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Abstract: We present inline integration of a digital holographic sensor in a precision turning plant
and results of one-year long-term height-measurements of a turning part produced once per second
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1. Introduction

This paper describes the integration of the multi-wavelength digital holographic [1] sensor HoloTop [2, 3] under real
production conditions at Werner Gieller GmbH in Elzach, Germany, a supplier of precision turned parts for
automobiles. The task is to inspect up to ten million sample parts a year with one measurement system. Single point
height repeatability has to be less than one micron for the key component of a piezo driven fuel injector. The surface
has to seal at pressures over 2500 bar, requiring full inspection. HoloTop has been integrated into an automated
handling system and used in multi-shift operation. We present results of long-term height measurements.

2. Experimental Procedure
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Fig. 1. Left: Sketch of the setup. Multiple laser soxurces are selected by a fiber switch. Single frequency laser light is guided by a
single mode polarization maintaining fiber to the measurement head where the beam is expanded and coupled into a temporally
phase shifting interferometer. Right: Close-up photograph of the measurement head and part of the handling device.

Fig. 1 shows the sketch of the complete measurement system. Three externally stabilized diode lasers are each coupled
into polarization maintaining single-mode fibers. A fiber switch controlled by an 1/O interface PC card switches
between the three lasers. The output fiber of the switch is connected to the measurement head that can be described
as a modified Twyman-Green-Interferometer [2]. An additional objective lens adjusts the field of view to 17 x 17
mmz2. A mirror mounted on a piezo stage, also driven by the 1/O card, realizes temporal phase shifting. A digital camera
with a 12 MP CMOS sensor and Coax Press interface to the PC records three phase-shifted interferograms at each of
the three wavelengths. In total, nine images with 3072 x 3072 pixels are captured within 60 ms and digitized with 10-
bit resolution. Numerical reconstruction is performed in two steps. First, the complex wave front in the hologram
plane is calculated according to a method developed by Cai et al. [4], which makes the reconstruction more stable
against vibration induced changes of the phase between object and reference beam during phase shifting. Next, the
wave front is propagated to the focused image plane via the convolution method [5]. Both calculations are
implemented on a GPU. Complete phase reconstruction at multiple artificial wavelengths and evaluation of the
combined height map is done in 100-150 ms depending on data filtering settings. All required features (geometric
features and deviations from ideal shape) are extracted from the 3D data in approx. 900 ms. Image acquisition, data
evaluation and feature extraction are done in parallel to meet the requirements of the production cycle of 1 second. A
rotary indexing table with individual grippers at 72 positions releases the sample at a stage fixed to the measurement
head and picks it up after data acquisition. Head and stage are placed on a vibration-damped table to decouple



measurement from vibrations induced by the handling system and turning machines. The inspection achieves a cycle
time of one second.

3. Results

During the year 2018, the holographic inline sensor performed 9.86 million measurements. Figure 2 shows the
inspected samples and a graphical evaluation of one of their features over the complete year 2018. The feature
investigated here is the Pi-roughness on a plane surface in the central region of the sample. P; corresponds to the
peak-to-valley deviation of all measured points on the respective surface. The area of this surface is 10.2 mmz2. The
pixel resolution of the sensor is set to 5.9 um. Thus, 280000 3D measurement points are used to evaluate this
feature. Data points are filtered using a 9x9 pixel-averaging filter followed by a 7x7 median filter. Despite the huge
number of sampling points the evaluated peak-to-valley deviation is very stable. The standard deviation of the
investigated feature across the whole year is 2.6 um, the mean value 8.8 um. It should be noted that this standard
deviation is the superposition of measurement accuracy of the holographic sensor and stability of the manufacturing
process. A moving average with a window size of 80 000 samples — the approximate number of measured samples
per day — is given in fig. 2, too. The moving average is nearly constant during the measurement period and ranging
between 7.8 and 10.3 um .Thus, there is hardly any drift of the process as well as the measured data.
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Fig 2. Left: Photograph of the produced parts that are investigated using the holographic sensor. Right: Values of a feature (Pt)
extracted from the holographic data recorded over one year (9.86 million 3D measurements). For visualization the data points
(blue) are plotted semi-transparent. The red dashed line illustrates the moving average over 80000 measurement (approx. 1 day).

4. Conclusion and Outlook

We demonstrated that holography is a versatile tool for one hundred percent inline measurements. Even under harsh
environmental conditions in a precision turning shop for metal parts, long-term stability of height measurements in
the one-micrometer dimension is possible. Neither day-night nor seasonal temperature drifts are observable in the
data. In conclusion, holography is a serious alternative to time-consuming sample testing with coordinate measurement
devices in a temperate-controlled measurement room. In a next step, we are aiming at realization of a miniaturized
wireless sensor to be used within a tooling machine [6] and to perform holographic measurements of continuously
moving objects [7] .
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