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Obecneuenue dicuzHe0esmenbHOCMU Ye08eKd 68 medeHue HeCKONbKUX Jiem 8 U30IUPOGAHHLIX YCIOGUAX
0yO0ywux MapcuaHcKux u JYHHuIX 0a3 npedcmasiaemcs 603MONACHLIM NPU OP2AHUZAYUU KPY20BOPOMHO20
npoyecca npeoopaz08aHUs OPAHUYECKUX OMX0008, 8 MOM HUCTe IK30Memaboaumos yenoeexa (Kai. ypu-
Ha), 8 HEOOX0O0UMble eMy NpOoOYKmbl: 600y, KUCIOpoo u nuwy. I[lepcnexmusHvim cnocobom opeanusayuu
MmaKoeo Kpy2o8OPOMHO2O NPOYecca ABNAEMC CO30aHUe Mpex36eHHoU 3amkHymou sxkocucmemvl (39C):
YeNI0BeK, 36€HO NOLYHEeHUs. YOOOPEHUl U3 OP2AHUYECKUX OMX0008 U PACMEHUsl — 20€ PACEHUs. CUHIMEe3Upy-
10m HeobXoO0uMble 4eno8exy npooykmul. B pabome paccmompena opucunanbhas cxema KOMNJIEKCHOU Yc-
MAHOBKU OYUCMKU HCUOKUX NPOOYKMOB NepepabomKu IK30Memaboiumos 4eioseka om NoLIOMAaHmos
8 npoyecce NOIY4eHUs. NUMAMENbHbIX PACMEopos 0 gvipawusanus pacmenuti 8 ycrosuax 39C. Ilepepa-
60mKy 9K30MEemaboIUMo8 4eno8eKa OCYWEeCMBIANU 6 YCMpoucmee QUIUKO-XUMUYECKO20 OKUCIeHUs
8 BOOHOU cpede nepekucu 8000poodd noo Oelicmseuem NePemMerH020 dNeKMPULecKoe0 moKa — 8 peakxmope
«MoKpocoy cocueanust. [1odobpano nepugepuiinoe 060pyoosanue 0 OPeaHU3AYUY CUCTIEMbl AGIMOMAMU-
YecK020 ynpaeneHus YCMaHo8Kol OYUCIKY, GbIAGNEHbl npobNeMbl U paspabomanvl nOOXo00bl 8 A8MOMAMU-
3ayuy MHEXHOJI02UYECKUX NPOYECCO8 U CO30AHUU NPOZPAMMHO20 obecnedeHus 05 83aUMO0eiCMEUs 4eno-
6exa ¢ npeonazaemoll YCMaHo8Kou. Buinonnenvl sxcnepumenmosl no 8ulpawudaHuio pacmeHuli caiama,
noomeepoicoarowue 3PHekmusHoCms npedsacaemblx nPoYecco8 OYUCMKU JHCUOKUX NPOOYKIMO8 nepepa-
b6omku sx30Memaborumos uenosexa. COoenan bl800, UmMo CO30AHHASL KOMNJIEKCHAA YCMAHOBKA OYUCIKU,
OCHAWEHHASl NPeoNacaemMbiM NPOSPAMMHBIM obecneueHuem, modcem Oblmb UCNONIb308AHA Ol HAYUHBIX
uccne0osanull npumeHumensHo Kk memamuxe 39C, 8 Mom yucie KOCMUYECKo20 HA3HAYEHUsL.
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Ensuring human life activity for several years in isolated conditions of future Martian and lunar bases is
possible with the organization of a circular process of converting organic waste, including human exome-
tabolites (feces . urine), into the products he needs: water, oxygen and food. A promising way to organize
such a circular process is to create a three—link closed ecosystem (CES): a person, a link for obtaining fertil-
izers from organic waste and plants - where plants synthesize the products necessary for a person. The paper
considers the original scheme of a complex installation for the purification of liquid products of processing of
human exometabolites from pollutants in the process of obtaining nutrient solutions for growing plants in a
CES. The processing of human exometabolites was carried out in a device for physicochemical oxidation of
hydrogen peroxide in an aqueous medium under the action of alternating electric current — in a “wet” com-
bustion reactor. Peripheral equipment was selected for the organization of the automatic control system of the
cleaning plant, problems were identified and approaches were developed in the automation of technological
processes and the creation of software for human interaction with the proposed installation. Experiments on
the cultivation of lettuce plants have been carried out, confirming the effectiveness of the proposed processes
of purification of liquid products of processing of human exometabolites. It is concluded that the created inte-
grated cleaning plant, equipped with the proposed sofiware, can be used for scientific research in relation to
the subject of CES, including space purposes.

Keywords: process control, life support systems, utilization of organic waste, desalination, plant link.

Introduction

The problem of creating closed ecosystems (CES) to ensure human life during long-term space flight
and stay on celestial bodies (Moon, Mars, asteroids, etc.) is currently receiving increasing attention from
leading space agencies and other major research centers [1; 2]. In Russia, the Institute of Biophysics SB
RAS(Siberian Branch of Russia Academy of Science) is actively engaged in the development of closed
ecosystems for space purposes [3]. At the same time, much attention is paid to the creation of models of
closed ecosystems. Various patterns of circular processes are worked out on their basis, which can then
be the basis for the creation of full-scale closed ecosystems with humans. Future closed ecosystems
should include both biological and physico-chemical methods of waste oxidation for their subsequent
inclusion in cycling processes [4—17]. To ensure the effective operation of the physical and chemical
processes of oxidation of organic and inorganic waste in CES, it is extremely important to create and
sustainably operate a set of necessary instruments and equipment. An integral part of such equipment is
an installation for the purification of liquid products of human waste processing (feces, urine), since the
process of  waste  oxidation produces  pollutants  that  inhibit plant  growth.
The Institute of Biophysics of the SB RAS is conducting research on the creation of such cleaning meth-
ods in relation to closed ecosystems. In particular, software is being developed to automate cleaning
processes [17; 18].

The purpose of this work is biotesting of solutions obtained after purification and the development
of a digital automated control system for the installation of physical and chemical purification of min-
eralized human exometabolites.

Methods and approaches

Long-term daily direct application of mineralized exometabolites into the irrigation solution will
cause its salinity due to the high NaCl content in human urine [19; 20]. In addition, the “wet” combus-
tion method is practically unable to utilize urea, which increases the risk of the development of oppor-
tunistic urobacteria in the system [21] and reduces the availability of nitrogen for the plant CES link.
Therefore, the complex of physical and chemical processing of organic waste includes, in addition to
“wet” combustion, several more sequential processes for purifying solutions of mineralized exome-
tabolites, for each of which a reactor has been developed [18]: 1) decomposition of urea; 2) release of
Cly; 3) synthesis of HCI; 4) release of alkali; 5) release of Na,COs; 6) synthesis of NaCl. Together,
these 6 reactors are a plant for the purification of liquid products of physical and chemical processing
of human waste products.
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To assess the influence of liquid products of the physicochemical oxidation of human exometabo-
lites on plants, we used previously developed methodological approaches for preparing nutrient solu-
tions on this basis for their subsequent use in an experimental model of a closed ecosystem, subject to
regular (once every 7 days) replacement of 1/8 of the nutrient solution with water. That is, in 8 weeks
there was a complete change of solution [22].

Studying the influence of possible pollutants in a nutrient solution required testing the possibility of
long-term use of permanent solutions prepared on the basis of liquid products of the mineralization of hu-
man exometabolites for growing plants. The object of research was the “Moscow Greenhouse” variety let-
tuce. Plants in an experimental model of a closed ecosystem were grown using hydroponics on expanded
clay. The technology and growing conditions are similar to those described earlier. [22; 23]. The duration
of cultivation from germination to technical maturity is 21 days. In the experimental version, the solution
was prepared based on liquid mineralization products. Control options — standard Knop solution: control 1
— permanent solution with correction, control 2 — every 7 days the solution was changed to a freshly pre-
pared one. During plant growth, correction of permanent irrigation solutions was carried out with initial
solutions based on the content of available forms of nitrogen.

When creating an automated control system and software for a treatment plant, a uniform approach
is desirable, thanks to which the same type of process parameters and reactor programming menus will
be displayed in the same way, and the same type of automatic control algorithm for all reactors will be
used. This is important, since the reactors are different, and it is more convenient for the operator to
control and configure them with a uniform interface display. In addition, the automation system and
software being developed should be easily adaptable to connecting possible new reactors to the struc-
ture of the treatment plant. Following this logic, the automation and software must be adaptable to
connecting the “wet” combustion reactor and other reactors of the physicochemical waste mineraliza-
tion subsystem [17]. This seems possible, since the program interaction scheme that meets the speci-
fied requirements for the automation and software of the treatment plant is the same for the “wet”
combustion reactor (Fig. 1) .

Input ; results in xls
devices format

sensor Graphical .
l interface . | | Savingthe
"man-machine" results to an
Analog and - Excel
digital Arduino spreadsheet
Arduino Data
interface Processing Developed
—T software ’
e — - T results
Relay and #
Servo RS-232
standard
| interface
(Arduino
software)

Puc. 1. Cxema B3anMoAecTBHS MPOrpaMMm

Fig. 1. Scheme of program interaction

In order to ensure interaction with peripheral devices, including sensors, relays, servos and others,
it was decided to use the Arduino platform due to its ease of programming, wide support for hardware
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modules and sensors. The Arduino IDE development environment is chosen for Arduino program-
ming. For software development, with a focus on creating a convenient interface for the end user, an
additional development environment was added — Visual Studio using a programming language C#.

Methods and approaches

A study of the influence of pollutants in a nutrient solution showed that the biomass of lettuce
plants grown in non-replaceable solutions of the experimental and control variants did not differ sig-
nificantly, just as there were no significant differences from the biomass of plants grown in control
solutions that were regularly replaced (see table).

Dry weight (g) per plant of lettuce variety “Moscow Greenhouse”, grown on solutions prepared
on the basis of liquid products mineralization of human exometabolites

THI MUTATETHHOTO PacTBOPA Oomas 6rnomacca Buomacca nucTbeB
HecMmensiemblii pacTBop 3k30MeTabo- 33404 99403
JIUTOB
Hecmensiemslii pactBop Kunoma 28405 2 440.5
(xoHTpOIIB 1)

Cwmensemsrii pactBop Knoma 27409 21404
(xoHTpOJIB 2)

Type of nutrient solution Total biomass Leaf biomass
Permanent solution of exometabolites 3.3+04 2.9+0.3
Non-replaceable Knop solution 9 840.5 24405
(control 1)

Replaceable Knop solution 27409 2 140.4
(control 2)

Thus, the fundamental possibility of long-term use of nutrient solutions prepared on the basis of
liquid products of the mineralization of human exometabolites for growing plants of the phototrophic
link of a closed ecosystem has been experimentally demonstrated .

Based on the analysis of the processes of the physico-chemical unit for processing human waste,
the automatic reactor control algorithm was taken as the basis for logical control [18, Fig. 2, B)], the
logic of which is to maintain the parameters of the technological process conditions in the specified
ranges and stop the process when the target parameter reaches the specified value. The work [18] does
not disclose the operating principle of the unit for adjusting the conditions parameters, which is a
problematic point when trying to create a unified structure of the automatic control algorithm for the
treatment plant. This is due to the fact that the processes in the reactors of the installation are varied:
they occur in the liquid and gaseous phase, have one or several stages, and may require partial opera-
tor intervention. Therefore, maintaining certain condition parameter values ultimately requires differ-
ent hardware and logic solutions. As a result, despite the possibility of uniformly displaying the pa-
rameters of technological processes, the software settings for the operation of different reactors and
control algorithms will differ from each other.

The need for an individual approach to settings for each reactor of a treatment plant indicates the
possibility of using common software for all reactors of the physico-chemical mineralization subsys-
tem of waste [17], including a “wet” combustion reactor, the operating algorithm of which differs
from the operating algorithm of the treatment plant (Fig. 2)
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Fig. 2. Reactor operation algorithms:
A — without control of the parameters of the process conditions; b — with control of the parameters
of the process conditions

As a result, software was developed in which, for user convenience, the operator’s workspace is di-
vided into tabs, where each tab has its own reactor (Fig. 3). Each tab has fields for displaying indica-
tors in text format, buttons for reactor control, fields for plotting graphs based on measurement results,
as well as operating time and current date.

By pressing the “Start” button, a signal is sent to the connection port, then the Arduino begins to
transmit readings of the running process. The data is displayed in the appropriate fields, and based on
this data, the construction of the graphs presented in Fig. begins. 3, where each tab corresponds to a
reactor/process of physical and chemical processing of human waste products. Four-color tab marking
is proposed to indicate the state of processes:

state 1 — the process is not running, not the current tab;

state 2 — process not running, current tab;

state 3 — the process is running, not the current tab;

state 4 — process running, current tab.

Reactor operation settings allow you to enter parameter values for each purification process to
automatically maintain and adjust the conditions for its occurrence.
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b — oToOpakenue HacTpoek peakropa BoiaeiaeHuss Na2CO3

Fig. 3. The software window during operation:
A — displaying the parameters of the current process (Na2CO3 extraction);
b — displaying the settings of the Na2CO3 extraction reactor

When the process is started, in addition to outputting data in the current time, the data is written to
a text document. All measurement results are saved in separate folders in the software directory. The
file names contain the exact launch date. And the documents themselves describe the number of the
launched reactor and the results of measurements over time.

Conclusion

Peripheral equipment for organizing an automatic control system was selected, problems were
identified and approaches were developed to automate these processes and create software for human
interaction with the proposed installation. Experiments on growing lettuce plants were carried out,
confirming the effectiveness of the proposed purification processes for liquid products of the process-
ing of human exometabolites. Thus, the created complex purification installation, equipped with the
proposed software, can be used for scientific research in relation to CES topics, including space appli-
cations.

BaarogapuocT PaGoTh 10 cO3MaHMI0 M anpoOaluy YCTAHOBKH 10 OYHCTKE OT IMOJUTFOTAHTOB T'a-
30BOIl Cpe/ibl OBUIH BBITIOJHEHBI B paMKaxX T'OCYIapCTBEHHOTO 3a/aHusi MUHUCTEPCTBAa HAyKHU M BBIC-
mrero oopazoBanus P® (mpoekt Ne 121101300066-7).
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