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RESEARCH RESULTS OF THE CYBER-PHYSICAL SYSTEM
ON ONLINE-MONITORING OF AIR HUMIDITY IN GREENHOUSES GROWING AREA

Relevance. Nowadays, one of the global world problems, which has been increasing significantly
recently, is the need to ensure of food-security and year-round availability of food products for people
in different countries of the world. This problem requires a comprehensive solution via generating a
scientifically based approach in various directions, that stimulate the optimization of long-term
sustainability of agricultural production, including through rational use of resources and work planning
during the cultivation, storage and transportation of agricultural products. Therefore, the scientific and
applied problem of this article is relevant and consists in the development of the theory of cyber-physical
systems construction for agrotechnical purpose due to the substantiation of computer-oriented methods
and models of comprehensive aggregation and intellectual transformation of distributed measurement
data of the air humidity of industrial greenhouses growing areas. The main purpose of the article is the
development of scientific approaches to further modernization of Industry 4.0 systems for agrotechnical
purposes due to the substantiation of the structural and algorithmic organization of the cyber-physical
system on non-destructive online monitoring of air humidity of industrial greenhouses growing areas.
The research object is non-stationary processes of aggregation, transmission and interpretation of
distributed measurement data of the air humidity of industrial greenhouses growing areas. The research
subject is methods and technologies on non-destructive online monitoring of the air humidity of industrial
greenhouses growing areas. Conclusions. The important scientific and applied task of the development
of scientific approaches to the further modernization of Industry 4.0 systems for agrotechnical purpose has
been solved due to the substantiation of the structural and algorithmic organization of the cyber-physical
system on non-destructive online monitoring of the air humidity of industrial greenhouses growing areas.

Key words: cyber-physical system, monitoring, humidity, greenhouse, growing area, structural-
algorithmic organization.
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PE3YNbTATU OOCNIAXEHb KIBEP®I3UWYHOI CUCTEMMU
OHNTAUH-MOHITOPUHIY BONOIOCTI NOBITPSA 30HU BUPOLLUYBAHHSA TENNULb

AkmyanbHicmb. Ha cb0200HiWHIU OeHb 00HIEH 3 erobarnbHUX c8imosux npobnem, sika 0CmaHHIM 4YacoM 3Ha4HO
rocununack, € HeobxiOHicmb 3abe3nedyeHHs1 PoO08oTbYOI be3drneku ma uinopiyHoi docmynHOCMI HaCeIeHHS Pi3HUX
KpaiH ceimy npodykmamu xapdyeaHHs. Lis npobnema nompebye KOMMIEKCHO20 BUPIUIEHHS WITSIXOM 2EHEPYB8aHHS
Hayko80 06rpyHmMo8aH020 idxody 3a pi3HUMU HarpsMKaMmUu, WO CMUMYITHOMb OrTmuMi3auito 00820CmpoK08oi cmil-
KOCmi CirlbCbK020Cn00apChKUX 8UPOBHUUME, y MOMY YUCIT, 3a805IKU payioHaibHOMY 8UKOPUCMaHHK pecypcis i nna-
HygaHHI0 pobim i@ Yac supoulyeaHHs], 36epicaHHs1 Ui mpaHCopmyeaHHs CirlbCbko2ocrnodapchKoi npodykuii. Omxe,
HayKkogo-rpuknadHa 3adaqa, 8UPILEHHIO SIKOI MPUCBAYEHO Y0 CMammio, € akmyasbHOK ma osfisi2ae 8 Po38UMKY
meopii mobydosu Kibepghizu4yHUX cucmem az2pomexHiHHO20 MpPU3HaYeHHs 3a805IKU 0BIpyHMYy8aHHIO KOMITHMepPHO-
opieHmosaHux memodig i modenel KOMIMIEKCHOI agpeaauii ma iHmenekmyanbHoi mpaHcgopmayii po3snodine-
HUx eumiproganbHux O0aHux w000 8051020cmi Mosimpsi 30HU 8UPOWY8aHHS rpomucsiogux mennuus. OcHoeHa
Mema cmammi ronsizae 8 po3pobyi Haykosux mnidxodie wWodo nodanbuio2o possumky cucmem Industry 4.0
a2pomexHi4YHO20 MpuU3Ha4YeHHs1 3a805KU 0BIpyHMYy8aHHI0 CMPYKMypPHO-ar2opummMiYHOI opaaHi3auii KibepghizuyHoi
cucmemMu HepyUHIBHO20 OHaliH-MOHIMOPUH2Y 80/1020CMi M08IMPS 30HU 8UPOULYBaHHSI MPOMUCIIO8UX Menuypb.
O6'ekmom docnidxeHHs1 € HecmauioHapHi npouecu agpeeauil, nepedayi ma iHmepnpemauil po3nodineHux
sumiproganbHUX GaHuUX w000 80/1020CMi M08IMPS 30HU BUPOWYBaHHS Mpomuciosux mennuus. lTpedmemom
docJiiokeHHs1 € MemoOu ma mexHoroeiil HepyUHIBHO20 OHNalH-MOHIMOPUHaY 80/1020CMi 108IMPS 30HU 8UPOLLY-
8aHHS rpPoMuUcIo8ux mennuuyb. BucHoeku. Y pesynbmami 0ocrnidxeHb cmammi 6y/io po3e’si3aHO 8axiusy HayKo-
80-MpukKiadHy 3ada4y 3 po3pobKuU Haykosux nidxodie w000 modanbwo20 po3sumky cucmem Industry 4.0 azpomex-
HIYHO20 Mpu3Ha4YeHHs 3a80sKU 06rpyHmMy8aHHK CMPYKMYpPHO-an2opummidHoOi opeaHizayii KibepghizudyHoI cucmemu
HepyUHIHO20 OHaliH-MOHIMOPUHaY 80/1020CMi N08IMPS 30HU 8UPOW,Y8aHHS MPOMUCIOBUX Mernuub.

Knro4oei cnioea: «kibepghisuyHa cucmeMa, MOHIMOPUH2, 807102icmb, Menauys, 30Ha BUPOU,Y8aHHS,
CMpyKmMypHOo-an2opummMiyHa opeaHizauyisi.

The relevance of the scientific and applied innovative component of agricultural enterprises
task of the research. Nowadays, one of the through the development and introduction of
global world problems, which has been increasing  highly-effective information technologies into
significantly recently, is the need to ensure of their production processes (American Society
food-security and year-round availability of food  of Agricultural and Biological Engineers, 2008;
products for people in different countries of the  Sustainable Development Goals: National
world (Baudoin W. et al, 2017; Berezniak, 2020).  Report). Currently, computer-oriented, information
This problem requires a comprehensive solution and digital technologies are increasingly being
via generating a scientifically based approach in  used, which causes a continuous search on
various directions, that stimulate the optimization of ~ scientifically based ways of their development.
long-term sustainability of agricultural production, = One of such industries, the needs of which require
including through rational use of resources and  constant modernization through the introduction
work planning during the -cultivation, storage of highly-effective comprehensive software and
and transportation of agricultural products. This  hardware solutions of cyber-physical technologies,
approach is possible due to the increasing an  which combine modern achievements in the
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field of computer, microprocessor, sensor and
inffocommunication  technologies, is crops
cultivation in greenhouse conditions. Since
the indicators of quality, volumes and rates of
cultivation directly depend on the effectiveness
and informativeness of monitoring and control of
agrotechnical procedures of the agricultural crops
growing, which correlate with trends in ensuring
global food-security (Jargensen, 2018).

Taking into account the well-known solutions
of certain problems of software and hardware
development of computerized and cyber-physical
systems, the theory of comprehensive precision
and intellectual monitoring of the analysed physical
environments state is under the formation stage
(Both et al., 2015). The main issues that require
additional development on the basis of well-known
theories are as follows: accounting the principles of
systematicity and comprehensiveness of collection
and processing of distributed measurement
data; deepening the theoretical foundations of
the substantiation of sensor locations and their
network interaction; development of physical
and mathematical apparatus of the laboratory
monitoring results extrapolation to real objects;
account of the measured parameters relationships
during the interpretation of the controlled
environment integral state. Therefore, the scientific
and applied problem of this article is relevant and
consists in the development of the theory of cyber-
physical systems construction for agrotechnical
purpose due to the substantiation of computer-
oriented methods and models of comprehensive
aggregation and intellectual transformation of
distributed measurement data of the air humidity
of industrial greenhouses growing areas.

Purpose, object and subject of the research.
The main purpose of the article is the development
of scientific approaches to further modernization
of Industry 4.0 systems for agrotechnical purposes
due to the substantiation of the structural and
algorithmic organization of the cyber-physical
system on non-destructive online monitoring of air
humidity of industrial greenhouses growing areas.
The research object is non-stationary processes
of aggregation, transmission and interpretation of
distributed measurement data of the air humidity
of industrial greenhouses growing areas. The
research subject is methods and technologies
on non-destructive online monitoring of the air
humidity of industrial greenhouses growing areas.

Critical analysis and logical summarization
of the up-to-date scientific publications and
technical developments. Solving the scientific
and practical problems of development and
research of measuring methods and means of
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air humidity in the growing area is a mandatory
condition for substantiating the scientific basis
during the introduction of advanced monitoring and
adaptive control technologies of the microclimate
integral state of industrial greenhouses in order
to increasing the rates, volumes and quality of
greenhouse crops production.

Continuous non-destructive monitoring of the
humidity of the greenhouses physical environments
requires special attention, because an excessive
level of moisture may cause the diseases
appearance and lead to a transpiration decrease.
Also, an insufficient humidity may cause hydraulic
stress and reduce the intensity of photosynthesis
due to a decrease of the carbon dioxide
assimilation (Pawlowski, Guzman, Rodriguez,
2009). The research of humidity monitoring means
for greenhouse conditions is associated with
two main problems: temperature and humidity in
greenhouses are inversely proportional factors;
most of the modern automatic systems on
monitoring and controlling microclimate parameters
of greenhouses use the same drive mechanisms
for the temperature and humidity regulating. In
order to maintain an optimal level of humidity in the
regulated range, the temperature value must be
set based on the current value of relative humidity.
Therefore, the humidity controller must work in
the setpoint generator mode with the ability to
produce a signal that controls the temperature with
sufficient sensitivity in the appropriate operating
range (Rodriguez, Guzman, Berenguel, 2008). To
date, many scientific works have been devoted to
solving the problem of creating and researching
highly-effective methods and means of air humidity
measuring and monitoring, the main ones of which
are listed in Table 1.

Also, a significant number of experimental
research results are presented in up-to-date
scientific literature, which prove the effectiveness
of using the computerized humidity meters of
physical environments in greenhouses, the main
ones are presented in Table 2.

In the scientific work (Rabbi, Chen,
Sethuvenkatraman, 2019), experimental
dependences between the optimal values of
temperature, air humidity and light intensity
for different types of greenhouse crops were
established, as shown in Table 3.

The general result of the analysis of well-known
technologies of the measurement monitoring
of humidification regimes of greenhouses
physical environments (Shamshiri, 2007;
Matula, Batkova, Legese, 2016; Halim, Hassan,
Zakaria, 2016; The Center for Agriculture,
Food and the Environment; Korner, Challa,
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2003, Asolkar, Bhadade; van lersel M.W.,
Chappell M., Lea-Cox J.D., 2013; Rabbi B., Chen
Z.-H., Sethuvenkatraman S., 2019) is the substantiation
of the need to develop and research cyber-physical
subsystems of air humidity in the growing area taking
into account the factors of temperature, intensity and
spectral composition of lighting, as well as types and
vegetation periods of crops in online mode.

Research results. Cyber-physical
monitoring of air humidity in the growing area
is a dynamic process, the parameters of which
are determined by mass transfer phenomena
between the greenhouse inside volume and
outside environment, as well as physical and
biological processes of crops growth (Ben Ali R.,
Bouadila S., Mami A., 2018, Maher A., Kamel E.,
Enrico F., 2016; Mostakim N., Mahmud S.,
Jewel K. A, 2020; Diaz-Florez G., Mendiola-
Santibanez J., Solis-Sanchez L., 2019).

Onthe basis of the information mentioned above,
a block-diagram of the monitoring process has
been proposed, which describes the parameters

influence on the processes of the moisture mass
exchange, which is shown in Fig. 1.

Considering the current requirements concerning
technological cultivation modes and modern
design of greenhouses, the basic equation when
building a mathematical model of the air humidity
monitoring was obtained (Ben Ali R., Bouadila S.
MamiA., 2018, Maher A., Kamel E., Enrico F., 2016;
Diaz-Florez G., Mendiola-Santibanez J., Solis-
Sanchez L., 2019):

o) b GO0
t pairvg _(Wair in (t)_Wair out (t))

where: W_ . — relative air humidity of the growing
area, %; W___.— outside relative air humidity, %;
t—time, s; V- volume of the greenhouse growing
area, m3; p_ — air density, kg/m?; L_ . — difference
between the fresh air flow and the flow of air
leaving the greenhouse, m?¥s; C_ — coefficient of
the water vapor transfer in air, kg/(m3:Pa); P_.

airout
outside saturated vapor pressure, Pa; P

- — inside

saturated vapor pressure as a function of air
temperature, Pa; Z — difference between the

total hum

Table 1

Well-known research results on humidity measuring and monitoring
of the physical environments of industrial greenhouses

The subject of study

The obtained effect

Source
of literature

Modern methods and
means of measuring and
monitoring of humidity

An analysis of existing technologies on humidity monitoring of greenhouse [9]
soil and air was carried out. Approaches to the selection of humidity sensors
were substantiated. Dependencies between the optimal temperature and
humidity were established. Qualitative indicators of the influence of soil and
air moisture on crops growth were determined.

Functional characteristics
of capacitive humidity
sensors

The method of calibration of capacitive humidity sensors was substantiated. [10]
The main characteristics of the most common humidity sensors were
evaluated. Recommendations for the sensors use were substantiated.

General principles of

modes

The basic functions of capacitive humidity sensors as a part of greenhouse [11]
humidity sensors operation | microclimate monitoring and control systems using Internet of Things
technology were substantiated.

Methods and means of
the efficiency increase of
humidity control systems

The method of humidity sensors calibration was developed. Dependencies [12]
between the optimal temperature and humidity of greenhouses were
established. Recommendations for the sensors introduction into real
conditions were substantiated.

Table 2

Results of using the humidity monitoring tools

The subject of study

The obtained effect

Source
of literature

Optimization of humidification
modes of greenhouses

The empirical relationships between the optimal temperature and [13]
humidity in greenhouses were established. Scientific and practical
approaches to control of air humidification and soil irrigation
systems in greenhouses were developed.

The effectiveness of humidity
monitoring

The indicators dependence of the growing greenhouse crops [14]
effectiveness on the humidity and temperature of greenhouses was
determined due to the use of simulation methods.

Forecasting the amount of
cultivation taking into account
the humidity factor

The computerized technology on remote monitoring of the air [15]
humidity level of the growing area was proposed, which takes into

account the influence of temperature and humidity on the indicators
of the growing greenhouse crops efficiency considering their types.
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Table 3
Recommended parameters of the greenhouse microclimate
. . T lllumination intensity (PAR),
0 o,
Plant types Air temperature, °C Air humidity, % pmol/(m?-s)
from 23 to 27 (day)
Tomato from 13 to 16 (night) from 50 to 60 400
Cucumber from 25 to 30 from 80 to 90 400
from 25 to 28 (day)
Eggplant from 14 to 16 (night) from 65 to 75 505
from 22 to 30 (day)
Pepper from 14 to 16 (night) from 60 to 65 505
from 24 to 28 (day)
Lettuce from 13 to 16 (night) from 65 to 80 from 260 to 290
from 20 to 26 (day)
Strawberry from 13 to 16 (night) from 50 to 65 from 200 to 400
Outside temperature éé é’ g
Outside saturated vapor g g '-E g
pressure £ 2 s
Outside air humidity External factors uE]) ° ‘5
Wind speed and direction L The process of air humidity i i Requirements concerning i i
monitoring in the growing | — 1the air humidity measuring | |
Ventilation area | ichannel of the growing area| |
Heating Systems for ensuring the L I
Soil irrigation cultivation technological Tt -
Air humidification modes

Vegetation periods

Fig. 1. Block-diagram of greenhouse air humidity monitoring

Table 4
Technological parameters during simulation of air moisture dynamics
in the greenhouse growing area

Parameter Accepted value Measuring units ?'ource of

iterature
Coefficient of the water vapor transfer in air (C ) 2.8-108 kg/(m?®-Pa) [21]
Air density (p,,) 1.292 kg/m?3 [22]
Volume of the greenhouse growing area (V_=A _-h_/4) 1875; 3750 m? [23]
Air flow speed (v_) 1 m/s [23]

rate of supply and removal of moisture from the
growing area, %!/s.

When simulating the non-destructive
computerized online monitoring of the air humidity
of the greenhouse cultivation area, the numerical
values of the technological and design parameters
were adopted in accordance with Table 4.

When developing the mathematical model of
moisture dynamics in the growing area tomato and
cucumber were chosen as basic crops with the
following typical periods of vegetation: before and
during fruiting in autumn-winter and spring-summer
growing cycles. The average value of air humidity in
the surrounding environmentis determined according
to the data of the Ukrainian Hydrometeorological
Centre: for the autumn-winter cycle — 81 %, for the
spring-summer cycle — 65 % in 2022 year.

62

On the basis of a comparative analysis of the
average values of air humidity in the surrounding
environment and regulated requirements of air
humidity in growing area (VNTP APK-19-07),
general requirements for the productivity of air
humidification systems of greenhouses were
established, namely:

— the additional level of moisture (+) / removal
of moisture (-) for cucumbers when autumn-winter
growing cycle before fruiting is equal —6 %, during
fruiting +9 %; in spring-summer cycle before
fruiting is equal +10 %, during fruiting +15 %;

— the additional level of moisture (+) / moisture
removal (-) for tomatoes when autumn-winter
growing cycle before fruiting is equal —21 %, during
fruiting —16 %; during spring-summer cycle before
fruiting is equal —5%, during fruiting +5 %.
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The obtained simulation results of the moisture
dynamics in the air of greenhouses growing area
based on the differential equation (1) and the
accepted numerical parameters (see Table 4) are
shown in Figs. 2 and 3.

Based on the quantitative and qualitative
analysis of the research results obtained via the
mathematical model of the process on monitoring
the air humidity of the growing area (see Figs. 2
and 3), the following results were established:

— the time range of reaching the regulated
stable value of air humidity in the growing area
depends on the greenhouses volume, the types
and vegetation periods as well as the seasonal
cycle of growing and varies in the range from 1.5 h
to 2 h at the nominal productivity of humidification
and ventilation systems;

— an account of significant number of the
outside parameters, constructive characteristics
of greenhouses and physical and biological
processes of growing greenhouse crops, as well as
the presence of non-linear functional relationships
between the air humidity and available level of the
soil moisture and air temperature of the growing
area necessitates the creating a subsystem on

monitoring of the growing greenhouse crops
humidity regimes on the basis of adaptive
algorithms of information transformation using the
mathematical apparatus of fuzzy logic theory.

On the basis of research carried out on the
development of the mathematical model of the air
humidity computerized monitoring in greenhouses,
the functional block-diagram of procedures of the
measurement data aggregation and processing
regarding the greenhouse cultivation humidity
regime was specified (see Fig. 4).

The following notations are shown in Fig. 4:

P_, ., — inside saturated vapor pressure; P . —

air in
outside saturated vapor pressure; W, . — inside
relative air humidity; W. — outside relative air

air out

humidity; v, —speed of outside air flows; D_,  —
direction of outside air flows; r, — percentage of
opening mechanisms of the ventilation system;
k_, — air exchange rate; CON,__ — consumption of
irrigation solution; CON_,, - liquid flow rate on air
humidification.

Therefore, the developed functional block-
diagram (see Fig. 4) allows to realize an adaptive
to types and vegetation periods of crops, precise
control of cultivation technological modes, taking

Wairiny % Wairim %
T 80 P it sttt 2 =
e e = 1 e T L -F==

ol Lo

85 .;‘,-" 2 75 = e e ——
‘,"’." g o 3 "’-‘I""

80 (" 70 / r‘/ﬁ

\\\54\ .-’,,"

3 S ——— L th t, h.
755 > ) 5 65 2 4 6

a) autumn-winter growing cycle b) spring-summer growing cycle
Fig. 2. Simulation results of the air humidity dynamics for cucumbers
(7 - during fruiting, V =1875 m?3; 2 — during fruiting, V,=3750 m?;
3 - before fruiting, V,=1875 m?; 4 — before fruiting, V =3750 m°)
Wairiny % Wairim %
90 70 R ey (T s =
1 o= JREL Lhdie
T

80 N 66 5/,-

i, 2 -
70 \‘:;{. 64 \\\ 4

1 \"‘}.\:' ____________ - 62 \\/:

3 e Sy ~d
60 S —— th o 3 N —— L t h.
0 2 4 6 0 2 4 6

a) autumn-winter growing cycle

b) spring-summer growing cycle

Fig. 3. Simulation results of the air humidity dynamics for tomatoes
(7 — during fruiting, V, =1875 m? 2 — during fruiting, V =3750 m’;
3 — before fruiting, Vg=1875 m?3; 4 — before fruiting, Vg=3750 m?3)
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Pair in=f(Tair in) Software block
Wit in of fuzzy | | control CON,yater | S0il irrigation
‘ Wair in algorithms signals system
Temperature iL
monitoring unit in the i i i . . )
growing area Aggregation block Unit on processing Generating unit o Kair Ventilation
of monitoring and analyzing of £ control signal |_,| Contro r
results measurement data | ©|OF Control signais signals vl system
Block on monitoring e cle o
outside climatic 8282, 225 53 ™
parameters 21 815S138(8 81288 AIr
g &as5E2c88 s - ol CONsteam, I midification
Wair out a Z© 8 8LI:-I @ system
Vair out K .
D.. Factors influencing the
air out control of cultivation
Pair out=F(Tair out) technological regimes

Fig. 4. Improved functional block-diagram of the measurement data aggregation and processing
regarding the greenhouse cultivation humidity regime

into account factors of seasonality and engineering
design of greenhouses based on the results of
computerized monitoring of the parameters of
internal microclimate and external atmospheric
parameters in real time mode.

The test results of the implemented cyber-
physical air humidity monitoring system
(Laktionov 1., Vovna O., Berezhnyi M., 2021;
Berezhnyi M., Laktionov I., Lebediev V., 2020),
which is a functional component of the laboratory
sample (see Fig. 5), regarding the assessment of
the observations results dynamics of microclimate
parameters within the daily cycle of growing when
cucumber fruiting are shown in Fig. 6.

The results of experimental tests of the developed
hardware and software implementation of the cyber-
physical system on online-monitoring of air humidity

. . in the growing area on estimating the average
Fig. 5. Laboratory sample of the computerized values of the greenhouse microclimate parameters
greenhouse

=
B35
]
o L
& m
h.g i |
% 805
]
itk
®
Oele0eDD L2400 4500 T S3E00 bl k] 142400 164800 19: 1300 1 3500 00000

Iime, h:min:s

Fig. 6. Air humidity dynamics in the growing area
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during the full-cycle of cucumber cultivation (before
and during fruiting) are shown in Fig. 7. These
results allow to assess the overall dynamics of the
measured microclimate parameters of greenhouses.
They may also be used by scientists and experts in
the area of protected soil vegetable growing during
the construction of yield forecasting models, subject
to additional interdisciplinary research in the field of
computer systems and components and vegetable
growing.

As a result of the obtained research results
analysis (see Figs. 6 and 7) insignificant average
daily dynamics of greenhouse microclimate
parameters was established, provided that all
measured physical values are within acceptable
limits before and during the fruiting of cucumbers
with significant dynamics of outside climatic
factors. This fact confirms the effectiveness of
using the implemented hardware and software
components of the cyber-physical system on the
non-destructive online monitoring of air humidity in
greenhouse growing area.

Priority directions for further research.
According to the results of the analysis and
substantiation of the main requirements, the future
promising directions of research are as follows:

— substantiation of hardware and software
components regarding the integration of the
developed cyber-physical system into the
industrial automation complexes of agrotechnical
productions;
integration of software
implementing the latest world
distributed intelligent computing;
development of recommendations on
improving the architecture of the investigated
cyber-physical system through the long-term
experimental tests in real production conditions.

components
initiatives  of

Air humidity, %

e S
Ny VvV

bood

5 10 15

Conclusions. The important scientific and applied
task of the development of scientific approaches to
the further modernization of Industry 4.0 systems
for agrotechnical purpose has been solved due to
the substantiation of the structural and algorithmic
organization of the cyber-physical system on non-
destructive online monitoring of the air humidity of
industrial greenhouses growing areas.

The mathematical model of the air humidity
monitoring process in the growing area was
developed and analysed at the qualitative and
quantitative levels. The main results are as follows:

— the time range of reaching the regulated stable
value of air humidity in the growing area depends on
the greenhouses volume, the types and vegetation
periods as well as the seasonal cycle of growing and
varies in the range from 1.5 h to 2 h at the nominal
productivity of humidification and ventilation systems;

— an account of significant number of the
outside parameters, constructive characteristics
of greenhouses and physical and biological
processes of growing greenhouse crops, as well as
the presence of non-linear functional relationships
between the air humidity and available level of the
soil moisture and air temperature of the growing
area necessitates the creating a subsystem on
monitoring of the growing greenhouse crops
humidity regimes on the basis of adaptive
algorithms of information transformation using the
mathematical apparatus of fuzzy logic theory.

The hardware and software components of
the experimental sample of the cyber-physical
air humidity monitoring system, which is a
functional component of the laboratory sample,
were developed and implemented, which made
it possible to carry out laboratory and field tests
to assess the main functional, technical and
metrological characteristics.
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Fig. 7. Average daily values dynamics of air humidity in the growing area
(beginning of fruiting 30 — 32 days after sowing)
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