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QUANTITATIVE ASSESSMENT SOFTWARE DEVELOPMENT FOR
THE CHLORELLA VULGARIS MICROALGAE POPULATION

Purpose. Software development to quantify the population growth for the microalgae Chlorella.

Methods. Software was developed using Python programming language, external libraries: Numpy,
Xlsxwriter, Matplotlib and PIL. The developed software suitability to quantify the population growth of the
microalgae Chlorella and its verification was determined. During this verification, the population growth of
the microalgae with different stages of biomass growth were evaluated. Samples of the microalgae Chlorella
were obtained over a period of several weeks’ population growth.

Results. Software that allows estimating the population growth of the microalgae Chlorella in the
aquatic environment has been developed. Using this software, data dependence of the heterogeneity coefficient
of microalgae Chlorella vulgaris biomass growth was obtained. The population growth leads to a decrease in
this heterogeneity. This effect can be due the optimal conditions presence for the cultivation of microalgae
Chlorella vulgaris.

Scientific novelty. The effect of microalgae Chlorella population growth on the system homogeneity
has been determined. The increase of microalgae Chlorella vulgaris biomass content within 4 weeks leads to
coefficient of heterogeneity decrease from 92% to 47%, due to the aggregation of microalgae Chlorella
vulgaris in the aquatic environment.

Practical significance. Developed software allows quantify the growth of the microalgae Chlorella
vulgaris population in the aquatic environment and can be used to control the algae biomass rise in industrial
production.

Conclusion. Software that allows assessing the uniformity distribution of Chlorella vulgaris microalgae
biomass population growth has been developed. It is applicable to study the level of microorganisms’
concentration in the aquatic environment. The results of its verification indicate the developed software
suitability for practical use. Using the developed software, the influence of Chlorella vulgaris microalgae
biomass population growth in the aquatic environment was determined. It is shown that microalgae Chlorella
vulgaris population growth from 1 to 4 weeks leads to decrease in the mixing index from 93% to 47%, which is
due optimal conditions presence for the cultivation of the microalgae Chlorella vulgaris. The research
methodology can be used in the automated monitoring complexes development for the ecological state of water
resources and for controlling the industrial production microalgae Chlorella vulgaris population.

Keywords: environmental monitoring software; heterogeneity mixing index; Chlorella vulgaris.

Intro. Today long-term voyages by submarines and, in the near future, by spacecrafts, pose a
problem in the diet of personnel. One solution to this problem is the cultivation of unique types of
algae, namely the green microalgae Chlorella vulgaris. Microalgae contain more than 60 trace
elements, the concentration of which is much higher than in the terrestrial plants. The dry biomass of
C. vulgaris contains more than 45-50% of proteins, including essential amino acids; 30-35% of
carbohydrates, including mainly starch, cellulose, hemicellulose and soluble sugars; 5-10% of lipids.
Chlorella vulgaris biomass includes vitamins of groups B, C, PP, E, and carotene. The use of chlorella
biomass solves the issue of an additional source of useful elements in the diet of personnel on long
journeys. Chlorella also produces a large amount of oxygen and consumes carbon dioxide, which can
be used to create a microclimate in cramped conditions [1-3].

Thus, the quantifying the microalgae Chlorella population in industrial production under
cyclic biomass growth conditions is acute. To assess the biomass homogeneity particles aquatic
environment distribution, the segmentation method can be used. It is based on image division into
regions for which a certain homogeneity criterion is met, for example, approximately highlighting
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areas equal brightness or pixel count ratio in the image. The image area concept is used to define a
image related group elements that have certain common features (properties) [4, 5].

The most difficult tasks are non-trivial images segmentation in digital image processing. The
final result of computer image analysis is often depending on the segmentation accuracy, so to
improve algorithm of the segmentation reliability considerable attention should be noted. Building
segmentation through the use of a threshold is one of the primary and straightforward methods. The
threshold, serving as a distinguishing feature, aids in categorizing the target signal into different
classes. The thresholding operation is based on the brightness value comparison of each image pixel
with a given threshold value. Achieving the suitable threshold value enables the possibility to
highlight areas of a certain type in the image. Binarization is the thresholding operation that produces
a binary image. The goal of this operation is to significantly diminish the amount of information
present in the image [6, 7].

During the binarization process, the initial halftone image, featuring a specific number of
brightness levels, undergoes conversion into a black and white image where pixels are assigned only
two values — 0 and 1. Due to the reduced information content in a binary image compared to a halftone
image, processing, storage, and transmission of binary images are more straightforward. The lack of
software implementation of the above method for assessing the homogeneity of the distribution of
biomass particles in the aquatic environment hinders its widespread use in practice, presented in this
article study which determines the relevance [8].

The task statements. The primary objective of this project is to create software designed to
evaluate the distribution of Chlorella vulgaris biomass homogeneity in aquatic environments. In order
to accomplish this objective, it was essential to examine information sources for the selection of a
suitable programming language. Furthermore, functions needed to be developed for converting input
data into a binary image, clustering binary images, and calculating the mixing index for the
distribution of biomass particles in the aquatic environment. Finally, the suitability of the developed
software was assessed through verification processes.

Research results. For the development of software to evaluate the homogeneity of Chlorella
vulgaris biomass distribution in aquatic environments, the Python programming language and
libraries such as Numpy, Xlsxwriter, Matplotlib, and PIL were used. Standard deviation calculating
functions of the particle concentration in clusters (std), the average particle Chlorella vulgaris biomass
concentration (avg) in the aquatic environment, and mixing index (mixinglndex) are shown in Fig. 1.

Fig. 1. Functions for mixing index calculation

The obtained microphotographs are converted into binary images using the Image module and
convert method of the PIL library (Fig. 2).
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Fig. 2. Function for image conversion to binary

The binary images acquired undergo conversion into a data array through the use of the
loadlmage function in conjunction with the numpy library's asarray method. Following this
conversion, the data array is segmented into subarrays, with the blocklmage function determining
their size. The above functions are shown in Fig. 3.

return

Fig. 3. Functions for converting binary images to a data array

The suitability of the developed software was determined by its verification. The Chlorella
vulgaris microalgae population growth was subjected to evaluation. To assess the biomass
distribution homogeneity in the aquatic environment, the image segmentation method was used. We
analyzed microalgae Chlorella vulgaris microphotographs population for 4 weeks (Fig. 4).

Fig. 4. Photo of the microalgae Chlorella vulgaris population
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Changes in the microalgae population concentration over 4 weeks can be seen in Figures 5-

Fig. 6. Chlorella vulgaris population week 2-3

Fig. 7. Chlorella vulgaris population week 4
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The cluster image analysis method was used to assess the uniform Chlorella vulgaris
microalgae distribution population and for further obtained data statistical analysis [9]. The
microalgae population micrographs were conditionally divided into a sections specified number and
the dispersed phase concentration in each cluster was determined. The the particle distribution
uniformity in the microalgae population was estimated by the mixing index (Kn), which is theparticle
concentration standard deviation ratio in the clusters (S) to their average concentration in the sample
(Pm):

Kn = (S /Pm) x 100%.

Chlorella vulgaris microalgae evaluation biomass results are shown in Fig. 8. The microalgae
Chlorela vulgaris in the first week of population growth are characterized by the highest particle
distribution heterogeneity (Kn =~ 93%). The microalgae population heterogeneity at the second week
growth (Kn = 85%) is higher than at the third week (Kn = 57%). Comparison of the data shows that
the population growth at the fourth week (Kn = 47%) is characterized by the highest homogeneity.
The decrease in the Kn value for population growth from one to fourth weeks can be explained by
the optimal conditions presence for the Chlorella vulgaris cultivation. The maximum biomass growth,
corresponding to 0.5 days, occurs at a temperature of 32.5 °C and at pH range 6.31-6.84.

Mixing Index (Kn), %

1 2 3 4

Population grow, wk
Fig. 8. Heterogeneity coefficient histogram (Kn) Chlorela vulgaris microalgae biomass
in aqueous solution from population changes in weeks (wk)

It is worth mentioning that Chlorella vulgaris possesses higher quantities of folate and iron
compared to other plant-derived foods, making it a potential supplement for mammals, including
humans. Studies have reported its diverse pharmacological activities, encompassing
immunomodulatory, antioxidant, antidiabetic, antihypertensive, and antihyperlipidemic effects [10].

The evaluation of homogeneity results for the population growth of Chlorella vulgaris
microalgae was conducted using the developed software mentioned above. These results were then
contrasted with data acquired through the manual homogeneity assessment method, without the aid
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of computer automation. The findings from this comparison affirm the practical suitability of the
developed homogeneity assessment software.

Conclusions. Software that allows assessing the uniformity distribution of Chlorella vulgaris
microalgae biomass population growth has been developed. It can be used to study the level of
microorganisms’ concentration in the aquatic environment. The results of its verification indicate the
developed software suitability for practical use. Using the developed software, the influence of
Chlorella vulgaris microalgae biomass population growth in the aquatic environment was determined.
It is shown that microalgae Chlorella vulgaris population growth from 1 to 4 weeks leads to decrease
in the mixing index from 93% to 47%, which is due optimal conditions presence for the cultivation
of the microalgae Chlorella vulgaris. The research methodology can be used in the automated
monitoring complexes development for the ecological state of water resources and for controlling the

industrial production microalgae Chlorella vulgaris population.
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'HOBAK J. C., °CYKAJIO M. JI.
YKuiscoxuii nayionanvuuii ynisepcumem mexnonoziii ma ousatiny, Yxpaina
°Hayionanvhuil ynisepcumem xapuosux mexnonoait, Ykpaina
PO3POBKA ITPOIT'PAMHOI'O 3ABE3INEYEHHS JIUISI KIJIBKICHOI OIIIHKH
nonyJisiiii MIKPOBOJOPOCTEM CHLORELLA VULGARIS

Mema. Po3pobka npocpamnozo 3abe3neyenHs O KilbKICHOI OYIHKU pocmy nonynayii
mirposooopocmi Chlorella.

Memoouxa. [Ipocpamne 3a6e3neuenns 6y10 po3pooAEHO 3a OONOMO2010 MOSU Npocpamysanis Python
ma 306Hiwnix o6ioriomex: Numpy, Xisxwriter, Matplotlib ma PIL. Busnaueno npudamuicmo po3poobieHo2o
npopamHo2o 3abe3nedents O0jist KilbKicHoI oyinku pocmy nonynayii mikposodopocmi Chlorella ma nposederno
tioeo sepugpixayiio. 11i0 yac eepuirxayii oyinosanu picm nonyaayii Mikposodopocmell HA PI3HUX CMAQInX
Hapowysanns biomacu. 3paszxu mikpogoodopocmi Chlorella 6yau ompumani npomseom O0eKiibKOX MUINCHIE
pocmy nonyaayii.

Pesynivmamu. Po3pobneno npocpamue 3abe3neuenns, sxke 0036019€ OYIHIOBAMU picm Nonyiayii
mixposodopocmi Chlorella y 6oonomy cepedosuwi. 3a 0onomocoio ybo2o NPoOSpaAMHO20 3a0e3nedenHs
OMPUMAHO 3aedcHicmb Koe@iyiecnma eemepoceHnocmi npupocmy 6iomacu mikposodopocmi Chlorella
vulgaris 6i0 uacy. 3pocmannsa yucenrvbHoCmi nonyIAYii NpU3E0OUMb 00 3MeHueH s Yiei cemepozennocmi. Letl
eghexm MOdHCHA NOACHUMU HASBHICTNIO ONMUMALbHUX YMO8 OJ11 Kyabmugysants mikposodopocmi Chlorella
vulgaris.

Haykoea nosusna. Buznaueno éniue pocmy nonyasayii mikposooopocmi Chlorella na comozennicms
cucmemu. Bcmanosneno, wo 36invwenns emicmy 6iomacu Chlorella vulgaris npomseom 4 mudicnie
npu3eo0uUms 00 3HUMNCEHHs Koegiyicuma cemepoeennocmi 3 92% 0o 47%, wo nog'szano 3 aspezayicio
mikpogodopocmi Chlorella vulgaris y 60o0nomy cepedosuuyi.

Ilpakmuune 3nauennsn. Pospoonene npoepamne 3a6e3neuentss 003805€ KibKICHO OYIHIO8AMU picm
nonynayii mixkposoodopocmi Chlorella vulgaris y 6oonomy cepedosuwi ma mogce 6ymu euxopucmaue 0jis
KOHMPOTIO pocmy biomacu 6000pocmelt y npOMUCTOBOMY GUPOOHUYME.

Bucnosox. Pospobneno npocpamue 3a6e3neuenisi, sike 003680J5€ OYIHUMU PIBHOMIPHICIb PO3NOOLILY
npupocmy nonynayii mikposodopocmeti Chlorella vulgaris y 6iomaci. Hoeo mosrcna suxopucmosysamu s
00CHI0JICEHH S PIBHSA KOHYESHMPAYIi MIKDOOP2aHizmis ¥ 600HOMY cepedosuwyi. Pesynomamu tioco nepesipku
c8iduams npo NPUOAMHICIb PO3POOIEHO20 NPOSPAMHO20 3abe3nedets 00 NPAKMUYHO20 guKopucmants. 3a
00nOMO2010  PO3POONEHO20 NPOSPAMHO20 3aDe3neuents. GUIHAYEHO GNAU8 Ha 3pocmanHs Oiomacu
mikposooopocmeti Chlorella vulgaris y 6oonomy cepedosuwi. I[loxazano, wo 3pocmanHs nOnyaayii
mikposooopocmeti Chlorella vulgaris 6i0 1 00 4 mudichis npuzeo0ums 00 3HUNCEHHSL THOEKCY 3MIULYBAHHS 3
93% 00 47%, w0 3yMO61EHO HAAGHICMIO ONMUMATILHUX YMO8 OISl KYbmugysanis mixkposodopocmeti Chlorella
vulgaris. Memoouxa 0ocrioxcenus modice Oymu GUKOPUCIARA NPU PO3POOYL ABMOMAMUZ0BAHUX KOMNILEKCIE
MOHIMOPUHEY eKOIOSTYHO20 CIMAHY 600HUX PECYPCI8 MaA KOHMPOIIO NPOMUCLO80I NpoOYKYii MIKposoodopocmell
Chlorella vulgaris.

Knwuosi cnosa: npocpamne 3abe3neyenns eKoa02iUHO20 MOHIMOPUH2Y, [HOEKC 3MIULYGAHHS.
neoonopionocmi; Chlorella vulgaris.
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