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Software of a mobile robot for phytomonitoring

Abstract. Currently, the world is intensively expanding the areas of research and use of mobile robots — mechatronic systems
based on the latest achievements in mechanics, microprocessor technology, control and measurement systems, computer
science, and control theory. To successfully complete a wide range of tasks, robots must have both mobility and the ability
to interpret, plan, and automatically perform the resulting task using an on-board computing system. Their special feature
is the ability to achieve a given goal in an uncertain external environment, avoiding collisions with stationary obstacles
and moving objects. Now the confident functioning of mobile robots can be ensured in relatively familiar and well-structured
workspaces. Methods of controlling robots based on well-formulated models and algorithms are developed. When working in
an unfamiliar or changing environment, the mobile robot must be able to adapt to changes in the environment, respond to
unforeseen situations, and act based on previous experience. Thus, the robot needs a control system with elements of artificial
intelligence. As a control object, the robot is a multi-channel nonlinear dynamic system. Despite the fact that a number
of studies have been conducted in the field of mobile robot management to date, universal approaches to the synthesis of
automatic robot control systems have not been sufficiently developed. The purpose of the study is to substantiate the software
of a mobile robot for phytomonitoring. The methodology is an algorithm implemented by this programme, which provides
for reading and storing information about the state of plants and the value of technological parameters of the environment
in the greenhouse. The paper substantiates a flowchart of the mobile robot control algorithm for phytomonitoring in
industrial greenhouses. Given the significant area of an industrial greenhouse and, accordingly, a significant number of
plants in it, it is necessary to calculate the distance to which a mobile robot for phytomonitoring can transmit a digital
signal. The authors prove that the total power of the channel is equal to the sum of all the powers of the transmitter,
receiver, and antenna of the transmitter, the sensitivity of the system, and the loss difference of the transmission system
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INTRODUCTION

Information about the parameters of the atmosphere and
the state of plants (phytostate) in industrial greenhouses
is essential and necessary to ensure guaranteed yield [1-3].
Growing plant products in industrial greenhouse plants is
accompanied by quite large energy costs (up to 70% of the
cost of production).

In addition, the output of products should be pro-
vided in the maximum quantity with the appropriate quality.
The main factors that affect the profit of a modern indoor
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enterprise that specialises in growing plant products are
considered in [4].

Reduce energy costs for the production of techno-
logically justified volumes of products and ensure their
appropriate quality by developing the necessary strate-
gies for managing the production of plant products using
the results of monitoring the phytostate and atmospheric
parameters by an intelligent mobile robot, which would
allow getting the maximum profit of production.
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Analysis of Recent Studies in Ukraine, the produc-
tion of the range of equipment used to assess the param-
eters of the atmosphere and plant conditions (phytostate)
in closed greenhouses is extremely insufficient. The use of
phytomonitoring [5; 6] as the main method of monitoring
the technological parameters of plant development in green-
houses is considered in the studies by Guido Fagliaa, Camilla
Barattoa, Matteo Pardoa, Massimo Maffeic, Marco Vezzolia,
Luca Boarinob, Giorgio Sberveglieria, Simone Bossic [7]. The
basis of such developments are sensors for monitoring plant
development, and their main disadvantage is their “binding”
to one plant [8-10]. The paper by Chr. Lamnatou, D. Chemis-
ana [11] primarily analyses the effect of solar radiation on
the plant. Technical means accompanying the maintenance
of microclimate parameters in a closed-ground structure
were not described.

The purpose of the study is to create software for
controlling the mobile phytomonitoring robot, which sig-
nificantly complements the existing automation systems
for vegetable production in industrial greenhouses.

RESULTS AND DISCUSSION

Based on the study results, the structure of the plant pro-
duction management system in an industrial greenhouse is
proposed, which, in addition to conventional components,
includes a mobile robot for phytomonitoring, which, moving
around the greenhouse area with technological guides, mon-
itors the parameters of the atmosphere and plant phytostate
with reference to the location, transmits the information
obtained to the existing system for the formation of strate-
gies for managing the production of plant products (Fig. 1).

The structure of the mobile robot for phytomon-
itoring is shown in (Fig. 1) and it is as follows: the con-
trol unit 1 determines the location for measuring phyto-
metric parameters and sends control commands through
the digital-to-analogue converter 2 to the actuators 3 of
the mobile platform, to move the mobile platform 4 of
the device to a given location along the guides that serve
to move between the rows of plantings and are both green-
house heating pipes and a platform for moving the ladder
trolley. After reaching the specified location, the device
stops and the control unit controls the actuators of the
tower, which drive the horizontal sliding mechanisms 5
and ensure the rotation of the tower 6, the operation of the
surveillance camera 7 and the movements of the vertical
sliding mechanisms 8, equipped with a group of phytocli-
matic and phytometric sensors 9 for conducting phytocli-
matic, phytometric measurements and plant examination
for diseases and pests. The measured values are sent via an
analogue-to-digital converter 10 to the control unit, which
then sends them to the data transmission unit 11 [12].
After the measurement, the process is repeated in reverse
order and the mobile phytomonitoring robot moves to the
next measurement point. After making measurements
at all the necessary points, the mobile robot for phyto-
monitoring returns to the starting point or to the charg-
ing point of the power supply 12 of the entire device.

Figure 1. Diagram of links of mobile robot components

A mobile robot for phytomonitoring allows assessing
the condition of plants over the entire area of an indus-
trial greenhouse, processing information, and transfering
it to the existing system to form a control action to ensure
an appropriate microclimate. All this is implemented for
the corresponding technological series, since phytometric
parameters are measured in an ordinary way, which means
that the assessment of plant development is carried out in
an ordinary way. The mobile robot for phytomonitoring is
equipped with a complex of phytometric sensors for meas-
uring the phytometric parameters of a plant, which are sent
through the data transmission unit to the data analysis unit
of an industrial computer. A general algorithm for con-
trolling a mobile robot for phytomonitoring in greenhouses
was developed (Fig. 2), and for the hardware component of
a mobile robot for phytomonitoring, a number of software
products were developed that ensure its functioning [13; 14].

All software products run in the software environ-
ment of the Raspberry operating system — an analogue of
Linux. The operating system was used to create software
links between individual software products, which, in turn,
manage the hardware components of the mobile robot for
phytomonitoring. This operating system is widely used in
software and computer engineering. In this case, its func-
tionality allows creating an environment for managing the
components of a mobile robot for phytomonitoring.

The Node-RED software environment is used to pro-
gramme individual components of the mobile robot system
for phytomonitoring (Arduino Mega controller), which has
an open license, and its interface is shown in Figure 3. This
software environment allows developing not only complex
production software products in the form of flowcharts,
which speeds up their development time for communication
with Arduino devices, but also for developing a WEB interface
for the purpose of working correctly with them.

The difficulty of developing the proposed software
was the use of several programming languages. One of them
is JavaScript (the main one for working in Node-Red). The
NPM package management system was used for this pur-
pose. This software product is installed on the basis of the
Node-Red software environment to extend the functionality
of the mobile robot for phytomonitoring. A flowchart for
content management is shown in Figure 4.
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Figure 2. Flowchart of the mobile robot control algorithm
for phytomonitoring in industrial greenhouses
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Figure 3. Programming interface for individual
components of the mobile robot system for
phytomonitoring of the Node-RED software environment
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Figure 4. Content management flowchart

Notably, the blocks shown in Figure 3 are already
ready-made programme code in JavaScript, where adjust-
ments are made to ensure the performance of the pro-
gramme as a whole.

In the developed software, the Arduino Mega con-
nects to the Raspberry controller via a USB port and tech-
nically provides data transfer. For the correct operation of
the entire system, the Arduino controller was initially pro-
grammed separately, and appropriate adjustments were made
to its programme code. This action was performed to con-
nect the Arduino Mega controller to the Raspberry control-
ler using a specific protocol, the program code is made in the
C++ programming language.m At the final stage, the out-
put of information was performed by splitting the data flow,
after which it is displayed on a specially designed WEB inter-
face and saved to a file for further use in calculations. The
WEB interface of the mobile robot control system for phyto-
monitoring in an industrial greenhouse is shown in Figure 5.
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Figure 5. Interface of the mobile robot control
system for phytomonitoring

This system also provides for the output of phyto-
metric data. This information is obtained in a contactless
way as an image of plants by a camera installed on a mobile
robot for phytomonitoring. Analysis and processing of the
corresponding phytometric data takes place by using wavelet
transformations, when each photo image is decomposed
into wavelet wave functions [2; 15].

To manage and gain access to the mobile robot for
phytomonitoring, a graphical interface of the operator has
been developed as part of: interface of the robot control
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system (Fig. 6); interface of phytometric and phytoclimatic
parameters of plants (Fig. 7); robot settings interface (Fig. 8).

Wi-Fi technology is used to transmit the received data
by a mobile robot for phytomonitoring, since this technology

provides a high data transfer rate, and has a fairly long range,
transmitting a large amount of data within a short period of
time, and a high level of security [16-19]. The use of this tech-
nology is possible for most modern software environments.
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The wireless local area network standard is used to
transmit the received data from the mobile phytomonitoring
robot to the control system. Considering the significant area of
an industrial greenhouse and, accordingly, a significant number
of plants in it, it is necessary to calculate the distance to which

a mobile robot for phytomonitoring can transmit a digital signal:
FSL 33
1)

D= 10(W‘ﬁl"g")
where: F — transmission channel frequency, MHz; FSL (Free
Space Loss) — losses in the digital signal space, dB.
Losses in the digital signal space are defined as
FSL=Y-S 2)
where: S - channel gain margin, dB; Y- total channel power, dB.
To perform the necessary calculations, it is assumed
that the channel gain margin is 20 dB.

The total power of the channel is equal to the sum of
all the powers of the transmitter, receiver, and antenna of the
transmitter, the sensitivity of the system and the loss differ-
ence of the transmission system used

Y=Pt-Pmin+Gt+Gr-Lt-Lr 3)
where: Pt — transmitter power, dB; Gr — receiving anten-
na gain, dB; Gt — transmission antenna gain, dB; Pmin —
receiver sensitivity at the specified transmission rate, dB;
Lr - signal losses in the coaxial cable and reception clock
connectors, dB; Lt — signal losses in the connectors of the
transmission path and coaxial cable, dB.

To calculate the wireless network, input data was
used: the router’s operating frequency is 2,474 MHz, the
transmission rate is 6 Mbit/s, its sensitivity is 88 dB. Hence,
the total power of the transmission channel is determined:
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Y=18+88+5+5-3-3=110 (dB).
Accordingly, the losses in space will amount to:
FSL=110-20=90 (dB).
Then the distance to which information can be trans-
mitted will be equal to:

90 33
D = 102072079472 = 0.282 (km).

The calculated digital signal transmission distance
for the developed mobile robot for phytomonitoring ensures
reliable information acquisition, considering the design
dimensions of an industrial greenhouse.

The mobile robot for phytomonitoring in an indus-
trial greenhouse is used in conjunction with an intelligent con-
trol system for energy flows of the greenhouse, which allows the
existing control system to form appropriate control strategies
for electrical complexes to consider the spatial distribution of
phytometric parameters, and to qualitatively control and per-
form a number of additional functions necessary for produc-
tion: to control the parameters of the microclimate and conduct
plant phytomonitoring, collect and process the received infor-
mation of technological parameters in an industrial greenhouse;

to create data archives for further use; to function in auto-
matic, manual, and remote control modes of the mobile robot.

CONCLUSIONS

1. The structure of the plant production management sys-
tem in an industrial greenhouse has been developed, which,
in addition to traditional components, includes a mobile
robot for phytomonitoring.

2. A general control algorithm and software for using
a mobile robot for phytomonitoring in industrial green-
houses based on the use of Node-RED and Processing/Wiring
software environments have been developed.

3. It is recommended for hardware and software
interactions of heterogeneous technical tools that are com-
ponents of a mobile robot for phytomonitoring, using a flex-
ible ROS platform; this creates conditions for ensuring the
client-server architecture of a mobile robot and evenly
distributing computing power.

4. The maximum distance of reliable digital signal
transmission for a measuring complex in an industrial green-
house is calculated — up to 282 metres.
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MporpamMHe 3a6e3neyeHHA MO6inbHOro po6ota ana GiTOMOHITOPUHIY

AHoTauia. Huhi y cBiTi iHTEHCHBHO PO3IIMPIOIOTHCS TaTy3i JOCTIIKEHD Ta BUKOPUCTaHHS MOGUTbHMX POOOTIB — MEXaTPOHHMX
CHUCTeM, 110 6a3YyI0ThCSI HA OCTAHHIX JOCATHEHHSIX MeXaHiKM, MiKpOIIPOI[eCOPHOI TeXHIKM, KOHTPOJIbHO-BUMipIOBAIbHUX
cucreM, iHbOPMaTHKM Ta Teopii yrpasmiHHS. [1Jis YCITIITHOTO BUKOHAHHST BEJIMKOTO KOJIa 3aBAaHb POOOTM ITOBMHHI MaTH SIK
MOOITBHICTD, TaK i 3MATHICTD iHTEPIIPETYBATH, IUIAHYBATHM i aBTOMAaTUYHO BUKOHYBATY OTPMMaHe 3aBAAHHSI, BUKOPUCTOBYIOUM
GOPTOBY OOUNCITIOBANIBHY CUCTEMY. [X 0COBMMBICTD — MOXKIMBICTD TOCSTHEHHS 3aaHOI METH B HEBM3HAUEHOMY 30BHIIIHBOMY
CepenoBUILIi, YHMKAIOUM 3iTKHEHbD 3i CTaI[iOHAPHMMM TIepelIKoIaMy Ta PyXOMUMY 06’ eKTamu. 3apa3 BrieBHeHe (DYHKITIOHYBaHHS
MOGiTbHMX POOOTIB MOXKe OyTHM 3a6e3TedeHe o0 3HaitoMuX i ;o6pe CTPYKTYpOBaHMX po6OUMX ITpocTopax. PO3BMHYTO
MeTOAM YIIPaBIiHHS po60oTaMM Ha OCHOBI 106pe chopMyTbOBaHMX MOJeneil Ta airoputmiB. IIpy poboTi B He3HalioMoOMy
a60 3MiHHOMY OTOUeHHi MOOUTbHMIT pOOOT MTOBMHEH MATH 3AATHICTb afarTyBaTUCS 10 3MiH Y HABKOJIMITHOMY CepeIOBUILL,
pearyBaTy Ha HellepebaueHi cUTyallii Ta JisiTy Ha TiACTaBi MornepeHbOro 10CBimy. TakuM YMHOM, POGOT MOTPedye crucTeMu
YIIPaBIiHHS 3 e/IeMEeHTaMM HITYYHOTO iHTeNIeKTY. SIK 00’€KT KepyBaHHS pOOOT € 6araToKaHaIbHOIO HeTiHITHO0 AMHAMIYHOIO
cucreMoro. He3paykaroun Ha Te, 1110 10 TeMePilliHbOro Yacy IMPoBeieHO 1Ty HM3KY AOCTiIKeHb Y Taly3i yIIpaBiHHSI MOOUTbHUMM
poboTamu, YHiBepcasIbHi ITiIX0ay 10 CMHTE3Y CHCTeM aBTOMATMYHOTO YIIPaB/IiHHSI po60oTaMu po3pobiieHi HeroCTaTHLO. MeTa
JOCITiIZKEHHSI TOJISITAa€ B OO PYHTYBAHHI ITPOrPaMHOro 3a6e3reyeHHsI MOGiIbHOrO poboTa 1j1st hiTOMOHITOpUHTY. MeTOH0IIOoTist
€ aJITOPUTMOM, ILI0 peasTi3yeThCsl 3a3HaUeHOI0 IIPOrpaMolo, Niepenbayae 3UMTYBaHHS Ta 36epiraHHs iHdopmariii nmpo cranu
POC/IVH Ta 3HaYEeHHS TEXHOJIOTIYHMX MTapaMeTpiB HAaBKOJIMIITHBOTO CepeIOBUIIA B TETUIMIIL. B cTaTTi 00IPYHTOBAHO O/I0K-CXeMy
ITOPUTMY KepyBaHHSI MOOIIbHMM POO6OTOM [i1s1 DiTOMOHITOPUHTY Y TPOMMCIOBMX TETUIULISIX. BpaxoByioun, 3HAUHY TUIOLLY
TIPOMMCJIOBOI TeIUTMLI] i BiIMOBIZHO 3HAUHY KiIBKICTh POCJIVH Y Hilt, TOTPIOHO pO3paxyBaTH BiCTaHb, Ha SIKY MOOUIbHII POOOT
IU1s1 GiITOMOHITOPUHTY MOsKe TiepeaTy LndpPoBMii CUTHAI. ABTOpaMi IOBeeHO, 1110 CyMapHa MOTYKHICTb KaHaTy TOPiBHIOE
CyMi BCiX ITOTY>KHOCTeJ1 Ilepe/iaBayva, IpuiiMava i aHTeHM IiepefjaBaya, UyT/IMBOCTi CUCTeMM Ta Pi3HULIi BTPAT CUCTeMM Iiepeiadi

Knio4oBi crioBa: Mo6ibHMIT pO6OT, hiTOMOHITOPUHT, CHCTEMA KePYBaHHS, CIIOPYAa 3aKPUTOTO I'PYHTY, &ITOPUTM KePyBaHHSI
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