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Development and Application of Five-
degree-of-freedom Measurement System

%ﬁﬂ\ JE?VDM\ 'TEI E@%

Cheng-Hung Wei, Kuang-Chao Fan, Chao-Ching Ho

fE—EF s A T R MR RE » AL G ENETRE - BRIHEHRS

W BATREZR BT AL RA—— R FTHREFEN  BREHE - AXNET aFHAE
%ﬁamﬁmﬁ%%oﬁm%mﬁéQ%%ﬁm#ﬁﬁﬁmvﬁuﬁﬂﬁﬁaﬁ%ﬁﬁ%ﬁ
RERBNEA > BREFHAINGHRAGERLREHN > 6 TEERE K FREARET G
%ﬁﬁ&ﬁiu&%%%%@@ﬁﬁ&aé°$y€$&ﬁ£§%%%ﬂ&m6M&h%%
Ak AR GRE  SHAFRE BT RIERGERAE  LALERENETHE
& tlum> BEZRERNENRAESL T1 arcsec BALREZR TR HESL 0.01 um ~ R EHEE
7~ 2 ppm ° {2 KA By dh el A E b o BT R K 9IS BT T Pk M AT F S R s el A
RIAE - ZAGRAAGERBER D T ERRAREELE - KA RAE— 6 R RAKE LiRE
THTATHE

Due to the manufacturing and assembly errors of any motion axis, there are six degrees of
freedom geometric errors. The traditional method of measuring geometric errors of precision
machines is to measure each item one by one, which is not only time-consuming but also
expensive. In this paper, we introduce a self-developed five-degree-of-freedom measurement
system. By combining well-designed optical components, five geometric errors of moving targets
can be measured simultaneously, and only a single-beam laser for displacement detection is
required, including positioning errors, straightness errors in both horizontal and vertical directions,
and angular errors in both deflection and pitch. This multi-degree-of-freedom error measurement
system uses a 60 MHz frequency modulated light with high speed and high accuracy, and can
perform real-time measurements over long distances. The geometric error of each axis of motion
has six degrees of freedom due to component manufacturing and assembly errors. The traditional
method of measuring geometric errors of precision machines is to measure each item one by one,
which is not only time consuming but also expensive. In this paper, we introduce a self-developed
five-degree-of-freedom measurement system. By combining well-designed optical components,
five geometric errors of moving targets can be measured simultaneously, and only a single-beam

laser for displacement detection is required, including positioning errors, straightness errors in
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both horizontal and vertical directions, and angular errors in both deflection and pitch. This multi-
degree-of-freedom error measurement system uses 60 MHz frequency modulated light with high
speed and high accuracy, and can perform long-distance real-time measurements with an accuracy
of =1 um for straightness error, * 1 arc-sec for angular error, and 0.01 um for positioning error
with a resolution of better than 2 ppm. The system also has a simple and easy-to-use structure. The
system has the advantages of simple structure, easy installation, and low cost, and its feasibility was
verified on an optical inspection machine. The system also has the advantages of simple structure,

easy installation and low cost, and its feasibility was verified on an optical inspection machine.
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