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Imaging performance comparison between CMOS and
sCMOS detectors in a vibration test on large areas using
digital holographic interferometry
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Mendoza S.*
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Abstract. A comparison of the interferometric imaging performance of two different cameras during a vibration study is
presented. One of the cameras has a high speed CMOS sensor and the second one uses a high resolution (scientific)
sCMOS sensor. This comparison is based on the interferometric response as a merit parameter of these sensors which is
not a conventional procedure. Even when the current standard for image quality is on the signal to noise ratio
calculations, an interferometric test to evaluate the fringe pattern visibility is equivalent to the contrast to noise ratio
value. An out of plane digital holographic interferometer is used to test each camera once at the time with the same
experimental conditions. The object under study is a metallically framed table with a Formica cover with an observable
area of 1.1 m?. The sample is deformed by means of a controlled vibration induced by a tip ended linear step motor.
Results from each camera are presented as the retrieved optical phase during the vibration. Finally, some conclusions
based on the post processed images are presented suggesting a smoother optical phase obtained with the SCMOS camera.

Keywords: Interferometry, digital holographic interferometry, imaging detectors.
PACS: 42.25.Hz, 42.40.Kw, 42.79.Pw.

INTRODUCTION

The imaging sensors are essential tools in almost any science where the image registrations from different tests
are required. Modern detectors shown several advantages compared with the human eye [1], such as the spectral
sensitivity in a range coming from the x-ray until the infrared wavelengths. Extended technology in image sensors
involved the manufacturing of charged coupled devices (CCD) and complementary metal oxide semiconductor
(CMOS) ones [2, 3]. The state of the art of recent imaging detectors explores their applicability into low light
environments, making them suitable in life science imaging. At the top of the high performance sensors are the
electron multiplying CCDs (EM-CCDs) and the scientific CMOS (sCMOS), both representing a breakthrough of on-
chip imaging technology [4]. Recent review articles, technical whitepapers and scientific reports discuss the merits
of the sCMOS and the EM-CCD cameras technology mainly focused in the biological microscopy field [5-7], the
astronomical observation [8], and the technical advantages or drawbacks between them [4, 9, 10]. All these studies
and comparisons are based mainly in the quantification of the signal to noise ratio (SNR) under specific illumination
conditions, optical configurations and background noise. Only few manuscripts have been reported applying
interferometric techniques to evaluate the performance of the imaging detectors [11, 12]. They are based on the
calculation of the modulation transfer function (MTF) and power spectral density (PSD) as quality parameters to
evaluate the recorded images. The last work measures the MTF using a double-slit aperture to generate the speckle
phenomenon by an integrating sphere.

In this manuscript, we propose an interferometric technique to compare the performance of two imaging sensors:
a CMOS camera (PCO DIMAX HD+ with 1920 X 1440 pixels at 12 bits) and a sSCMOS camera (PCO EDGE with
1920 X 1080 pixels at 12 bits). In this report we are not using an EM-CCD sensor in order to compare only two
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different CMOS configurations. The CMOS technology has been widely used in interferometry since it allows a
faster acquisition rate applied in deformations and vibration modes over surfaces excited by controlled deformations
[13, 14]. Nevertheless, this technology is related with a readout noise which appears as noisy wrapped phase maps in
some interferometric applications. The sCMOS sensor improves the classical drawback associated to CMOS
technology (i.e. high read noise, high dark current and lower fill factors) enhancing its performance and making it
competitive even with the latest CCD technology (EM-CCD).

In the present work a large sample is illuminated in order to create extreme conditions where the optical phase
can easily be affected due the extensive surface. Under this scenario, the same digital holographic interferometer
(DHI) is used to registers the optical phase with two different cameras once at the time. In both cases the same
deformation is applied to the sample and the images are recorded at 100 frames per second (fps). A brief description
of the method is explain under the current setup configuration. Results from both cameras are shown as wrapped
phase maps and a discussion concerning them is also included before the conclusions.

METHODS

DHI is a non-invasive, remote and full field of view optical technique based on the two beam interference
principle widely used for the study of vibrating objects. When the superposition of the backscattered light from the
object’s surface and the reference beam is recorded by a 2D photo detector arrangement (either CCD or CMOS
sensor), an image hologram is then recorded. Further processing of this image hologram retrieves the optical phase
information embedded in it. The relative wrapped phase map represents the deformation between two different
states of the object, i.e. the reference state and the deformed one. DHI can be applied to estimate several mechanical
parameters from a sample, such as the displacement, stiffness (relative to a known applied force), the elastic
modulus, the strain concentrators and the stress [15, 16]. The use of high speed cameras in DHI avoids the formation
of Bessel fringes normally present with camera’s slow integration times. Instead of this, the high speed recording
keeps a cosine profile that allows the use of the same methodology of traditional DHI to retrieve the optical phase
[17]. Under this assumption, the wrapped phase map can be calculated using the following expression after a band
pass filter [18],

Re(In-1) Im(Ip)— Im(In—41) Re(Ip)
Im(Iy—1) Re(In)+ Re(In—1) Im(Iy)

A, = atan [ (1),

where Agn is the relative phase map between the nth and the nth-1 state, and terms Re and Im are the real and the
imaginary parts of the complex data for each transformed image hologram. Since the calculated wrapped phase map
is codified with values between -m and m (black and white respectively), an unwrapping algorithm is used to
represent a continuous phase map which can be transformed into a displacement map with,

Agy(xy) =25 (1 + cosB)w(x, y) @

where w is the out of plane displacement, A is the laser wavelength and 0 is the angle between the illumination and
the observation directions.

EXPERIMENTAL DESCRIPTION

In Fig.1 an schematic view of the optical system is shown. The laser beam coming from a Verdi V10 laser is split
into the object and the reference beams by means of a right angle prism (BS). The reason to use a right angle prism
instead of a cube beam splitter is the high output power of the laser, which would easily damage the union layer of
the cube. The object beam is re-directed into the object’s surface using a couple of high power reflective mirrors
(M1 and M2). This beam is then expanded to illuminate the entire object’s surface using a high numerical aperture
(NA) lens (MO). The object’s backscattering is focused into the camera sensor by a lens (L) with a focal length of
60 mm, which has a rectangular aperture (A) next to it. A beam combiner (BC) in front of the camera helps to
introduce the reference beam coming from a single mode optical fiber (OF) into the camera sensor together with the
object’s backscattering. As a consequence, an interference pattern from the reference and the object beams is
recorded by the camera.
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Figure 1. DHI optical setup in an schematic view.

The object under study is a metallically framed working table with a Formica layer cover with dimensions of
1.51 x 0.76 meters. The metallic frame is behind the observable area of the table, and it is mechanically connected
with its four legs. This solid structure helps to reduce mechanical random movement during the test. Nevertheless,
one of the major issues in the analysis of extensive areas is the need to take the remote inspection as far as several
meters (6.5m in this case). The recording process is performed at 100 fps to avoid environmental noise and long
stabilization times. Once the sample is properly focused and placed in front of the optical system, two tests are
performed (i.e. one for each camera). When two different sensors are tested, it is important to keep the same
experimental settings for each one such as, the illumination flux, the optical setup or the environmental conditions; a
feature achieved during the tests.

In order to compare both camera sensors, appropriated optical adjustments should be made to project equivalent
photons per pixel on the sensor with different pixel sizes. Typically, cameras with larger pixel sizes will collect
more photons and show higher SNR than those with smaller pixel sizes (mainly in low light illumination). Several
studies on the performance of sensors have been reported in this matter [4, 10]. Nevertheless, in our experimental
setup a large object’s area is uniformly illuminated using a high power continuous laser which guarantees same
average photons arriving to each sensor at each individual pixel. Although the pixel size is a critical parameter under
low illumination conditions due the amount of photons per unit area converted in electrons, at high and constant
illumination any sensor shows a similar SNR response [4] despite its pixel size.

RESULTS

The vibration applied to the sample (at the back side of the table) by the SM generates complex fringe patterns
on the large surface sample in order to test the performance of these two detectors. Figures 2 and 3 show the optical
phase retrieved during the same vibration by the CMOS and the sSCMOS detectors respectively. In these images it is
possible to appreciate a single load and unload process coming from the SM’s tip. As it can be observed in these two
wrapped phase map sequences, the sSCMOS camera retrieves a smooth optical phase all over the table’s surface
while the CMOS shows some optical de-correlation near the edges.
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Figure 3. Wrapped phase maps obtained with the SCMOS camera.

Both sequences are obtained with the same illumination condition, the same deformation induced and the same
optical system (except by the camera used for each case). These results make evident the image enhancement of the
sCMOS camera respect to the CMOS in this interferometric test. The importance to retrieve a smooth optical phase
in vibration analysis without the need of pulsed lasers or synchronization systems is to study complex, non
repeatable and non controlled events.

Besides, the possibility to obtain smooth displacement maps maintains the full field inspection advantage of this
optical technique. This advantage creates dynamic and high SNR displacement maps from which it is possible to
gather point wise information even at the edges of the sample. The sSCMOS sensor obtains high visibility fringe
patterns all over the object’s surface which allows further processing for low noise strain maps.

CONCLUSIONS

We introduce a comparison to retrieved optical phase between a CMOS and a sCMOS detector under an
interferometric test. When the optical phase maps obtained with the CMOS sensor are compared with those acquired
with the sCMOS sensor, it is clear that no de-correlation is present in them meaning that the system is capable to
define the close fringe clusters formed due to the excitation signal. Noisy wrapped phase maps obtained with the
CMOS sensor could derive in false assumptions about the nature of such de-correlated patterns or the incapacity of
the optical setup to perform the measurement. A remarkable result is that in high speed recording the performance of
the sCMOS is better as it was expected, considering only the visualization and analysis of the phase maps and not
only on SNR calculations. The methodology described in this report can be used to compare other top of technology
on-chip image sensors such as the EM-CCD and it is complementary to the well-known SNR measurements.
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