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Abstract. The development and application of automated technologies in the agricultural sector have significantly
transformed the management and monitoring of farm animals. This paper presents a comprehensive analysis of existing
technical systems for measuring the physiological parameters of farm animals, particularly focusing on cows. The
primary goal of these technologies is to enhance the accuracy and efficiency of health monitoring and to optimize
livestock management through continuous data collection and analysis.

Key technological solutions include the use of wireless data transmission systems, radio monitoring devices, and
unmanned aerial vehicles (UAVs). These technologies enable real-time tracking of animal health parameters such as
body temperature, heart rate, movement patterns, and other critical indicators. The use of various sensors, including ear,
neck, and intra-body sensors, plays a crucial role in collecting primary physiological data. These sensors are integrated
into a broader system that includes radio modules with built-in controllers for converting raw data into digital formats,
enabling wireless transmission to central systems for processing and storage.

The radio monitoring of animals allows for the continuous tracking of physiological and behavioral parameters
across large areas, providing crucial insights into their well-being. It is particularly beneficial in detecting early signs of
disease or health issues, ensuring timely intervention, and preventing potential economic losses for farmers. The
integration of unmanned aerial vehicles (UAVs) further expands the capabilities of monitoring systems, enabling the
visual assessment of animals' behavior and movement across vast pastures. Equipped with video cameras and data relays,
UAVs collect video footage that is transmitted to a central processing unit for real-time analysis and storage.

The combined use of radio monitoring and UAV technology forms a comprehensive framework for livestock
management, allowing farmers to make data-driven decisions, optimize resource allocation, and improve overall herd
health and productivity. By leveraging these automated systems, it becomes possible to reduce the dependency on manual
labor, minimize human errvor, and ensure that animals are closely monitored without the need for constant physical
presence. This represents a significant advancement in modern animal farming, aligning with global trends toward smart
farming and precision agriculture.

In conclusion, the integration of automated physiological monitoring technologies in farm animal management
presents an innovative solution for enhancing animal welfare, improving farm efficiency, and reducing operational costs.
These systems hold considerable potential for further advancements in the field of animal health monitoring, ultimately
contributing to more sustainable and productive farming practices.

Anomayin. Po3sumok i 3acmocysanus agmomamu3s08anux mexuHonozii 6 azpapHomy Cekmopi iCromHo 3MiHUIU
VIPAGAIHHS MA MOHIMOPUHE CIIbCLKO2OCHOOAPCLKUX meapul. Y yill cmammi npeocmasieno KOMWIEKCHUN aHaai3
ICHYIOUUX MEXHIUHUX CUCTeM UMIPIOBAHHS (I3I0N02IUHUX RAPAMEMPIB CiTbCbKO20CNO0APCHKUX MEAPUH, 30KpeMA KOPIS.
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Ocnosna mema yux mexHonoz2il noseae 8 Mmomy, wob NiosUWUMU MOYHICMb | eheKMuUsHICmb MOHIMOpUH2SY 300P08 5
ma onmumisyeamu ynpagiinta Xy0o0or uLiaxom noCmitiHo2o 300py ma ananisy OaHux.

OcHo8HI MexHON02iuHI PileHHs BKII0UAOMb GUKOPUCHAHHA 0e30pOmosux cucmem nepeoadi OaHUx, NPUcCmpois
padiomonimopuney ma 6esnitomuux aimanvuux anapamise (BIIJIA). L[i mexunonoeii do3gonaoms y pexcumi peanrbHO20
yacy giocmescysamu maxi napamempu 300pos s meapun, Sk memnepamypa miida, 4acmoma cepyesux cKopoueHv, pyxu
ma [HWi 8adNcIUGl NOKA3HUKU. BUKOpUCMAHHA PI3HOMAHIMHUX OamuuKie, y moMy 4YUCH GYWIHUX, WUUHUX [
GHYMPIUWHbOMINECHUX, 6i0i2pac SUPTWATLHY POlb Y 300pi nep8uHHUX (hizionociunux oanux. L{i oamyuxu inmeeposani 6
OLIbUWL WUPOKY cUCmemy, KA BKII0YAE padiomMooyii 3 60Y008AHUMU KOHMPOLEpAMU OJisl Nepemeopentst HeoOpoOeHux
danux y yugposi hopmamu, wo 3abezneuye 6€30pomosy nepeoayy 00 YeHmpaIbHUx cucmem 0Jist 0OpobKu ma 30epicanms.

Paodiomonimopune meapun 0036015€ 6e3nepepsHo giocmedxcysamu PIizionociuHi ma no8ediHKo8l napamempu Ha
BEIUKUX MEPUMOPIAX, HAOAYU 8aAXNCIUBY [HDopmayito npo ixHe Onazononyyusa. Lle ocobaueo kopucho O 6UAGNEHHS
PAHHIX O3HAK 3aX60PH06AHHA ab0 npobiem 3i 300p08’am, 3a0e3neueHHs CBOEYACHO20 BMPYYAHHA MA 3anobieanHs
NOMeHYIUHUM eKOHOMIYHUM 30umKam 015 (pepmepis. Inmezpayis 6esninomuux nimanvuux anapamie (bIIJIA) we Oinvuie
PO3UUPIOE MONHCIUBOCIMIE CUCTIEM MOHITOPUHZY, 00380104 8I3YATbHO OYIHIO8AMU NOBEOTHKY MBAPUH i NepeCy8aHHs No
senuyesHux nacosuwax. Ocuaweni gioeokamepamu ma pene oanux, bBIIJIA 30uparoms gioeozanuc, AKull nepedacmscs Ha
YeHmMpanbHull npoyecop O0isk AHANIZY Mma 30epicaHs 8 peaibHOMY YACi.

Kombinosane suxopucmanns padiomonimopunzy ma mexnonozii BILJIA gpopmye komnaekchy ocrnogy 0is ynpaeiinus
Xy000010, 00360715104U (hepmepam NPULLMamu piuleHHs Ha OCHOBI OaHUX, ONMUMI3ZY8AMU PO3NOOIL pecypcis i nOKpawumu
3a2anbHUll cmamn 300p08’s ma npooykmuseHicms cmada. Bukopucmosyouu yi agmomamu3o8ami cucmemu, cmaec
MOJNCIUBUM 3MEHWUMU 3ANENCHICMb 8i0 pYUHOI npayi, MIHIMIZyeamu 10OCbKI NOMUIKY mMa 3abe3nedumu pemenbHull
Ha2na0 3a meapuramu 6e3 nompedu 8 nocmiiunit Qizuunitl npucymuocmi. Lle siease cob0oio snaunuil npozpec y cy4acHomy
MEAPUHHUYMSBI, WO BIONOBIOAE CBIMOBUM MEHOEHYIAM 00 POZYMHO20 3eMAEPOOCMBA MA MOYHO20 3eMAepodCmEd.

Hiocymosyrouu, inmeepayiss a8mMoOMamMu308aHux MeXHONO2il (Di3i0N02IYHO20 MOHIMOPUHZY 6 YAPABNiHHA
CIIbCLKO20CNOOAPCOKUMU  MBAPUHAMU NPEeOCMABIAE IHHOBAYIHe piuieHHA O NOKPAujeHHs 000pobymy meapuH,
niosuuyeHHs eqheKMmuBHOCmI ghepmu ma 3HUNHCEHHs eKCRIyamayiunux eumpam. Lfi cucmemu micmsamo 3Haunutl nomenyian
01 nOOanbUio20 npozpecy 6 2aiy3i MOHIMOPUHZY 300pP08’si MEAPUH, 3Peuwmor0 CApuawYu Oinbul CMIUKUM i
NPOOYKMUBHUM MEMOOAM 8€0€HHS CLIbCbKO20 20CH00APCMEd.

Key words: cow (farm animal), physiological parameters, UAV, RTM, monitoring, radio modules, wireless
transmission, sensors

Kurouosi ciioBa: xopoBa (CiIbCHKOTOCIIOApChKa TBapuHA), (izionoriuni mokasHuku, BITJIA, PTM, MOHITOpHHT,
pamioMoyii, 0e31pOTOBa Nepeaada, TaTYHKH

Introduction

Agriculture is characterized by all groups of automation objects: automated technologies and automation objects [1 —
4]. The analysis of the physiological parameters of cattle shows that for increasing the level of realization of the genetic
potential of animals, not only the usual technological processes of milking and individual feeding are the most significant
and informative, but also such as monitoring the location of the animal, the main indicators of vital activity (heart rate,
breathing, mobility), timely detection of sexual activity of cows, especially on pasture [5 — 6].

Reproduction is one of the most important factors in the rational production of both dairy and meat livestock products.
If a cow has a disturbed sexual cycle, remains barren and does not produce a healthy calf every year, then all its other
high qualities are of no importance. There are still few opportunities to increase the efficiency of reproduction by
traditional methods of breeding, feeding and keeping animals. In this regard, it is necessary to introduce modern automated
systems for monitoring the sexual activity of cows in the pasture, one of which is the activity system.

Monitoring of other important physiological indicators of cows in real time in free grazing conditions is one of the
main requirements of successful management of modern "precision animal husbandry". That is why the implementation
of the latest automated systems for individual recording of the vital activity of cows on the pasture is becoming more and
more important [6 — 8].

Analysis of literary data and statement of the problem

Features of production on modern farms are the need to minimize labor costs and prompt response to emerging
production problems. With the increase in the size of farms and the increase in the workload of the farmer, there is a need
to automate the remote control of each animal in real time.

It is known that cows "send signals" by their behavior, body position and other manifestations, which can be used to
draw conclusions about their health and physiological state [1 — 4].

There are many animal physiological parameters and pasture data that need to be monitored in various livestock
production processes. This includes data such as: temperature, monitoring of cows in lactation; detection of cows in heat
and control of the sexual cycle of heifers and cows; detection of the optimal time of fertilization, etc. [5 — 8].

If the animal is indoors, for example, in a cowshed, then it is not difficult to measure such parameters. For this, there
are special barriers and portable or stationary measuring devices [9 — 15]. A veterinary specialist has the opportunity to
assess the animal's physiological condition and make the necessary decisions regarding further diagnosis and treatment
[1, 2, 6 — 8, 10, 16]. However, all the advantages of technical systems of bioveterinary control of the animal's condition
lose their significance in pasture conditions. An animal that is in pasture conditions is exposed to external conditions, may
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get sick or get a digestive tract disorder. In addition, animals have natural physiological cycles. For example, cows that
need to be inseminated in time. Therefore, there is a need for constant monitoring of animals that are in free grazing far
from the point of veterinary control with measuring equipment. Monitoring tasks can be solved using automated ground
or air-based systems [16 — 20]. This is, respectively, a method of radio monitoring of animals on pasture and a method of
monitoring using unmanned aerial vehicles (UAVS). At the same time, both methods and their technical means will be
able to ensure the transmission of data from any sensors located on the animal's body or inside, to the main point of
information reception for the purpose of processing and decision-making by a veterinary specialist or zootechnician. Such
a specialist will be able to go to the pasture and promptly provide assistance to the animal or perform other procedures.

As an example, we can consider the sensors of physiological and other parameters produced by different companies.
One such device is manufactured by TekVet. The measuring device is supplied with an internal battery that is designed
to last the lifetime of the animal. Once the measuring device is attached, the TekVet Health monitoring system [21] will
automatically pick up the electronic data transfer, including temperature and animal ID information.

The length and size of the device were designed to be placed on the ears. During installation, the thermistor (electronic
thermometer) is slipped into the animal's ear canal. Cattle naturally secrete a significant amount of earwax, which forms
a natural seal around the thermistor, protecting it from weather conditions.

The company Quantified Ag [22] has developed an ear tag that monitors not only temperature and other vital signs,
but also the movement of the animal. The data is transmitted wirelessly to a central server where violations are analyzed.
When animal parameters are outside the normal range, they can be pulled out and reviewed. If a cow starts to get sick,
for example with a fever, it cannot be as active as usual.

"Silent Herdsman" has made a collar for animals. It monitors the level of food consumption and fattening of the cow,
and also monitors their temperature, which is an important indicator of health. But it requires the Internet to work.

In Austin, Texas, the "e-pil" [22], a sensor pill that is placed in one of the cow's stomachs, has been developed. Once
a pill is fed down the cow's esophagus, the device begins reading metrics such as heart rate, respiration rate, stomach acid
and hormone levels, and notifies workers via text message if a problem is detected. This device is designed mostly for
dairy herds.

To detect cows ready for insemination and at rest, a system for detecting heat based on motor activity was developed
[23]. This system, firstly, surpasses the best Western proposals in terms of functionality (it is possible to provide a
longer communication range, as well as deep adjustment of the detection algorithm to the conditions of a specific farm,
identifying all cows that have at least some external manifestations of sexual behavior), secondly, more convenient to
use, "Ovi-bovi" sensors hang freely on standard cow collars without requiring orientation; software is in Ukrainian;
reading information from the sensors does not require a system of readers that is connected to other equipment on the
farm, thirdly, the sensors are twice as cheap as foreign analogues.

The sensors have a state-of-the-art circuit, a high-quality shock-resistant housing and are controlled by simple and
convenient software. The electronic circuit of the "Ovi-bovi" sensor contains three basic elements: a triaxial
accelerometer-magnetometer FXOS8700CQ (Freescale Semiconductor, USA), which measures the movement activity
of a cow at a frequency of 1,56 Hz; a microcontroller of the Cortex-M family (STMicroelectronics, Switzerland), which
collects data from the accelerometer, pre-processes and packages it for forwarding; the Si4460 transceiver (Silicon Labs,
USA), whose characteristics allow for a communication range from 500 m to 5 km, depending on the settings of the
receiving node.

One of the dynamically developing areas of electronics is the development of wireless data transmission systems.
They are based on the use of functional radio modules that work at a distance of one to several hundred meters from each
other. Usually, radio modules consist of a microcontroller, a receiver, a transmitter and a small number of external
components [24]. The market of radio modules is represented by manufacturers who offer products with different
functionality and in different frequency ranges, from hundreds of megahertz to units of gigahertz. Next, we will consider
some existing radio modules that may be suitable for the project of automated monitoring of a herd of cows.

The "Gamma" radio module is intended for the organization of automated complexes in large areas, the organization
of communication between remote objects and information collection and analysis points [25].

With the help of "Gamma" modules, it is possible to transmit digital information from telemetric sensors of measuring,
control and technological equipment, which is also installed on stationary objects. Basic technical characteristics: carrier
frequency 433,92 MHz + 0,2%; transmitter power (max) 10 mW; supply voltage (nominal / permissible range) 10/5...15
V; load current (reception / transmission) 40/70 mA; overall dimensions 40x102x24 mm, weight 40 g.

The RFM12BP module [26] is designed to work in conjunction with the RFM12 frequency modulated (FC) transceiver
module. In the 433 MHz range, with this configuration, it is possible to achieve stable communication at a distance of up
to 3000 m with direct line of sight.

The main characteristics of the RFM12BP radio module. Bands: 433, 868, 915 MHz; internal data filtering and clock
frequency recovery; support for very short data packets up to 3 bytes; supply voltage 2,2...3,8 V - for the FM transceiver,
8...12 V — for the output power amplifier; current consumption in transmission mode 260 mA; current consumption in
reception mode 20 mA; receiver sensitivity 121 dBm; transmitter output power 100 mW; transmission speed on the radio
channel up to 250 kbps; dimensions 52x30x10 mm; weight with antenna 20 g.

Radio modules operating in the 433 MHz band from Hope Microelectronics (Hope RF) use FM (frequency
modulation). These devices have a low price and small dimensions (no more than 3 cm?). Radio modules are manufactured
as a board with installed components and a device for connecting to external circuits. Specialized radio modules of the
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HM series [27] are successfully used to create wireless data transmission systems. It is known that FM communication
systems with many parameters are superior to systems with amplitude modulation.

HM-R is a compact FM receiver module. Supporting a fairly high speed of data reception in the range of 600...9600
bps (300 bps — 100 kbps with an external filter) and having good sensitivity, HM-R radio modules are able to ensure
reliable communication with HM-T transmitters over long distances from 160 to 370 m. The modules are characterized
by high efficiency in a wide range of supply voltage 2,5...5 V, while consuming a current is 9...11 mA. The devices are
small in size. Parameters of the HM-R radio module: range 433 MHz; sensitivity 98 dBm; supply voltage 2,5..5 V;
current consumption in working mode 11 mA.

HM-T is a compact radio module of the FM transmitter. HM-T transmitter modules provide a data transfer rate in
the range of 600...9600 bps or 300 bps - 100 kbit/s using an external filter, which corresponds to the same bandwidth of
HM-R receiver radio modules. With an output radiated power of several milliwatts, they are able to provide reliable
communication at a distance of up to 370 m with direct line of sight. HM-T devices work efficiently in the supply
voltage range of 2,5...5 V, while consuming a current of only 25...31 mA. Parameters of HM-T radio modules: range
433 MHz; output power 7 dBm; supply voltage range 2,5...5 V; current consumption 31 mA. Radio modules of HM-R
receivers and HM-T transmitters are made in the form of printed circuit boards with overall dimensions of
26,0x21,3x7,14 mm. These radio modules are the most suitable parameters for use in this research.

It can be concluded that currently there are many different sensors for automated determination of physiological
parameters of animals and data transmission via wireless communication to a central computer. In addition, in Ukraine,
several measuring systems have been developed to determine physiological parameters at the cell level using electrical
conductivity and membrane electroporation in a pulsed field of increasing intensity [28 — 31]. The sensors of these
conductometric systems can also be used for the automated determination of physiological parameters of animals at the
cellular level, which is certainly decisive in the formation of the physiological homeostasis of the animal's organism.
Therefore, the choice of one or another type of sensors depends on the conditions of cow grazing, the requirements of
the farmer, and the scientific and practical problems that are posed and solved during the testing of new technical devices
which are being developed.

The reviewed examples of radio modules have a small power and, for their use over long distances in the pasture, a
repeater-amplifier needs to be connected. It can be placed on the animal's collar together with its individual code.

The purpose and objectives of the research

To conduct an analysis of existing systems for monitoring the physiological parameters of cows, to determine
directions for improving the assessment of physiological parameters of cows by automating this process with the help of
modern technical means of remote monitoring, to substantiate the main elements in the composition of technical systems
for automated monitoring of a herd of cows on a pasture based on means of ground and aerial surveillance and wireless
data transfer.

Research methods and materials

Elements of automated animal monitoring systems in operation include one of the varieties of traditional radio
communication subsystems, namely, radio telemetry (RTM), i.e. measurement of physical quantities at a distance with
transmission of measurement results via radio communication channels [32 — 34].

A set of devices located on the biological object of observation and at the point of reception of telemetric information
forms the RTM system. Sensors, analog-to-digital converters, data encoding devices, radio transmitters are placed on the
transmitting side of the system (on the biological object); radio receivers, data decoding devices, equipment for data
processing and registration are installed on the receiving side (at the receiving point). Multi-channel radio communication
lines are used to transmit information. The necessary accuracy and stability of data transmission are ensured by the use
of digital methods of transmission and processing of information, as well as methods of protecting information from
errors. RTM methods and systems are widely used for automated monitoring of the functional (physiological) state of
biological objects, including animals [35].

Since this project considers the process of remote automated measurement of the physiological parameters of cows
on a pasture, which in general can have quite extensive dimensions and some natural irregularities (obstacles), it is
advisable to consider the basic theoretical provisions relating to the influence of some external factors and radio signal
parameters on the range communication through the RTM channel.

To build radio communication in RTM systems, VHF is mainly used: decimeter (UHF), centimeter (SHF). The main
factor affecting the communication range is the wavelength (or, in other words, the frequency) on which the reception-
transmission is conducted. As is known, the radiation frequency is related to the wavelength by the following ratio [36]:

Vv
AZVTZT (1)

where: 1 —the wavelength, m; v —speed of its propagation (speed of light), km/s; T — oscillation period, s; f— frequency,
Hz.
With an error of about 0,1%, you can calculate the length of a radio wave in free space as follows:
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where: 1 — the wavelength, m; f — frequency, MHz.

If we consider the propagation of a radio wave in free space, it can be found that the wave easily goes around a small
obstacle and overcomes it, but cannot go around a large obstacle - a kind of "radio shadow" is formed behind it, there are
practically no waves there, if we neglect the small edge effect of the wave's penetration beyond the edge obstacles. These
processes are explained taking into account the ratio of the wavelength and the size of the obstacle. Therefore, for long
radio waves of more than 1...10 km, the natural unevenness of the Earth does not constitute a significant obstacle, and
such waves relatively easily go around the Earth's surface. For short (1...100 m) and especially ultra-short (less than 1 m)
UHF, SHF radio waves, the Earth with its numerous irregularities is too big obstacle. These waves almost do not go
around the earth's surface and practically do not go beyond the horizon line. They extend in a straight line within line of
sight to the first insurmountable obstacle larger than a wavelength.

So, the lower the frequency at which the RTM system works, the greater the communication range. On the other hand,
the higher the frequency, the shorter the distance between RTM base stations and the better the quality of communication.
In addition, as the frequency increases, the dimensions and weight of RTM equipment, especially antenna-feeder devices,
significantly decrease. Also, the cost and energy consumption are reduced, the portability and mobility of the entire RTM
system as a whole are increased, and all this in the aggregate is extremely important for automated monitoring of animals
in the field. Therefore, it is most expedient to use the frequency range UHF and higher in RTM systems.

Thus, radio communication at frequencies above 300 MHz (i.e. wavelength less than 1 m) is possible, mainly, only
within the radio horizon, that is, the distance of direct passage of radio waves taking into account the sphericity of the
earth's surface, the so-called direct or optical visibility. In this case, the range D of RTM communication will depend on
the height of the receiver antenna and is determined by the following formula [36]:

D =3,85-(\/h +/h,) @)

where h 1and h ;- the heights of RTM receiver and transmitter antennas, m.

In addition to “radio shadow" which reduces the range of communication and reduces its quality, other influencing
factors include the following: fading, reflection and scattering of the radio signal; diffraction on an obstacle and
interference with a reflected signal; transmitter power and receiver sensitivity.

One of the important parameters of a radio signal is its attenuation (weakening) with distance from the transmitter.
However, this parameter is determined by the operating frequency of the receiving and transmitting system, so it can be
reduced by selecting the appropriate frequency. There is such a relationship - the higher the frequency of the signal, the
greater the attenuation. Attenuation can be compensated by increasing the transmitter power and receiver sensitivity, as
well as by using antennas with a high gain. The graph of the dependence of the attenuation (weakening) of the signal of
three different frequencies in free space on the distance, presented in Fig. 1 [36].
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Fig. 1 — Dependence of signal attenuation of three allowed frequencies in free space
from the distance to the radiation source

It follows from Fig. 1 that the most acceptable frequency for the RTM-based monitoring system from the specified
three permitted frequencies, from the point of view of minimum attenuation, is the frequency of 433 MHz.

Therefore, scattering is an inevitable consequence of the spread of energy from one point, which is the source of radio
signal radiation (at a distance much larger than the size of the emitter). The principle of propagation of some radio waves
is similar to the principle of propagation of light. Therefore, in order to obtain a large coverage area (equal to the area of
the pasture), it is necessary to direct the radiation in all directions, that is, to use a non-directional antenna.

Scattering cannot be reduced, but can be partially compensated for. For example, by using directional antennas that
focus the radio beam in one direction. But then the coverage area will narrow, which is undesirable in our case of
monitoring animals on pasture. Another way to compensate for scattering can be to increase the power of the transmitter.
However, it should be noted that increasing the output power of the transmitter is the least effective way to increase the
communication range. So, to increase the range by 2 times in the presence of direct visibility, it is necessary to increase
the power of the transmitter by 4 times, and in the absence of visibility by 8 times.
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The influence of the radiation power [36, 37] on the communication range can also be estimated by the voltage of the
electric field at the point of reception according to the following Vvedenskyi formula:

E_47z-\/60-P~G-hl-h2

A-r? )

where E — the amplitude of the field strength at the reception point, \V/m; P — radiation power of the radio transmitter,
kW; G — the gain of the antenna transmitting the signal, dB; 1 — wavelength, m; r — the length of the radio communication
line, km; hy, h, — the height of the antenna transmitting the signal and the receiving radio station, respectively, m.

The range of communication is affected by interference. In real conditions, due to the reflection of waves from various
obstacles at the reception point, many waves with shifted phases relative to each other can be received and, therefore, the
resulting signal can change randomly or disappear. When building RTM systems, digital technologies of pulse-code
frequency modulation are usually used, and partial loss of information can be easily restored according to the Kotelnikov
(or Nyquist-Shannon) theorem [37].

On large livestock farms, cattle are often driven out to graze freely. As a result, farmers face a problem - the issue
of livestock safety. Therefore, it is important to provide timely veterinary care to the animal in the pasture and control
the movement of animals. Undoubtedly, one of the most accurate and operational ways to control the herd is the use of
UAVs. Compared to conventional small aircraft controlled by a person, UAVs are much more affordable, fully pay off
with the results obtained and allow for aerial surveying and analysis of a significant amount of areas in a shorter period
of time.

To control the herd, these devices are equipped with a photo and video camera or an infrared sensor and fly over
possible locations of animals along a predetermined route. It can be adjusted at any time at the ground control station,
which takes into account all the technical characteristics of the unmanned complex. Battery-powered devices can stay
in the air for up to five hours and fly up to 100 km. Battery replacement time for continued flights is no more than 10
minutes, which allows you to monitor for almost a whole day, at night you can use an infrared camera capable of
distinguishing living objects in complete darkness. During the flight, a photo or video recording of the understory
surface is taken. Then the received data is processed and decrypted automatically with the use of special software
developed for this equipment.

The use of a special program provides simplicity and convenience to the method of controlling the herd using a
UAYV because the operator does not need to personally view all the data obtained as a result of the shooting, the number
of which can reach tens of thousands of photos and occupy hundreds of gigabytes on the hard disk. When manually
analyzing such volumes, the time for processing information can reach several days, while the probability of operator
error increases significantly, since animals often almost completely merge with the underlying surface. Thus, the herd
control technique using UAVs consists of three stages. On the first one, the area is photographed using a camera installed
on the equipment. After that, the results of the survey are processed with the use of the animal recognition program, and
at the final stage, the obtained information is analyzed and further management decisions are made.

A special recognition program displays on the screen only those pictures where animals were detected, while the
coordinates of each individual are automatically determined. With a different species composition of the herd and the
presence of characteristic distinctive features of individual types, the program automatically recognizes the animal's
belonging to each species and displays this data in its interface. Such a function allows timely detection of dangerous
objects, such as robbers, before their direct approach to the herd and time to react to their appearance. Based on the
results of the program, an electronic map of the location of livestock on the controlled area can be compiled, on which
individuals of various species are marked with points, which allows to visually assess the location of each animal. In
addition, with the help of a UAV, permanent video monitoring of the herd in automatic mode is possible. If there is an
installed video camera, the object tracking mode is turned on and the desired individuals are selected, the device is able
to follow them automatically and adjust its route independently if it is necessary. Thus, surveillance of animals from the
air with the help of UAVs and the developed software complex makes it possible to significantly improve the
preservation of herds on pasture.

Research results

There are many different systems for automated monitoring of animals from the air, including using UAVs. Thanks
to the mobility and automation of unmanned vehicles, for example, the process of accounting for the number of livestock
is greatly simplified in huge territories. With the development of digital means of observation and fixation installed on
board UAVs, the accuracy and efficiency of monitoring animals on pastures has increased.

The use of radio beacons allows you to accurately determine the geographical coordinates of the location of the
animal, you can monitor the movement and length of the daily transition. In the absence of beacons, the route task for
the UAV is prepared in advance. The task depends on the area and length of the pasture. After landing, all received
images are downloaded from the plane. The area of shooting in one working day can be from 4 to 8 thousand hectares.
Nowadays, the use of UAVs is the most effective method of monitoring the number and movement of cows, both in
terms of financial costs and time spent.

Standard radio modules can be used for wireless transmission of data received from the animal to the UAV and
further to the main PC. Common functional radio modules that work in connection at a distance of one to several
hundred meters from each other have already been considered above. The use of transceivers made on one crystal
simplifies the process of applied development. Usually, systems based on such microcircuits consist of a
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microcontroller, a receiver and a transmitter, and a small number of external components.

Flying over an animal or a herd on a pasture, a UAV takes photos and videos in both automatic and semi-automatic
modes, as well as receives and relays data on the physiological state of animals to a PC. The result of such work is a
series of high-quality pictures with reference to geographic coordinates and a set of primary data from sensors placed
on the animal. After processing the entire array of data in specialized software, the received data is analyzed in
accordance with the assigned tasks.

For automated monitoring of a herd that moves slowly on a pasture, the most effective is the use of a helicopter-type
UAV. The use of UAV in the form of an airplane to monitor animals in the pasture is impractical because the following
technical requirements must be met for these devices: the presence of a runway; high flight speed to provide lift; the
need to have a supply of fuel and lubricants; A UAV in the form of an airplane cannot hover and make a clear video
recording.

In view of this, it should be added that at a higher flight speed of such an apparatus, the Doppler effect will be
observed. This effect will lead to a shift in the frequency of the on-board transmitter radio signal and, as a result,
narrowband receiver on the ground, which will lead to a partial or complete loss of information. It is advisable to use
devices with a low speed of movement in space, preferably with a hover function. Helicopter-type UAVs have such
properties. The comparative characteristics of the UAV are presented in Table 1.

Table 1 — Comparative characteristics of UAVs

Technical characteristics of the UAV ZALA 421-22 ZALA 421-02X

1. Range of video/radio channel 5km/5km 25 km /50 km

2. Flight duration 35 min 1.5...2 hours

3. Frame dimensions 1060x1060x165 mm 750x2860x1180 mm

4. Speed up to 30 km/h up to 60 km/h

5. Maximum take-off weight 8 kg 90 kg

6. Load mass 2 kg 25 kg

7. Navigation GPS/GLONASS GPS/GLONASS

8. Target loads Type "16E+" Type "16E+"

9. Additional target loads Installation of a 10 W LED Installation of a 50 W LED
10. Temperature range -30°C...+40°C -30°C...+40°C

11. Launch Vertical - automatic Vertical

12. Landing Vertical - automatic Vertical

13. Engine type Electric - eight-rotor scheme Internal combustion engine (Wankel)
14. Maximum height 1000 m 3000 m

Discussion of results

Table 1 shows that the ZALA 421-02X has better technical characteristics, but for this project it is impractical to
choose this type of UAV for the following reasons: internal combustion engine (ICE), not electric; fire hazard, in the
event of a malfunctioning device falling onto the pasture; heavy weight; danger to animals, as the blade of a UAV with
an internal combustion engine has a higher rotation frequency and moment of inertia; high cost compared to an electric
UAV. Despite the huge prospects, the use of UAVs for automated monitoring of the physiological state of animals in the
current global practice of pasture livestock breeding is just beginning. In our country, these technical means for monitoring
the condition of animals on pastures are not used at all. Therefore, according to experts, this promising direction of
automation of pasture livestock breeding will have an undoubted novelty and relevance for the next 4...5 years. After
conducting theoretical studies, it should be noted that the following technical means can be used for automated monitoring
of physiological parameters of cows: various types of ear sensors (tags) and neck or intra-body sensors to obtain primary
physiological data about the animal; miniature radio modules as part of the RTM system with a built-in controller for
converting primary data into a digital code and transmitting it via a radio channel, a UAV with a video camera and repeater
(possibly also a pasture condition sensor system) on board for video recording of animals and RTM data transfer to the
main computer for processing and storage.

Conclusion

It is possible to solve the task of automated monitoring of the state of cows in the pasture using one of two (or their
combination) methods with the appropriate technical equipment: using automated ground and/or air-based systems. These
are, respectively, radio monitoring of animals and monitoring using UAVs. At the same time, both automated monitoring
systems together with technical means of radio telemetry (RTM) will be able to provide data transmission from any
sensors located on the animal's body or inside, to the main information reception point for processing on a PC.
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