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Abstract
Image segmentation is an important process in digital image analysis, there are several algorithms to carry out this process. In
this work, an algorithm little studied in the segmentation of images is defined and that is also applicable in the processing of
videos of biological systems, especially, the cultivation of microalgae in Raceway bioreactors. This algorithm is known as the
Fast Distance Transform (FDT) and when operating it with the morphological skeleton, an algorithm capable of determining
the number of objects in an image. Performs a separation when there is agglomeration due to the quantity and proximity of the
objects and rebuild them regardless of the geometric shape they present, through the maximum points of brightness, centroids
and area. With the above, it is possible to give individual monitoring, to describe the behavior of microalgae inside a Raceway
bioreactor.
Keywords: Fast Distance Transform (FDT), morphological skeleton, image segmentation, bioreactor, videos.

Resumen
La segmentación de imágenes es un proceso importante en el análisis digital de imágenes, existen varios algoritmos para llevar
a cabo este proceso. En este trabajo, se define un algoritmo poco estudiado en la segmentación de imágenes y que además, es
aplicable en el procesamiento de videos de sistemas biológicos, en especial, el cultivo de microalgas en biorreactores Raceway.
Este algoritmo se conoce como la Transformada Rápida de Distancia (TRD) y al operarla con el esqueleto morfológico se genera
un algoritmo capaz de determinar el número de objetos en una imagen. Realiza una separación cuando existe aglomeración debido
a la cantidad y proximidad de objetos y reconstruye sin importar la forma geométrica que presenten, a través de los puntos
máximos de brillo, centroides y área. Logrando dar seguimiento individual, para describir el comportamiento de microalgas
dentro de un biorreactor Raceway.
Palabras clave: Transformada Rápida de Distancia (TRD), esqueleto morfológico, segmentación de imágenes, biorreactor,
videos.

1 Introduction

Artificial vision or computer-assisted vision simulates
human visual processes and has various applications,
such as: obtaining the distance of objects in the
scene, detection of moving objects, recognition of
patterns and shapes, among others. It is based mainly

on obtaining frames, using light-sensitive digital
cameras, any type of camera can be used (Loaiza et
al., 2012; Amaya-Zapata et al., 2016; Borji, 2018).
However, in these analyzes, image quality is of utmost
importance, so the use of high-resolution cameras is
recommended. In digital processing (artificial vision),
two fundamental actions are sought: the improvement
of the image to eliminate non-useful information and
the extraction of information for automatic decision-
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making (La Serna and Román, 2009).
Within the processing, several techniques are used,

one of them is segmentation, that is, the process of
regionalizing an image for a better analysis of the
information (Loaiza et al., 2012).

In this sense, segmentation plays an important
role in processing and is considered the first step in
object recognition (Hanbury and Marcotegui, 2008).
It consists of dividing an image into homogeneous
regions, to separate the parts of interest. Edges, lines
or curves can be identified, depending on the problem
to be solved (La Serna and Román, 2009; Yu et
al., 2017). In addition, segmentation is one of the
main problems in image analysis, which is why
several methods have been developed to perform the
procedure (Akhlaghian et al., 2005; Liu et al., 2018).

An example of these methods is the distance
map, through which a two-dimensional image can
be projected. First, the distance transform (DT) is
applied to a binary image, another is obtained in
shades of gray and each value represents the numerical
distance that each point (pixel) has with respect
to its complement (Sotaquirá et al., 2005; Arcelli
et al., 2009; Hernandez-Aguirre et al., 2019). DT
has a computational complexity O(N2) while the
Fast Distance Transform (FDT) is computationally
complex O(N) ergo. The FDT is faster, hence
its name (Salgado, 2011), for this reason it was
chosen to monitor tracer particles that describe
the hydrodynamic behavior in Raceway bioreactors,
which are open systems for the cultivation of
microalgae (Rodríguez-Mata et al., 2019; Solis-
Méndez et al., 2020). The FDT transform a binary
image to an image in shades of gray, where each shade
of gray represents an integer numerical value which
it will call the distance value of a white pixel with
respect to its complement (black pixels ) see Figure 1
A and B. The FDT per se does not allow segmenting,

so other processes are necessary. It is here where
the morphological skeleton plays an important role to
perform image segmentation based on the FDT, see
Figure 1 C.

The FDT has not been exploited in the
hydrodynamic study of bioreactors, due to commercial
particle image velocimetry systems are used (PIV)
by cross-correlation algorithm to describe the
displacement of the tracer (Zeng et al., 2016). In
addition, image analysis through segmentation and
distance maps has been focused on other areas such as
the coffee study by Fourier transform (Hernandez-
Aguirre et al., 2019). On the other hand, any
information contained in a digital image, regardless
of the area to which it belongs, can be extracted using
the appropriate processing technique.

A color or gray scale frame has many fields
of application such as: medical, military, biological,
industrial, even in food analysis (Bai et al., 2014;
Zhang et al., 2015; Hernandez-Aguirre et al., 2019). In
previous studies (Bautista-Monroy et al., 2019) a low-
density particle tracking and image processing method
applied to Raceway bioreactors was developed. In this
work, it was found that the flow patterns, the velocity
of the liquid medium and the percentage of dead
zones vary depending on the geometry of the agitator
and the angular velocity. In the following work, an
improvement of the particle tracking method proposed
by (Bautista-Monroy et al., 2019) is proposed, using
a greater number of tracer particles. In order to
describe the hydrodynamic behavior in bioreactors,
various techniques have been developed. Some of
them involve the use of radioactive particles, spheres
of some materials that simulate conditions of a certain
substance and computational simulations that involve
the growth of microalgae (Sabri, et al., 2018; Lizardi-
Jiménez and Gutiérrez-Rojas, 2011; Rarrek, et al.,
2019).

Fig. 1. A) binary image. B) result of FDT. C) morphological skeleton obtained from the FDT.
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This research focuses on the binary image
processing of a Raceway bioreactor, which is widely
used for the cultivation of microalgae (Kanhaiya et
al., 2015: May-Cua et al., 2019). The bioreactor
contains tracer particles that simulate the density
and particle size of some microalgae. This type of
microspheres, like biomass, agglomerate due to the
large amount contained and the flow currents that are
generated within the system. It is extremely important
to individually monitor each one of the particles, to
simulate the behavior of these microorganisms within
the Raceway. This is why image processing and the
application of FDT are implemented to study the
behavior of tracers, which is reflected in collisions
between them and flow patterns. This document
is organized as follows: Section 2 describes the
methodology used, starting with the formal definition
of FDT, mathematical morphology definitions and the
definition of the morphological skeleton algorithm.
As well as the systems conditions and the algorithms
described application, that lead to the segmentation
model proposed in this work. Section 3, the results are
presented in conjunction with the discussion of them.
And in section 4, a brief conclusion of the work is
included.

2 Materials and methods

2.1 FDT

To describe the algorithms used, it is necessary to state
some definitions.

Definition 1. Metric spaces. Let X be a set. A metric
on X, called distance in a function d : X × X →
R+⋃{0}, such that:

d(x,y) =0←→ x = y with x,y ∈ X

d(x,y) = d(y, x) ∀x,y ∈ X

d(x,y) ≤ d(x,z) + d(z,y), ∀x,y,z ∈ X

So the pair (X,d) is called the metric space. If d is
a metric, X = Z and d : X × X → Z+⋃{0} then d is a
discrete metric.

Definition 2. Metrics. Let p = (x,y), q = (u,v) points
on Z2

1. d4(p,q) = |x− u|+ |y− v|

2. d8(p,q) = max{|x− u|, |y− u|}

These metrics are called closed discs of radius 1,
which correspond to the k − neighborhoods, where
k ∈ {4,8} and the distances are expressed as dk. These
k − neighborhoods are widely used in digital image
processing.

Definition 3. Distance Transform. Mapping DT:

R ⊂ X ⊆Z2

f : X→{0,1}
f (x) = 1←→ x ∈ R y f (x) = 0←→ x < R

F ={(x, f (x))|x ∈ X}

δ : X→Z+

δ(x) = min{d(x,y)|y ∈ X −R}

∆ ={(x, δ(x))|x ∈ X}

T D : F→∆

T D ((x, f (x)) = (x, δ(x))

where d ∈ {d4,d8},F is a binary image, ∆ is called
the Distance transform, the function δ is the distance
transformation and R is the interest region.

The following distances are the most common
functions for obtaining distance measurements:

1. Euclidean. d([x,y], [i, j]) =

√
(x− i)2 + (y− j)2

2. City− Block. d([x,y], [i, j]) = |x− i|+ |y− j|
3. Chessboard. d([x,y], [i, j]) = max(|x− i|, |y− j|)

Definition 4. FDT (Salgado, 2011). If d is one of the
metrics d4 o d8 and N(c) = {pi ∈ Z

2|d(c, pi) = 1}, for
c, pi ∈ Z

2 y c , pi we have:

1. d(c, p) = min{d(p, pi) : pi ∈ N(c)}+ 1
2. d(c, p) = max{d(p, pi) : pi ∈ N(c)} − 1

Through the distance transform of the neighbors of
c we can find the distance transformation δ(c), where
δ(c) = min{δ(c) + 1}. With this it is established that the
fast distance transform is obtained in 2 steps:

Sweep the binary image from top to bottom and
from left to right. For each pixel c ∈ R, where R is the
interest region, we assign δ(c) = 1+min(δ(p j) : p j ∈ E)
where E is one of the following sets shown in Figure
2.

Sweep the binary image from bottom to top and
from right to left. For each pixel c ∈ R, where R is
the interest region, we assign: δ(c) = min{δ(c),1 +

min{δ(pi) : pi ∈ D}}, where D is one of the following
sets shown in Figure 3.
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Fig. 2. Metric set for E.

Fig. 3. Metric set for D.

The FDT algorithm is shown in the appendix A.

Mathematical Morphology and Morphological
Skeleton

Mathematical morphology is based on 4 basic
operations, these are defined as:

Definition 5. Erosion. A	 B =
⋂

b∈B(A)b

Definition 6. Dilation. A⊕ B =
⋂

( b ∈ B)(A)b

Definition 7. Opening. A ◦ B = (A	 B)⊕ B

Definition 8. Locking. A� B = (A⊕ B)	 B

where A represents a binary image and B is a k −
neighborhood. The erosion and dilation operations are
a sweep of the image from left to right and from top
to bottom where, when finding a pixel of interest in
the binary image, a convolution is performed as shown
in Definitions 5 and 6 in the region delimited by the
k− neighborhoods.

Definition 9. Morphological skeleton. δ = max(δ(p j) :
p j ∈ H) where H is a dk metric as shown in Definition
2.

Definition 9 specifies the operation of the
morphological skeleton algorithm on the FDT, that is,
on δ. The algorithm consists of sweeping from left to
right and from top to bottom. Finding a distance δ(pi)
determines the maximum value of distance delimited
by the region of H and this value is assigned white
and all other distances delimited by H are assigned the
color black. The algorithm is as follows:

1 f o r y = 1 t o δ→ High−1
3 f o r y = 0 t o δ→ Width−1
4 a = δ→ g e t P i x e l ( x , y )
5 i f a
6 f o r k=y−1 t o k<y+2
7 f o r j =x−1 t o j <x+2
8 i f δ→ p u t P i x e l ( x , y ) < δ→ p u t P i x e l ( k , j )
9 λ→ p u t P i x e l ( x , y ) = w h i t e ;
10 e l s e
11 λ→ p u t P i x e l ( x , y ) = b l a c k ;
11 end
12 end
13 end
14 end
15 end
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Centroids calculation

Definition 10. Centroid Xc =
1
A

N∑
i=1

x and Centroid

Yc =
1
A

M∑
i=1

y, where A is the area of the geometric

figure in the image. N are the columns, M are the
rows and x and y represents the (x,y) coordinate of the
image.

Definition 10 establishes a sweep, from left to
right, from top to bottom in a binary image. If (x,y)
coordinate is a white pixel will be counted x and y.
Definition 11. Binarized.

g(x,y) =

{
1 if f (x,y) > threshold
0 EOC

Definition 11 details the binarization of an image
based on a threshold. The algorithm consists of
sweeping the image in shades of gray from left to right
and from top to bottom. The pixel in the coordinate
(x,y) located the sweep will be compared with the
value of the threshold defined, if the value is greater
than the threshold, the color white is assigned in (x,y),
otherwise (EOC) is assigned the color black.

Tracer particles

To simulate the microalgae particles, 20 microcapsules
of Sodium Alginate and Uranine (sodium fluorescein)
were used. The particles were obtained in the
following way: 10 g of Uranine and 6 g of Sodium
Alginate were diluted in 200 mL of distilled water.
This solution was passed through a capillary focusing
chamber from which drops were dropped into a
maturing solution (HCl and NaOH with pH between
5-8) and allowed to stand for 20 minutes, in order
to maintain the intense coloration and bright of
the Uranina. These particles have a diameter of
100 µm and a density of 654 Kg/m3, which is similar
to the cell density of some microalgae, such as
Arthrospira maxima. These conditions ensure that the
microspheres are carried away by the flow currents
generated within the Raceway bioreactor (Bautista-
Monroy et al., 2019).

Establishment of the bioreactor and system
conditions

The Raceway bioreactor used has the following
dimensions: 70 cm in length, 20 cm in total width,

10 cm in channel width and 8 cm in depth (Bautista-
Monroy et al., 2019). It is provided with a 6-blade
curved turbine-type mechanical agitator, driven by
a Nema 17 bipolar stepper motor, with an angular
speed of 35 rpm. A digital camera was placed
53.5 cm high (Sunco 12 megapixel resolution). The
system was kept in a dark room, illuminated with an
ultraviolet lamp (UVP 6 W and 365 nm wavelength),
located at 58.5 cm high, to maintain a controlled light
environment and avoid interference due to natural
light. The images were taken by video capture. Videos
of 10 minutes each were taken, with a capture rate of
120 frames per second (fps). Once the videos were
obtained, they were separated into 72,000 images for
each one, which were subjected to pre-processing.

Proposed model

The proposed model is shown in Figure 4. An image
extracted from a video file is taken through pre-
processing. The first step is to binary the image,
using the Definition 11 with a threshold of 80, in this
case depending on the shades of green. The image
obtained is applied with the morphological aperture
defined in 7, in order to eliminate noise generated
by binarization. From the filtered image, called the
current image, two processes are carried out: 1) the
obtaining of the Geometric Information of interest,
through Definition 11; this process determines the
number of objects found, which correspond to the total
number of centroids obtained in addition, the area of
each object is calculated, to determine an average area,
in experimentation, this value is 120 square pixels. If
in the current image, the number of centroids matches
the number of real objects and the area of each of them
is equal to the average, it means that are no joined
objects. The information is stored as a function of the
coordinates of each centroid and Distance Analysis
is carried out, which indicate the change of position
of the centroids, is carried out, thus representing
the movement of each object. However, this does
not apply to all the images analyzed. Otherwise, it
implies that they are not the total of real objects and
a separation process must be carried out, since it is
possible that there are objects attached to others, even
with a minimum distance of one pixel. For this reason,
the centroids and the average area of the objects are
determined. These geometrical characteristics provide
information on the number of objects detected in the
image.
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Fig. 4. Proposed segmentation model.

Therefore, if the area of an object is greater than
the average area, in conjunction with the amount of
centroids obtained, in principle it indicates the number
of objects bound together, which implies that they
must continue with the separation process. And 2)
obtaining the FDT by Definition 4, with this it is
possible to obtain the maps of distances of all the
pixels of the objects, from the edge to the center,
representing the shades less bright, to those of greater
brightness, respectively and generates a new image
to analyze, but now, depending on the shades of
gray. The Morphological Skeleton process given
by Definition 9 takes the image generated by the
FDT process, obtains as skeleton pixels only the 3
distances generated by Definition 11, corresponding
to the furthest points from the edge to the centre
and in turn the brightest. The skeleton pixels that
do not belong to these three maximum distances are
removed from the skeleton, isolating the pixels that
approach the center of each object that is stuck, in
this part is where the separation or segmentation of
the joined objects has been done, but leaving a set
of skeleton pixels that define the original object and
a new image is generated. The Separate Spheres
process takes the resulting skeleton image and scans
it until finding the set of pixels that defines each
separate object. With that condition, the average
of these sets of pixels is obtained by generating
a single coordinate per object. These coordinates

are the new centroids of the separated objects.
Since the original radii of objects are approximately
11, the new centroids are taken as the basis for
drawing circles of radius 6. Since with smaller radii,
objects are prevented from re-joining once they have
been segmented, this process creates a new image.
Finally, the Geometric Information of the segmented
image is obtained again, stored again and compared
with the geometric information obtained after the
morphological opening. The foregoing is in order
to determine what geometrical information will be
taken into account to perform the Distance Analysis,
determine the change of position, the movement of the
objects, and reincorporate the images to the video file.
Create a file that stores said information of all objects
and in this way, track each of them (Figure 4), which
represent microalgae cells in the bioreactor Raceway.

3 Results and discussion

Tracer particles

There are different materials to use as tracer particles.
In some works such as that of (Zeng et al., 2016)
aluminum oxide (Al2O3) particles with a diameter
of 10 µm are used. The particles used in this work
are 100 µm in size and are capable of fulfilling their
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function. Particles up to 500 µm can be used, as
long as their density is not greater than the density
of the liquid, they float and are visible (Raffel et al.,
2013). In addition, the proposed method is visual, so
the size of the tracers does not need to be so small.
The density of a microalgae culture in dilution is
approximately equal to that of water (1,000 Kg/m3),
due to the low concentration of biomass (Sompech et
al., 2012), however, the density of the microalgae cells
is lower to the density of water. Therefore, the tracer
particles were used as a dispersed phase, simulating
the movement of microalgae. Thanks to the difference
in density, the particles tend to float and behave as
aggregates of cells in suspension, following different
routes, caused by the currents of water flow.

Establishment of the bioreactor and system
conditions

The systems described in the literature, referring to
the capture of images in Raceway bioreactors, are
limited to obtaining images by sections, a particular
case is that of (Zeng et al., 2016), which makes
use of particle image velocimetry (PIV). However,
the conditions of your system are different from
those proposed here. The present work describes the
methodology to determine frames and videos of the
complete bioreactor. In this way, you have a broader
picture of the behaviour of the flow, without the need
to make assumptions or adjustments of the trajectories
described by the tracers. In Figure 5 a), the Raceway
bioreactor under study can be seen, with white lighting
and the position of the camera to obtain the videos.

Fig. 5. Imaging system, a) Front view of the system,
showing the Raceway bioreactor with mechanical
stirring and position of the camera for obtaining videos
and images. b) Top view of the bioreactor, in which
some tracer particles are observed.

Figure 5 b) is the representation of the top view
of the system, where some particles with a green hue
are appreciated. In this image, it is difficult to observe
all of the microspheres, due to the fluorescence
characteristic, although they are better visible when in
contact with ultraviolet light. In general, in any system,
tracer particles are difficult to see with the naked eye,
either because of their size or because they require
light. In particle tracking methods, the illumination
source is usually pulsed laser lights (Kim et al., 2016).

Imaging and pre-processing

In biological systems, the main tool to determine
the hydrodynamic behavior of Raceway bioreactors
is computational simulation, which uses similar
characteristics of microalgae, such as size, shape
and density. Another option is the application of
medium density particle image velocimetry (PIV).
This consists of comparing images of tracer particles,
determining velocity vectors and flow patterns
(Sompech et al., 2012; Ali et al., 2014: Zeng et
al., 2016). The present work is based on the PIV
methodology, for particle tracking. As mentioned
before, 72,000 images are obtained unlike other
methodologies. A particular case is the one described
(Kim et al., 2016) where only two frames of Raceway
bioreactors are processed, and which also makes use
of PIV. It should be noted that, the lower the number
of frames analyzed, the error in the measurement
increases, so minimum capture speeds of 30 fps are
recommended, and if greater precision in the analysis
is needed, 60 fps (Rodríguez and Roa, 2017).

The frames obtained from the pre-processed
videos are shown in Figure 6, where a) represents
the image in its original colors. In this part, it can
be seen that the particles in contact with ultraviolet
light, take on a green hue. However, they produce
reflections of themselves in the water, there are also
reflections in purple and violet tones, since the light
causes an effect on the water. For this reason, the
noise reduction was implemented in the images with
the previously described thresholding algorithm, as
well as the determination of the centroids, this is
represented in Figure 6 b). It can be clearly seen
how the shades of green, generated by the reflections
of the particles, cause that in the thresholding, the
objects that are very close, are seen as one. With this
phenomenon, information loss occurs, since, instead
of determining 20 centroids, the image shows 19.
Figure 6c is the enlargement of a section containing
four particles.
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Fig. 6. a) Frame in original colors, all 20 tracers are green with some purple reflections due to light. b) Binarized
frame and c) detection of centroids, with particle agglomeration.

However, with binarization the agglomeration of
two objects becomes evident. Therefore, in the image
processing, three individual objects are detected and
information is lost when calculating the centroids.

Due to the proximity of the particles and to
facilitate their detection, an algorithm was applied that
allows the outline of each object to be drawn. From
binary frames, the average area of individual particles
was found to be 120 pixels. Dividing the area of
the sets by the average area, you get an approximate
amount of the number of particles found in the
agglomeration. The number is compared and validated
with the application of the segmentation algorithm.
Although some authors suggest that thresholding
and obtaining contours are methods for image
segmentation (He et al., 2008), in this work it is taken
as preprocessing and segmentation is considered in the
application of the FDT.

3.1 Image processing and segmentation
using the Fast Distance Transform

There are very complex techniques in image
segmentation, which involve programming algorithms
that include equations referring to differential and
integral calculus (Pan et al., 2019; Liu et al., 2019).
The number of frames processed in the proposed
methodology is emphasized, which is 72,000, since
in segmentation, few works analyse a large sequence
of images. An example of this is that of (Rodríguez
and Roa, 2017), in which sperm trajectories are
constructed in a sequence of 30 frames. Rodríguez
and Roa uses a segmentation stage by an adaptive
method of Gaussian models and a prediction and
correction mechanism, to follow up on the objects
studied. On the other hand, it should be noted that the
main characteristic of the FDT is its simplicity and
practicality, because it is a linear algorithm and does
not make excessive use of mathematics. The images

under analysis, once pre-processed, were subjected
to the Fast Distance Transform algorithm for their
segmentation. Figure 7 a) shows the segmentation
of the binarized frame. This segmentation detects
the agglomeration of the particles and divides the
image into sections of 100 x 100 pixels. The segment
containing the set of two particles is highlighted,
however in preprocessing it is detected as a single
object. The individual centroid is obtained thanks to
the application of the FDT (Figure 7 b), since it was
possible to differentiate between the maximum value
of the furthest pixel, from the contour of the object
to its center of mass. The skeleton of each cluster of
particles was drawn and thus the coordinates (x,y) of
the pixels farthest from the contour were determined
(Figure 7 c).

From the application of the FDT, the sections with
joints were separated, as shown in Figure 7 d). Each
particle is clearly differentiated and its centroid, in this
case, are two objects that are reconstructed, in a size
smaller than the average area (Figure 7 e). In this way,
the FDT algorithm and the morphological skeleton
make the necessary sweeps in the 72,000 frames of
each video. Thus, the unions of particles contained in
each image are divided, to determine the exact number
of objects that make it up and to individually monitor
each one of them. In particular, in this work tracers are
monitored to determine flow patterns and speeds in a
biological culture.

Figure 8 is a compilation of frames of the function
of the set of algorithms under study of the Raceway
system. Figures 8 a1) - 8 a3) show the progression of
fluid movement in the Raceway bioreactor. The tracers
are highlighted, shown in shades of green, in addition
to the reflection of ultraviolet light in the water. The
20 particles and some agglomerations of them are
clearly observed (Figures 8 a2) and 8 a3)). So there
is a reduction of recognized particles, which will be
processed for segmentation.
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Fig. 7. Segmentation of agglomerated particles. a) Marking of agglomerate, b) The section highlights the FDT of
two particles c) morphological skeleton of the particles. d) Delimitation of region and centroids of each particle.
e) Reconstruction of the objects and individualization of the agglomerates, the particles are smaller due to the
application of the FDT.

With the application of the algorithms, the contour
of each particle was drawn, in different colors, to
give individual follow-up to each object (Figure
8 b1). Figure 8 b2) shows the movement of the
liquid, generated by a curved blade agitator, the
flow currents drag the tracer particles, following the
same trajectories of the water. After 10 minutes of
agitation, the flow currents manage to distribute the
particles throughout the system, generating a map of
preferential routes that correspond to the flow patterns
(Figure 8 b3).

A large part of the algorithms used in segmentation
are focused on the analysis of a single image object. In
general, they seek to have a uniform region (Vojodi
et al., 2013; Yang et al., 2016), or a small sequence
of frames, as already mentioned. In addition to this,
there is a methodology that allows segmenting satellite
images where the number and size of tree canopies
are determined (Polak et al., 2009), but it has not

been used for other applications. Compared to other
image segmentation methodologies, the advantage of
using FDT is its application to video processing.
The results show that by coupling the FDT to
high-speed video analysis, the processing error is
decreased. Analysing a greater number of frames
allows you to have more information, especially
when it comes to calculating object paths. On the
other hand, when the video capture speed is lower,
the loss of information occurs, which is reflected
in errors in the monitoring (Rodríguez and Roa,
2017). Furthermore, the segmentation obtained with
this methodology (FDT) allows the separation of
particles of various sizes and shapes. The main focus
is the description of the movement of microalgae
in Raceway bioreactors using spherical geometries.
Microalgae present different cell morphologies, be
they spherical, cylindrical, filamentous, etc., as well as
organizations in sets of cells (Tomaselli, 2004).
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Fig. 8. Tracer particle path map, a) frames in original tones of the video, b) processed frames and mapping of the
paths, according to the evolution of the video.

However, the algorithm is applicable to these
morphologies, because it works with centroids.
Additionally, the FDT allows to reconstruct any
shape or geometry through the application of the
morphological skeleton. The use of this methodology
is useful in any field, where it highlights the
importance of image segmentation and the analysis of
individual objects.

Conclusions

In this work, a system for imaging and tracking
particles in a Raceway bioreactor is proposed to
describe the behavior of tracer particles, which
simulate microalgae cells. It was suggested to apply a
preprocessing of the frames before subjecting them
to the segmentation algorithm. Similarly, the Fast
Distance Transform (FDT) and the morphological
skeleton were described and applied for the
segmentation of images in a Raceway bioreactor.
In addition, the reduction of the processing error
was ensured, as well as the reduction of information
loss in the tracking of the particles, due to the high

capture speed (120 fps). With the algorithms used, a
medium density particle image velocimetry method
is proposed. With this method, the mapping of flow
patterns in a biological culture system is obtained,
although its application is not limited to this type
of system. Perform image segmentation using FDT
to apply in particle tracking method, can be an
inexpensive and easy alternative to implement for
hydrodynamic analysis in bioreactors of any type,
not just for Raceways. This particle tracking method
could be very used to determine scaling hydrodynamic
parameters in bioreactors.
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Nomenclature

A Object area
(i, j) Black pixel coordinate
M Image height
N Image width
xc Coordinate of the centroid on the x axis
yc Coordinate of the centroid on the y axis
(x,y) White pixel coordinate
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