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Abstract

The purpose of this work was to propose a methodology for monitoring fermentative
processes through image processing. The growth of the microorganisms during the
fermentation process was evaluated in this work. The images were collected in situ
from time to time. At these same time intervals samples of the fermentative medium
were removed, analytically measured the concentrations of microorganisms. Using the
Wavelet Transform with the objective of searching for patterns that can correlate to
the analytical measures of concentration of microorganisms with the images taken
during the fermentation process. The results were satisfactory from the point of view
of the correlations found between the data. We can conclude that the methodology is
possible, but it needs improvements.
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1. Introduction

The use of the Wavelet Transform in image processing is promising. For, with a
smaller amount of values can represent the whole image. These values can be used in
the assembly of the characteristics vector to represent an image [3,4,5].

The theory of Wavelet Transform is applicable in different branches of
science. Wavelet is a waveform with limited duration and an average value equal to
zero. The Waveform Transformation provides a precise representation of a signal as a
function of time and frequency simultaneously, as well as allows analyzing any type
of signal, be it non- stationary or discontinuous, which proves the thesis that for its
use, no matter what the characteristics of the series being analyzed. This is even a
great advantage that has motivated the use of the Wavelet Transform in large scale for
numerous applications and of diverse nature, since this would not be possible to be
using the existing traditional techniques for analysis of time series.

The definition of Wavelet Transform considering a continuous signal is given
by:

F(a,b) = [ f()Y,, dt 1)
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In the current context, there is a growing need to produce biofuels, depending
on several aspects, among them: fossil fuels are finite; their use contributes to
environmental pollution and worsening global warming. The production of many
liquid or gaseous biofuels is via fermentation processes. It is possible to optimize the
production of these biofuels by improving the yields of fermentation processes [1].

The fermentation processes were monitored, mostly, analytically, taking
samples from time to time. In order to obtain greater efficiency of these processes,
studies have been developed with the objective of monitoring in real time (on- line)
and on-site (in situ) concentration values that can be used to control and optimize the
process, prevent infections in the middle, among other possibilities [2].

In this equation the parameters a and b vary continuously in R, being the
functions ¥a,b are referred to as wavelets and are defined as follows:
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The Wavelet Transform for discrete signals is defined by:

Frun(@b) = ag™" [ F(000(a5™t — nby) de 9

One form of Wavelet Transforms is the one developed by Haar (Meyer,
1993) and that we use in this work. It is described on an orthonormal base of
waveforms defined on the domain [0,1], that is, ho, hi,..., hn such that for any
continuous function f(x) on the interval [0,1], the series:
2L<fhy > h(x) (4)

Converges f(x) evenly over [0, 1]. Here <u, v> represents the inner product of
uand v.

<uv = fnl u(x) 7(x)dx (5)
Where ¥ is the complex conjugate of which is equal to if the function is real.

One version of Haar's construction is as follows:

0, x<0
1, 0<x <= (6)
h(x) s 2
—1,5<x<1
0,x>1
ha(x) = 272(27x — k) (7)

Wheren=2j + k, k € [0, 2j), X € [k2—j, (k + 1)2—1).

The objective of this work was to develop a methodology that allows
associating images taken during the fermentation process with the microorganism
concentration. The images were captured at the times of 15, 30, 45 and 60 seconds. At
these same time intervals, a sample of the fermentative medium was withdrawn, to



analyze analytically the concentration of microorganisms. For the development of this
work we used experimental apparatus, as well as mathematical tools, such as the
wavelet transform and computational tools, such as the Python program and Scilab
[6,7].

2. Materials and methods

The synthetic culture medium, proposed by Gutierres (1993), was prepared.
Discontinuous fermentations were performed to obtain data on growth/concentration
of microorganism [8]. The microorganism used in the growth tests was the yeast
Saccharomyces cerevisae.

The bioreactor used BIOSTET®B to carry out the fermentations. This
bioreactor has agitation control unit and temperature of the fermentative medium. This
bioreactor is equipped with an automatic sampler preventing contamination during
sample withdrawals.

During the fermentation process samples were withdrawn at the intervals of
15, 30, 45 and 60 minutes. All measurements were performed in triplicates.

The quantification of Saccharomyces cerevisiae in the fermentative medium
was done by gravimetrically. That gravimetric quantification was performed using
graduated centrifuge tubes. Immediately after centrifugation, the total volume of
centrifuged sample and the total volume of decanted were read. From this, the volume
percentage of yeast from the medium is known. According to Borzani (2006) one can
consider the specific mass of cells identical to that of the culture medium [9].The
camera was added to the bioreactor vessel as shown in figure 1.

Figure 1: Bioreactor vessel containing culture medium, sampler and the camera
properly conditioned.

The photos were captured in the same time interval as samples from the
culture medium.



The conversion of JPEG to CSV format was performed using a Python
program. This conversion made it easy to read in the Scilab numerical program,
which has the native ability to read such files. Being the image of 640 x 480
decomposed into three colors: red, green and blue. Matrices of 640 x 1440 were
generated with each matrix of one of the stacked colors.

3. Results and discussion

The quantification of Saccharomyces cerevisae in the fermentative medium
was done gravimetrically. With the volumes of decanted in the centrifuge tubes, the
cell concentration values found in each assay were calculated. The results are shown
in figure 2.
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Figure 2: Cell growth of fermentation assays performed.

In the fermentative test 1, there was a large flocculation of the yeast, causing it
to form large lumps in the culture medium. Yeast flocculation is a relatively common
occurrence in many situations. However, this flocculation makes sampling difficult,
because with such a situation, we have fewer yeasts dissolved in the middle.
Unwanted fluctuations in the value of cell concentration may also occur, as some of
these lumps may be sucked up by the sampler. It is noteworthy that the fermentative
test 1 also presented intense foam formation, which is another factor that hampers the
sampling, in addition to the presence of yeast flakes in this foam.

Assays 2 and 3 occurred without flocculation and foaming was not as intense
as that observed in test 1. No problems were noted during the course of these two
fermentation tests.

The images captured during the fermentation process to evaluate cell growth
are presented in figure 3.
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Figure 3: Photos taken during cell growth at 15, 30, 45 and 60 minutes.

For each image, previously converted to JPG in CSV, the walvelet transform of
Haar was applied, which in the implementation of Scilab returns four matrices. The
lower frequency (low pass filter), horizontal (in-line), vertical (column-by-column) and
diagonal [10,11].

In order to correlate with the analytical values of the resulting matrices,
several functions were applied, among them: the sum of each element, largest
element, least element and determinant. Being the same applied in the transform of
each image, forming a time series by type of function used. Then, the various series
were correlated with the measured values and it was found that the best result was the
largest element of the vertical variation. The values of 0.9064971, 0.8242512 and
0.4430352 for each experiment were reached, and the comparative graph between the
values measured analytically and the values obtained from the largest element of the
vertical variation matrix can be seen in Figures 4, 5 and 6 respectively for
experiments 1, 2 and 3.
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Figure 4: Experiment 1 - Values measured in red photos and analytical values in blue.
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Figure 6: Experiment 3 - Values measured in red photos and analytical values in blue.
4. Conclusion and suggestions for futures works

From the figures 4, 5 and 6 it can be concluded that the method is promising
for On-line analysis of concentrations of microorganisms in a fermentation process. If
we continue to search for better correlations between images and analytical
concentration data, we will find even better correlations than those presented in this
paper. This is what we will do in the future and it is also a suggestion of future work.

In this work, only the time series of growth of the microorganism was used, in
other works, one can use the analytical data and the images for the concentration of
products and substrates. It is probable that the methodology of image processing is
close to that developed in this work.
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