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Fast and without contact

Optical sensor technology in coordinate metrology

BASICS Part1In coordinate measuring technology, mainly tactile and optical sensors and X-ray computed tomography

are used. Optical sensors differ in their functional principle and structure consisting of mechanics, optics, electronics,

and software, and thus in their characteristics, whose basic understanding is helpful for the optimal application. Fragile

workpieces, and those with small features, can also be measured non-contact.

Ralf Christoph, Hans Joachim Neumann, Schirin Heidari Bateni

n essential distinguishing criterion
for the sensors is the physical prin-
ciple of the transmission of the pri-
mary signal. In the series of papers “Sensor
Technology in Coordinate Metrology,” first
optical, then tactile sensors, and finally
X-ray computed tomography are presented
with their respective fields of application.
Optical sensors act like the eye in the
measuring microscope, either perpendicu-
lartotheopticalaxisinthe objectplane (lat-
eral sensors — image processing) or along
the optical axis when focusing (axial sen-
sors—distance sensors). In order to be able
to carry out a 3D measurement of work-
pieces with optical sensors, a combination
of both sensor types is required. With opti-
cal sensors, many measuring points are
acquired very quickly or even simultane-
ously. Compared to other sensors, their use
therefore usually leads to much shorter
measuring times. For this reason, they are
used for a wide range of workpieces in pro-
duction control.

Flexible application possibilities for
image processing

The image processing sensor images the
measuring objectthrough alensontoama-
trix camera. The camera electronics convert
the optical signals into a digital image,
which is used to calculate the measuring
points in a computer with the appropriate
image processing software.

In contour image processing, contours

are extracted by suitable mathematical al-
gorithms. This makes it possible to detect
and filter out disturbing influences during
measurement (contour filter). Many three-
dimensional measurement tasks can be
solved by combining image processing and
focus variation techniques using the same
sensor hardware. The determination of the
dimensions of plastic parts, as well as the
geometry of sealing grooves and plug cavi-
ties, is a main field of application.

Fast laser distance sensors

In Foucault laser sensors such as the Werth
Laser Probe, a laser beam is “cut off” by a
Foucault edge in the beam path and is
imaged onto the objectat the triangulation
angle determined by the lens aperture. The
signal evaluation is performed, for exam-
ple, via differential photodiodes (Figure 1).
In practical use, such a Foucault laser sensor
is preferably integrated into the beam path
of an image processing sensor. Thus it is

Image processing sensor  Laser light
Differential diode
Foucault A:negative
knife edge distance deviation
Beam splitter 2
B: no distance
deviation
< ;
== !3 Beant spiiter I C: positive

distance deviation

D

Differential signal

B
A f €

Om>

—

Distance deviation

Figure 1: Laser sensor using the Foucault principle integrated into an image processing sensor (illumina-

tion systems not shown) (o werth)

© Carl Hanser Verlag, Miinchen QZ Qualitat und Zuverldssigkeit Jahrgang 64 (2019) 10



Coordinate measuring technology MEASURING AND TESTING  [[JERN

Figure 2 Chromatic
focus sensor:

The measurement
head (a) is connected
to the analysis box (g)
by a long optical fiber
(b) (to reduce heat
input). Here a fiber
coupler () is used

to connect the
broadband white light
source (d) and the
spectrometer (). The
spectra (f) represent
the distances between
the object and the
measurement head

(© Werth)

possible to switch between both sensors
without mechanical movement.

Several hundred tothousand pointscan
be measured per second. This sensor is ac-
cordingly used for contour measurement
on workpiece surfaces or, for example, also
for flatness measurement.

Chromatic focus sensors for
different surfaces

Theoptics of chromatic focus sensors (point
sensor Chromatic Focus Point and line sen-
sor Chromatic Focus Line) are designed in
such a way that the different working dis-
tances are particularly pronounced for dif-
ferent colors of light (color length error).
The best focused color of light has the
strongest intensity at the measuring point.
This intensity is determined with an inte-
grated spectrometer and the correspon-
ding distance value is assigned to the de-
tected color (Fig.2). Theapplication possibi-
lities for chromatic sensors correspond in
principle to those of the Foucault sensor.
However, the measurement of surfaces is
possible for both diffusely reflecting and
shiny surfaces, since direct reflection does
notinterfere.

The arrangement of a series of optical
fibers allows the realization of the same
principle as a line sensor. These sensors
combine a high measuring speed with low

9)

measuring uncertainty.

Measuring surface topographies with
focus variation. Focus variation sensors use
the same hardware as image processing.
When moving the sensor along the optical
axis, a sharp image is generated for an
imagesectioninonly one position. The con-
trast is used as a parameter for the sharp-
ness of an image. From this the sensor posi-
tion and thus the position of the point on
the surface is determined.

If the procedure is performed simulta-
neously for each pixel of the camera, a large
number of measuring points are obtained
as a point cloud within a few seconds. This
method (e.g. Werth 3D-Patch) enables a
particularly simple and fast three-dimen-
sional acquisition of surface topographies
on workpieces made of various materials.

High precision confocal area sensors
A confocal surface sensor, for example the
Werth Nano Focus Probe, projects light on-
to the object via an imaging system with
pinholes. If the projected light spots are de-
focused by moving the sensor head, the
light spots on the object become darker.
Therefore, when the sensor head is moved
relative to the object, an intensity curve is
created. The maximum of the intensity
curve represents the location of the object
surface.

Due to the intensity evaluation, confo-

QZ Qualitat und Zuverlassigkeit Jahrgang 64 (2019) 10 www.qz-online.de

cal area sensors, in contrast to focus varia-
tion sensors, can also measure reflecting
surfaces, forexample, regardless of the con-
trast of the workpiece surfaces. Applica-
tions include the measurement of stam-
ping tools or coin embossing punches. B
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INFORMATION & SERVICE

Extract from the specialist book ,Multi
sensor Coordinate Metrology*, for further
information see literature reference.

1 Christoph, R.; Neumann, H.J.: Multisen-
sor Coordinate Metrology. ,Die Bibliothek
der Technik®, Volume 352. Second, revised
edition, SZ Scala GmbH, Munich 2019
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