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Abstract—In this study, a simple 2-D measurement system based 

on optical design was developed to measure the motion errors of the 
linear guideway. Compared with the transitional methods about the 
linear guideway for measuring the motion errors, our proposed 2-D 
optical measurement system can simultaneously measure horizontal 
and vertical running straightness errors for the linear guideway. 

The performance of the 2-D optical measurement system is verified 
by experimental results. The standard deviation of the 2-D optical 
measurement system is about 0.4μm in the measurement range of 100 
mm. The maximum measuring speed of the proposed automatic 
measurement instrument is 1 m/sec. 
 

Keywords—2-D measurement, linear guideway, motion errors, 
running straightness. 

I. INTRODUCTION 
INEAR guide ways are an important element in precision 
machinery, which is widely used in the automation, power 

transport, semiconductor, medical, and aerospace industries. 
The running accuracy of linear guide ways is divided into 5 
classes, namely normal grade (N), precision (P), high precision 
(H), super precision (SP), and ultra precision (UP). 
Measurement systems for linear guide ways are divided into 
contact and non-contact types. Contact-type systems use a 
linear variable differential transformer (LVDT) and a dial 
gauge to measure N-, H-, and P-grade linear guide ways. 
Non-contact-type systems use an autocollimator and a laser 
interferometer to measure SP- and UP-grade linear guide ways. 
An LVDT or a dial gauge is often used to measure motion 
errors of linear guide ways because laser interferometers are 
costly. In the general measurement method, a contact-type 
system is used to measure the motion error between the base 
level of the measuring platform and the carriage. 

The accuracy of the measurement results is affected by the 
base level of the measuring platform. The method uses manual 
manipulation and is time-consuming. Therefore, a 
high-precision measurement system for automatically 

 
Wen-Yuh Jywe, Hsueh-Liang Huang, and Tung-Hsien Hsieh are with the 

Department of Automation Engineering, National Formosa University, Huwei, 
Yunlin, Taiwan, Republic of China, 632 (phone: 886-5-6315400; fax: 
886-5-6315401; e-mail: jywe@nfu.edu.tw, ajiff38@gmail.com, a58503147@ 
yahoo.com.tw, respectively). 

Bor-Jeng Lin is with the Department of Automation Engineering, National 
Formosa University, Huwei, Yunlin, Taiwan, Republic of China, 632 (phone: 
886-5-6315384; fax: 886-5-6315401; e-mail: bjlin@nfu.edu.tw). 

Jing-Chung Shen is with the Department of Automation Engineering, 
National Formosa University, Huwei, Yunlin, Taiwan, Republic of China, 632 
(phone: 886-5-6315387; fax: 886-5-6315401; e-mail: jcshen@nfu.edu.tw). 

Jeng-Dao Lee is with the Department of Automation Engineering, National 
Formosa University, Huwei, Yunlin, Taiwan, Republic of China, 632 (phone: 
886-5-6315375; fax: 886-5-6315401; e-mail: jdlee@nfu.edu.tw).  

measuring the straightness errors of linear guideways is 
proposed here. 

In recent years, 2-D optical measurement systems have been 
used to measure multi-degree-of-freedom (DOF) errors [1], [2]. 
Lee et al. [3] presented an2-D optical measurement system that 
uses a laser beam, beam-splitters, a reflector, and quadrant 
detectors. The resolutions of the system are 0.048 arcsec and 26 
nm. Kim et al. [4] presented a multi-dimensional motion 
measurement system that comprises a grating, three lenses, and 
detectors. A displacement of 6- DOF can be obtained. The 
resolutions of the system are 0.0133 arcsec and 60 nm. Fan et 
al. [5] used a DVD pickup heads to develop a high-precision 
straightness measurement system. Their system has a 
measurement range of 200 mm and an accuracy of 0.6 m. Liu et 
al. [6] presented a 4-DOF measurement system composed of a 
grating, two lenses, and detectors. The resolution of the system 
is 100 nm. Jywe et al. [7] presented a multi-dimensional motion 
measurement system that comprises an interferometer, two 
corner cubes, and three quadrant detectors. The resolution of 
the system is 25 nm and 0.06arcsec. Liu et al. [8] designed an 
optical path for a high-precision straightness measurement 
system with four corner cubes. The measurement system can 
measure two-dimensional errors and its accuracy is 0.5μm. 
Chen et al. [9] presented a 3-dimensional vibration 
measurement system with corner cubes and quadrant detectors; 
position errors can be obtained. The resolutions of the system 
are 100nm and 1000Hz. Hsieh et al. [10] designed an optical 
vibrometer based on multi-degree-of-freedom measurement. 
The accuracy of the proposed optical vibrometer is ±30 nm/200 
nm and ±0.04 arcsec/0.1arcsec at 1000 Hz. Liu et al. [11] 
proposed a grating based multi-degree-of-freedom laser linear 
encoder. The accuracy of the system is ±0.6μm for straightness, 
±0.8 arcsec for angular error, and ±1.2μm for linear 
displacement. 

In the present study, the measurement system has three main 
advantages: (a) it can be used to automatically measure the 
horizontal and vertical straightness of linear guide ways; (b) it 
is a sample low-cost measurement system, and (c) it has a high 
resolution. 

II. SYSTEM STRUCTURE AND MEASUREMENT PRINCIPLE 

A. Overall System Layout 
The proposed 2-D optical measurement system is set-up on 

the precision linear positioning stage for measuring the motion 
errors of the linear guideway as shown in Fig. 1. The precision 
linear positioning stage integrates a precision granite table, a 
movable gantry stage, and a linear motor. The linear motor is 
the main linear driving system and is configured to drive a 
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and removes human error. 
 

 
Fig. 4 Verification results of horizontal straightness 

 

 
Fig. 5 Verification results of vertical straightness 

C. Measurement Results for the Linear Guideway 
Tests were repeated, the measurement parameters were set as 

follows. For the straightness measurement, the sampling 
frequency was 1000Hz, the measurement distance was 1000 
mm, and the measuring pitch was6 mm. The results are shown 
in Fig. 6. The STDEV of the horizontal and vertical straightness 
measurement system are 0.9μm and1.2μm in the measurement 
range of 1000mm and the measuring time is 80s. The possible 
sources of error in the QDs can be due to fluctuation of 
collimated laser source, stray light and possible external 
environment vibrations. To reduce these effects the following 
precautions can be taken :(1) A well-regulated power supply is 
used for the collimated laser and this minimizes the fluctuation 
of light source intensity, (2) The fixture is designed so that the 
stray light and room light do cannot interfere with the light 
source intensity, and (3) The sampling rate of A/D card is 
increased to avoid the leakage effect. 

 

 
Fig. 6 Results of horizontal and vertical straightness measurements 

IV. CONCLUSION 
A simple low-cost 2-D optical measurement system was 

developed for linear guide ways. It was an effective method for 
on-line error measurement to improve linear guide way 
performance. This advantage is superior to other useful 
methods. In the future, a static/dynamic multi-function 
measuring device will be designed and more powerful for 
on-line measuring the motion errors of the linear guideway. 
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