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Nomenclature

{xi}
3x1 vector for global position measurement i of digitizer sensor

[Ri]
3x3 rotation matrix for global attitude measurement i of digitizer sensor

{gi}
3x1 vector for global position measurement i of pointer tip using digitizer sensor

{p}
3x1 vector for constant local position of pointer tip with respect to digitizer sensor coordinate frame

{q)
3x1 vector for constant global position of pointer tip within calibration hole

n
number of calibration measurements

[X]
3n x 6 concatenated matrix of rotation measurements [Ri]

{Y}
3n x 1 concatenated vector of position measurements {xi}

{b}
6x1 concatenated vector of {q} and {p}

[I3]
identity matrix of order 3

Methodolgy

1) Rigidly attach the pointer tip to the digitizer sensor.

2) Drill a very shallow calibration hole in the top surface of a plastic plate using only the tip of a medium size drill bit.  The pointer tip must be able to touch the bottom of the calibration hole over approximately  +/- 45 degrees of pointer angular motion about the calibration hole.

3) Fix the plate rigidly relative to the digitizer transmitter.  The calibration hole should be placed in a region that is representative of future volumes to be digitized

4) To calibrate the local pointer tip location, place the pointer tip in the bottom of the calibration hole and rotate the pointer over approximately +/- 45 degrees in all three directions.  Digitize 20 or more calibration samples of {xi} and [Ri] spanning these rotations.  The pointer tip must remain in the bottom of the calibration hole for all calibration samples.

5) Calculate the global location of the calibration hole and the local location of the pointer tip with respect to the digitizer sensor using Equation 7.

6) Use Equation 1 to predict global locations of the pointer tip for all calibration samples and compare predictions to the global location of the calibration hole to assess measurement precision.

7) Use Equation 1 to digitize points with the pointer tip.

Mathematics
[image: image1.wmf]
The global pointer tip location {gi} may be calculated using the constant local pointer tip location {p} as shown in Equation 1.  The local location of the pointer tip will be unknown until it is calibrated.

{gi} = {xi} + [Ri]{p}
Eq. 1

During calibration, the global pointer tip location will be approximately equal to the unknown global location of the calibration hole {q} for all samples as shown in Equation 2.  This calibration relationship may be rearranged into the matrix form of Equation 3 and then concatenated for all samples as shown in Equations 4 and 5.

{q} ( {gi}          during calibration
Eq. 2

{xi} ( {q} – [Ri]{p} = 
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Eq. 3
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Eq. 4
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[image: image4.wmf]{

}

{

}

{

}

ï

ï

þ

ï

ï

ý

ü

ï

ï

î

ï

ï

í

ì

n

2

1

x

x

x

M

     [X]=
[image: image5.wmf][

]

[

]

[

]

[

]

[

]

[

]

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

-

n

3

2

3

1

3

R

I

R

I

R

I

M

M

     {b}=
[image: image6.wmf]{

}

{

}

þ

ý

ü

î

í

ì

p

q


Eq. 5

The least squares solution for the unknown but constant location of the calibration hole and the unknown but constant local location of the pointer tip are then given in Equations 6 and 7. 

{b} = ( [X]T[X] )-1  [X]T{Y}
Eq. 6
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Eq. 7
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