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We present a new technique for fast form measurement
based on imaging with partially coherent illumination. It
consists of a 4 f -imaging system with a digital micro-mirror
device (DMD) located in the Fourier plane of its two lenses.
The setup benefits from spatially partially coherent illumi-
nation that allows for depth discrimination and a DMD that
enables a fast depth scan. Evaluating the intensity contrast,
the 3D form of an object is reconstructed. We show that
the technique additionally offers extended depth of focus
imaging in microscopy and short measurement times of less
than a second. ©2020Optical Society of America

Quality assurance during the fabrication of microscopic tech-
nical objects, e.g., parts from deep drawing, is an essential
requirement within production. Parts have to be tightly toler-
anced since they are the basis for large assemblies. In addition,
mass production requires rapid measurement of the 3D geom-
etry of micro parts. However, due to industrial requirements, the
measurement technique should also be robust against mechani-
cal distortions [1]. Due to its non-contact and non-invasive
properties, optical metrology techniques can offer all of these
properties.

While optical tactile and confocal microscopy approaches are
too slow, interferometric methods such as digital holography [2]
and white light interferometry [3] or coherence radar [4] have
been established for full field measurement. However, the result
of the measurement is prone to environmental disturbances
such as vibrations or thermal fluctuations, since the interfering
wave fields travel along separated paths. In this work, we will
show that in the case of spatially partially coherent illumination,
the 3D shape of an object is encoded into the spatial coherence
function by a simple depth scanning speckle imaging process.
In contrast to the aforementioned interferometric techniques,
speckle imaging is a common path process and therefore has low
demands regarding mechanical stability. Additionally, the lim-
ited spatial coherence is achieved by an extended light source. In
our experiments we achieved depth scanning at kilohertz rates

by means of a digital micro-mirror device (DMD) [5], which
results in a short measurement time of less than a second. Thus,
no mechanically shifting parts are required within the (vertical)
depth scan, in contrast to focus variation techniques [6], for
example. Yet, since the method shares similarities with focus
variation, it can also provide an extended depth of focus image.

Figure 1 shows a scheme of the proposed system. It is based
on a telecentric 4 f -imaging system with a DMD located at the
common Fourier plane of two identical lenses with focal length
f , which enables amplitude modulation.

In analogy to phase retrieval based on a liquid crystal spatial
light modulator (SLM) [7], the DMD is used to modulate the
light with the transfer function (TF) of propagation:
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, (1)

with wave number k, wavelength λ, propagation distance z, and

vector Eξ at the frequency domain. However, since the DMD
is an amplitude-only modulator, we have to find a binarized
amplitude representation of the TF, which will be discussed
in detail below. Since the DMD has switching times in the
kilohertz range, rapid propagation scans across different object
planes can be realized with this arrangement [5].

We use coherent monochromatic light, which illuminates a
rotating diffuser, as shown in Fig. 1. The spatial coherence of
the illumination can then be adjusted by altering the spot size r s

across the diffuser’s surface. The object has an optically rough
surface and is located at a distance of d from the rotating diffuser.
If d � r s holds, we can describe the illumination by a set of N
mutually independent plane waves, each with a wave vector of
Ekn . We are now interested in the speckle image contrast across
the sensor plane, which is the primary criterion of our method
for focus plane separation.

In this situation, we may refer to a model that predicts the
contrast of propagated speckle images under requirements
spatially partially coherent illumination [8]. However, here we
present a new measurement principle based on speckle contrast.
The main novelty of the work is to (i) define the requirements
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