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Abstract— Background estimation and elimination is an indispensable step of hologram processing. Its application ensures
that the fix pattern noise caused by the deposits, dirt and other
impurities of the measuring chamber and the optical system
do not contaminate the reconstructed holograms and improves
the efficiency of the object segmentation. It is conventionally
solved by averaging large number of holograms with altering
objects within the flow-through cell. Due to the possible illumination changes the background should be updated incessantly
during the hologram measuring process. Here we introduce an
improved background estimation method where the holographic
contributions of the segmented and reconstructed objects are
excluded from the running average. The applied segmentation is
based on the 3D positions of the objects within the flow-through
measuring chamber. Therefore the objects can be distinguished
from the impurities and deposits, which customary located at
the walls of the measuring chamber. This way, an elevated
speed, more adaptive background estimation becomes achievable
with reduced noise. The applied object segmentation and hologram subtraction methods are presented also. To accelerate the
processing of the measured holograms the application of some
parallel computing implementation seems essential. Using stream
processors (GPU) we were able to increase the algorithm speed
considerably, without perceptible reconstruction accuracy loss.

monitored part of the volume is still remains very small.
To overcome this limitation we combine the holographic
principles, microscopy, with digital data acquisition and processing. The so-called Digital Holographic Microscope records
the hologram of the microscopic objects by an electronic
area scan (CMOS) sensor, while it’s reconstruction is fulfilled
later digitally [3]–[5]. According to the recorded hologram
by the simulation of wave propagation all the constituent
objects can be reconstructed. The applied algorithm makes it
possible to digitally set the focus and reconstruct the objects
at diverse depths within the entire volume [6]. Using DHM
technology we were able to construct a very efficient, high
speed fluid monitoring system [7]. Avoiding the small depth
of focus constraints, our multi color DHM device [8] is able
to monitor ∼100 times larger volume than its conventional
counterparts. Digital reconstruction process, however, require

I. I NTRODUCTION
Microscopic screening and evaluation of freely floating,
rare biological samples in fluids is a frequently requested
task. For example, determining the qualitative and quantitative distribution of algae in water bodies is necessary to
estimate the present state of the ecosystem [1]. Furthermore,
the occurrence of some algae in drinking water wells can
indicates the failure of the filtration process and warns the
possible contamination of the water which can be a real
danger. There are laboratory tests, blood or urine sample
evaluation, whose automation could be exceptionally improve
using a flow-through measurement setups as in this case the
forwarding and feeding of the samples is straightforward.
However, conventional microscopes can see only a very small
part of the flow-through fluid samples due to their small depth
of field. The aimed automatic screening, that includes pattern
recognition and object classification, requires large magnifications to achieve at least resolution, when the realizable depth of
field is only 3-5µm. This way, conventional microscopes can
record those objects’ images from the sample which are inside
this layer. Smart flow- through measuring chambers [2] were
developed, where a specially planned laminar flow is focusing
the samples into the microscope focal plane. However, the

Fig. 1.

Optical setup of the DHM.

immense computation power. By the application of parallel
computing hardware, especially stream processors (GPU),
close to real time reconstruction speed has been achieved
[9], [10]. Using our DHM setup 3D tracking of the objects
within the volume is achievable [11]. Conversely to other
approaches, every object can be reconstructed with their actual
3D positions from a single hologram, without the need of time
consuming, iterative processes [12]. Quality of the recorded
hologram can considerably deteriorated by the diffractions on
debris, deposits and dust particles sited on the walls of the
flow-through cell and on the optical system. In conventional

microscopes these errors, due to the really small depth of
focus, does not cause recognizable loss of the image quality.
However, as in DHM we use coherent illumination even if
the applied coherence length can be relatively small [13] diffractions of objects far from the focus can cause considerable interference and amplitude modulation. The volumetric
reconstruction in DHM is based on just this property. This
way all the particles within the optical path are recorded in
the hologram and decrease the image quality of the nearby or
overlapping reconstructed objects. To avoid this contamination
of the recorded hologram we have to apply proper background
elimination.
Of course, we aims to use clean measuring setup, but some
contamination and impurity can not be kept away and their
diffraction remains troublesome. Another source of the background contamination is the gathering deposits of the long
term application of the same flow-through cell. Some of these
deposits, due to the flow-through cell complex design, are not
possible to cleanup.
Segmentation of objects from the background is a classical
task in image processing. Finding the moving objects on
a static background or vice verse can especially improve
the segmentation performance. This way, determination and
elimination of the background has considerable literature and
diverse, sophisticated image processing algorithms has been
developed to solve the problem [14], [15]. It usually passes
trough four major steps: pre-processing, background modeling,
foreground detection and post processing (data validation)
in the case of conventional video flow processing. In the
background modeling the different statistics of the background
and object pixels are frequently utilized. However, as we
consider holography here, there is no simple way to use pixel
based segmentation as the diffraction of the background and
the objects overlaps and we can measure only their sum in the
hologram. Illumination change shifts the diffraction fringes
of the background, that is hard to incorporate in any pixel
statistics based background model. Therefore, in this paper we
introduce a sophisticated, fast background estimation method.
First we outline the so far applied background estimation
method, compare it to the existing conventional video processing counterparts and delineate some of its limitations.
Later, the implemented object segmentation and reconstruction
algorithms are described. Finally we show how can be used
the results of the object segmentation to speed up and improve
the background estimation.
II. BACKGROUND E LIMINATION
Gabor like holograms, applied in our DHM implementation,
can be regarded as the sum of the object hologram and the
background diffractions. Multiple diffractions are considered
to be small and can be neglected. Therefore we measure and
estimate what is the system input without any object and this
background hologram is simply subtracted from the actually
measured ones. The gained differential hologram will contain
only the data corresponding to the appearing objects. To
improve the reliability and speed of the object reconstruction

process, high quality differential holograms are needed that
is based on the fidelity of the background estimation. To
estimate the background correctly we should measure the
diffractions without any the objects. This can not be done
by removing the flow-through cell, as the majority of the
background diffractions come from the debris and deposit
particles located on its walls. Furthermore, if the flow-through
cell is in the optical paths, it is hard to ensure that there will
be no object within the measured volume. We can ensure,
however, by the flow of the measured fluid that the objects
move within the cell and their diffraction only transiently show
up in the recorded holograms. Therefore, we choose a moving
average algorithm (Eq. 1) that can erase the contribution of
the transient objects.
Bn+1 = (1 − α)Bn + αMn

(1)

Here B denotes the estimated background, while M is the
measured hologram. α denotes the update parameter. It is
essential to choose a proper update speed in this algorithm.
If the adaptation speed is low then any change of the illumination or any tiny displacement of the flow-through cell
- which can happens occasionally in industrial environment
(e.g. pumps switched on off etc.) will results in the failure
of the background estimation. It will take long time till the
displaced, changed diffractions are filtered and this way a large
number of the gained differential holograms become useless.
Conversely, if we use higher adaptation speed then the objects
occurring within the flow-through cell can bias the background
estimations.
In Fig. 2 we can see that the actual measurement is contaminated by the background diffractions. If we use the
estimated background we can achieve high quality differential
holograms. According to the gained differential holograms,
we can reconstruct the objects and fulfill the aimed required
pattern recognition and object classification tasks.
It has to note, that any change of the illumination or even
a micron range alteration of the measuring cell (position or
volume) can cause severe bias of the background estimation.
This is occasionally occurs as there is no perfect mechanical
isolation of the DHM from its environment and the applied
pumps within the device can cause also micron size axial
displacements also. Power stability of the applied lasers is also
not perfect (there is a trade off between the lasers’ stability and
price). Failure of the background estimations lead prolonged
processing and reduced image quality of the reconstructions.
If we increase the value of the update parameter we can
achieve much faster adaptation and the filtering of these errors
becomes much faster, but the transient objects caused bias
becomes observable too. In Fig. 3 we show that using a higher
update parameter value (α=0.5) the bias caused by the objects’
diffraction pattern will appear in the background estimation
and correspondingly a perceptible error appears in the next
differential hologram too.

Fig. 2. Measured hologram (b) is contaminated by the diffractions of the
debris and deposits located on the walls of the measuring cell. Using proper
background estimations (a) we can gain high quality differential hologram (c)
that can be used to achieve high quality object reconstruction (d).

Fig. 3. Enhanced update parameter (α=0.5) leads rapidly adapting background estimations (a), but the occasionally occurring objects can considerably
bias it (b) and the gained differential holograms too (c).

III. H OLOGRAM O BJECT S EGMENTATION
Ultimate goal of our DHM system is to reconstruct the
objects occurring within the flow-through cell. For the correct
object reconstruction we object-wise segment the captured
differential holograms. That is, in every step a single object
is segmented, reconstructed and determined its contribution
to the hologram. This way, step by step, all the objects and
their corresponding in-line holograms will be revealed.
To fulfill this task we apply a holographic object detection
algorithm. This algorithm finds the proper reconstruction
distance and support of the component objects in a hologram.
As the objects usually have different reconstruction distances,
these, at least locally distinct depth keys can be exploited to
find and separate the objects efficiently. To define support

and reconstruction distance of the object we digitally
simulate the hologram reconstructions at different distances
by simulating the wave field propagation of the hologram.
For digital wave field propagation we used the angular
spectrum method [6], [10]. We use some local image quality
measure (focus measure; e.g. Tenengrad or Local energy
of the gradient image [3]) to detect if the object is in
focus [10]. Several alternative focus measures have been
investigated earlier [3], [16], but these were applied only
for off-axis holograms or conventional microscopic images
[17]. The in-line holograms inherent twin image noise,
however, can deteriorate the success of the earlier proposed
autofocusing algorithms, as these diffractions can produce
false extremes of the focus measure. We can avoid this
problem by the application of a so-called in-line hologram
segmentation method (see later). To define the contribution
of a segmented object to the measured hologram we need
only the support and reconstruction distance parameters of
the corresponding object. Our experiment shows that even a
coarse approximation of these parameters is sufficient for the
correct operation of the algorithm. We define these parameters
object-wise. Using the focus measure we generate two maps:
the ’Focus Maximum Map’ that contains the pixel-wise
maximum of the focus measure within the simulated wave
field propagation distances, and the corresponding ’Distance
Map’ that shows the distance, where this focus maxima are
achieved [10]. As a single object is usually reconstructs only
in a special distance from the hologram, support of the object
is determined from the ’Distance Map’, while the selection of
the highest contrast object can be done by using the ’Focus
Maximum Map’. If we remove the object contributions from
the hologram, and recalculate these maps we can segment and
reconstruct, step by step, all the objects within the volume.
To determine the individual objects contribution to the
measured hologram we developed a simple non-iterative
hologram segmentation algorithm which is able to estimate
the individual objects contribution to the measured hologram.
Conversely to the earlier approaches [18], it does not
aim parallel, complete phase retrieval of all the objects,
which seems a really challenging task if high resolution
microscopic reconstructions are considered, but only a simple
straightforward estimation of the objects in-line hologram is
considered. This algorithm is based on the inner structure
of the in-line holograms. It approximates the object’s in-line
hologram at high precision from the original hologram using
the support and reconstruction distance information. It takes
only four field propagation steps to fulfill the hologram
segmentation.
Summing up the proposed segmentation algorithm
• first, reconstruct the object by simulated propagation of
the hologram magnitude field.
• Fill the unsupported part of the reconstructed object with
the background amplitude.
• Back propagate this wave field to the hologram plane.
• Subtract twice the real part of the result from the original

•
•
•

hologram.
Propagate the modified hologram wave field to the object
plane.
Fill the unsupported part of the reconstruction with the
background amplitude.
Back propagate this wave field to the hologram plane and
subtract it from the modified hologram.

segmented objects’ diffractions was erased and this way the
quality of the next gained differential hologram ameliorated.

Using the above delineated object segmentation method including the introduced hologram segmentation technique we
are able to find and reconstruct the object recorded in our
DHM device. To demonstrate the device performance we show
some measured holograms with the corresponding reconstructions in Fig. 4.

Fig. 5. Enhanced update parameter (α=0.5) lead much higher adaptation
speed of the background estimation. According to the measured differential
hologram (a) we can determine the possible objects and their corresponding
in-line hologram contribution (b). If we use these data we can correct (d) the
apparent bias of the conventional background estimation (c). This way we can
remove this bias (e) from the subsequently measured differential holograms
also (f).

V. C ONCLUSION
Fig. 4. Using our color DHM setup and the proper reconstruction algorithm
we can reconstruct the image of microscopic objects ((b) and (d)) from the
corresponding measured holograms ((a) and (b)).

IV. I MPROVED BACKGROUND ESTIMATION
We can apply the object and hologram segmentation results to improve the background estimations. As during the
hologram reconstruction and its preprocessing all the occurring objects holograms, but at least the high contrast ones,
have been determined, these data can be applied amend the
background estimation process. We can remove the holographic contribution of the segmented objects from the original
measured hologram. This way we get the new, improved
background estimation that is not biased by the diffractions
of the appearing objects any more.
In Fig. 5, we can see the background estimation using a
relatively large update parameter Contribution of the appearing

Applying the hologram object segmentation data we can
make the background elimination algorithm more adaptive
and the abrupt changes of the illumination and the measuring
cell position can be filtered out at much higher speed. This
modification makes it possible to use holographic measuring
device in harsh, industrial environment too, where mechanical
isolation of the DHM device is hardly solvable. Using the
amended background estimation the reliability and speed of
the object segmentation and reconstruction improves considerably.
ACKNOWLEDGMENT
This work was funded by the Hungarian National Office for
Research and Technology (NKTH 1981822A) project entitled
Water Biology Digital Holographic Microscope (DHM) as an
early warning environmental system.

R EFERENCES
[1] R. Stevenson and J. Smol, “Use of algae in environmental assessments,”
pp. 775–804, 2003.
[2] C. Simonnet and A. Groisman, “Two-dimensional hydrodynamic focusing in a simple microfluidic device,” Applied Physics Letters, vol. 87,
p. 114104, 2005.
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