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Abstract

Multi-degree-of-freedom (MDOF) displacement measurement is needed in many application fields:
precision machine control, precision assembly, vibration analysis, and so on. This paper presents a new
MDOF displacement measurement method using a laser diode (LD), two position-sensitive detectors (PSDs),
and a conventional diffraction grating. It utilizes typical features of a diffraction grating to obtain the
information of MDOF displacement. MDOF displacement is calculated from the independent coordinate
values of the diffracted ray spots on the PSDs. Forward and inverse kinematic problems were solved to
compute the MDOF displacement of a rigid body. Experimental results show maximum absolute errors of less

than 10 micrometers in translation and £30 arcsecs in rotation.
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Fig. 1 Three dimensional diffraction of 2 monochromatic
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Table 1 Specifications of devices in experimental setup

Device Specification

Diffraction grating | 1200 grooves/mm

Output power: 5 mW

Laser diode Wavelength: 635 nm

Resolution: 0.07 pm

Stage system .
= Resolution: 2 arcsec

PSD Sensitive area: 4.1 mm x 4.1 mm
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Fig. 4 Design parameters of MDOF measurement system

Table 2 Values of the design parameters

Parameter Value
P, (mm) 37.7
P.;. (mm) 323
B., (degrees) 50.1
P, (mm) -37.7
p_;. (mm) 323
B_, (degrees) ~50.1
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Fig. 5 Measurement error
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Table 3 Result of the repeatability experiment

Mean value G
Z(mm) 0.8618 0.0017
Roll(deg.) 0.3674 0.0011
Pitch(deg.) 0.1278 0.0008
Yaw(deg.) ~0.2744 0.0045
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