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COORDINATE POSITIONING MACHINE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[ 0001 ] The present invention relates to a coordinate posi 
tioning machine . Coordinate positioning machines include , 
for example , coordinate measuring machines ( CMMs ) and 
machine tools . 

2. Description of the Related Art 
[ 0002 ] A non - Cartesian coordinate positioning machine 1 
is illustrated schematically in FIG . 1 of the accompanying 
drawings . The coordinate positioning machine 1 generally 
comprises first and second structures 2 , 4 that are supported 
and moved relative to each other by a plurality of telescopic 
or extendable legs 6 provided between them . The first and 
second structures 2 , 4 are sometimes referred to as platforms 
or stages , and the extendable legs 6 are sometimes referred 
to as struts or rams . Where there are six such extendable legs 
6 ( as illustrated in FIG . 1 ) , the machine is commonly called 
a hexapod . 
[ 0003 ] The extendable legs 6 are typically mounted on the 
structures 2 , 4 via ball joints 8 , with each leg 6 either having 
its own ball joint 8 at one or both ends thereof ( as illustrated 
in FIG . 1 ) , or sharing a ball joint 8 with an adjacent leg 6 at 
one or both ends . Each extendible leg 6 is typically formed 
as a pair of tubes , with one tube being moved telescopically 
within the other by a drive mechanism ( e.g. motor ) in order 
to provide extension and retraction of the extendible leg 6 . 
[ 0004 ] Various relative positions between the first and 
second structures 2 , 4 can be achieved by extending the legs 
6 by differing amounts , as illustrated in FIG . 1 by arrows 13 . 
The relative position at any instant is monitored by a 
plurality of length - measuring transducers 10 , for example 
with one transducer being associated with each extendable 
leg 6. Each length - measuring transducer 10 may comprise 
an encoder scale paired with a readhead , with the encoder 
scale being mounted suitably to one of the pair of telescopic 
tubes and the readhead mounted suitably on the other . 
Extension of the leg 6 thus causes the encoder scale to move 
past the readhead thereby allowing the length of the extend 
ible leg 6 to be measured . A computer controller 5 operates 
to set the length of each extendible leg 6 to provide the 
required relative movement between the structures 2 , 4. By 
having six such length - measuring transducers 10 , the rela 
tive position can be measured in six corresponding respec 
tive degrees of freedom ( three translational degrees of 
freedom and three rotational degrees of freedom ) . 
[ 0005 ] One of the structures 2 , 4 is typically provided as 
part of a fixed structure of the coordinate positioning 
machine 1 , with the other of the structures 4 , 2 moving 12 , 
11 relative to the fixed structure . A tool ( for example a 
measurement probe or a drill ) can be mounted on the moving 
structure and a workpiece mounted on the fixed structure , or 
vice versa , to enable an operation to be performed on the 
workpiece ( for example measuring , probing , or scanning in 
the case of a coordinate measuring machine , or machining in 
the case of a machine tool ) . 
[ 0006 ] For example , as illustrated in FIG . 1 , the lower 
structure 4 is fixed and the upper structure 2 is moveable , 
with a workpiece 9 mounted on the lower structure 4 and a 
probe component 3 mounted on the upper structure 2. A 

working volume 14 is defined between the upper structure 2 
and the lower structure 4 when at their most spaced - apart 
positions , with the probe component 3 being positioned in 
the working volume 14 by operation of the extendible legs 
6. Although arrows 11 are shown to indicate translational 
movement , with appropriate control of the various legs 6 the 
structure 2 could also be tiltable . 
[ 0007 ] Alternatively , the upper structure 2 could be fixed 
and the lower structure 4 moveable , with a probe mounted 
to a lower surface of the lower structure 4 and a workpiece 
mounted to a part of the fixed structure below that , so that 
the working volume ( or operating volume ) of the machine is 
below the lower structure 4 rather than above it . 
[ 0008 ] Various types of non - Cartesian coordinate posi 
tioning machine are described in more detail in WO 
91/03145 , WO 95/14905 , WO 95/20747 , WO 92/17313 , 
WO 03/006837 , WO 2004/063579 , WO 2007/144603 , WO 
2007/144573 , WO 2007/144585 , WO 2007/144602 and WO 
2007/144587 . 
[ 0009 ] For example , WO 91/03145 describes a hexapod 
machine tool comprising an upper , moveable , structure that 
is attached to a base by six hydraulic extendable legs , similar 
in principle to that illustrated in FIG . 1 described above . The 
extendable legs are attached to the base and moveable 
structure via ball joints . The extendable legs are hydraulic 
and comprise a piston rod that is moveable within a cylinder . 
The amount of leg extension is measured by mounting a 
magnetic scale to the cylinder and a suitable readhead on the 
piston rod . Extension of the leg thus causes the scale to move 
past the readhead thereby allowing the length of the leg to 
be measured . A computer controller operates to set the 
length of each leg to provide the required movement . 
[ 0010 ] EP3054265A1 discloses the use of a delta robot to 
move an end effector , and an imaging detector to capture 
image data of at least part of the end effector . From the 
captured image data , and in particular from reference points 
on the end effector , the position of the end effector can be 
determined by photogrammetry . 
[ 0011 ] DE3504464C1 describes the use of a hexapod 
arrangement of measurement struts to calibrate a robot arm . 
US 2008/0271332 describes the use of a hexapod arrange 
ment of measurement struts in series with a Cartesian 
coordinate measuring machine . 

SUMMARY OF THE INVENTION 

[ 0012 ] According to an embodiment of one aspect of the 
present invention , there is provided a coordinate positioning 
machine comprising a structure moveable within a working 
volume of the machine , a hexapod metrology arrangement 
for measuring the position of the structure within the work 
ing volume , and a non - hexapod drive arrangement for 
moving the structure around the working volume . The 
moveable structure is adapted to carry an operational tool 
with the metrology and drive arrangements also coupled to 
the moveable structure . 
[ 0013 ] According to an embodiment of another aspect of 
the present invention , there is provided a coordinate posi 
tioning machine comprising a structure moveable within a 
working volume of the machine , a drive arrangement for 
moving the structure around the working volume in fewer 
than six degrees of freedom , and a metrology arrangement 
for measuring the position of the structure within the work 
ing volume in more degrees of freedom than the drive 
arrangement . 



2020/26205541 Aug. 20 , 2020 
2 

[ 0014 ] According to an embodiment of another aspect of 
the present invention , there is provided a coordinate posi 
tioning machine comprising a structure moveable within a 
working volume of the machine , a metrology arrangement 
for measuring the position of the structure within the work 
ing volume , and a drive arrangement for moving the struc 
ture around the working me , wherein the metrology 
arrangement comprises a plurality of measurement trans 
ducers in a parallel arrangement for providing a correspond 
ing respective plurality of measurements from which the 
position of the moveable structure is determinable , wherein 
the drive arrangement comprises a plurality of mechanical 
linkages arranged in parallel between the moveable structure 
and a fixed structure of the machine , and wherein each 
mechanical linkage is actuated by a drive mechanism which 
acts between the fixed structure and the mechanical linkage . 
[ 0015 ] According to an embodiment of another aspect of 
the present invention , there is provided a coordinate posi 
tioning machine comprising a structure moveable within a 
working volume of the machine , a metrology arrangement 
for measuring the position of the structure within the work 
ing volume , and a drive arrangement for moving the struc 
ture around the working volume , wherein the metrology 
arrangement comprises a plurality of measurement trans 
ducers in a parallel arrangement for providing a correspond 
ing respective plurality of measurements from which the 
position of the moveable structure is determinable , and 
wherein the drive arrangement comprises a plurality of 
actuators in a parallel arrangement of a different type to that 
of the metrology arrangement . For example , the parallel 
actuator arrangement may be a tri - glide type of arrangement 
or a cable robot type of arrangement , while the parallel 
measurement transducer arrangement may be a hexapod 
type of arrangement . 
[ 0016 ] The metrology arrangement may comprise a plu 
rality of measurement transducers in a parallel arrangement 
for providing a corresponding respective plurality of mea 
surements from which the position of the moveable structure 
is determinable . 
2017The measurement transducers maybe length - ma 
suring transducers . 
[ 0018 ] The measurements may relate to different respec 
tive separations between the moveable structure and a fixed 
structure of the machine . 
[ 0019 ] The measurement transducers may be adapted to 
provide direct measurements of the separations . 
[ 0020 ] The measurement transducers may be adapted to 
provide direct measurements of changes in the separations 
as the structure moves around the working volume , from 
which changes the separations are determinable . 
[ 0021 ] Each of the measurement transducers may com 
prise an encoder scale and associated readhead . 
022The metrology arrangement may comprise plu 
rality of extendable legs arranged in parallel , with the 
extendable legs corresponding in number to the number of 
measurement transducers and with each of the plurality of 
measurement transducers being associated with a different 
respective one of the plurality of extendable legs . 
[ 0023 ] The coordinate positioning machine may comprise 
six such measurement transducers . 
[ 0024 ] The plurality of measurement transducers may be a 
plurality of independent measurement transducers . 
[ 0025 ] The plurality of measurement transducers 
described herein is to be contrasted with an image - based or 

photogrammetric metrology arrangement , for example , in 
which each image capture device does not make a direct or 
independent measurement of any length or separation , or of 
the position of at least part of the moveable structure ; a 
determination of the position of the moveable structure can 
only take place based on a photogrammetric combination of 
images from all of the image capture devices . With an 
image - based or photogrammetric metrology arrangement , 
distances can only be inferred indirectly from image data . 
[ 0026 ] The drive arrangement may be adapted to maintain 
the moveable structure at a substantially constant orientation 
as it moves around the working volume . 
[ 0027 ] The drive arrangement may comprise a plurality of 
mechanical linkages connected in parallel between the 
moveable structure and a fixed structure of the machine . 
[ 0028 ] Each mechanical linkage may be actuated ( or 
driven ) by a drive mechanism which acts between the fixed 
structure and the mechanical linkage . A distinction is to be 
drawn here between such a drive mechanism and one that 
acts for example between two parts ( or links ) of the 
mechanical linkage . For example , with a typical hexapod 
drive arrangement , the motor for each extendable leg would 
act between the two parts of the extendable leg , pushing the 
two parts away from one another to extend the leg and doing 
the opposite to retract the leg . The motor does not act 
between the extendable leg ( the mechanical linkage ) and the 
fixed structure . As such , it can be considered that , in an 
embodiment of the present invention , each mechanical link 
age may be actuated ( or driven ) by a drive mechanism which 
acts directly between the fixed structure and the mechanical 
linkage . 
[ 0029 ] Movement of a driven part of the mechanical 
linkage may be caused by the drive mechanism associated 
with that mechanical linkage rather than by one or more 
other drive mechanisms associated with other mechanical 
linkages of the drive arrangement . 
[ 0030 ] The driven part of the mechanical linkage may be 
a carriage that is arranged to move linearly along a corre 
sponding track . A plurality of such tracks may be arranged 
substantially parallel with one another . Three such tracks are 
provided in the case of a tri - glide drive arrangement . 
[ 0031 ] The drive mechanism may be a rotary drive mecha 
nism , such as is found in a delta robot . 
[ 0032 ] Such a drive mechanism may be arranged to drive 
a driven part of the mechanical linkage in a substantially 
rotary manner relative to the fixed structure . 
[ 0033 ] The rotary drive mechanism may be a direct rotary 
drive mechanism . 
[ 0034 ] The drive mechanism may be a linear drive mecha 
nism , such as is found in a tri - glide arrangement or a cable 
robot . 
[ 0035 ] Such a drive mechanism may be arranged to drive 
a driven part of the mechanical linkage in a substantially 
linear manner relative to the fixed structure , such as along a 
substantially linear manner feature of the fixed structure , 
such as along a substantially linear track of the fixed 
structure . 
[ 0036 ] The linear drive mechanism may be a direct linear 
drive mechanism . 
[ 0037 ] The linear drive mechanism may be arranged to 
translate the end of the mechanical linkage in a substantially 
linear manner . 
[ 0038 ] The linear drive mechanism may comprise a linear 
motor . 
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[ 0039 ] Each mechanical linkage may comprise at least two 
substantially parallel rods to maintain the moveable struc 
ture at a substantially constant orientation as it moves 
around the working volume . 
[ 0040 ] The drive arrangement may comprise three such 
mechanical linkages . 
[ 0041 ] The drive arrangement may be a tri - glide arrange 
ment . 
[ 0042 ] The metrology arrangement may comprise a plu 
rality of mechanical linkages arranged in parallel between 
the fixed structure and the moveable structure , with a 
corresponding plurality of measurement transducers associ 
ated respectively with the plurality of mechanical linkages . 
There may be six such mechanical linkages of the metrology 
arrangement and six corresponding respective measurement 
transducers . 
[ 0043 ] Each mechanical linkage of the metrology arrange 
ment may be connected between points on the fixed struc 
ture and the moveable structure respectively and may be 
adapted to allow a separation between those points to be 
varied . 
[ 0044 ] The measurement transducer associated with the 
mechanical linkage of the metrology arrangement may be 
adapted to provide an output that is dependent on the 
separation . 
[ 0045 ] Each mechanical linkage of the metrology arrange 
ment may be an extendable or extending leg . 
[ 0046 ] A mechanical linkage may also be referred to or 
considered to be a kinematic chain or a mechanical assem 
bly . 
[ 0047 ] A drive mechanism may be provided separately for 
each mechanical linkage of the drive arrangement . 
[ 0048 ] The drive mechanism associated with a mechanical 
linkage may be arranged to act between the fixed structure 
and an end of the mechanical linkage . 
[ 0049 ] Each mechanical linkage may comprise at least one 
rigid rod . 
[ 0050 ] Each mechanical linkage may comprise at least two 
substantially parallel rods to maintain the moveable struc 
ture at a substantially constant orientation as it moves 
around the working volume . 
[ 0051 ] Each of the mechanical linkages may be of sub 
stantially the same arrangement or design . 
[ 0052 ] A drive arrangement having three mechanical link 
ages each with a linear drive mechanism is known as a 
tri - glide arrangement . 
[ 0053 ] The drive arrangement may comprise or be in the 
form of or provide a delta robot arrangement . 
[ 0054 ] The drive arrangement may comprise or be in the 
form of or provide a linear delta robot arrangement . 
[ 0055 ] The drive arrangement may be adapted to move the 
structure around the working volume in fewer than six 
degrees of freedom , and the metrology arrangement may be 
adapted to measure the position of the structure within the 
working volume in more degrees of freedom than the drive 
arrangement . 
[ 0056 ] The metrology arrangement may be a hexapod 
metrology arrangement . 
[ 0057 ] The drive arrangement may be a non - hexapod 
drive arrangement . 
[ 0058 ] The drive arrangement may be adapted to move the 
structure around the working volume in three degrees of 
freedom . 

[ 0059 ] The three degrees of freedom may be three trans 
lational degrees of freedom . 
[ 0060 ] The metrology arrangement may be adapted to 
measure the position of the structure in six degrees of 
freedom ( three translational degrees of freedom and three 
rotational degrees of freedom , i.e. position and orientation ) . 
[ 0061 ] The metrology arrangement and drive arrangement 
may each be arranged between ( e.g. connected to the 
moveable structure and a fixed structure of the machine . 
[ 0062 ] The metrology arrangement and drive arrangement 
may each be connected or coupled to both the moveable 
structure and the fixed structure . 
[ 0063 ] The drive arrangement may comprise a plurality of 
actuators in a parallel arrangement . This is to be contrasted 
with a serial arrangement of actuators that is present , for 
example , in a traditional three - axis ( x , y , z ) coordinate 
measuring machine ( CMM ) . 
[ 0064 ] The drive arrangement may comprise a plurality of 
actuators in a parallel arrangement of a different type to that 
of the metrology arrangement . 
[ 0065 ] The drive arrangement may comprise a plurality of 
measurement transducers , separate to those of the metrology 
arrangement , for providing corresponding respective mea 
surements from which the position of the moveable structure 
is determinable independently of the position determined 
based on the measurements from the metrology arrange 
ment . In other words , the drive arrangement may be encoded 
independently of the metrology arrangement . 
[ 0066 ] The drive arrangement may be coupled to the 
metrology arrangement via a coupling arrangement which 
prevents at least some distortion associated with the drive 
arrangement from being transferred to the metrology 
arrangement . 
[ 0067 ] The coupling arrangement may be a kinematic or 
pseudo - kinematic coupling arrangement . 
[ 0068 ] The coupling arrangement may comprise a plural 
ity of balls . 
[ 0069 ] The coupling arrangement may comprise a plural 
ity of resilient spacers or pads . 
[ 0070 ] The moveable structure may comprise a drive part 
associated with the drive arrangement and a metrology part 
associated with the metrology arrangement , with the drive 
part of the moveable structure being coupled to the metrol 
ogy part of the moveable structure via the coupling arrange 
ment . 
[ 0071 ] The drive part of the moveable structure may be 
coupled to the drive arrangement . 
[ 0072 ] The metrology part of the moveable structure may 
be coupled to the metrology arrangement . 
[ 0073 ] The coordinate positioning machine may comprise 
a fixed structure having a drive part associated with the drive 
arrangement and a metrology part associated with the 
metrology arrangement , with the drive part of the fixed 
structure being coupled to the metrology part of the fixed 
structure via the coupling arrangement . 
[ 0074 ] The drive part of the fixed structure may be 
coupled to the drive arrangement . 
[ 0075 ] The metrology part of the fixed structure may be 
coupled to the metrology arrangement . 
[ 0076 ] The moveable structure may carry an operational 
tool . In other words , the operational tool may be carried by 
the moveable structure at the same time as the metrology 
arrangement is coupled to the moveable structure . The 
coordinate measuring machine in such a configuration is 
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ready for operational use ( with a working tool in place ) , 
rather than e.g. merely ready to be calibrated ( where there 
would be no working tool in place ) . 
[ 0077 ] The machine may be a coordinate measuring 
machine . 
[ 0078 ] The machine may be a comparator . 
[ 0079 ] The operational tool may be a surface sensing 
device or measurement probe . 
[ 0080 ] The machine may be a machine tool . 
[ 0081 ] The operational tool may be a mechanical tool for 
shaping or machining materials . 
[ 0082 ] The metrology arrangement may comprise mea 
surement transducers arranged exclusively in parallel with 
one another , i.e. without any measurement transducers 
arranged in series with one another . 
[ 0083 ] The metrology arrangement may comprise six 
measurement transducers in a parallel arrangement for pro 
viding six corresponding respective measurements from 
which the position of the moveable structure is determin 
able . A metrology arrangement having fewer than six mea 
surement transducers in a parallel arrangement is not a 
hexapod metrology arrangement ( e.g. a tripod is not a 
hexapod ) . 
[ 0084 ] The metrology arrangement can be considered to 
be for measuring different positions of the moveable struc 
ture within the working volume resulting from different 
respective states or configurations of the drive arrangement . 
In other words , the metrology arrangement measures the 
position ( a first position ) of the moveable structure in a first 
configuration of the drive arrangement , the drive arrange 
ment then moves into a second configuration different to the 
first , and the metrology arrangement measures the position 
( a second position ) of the moveable structure in the second 
configuration of the drive arrangement . The drive arrange 
ment can be considered to include all parts of the machine 
used to move the moveable structure from the first position 
to the second position . 
[ 0085 ] The metrology arrangement may comprise six 
extendable legs arranged in parallel , with the six measure 
ment transducers being associated respectively with the six 
extendable legs . 
[ 0086 ] The measurement transducers may be interfero 
metric measurement transducers . 
[ 0087 ] The drive arrangement may comprise fewer than 
six actuators in a parallel arrangement . 
[ 0088 ] The drive arrangement may be a parallel kinematic 
arrangement . 
[ 0089 ] The drive arrangement may be a non - Cartesian 
arrangement . 
[ 0090 ] The drive arrangement may comprise fewer than 
six actuators . 
[ 0091 ] The parallel arrangement of actuators associated 
with the drive arrangement may be different to the parallel 
arrangement of measurement transducers associated with 
the metrology arrangement . 
[ 0092 ] The drive arrangement may comprise a plurality of 
measurement transducers for providing corresponding 
respective measurements from which the position of the 
moveable structure is determinable . 
[ 0093 ] The measurement transducers may be mechanical 
measurement transducers as opposed to optical or image 
based or photogrammetric measurement transducers . 
[ 0094 ] The measurement transducers may be length - mea 
suring transducers . Measuring a length of a part of a 

machine , such as an extendible leg , may be considered to be 
equivalent to measuring a separation between two parts of 
the machine , such as the ends of the extendable leg . A 
transducer may not measure an absolute length or separa 
tion , but may measure a change in length or separation , from 
which the absolute length or separation can be determined 
( for example based on a geometric model of the machine ) . 
Examples of sensors that do not measure length , but which 
can be used e.g. in combination with other sensor data to 
determine position , are accelerometers ( acceleration sen 
sors ) , tilt sensors and gyroscopes . 
[ 0095 ] The measurement transducers may be sampled at a 
first clock rate that is comparable to ( e.g. at least half that of , 
or at least that of , or substantially the same as ) a second 
clock rate used to control the drive arrangement . 
[ 0096 ] The measurements received from the measurement 
transducers may allow the position of the structure to be 
determined without reference to other sensor or transducer 
data ( such as photogrammetric data from an image sensor ) 
that may be obtained at a third clock rate lower than the first 
clock rate . 
[ 0097 ] The first clock rate may be higher than 1 kHz , more 
preferably higher than 10 kHz , more preferably higher than 
15 kHz . 
[ 0098 ] The metrology arrangement may be coupled to the 
moveable structure in a non - contactless manner , such as 
optically where the metrology arrangement is an optical 
metrology arrangement . 
[ 0099 ] The metrology arrangement may be coupled 
mechanically to the moveable structure , such as where the 
metrology arrangement is a hexapod metrology arrange 
ment . 
[ 0100 ] The metrology arrangement may be a mechanical 
metrology arrangement , for example as opposed to an opti 
cal or image - based or photogrammetric metrology arrange 
ment . 
[ 0101 ] The metrology arrangement may be coupled 
mechanically to the moveable structure . 
[ 0102 ] An extendable leg may comprise any mechanical 
arrangement ( e.g. mechanical linkage ) that allows the sepa 
ration between a point on the fixed structure and a point on 
the moveable structure to be varied . 
[ 0103 ] The moveable structure may be adapted to support 
or carry an object that is to be moved around the working 
volume . The object may be one that is to be picked up and / or 
placed within the working volume . The object may be a tool 
for interacting with or operating on another object , such as 
a workpiece , located in the working volume . The tool may 
be a surface sensing device . The surface sensing device may 
be a measurement probe . The measurement probe may be a 
contact probe . The contact probe may comprise a stylus 
which makes physical contact in use with a workpiece 
surface to take a measurement . The measurement probe may 
be a non - contact probe . The non - contact probe may be an 
optical probe . The tool may comprise a camera for imaging 
the surface of a workpiece . The tool may be a mechanical 
tool that is typically found in a machine tool for shaping or 
machining metal or other rigid materials . 
[ 0104 ] The movable structure may be adapted to carry an 
operational tool with the metrology and drive arrangements 
also coupled to moveable structure . The coordinate posi 
tioning machine may be set up with the operational tool 
already coupled to the moveable structure and ready to 
perform the operation for which it is intended . In other 
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[ 0117 ] According to an embodiment of another aspect of 
the present invention , there is provided a computer - readable 
medium having stored therein computer program instruc 
tions for controlling a coordinate positioning machine con 
troller to perform a method as described above . 

BRIEF DESCRIPTION OF THE DRAWINGS 

words , the coordinate positioning machine may be set up for 
operation rather than merely for calibration . 
[ 0105 ] The hexapod metrology arrangement may be 
coupled to the moveable structure via a different attachment 
than that used for attaching the operational tool to the 
moveable structure . 
[ 0106 ] The hexapod metrology arrangement may be 
coupled directly to the moveable structure . 
[ 0107 ] A “ transducer " can be considered herein to be a 
device that either converts variations in a physical quantity 
into an electrical signal ( a “ sensor ” , such as the measure 
ment transducers described herein that measure or sense 
changes in length ) , or vice versa from an electrical signal to 
a physical quantity ( an “ actuator " , such as the motors and 
associated drive linkages described herein that provide 
movement to the structure based on an input or drive signal ) . 
[ 0108 ] Measuring the “ position ” of the structure is to be 
understood as measuring the position and / or orientation of 
the structure , to the appropriate number of degrees of 
freedom . For example , where position is measured in six 
degrees of freedom then both the position and orientation of 
the structure are determined . However , if the position is only 
measured in three degrees of freedom then this may or may 
not include a determination of the orientation of the struc 
ture . The term “ measuring the position ” is to be interpreted 
accordingly . 
[ 0109 ] According to an embodiment of another aspect of 
the present invention , there is provided a method of con 
trolling a coordinate positioning machine according to the 
above - described first aspect , the method comprising : cou 
pling a tool to the moveable structure , using the drive 
arrangement to move the tool around the working volume 
with the metrology arrangement also coupled to the move 
able structure , and performing an operation with the tool . 
[ 0110 ] The method may comprise using the metrology 
arrangement to determine the position of the tool within the 
working volume for the operation . 
[ 0111 ] The method may comprise associating the deter 
mined position with the performed operation . 
[ 0112 ] The operation may be a measurement operation . 
The operation may be a machining operation . 
[ 0113 ] The tool may be a measurement probe and the 
operation may be a measurement operation such as taking a 
touch trigger measurement of a workpiece located in the 
working volume . 
[ 0114 ] The method may be carried out based on the 
position of the structure rather than the tool , or a combina 
tion thereof . 
[ 0115 ] According to an embodiment of another aspect of 
the present invention , there is provided a controller for a 
coordinate positioning machine , wherein the controller is 
configured to perform a method as described above . 
[ 0116 ] According to an embodiment of another aspect of 
the present invention , there is provided a computer program 
which , when run by a coordinate positioning machine con 
troller , causes the controller to perform a method as 
described above , or which , when loaded into a coordinate 
positioning machine controller , causes the coordinate posi 
tioning machine controller to become a coordinate position 
ing machine controller as described above . The program 
may be carried on a carrier medium . The carrier medium 
may be a storage medium . The carrier medium may be a 
transmission medium . 

[ 0118 ] FIG . 1 , discussed hereinbefore , is schematic illus 
tration of a hexapod coordinate positioning machine , having 
six extendable legs ; 
[ 0119 ] FIG . 2 is a schematic side view of the hexapod 
coordinate positioning machine of FIG . 1 ; 
[ 0120 ] FIG . 3 is a schematic side view of a coordinate 
positioning machine embodying the present invention hav 
ing a metrology arrangement and a separate drive arrange 
ment ; 
[ 0121 ] FIG . 4 is a schematic side view of a coordinate 
positioning machine embodying the present invention in 
which the metrology arrangement is decoupled to some 
extent from the drive arrangement ; 
[ 0122 ] FIG . 5 shows a first perspective view of a practical 
embodiment of the coordinate positioning machine of FIG . 
4 ; 
[ 0123 ] FIG . 6 shows a second perspective view of the 
embodiment of FIG . 5 ; 
[ 0124 ] FIG . 7 shows a side view of the embodiment of 
FIG . 5 ; 
[ 0125 ] FIG . 8 shows a top view of the embodiment of FIG . 
5 ; 
[ 0126 ] FIGS . 9A to 9E are schematic illustrations of the 
operation of an embodiment of the present invention ; 
[ 0127 ] FIG . 10 is a schematic illustration of a top - down 
variant of the coordinate positioning machine of FIG . 4 ; 
[ 0128 ] FIG . 11 is a schematic illustration of a variant of 
the top - down coordinate positioning machine of FIG . 10 ; 
[ 0129 ] FIG . 12 shows a slight variant of the coordinate 
positioning machine of FIGS . 5 to 8 ; 
[ 0130 ] FIG . 13 shows a top - down variant of the coordinate 
positioning machine of FIG . 12 ; 
[ 0131 ] FIG . 14 shows a variant of the top - down coordinate 
positioning machine of FIG . 13 ; 
[ 0132 ] FIG . 15 shows another variant of the top - down 
coordinate positioning machine of FIG . 13 ; 
[ 0133 ] FIGS . 16A and 16B schematically illustrate an 
embodiment having a different type of non - hexapod drive 
arrangement ; 
[ 0134 ] FIG . 17 illustrates a practical embodiment of the 
coordinate positioning machine of FIGS . 16A and 16B ; 
[ 0135 ] FIGS . 18A and 18B schematically illustrate a vari 
ant of the embodiment of FIGS . 16A and 16B in which the 
metrology arrangement is decoupled to some extent from the 
drive arrangement ; 
[ 0136 ] FIG . 19 schematically illustrates a variant of the 
embodiment of FIGS . 16A and 16B with a bottom - up rather 
than top - down hexapod metrology arrangement ; 
[ 0137 ] FIG . 20 schematically illustrates a variant of the 
embodiment of FIGS . 16A and 16B in which fixed - length 
metrology struts are used in the hexapod metrology arrange 
ment ; 
[ 0138 ] FIG . 21 schematically illustrates a variant of the 
embodiment of FIG . 20 in which an offset pivot plate is used 
for the metrology struts ; 
[ 0139 ] FIG . 22 schematically illustrates an embodiment 
having a delta robot type of non - hexapod drive arrangement ; 
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[ 0140 ] FIG . 23 schematically illustrates a variant of the 
embodiment of FIG . 22 , having an increased amount of 
decoupling between the metrology and drive arrangements ; 
[ 0141 ] FIG . 24 schematically illustrates a variant of the 
embodiment of FIG . 22 , having a decreased amount of 
decoupling between the metrology and drive arrangements ; 
[ 0142 ] FIG . 25 schematically illustrates an embodiment 
having a serial kinematic type of non - hexapod drive 
arrangement ; 
[ 0143 ] FIG . 26 schematically illustrates another embodi 
ment having a serial kinematic type of non - hexapod drive 
arrangement ; 
[ 0144 ] FIG . 27 illustrates the concept of providing a drive 
arrangement having fewer degrees of freedom than the 
metrology arrangement ; 
[ 0145 ] FIG . 28 illustrates a dual hexapod arrangement in 
which the hexapod drive arrangement has constrained move 
ment ; and 
[ 0146 ] FIG . 29 is a flow diagram representing a method of 
controlling a coordinate positioning machine embodying the 
present invention . 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[ 0147 ] A side view of the coordinate positioning machine 
1 discussed above with reference to FIG . 1 is illustrated 
schematically in FIG . 2. The coordinate positioning machine 
1 comprises an upper structure 2 that is moveable within a 
working volume 14 of the machine 1. The six extendable 
legs 6 form both a hexapod drive arrangement 18 ( shown in 
solid line ) for moving the upper structure 2 around the 
working volume 14 , and also a hexapod metrology arrange 
ment 16 ( shown in dotted line ) for measuring the position of 
the upper structure 2 within the working volume 14. The 
coordinate positioning machine 1 therefore has combined 
drive and metrology struts . 
[ 0148 ] By way of comparison , a coordinate positioning 
machine 21 according to an embodiment of the present 
invention is illustrated schematically in FIG . 3. Like the 
FIG . 2 machine , the coordinate positioning machine 21 
comprises an upper structure 22 that is moveable within a 
working volume 34 of the machine 21 , a drive arrangement 
28 ( shown in solid line ) for moving the upper structure 22 
around the working volume 34 , and a metrology arrange 
ment 26 ( shown in dotted line ) for measuring the position of 
the moveable upper structure 22 within the working volume 
34 . 
[ 0149 ] Whilst in the coordinate positioning machine 1 
illustrated in FIG . 2 the hexapod metrology arrangement 16 
and the hexapod drive arrangement 18 are combined , in the 
coordinate positioning machine 21 embodying the present 
invention as shown in FIG . 3 , the drive arrangement 28 is 
different to and separate from the metrology arrangement 26 . 
A technical advantage is achieved by separating the metrol 
ogy arrangement 26 from the drive arrangement 28 in this 
way , because it allows these two different arrangements to 
be designed with very different ( and sometimes conflicting ) 
technical considerations in mind . 
[ 0150 ] Separating and differentiating the metrology 
arrangement 26 from the drive arrangement 28 allows the 
drive arrangement 28 to be made relatively light - weight and 
fast , so that the structure 22 can be moved around the 
working volume 34 quickly with high accelerations and 
rapid changes of direction . Whilst focussing on factors like 

weight and speed may sacrifice some degree of positional 
accuracy in the drive arrangement 28 , this is overcome by 
providing a metrology arrangement 26 that is instead 
designed with positional accuracy in mind . 
[ 0151 ] Because the metrology arrangement 26 is passive 
and has no need for any drive components , which add 
weight and generate heat , metrology errors caused by iner 
tial and thermal distortion of parts ( including the measure 
ment scale used to measure distance ) can thereby be con 
trolled and reduced . 
[ 0152 ] Use of a metrology arrangement 26 that is separate 
from and different to the drive arrangement 28 provides a 
coordinate positioning machine 21 in which the moveable 
structure can be driven quickly around the working volume , 
yet retaining the accuracy required of demanding position 
ing applications . 
[ 0153 ] With such a design , it also becomes possible to 
choose a relatively inexpensive off - the - shelf drive mecha 
nism for the drive arrangement 28 , not designed particularly 
with high accuracy in mind , knowing that it will be coupled 
by a dedicated metrology arrangement 26 to provide the 
required accuracy , and this therefore allows production costs 
to be lowered . 
[ 0154 ] Mechanical metrology arrangements also benefit 
from having low - friction joints , while drive arrangements 
typically require more robust and substantial joints that 
inevitably have a higher degree of friction , particularly when 
under load , so there is a design conflict that is overcome by 
separating the metrology arrangement 26 from the drive 
arrangement 28. The joints of the metrology arrangement 26 
can be of a lower - friction type and will also not be under the 
same loads as the drive arrangement 28. Hysteresis effects , 
which can lead to different measurements being recorded 
depending on the direction in which the workpiece is 
approached , can accordingly be reduced by separation of the 
metrology arrangement 26 from the drive arrangement 28 . 
[ 0155 ] In the coordinate positioning machine 21 of FIG . 3 , 
the metrology arrangement 26 is a hexapod arrangement , 
while the drive arrangement 28 is a non - hexapod arrange 
ment ( i.e. something other than or different to a hexapod 
arrangement ) . Use of a hexapod - based metrology arrange 
ment 26 is particularly beneficial because a hexapod pro 
vides a robust mechanical system having a parallel arrange 
ment of measurement transducers that provide direct 
measurements of distance from which a very accurate and 
reliable determination of position in six degrees of freedom 
can be derived . 
[ 0156 ] A hexapod - based metrology arrangement 26 also 
has advantages over some image - based metrology arrange 
ments in terms of the rate at which the position of the 
moving structure 22 can be determined or sampled . For 
image - based ( photogrammetric ) metrology arrangements , 
the sampling rate is inherently limited by the sampling rate 
of the image sensor , and further limited by the time take to 
perform complex calculations based on the large amount of 
image information in order to derive the position of the 
moving platform . For example , with the image - based system 
of EP3054265A1 it is stated that “ the frame rate supplied by 
the imaging detectors usually is only up to a few hundred 
hertz " ; this is described as being a benefit because it avoids 
detecting unwanted high frequency movements , like vibra 
tions . 
[ 0157 ] However , the present applicant has appreciated that 
a far higher dynamic bandwidth can be achieved by direct 
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sampling of data from measurement transducers associated 
with the extendable legs of a hexapod metrology arrange 
ment . For example , a machine controller may typically 
request position data from an absolute encoder every 65 us 
( 15 kHz ) , but higher sampling rates are also possible . 
Incremental encoder systems produce a continuous sinusoi 
dal output which allows finer motion control still , limited 
only by the rate at which the continuous output can be 
sampled . Unlike image - based systems , the calculations 
required to determine the position of the moveable structure 
from these values are not overly time consuming . 
[ 0158 ] It is also noted that the image - based system of 
EP3054265A1 does not describe the use of a parallel 
arrangement of measurement transducers that independently 
provide corresponding set of measurements , with each 
measurement of the set directly representing or relating to a 
distance or separation between a different point on the 
moving platform and a point on the fixed structure , and from 
which the position and / or orientation of the moving platform 
may be determined . In particular , EP3054265A1 does not 
describe the use of a hexapod metrology arrangement . 
[ 0159 ] With a hexapod drive arrangement such as that 
illustrated in FIG . 1 , each of the six struts requires a motor 
that must necessarily form part of the associated strut , i.e. 
that moves with the strut . Therefore , when the hexapod is 
actuated to move the moveable structure around the working 
volume , the weight of the relatively heavy motor parts is 
also being moved around . Having to move this extra mass 
around reduces the potential speed ( or acceleration ) of the 
drive arrangement , and creates additional heat in the 
machine which has a negative effect when it reaches the 
metrology arrangement . By providing a non - hexapod drive 
arrangement such as that illustrated in FIG . 3 , these prob 
lems can be overcome , because it allows the motor parts to 
be moved off the moving parts . 
[ 0160 ) Furthermore , by using a non - hexapod drive 
arrangement that provides movement to the moveable struc 
ture 22 in fewer than six degrees of freedom , fewer actuators 
are required ( i.e. fewer than the six actuators required in a 
hexapod ) , reducing cost and complexity and also reducing 
the amount of heat generated , due to the fewer number of 
heat - generating motor parts , and therefore improving 
metrology results . 
[ 0161 ] The hexapod metrology arrangement 26 of FIG . 3 
is generally similar to the hexapod arrangement of FIGS . 1 
and 2 , but without any actuation or motor components that 
are required to provide drive . The drive arrangement 28 in 
this embodiment is a so - called “ tri - glide ” arrangement , for 
example as disclosed in US 2003/0005786 , having three 
carriages 56 moving along three corresponding respective 
linear tracks 51 arranged substantially in parallel . These 
arrangements will be described in more detail below with 
reference to FIGS . 5 to 8 . 
[ 0162 ] Referring again to FIG . 3 , the coordinate position 
ing machine 21 comprises a lower structure 24 that forms 
part of the fixed structure of the machine 21 , with a 
workpiece 29 mounted on the lower structure 24. A mea 
surement probe 30 is supported on the upper structure 22 so 
that it can be moved around the working volume 34. The 
working volume 34 is defined between the upper structure 
22 and the lower structure 24 when at their most spaced 
apart positions , with the probe component 30 being posi 
tioned in the working volume 34 by operation of the drive 
arrangement 28 . 

[ 0163 ] Also illustrated schematically in FIG . 3 is a con 
troller C for controlling the drive arrangement 28 to cause 
the desired movement of the structure 22 ; the controller C 
can be implemented in hardware or software or a combina 
tion thereof . Purely for the sake of clarity and brevity , the 
controller C is omitted from subsequent drawings . 
[ 0164 ] As illustrated in FIG . 4 , to provide even further 
separation between the drive arrangement 28 and the metrol 
ogy arrangement 26 , the drive arrangement 28 may be 
coupled to the metrology arrangement 26 via a coupling 
arrangement 38 which prevents at least some distortion 
associated with the drive arrangement 28 from being trans 
ferred to the metrology arrangement 26. The coupling 
arrangement 38 comprises a first coupling 38a associated 
with the moveable structure 22 and a second coupling 38b 
associated with the fixed structure 24 . 
[ 0165 ] In the schematic embodiment illustrated in FIG . 4 , 
the moveable structure 22 comprises a metrology part 22a 
associated with the metrology arrangement 26 and a drive 
part 22b associated with the drive arrangement 28 , with the 
metrology part 22a of the moveable structure 22 being 
coupled to the drive part 22b of the moveable structure 22 
via the first coupling 38a . The metrology part 22a of the 
moveable structure 22 is coupled to the metrology arrange 
ment 26. The drive part 22b of the moveable structure 22 is 
coupled to the drive arrangement 28 . 
[ 0166 ] Similarly , the fixed structure 24 comprises a 
metrology part 24a associated with the metrology arrange 
ment 26 and a drive part 24b associated with the drive 
arrangement 28 , with the metrology part 24a of the fixed 
structure 24 being coupled to the drive part 24b of the fixed 
structure 24 via the second coupling 386. The metrology part 
24a of the fixed structure 24 is coupled to the metrology 
arrangement 26. The drive part 24b of the fixed structure 24 
is coupled to the drive arrangement 28 . 
[ 0167 ] In this example , each coupling 38a , 38b of the 
coupling arrangement 38 is in the form of a kinematic or 
pseudo - kinematic coupling . In the context of locating a body 
relative to another , kinematic design considerations are met 
by constraining the degrees of freedom of motion of the 
body using the minimum number of constraints , and in 
particular involves avoiding over constraining . Over con 
straining can result in multiple points of contact between 
two bodies enabling one body to rest in more than one 
position against the other . Accordingly , the body's location 
is not repeatable as it is not known at which of the several 
positions the body will come to rest . In particular , where 
there is over constraint , there is a conflict between the 
constraints that are in place , so that it is not possible to 
determine with any certainty which combination of con 
straints will determine the actual position of the body . These 
concepts are described in H. J. J. Braddick , “ Mechanical 
Design of Laboratory Apparatus ” , Chapman & Hall , Lon 
don , 1960 , pages 11-30 . 
[ 0168 ] Such a kinematic coupling , with the minimum 
number of contact points ( or point - like contacts ) to provide 
ideal constraint , is also very effective at isolating distortions 
in one half of the coupling being transferred to the other half 
of the coupling . Thus , the first coupling 38a helps to prevent 
distortions of the drive part 22b of the moveable structure 22 
( resulting from forces acting on that part from the drive 
arrangement 28 ) being transferred to the metrology part 22a 
( and thereby to the metrology arrangement 26 ) , and simi 
larly for the second coupling 38b in respect of the fixed 
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structure 24. This provides a clearly - delineated metrology 
frame 36 that has a good degree of mechanical isolation 
from the drive arrangement 28 . 
[ 0169 ] In particular , in this embodiment each coupling 
38a , 38b comprises a set of three balls to provide three 
points of contact according to kinematic design principles 
( only two are shown in the schematic illustration of FIG . 4 ) . 
It is also of benefit to use a plurality of resilient spacers or 
pads instead of rigid balls , e.g. three such spacers arranged 
at the corners of a triangle . This provides some degree of 
kinematic coupling , even if the contact is not point - like but 
instead spread over the small area of the resilient spacer . Use 
of resilient spacers ( e.g. made of rubber ) is beneficial since 
they act to absorb some vibration from the drive arrange 
ment 28 so that it is not transferred to the metrology 
arrangement 26 . 
[ 0170 ] It will also be appreciated that such a coupling can 
be provided at both ends ( i.e. in association with the move 
able structure 22 and the fixed structure 24 ) , or at one end 
only i.e. in association with only one of the moveable 
structure 22 and the fixed structure 24 ) , or not at all ( i.e. at 
neither of the moveable structure 22 and the fixed structure 
24 ) . 
[ 0171 ] An embodiment will now be described in more 
detail with reference to FIGS . 5 to 8 , which show more 
detailed representations of the machine structure than the 
very schematic illustrations of FIGS . 3 and 4 . 
[ 0172 ] The hexapod metrology arrangement 26 illustrated 
in FIGS . 5 to 8 comprises six extendable legs 60 , generally 
of the same construction , arranged between the upper struc 
ture 22 and the lower structure 24. As per FIG . 4 , the upper 
structure 22 comprises a metrology part 22a associated with 
the metrology arrangement 26 and a drive part 22b associ 
ated with the drive arrangement 28 , with the metrology part 
22a of the moveable structure 22 being coupled to the drive 
part 22b of the moveable structure 22 via the first coupling 
38a . The metrology part 22a of the moveable structure 22 is 
coupled to the metrology arrangement 26 via ball joints 68 . 
The drive part 22b of the moveable structure 22 is coupled 
to the drive arrangement 28 via ball joints 58 . 
[ 0173 ] Similarly , the fixed structure 24 comprises a 
metrology part 24a associated with the metrology arrange 
ment 26 and a drive part 24b associated with the drive 
arrangement 28 , with the metrology part 24a of the fixed 
structure 24 being coupled to the drive part 24b of the fixed 
structure 24 via the second coupling 386. The metrology part 
24a of the fixed structure 24 is coupled to the metrology 
arrangement 26. The drive part 24b of the fixed structure 24 
is coupled to the drive arrangement 28 . 
[ 0174 ] Each of the six extendable legs 60 comprises an 
upper tube 64 and a lower tube 62 , with the lower tube 62 
sliding telescopically within the upper tube 64. The extend 
able legs 60 are generally of a similar construction to those 
described in WO 2017/021733 and application no . PCT / 
GB2017 / 050909 , except that there is no need in this embodi 
ment for the extendable legs to be driven , and therefore no 
need for any motor - related components . However , the over 
all construction of the extendable legs 60 is generally 
similar . 
[ 0175 ] With the example illustrated in FIGS . 5 to 8 , the 
lower structure 24 is fixed and the upper structure 22 is 
moveable relative to the lower structure 24 by operation of 
the six extendable legs 60 , with a measurement probe 30 
being mounted to a lower surface of the upper structure 22 . 

In this configuration , a workpiece ( not illustrated in FIGS . 5 
to 8 ) would be mounted on top of the metrology part 24a of 
the lower structure 24 , so that the working volume of the 
machine 21 is between the metrology parts 22a , 24a of the 
upper and lower structures 22 , 24 respectively . The mea 
surement probe 30 comprises a stylus with a workpiece 
contacting tip , with the measurement probe 30 being con 
nected to the metrology part 22a of the moving structure 22 
via a quill 32 . 
[ 0176 ] The extendable legs 60 are for positioning ( i.e. 
determining the position of ) a component supported by the 
moveable structure 22 ( in the illustrated example the com 
ponent is the measurement probe 30 ) , or at least part a 
specific part of the component ( such as the tip of the 
measurement probe ) within the working volume of the 
machine . 

[ 0177 ] Upper and lowers ends of each extendable leg 60 
are connected respectively to the upper structure 22 ( spe 
cifically , the metrology part 22a of the upper structure 22 ) 
and lower structure 24 ( specifically , the metrology part 24a 
of the lower structure 24 ) via individual ball joints 68. The 
upper and lower tubes 62 , 64 of each extendable leg 60 
enclose an elongate member 66 , shown in dotted outline in 
one of the extendable legs of FIG . 5 , with an encoder scale 
10 affixed to the elongate member 66. The elongate member 
66 is itself extendable , for example by way of a telescopic 
arrangement . Each elongate member 66 extends from its 
upper joint 68 to its lower joint 68 , and it is the respective 
lengths of the elongate members 66 that determine the 
precise positioning and orientation of the metrology part 22a 
of the upper structure 22 ( and therefore the measurement 
probe 30 ) . It is therefore the length of the elongate members 
66 that must be measured precisely during a measuring or 
scanning operation on a workpiece in order to determine the 
precise location of the tip of the stylus when it is contact with 
the workpiece surface . 
[ 0178 ] The drive arrangement 28 in this embodiment is a 
so - called “ tri - glide ” arrangement as described , for 
in US 2003/0005786 . The tri - glide arrangement is provided 
by three mechanical linkages 50 of substantially the same 
design that are connected in parallel between the moveable 
structure 22 and the fixed structure 24. Each mechanical linkage 50 comprises two substantially parallel rigid rods 
52 , 54 of fixed length , which act to maintain the moveable 
structure 22 at a substantially constant orientation as it 
moves around the working volume 34. Each mechanical 
linkage 50 also comprises a carriage 56 , with the rods 52 , 54 
being pivotally coupled at their lower end to the carriage 56 
and at their upper end to the drive part 22b of the moveable 
structure 22 via ball joints 58 . 
[ 0179 ] Three linear tracks 51 are arranged substantially 
vertically ( substantially in parallel ) on the drive part 24b of 
the fixed structure 24 , with the three carriages 56 being 
arranged to move along ( up and down ) the three linear tracks 
51 respectively . The three linear tracks 51 effectively form 
part of the fixed structure of the coordinate positioning 
machine 21 , and can be considered as an extension to the 
fixed structure 24 ( specifically , the drive part 24b of the fixed 
structure 24 ) . Each carriage 56 is driven in a substantially 
linear manner along its corresponding respective track 51 by 
a linear drive mechanism , with the position of the linear 
drive mechanism being marked schematically by reference 

example , 
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29 in FIG . 3. The linear drive mechanism may comprise a 
linear motor . The linear drive mechanism may comprise a 
stepper motor . 
[ 0180 ] Therefore , each mechanical linkage 50 is actuated 
by a drive mechanism which acts between the fixed structure 
( linear track ) 51 and the mechanical linkage 50. More 
particularly , the drive mechanism acts between the fixed 
structure ( linear track ) 51 and an end of the mechanical 
linkage 50 , i.e. the carriage 56. In other words , the drive 
mechanism effectively couples the mechanical linkage 
directly to the fixed structure ( " coupled to ground ” ) , pro 
viding a force therebetween which acts to push or pull the 
mechanical linkage ( for a linear drive mechanism ) or rotate 
the mechanical linkage ( for a rotary drive mechanism ) . 
There is no additional moveable linkage between the drive 
mechanism and the fixed structure , where such an additional 
linkage can cause movements of the driven part of the 
mechanical linkage that are not produced by the drive 
mechanism itself . 
[ 0181 ] For example , with the “ tri - glide ” drive arrange 
ment illustrated in FIGS . 5 to 8 ( and more schematically in 
FIGS . 3 and 4 ) , each carriage 56 is caused to be driven 
linearly up and down its respective track 51 by the action of 
the motor ( not shown ) associated with that carriage 56 , and 
not by the action of any other motor associated with other 
carriages 56. In the case of a typical hexapod drive arrange 
ment ( as shown in FIG . 1 ) , the motor in a particular 
extendable leg is only capable of extending or retracting the 
leg linearly along its length , and yet in use each leg will be 
moving laterally as well ; the lateral movement of a leg ( and 
its associated motor ) must result from the action of other 
motors in other legs , so that each motor is actually moving 
the weight of other struts ( along with their respective 
motors ) . 
[ 0182 ] Therefore , with such a drive arrangement as illus 
trated in FIGS . 3 to 8 , the moving parts can be kept relatively 
light - weight , in this example being thin and light - weight 
rods 52 , 54 , and it is not the case ( as it is with a typical 
hexapod drive arrangement having six extendable legs such 
as that shown in FIG . 1 ) that each motor is moving around 
the weight of other motors . This allows a light - weight drive 
arrangement that is able to move quickly with high accel 
erations and rapid changes of direction . 
[ 0183 ] Returning to a more schematic format , operation of 
the tri - glide embodiment will now be described with refer 
ence to FIGS . 9A to 9E . Each of FIGS . 9A to 9E uses a 
similar representation to that used in FIG . 3 , with the two 
carriages being labelled as 56a and 56b respectively and the 
two linear tracks being labelled 51a and 51b respectively . 
[ 0184 ] Due to the constraints provided by the parallel rods 
52 , 54 described above with reference to FIGS . 5 to 8 , 
motion of the moveable structure 22 ( by operation of the 
tri - glide drive arrangement 28 ) is restricted to three trans 
lational degrees of freedom , so that the moveable structure 
22 retains a substantially constant orientation as it moves 
around the working volume . This constraint to movement in 
three degrees of freedom is indicated by arrows labelled 
3DOF in FIG . 9A . 
[ 0185 ] On the other hand , with six extendable legs 60 of 
the hexapod metrology arrangement 26 , comprising six 
corresponding measurement transducers in a parallel 
arrangement , six corresponding respective measurements 
are provided from which the position of the moveable 

structure is determinable in all six degrees of freedom , as 
indicated by arrows labelled 6DOF in FIG . 9A . 
[ 0186 ] As illustrated in FIG . 9B , by lowering carriage 56a 
and raising carriage 56b along their respective tracks 51a , 
51b , because the rods 52 , 54 of the mechanical linkages 50 
are of fixed length , the moveable structure 22 ( and along 
with it the measurement probe 30 ) is moved leftward and 
downward within the working volume 34 , maintaining sub 
stantially the same orientation . This causes the extendable 
leg 60 closest to carriage 56a to shorten and the extendable 
leg 60 closest to carriage 56b to lengthen , with these changes 
in length being measured by measurement transducers ( e.g. 
encoders ) 10 in the extendable legs 60. From those trans 
ducer measurements , the position of the moveable structure 
22 within the working volume 34 can be determined , and 
because the measurement probe 30 is in a known and fixed 
spatial relationship to the moveable structure 22 , so too can 
the position of the measurement probe 30 ( and probe tip ) be 
determined . FIG . 9C is the same is FIG . 9B , but without the 
movement indications for clarity , thereby showing the final 
position of the components after the move operation . 
[ 0187 ] Similarly , as illustrated in FIG . 9D , by raising 
carriage 56a and lowering carriage 56b along their respec 
tive tracks 51a , 516 , the moveable structure 22 ( and along 
with it the measurement probe 30 ) is can be moved right 
ward within the working volume 34 , again maintaining 
substantially the same orientation . This causes the extend 
able leg 60 closest to carriage 56a to lengthen and the 
extendable leg 60 closest to carriage 56b to shorten , with 
these changes in length being measured by measurement 
transducers ( e.g. encoders ) 10 in the extendable legs 60 . 
From those transducer measurements , the position of the 
moveable structure 22 and measurement probe 30 within the 
working volume 34 can be determined . 
[ 0188 ] FIG . 9E is the same is FIG . 9D , but without the 
movement indications for clarity , thereby showing the final 
position of the components after the move operation . 
[ 0189 ] With the above - described tri - glide embodiment , 
the extendable legs 60 of the hexapod metrology arrange 
ment 26 and the rods 50 of the drive arrangement 28 extend 
up from the bottom , and that embodiment can therefore be 
described as a “ bottom up ” arrangement . FIG . 10 shows an 
alternative “ top down ” arrangement , which is generally the 
same as the “ bottom up ” arrangement except that the extend 
able legs 60 of the hexapod metrology arrangement 26 and 
the rods 50 of the drive arrangement 28 extend down from 
the top ( hence a “ top down ” arrangement ) . To enable this , a 
frame 25a is provided to support the hexapod metrology 
arrangement 26 so that it can effectively “ hang ” from the 
top . The frame 25a effectively forms part of the fixed 
structure of the coordinate positioning machine 21 , as an 
extension to the fixed structure 24 ( in this case , the hexapod 
part 24a of the fixed structure 24 ) . As with the previous 
embodiment , a coupling arrangement 38a , 386 is provided 
to isolate the metrology arrangement 26 from the drive 
arrangement 28 . 
[ 0190 ] Yet another “ top down ” arrangement is illustrated 
schematically in FIG . 11. This differs from the FIG . 10 
embodiment in that the hexapod metrology arrangement 26 
is supported from a frame 25 which extends around the top , 
and is provided inside the tri - glide drive arrangement 28 . 
The frame 25 effectively forms part of the fixed structure of 
the coordinate positioning machine 21 , as an extension to the 
fixed structure 24 along with the vertical linear tracks 51 
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which also become part of the frame 25. Furthermore , the 
FIG . 11 embodiment is not provided with any coupling 
arrangement 38 to isolate the metrology arrangement 26 
from the drive arrangement 28 . 
[ 0191 ] For comparison with FIGS . 13 to 15 , FIG . 12 is 
provided to show a practical tri - glide embodiment that 
corresponds closely to that described above with reference 
to FIGS . 5 to 8 , differing mainly in having a closed frame , 
with extra rigidity and stability being provided to the vertical 
tracks 51 by way of the top plate of the frame . Like the 
previous embodiment , the metrology arrangement of FIG . 
12 is decoupled from the drive arrangement at least to some 
extent both at the top ( i.e. at the moveable structure ) and at 
the bottom ( i.e. at the fixed structure ) . 
[ 0192 ] FIG . 13 shows a practical embodiment of the “ top 
down ” arrangement illustrated schematically in FIG . 11 , but 
differs from the FIG . 11 embodiment by decoupling the 
drive and metrology to some extent at the moveable struc 
ture . FIG . 14 is a variant of FIG . 13 , providing decoupling 
of the drive and metrology both at the moveable structure 
and the fixed structure . FIG . 15 is a further variant , having 
a separate metrology frame arranged within a drive frame , 
with decoupling of the drive frame from the metrology 
frame both at the moveable structure and the fixed structure . 
[ 0193 ] It will be understood that the present invention is 
not limited to embodiments in which the drive arrangement 
28 is in the form of a tri - glide . FIG . 16A schematically 
illustrates an embodiment in which the hexapod metrology 
arrangement 26 is coupled with a different type of non 
hexapod drive arrangement 28. Rather than a fixed - length 
rod 52 one end of which is driven linearly along a track 51 
by a carriage 56 as with the tri - glide embodiment , in the 
embodiment of FIG . 16A a fixed - length extending rod is 
instead driven through a pivoting guide 76 by a suitable 
linear drive mechanism provided within the guide 76 , 
thereby changing the separation indicated by the arrow in 
FIG . 16A and thereby moving the structure 22 . 
[ 0194 ] In FIGS . 16A and 16B , similar to FIG . 11 , the 
metrology and drive arrangements 26 , 28 are supported in a 
top - down manner from a frame 25 , with the frame 25 
forming part of the fixed structure of the coordinate posi 
tioning machine 21. From the position as illustrated in FIG . 
16A , when both rods are driven downwards through their 
respective guides 76 , the structure 22 can be moved to the 
position as illustrated in FIG . 16B . As before , the position of 
the structure 22 is measured by the hexapod metrology 
arrangement 26 . 
[ 0195 ] It will be appreciated that , as with the tri - glide 
arrangement , each mechanical linkage of the drive arrange 
ment 28 in the FIG . 16A embodiment is actuated by a drive 
mechanism which acts between the fixed structure and the 
mechanical linkage , so this embodiment shares the same 
advantage in terms of speed and acceleration . 
[ 0196 ] FIG . 17 illustrates a practical embodiment of the 
schematically - illustrated arrangement of FIG . 16A . The 
FIG . 17 embodiment is based closely on a non - Cartesian 
type of coordinate measuring machine sold by the present 
applicant , Renishaw plc , under the trade mark EQUATOR . 
The hexapod metrology arrangement 26 is generally similar 
to that of FIG . 5 , comprising six extendable legs each having 
an upper tube 64 and a lower tube 62 , with the lower tube 
62 sliding telescopically within the upper tube 64. In this 
embodiment , the extendable legs are supported in a top 
down arrangement from a frame 25 to a metrology platform 

22a ( part of the moveable structure 22 ) . The pivoting guides 
76 are obscured in FIG . 17 by the structure of the frame 25 . 
Three fixed - length drive rods 72 pass through the three 
pivoting drive guides 76 respectively and are coupled at 
their lower end to a drive plate 22b ( part of the moveable 
structure 22 ) . In this embodiment the two parts 22a , 22b of 
the moveable structure 22 are separated spatially by rigid 
column 23. Three sets of parallel rod pairs 72 , 74 are 
arranged to constrain motion in three degrees of freedom , 
similarly to the rods 52 , 54 of FIG . 5 . 
[ 0197 ] Returning to a more schematic representation , 
FIGS . 18A and 18B show a variant of the machine of FIGS . 
16A and 16B , in which the metrology arrangement 26 is 
isolated further from the drive arrangement 28. This is 
analogous to the tri - glide embodiment described above with 
reference to FIG . 10 , so a further description is not neces 
sary . FIG . 19 shows an alternative to the FIG . 16A arrange 
ment , with a bottom - up hexapod metrology arrangement 26 
instead of a top - down arrangement . 
[ 0198 ] FIG . 20 schematically illustrates a variant of the 
embodiment of FIGS . 16A and 16B in which fixed - length 
metrology struts are used in the hexapod metrology arrange 
ment 26 , similar to the fixed - length struts of the drive 
arrangement 28 of that embodiment . The six fixed - length 
extending struts as illustrated in FIG . 20 is considered to 
functionally equivalent to the six extendable struts of pre 
vious embodiments , with the variable - length part of the strut 
being indicated by the arrow in FIG . 20 ; that part is 
equivalent to the extendable strut of previous embodiments . 
The term “ extendable leg ” and “ extending leg ” are therefore 
to be understood herein as being equivalent , meaning any 
type of mechanical arrangement or linkage between two 
points that allows the separation between those points to be 
varied . The drive arrangement 28 is still a non - hexapod 
drive arrangement because it only has three extending struts , 
as shown in more detail in FIG . 17. FIG . 21 schematically 
illustrates a variant of the embodiment of FIG . 20 in which 
a fixed support ( pivot plate ) 25a is used for the metrology 
struts that is offset spatially from the fixed support ( pivot 
plate ) 25b used for the drive struts . 
[ 0199 ] Embodiments have been described above in which 
two different types of non - hexapod drive arrangement have 
been employed : a tri - glide linear drive arrangement ( e.g. 
FIG . 5 ) and a pivoting linear drive arrangement ( e.g. FIG . 
17 ) . There are many other possibilities for the drive arrange 
ment , and just a few of these will be described briefly now ; 
others will be apparent to the skilled person . 
[ 0200 ] FIG . 22 schematically illustrates an embodiment 
having a delta robot type of non - hexapod drive arrangement . 
A delta robot is a type of parallel robot , and an example is 
described in detail in U.S. Pat . No. 4,976,582 . FIG . 23 
schematically illustrates a variant of the embodiment of FIG . 
22 , having an increased amount of decoupling between the 
metrology and drive arrangements . FIG . 24 schematically 
illustrates a variant of the embodiment of FIG . 22 , having a 
decreased amount of decoupling between the metrology and 
drive arrangements . It will be appreciated that , as with the 
tri - glide arrangement , with a delta robot arrangement each 
mechanical linkage is actuated by a drive mechanism which 
acts between the fixed structure and the mechanical linkage , 
so these delta robot embodiments share the same advantage 
in terms of speed and acceleration ( with a delta robot 
arrangement the drive mechanism is a rotary drive mecha 
nism , whereas with a tri - glide arrangement the drive mecha 
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nism is a linear drive mechanism ) . Furthermore , with appro 
priate constraints ( such as described in U.S. Pat . No. 4,976 , 
582 ) the delta robot drive arrangement 28 can be adapted to 
provide movement to the structure 22 in three degrees of 
freedom , i.e. in fewer degrees of freedom than is being 
measured by the hexapod metrology arrangement 26 . 
[ 0201 ] The position of the rotary drive mechanism is 
indicated by reference 27 in FIG . 22 , while the position of 
the linear drive mechanism is indicated by reference 29 in 
FIG . 3. In each case , the drive mechanism acts directly 
between the fixed structure and the drive arrangement . In the 
case of FIG . 3 , the drive mechanism acts to drive the 
carriage 56 ( which forms part of the drive arrangement , e.g. 
as part of a mechanical linkage 50 as shown in FIG . 5 ) , while 
in the case of FIG . 22 the drive mechanism acts to drive 
( rotate ) the upper part of the mechanical linkage that is 
attached between the moveable structure and the fixed 
structure . 
[ 0202 ] Another example of a non - hexapod drive arrange 
ment that is suitable for use in an embodiment of the present 
application is a cable - driven robot arrangement ( otherwise 
known as a cable - suspended robot , or just a cable robot , or 
a wire - driven robot ) . This is a type of parallel manipulator 
( parallel kinematic arrangement ) in which a plurality of 
flexible cables are used as actuators . One end of each cable 
is wound around a rotor turned by a corresponding respec 
tive motor , and the other end is connected to the end effector . 
An example of a cable robot is disclosed in US 2009 / 
0066100 A1 . Since cables are typically much lighter than the 
rigid linkages of a serial or parallel robot , the end effector of 
a cable robot can achieve high accelerations and velocities . 
Because of the high measurement rate and dynamic band 
width achievable with a hexapod metrology arrangement , as 
well as the high accuracy , the combination of a hexapod 
metrology arrangement with a cable drive arrangement is 
particularly advantageous . 
[ 0203 ] Other types of non - hexapod drive arrangements are 
also envisaged . For example , FIG . 25 schematically illus 
trates an embodiment having a serial kinematic ( as opposed 
to parallel kinematic ) type of non - hexapod drive arrange 
ment , having a plurality of segments or links connected in 
series by rotational joints , with one end of the drive arrange 
ment being attached to ground and the other end being 
attached to the metrology arrangement . As with the embodi 
ment illustrated in FIG . 4 , the drive arrangement illustrated 
in FIG . 25 is attached to the metrology arrangement via a 
coupling that helps to prevent drive - related distortions being 
transferred to the metrology arrangement . FIG . 26 schemati 
cally illustrates another embodiment having a serial kine 
matic type of non - hexapod drive arrangement , having three 
parts connected in series that are moveable respectively 
along orthogonal axes x , y and z ( as marked in FIG . 26 ) . 
Therefore , the embodiment of FIG . 26 has a Cartesian type 
of serial drive arrangement , whereas the embodiment of 
FIG . 25 has a non - Cartesian type of serial drive arrange 
ment . These types of drive arrangement are well known and 
no further explanation of them is required here . 
[ 0204 ] As explained above particularly with reference to 
FIG . 9A , the drive arrangement 28 provides three transla 
tional degrees of freedom to the moveable structure 22 , 
while the hexapod metrology arrangement 26 is adapted to 
measure in six degrees of freedom . According to one aspect 
of the present invention , a coordinate positioning machine is 
proposed which comprises a structure moveable within a 

working volume of the machine , a drive arrangement for 
moving the structure around the working volume in fewer 
than six degrees of freedom , and a metrology arrangement 
for measuring the position of the structure within the work 
ing volume in more degrees of freedom than the drive 
arrangement . This is illustrated schematically in FIG . 27 . 
One or both of the drive and metrology arrangements can be 
a parallel kinematic arrangement , such as a hexapod 
arrangement , tri - glide arrangement or a delta robot arrange 
ment . In particular , it is to be noted that in this aspect the 
metrology arrangement need not be a hexapod metrology 
arrangement . 
[ 0205 ] It is not normal to provide measurement , particu 
larly direct measurement , in more degrees of freedom than 
movement . Typically , there would be N drive parts ( rotary or 
linear ) with each drive part being encoded separately to give 
N corresponding measurements . For example , for a three 
axis CMM there are three driven linear axes , each with a 
position encoder , and therefore three corresponding mea 
surements ( i.e. driving and measuring both in three degrees 
of freedom ) . For a hexapod there are six variable - length 
struts , each with a position encoder , and six corresponding 
measurements ( i.e. driving and measuring both in six 
degrees of freedom ) . 
[ 0206 ] However , the present applicant has appreciated the 
desirability and advantage of being able to provide a drive 
that is relatively inaccurate and constrained to move in a 
limited number of degrees of freedom ( e.g. three ) coupled 
with a separate metrology arrangement that is highly accu 
rate and capable of measuring in all six degrees of freedom , 
and hence which is capable of compensating for any inac 
curacies in the mechanically - constrained drive arrangement . 
For example , where the moving platform is constrained to 
translate within the working volume without rotation , there 
might be some inadvertent rotation of the platform caused 
by distortions or other types of inaccuracy in the structure , 
at least some of which may be caused by dynamic effects 
associated with high - speed motion . Such rotations would be 
detected by measuring in more degrees of freedom than 
driving . It is even possible to apply the scheme of FIG . 27 
to a dual hexapod arrangement as illustrated schematically 
in FIG . 28 , in which the drive hexapod is constrained to 
movement in less than six degrees of freedom by an appro 
priate mechanical constraint . 
[ 0207 ] There are many other forms of non - hexapod drive 
arrangement , or drive arrangements that are constrained to 
fewer than six degrees of freedom , as will be apparent to the 
skilled person . For example , there are many possible vari 
ants of the tri - glide arrangement shown . One variant is to 
provide an arrangement having more than three drives and 
associated mechanical linkages . And , instead of vertical 
tracks 51 as illustrated in FIG . 3 , the tracks may instead be 
arranged horizontally , e.g. radially outward from a point , so 
that movement of the structure 22 is also effected by 
movement of the carriages 56 along the horizontal tracks . 
Many other such possibilities exist . 
[ 0208 ] Although embodiments of the present invention 
have been described mainly in relation to the use of a contact 
probe , in which a stylus of the contact probe makes physical 
contact with the workpiece surface to take a measurement , 
it will be appreciated that the invention is not limited to 
contact probes . The same concepts are applicable equally to 
non - contact probes , such as optical probes , in which a 
surface is sensed without making physical contact . The 
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invention is generally applicable to any surface sensing 
device that is adapted to sense a surface , whether by contact 
or not . The invention can also be applied to the positioning 
of a component other than a surface sensing device , for 
example for orienting a component part of an article during 
manufacture of the article . Or , the component could be a 
tool , or a part thereof , such as a tool typically found in a 
machine tool for shaping or machining metal or other rigid 
materials . The component could be the moveable structure 
itself . The component may comprise a camera for imaging 
the surface of the workpiece . The component may comprise 
an eddy current probe for detecting and / or measuring eddy 
current at or near the surface of the workpiece . Many other 
possibilities would be apparent to the skilled person . 
[ 0209 ] It is to be noted that in an embodiment of the 
present invention the hexapod metrology arrangement 26 is 
not provided purely for calibration purposes , to be coupled 
temporarily to the moveable structure to perform calibration 
of a combined drive and metrology arrangement , and then 
removed for operational use of the machine . Rather , the 
hexapod metrology arrangement is intended to remain 
coupled to the movable structure to provide position mea 
surements relating to the moveable structure during opera 
tional use . In an embodiment of the present invention , in 
contrast to a calibration - only metrology arrangement , the 
movable structure is adapted to carry an operational tool 
with the metrology and drive arrangements also coupled to 
the moveable structure . The hexapod metrology arrange 
ment may be coupled to the moveable structure via a 
different attachment than that used for attaching the opera 
tional tool to the moveable structure . The hexapod metrol 
ogy arrangement may be coupled directly to the moveable 
structure ( e.g. rather than via an attachment intended pri 
marily for the operational tool ) . 
[ 0210 ] A method of controlling a coordinate positioning 
machine is illustrated by the flow chart of FIG . 29. In step 
S1 , the metrology arrangement 26 is coupled to the move 
able structure ( or platform ) 22. In step S2 , the drive arrange 
ment 28 is coupled to the moveable structure ( or platform ) 
22. In step S3 , the tool ( e.g. measurement probe 30 or cutting 
tool ) is coupled to the moveable structure ( or platform ) 22 . 
Thus , at this point , all three are coupled to the moveable 
structure ( or platform ) 22. In step S4 , the drive arrangement 
28 is used to move the tool around the working volume 34 
( with the metrology arrangement 26 also still coupled to the 
moveable structure ) . In step S5 , an operation is performed 
with the tool , such as performing a touch trigger operation 
on the workpiece surface with a measurement probe 30 or 
performing a machining operation on the workpiece surface 
with a cutting or machining tool . In step S6 , the metrology 
arrangement 26 is used to determine the position of the tool 
within the working volume 34 when the operation took place 
( e.g. to enable the position of the tip of the measurement 
probe 30 or cutting tool to be determined ) . In step S7 , the 
determined position is associated with the performed opera 
tion ( e.g. so that a touch trigger event can be associated with 
the position measurement for that event ) . 
[ 0211 ] It will be appreciated that operation of the coordi 
nate measuring machine 21 can be controlled by a program 
operating on the machine 21 , and in particular by a program 
operating on a coordinate measuring machine controller 
such as the controller C illustrated schematically in FIG . 3 . 
It will be appreciated that control of the extendable legs can 
be provided by a program operating on the controller C. 

Such an operating program can be stored on a computer 
readable medium , or could , for example , be embodied in a 
signal such as a downloadable data signal provided from an 
Internet website . The appended claims are to be understood 
as covering an operating program by itself , or as a record on 
a carrier , or as a signal , or in any other form . 
[ 0212 ] Although the above embodiments have been 
described mainly in the context of a coordinate measuring 
machine , the concepts are applicable more generally to any 
type of coordinate positioning machine , such as compara 
tors , scanning machines , machine tools , positioning devices 
( e.g. for optical components ) , prototype manufacturing 
machines and various other uses . 

1-63 . ( canceled ) 
64. A coordinate positioning machine comprising : 
a structure moveable within a working volume of the 

machine ; 
a hexapod metrology arrangement for measuring a posi 

tion of the structure within the working volume ; and 
a non - hexapod drive arrangement for moving the struc 

ture around the working volume , wherein 
the moveable structure carries an operational tool with the 

metrology and drive arrangements also coupled to the 
moveable structure . 

65. The coordinate positioning machine as claimed in 
claim 64 , wherein the metrology arrangement is adapted to 
measure the position of the structure in six degrees of 
freedom . 

66. The coordinate positioning machine as claimed in 
claim 64 , wherein the drive arrangement is adapted to move 
the structure around the working volume in three degrees of 
freedom . 

67. The coordinate positioning machine as claimed in 
claim 66 , wherein the three degrees of freedom are three 
translational degrees of freedom . 

68. The coordinate positioning machine as claimed in 
claim 64 , wherein the metrology arrangement comprises six 
measurement transducers in a parallel arrangement for pro 
viding six corresponding respective measurements from 
which the position of the moveable structure is determin 
able . 

69. The coordinate positioning machine as claimed in 
claim 68 , wherein the metrology arrangement comprises six 
extendable legs arranged in parallel , with the six measure 
ment transducers being associated respectively with the six 
extendable legs . 

70. The coordinate positioning machine as claimed in 
claim 68 , wherein the drive arrangement comprises a plu 
rality of actuators in a parallel arrangement . 

71. The coordinate positioning machine as claimed in 
claim 68 , wherein the drive arrangement comprises a plu 
rality of measurement transducers , separate to those of the 
metrology arrangement , for providing corresponding 
respective measurements from which the position of the 
moveable structure is determinable independently of the 
position determined based on the measurements from the 
metrology arrangement . 

72. The coordinate positioning machine as claimed in 
claim 64 , wherein the metrology arrangement and the drive 
arrangement are each arranged between the moveable struc 
ture and a fixed structure of the machine . 

73. The coordinate positioning machine as claimed in 
claim 72 , wherein the drive arrangement comprises a plu 
rality of mechanical linkages connected in parallel between 
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the moveable structure and the fixed structure , with each 
mechanical linkage being actuated by a drive mechanism 
that acts between the fixed structure and the mechanical 
linkage . 

74. The coordinate positioning machine as claimed in 
claim 73 , wherein the drive mechanism is a linear drive 
mechanism . 

75. The coordinate positioning machine as claimed in 
claim 73 , wherein the drive mechanism is a rotary drive 
mechanism . 

76. The coordinate positioning machine as claimed in 
claim 73 , wherein each mechanical linkage comprises at 
least two substantially parallel rods to maintain the move 
able structure at a substantially constant orientation as it 
moves around the working volume . 

77. The coordinate positioning machine as claimed in 
claim 73 , wherein the drive arrangement comprises three of 
the mechanical linkages . 

78. The coordinate positioning machine as claimed in 
claim 64 , wherein the drive arrangement is coupled to the 
metrology arrangement via a coupling arrangement which is 
adapted to prevent at least some distortion associated with 
the drive arrangement from being transferred to the metrol 
ogy arrangement . 

79. The coordinate positioning machine as claimed in 
claim 78 , wherein the coupling arrangement is a kinematic 
or pseudo - kinematic coupling arrangement . 

80. The coordinate positioning machine as claimed in 
claim 78 , wherein the moveable structure comprises a drive 
part associated with the drive arrangement and a metrology 
part associated with the metrology arrangement , with the 

drive part of the moveable structure being coupled to the 
metrology part of the moveable structure via the coupling 
arrangement . 

81. The coordinate positioning machine as claimed in 
claim 78 , wherein : 

the metrology arrangement and the drive arrangement are 
each arranged between the moveable structure and a 
fixed structure of the machine ; and 

the fixed structure comprises a drive part associated with 
the drive arrangement and a metrology part associated 
with the metrology arrangement , with the drive part of 
the fixed structure being coupled to the metrology part 
of the fixed structure via the coupling arrangement . 

82. The coordinate positioning machine as claimed in 
claim 64 , wherein the tool is a measurement probe . 

83. A method of controlling the coordinate positioning 
machine according to claim 64 , the method comprising : 

coupling a tool to the moveable structure ; 
using the drive arrangement to move the tool around the 

working volume with the metrology arrangement also 
coupled to the moveable structure ; 

performing an operation with the tool ; and 
using the metrology arrangement to determine the posi 

tion of the tool within the working volume for the 
operation . 

84. The method as claimed in claim 83 , wherein the 
operation is a measurement operation . 

85. A non - transitory computer - readable medium having 
stored thereon computer program instructions for control 
ling a coordinate positioning machine controller to perform 
the method as claimed in claim 83 . 


