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ANALYSIS OF TASKS OF MONITORING AND AUTOMATIC CONTROL
OF AGRICULTURAL MOBILE ROBOT

Abstract. The work is devoted to the consideration and analysis of a set of tasks of monitoring and automatic
control of modern mobile robots, designed for automation of various types of technological operations in
agriculture. Studies indicate high activity of manufacturing companies and scientists in the development of
structures and remote control systems for various types of agricultural robots due to the general increase
in demand for food in conditions of limited unleavened water reserves, high prices for mineral fertilizers
and wages of the staff. The paper presents the classification of modern agricultural robots according to the
degree of mobility, type of control system, working environment, industry and functional purpose. It is
determined, that such robots are equipped with built-in development boards with microcontrollers or
microprocessors, which everyone has on board, regardless of the design and type of the control system. In
addition, remote control methods and tools are most often used to automate agricultural works, but
automatic and autonomous mobile robots independently perform a much wider list of tasks, because they
work on the basis of adaptive-intelligent control methods. The authors formulate the main tasks of
monitoring and automatic control for the generalized agricultural mobile robot, in particular monitoring
and automatic control of vectors of spatial motion parameters, operating parameters of technical
equipment of movers, manipulators, gripping devices, as well as parameters of specified agricultural works
and operations. The functional structure of the generalized agricultural mobile robot as a multi-coordinate
control object, which takes into account the interaction of controlled coordinate vectors, control signals of
propulsors, manipulators, grippers and process equipment, as well as perturbing effects on its individual
components (body, propulsions, manipulators, gripping devices and technological equipment) is proposed
in the paper.

Keywords: agricultural mobile robot; control system; agriculture; automation; controlled coordinates

Problem statement

Food security is one of the most important factors
in the sustainable development of any country in the world
from ancient times and to this day. According to experts
[1], the population of the planet will reach 9 billion people
by the end of 2050, so the agricultural sector of the
economy must develop the appropriate capacity to meet
the basic needs of adequate nutrition for everyone.

Complicating this task is the tendencies to reduce
soil fertility, pesticide contamination, reduce bee
populations, increase the total number of diseases and

pests of cereals, fruits and other crops, and so on. In such
conditions, success in increasing the volume of
agricultural production is possible with the involvement
of more highly qualified specialists: agronomists,
machine operators, gardeners, etc. However, to increase
productivity and reduce costs for a number of
technological operations in the agricultural sector
without involving a significant number of additional staff
is possible with the introduction of modern automation,
including mobile robotic systems equipped with reliable
propulsors, modern information control systems and
appropriate technological equipment.
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Latest research and publications analysis

About 40% of all robots produced in Europe are
used in agriculture, and their total number is constantly
increasing according to statistical estimates [2, 3]. But,
the latest developments of scientists from around the
world are devoted mainly to certain types of robotic
systems, which are designed to perform a single task in
the agricultural sector despite the rapid development of
robotics for agriculture [4 — 7]. The functional purpose of
the agricultural robot determines its construction, structure
of the control system and algorithms of functioning.

Modern agricultural robots can be classified
according to the following features [2; 8]:

— the degree of mobility (stationary, mobile);

— working environment (ground — field, garden
and greenhouse, water, air);

— industry purpose (for crop and livestock);

— functional purpose (crop caretakers, inspectors,
sprayers, harvesters, pruners, etc.);

— type of control system (remote-controlled,
automated, automatic);

— specialization (specialized and universal/multi-
purpose).

At the same time, agricultural robots are equipped
with  small  built-in  development boards with
microcontrollers or microprocessors [9-11], which each
robot has on board, regardless of the design and type of
control system.

The same principles are used to control agricultural
mobile robots (MRs) as for other systems and equipment.
By the way, software control and remote control have
become the most common [6, 9-11], they solve the
problem of overcoming and bypassing obstacles, moving
along a given trajectory with the simultaneous execution
of the tasks, achieving a given position.

Features of the control object in the form of an
agricultural MR add specific tasks to be solved due to
changing operating conditions (current weather, soil
condition, amount of crop grown, workload and other
factors), so the most promising are adaptive and
intelligent systems [1; 7; 8]. Processing of sensory
information from the robots’ devices; formation of static
and dynamic models of the environment; traffic control;
decision-making and planning of further actions "in
current placement”; development of an intelligent
communication interface between the operator and the
robot are the main tasks of adaptive-intelligent control.
However, such methods of MR control are not
widespread due to the complexity of developing such
systems, so they are at the stage of intensive research and
engineering development. In addition, the literature pays
a little attention to the principles of the general
functioning of systems with agricultural robots as control
objects. Therefore, the set of tasks of monitoring and
automatic control for further synthesis of structures,

models, control devices and programs for agricultural
MRs control systems remains the subject of proper
analysis by scientists.

The article aim

Existing analytical publications rather superficially
cover the important tasks of automation of various types
of technological operations in agriculture with the help of
MRs and don’t provide generalized practical
recommendations for determining the controlled
coordinates for them. The purpose of this article is to
analyze and formalize a set of tasks for monitoring and
automatic control of the generalized agricultural MR for
its movement and execution of various types of
technological operations.

Basic material

Leading companies and laboratories of the world
are engaged in the development of modern MRs for
agriculture. To solve the aim of the paper it is advisable
to consider the features of such robots for different
functional purposes for animal husbandry and crop
production.

A large category includes robotics for livestock
farms, namely: milking (Fig. 1, a); feed equalizers;
manure cleaning robots; mixers and feed distributors;
robots for shearing animals; washing robots (Fig. 1, b);
robots for sorting, loading and packing eggs; robotic
pasture systems [2; 12; 13]. The vast majority of such
robots are stationary, equipped with manipulators,
mixing and dosing mechanisms.

In contrast to the previous category a characteristic
feature of robots for crop production is the presence of
requirements for a high level of mobility and autonomy
of operation, as well as reliable means of communication.
The most common tasks performed in crop production
are sowing crops, transportation, watering, tillage
(Fig. 2, a), spraying plants, weed control, loosening,
germination monitoring, mowing, harvesting (Fig. 2, b),
pruning, etc. [2; 14 — 17].

The main tasks of monitoring and automatic control
of the agricultural MR. Execution of the above works in
animal husbandry and crop production of appropriate
quality while ensuring reliability, accuracy, speed and
safety of MR movement in the work area (indoors, field
or greenhouse conditions) must automatically monitor
and control of the main operating parameters of the robot
and its technological equipment, which are directly
responsible for the quality and performance of operations
[18 — 20] and can be grouped mathematically in the form
of appropriate vectors or matrices.

Considering the generalized agricultural mobile
robotic complex of universal application as a multi-
coordinate object of monitoring and control, the
following main tasks of its monitoring and automatic
control can be formulated:
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Figure 2 — Typical applications of robotics in crop production:
autonomous cabinless multipurpose tractor (a) and apple harvesting robot (b)

— monitoring and automatic control of the Qwr
vector of the parameters of the MR’s spatial motion

Quwr = {XMR Yrs Zur Vur  Vemr - Vawe ’aMR} '

where Xwmr, YMr, Zmr — Spatial coordinates of the MR;
Vxmr, Vymr, Vzmr — the speeds of change of the
corresponding spatial coordinates of the MR; amr —
course angle of the MR;

— monitoring and automatic control of vectors of
working parameters of technical equipment of separate
propulsors Wwmg, manipulators Mwgr, gripping devices
Gwmr of the MR

Wy = {WPl,l ’WP1,2""7WPl,i sz,l vaz,zv-"’
W,

Pk,i}'

where Wpa 1, We12,..., Wp1,; — 1st, 2nd,..., i-th parameters
and variables for the first propulsor; Wpz,1, We22,..., Wpey,
— Ist, 2nd,..., i-th parameters and variables for the second
propulsor; Wek1, Wek2,..., We; — 1Ist, 2nd,..., i-th
parameters and variables for the k-th propulsor;

Myg = {MM1,1' MMl,Z""’ MMlJ MM?vl’ MMZ?""’

W, o W, W

TP Pk,1? " ¥Pk,21"""

Mg oo My My My

where Mmz1, Mwmiz,..., Mmij — Ist, 2nd,..., j-th
parameters and variables for the first manipulator; Muz,1,
Mm2,2,..., Mm2j — 1st, 2nd,..., j-th parameters and
variables for the second manipulator; Mmii, Mwmiz,...,

Mwmij — 1st, 2nd,..., j-th parameters and variables for the
I-th manipulator;

G MR — {GGDl,l’ GGDl,Z’ T GGDl,n GGD2,1’ GGDZ,Z' Rt

B GGDZ,n GGDm,17GGDm,2’ e GGDm,n}’

where Gep11, Gepiz,..., Gepin — 1st, 2nd,..., n-th
parameters and variables for the first gripping device;
Gep21, Gep22,..., Gepzn — 1st, 2nd,..., n-th parameters
and variables for the second gripping device; Gepm,1,
Geoma,..., Gepmn — Ist, 2nd,..., n-th parameters and
variables for the m-th gripping device;

— monitoring and automatic control of Dur vector
of the parameters of specified agricultural works and
operations (for planting, spraying, harvesting, etc.)

Dy ={Dso1.1 Prorar-+++ Prore Droais Drosasers
s Dione -+ Drow1r Droyarers DTOV’C},
where Dro11, Droiz,..., Droic — l1st, 2nd,..., c-th

parameters and variables for the first technological
operation; Dro21, Dto22,..., Droz2e — 1st, 2nd,..., c-th
parameters and variables for the second technological
operation; Drov,1, Dtov2,..., Dtove — 1st, 2nd,..., c-th
parameters and variables for the v-th technological
operation.

The functional structure of the agricultural MR as a
multi-coordinate control object is shown in Fig. 3, where
the following control signals are indicated:
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Figure 3 — Functional structure of agricultural MR as a multi-coordinate control object

— vector of control signals of propulsors Up
UP = {UPI,I’UP1,27""UP],i UPZ,]’UP2,27"'7

""UP2,i UPk,l’UPk,Z""'UPk,i}’

where Up11, Upia,..., Upr; — 1st, 2nd,..., i-th control
signals for the first propulsor; Upz,1, Upzp,..., Up; — 1st,
2nd,..., i-th control signals for the second propulsor;
Upk1, Upk2,..., Upk; — 1st, 2nd,..., i-th control signals for
the k-th propulsor;

— vector of control signals of manipulators UM

UM :{UMI,I'UMI,Z""’UMIJ UMZ,I’UMZ,Z""'
iUy o UpoUpigienUpis

where Umi1, Umi2,..., Umtj — 1st, 2nd,..., j-th control
signals for the first manipulator; Umz,1, Um22,..., Umzj —
Ist, 2nd,..., j-th control signals for the second
manipulator; Umi1, Umiz,..., Umij — 1st, 2nd,..., j-th
control signals for the I-th manipulator;

— vector of control signals of gripping devices Ugp

UGD = {UGDl,l’UGDl,Z’""UGDl,n UGD2,1’UGD2,2""’
UGDm,l’UGDm,Z’""UGDm,n}'

where Ugp1,1, Ugp1,2,. .., Uspin — 1st, 2nd,..., n-th control
signals for the first gripping device; Ucpz1, Ucp22,...,
Ucepzn — Ist, 2nd,..., n-th control signals for the second
gripping device; Uepm.1, Usbm2,..., Uebmn — 1st, 2nd,...,
n-th control signals for the m-th gripping device;

— vector of control signals of technological
equipment Uro

UTO = {UTOI,I’UTOI,Z""’UTOI,C UTOZ,I’UTOZ,Z’
""UTOZ,C UTOV,I’UTOV,Z""’UTOV,C}’

where Uro11, Uto12,..., Utoic — Ist, 2nd,..., c-th control
signals for the first technological operation; Uro21,
Uro22,..., Utoze — 1st, 2nd,..., c-th control signals for the
second technological operation; Urov,1, Utov2,..., Utove
— 1st, 2nd,..., c-th control signals for the v-th
technological operation.

Ugopn oo

Besides, the functional structure in Fig. 3 takes
into account the following perturbing effects acting on
individual components of the generalized MR:

— vector of disturbing influences acting on the
robot’s body, Pg

Ps :{PBl’ Pazy ooy PBb}'

where Pgi, Pg2,..., Pey — Ist, 2nd,..., b-th disturbing
effects for the body;

— vector of disturbing influences acting on the
propulsors, Pp

PP = {PPI,I' PP1,2""' PPl,i PPZ,I’ sz,z""'
P ...P

1 o vt Poareens PPk,i}’

where Pp11, Ppi2,..., Pp1; — 1st, 2nd,..., i-th perturbing
effects for the first propulsor; Pe21, Pe22,..., Pp2; — 18t,
2nd,..., i-th perturbing effects for the second propulsor;
Pek1, Prk2,..., Pec; — 1st, 2nd,..., i-th perturbing effects
for the k-th propulsor;

— vector of perturbing
manipulators, Py

I:)M = { PMI,l’ PMI,Z""’ I:)Ml,j PMZ,I’ PMZ,Z""’

o Pazg o Pt Ptz Pon

where Pmi1, Pmi2,..., Pmij— Ist, 2nd,..., j-th perturbing
effects for the first manipulator; Pmz1, Pm2,2,..., Pm2j —
Ist, 2nd,..., j-th perturbing effects for the second
manipulator; Pwmi1, Pwmi2,..., Pmij — 1st, 2nd,..., j-th
perturbing effects for the I-th manipulator;

— vector of perturbing influences acting on
gripping devices, Pep

influences acting on

I:>GD = {PGDl,l’ PGDl,Z yrrny I:)GDl,n I:)GDZ,l’ I:)GD2,2 Ut

P

t i Gb2n PGDm,l’ PGDm,Z""' PGDm,n}’

where Pgpii1, Pep12,..., Pepin — 1st, 2nd,..., n-th
perturbations for the first gripping device; Pgp21,
Pep2,2,..., Pepz2n — 1st, 2nd,..., n-th perturbations for the
second gripping device; Pepm1, Peom2,..., Pepmn — 1st,
2nd,..., n-th perturbations for the m-th gripping device;

— vector of disturbing influences acting on
technological equipment, Pro
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P Py P

TO — {PTOl,l’ PTOI,Z""’ TOl,c " TO2,1?

Prose - Proy s P Prove )

U TO2,c ttt T TOv,1? T TOv,2'* "1 7 TOv,c

P

TO2,27 ")

where Pro11, Proiz,..., Proic — Ist, 2nd,..., c-th
perturbations for the first technological operation; Pro.1,
Pr1o22,..., Pro2. — 1st, 2nd,..., c-th perturbations for the
second technological operation; Prov.1, Ptovz2,..., Prov.e —
Ist, 2nd,..., c-th perturbations for the v-th technological
operation.

Thus, the MR for agricultural works is a complex
multi-coordinate control object, and it is necessary to
have a distributed multi-coordinate monitoring and
automatic control system for its effective functioning.
Therefore, as can be seen from the functional structure
of MR, shown in Fig. 3, the agrarian MR should
contain multi-coordinate systems for monitoring and
automatic control of engines, manipulators, gripping
devices and technological equipment [19; 20].
It is possible to increase the efficiency of these systems
by applying adequate mathematical models [21],
intelligent technologies at the stage of the development

of their functional structures, control algorithms and
control devices [16].

Conclusions

As a result of the analysis of the properties of the
generalized agricultural MR as a multi-coordinate control
object, the main tasks of its monitoring and control are
formalized. It is determined that the most important
controlled coordinates of agrarian MR are vectors of
spatial motion, working parameters of technical
equipment of individual propulsors, manipulators,
gripping devices, as well as parameters of given
agricultural works and operations.

Further research should be conducted in the field of
synthesis of mathematical and experimental models of
agricultural MRs, functional structures of automatic
control systems for movement and execution of specified
operations using various methods, development of
special algorithms for situation analysis, accumulation of
databases on environmental influences for automatic
decision making using intelligent approaches.
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AHAJII3 3AIAY MOHITOPUHI'Y 1 ABTOMATHYHOI'O KOHTPOJIIO
CIVIBCBKOI'OCITIOJAPCBKOT'O MOBIVIBHOI'O POBOTA

Anomauia. Poboma npuceauena po3ensady i ananizy KOMNIEKCY 3a60aHb MOHIMOPUHEY MA A8MOMAMUYHO20 YNPAGIIHHA
CYUACHUMU MOOIIbHUMU POOOMAMU, NPUSHAYEHUMU ONISI AGMOMAMU3AYLT PI3HUX 6UOI8 MEXHOIOSIMHUX Onepayill y CilbCbKOMY
eocnooapcmsi. Jlocniodcenus ceiouams npo 8UCOKY AKMUSHICMb KOMNAHIU-6UPOOHUKIG T 64eHUX Y pO3p0oOYi KOHCMPYKYIll i cucmem
QUCIAHYITIHO2O KePYBAHHS PIZHUMU MUNAMU CLIbCLKO2OCNO0APCHKUX POOOMIE uepes 3a2aibHe 3pOCMAaHHs NORUMY HA NPOOYKMU
XapuysauHs 8 YMOBAX 00MeHCeHUX 3anacie npicHoi 600U, UCOKUX YiH HA MIHepATbHI 000pusa ma 3apobimHoi nIamu HACeneHHs.
nepconan. Y pobomi npedcmagnieno Kiacu@ikayito CyuacHux CilbCbKO20CHOOapCbKUX poOomis 3a cmynenem MobiIbHOCmI, MUnom
cucmemu Kepy8amHs, poboyum cepeooguujem, 2any3eeum i (DYHKYIOHAIbHUM npusHauenusm. Busnauveno, wo maxi pobomu
ocHawyeni 66Y006aHUMU NAGMAMU 3 MIKPOKOHmMpoOnepami abo Mikponpoyecopamu. Ix mae xogcen pobom, HezanejicHo 6id
KOHCmpyKkyii ma muny cucmemu kepysauus. Kpim moeo, 0ns agmomamusayii CiibCbKo20CnooapcoKux pobim uanyacmiuie
BUKOPUCTNOBYIOMbCA Memoou 1 3acobu OUCAHYILHO20 KepYBAHHs, ale A8MOMAMUYHI ma A8MOHOMHI MOOLIbHI pobomu
CaMOCMItIHO 6UKOHYIOMb 3HAYHO WUPWUL NEPeNiK 3a80aHb, OCKIIbKU Npayloioms HA OCHOGI A0AnMuEHO-iHMENeKmyantbHux
Memooie KepysauHs. Aemopamu cghopmynb08ano OCHOBHI 3a80AHHA MOHIMOPUHEY U ABMOMAMUYHO20 KEPYBAHHS Y3A2aTbHEHUM
CIbCLKO20CNOO0APCLKUM MOOITbHUM POOOMOM, 30KpEeMAa MOHIMOPUHS | AGMOMAMUYHUL KOHMPOIb 6EKMOPHUX NApamMempig
NPOCMOPOB0O20 PYXY, POOOUUX NAPAMEMPI8 MEXHIYHO20 OCHAWEHHS PYILIIB, MAHINYAAMOPIE, 3AX6AMHUX NPUCMPOI8, A MAKON4C
napamempie  3a0aHUX  CLIbCbKO2OCNOOApCbKux pobim ma  onepayii. @DYHKYIOHATGHA ~CMPYKMYpA — Y3A2albHEHO20
CITbCbKO20CN00APCLK020 MODITLHO20 poboma, K 6a2amoKoopOUHAMHO20 00 €EKMA KePYy8aHHs, 8PAX0BYE B3AEMOOTI0 KePOBAHUX
KOOpOuHam 8eKmopis, CUCHANI6 Kepy8amHs OBUSYHAMU, MAHINYIAMOPAMY, 3AX8AMAMU MA MEXHOLO2IYHUM O0ONAOHAHHSM,
a makoxc 6nausU Ha OKpemi 1020 KOMHOHeHmU (Ky308, pYWiii, MAHInyIamopu, 3axXonn6dlvHi npucmpoi ma mexHonoziuHe
001a0HAHHS).
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