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1. Introduction

Precision dimensional measurements always play the critical role in workshop quality control.
Although there are many instruments on the market suitable for a variety of measuring demands, such
as lengths, angles, regular forms, free forms, and special geometries, not all products can be easily
measured by current instruments and technologies. Some cutting-edge manufacturing processes have
produced many difficult to measure parts, such as complex geometry, 3D forms, mini-to-micro-sized
parts, ultrahigh precision, high aspect ratio, large-scaled, soft surface, variable reflectance surface, etc.
Some new measurement sciences and technologies are urgently needed to cope with these demands.

Ever since this Special Issue was announced in May 2018, it has received a great attention and many
positive responses from worldwide experts in measurement sciences and instrumentation, especially
China. There were 87 papers submitted to this special issue, and 41 papers were accepted. Such a high
acceptance rate reveals the good quality and interesting subjects contributed from authors of renowned
universities and institutes. These published papers can be categorized into four main groups, including
surface profile and form measurements, sensors and probes development, laser-based interferometer
systems, and other measurement systems. Details are introduced in the following.

2. Surface Profile and Form Error Measurements

The first paper on 3D surface profile measurement is introduced by Qu and his colleagues at
Beihang University on the measurement sensitivity of through-focus scanning optical microscopy
(TSOM), which involves scanning a target through the focus and capturing of a series of images [1].
It was found that for enhanced sensitivity, illumination polarization should be perpendicular to
the target texture. Professor Gao’s group at Tohoku University presents a different method to
increase Z-measurement range of 3D profile using mode-locked femtosecond laser chromatic confocal
probe [2]. They also provide an uncertainty evaluation method for measurements of pitch deviation
and out-of-flatness of planar scale gratings by a Fizeau Interferometer in Littrow configuration [3].
A collaborative work between Karlsruhe Institute of Technology of Germany and Ohio State University
of USA presents a generalized approach using measurement data to enhance the simulation model for
designing freeform optics [4]. The boundary of a surface is difficult to measure by normal microscopy.
Professor Chen of National Taiwan University employed the digital image correlation (DIC) technique
to assist accurate edge detection of 3D surface profilometry [5]. He also proposes a new moiré
projection triangulation method using a dual optical sensing configuration by engaging two optical
sensors at two different viewing angles for achieving simultaneous full-field surface profilometry for
measuring semiconductor wafer surfaces with extremely variant reflectivities [6]. An international
cooperative work by Shanghai University (Sun et al.), Nanyang Technological University (Asundi) and
Linköping University (Valukh) presents the algorithm for surfaces profiles and thickness variation
measurement of a transparent plate using a Fizeau interferometer with wavelength tuning [7]. Another
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useful algorithm of iterative stitching was also developed by this team on high numerical aperture
cylindrical surface [8]. Li et al. proposes an innovative methodology of cloud data compression for
free-form surface scanning measurement. It can save substantial data memory while remaining in good
quality [9]. We are pleased to have the contribution by Professor Liu at HUST on the Mueller matrix
technique for nanostructure scatterometry [10] and ellipsometry [11]. Li et al. deals with the method
of measuring a large aspherical mirror and identifying its vertex position [12]. Liu et al. summarizes
and compares the current five-point cylindricity error separation method with proximity sensors [13].
This provides a guideline for accurate evaluation of cylindricity errors.

3. Sensors and Probes

There are some papers focusing on the fabrication of new sensors and probes. Li’s group at Hefei
University of Technology successfully developed a chemical etching method to fabricate different shapes
of leaf springs [14]. This is a key component of any touch-trigger probe on a coordinate measuring
machine (CMM). Professor Tan’s group at HIT (Harbin Institute of Technology) introduces a novel
spherical scattering electrical-field contact probe [15]. This makes the measurement of ultraprecision
diameter of small holes with large depth-to-diameter ratio possible. Image processing technique
is often used in visual measurement. Camera calibration is a primary task to assure measurement
accuracy. Zhao [16] and Yang [17] address respective methods to calibrate image pose sensors to
subpixel level. An interesting time-grating capacitive displacement sensor is introduced by Professor
Liu of Chongqing University of Technology [18]. It has the capability for absolute positioning based on
a vernier-type structure. He et al. propose a real-time 3D shape reconstruction method of soft surgical
actuator which has an embedded optical fiber with two Fiber Bragg Grating (FBG) sensors [19].

4. Laser Interferometer Length Measurements

The distance measurement based on various laser interferometer systems is a highlight of the
Special Issue. This part includes incremental distance interferometer, absolute distance interferometer
and grating diffraction interferometer. For the miniaturization of laser interferometer, a compact laser
diode-based interferometer was developed by Cai et al. of Dalian University of Technology [20]. The
wavelength cannot be determined by the Edlén Equation, which is mainly used for He–Ne lasers.
Therefore, a grating diffraction method is employed to real-time detect the wavelength. Ren et al.
from Tianjin University developed a different method to measure air refractive index based on the
special material Etalon [21]. Professor Zhang’s group of Tsinghua University describes the unique
frequency-shifted optical feedback measurement technologies using a solid-state microchip laser [22].
In the area of absolute distance measurement, the frequency scanning (FS) laser is the main laser
source. Xiong et al. calculated the effective center wavelength for heterodyne interferometry of an
optical frequency comb [23]. Gao et al. propose a technique to compensate the FS interferometer [24]
and Xiong et al. propose an adaptive filtering method to correct errors due to interfering signals of
FS interferometer [25]. In the area of grating diffraction-based interferometer, a double diffraction
heterodyne interferometer was developed by Chang [26]. Li et al. of Tsinghua University designed
two innovate key components for planar grating interferometers, namely the Lloy’s mirror [27] and
the prism module [28].

5. CMM and Machine Tool Error Measurements

Coordinate measuring machines (CMMs) provide 3D measurement capability with probes. Cheng
et al. evaluated and optimized task-oriented measurement uncertainty for CMMs based on geometrical
product specifications [29]. Gaska et al. searched the optimal path control algorithm for probe heads
used on five-axis CMMs [30]. Wu et al. developed on-machine optical measuring equipment for drilled
holes [31].

There are some reports on the geometrical error measurement of machine tools. Professor Jywe’s
group of National Formosa University developed a geometric error measurement system to assist
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the linear guideway assembly process [32]. Professor Feng’s group of Beijing Jiaotong University
propose a simultaneous six-degree-of-freedom error measurement system for rotary stages [33]. Wang
considered a hybrid optimization method to optimize the power consumption during CNC (computer
numerically cntrolled) milling process [34].

6. Other Measurement Systems

In addition to dimensional measurements, there are some other purposes of measurement. Because
they are interesting, we also consider the following for inclusion in this Special Issue. Wang studied the
biomechanical feedback system in training of hammer-throw [35]. A wearable inertia measurement unit
has been developed that could help obtain the vital distance. An efficient real-time tunnel deformation
monitoring technology based on laser and machine vision was developed by Qiu et al. [36]. In the
large-scale metrology, Shi et al. use photoelectric scanning measurement network to model dynamic
errors [37]. Wang designed a structure for accurately determining the mass and center of gravity of
rigid bodies [38]. Yang et al. developed non-contact and real-time measurement of high strain rate
Kolsky bar with temporal speckle interferometry [39]. Zhang et al. present a demodulation technique
for weak photo-acoustic signals of laser interferometer on water surface [40]. The last paper was
written by Qiu et al. on the experimental analyses on multiscale structural and mechanical properties of
ε-Si/GeSi/C-Si materials [41]. Strained silicon (ε-Si) is a promising material that could extend Moore’s
law by enhancing electron mobility. The layer components and thicknesses were measured using
energy-dispersive spectroscopy and scanning-electron microscopy. Crystal and lattice characters were
observed by using high-resolution transmission-electron microscopy and micro-Raman spectroscopy.
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