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TITLE 

 

Methods and apparatus for enabling determination of a position of an object 

 

TECHNOLOGICAL FIELD 5 

 

The present disclosure concerns methods and apparatus for enabling 

determination of a position of an object. 

 

BACKGROUND 10 

 

Objects, such as components of gas turbine engines, may not have optimal 

dimensions subsequent to manufacturing (for example, the size and/or shape of 

the object may not be optimal for performance).  Additionally, such objects may 

become worn and/or deformed during operation and may have dimensions that 15 

are no longer optimal.  Consequently, such objects may require material addition 

and/or removal at one or more locations on their surfaces.   

 

For example, when repairing a bladed disk (which may also be referred to as a 

blisk), a damaged aerofoil may be removed and a replacement aerofoil may be 20 

built up or welded in place.  The replacement aerofoil may require machining to 

blend the new material of the aerofoil into the old material of the disk.  Such 

machining usually involves removing material from the aerofoil to close 

tolerances that are required to meet the aerodynamic performance of the 

aerofoil. 25 

 

Currently, an object may be measured at a measuring station to determine the 

dimensions of the object.  Once measured, the object is usually transferred to a 

fixture and clamped to the fixture to provide the rigidity required for processing 

(either material addition or removal).  However, it is usually necessary to 30 

calibrate the object to the material addition/removal tool so that processing may 

be accurately carried out.  Such calibration may be relatively time consuming 

and labour intensive.  
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BRIEF SUMMARY 

 

According to various examples, there is provided apparatus for enabling 

determination of position of an object, the apparatus comprising: a baseplate 

configured to support a fixture for retaining the object, the base plate comprising: 5 

a body comprising: a first connector configured to connect to a second connector 

of the fixture; and a plurality of first reference marks distributed on at least a first 

surface of the body. 

 

The first connector may be located on a second surface of the body.  The 10 

second surface of the body may be different to the first surface of the body. 

 

The first surface of the body may be inclined at an angle relative to the second 

surface of the body. 

 15 

The apparatus may further comprise: a sensor configured to obtain a first image 

of at least a subset of the first reference marks and the first connector; and a 

controller configured to determine a first distance between the subset of the first 

reference marks and the first connector using the first image. 

 20 

The apparatus may further comprise a fixture for retaining the object.  The fixture 

may comprise a second connector configured to connect to the first connector of 

the baseplate.  

 

The first connector of the baseplate and the second connector of the fixture may 25 

provide a zero point mounting system. 

 

The apparatus may further comprise a reference frame comprising a plurality of 

second reference marks.  The reference frame and the fixture may be configured 

to magnetically couple to one another. 30 

 

The apparatus may further comprise: a sensor configured to obtain a second 

image of at least a subset of the second reference marks and a subset of the 
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first reference marks; and a controller configured to determine a second distance 

between the subset of the imaged first reference marks and the subset of the 

imaged second reference marks using the second image. 

 

The controller may be configured to determine a position of the object relative to 5 

the second connector using the determined second distance. 

 

The apparatus may further comprise a tool comprising a third connector 

configured to connect to the second connector of the fixture. 

 10 

The tool may comprise a machine tool configured to remove material from the 

object. 

 

According to various examples, there is provided a method of enabling 

determination of a position of an object, the method comprising: providing a 15 

baseplate configured to support a fixture for retaining the object, the base plate 

comprising: a body comprising a first connector configured to connect to a 

second connector of the fixture; and a plurality of first reference marks 

distributed on at least a first surface of the body. 

 20 

The method may further comprise: obtaining a first image of at least a subset of 

the first reference marks and the first connector; and determining a first distance 

between the subset of the first reference marks and the first connector using the 

first image. 

 25 

The method may further comprise: connecting an elongate member to the first 

connector of the baseplate; and wherein determining the first distance may 

comprise determining a distance between the elongate member and the subset 

of the first reference marks.  

  30 

The method may further comprise: providing a fixture for retaining the object.  

The fixture may comprise a second connector configured to connect to the first 
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connector of the baseplate.  The method may further comprise connecting the 

second connector of the fixture to the first connector of the baseplate.  

 

The method may further comprise: providing a reference frame comprising a 

plurality of second reference marks; and magnetically coupling the reference 5 

frame and the fixture to one another. 

 

The method may further comprise: obtaining a second image of at least a subset 

of the second reference marks and at least a subset of the first reference marks; 

and determining a second distance between the subset of the imaged first 10 

reference marks and the subset of the imaged second reference marks using the 

second image. 

 

The method may further comprise: determining a third distance between the 

subset of the second reference marks and the second connector of the fixture 15 

using the determined first distance and the determined second distance; and 

determining a position of the object relative to the second connector of the fixture 

using the determined third distance. 

 

The method may further comprise: providing a tool comprising a third connector 20 

configured to connect to the second connector of the fixture; and connecting the 

second connector of the fixture to the third connector of the tool; removing the 

reference frame from the fixture; and controlling operation of the tool using the 

determined position of the object. 

 25 

The skilled person will appreciate that except where mutually exclusive, a 

feature described in relation to any one of the above aspects may be applied 

mutatis mutandis to any other aspect. Furthermore except where mutually 

exclusive any feature described herein may be applied to any aspect and/or 

combined with any other feature described herein. 30 

 

BRIEF DESCRIPTION 
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Embodiments will now be described by way of example only, with reference to 

the Figures, in which: 

 

Fig. 1 illustrates a schematic diagram of apparatus for enabling determination of 

position of an object according to various examples; 5 

 

Fig. 2 illustrates a perspective view of a baseplate according to various 

examples; 

 

Fig. 3 illustrates a flow diagram of a method of determining position of an object 10 

according to various examples; and 

 

Fig. 4 illustrates a perspective view of apparatus for enabling determination of 

position of an object according to various examples. 

 15 

DETAILED DESCRIPTION 

 

Fig. 1 illustrates a schematic diagram of an apparatus 10 for enabling 

determination of position of an object 12 according to various examples.  The 

apparatus 10 includes a baseplate 14, a fixture 16, one or more reference 20 

frames 18, a measurement machine 20, and a tool 22.  In some examples, the 

apparatus 10 may be a module.  As used herein, the wording ‘module’ refers to 

a device or apparatus where one or more features are included at a later time, 

and possibly, by another manufacturer or by an end user.  For example, where 

the apparatus 10 is a module, the apparatus 10 may only include the baseplate 25 

14, and the remaining features (namely, the fixture 16, the one or more 

reference frames 18, the measurement machine 20, and the tool 22) may be 

added by another manufacturer, or by an end user. 

 

The object 12 may be any object that is to be measured to enable material 30 

addition and/or removal to be performed on the object 12.  For example, the 

object 12 may be a component of a gas turbine engine such as a fan blade, a 

compressor blade, a turbine blade, a bladed disk (blisk) or a bladed ring (bling).   
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The baseplate 14 is configured to support the fixture 16 and includes a body 24, 

a first connector 26 and a plurality of first reference marks 28.  The body 24 may 

have any suitable size and shape, and may comprise any suitable materials.  

For example, the body 24 may have a planar rectangular shape (as illustrated in 

Figs. 1 and 2) and may comprise a metallic material such as steel.  The body 24 5 

defines a first surface 30 and a second surface 32.  The first surface 30 extends 

around the second surface 32 and forms a bevelled edge (that is, the first 

surface 30 is inclined at an angle relative to the second surface 32).  

 

The first connector 26 may be any suitable connector and may be a socket (such 10 

as a zero point adaptor for example) for receiving a connector pin.  The first 

connector 26 is located on the second surface 32 of the body 24.  In some 

examples, the baseplate 14 may comprise a plurality of first connectors 26 that 

are located on the second surface 32 as illustrated in Fig. 2. 

 15 

The plurality of first reference marks 28 are distributed on at least the first 

surface 30 of the body 24.  The plurality of first reference marks 28 may be 

distributed on the whole of the first surface 30 or may only be distributed on one 

or more portions of the first surface 30 (for example, the first reference marks 28 

may only be distributed on the long edges of the body 24).  In some examples, 20 

the plurality of first reference marks 28 may be distributed on the same surface 

as the first connector 26 (that is, the plurality of first reference marks 28 may be 

distributed on the second surface 32). The first reference marks 28 may have 

any suitable shape and may comprise circular dots.  At least some of the first 

reference marks 28 may comprise a protrusion (such as a hubbs adaptor) that 25 

extends out of the first surface 30 of the body 24.  Where the first reference 

marks 28 comprise a protrusion, the first reference marks 28 may be sensed by 

a contact probe of a coordinate measuring machine.    

 

In some examples, the apparatus 10 may comprise an elongate member 33 30 

having a plurality of reference marks thereon.  The elongate member 33 is 

configured to be received within the first connector 26 of the baseplate 14.  

Where the baseplate 14 includes a plurality of first connectors 26, the apparatus 

10 may comprise a plurality of elongate members 33 (for example, the apparatus 
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10 may comprise one elongate member 33 per first connector 26 of the 

baseplate 14).    

 

The fixture 16 is configured to retain the object 12.  For example, the fixture 16 

may comprise one or more clamps for securely holding the object 12 in position.  5 

The fixture 16 includes a second connector 34 that is configured to connect to 

the first connector 26 of the baseplate 14.  For example, the second connector 

34 may comprise an elongate protrusion (such as a connector pin) that is sized 

and shaped to fit securely within a socket of the first connector 26.  In some 

examples, the fixture 16 may comprise a plurality of second connectors 34 (for 10 

example, the fixture 16 may comprise a plurality of connector pins 34 for 

connecting to the plurality of sockets 26 illustrated in Fig. 2).  The first connector 

26 of the baseplate 14 and the second connector 34 of the fixture 16 may 

provide a zero point mounting system. 

  15 

The reference frame 18 may have any suitable size, shape and structure.  For 

example, the reference frame 18 illustrated in Fig. 1 is rectangular and has a grid 

structure defining a plurality of apertures there through.  The reference frame 18 

includes a plurality of second reference marks 36 that are distributed across the 

surface of the reference frame 18.  Where the apparatus 10 includes a plurality 20 

of reference frames 18, the reference frames 18 may be of different sizes, 

shapes and structures.  Alternatively, the plurality of reference frames 18 may 

have the same size, shape and structure as one another. 

 

The plurality of second reference marks 36 may be distributed on the whole of 25 

the reference frame 18 or may only be distributed on one or more portions of the 

reference frame 18 (for example, the second reference marks 36 may only be 

distributed on a subset of the grid structure illustrated in Fig. 1).  The second 

reference marks 36 may have any suitable shape and may be circular dots in 

various examples. 30 

 

The reference frame 18 and the fixture 16 are configured to magnetically couple 

to one another.  For example, the fixture 16 and/or the reference frame 18 may 
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comprise a magnetic material that enables the fixture 16 and the reference 

frame 18 to magnetically couple to one another. 

 

The measurement machine 20 is configured to measure the relative positions of 

the baseplate 14, the fixture 16, the one or more reference frames 18 and the 5 

object 12 to enable the tool 22 to accurately process the object 12.  For 

example, the measurement machine 20 may be a photogrammetric device.  The 

measurement machine 20 comprises a controller 38 and a sensor 40 and may 

comprise, for example, a three dimensional (3D) scanner or a coordinate 

measuring machine (CMM).  The controller 38 and the sensor 40 may be 10 

coupled to one another via a wireless link and may consequently comprise 

transceiver circuitry and one or more antennas.  Additionally or alternatively, the 

controller 38 and the sensor 40 may be coupled to one another via a wired link 

and may consequently comprise interface circuitry (such as a Universal Serial 

Bus (USB) socket).   15 

 

The controller 38 may comprise any suitable circuitry to cause performance of at 

least some blocks of the methods described herein and as illustrated in Fig. 3.  

The controller 38 may comprise: at least one application specific integrated 

circuit (ASIC); and/or at least one field programmable gate array (FPGA); and/or 20 

single or multi-processor architectures; and/or sequential/parallel architectures; 

and/or at least one programmable logic controllers (PLCs); and/or at least one 

microprocessor; and/or at least one microcontroller; and/or a central processing 

unit (CPU); and/or a graphics processing unit (GPU), to perform the methods.   

 25 

In various examples, the controller 38 may comprise at least one processor 42 

and at least one memory 44.  The memory 44 stores a computer program 46 

comprising computer readable instructions that, when read by the processor 42, 

causes performance of at least some blocks of the methods described herein, 

and as illustrated in Fig. 3.  The computer program 46 may be software or 30 

firmware, or may be a combination of software and firmware.   

 

The processor 42 may include at least one microprocessor and may comprise a 

single core processor, may comprise multiple processor cores (such as a dual 



9 

core processor or a quad core processor), or may comprise a plurality of 

processors (at least one of which may comprise multiple processor cores).  The 

memory 44 may be any suitable non-transitory computer readable storage 

medium, data storage device or devices, and may comprise a hard disk and/or 

solid state memory (such as flash memory).  The memory 44 may be permanent 5 

non-removable memory, or may be removable memory (such as a universal 

serial bus (USB) flash drive or a secure digital card).   

 

The computer program 46 may be stored on a non-transitory computer readable 

storage medium 48.  The computer program 46 may be transferred from the 10 

non-transitory computer readable storage medium 48 to the memory 44.  The 

non-transitory computer readable storage medium 48 may be, for example, a 

USB flash drive, a secure digital (SD) card, an optical disc (such as a compact 

disc (CD), a digital versatile disc (DVD) or a Blu-ray disc).  In some examples, 

the computer program 46 may be transferred to the memory 44 via a signal 50 15 

such as a wireless signal or via a wired signal. 

 

The sensor 40 may comprise any suitable circuitry that is configured to sense 

the relative positions of the baseplate 14, the fixture 16, the one or more 

reference frames 18 and the object 12.  For example, the sensor 40 may 20 

comprise one or more cameras (such as a charge coupled device (CCD) camera 

or a complementary metal oxide semiconductor (CMOS) camera) that are 

configured to obtain images.  In other examples, the sensor 40 may comprise a 

photodetector that is configured to detect x-rays that are incident on the sensor 

40.  In such examples, the sensor 40 may additionally comprise a source that is 25 

configured to emit x-rays.   

 

The controller 38 is configured to control the operation of the sensor 40.  For 

example, the controller 38 may be configured to control the operation of a 

camera 40 to obtain images.  The controller 38 is also configured to receive data 30 

from the sensor 40.  For example, the controller 38 may receive a plurality of 

images of the baseplate 14 from the sensor 40.  
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The tool 22 may comprise any machine or device that is configured to remove 

material from the object 12.  For example, the tool 22 may comprise a milling 

machine, a grinding machine, a cutting machine, a linishing tool or an electrical 

discharge machining (EDM) apparatus.  Alternatively or additionally, the tool 22 

may comprise any machine or device that is configured to add material to the 5 

object 12.  For example, the tool 22 may comprise a welding machine. 

 

The tool 22 comprises a controller 52, a tool head 54 and a third connector 55.  

The controller 52 is configured to control the operation of the tool 22 and may 

have a similar structure to the controller 38 of the measurement machine 20.  As 10 

illustrated in Fig. 1, the controller 52 may include at least one processor 56 and 

at least one memory 58.  The memory 58 stores a computer program 60 

comprising computer readable instructions that, when read by the processor 56, 

causes performance of at least some blocks of the methods described herein, 

and as illustrated in Fig. 3.  The computer program 60 may be software or 15 

firmware, or may be a combination of software and firmware. 

 

The third connector 55 is configured to connect to the second connector 34 of 

the fixture 16.  For example, where the second connector 34 includes a 

connector pin, the third connector 55 may comprise a socket that is configured to 20 

receive the connector pin 34 therein.  The second connector 34 and the third 

connector 55 may form a zero point mounting system.     

 

The operation of the apparatus 10 is described in the following paragraphs with 

reference to Fig. 3. 25 

 

Fig. 3 illustrates a flow diagram of a method of determining a position of the 

object 12 according to various examples. 

 

At block 62, the method includes providing the baseplate 14.  For example, the 30 

baseplate 14 may be provided by an operator on a table within a measurement 

laboratory.   
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At block 64, the method includes obtaining a first image of at least a subset of 

the first reference marks 28 and the first connector 26.  For example, the 

controller 38 may control the sensor 40 to obtain the first image of the baseplate 

14 that includes at least some of the first reference marks 28 and the first 

connector 26.  In some examples, block 64 may first include inserting the 5 

elongate member 33 within the first connector 26 and then obtaining the first 

image including the elongate member 33 and at least some of the first reference 

marks 28. 

 

At block 66, the method includes determining a first distance between the subset 10 

of the first reference marks 28 and the first connector 26 using the first image.  

For example, the controller 38 may use any suitable photogrammetry algorithm 

or algorithms to determine a first distance between the subset of the first 

reference marks 28 and the first connector 26.  In various examples, block 66 

may include determining a plurality of first distances between the different first 15 

reference marks 28 and the first connector 26. 

 

At block 68, the method includes: providing the fixture 16; connecting the second 

connector 34 of the fixture 16 to the first connector 26 of the baseplate 14; and 

providing the object 12 to the fixture 16.  For example, an operator or a robotic 20 

arm may connect the second connector 34 to the first connector 26 and then 

insert the object 12 within the fixture 16.  Where the baseplate 14 includes a 

plurality of first connectors 26 and the fixture 16 includes a plurality of second 

connectors 34, block 68 includes connecting the plurality of second connectors 

34 to the plurality of first connectors 26.  In some examples, the fixture 16 and 25 

the object 12 may be sprayed with an anti-reflective pain at block 68.   

 

At block 70, the method includes providing the one or more reference frames 18 

and magnetically coupling the one or more reference frames 18 and the fixture 

16 to one another.  For example, an operator or a robotic arm may magnetically 30 

attach one or more of the reference frames 18 to the fixture 16.  Fig. 4 illustrates 

a perspective view of an apparatus 10 whereby the second connector 34 of the 

fixture 16 is connected to the first connector 26 of the baseplate 14.  A fan blade 
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12 is retained by the fixture 16 and a plurality of the reference frames 18 are 

magnetically attached to the fixture 16. 

 

At block 72, the method includes obtaining a second image of at least a subset 

of the second reference marks 36, at least a subset of the first reference marks 5 

28, and the object 12.  For example, the controller 38 may control the sensor 40 

to obtain the second image of one or more of the reference frames 18 and the 

baseplate 14.    

 

At block 74, the method includes determining a second distance between the 10 

subset of the imaged first reference marks 28 and the subset of the imaged 

second reference marks 36 using the second image. For example, the controller 

38 may use any suitable photogrammetry algorithm or algorithms to determine a 

second distance between the subset of the first reference marks 28 and the 

subset of the imaged second reference marks 36.  In various examples, block 74 15 

may include determining a plurality of second distances between the first and 

second reference marks 28, 36.   

 

At block 76, the method includes determining a third distance between the 

subset of the second reference marks 36 and the second connector 34 of the 20 

fixture 16 using the determined first distance and the determined second 

distance.  For example, the controller 38 may use a photogrammetry algorithm 

to determine the third distance using the determined first and second distances.  

It should be appreciated that block 76 may include determining a plurality of third 

distances between a number of different second reference marks 36 and the 25 

second connector 34.   

 

At block 78, the method includes determining a position of the object 12 relative 

to the second connector 34 using the third distance determined at block 76 and 

positional information of the object 12 in the second image obtained at block 72.  30 

For example, the controller 38 may determine the position of one or more 

locations on one or more surfaces of the object 12 relative to the second 

connector 34 using one or more of the determined third distances and the 

positional information of the object 12.  The controller 38 may control storage of 
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the determined one or more positions of the object 12 in the memory 58 as data 

80. 

 

At block 82, the method includes providing the tool 22 and connecting the 

second connector 34 of the fixture 16 to the third connector 55 of the tool 22. 5 

Block 82 also includes removing the one or more reference frames 18 from the 

fixture 16 and controlling operation of the tool 22 using the determined one or 

more positions of the object 12 to add or remove material from the object 12.  

For example, data 80 may be transferred from the memory 44 of the 

measurement machine 20 to the memory 52 of the tool 22 via a non-transitory 10 

computer readable storage medium (such as the storage medium 48) or via a 

signal (such as the signal 50).  The controller 52 may use the data 80 to 

generate a tooling path (for example, a machining path and/or a path for adding 

material) and then use the tooling path to control the tooling head 54 to add 

material to, and/or remove material from the object 12. 15 

 

In some examples, the data 80 may be provided from the measurement machine 

20 to a computer that is configured to align the tooling path and the positional 

data 80 to one another.  The computer may also be configured to adapt the 

tooling path using the positional data 80 so that certain features on the object 12 20 

may be processed.  The aligned and adapted tooling path may then be provided 

to the controller 52 of the tool 22 so that the object 12 may be processed. 

 

It should be appreciated that the first, second and third distances mentioned 

above may be vectors having both a direction and magnitude.  For example, the 25 

first distances may include the direction from the first connector 26 to one or 

more first reference marks 28 and the magnitude of the distance.  In some 

examples, the first, second and third distances may be expressed as co-

ordinates (Cartesian coordinates for example).  For example, the third distances 

and the positions of the surfaces of the object 12 may be expressed as 30 

coordinates where the second connector 34 is the origin.  

 

The apparatus 10 and the methods described above may provide several 

advantages.  First, the position of the object 12 relative to the second connector 
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34 may be determined relatively quickly using photogrammetry since at least 

some of the first and second reference marks 28, 36 may be viewed in a single 

image and it may not be necessary to use contact measurement to measure the 

distance between the second reference marks 36 and the second connector 34.  

Second, the fixture 16 may be used as both the fixture for the measurement 5 

machine 20 and for the tool 22 and no further calibration may be necessary 

when the object 12 is transferred to the tool 22.  Third, the reference frames 18 

may be relatively easily removed from the fixture 16 after photogrammetry has 

been performed so that the tool 22 may carry out a process on the object 12 

(and thus enabling the fixture 16 to be used for both measurement and material 10 

addition and/or removal).  Where the fixture 16 and the object 12 are sprayed 

with an anti-reflective paint at block 68, the coupling of the reference frames 18 

to the fixture 16 may be advantageously unaffected by the wet surfaces of the 

fixture 16 since the reference frames 18 magnetically couple to the fixture 16.    

 15 

It will be understood that the invention is not limited to the embodiments above-

described and various modifications and improvements can be made without 

departing from the concepts described herein.  For example, in some 

embodiments, the apparatus 10 may not comprise the one or more reference 

frames 18 and in such embodiments, the third distance between the object 12 20 

and the second connector 34 of the fixture 16 may be determined using the 

determined positions of the first reference marks 28, the first connector 26 and 

the object 12. 

 

Except where mutually exclusive, any of the features may be employed 25 

separately or in combination with any other features and the disclosure extends 

to and includes all combinations and sub-combinations of one or more features 

described herein. 
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CLAIMS 

 

1.  Apparatus for enabling determination of position of an object, the apparatus 

comprising: 

a baseplate configured to support a fixture for retaining the object, the 5 

base plate comprising: a body comprising: a first connector configured to 

connect to a second connector of the fixture; and a plurality of first reference 

marks distributed on at least a first surface of the body. 

 

2. Apparatus as claimed in claim 1, wherein the first connector is located on a 10 

second surface of the body, the second surface of the body being different to 

the first surface of the body. 

 

3. Apparatus as claimed in claim 2, wherein the first surface of the body is 

inclined at an angle relative to the second surface of the body. 15 

 
4. Apparatus as claimed in any of the preceding claims, further comprising: a 

sensor configured to obtain a first image of at least a subset of the first 

reference marks and the first connector; and a controller configured to 

determine a first distance between the subset of the first reference marks and 20 

the first connector using the first image. 

 
5. Apparatus as claimed in any of the preceding claims, further comprising a 

fixture for retaining the object, the fixture comprising a second connector 

configured to connect to the first connector of the baseplate.  25 

 
6. Apparatus as claimed in claim 5, wherein the first connector of the baseplate 

and the second connector of the fixture provide a zero point mounting 

system. 

 30 
7. Apparatus as claimed in claim 5 or 6, further comprising a reference frame 

comprising a plurality of second reference marks, the reference frame and 

the fixture being configured to magnetically couple to one another. 
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8. Apparatus as claimed in claim 7, further comprising: a sensor configured to 

obtain a second image of at least a subset of the second reference marks 

and a subset of the first reference marks; and a controller configured to 

determine a second distance between the subset of the imaged first 

reference marks and the subset of the imaged second reference marks using 5 

the second image. 

 
9. Apparatus as claimed in claim 8, wherein the controller is configured to 

determine a position of the object relative to the second connector using the 

determined second distance. 10 

 
10. Apparatus as claimed in any of the preceding claims, further comprising a 

tool comprising a third connector configured to connect to the second 

connector of the fixture. 

 15 
11. Apparatus as claimed in claim 10, wherein the tool comprises a machine tool 

configured to remove material from the object. 

 
12. A method of enabling determination of a position of an object, the method 

comprising: 20 

providing a baseplate configured to support a fixture for retaining the 

object, the base plate comprising: a body comprising a first connector 

configured to connect to a second connector of the fixture; and a plurality of 

first reference marks distributed on at least a first surface of the body. 

 25 

13.  A method as claimed in claim 12, further comprising:  

obtaining a first image of at least a subset of the first reference marks and 

the first connector; and  

determining a first distance between the subset of the first reference 

marks and the first connector using the first image. 30 

 
14.  A method as claimed in claim 13, further comprising: connecting an elongate 

member to the first connector of the baseplate; and wherein determining the 

first distance comprises determining a distance between the elongate 

member and the subset of the first reference marks.  35 
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15.  A method as claimed in claim 13 or 14, further comprising: 

providing a fixture for retaining the object, the fixture comprising a second 

connector configured to connect to the first connector of the baseplate; and 

connecting the second connector of the fixture to the first connector of the 5 

baseplate.  

 
16.  A method as claimed in claim 15, further comprising: 

providing a reference frame comprising a plurality of second reference 

marks; and  10 

magnetically coupling the reference frame and the fixture to one another. 

 
17.  A method as claimed in claim 16, further comprising:  

obtaining a second image of at least a subset of the second reference 

marks and at least a subset of the first reference marks; and  15 

determining a second distance between the subset of the imaged first 

reference marks and the subset of the imaged second reference marks using 

the second image. 

 

18.  A method as claimed in claim 17, further comprising: 20 

determining a third distance between the subset of the second reference 

marks and the second connector of the fixture using the determined first 

distance and the determined second distance; and 

determining a position of the object relative to the second connector of the 

fixture using the determined third distance. 25 

 

19.  A method as claimed in claim 18, further comprising: 

providing a tool comprising a third connector configured to connect to the 

second connector of the fixture; and 

connecting the second connector of the fixture to the third connector of 30 

the tool;  

removing the reference frame from the fixture; and 

controlling operation of the tool using the determined position of the 

object. 


