector 15 , 17 
simplicity in terms of the controlling electronics and signal 55 is a retro - reflector . The arrangement of the MEM mirror 8 
processing . and reflectors 15 , 17 is such that the scan path 13 passes over 

In another embodiment , the MEM mirror works in the both reflectors per single sweep . 
same way but reflects light transmitted from the object When operating , the processing system 7 operates the 
towards a sensor . Again , the same advantages of simplicity MEM mirror 8 to scan back and forth along the scan path 13 . 
and cost are provided . 60 As the beam passes over each of the first and second 

Furthermore , only a single scanning apparatus is needed reflectors 15 , 17 a portion of the beam is reflected back and 
unlike some prior art systems . received at the light detector 6b . This results in two pulses 

Furthermore , as the embodiments below will explain , a being provided to the processing system 7 per scan sweep . 
single , one - dimensional scan can be used to determine the The processing system 7 processes the received pulses to 
position in three dimensions whereas prior art systems 65 measure longitudinal and lateral distances or displacements . 
require two - dimensional scanning . Consequently , the over - This is performed by triangulation , as will be explained with 
all refresh rate ( the number of times per second the position reference to FIG . 2 . 
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Referring to FIG . 2 , which is a schematic top - plan view tional Patent Application Publication No . WO2011 / 107112 
of the FIG . 1 system , it will be understood that by deter - the contents of which are incorporated herein by reference . 
mining the angles A , B between a reference position and the As an alternative to using the first and second reflectors 
emitted beam of light which resulted in reflection from the 15 , 17 , light sensors such as photo detectors can be posi 
respective reflectors 15 , 17 , and given the known distance s 5 tioned on the object with the known separation . The scan 
between the reflectors , elementary trigonometry can be used ning system 5 operates in the same way by scanning the light 
to determine the z and x axis distances or displacements . beam along the one - dimensional path using a MEM mirror 

The angles A , B are determined using the position of the 8 , which path covers the sensors , but in this case the light 
MEM mirror 8 . sensors on the object are employed to inform the processing 

For example , where : 10 system 7 of the two points in the scan path when light is 
A - angle between the MEM mirror and first reflector 15 ; detected . The processing system 7 can determine the rel 
B - angle between the MEM mirror and second reflector 17 ; evant angles indicated in FIG . 2 using knowledge of the 
S = known separation distance between reflectors 15 , 17 ; mirror ' s position at each point in the scan cycle . 
D = longitudinal ( z ) distance of the object 3 ; and Referring to FIG . 4 , a second embodiment apparatus 30 is 
L = lateral ( x ) distance of the object 3 , 15 shown which is capable of position determination in a 
then we first correct the angles to account for the fact that further , vertical , dimension . The apparatus 30 is largely 
they are measured from the MEM mirror 8 rather than the identical to that of the first 1 , but includes the use of a third 
object . So , a = 90 - A and b = 90 - B . reflector 32 also fixed to the object 3 in such a way as to be 
Next , D and L are calculated by : exposed to the light beam and covered by the scan path 13 . 

20 Here , it is positioned between the first and second reflectors 
D = ( ( Sin a Sin b ) / Sin ( a + b ) ) ' s 15 , 17 . 

This third reflector 32 has a property or characteristic that 
causes the light signal reflected back from it to vary depend 

L = Tan AD ing on its vertical position , here along the y axis . The 
These are of course theoretical equations and in practice 25 processing system 7 is configured to determine from the 

one would provide as part of the processing system 7 means corresponding reflected pulse what the particular position or 
for offsetting for calibration and orientation etc . Further , the displacement is . In this case , the third reflector 32 has a 
above calculation is just one of a number of possible shape or profile that varies along the vertical axis , that is 
mathematical solutions and others can be used to generate from top to bottom . Particularly , the sides of the shape taper 
the required information from the angles and known sepa - 30 inwards so that it is a trapezoid shape narrowing from top to 
ration . The width of the reflectors 15 , 17 ( a known value ) can bottom although in theory only one side need taper . The 
be used to help determined D , bearing in mind that the closer tapering profile can be reversed so that it narrows in the 
the object 3 is , the larger the width appears . upwards direction . Either way , the pulse width received is 

In order to determine the angles A , B using the MEM indicative of the vertical position . 
mirror 8 there are a number of options . 35 Alternative shapes or properties can be used so long as the 

One option is to measure the MEM mirror angle directly resulting pulse is indicative of the vertical position of the 
using feedback , for example optical feedback at the time a object 3 . 
reflection pulse is detected from each reflector 15 , 17 . One In use , as for the first embodiment , in the second embodi 
such MEM mirror device capable of position feedback is ment apparatus 30 light reflected back from the first and 
Texas Instruments ' product TALP100B described in http : / / 40 second reflectors 15 , 17 enables longitudinal and lateral 
www . ti . com / lit / ds / symlink / talp1000b . pdf although this is a position determination by triangulation ; light reflected back 
two - dimensional MEM device and a similar one - dimen - from the third reflector 32 results in detection of a pulse 
sional MEM can be used . There are a number of feedback whose width varies depending on vertical position of the 
mechanisms one could use . For example if the actuation of object . The pulse resulting from the third reflector 32 is 
the mirror is electromagnetic , one could use the back EMF 45 distinguished from the others because the pulse width for the 
( electro - magnetic flux ) from the actuator coil to infer the former varies whereas the width for the latter ones remains 
mirror angle . One could use a hall effect device to do the constant . 
same . One could use capacitive sensing as well . FIG . 5 shows an example of the waveform produced from 

A preferred implementation is illustrated schematically in a single scan sweep along path 13 . The width of the central 
FIG . 3 . In this case , one or more reference reflectors 23 , 25 50 pulse 34 is indicative of the vertical position of the object 3 
is or are positioned within the scan path 13 ( note that they along axis y . The processing system 7 is programmed or 
are not connected to the object 3 ) at known position ( s ) otherwise configured to determine the vertical position or 
relative to the light source 5 / MEM mirror 8 . For example , displacement based on the width of the received pulse . 
each reference reflector 23 , 25 can be positioned at 45 Calibration is required beforehand to correspond the 
degrees to the MEM mirror . In operation , as the light beam 55 received pulse width to the vertical position . It will be 
travels along the scan path 13 a proportion of light will be observed that movement of the object 3 downwards causes 
reflected back from the reference reflectors 23 , 25 to the reflection of light from the subsequent scan path 13 which 
detector 6b and the processing system 7 is configured to results in a wider pulse . Movement in the opposite direction 
measure the time taken for the beam to travel from a given results in a narrow pulse . 
reference reflector 23 , 25 to each of the object ' s reflectors 60 Although reflector 32 is in the above embodiment pro 
15 , 17 . This time measurement is calculated based on the vided as a separate , third reflector , in an alternative arrange 
known scan time of the MEM mirror 8 . ment one or both of the first and second reflectors 15 , 17 can 

From this , it is straightforward to calculate the angles of be provided with the required characteristics or properties to 
each target reflector 15 , 17 with a high degree of accuracy . cause the reflected light signal to vary depending on relative 
The use of multiple reference reflectors 23 , 25 is preferred 65 position . A third reflector is not therefore essential . One or 
but only one is necessary . Further information regarding the both of the first and second reflectors 15 , 17 can have the 
use of reference reflectors can be obtained from Interna tapered shape , for example , although for accuracy one 
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would have to detect the centre of the or each reflector 15 , passes the resulting signal to another part of the processing 
17 rather than relying on the edges . system , which determines position . 

Also , as already mentioned , the first and second reflectors Module 80 is a field lamp 24 which emits a light beam 
15 , can be replaced by first and second light sensors which which is incident on the rear of one of the mylar mirrors 78 
provide direct feedback to the processing system 7 from 5 through which at least part of the beam is transmitted . This 
which the angle of the mirror at each point when light is light beam then falls on the mirror 28 and is directed towards 
detected can be determined . the treatment volume . The light source 66 and field lamp 80 

The processing system 7 in both embodiments may com are positioned relative to the radiation source 62 and mirrors 
78 , 82 so that they are in a location that is optically identical prise a dedicated processing module , e . g . a microcontroller 

or FPGA configured to operate under the control of a 10 to that of the radiation source 62 and so illuminates the 
treatment volume in the same manner as the radiation . program . FIG . 6 shows functional components , including a As before , on top of the ( and indeed each ) leaf 86 of the controller 48 , RAM 50 , a memory 42 , an output bus for MLC are provided a pair of retro - reflectors 90 at a known outputting signals for enabling / disabling the light source 6a , separation distance s . Also provided is a third retro - reflector an output bus for outputting signals for controlling the 15 92 which , like that provided in the second embodiment has 

position of the MEM mirror 8 , and an input bus for receiving irrors , and an input bus for receiving a shape that varies along a given axis or plane so that light 
a signal generating by the light detector 6b . An output bus reflected from it produces a detectable beam that varies 
is also provided for outputting the position data , which can depending on its position along or parallel with said plane . 
be passed to a display device or memory . The position data Thus , the apparatus 60 is capable of determining the leaf ' s 
can be provided in any form , e . g . Cartesian coordinates or a 20 position in one or two dimensions using the pair of retro 
vector representation . reflectors 60 in the same way as the first embodiment . 
RAM 50 is used by the controller 48 for the temporary Reference retro - reflectors 88 are shown fixed on supports 84 

storage of data . The memory 42 stores one or more programs either side of the MLC leaves and outside their field of 
having code which , when executed by the controller 48 in travel ; these enable calculation of the mirror angles as 
conjunction with RAM 50 , controls the overall processing 25 described in the first embodiment . Additionally , or alterna 
system 7 . The memory 42 also stores position data 46 tively , the position in a further dimension is determined 
representing the appropriate signals to control the MEM using the third retro - reflector 92 in the same way as the 
mirror 8 through its scan cycle . second embodiment . 

Referring to FIG . 7 , the main steps performed by the Also , as already mentioned , the first and second reflectors 
program will now be described in relation to one , one - 30 90 can be replaced by first and second light sensors which 
dimensional scan cycle . provide direct feedback to the processing system 7 from 

The process starts at step 7 . 1 which is at the start of a scan which the angle of the mirror at each point when light is 
cycle . In step 7 . 2 , the light source 6a is turned on ( or detected can be determined . 
maintained on ) and in step 7 . 3 position data is output to In all embodiments , it will be appreciated that in practice 
cause the MEM mirror 8 to scan along its predetermined 35 the relevant position of the MEM mirror is that which 
path 13 . In step 7 . 4 , light is received from the light detector existed a few nanoseconds before the light is received , to 
6b . In step 7 . 5 , the position of the object 3 is determined allow for travel time . This is unlikely to make a significant 
using triangulation or pulse width comparison or a combi - difference . 
nation of both depending on which dimensional position ( s ) In a fourth embodiment , not shown in the Figures , the first 
is or are required . In step 7 . 6 , the position data is output in 40 and second reflectors 15 , 17 , 90 as described in the previous 
whichever form is required , e . g . as Cartesian coordinates or embodiments can be replaced with first and second light 
a vector representation . sources , for example infra - red light sources , located on the 

FIG . 8 shows the use of either of the previous embodi - object and which are separated by a known distance . The 
ments in a radiotherapy system which uses a multi - leaf scanning system 5 operates in the same way as before with 
collimator ( MLC ) . Referring to FIG . 8 , a radiation source 62 45 a light sensor associated with said scanning system detecting 
emits a beam of radiation towards a treatment volume in the the first and second points in the MEM mirror ' s one 
downwards direction . The MLC is comprised of a number of dimensional scanning cycle at which light from each source 
leaves the positions of which shape the beam applied to the is detected after reflection by the MEM mirror . Given these 
treatment volume . A single leaf is indicated by the object 86 two points in the scan cycle , the processing system 7 can 
whose real - time position needs to be determined ; the leaf 86 50 then determine the angles indicated in FIG . 2 in order to 
is driven by an electric motor located some distance away determine the object ' s position . This principle is outlined in 
and correct operation of the apparatus requires verification http : / / adriaticresearch . org / Research / pdf / 
of the leaf ' s position ( and indeed that all of leaves of the Tracking _ OMEMS2008 . pdf ( see FIG . 1 ( c ) ) although in this 
MLC ) . document only one light source is used and two mirrors are 

A laser light source 66 is provided , directing its beam 82 55 required . In the present embodiment , we employ two light 
towards a one - dimensional MEM scanning mirror 68 con - sources of known separation on the object and require only 
trolled by a processing system that includes a position driver one , one - dimensional MEM mirror and one light sensor . 
module 70 . The position driver module 70 operates under In all embodiments , there may also be provided a module 
computer program control so as to scan the laser beam 82 for calibrating the motion of the MEM mirror within each 
along a one - dimensional path which passes back and forth 60 scan cycle . Additional reference mirrors may be provided for 
over the leaf 86 as well as beyond its extremities . this purpose , as described in WO 2011 / 107112 . 

To direct the beam 82 to the leaf 86 mylar mirrors 78 , 82 An exemplary embodiment provides a system and method 
are provided in a periscope type arrangement . A beam for determining the position of an object , which is less 
splitter 72 is placed in the path of the beam 82 between the complex and / or expensive to implement than current meth 
MEM mirror 68 and the first mylar mirror 78 . The beam 65 ods . 
splitter 72 directs a portion of the light returned from the leaf It will be appreciated that the above described embodi 
86 to a photo sensor 74 which detects the returning light and ments are purely illustrative and are not limiting on the 
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scope of the invention . Other variations and modifications second points relative to reference point ( s ) in the scanning 
will be apparent to persons skilled in the art upon reading the path at which the at least one light detector detects light 
present application . returned from the or each reference reflector . 
Moreover , the disclosure of the present application should 5 . The apparatus according to claim 2 , wherein the 

be understood to include any novel features or any novel 5 processor is configured to determine an indication of at least 
combination of features either explicitly or implicitly dis - the object ' s distance from the light source along a first 
closed herein or any generalization thereof and during the dimensional axis by triangulation based on the first and 
prosecution of the present application or of any application second angles and the known separation distance between 
derived therefrom , new claims may be formulated to cover the first and second reflective elements . 
any such features and / or combination of such features . 106 . The apparatus according to claim 5 , wherein the 

The invention claimed is : processor is further configured to generate an indication of 
1 . An apparatus for position - detection of an object within the object ' s relative position along a second dimensional 

a region , the apparatus comprising : axis , generally orthogonal to the first dimensional axis . 
first and second target elements mounted or mountable on 7 . The apparatus according to claim 1 , wherein the source 

an object and having a known separation distance 15 of light is a laser . 
between the first and second target elements ; 8 . The apparatus according to claim 1 , wherein the mirror 

a scanning light source adapted to issue a beam of light is part of a micro - electromechanical ( MEM ) device with an 
along a one - dimensional scanning path , which illumi - associated controller . 
nates a point that moves over the first and second target 9 . The apparatus according to claim 1 , wherein the first 
elements , wherein the scanning light source comprises 20 and second target elements are reflective elements , and 
a source of light and a mirror , the source of light being wherein the at least one light detector is configured so as to 
directed towards the mirror , the mirror being control receive the reflected light from the controllably movable 
lably movable so as to direct light from the source mirror . 
towards the object along the one - dimensional scanning 10 . The apparatus according to claim 2 , wherein one of 
path ; 25 the first or second reflective elements , or a further reflective 

at least one light detector , arranged to detect light reflected element , is provided having a property or characteristic that 
from , or received by , the first and second target ele causes a temporal variation in reflected light depending on 
ments ; the part of the element that is illuminated along a given axis , 

a processor ; and and wherein the processor is further configured to determine 
a non - transitory computer - readable medium comprising a 30 the position of the object based on the reflected light 

computer program stored thereon , which when received by the detector from said reflective element . 
executed by the processor configures the processor to 11 . The apparatus according to claim 10 , wherein said one 
determine the position of the object within the region of the first or second reflective elements or said further 
based on : reflective element has a shape that varies in width along the 

first and second points in the scanning path at which the 35 given axis , transverse to the one - dimensional scanning path , 
at least one light detector detects light returned from , or and wherein the processor is further configured to determine 
received by , the first and second target elements ; the position of the object based on the width of the light 

respective first and second angles between a reference pulse received by the at least one light detector from said 
position and positions of said first and second points in reflective element . 
the scanning path ; and 40 12 . The apparatus according to claim 11 , wherein said 

the known separation distance between the first and reflective element has a shape that tapers inwards along the 
second target elements , given axis . 

wherein the processor is configured by the computer 13 . Radiotherapeutic apparatus including a position deter 
program to determine the first and second angles using mination apparatus according to claim 1 . 
optical feedback to directly measure the angle at which 45 14 . A method for position - detection of an object within a 
the scanning light source is emitting its beam when a region , the method comprising : 
reflection from at least one of the first or second scanning a beam of light from a light source along a 
reflective elements is detected at the at least one light one - dimensional scanning path , which illuminates a 
detector , and wherein the processor is configured by the point that moves over first and second target elements 
computer program to determine the first and second 50 mounted on an object separated by a known distance , 
angles using optical or electrical feedback to directly wherein the scanning light source comprises a source of 
measure the angle of the mirror when a reflection from light and a mirror , the source of light being directed 
at least one of the first or second reflective elements is towards the mirror , the mirror being controllably mov 
detected at the at least one light detector . able so as to direct light from the source towards the 

2 . The apparatus according to claim 1 , wherein the first 55 object along the one - dimensional scanning path ; 
and second target elements are reflective elements . detecting by a detector light reflected from , or received by , 

3 . The apparatus according to claim 2 , wherein the the first and second target elements ; and 
processor is configured to determine the first and second determining the position of the object within the region 
angles using optical feedback to directly measure the angle based on first and second points in the scanning path at 
at which the scanning light source is emitting its beam when 60 which the detector detects light returned from , or 
a reflection from at least one of the first or second reflective received by , the first and second target elements , 
elements is detected at the at least one light detector . respective first and second angles between a reference 

4 . The apparatus according to claim 2 , further comprising position and positions of said first and second points in 
one or more reference reflectors located at known position ( s ) the scanning path , and the known separation distance 
within the region covered by the scanning path and wherein 65 between the first and second target elements , including 
the processor is configured to determine the first and second determining the first and second angles using optical 
angles based on the respective positions of said first and feedback to directly measure the angle at which the 
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scanning light source is emitting its beam when a reflective elements , wherein said at least one of the first 
reflection from at least one of the first or second or second reflective elements or said further reflective 
reflective elements is detected at the detector , and element has a shape that varies in width along the given 
determining the first and second angles using optical or axis , transverse to the one - dimensional scanning path ; 
electrical feedback to directly measure the angle of the 5 at least one light detector , arranged to detect light reflected 
mirror when a reflection from at least one of the first or from the first and second reflective elements ; 
second reflective elements is detected at the detector . a processor ; and 

15 . The method according to claim 14 , wherein determin a non - transitory computer - readable medium comprising a ing the position of the object comprises determining the computer program stored thereon , which when position of a movable object within a radiotherapeutic 10 executed by the processor configures the processor to apparatus . 
16 . An apparatus for position - detection of an object determine the position of the object within the region 

based on : within a region , the apparatus comprising : 
first and second reflective elements mounted or mountable first and second points in the scanning path at which the 

on an object and having a known separation distance 15 at least one light detector detects light returned from the 
between the first and second reflective elements , first and second reflective elements ; 
wherein at least one of the first or second reflective a width of a pulse of the light received by the at least one 
elements , or a further reflective element , is provided light detector from the at least one of the first or second 

reflective elements , or the further reflective element , having a property or characteristic that causes a tem 
poral variation in reflected light depending on the part 20 that causes a temporal variation in the reflected light ; 

of the element that is illuminated along a given axis ; and 
a scanning light source adapted to issue a beam of light the known separation distance between the first and 

along a one - dimensional scanning path , which illumi second reflective elements . 
nates a point that moves over the first and second * * * * 


