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This paper presents a sophisticated telematics system designed to monitor the con-
dition of agricultural machinery in real time, with particular emphasis on predictive
maintenance and operational efficiency. The system architecture consists of sever-
al key components, including a data acquisition, storage and processing unit, a data
transmission module and a specialized set of sensors for analyzing particulate mat-
ter in lubricating fluids. The main sensor of the system is a particle counter in the
fluid stream, which serves as the primary detection mechanism for monitoring the
level of solid contaminants in the lubricating fluid. In addition, data is supplied from
the engine control unit via a K-Line communication bus, which allows the monitor-
ing data set to be extended to include key operating parameters. Mobile wireless
networks are used for data transmission, providing remote, continuous access to
equipment status data, allowing operators and maintenance teams to analyze
equipment status regardless of geographic location. This enables early assessment
of machine health based on real-time analysis of lubricating fluid. The system mon-
itors key parameters such as particle count, fluid pressure and viscosity, providing
valuable insights into wear status and contamination levels that directly affect com-
ponent longevity. The proposed system is characterized by its ability to anticipate
the need for maintenance by evaluating metrics in real time, which enables the
identification of preliminary signs of wear or failure. Using anomaly detection algo-
rithms, the system evaluates deviations from established performance standards
and generates alerts to notify operators of impending problems. This proactive
approach minimizes the occurrence of unexpected equipment failures, thereby
reducing downtime. In addition, these systems help optimize equipment perform-
ance and improve overall operational efficiency, thereby supporting the long-term
sustainability of agricultural equipment in challenging field conditions.
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Introduction

Modern agriculture is facing complex challenges provoked by
a significant decrease in the number of agricultural machinery
with virtually unchanged crop area. According to various esti-
mates, the average age of agricultural machinery is up to 19.5
years, which is almost double the service life. In this regard, agri-
cultural enterprises are experiencing difficulties in maintaining
the performance of machinery, which leads to increased down-
time, lower productivity and higher financial costs of enterprises.

To address these challenges, farmers are increasingly using
technology solutions designed to optimise processes, reduce costs
and increase productivity. One of the key elements of this trans-
formation is agricultural machinery monitoring, which provides
valuable information to make informed decisions and improve
machine utilisation.

Telematics systems collect information on machinery status,
location, load, travelling speed and many other metrics, transmit-
ting it to the operator in the cab and to the chief mechanic at the
plant in real time.

Paper [1] presents an overview of telemetry systems used for
monitoring mobile energy facilities (MEFs). The paper empha-
sises benefits such as reduced maintenance costs, increased up-
time and improved condition management. The study focuses on
the use of machine learning and artificial intelligence to predict
maintenance and optimise agricultural processes. However, the
author lacks specific data or case studies to support his claims
and focuses solely on technical aspects, neglecting human factors
and safety risks. The monitoring method itself offers advantages
such as remote maintenance and early fault detection, but faces
challenges such as dependence on digital infrastructure and
communication networks, security issues and cost factors. Over-
all, the study provides valuable information on telemetry-based
IOE monitoring systems but needs further refinement to include
more in-depth analyses, addressing security and human factors
issues for successful implementation.

The study [2] examines the use of a non-contact diagnostic
system (GALILEOSKY 7.0) for high power agricultural machin-
ery, demonstrating its ability to collect data, analyse and perform
diagnostics. Despite the potential advantages of non-invasiveness
and remote access, the study lacks wider comparison with other
methods, deeper analysis and qualitative evaluation. The system's
dependence on technology, safety concerns, implementation
costs and limited technical knowledge require further study to
validate its practical utility in modern agriculture.

The study [3] highlights the need for innovative technologies
to improve the performance of agricultural machinery and the
need for training programmes to train professionals in the use of
these technologies. The paper proposes a training simulator that
incorporates real world objects and a virtual control centre, but it
lacks specific technical details and empirical evidence to support
its effectiveness. While monitoring technologies offer potential
benefits such as increased efficiency and real-time data, they also
raise concerns about technology dependency, data security, im-
plementation costs, and technical skill requirements. Further re-
search is needed to address these concerns and validate the effec-
tiveness of the proposed monitoring system and methods under
real agricultural conditions.

When looking at existing products in the field of telematics
systems, it can be noted that only a few leading companies and

manufacturers are actively involved in the development and im-
plementation of telematics systems for agribusinesses. These
companies offer a wide range of solutions from precision farming
tools to advanced data management platforms:

1. John Deere, a major manufacturer of agricultural equip-
ment, has integrated telematics into its equipment with the
JDLink system, which enables remote monitoring and diagnos-
tics of tractors, combines and other machinery. The StarFire sys-
tem offers high-precision GPS for precision farming, including
guidance systems for automatic steering and yield mapping.

2. Trimble, known for its leadership in GPS technology, of-
fers advanced telematics solutions for agriculture through its
Trimble Ag software. The platform integrates precision farming
tools such as flow control, GPS navigation and remote sensing to
make it easier for farmers to manage operations based on real-
time data.

3. AGCO offers a range of precision farming solutions
through its FUSE technologies, which combine technology,
telematics and data management. AGCO's telematics platform,
AgCommand, monitors equipment performance and helps opti-
mise machinery use and reduce downtime.

4. CNH Industrial: The parent company of brands such as
New Holland and Case IH, CNH Industrial uses its AFS Connect
telematics platform to support precision farming with features
such as vehicle tracking, preventive maintenance and crop data
analysis. The platform integrates seamlessly with equipment to
optimise operations.

5. Topcon: Topcon, a company specialising in precision posi-
tioning technology, offers solutions such as the Topcon Agricul-
ture Platform (TAP), which uses real-time field data to improve
decision-making in crop production. Their systems also support
automated control and precise application of fertilisers and pesti-
cides.

6. Raven Industries: Raven Industries, a leader in precision
agriculture, offers Slingshot, a comprehensive telematics and
logistics platform that connects field operations to the back of-
fice. The system supports machine-to-machine communication
and data-driven decision making for precision agriculture.

7. Yara International: although primarily known for fertiliser,
Yara has expanded into precision farming with its Atfarm plat-
form, which combines satellite imagery and plant data to opti-
mise nutrient application. This helps farmers utilise resources
more efficiently and increase yields.

These companies play a key role in the development of agro-
industrial technologies, and the telematics systems they have
developed are improving operational efficiency and sustainability
across the entire agricultural value chain.

Most telematics systems collect a wide range of information
that provides a comprehensive view of machinery performance
and condition. Table 1 summarises the types of data that can be
monitored.

Summarising the above, it can be noted that existing products
in the field of telematic systems and existing research do not im-
ply installation of additional equipment for diagnostics of agri-
cultural machinery, but are only a superstructure over basic con-
trol units and carry out collection, storage, processing and trans-
mission of information of those values, which are received from
standard systems.

-
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Table 1
Types of telematics monitoring data
Data Area: Data type: Description:
GPS coordinates The exact location of the technique
on the map
Travelling speed ;li"ll:fespeed of the machine at a given
Location —
Direction of| . . .
Direction of machine movement
movement

Movement history

Trajectory of machinery movement
over a certain period of time

Engine hours

Total motor running time over a
certain period of time

Fuel consumption

Volume of fuel consumed

Operation of

Engine speed

Engine revolutions per minute

machinery

Engine temperature

Temperature reading in the motor
cooling system

Oil pressure

Supply of oil to engine parts at a
certain pressure

Error codes that occur in the opera-

Error code tion of the equipment
State of the art|System boot Perceptage of utilisation of various
machinery systems
Oil level Engine oil level
Fuel level Fuel level in the tank
Setting the geo-fences in which the
Geo-fences equipment should be located or from
Additional which it should not leave.
features: Set up alerts for various events, e.g.
Alerts speeding, machinery stoppage, fuel

consumption, faults.

This study proposes to develop a telematics-like system

equipped with an additional sensor to determine the amount of
solid particles in the lubricant composition. Many studies show
that some amount of small solid particles characterised by oil
properties are present in the oil of an internal combustion engine
from the moment of operation. In the process of internal combus-
tion engine operation, the oil wears out, losing its lubricating
properties, which leads to an increase in the rate of wear of fric-
tion pairs and a sharp increase in the number of solid particles

(Fig. 1).
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Fig. 1. Dependence of the main characteristics of oil in the process of
running time, where: A — total alkalinity; B — oil viscosity;
C — amount of insoluble products; D — total acidity
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The development of an intelligent telematics system capable
of determining the amount of solid particles in the lubricant com-
position will allow real-time assessment of the oil condition, in-
dicate the need for its replacement, and based on the large data on
the oil condition of a particular power unit for the previous period
will allow to preventively determine the need for maintenance.
Also, untimely and peak growth of solid particles can indicate
critical wear of friction pairs and the need for technical repair of
the power plant before its failure.

The purpose of this paper is to present the results of the re-
search devoted to the development of an intelligent telematic
system, which includes a unit for collecting, storing and pro-
cessing information, a unit for transmitting information and a
sensor (sensor) for determining the amount of solid particles in
the oil. The proposed monitoring system is considered as a poten-
tial key element of smart agriculture combining efficiency, sus-
tainability and innovation.

Materials and methods

Two systems for monitoring the oil condition of the power
unit and drive system components can be applied to agricultural
machinery:

1. Telematic system. Allows real-time assessment of lubricant
condition and transmission to image output devices and the en-
terprise server.

2. Manual method. Allows to collect and store information
about the state of the lubricant on a carrier inside the technique,
and the information is collected and transmitted manually with
the help of additional devices or a personal computer. Data pro-
cessing can be carried out either on the capacity of the unit of
collection, processing and storage of information, or on the en-
terprise server or personal computer.

Both methods require installation of an additional sensor, data
collection, processing and storage unit and differ only in the
method of data transmission. The most promising for large enter-
prises is a telematic system that meets the requirements of opera-
tional control over the condition of a large fleet of rolling stock.

PC-M600, which is a flow counter of particles in oils and
technical liquids, designed for flow measurements under condi-
tions of high pressure and temperature, as well as its analogues, is
considered as the main sensor.

The rest of the information required by the telematics system
for a more complete assessment of the state of agricultural ma-
chinery is proposed to be collected from the control unit of the
power plant directly from the single-wire bidirectional bus (K-
Line), designed to connect the control units of the vehicle among
themselves.

Information on the condition of agricultural machinery can be
transmitted for further analysis in several ways:

Mobile communication (GSM/LTE). This type of communi-
cation is the most common way of data transmission. The built-in
GSM/LTE modem in the machinery is connected to the network
of the mobile operator and transmits the information to the serv-
er. The scheme of signal transmission from the technique is
shown in Figure 2.
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Fig. 2. Mobile phone monitoring scheme

The scheme reflects the standard scheme of data collection
via mobile communication when monitoring agricultural machin-
ery and functions as follows:

1. The machinery is equipped with sensors that collect infor-
mation about the machinery operation (speed, fuel consumption,
engine temperature, geolocation, etc.).

2. The sensors transmit the information to a GSM/LTE mo-
dem. A modem is a device that allows you to transmit data over a
cellular network.

3. GSM/LTE modem transmits data to the operator's network.
The operator's network provides communication between the
modem and the server.

4. The rver receives data from the modem and processes it.

Satellite communication. This type of data transmission is
used mainly in remote areas where mobile phone coverage is not
available. The satellite modem in the technique establishes a
connection with the satellite, which transmits data to the ground
station and then to the server. The scheme of signal transmission
from the technique to the server is shown in Figure 3.
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Fig. 3. Satellite-based monitoring scheme

The operation of the system looks like this:

1. the technique is equipped with sensors that collect infor-
mation about the operation of the technique (speed, fuel con-
sumption, engine temperature, geolocation, etc.).

2. T e sensors transmit the information to a satellite modem.

3. The satellite modem receives data from the sensors and
transmits it to a satellite in space.

4. The satellite receives data from the modem and transmits it
to a ground station.

5. The ground station receives data from the satellite and
transmits it to the server.

6. The server processes the data received from the technique,
stores it in its database and provides access to it to the user.

Wireless networks (Wi-Fi, Bluetooth). This type of data
transmission is used within a short range. The Wi-Fi module in
the technique is connected to the wireless network, and the Blue-
tooth module is connected to the operator's mobile device. The
scheme of signal transmission from the equipment to the server is
shown in Figure 4.
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Sensors

Fig. 4. Monitoring scheme with wireless network

The operation of the system looks like this:

1. The technique is equipped with sensors that collect infor-
mation about the operation of the technique (speed, fuel con-
sumption, engine temperature, geolocation, etc.).

2. The sensors transmit the information to the Wi-
Fi/Bluetooth module installed on the equipment. 3.

3. The Wi-Fi/Bluetooth module receives the data from the
sensors and transmits it to the wireless network / mobile device.

4. The wireless network / mobile device receives data from
the module and transmits it to the server.

5. The server processes the received data, stores it in a data-
base and provides access to the data to the user.

Table 2 summarises all the advantages and disadvantages of
the above methods of transmitting data from agricultural machin-
ery systems to the server for further analysis.

Table 2
Types of telematics monitoring data
Type of Advantages Disadvantages
communication
Mobile — broad network coverage;|— dependence on signal
communication — availability; quality;
— low cost — possible delays in data
transmission
Satellite — the largest coverage|— high cost of equip-
communication area; ment and services;
— Independence from|— long data transmission
terrestrial infrastructure  |time
Wireless networks |- high data transmission|— limited range
speed;
— low cost

e
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In any case, all analysed methods of data transfer have a
common essence - it is the process of data transfer to the storage,
which is the server. First of all, data preprocessing takes place.
This is the process of data cleaning from ‘noise’ and errors,
where they are also brought to a single format and scale for fur-
ther convenience of processing and analysis. The direct storage
of information itself takes place in a relational database, which
provides structured storage and quick access to materials.

The software part of the intelligent telematics system devel-
oped in one of our previous studies with the above set of sensors
(sensors) and blocks allows collecting, storing, processing and
presenting numerous parameters in various dependencies. Thus,
the system is able to collect information passing through the
K-Line technique, as well as information from an additional
flow-through particulate counter. The main difference of the pre-
sented telematic system from the existing ones is the precise de-
termination of lubricant indicators of the power plant and ele-
ments of the vehicle drive system, which in combination with
self-learning software is able to preventively indicate the need for
maintenance and technical repair.

Thus, for example, the system is able to determine the amount
of solid particles depending on the oil operating time in motor-
hours and to determine the moment of optimal maintenance be-
fore a significant change in the oil performance indicators and
reduction of lubricating properties. Figure 5 shows an example of
data output of the intelligent telematics system, which is pro-
grammed in such a way that when approaching 200 motor-hours,
the system sends a notification to the image output device and to
the server part of the hardware and software complex, and a noti-
fication of an imminent need for maintenance.

Particulate matter from o1l running

Particulate matter. pcs/s
(o3}

0 50 100 150 200 250 300
Motor hours. h

Fig. 5. Example of plotting the dependence of the number of solid
particles on the operating time of the lubricant

The telematics system under development is also capable of
collecting, storing and processing dozens of other parameters
collected via K-Line when vehicle units communicate with each
other and present them in a convenient and useful form for opera-
tors and chief engineer. Thus, Figure 6 shows the dependence of
oil pressure on oil operating hours.
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Fig. 6. Example of plotting the dependence of oil pressure in the oil
system of the power unit of agricultural machinery on the lubricant
runtime

An increase in oil pressure in the oil system of the power
plant normally has a positive effect on the service life of the unit,
but with oil wear, additive depletion and deterioration of lubricat-
ing properties, all the benefits are levelled out and, on the contra-
ry, have a negative effect due to the increased load on the lubrica-
tion system of the combustion engine.

These are not the only dependencies and recorded indicators
of the telematics system being developed. Complex analysis of
the data received by the system due to self-learning intelligent
software can significantly improve the operational performance
of agricultural machinery, extending the service life, reducing the
flow of failures, preventive decision on maintenance and repair
work, as well as reducing the financial costs of downtime.

Correct training of programme training on reaction of chang-
es of parameters of machinery in the process of operation, which
are of peak character and their change from standard indicators,
can be defined as a failure of this or that unit and assembly. For
example, an increase in the temperature of exhaust gases with
atypical changes in the ignition advance angle and accelerated
ageing of the lubricant of the power plant with unchanged envi-
ronmental parameters and air temperature at the inlet may indi-
cate a malfunction of the fuel system, which is practically impos-
sible to determine by conventional diagnostic equipment before
failure, as changes in the nature of the equipment operation may
not be noticed.

Results and discussion

Based on the analysis of all the presented types of monitoring,
we can conclude that in the agricultural industry, where we are
talking about large scale production and where it is necessary to
control various types of machinery, the most promising will be
the use of telematic type of monitoring with the installation of
additional sensors (sensors) and built on intelligent software. In
addition to the obvious advantages in the form of modern tech-
nology and increased productivity of work when used, the
telematic method has the possibility of integration with other
types of monitoring, which will allow a more comprehensive
approach to the issue of maintenance and control of machinery.

E’;
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Conclusion

Telematic monitoring of machinery allows you to manage the
operation of machinery more efficiently, reduce the cost of its
operation and increase labour productivity. Thus, based on re-
search, the use of telematics monitoring leads to changes in the
following indicators:

— Reduction in downtime. Thanks to timely detection of mal-
functions, it is possible to reduce downtime by 20-30%.

— Route optimisation. Analysis of data on the movement of
equipment allows you to optimise routes, which can reduce travel
time by 10-15%.

— Reducing fuel consumption. Monitoring fuel consumption
and optimising engine performance can reduce fuel consumption
by 5-10%.

Improved harvesting efficiency. Tracking harvesting equip-
ment can optimise the harvesting process and increase harvesting
efficiency by 5-10%.
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AHHOTauusa

B paHHOM cTatbe npeacTaBrieHa CHOXHaA TeneMaTuyeckas CUCTeMa, MpeAHa3HaveHHan A MOHUTOPUHIA COCTOSAHUA CENbCKOXO3ANCTBEHHOW TEXHUKU B
peXVMe peanbHOro BpeMeHu, ¢ 0cobbiM aKLEHTOM Ha MpPeaUKTMBHOE 06cy)uBaHue 3 EKTUBHOCTb IKCMTyaTaumnn. ApXUTEKTYpa CUCTEMbI COCTOUT U3
HECKOJIbKUX KITFOYEBbIX KOMMOHEHTOB, BK/to4asn 6510k c6opa, XpaHeHus 1 06paboTKM AaHHbIX, MOAY/b MEpeAadn AaHHbIX U CMELManu3MpoBaHHbIi HaBop
[aTYUKOB ANA aHANU3a COAEPXKaHWA TBEPAbIX YacTUL, B CMa304HbIX KMAKOCTAX. OCHOBHBIM AAaTYMKOM CUCTEMbI ABMAETCA CYETYMK YACTUL, B MOTOKE
JKUIKOCTU, KOTOPbIN CITY)KUT OCHOBHBIM MEXaHWU3MOM OGHApY>KEHUS ANA KOHTPOSs YPOBHS TBEPAbIX 3arpA3HAIOLMX BELLECTB B CMa30YHOW >KUAKOCTH.
KpoMe Toro, AaHHble mocTynaioT oT 6510Kka yrpasneHus ABurateneM no KOMMyHWKauuoHHom wuHe K-Line, 4To noseosisieT paclumputb HAGOpP AaHHbIX
MOHUTOPMHIra 32 CYET OCHOBHbIX 3KCM/lyaTaUMOHHbIX napaMeTpoB. [ns nepeAayn AaHHbIX MCMONb3yrOTCs MOGUnbHble 6GecrnpoBogHble cetu,
obecneymBatoLLe yAaneHHbI HEeMpepbIBHbIA JOCTYN K AaHHBIM O COCTOSHUM OBOPYAOBaHWA, YTO MO3BOJIAET OMEpPaTopaM M FPyMMaM TEXHUYECKOro
OBC/y)KMBAHUA aHANIM3UPOBATb COCTOHWE OGOPYAOBAaHUA HE32BUCKHMO OT reorpaduyeckoro MosnoXKeHUs. DTO MO3BOMAET 3a6NaroBpEMEHHO OLIEHUTb
COCTOsIHME MaLLMHbI HA OCHOBE aHalM3a CMa304YHOM XKUAKOCTU B PEXUME peanbHoro speMeHn. CucTeMa OTCIIEXMBAET TaKMe KItOYEBble MapaMeTpsbl, Kak
KOJIMYECTBO YacTWL, AABMEHUE XKMAKOCTU W BA3KOCTb, MPEOCTABIAN LEHHblE CBEAEHWS O COCTOSHWM M3HOCA M YPOBHE 3arpsis3HEeHUs, KOTOpble
HEMOCPEACTBEHHO B/IMAIOT Ha [AOJITOBEYHOCTb KOMMOHEHTOB. [lpeanoeHHas cucTeMa OTIMHAeTcss CMOCOBHOCTbIO MpeABMAeTb HeobXoAMMOCTb
TEXHUYECKOro 06Cy)KMBAHNA MyTEM OLEHKW MoKasaTenieil B peXXvMe peasibHOro BpeMeHW, YTO MO3BOMAET BbIABAATL MPeABapUTENbHbIE MPU3HAKW U3HOCA
wnn otkasa. Mcnombsys anropuTMbl OBHapy)XeHWs aHOMasvi, CUCTEMA OLEHMBAET OTK/IOHEHUA OT YCTAHOBMEHHbIX HOPM MPOU3BOAUTENBHOCTU U
reHepupyeT NpeayrnpeXxaeHna AJis OMOBELLEHWS OMNEPAaTOPOB O HaZBUraroLmxcs npobieMax. Takow NPEBEHTUBHbIA MOAXOA MO3BOJIAET CBECTU K MUHUMYMY
BO3HWKHOBEHUE HenpeABMAEHHbIX OTKa3oB OBOPYyAOBaHMA, TEM CaMbIM COKpaljas BpeMms npoctos. KpoMe Toro, AaHHbie cucTeMbl crnocobcTByroT
ONTUMW3ALMN NPOU3BOAUTENIBHOCTU TEXHUKM U MOBbILEHUIO obLueit 3¢deKTUBHOCTU paboTbl, TeM CaMbiM MOAAEPXKWBAs AONTOCPOYHYIO YCTOMYMBOCTb
CENbCKOXO3ANCTBEHHOM TEXHUKU B CITOXKHbIX MONEBbIX )’CJ'IOBI/IHX.

Knioyeebie croea: MOHUMOPUH2, CENbCKOX03ALICMEEHHAA MEXHUKA, aHANU3 HeucnpasHocmet, MiHmepHem eeuiell, 6ecnpoeodHas cessb, NosbileHue 3¢ppekmusHoCmu.
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