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Measurement Method for Fine 6-DOF Displacement of Rigid Bodies
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Abstract : A novel measurement method to obtain the 6-DOF motions of arbitrary rigid bodies is proposed in this paper. The method

adopts a specially fabricated mirror called 3-facet mirror, which looks like a triangular pyramid having an equilateral cross-sectional

shape. The mirror is mounted on the objects to be measured, illuminated by a laser beam having circular profile, and reflects the laser

beam in three different directions. Three PSDs(position sensitive detector) detect the three beams reflected by the mirror, respectively.
From the signals of the PSDs, we can calculate the 3-dimensional position and orientation of the 3-facet mirror, and thus enabling us to

determine the 3-dimensional position and orientation of the objects. In this paper, we model the relationship between the 3-dimensional

position and orientation of an object in motion and the outputs of three PSDs. A series of experiments are performed to demonstrate the

effectiveness and accuracy of the proposed method. The experimental results show that the proposed sensing system can be an effective

means of obtaining 3-dimensional position and orientation of arbitrary objects and provide resonable measurement accuracy.

Keywords : 3-dimensional pose, 6-DOF motion, 3-facet mirror, optical metrology, position-sensitive detector, vibration analysis
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Fig. 1. A schematic drawing of the sensing system.
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Table 1. Specifications of the experimental system.

Component Specifications
Power 0.8mW
He-Ne .
Beam diameter 0.97mm
Laser
Beam orientation at 3-facet mirror Vertical(const.
Elevation of surface normals 45°
3-facet Longitudinal distance between surface 120°
. normals
mirror
A/10
Surface flatness @632.8nm
Size of sensitive area 13x13mm
Rz}d{al distance from the system 250mm
origin
PSD — -
Layout| Longitudinal distance between 120°
PSDs
Orientations See Fig. 3
249 2%
Table 2. Measurement results. (pm, wprad)

Range | Interval| Standard deviation| Relative uncertainty
xw-trans. ()| 202 | 13.5 1.31 3.4%
yw-trans. (4)| 139 | 139 0.67 1.9%
zw-trans. (t.}| 141 94 1.41 3.6%
Rolling (7)| 2449 | 163 4.68 5.0%
Pitching (8)| 2373 | 158 4.37 1.7%
Yawing ()| 2369 | 158 6.50 2.7%
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Table 3. Comparison between the methods for muiti-dof mea-

surement.
Trans. Angular Measurement l
Method DOF resolution | resolution
speed
(mm) (mrad)

Nakamura [1] 6 0.2 1 Medium
Kyle [3] : 3 0.01 NA Slow
Vann [6] 6 0.01 0.25 Fast
Lee [16] 6 0.00005 0.00025 Slow

Proposed method 6 0.003 0.013 Fast
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