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Abstract.

Recent years have been marked by the development of dairy farming in
Kazakhstan. The number of small farms is growing, but their equipment with
modern milking machines remains at a low level. Due to the lack of total control
over livestock, their productivity is decreasing. In addition, poor coverage of
communication networks has a negative impact on the introduction of loT
technologies. However, the emergence of energy-efficient long- and short-range
networks allows the development of devices for remote digital monitoring of
certain livestock production parameters, in this case, associated with milk yield.
The developed device is implemented on accessory board for Arduino Mega, and
includes milk meter on the reed switch, LF RFID tag reader, RFM95W module for
data transfer via LoRa protocol and controller based on Atmega 2560. The device
is installed on a mobile milking machine and keeps track of milk productivity of
each milking cow individually. The device has been tested in laboratory conditions
and on a dairy farm. The test results did not reveal any discrepancies in the milk
yield automatically obtained via the LoRa wireless channel and the milk volumes
physically measured by the beaker.

Keywords: Agriculture, Internet of Things, Radiofrequency identification,
LoRa, intelligent dairy farming, automatic method, milk meter, Arduino,
ATmega2560

Introduction

At the moment we observe a For proper management of dairy cattle
rapid development of dairy cattle breeding, it is necessary to keep
breeding in Kazakhstan. A large records of dairy productivity obtained
number of imported dairy breeding from these animals. At the same time,

cattle are imported into the country. recording dairy productivity is



important for both breeding and non-
breeding farms [1].

In Kazakhstan, dairy farms with
developed infrastructure, i.e. those
with computerized milking parlors,
occupy only 15% of the total volume
of farms, while the remaining 85%
use milking in milk pipelines or
mobile barrels, as they use tied
maintenance in winter and pasture in
summer [2]. Dairy cows’ milk
productivity is estimated in 305 days
of lactation, the recording is possible
only when performing control milking

[3].

Small farms often do not carry
out control milking because this
procedure is labor-intensive and the
assessment of milk productivity is
done conditionally. With the rapid
growth of digital technology, the
widespread adoption of elements of
the Internet of Things (loT) is taking
place [4]. The agricultural sector of
Kazakhstan is also being improved,
but this is mainly characteristic of
large agricultural units, the situation is
not the same for small farms. Small-
sized farms located in rural remote
areas are  experiencing  great
difficulties with the availability of full
coverage by communication networks,

Materials and research methods

The proposed solution was
related to agro-industrial loT, to
provide remote digital monitoring of
parameters related to milk yield. Two
wireless communication technologies
RFID and LoRa were used in the
system of the device under
development [8, 9].

The  developed  universal
equipment for automatic recording of

and as a result of the limited
autonomy of radio frequency modules.

The analysis of dairy farming
shows certain tendencies for the
development  of  technics  for
automation and robotization of
technological processes [5, 6]. The
first is the development of system
solutions, which connect all elements
of machines complex on the farm in a
single whole. It allows to control
technological chains in an automatic
mode with optimum parameters and
taking into account information
interrelations of system parts. The
second is to improve the design of
individual technical means, units and
assemblies to improve their functional
and technical and technological
capabilities. Already today, there are
certain  achievements in  both
directions. However, for small farms,
expensive solutions such as a robotic
"Herringbone parlors™ will be illogical
[7]. Here, an inexpensive mobile
device with automatic data collection
system is required.

In this regard, the purpose of
our work was to develop an
experimental sample (model) of
universal equipment for automatic
recording of milk productivity.

milk productivity made it possible to
measure and record milk vyield of
individual cows during each milking.
This will enable farmers using mobile
milking machines to have real-time
and strategic data on individual cow
productivity [10].
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Figure 1 - General structure of the device implementation stages

Figure 1 presents a generalized
structure of the device, shown the
required stages of work, methods and
technologies applied in development.
For successful implementation it was
necessary to solve four main issues:
cow identification, milk yield, data
processing and process control, data
transmission via wireless channel.

RFID technology has been used
to identify cows, including ear tags
and an RFID tag reader. For the
device under development, as a radio
frequency tag reader, LF RFID
module supporting 1SO11784 with a
frequency of 134.2 kHz + 1.8 kHz
used [11].

Figure 2 - Milk meter in open condition



A counter with mechanical
principle (Fig. 2) used as a device for
measuring milk quantity entering
during milking. A valve with a cover
is installed in the working cavity of
the counter base, into which a magnet
interacting with the reed switch is
formed. The base of the counter
covered with a glass with outlet
fitting. An O-ring used to seal the
meter cavity. Passing milk portions
repel the valve cap, which causes the
reed relay to open [12].

Arduino Mega based on
ATmega2560 was chosen as the

pulses. To connect the Arduino radio
modules is supplemented with a
developed expansion board with
RFID reader and data transfer chip via
LoRaWAN. RFM95W module has
been selected as a LoRa standard
transceiver [13].

Having determined all the
necessary components and
intermediate solutions, a device for
accounting for milk productivity has
been developed. The developed
device is a form factor expansion card
for the Arduino Mega, and works only
in conjunction with this controller.
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Figure 3 - Schematic diagram of the device

On the basis of VT1 - VT7
transistors the level adapters of 3.3V
<-> 5V built. This section of the

circuit necessary because Arduino
Mega 2560 works with voltage levels
0 - 5V, and RFM95W module with



levels 0 - 3.3V. The Arduino Mega
2560 controller terminals shown as
DD1A to DD1G components. Diodes
VD1, VD2 act as indicators. DD2 was
the RFM95W module responsible for
data transmission via the LoRaWAN
interface. The X2 antenna is
connected to connector X1, which
operates at a frequency of 868 MHz
(LoRa operating frequency for the
region of Kazakhstan). Reed switch
connected to the X3 connector. One
foot of the reed switch is pulled up to
the supply voltage through the resistor
R5 to provide logical signal levels on
the D8 foot of our controller, and the
second foot was connected to the

ground. Al is a RFID module. 3 feet
used. Two feet were used for module
power supply and one for serial port
data reading. The data is read on the
D9 foot of the Arduino Mega 2560
microcontroller, as it is on this foot
inside the controller that the Seriall
serial port was connected.

Figures 4, 5 shown three-
dimensional models of the accessory
board of the device under
development. The LoRa RFM95W
module was located on the bottom of
the board. Level coordination was
implemented on the bottom side of
the board.
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Figure 5 - Three-dimensional device model. Bottom view.

The controller work program was written on the basis of the developed

algorithm (Figures 6, 7).
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Figure 6 - Structural diagram of the device controller operation algorithm
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Figure 7 - Structural diagram of the device controller operation algorithm. Clock
interrupt handler

When power is supplied to the
controller, all device modules were
configured. After configuration, the
system goes into standby mode for
data from the RFID module. As soon
as the RFID module returns the tag
information, the system enters the
counting mode. In fact, the system ran
an empty cycle until an interrupt
occurs according to timer 1 (Fig. 7).
Previously, the timer was set to
operate every 0.01 seconds. In the
interrupt handler, the controller reads
the state of the reed switch, and if it is
open, the open time counter
increments, the closed state of the
reed switch is reset. Otherwise, the

time of the closed state of the reed
relay were incremented, if it was
closed for more than 10 seconds, the
program gives a signal to change the
state and switch to the processing and
data transfer mode. Using this logic, it
IS possible to eliminate unnecessary
operator actions to stop the meter. In
data processing and transmission
mode, the controller converts the reed
open state time to litres and sends the
data to the server via the LoORaWAN
interface.

Figure 8 shown the
implemented device in assembled
form, with RFID reader, LoRa
module and antennas installed.

Figure 8 -Components of the implemented device

Research results

The final device encased in a
plastic case, which houses a platform
with a microcontroller and an
expansion module with LoRa
transmission chips and an RFID
reader. The device captured the

individual cow's identification number
through an RFID system, compared it
with the calculated yield and sends
the data to a server via the LoRa
wireless interface.



Figure 9 - Mobile milking machine with automatic milk yield recording

Figure 9 shown the connection
of the device to the milking machine.
The board with the controller was
located in a box with a marked frame
1. The reed sensor was located in the
grey glass highlighted by the frame.

Several  experiments  were
carried out on the dairy farm KT

"Mambetov m Ko", including cows
with the first milking after calving
(Figure 10). Displacement
calculations were calculated on the
controller built into the meter, and the
result was transmitted via the LoRa
channel to a remote server.




Figure 10 - Testing the device

Conclusion

The article was based on the
practical implementation of the device
related to IoT and wusing radio
interfaces to collect and transmit
useful information. The article was
based on an understanding of the
principles and advantages of RFID
and LoRa technology. The developed
equipment for accounting milk
productivity will allow to receive
automatically data on milk yield from
a separate cow during milking by
mobile devices, which was previously
not possible. In conjunction with the
RFID system, the device created an
opportunity to track their productivity.
The use of LoRaWAN network will
increase the service life of the module
and give independence from cellular
network coverage.

This development will allow
farmers in Kazakhstan to keep
accurate records of milk productivity,

because  milk  productivity is
influenced by a large number of
factors. One of the most important
management is feeding, a decrease in
milk yield indicates incorrect feeding,
which in the future will lead to
problems with the health of cows and
animal reproduction. An important
point is the culling of animals, the
farmer will be able to identify low-
yielding animals and take timely
measures to repair the herd with more
productive animals.

The  present work  was
performed within the framework of
program-targeted funding of the
Ministry of Agriculture of the
Republic of Kazakhstan,
BR06349515 "Transfer and
adaptation of innovative technologies
for optimizing the production
processes in dairy farms of Northern
Kazakhstan™.
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The use of mobile milking machines in dairy farms remains popular. In the
near future, a replacement for robotic systems such as " Carrousel”, "Herringbone"
and others is not foreseen both on small farms and for the first milking after
calving. As a result, the presented development is relevant and in demand. The
created equipment for automated accounting of milk productivity is a device with a
hardware-software module that collects data on milk yield from an identified cow,
performed by a mobile milking machine, and sends the data automatically via a
wireless communication channel. The technological features of the experimental
model of universal equipment for automatic recording of milk production are the
use of a reed switch for milk counting, radio frequency identification and data
transmission using the LoRa protocol with low energy consumption. A control
program was written to execute the developed algorithm. A special Arduino Mega
expansion board has been developed for processing RFID signals and reed switch
pulses. The algorithm of work assumes obligatory radio-frequency identification of
the cow before the start of milking, and automatic transmission of data upon its
completion. The data storage server wirelessly sends information about the amount
of milk, cow ID, start and end time of milking. Experimental tests were carried out
on dairy farms using mobile milking machines. As a result, the viability of the
proposed solution and its advantages were proved: efficiency and structured data,
no manual logging, flexibility in expanding functionality.

Keywords: Agriculture, Internet of Things, Radiofrequency identification,
LoRa, intelligent dairy farming, automatic method, milk meter, Arduino,
ATmega2560
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[IpumeHnenrne MOOWJIBHBIX JOWJIBHBIX YCTAHOBOK HA MOJIOYHBIX (hepMax
octaércs TMOMyJIsApHbIM. B Ommkaiimee Bpemsi 3aMeHa Ha POOOTHU3MPOBAHHBIC
cuctemsl THna «Kapycensy, «Enodka» u apyrue He NpeaBUANTCS KaK HA MallbIX
dbepmax, Tak U I MEPBOM JOMKU mOcie OTENa. DTO JeNaeT MPEeCTaBICHHYIO
pa3paboOTKy akTyalbHOW W BocTpeboBanHOoW. Co3maHHOe 000pyIOBaHUE



aBTOMATU3UPOBAHHOTO Yy4ye€Ta MOJIOYHOW MPOJYKTUBHOCTU MPEACTABISIET COOOM
YCTPOWCTBO C ammapaTHO-MPOTPAMMHBIM MOJYJIEM, OCYIIECTBIISIONIEe CcOOp
JAHHBIX 00 yJ0€ ¢ WACHTH(PHUIIMPOBAHHOW KOPOBBI, COBEPIIICHHOM MOOWIBHBIM
JIOWJIbHBIM anmapaToM, M OTIPABKY JAHHBIX B ABTOMATUYECKOM PEXKHME IO
OeCIpOBOJIHOMY  KaHally  CBSI3U.  TEXHOJOTMYECKUMU  OCOOCHHOCTSIMU
AKCIIEPUMEHTAIIBHOTO oOpasiia YHHUBEPCAIIBHOTO 000pynoBaHUs o
ABTOMATUYECKOMY YYETY MOJIOYHOM NPOAYKTUBHOCTH SIBIIAKOTCS NPUMEHEHHE
repKOHOBOT'O JIaTYMKA Il TOICUETa MOJIOKA, PAAMOYaCTOTHON UACHTU(PUKALUYT U
nepeiaun JaHHbIX 1Mo mpoTokoidy LoRa ¢ Huskum sHepromorpeOnenuem. Jlis
UCIIOJIHEHUSI pPa3pabOTaHHOTO ajropuTMa HamucaHa IMporpaMMma yIpaBJeHHUS.
Paspaborana crenuanpHas Iiata pacmupenus Ha Arduino Mega mis o0paboTku
curHaioB RFID wu wummnynscoB repkoHa. ANroput™M paboThl Mpearojiaraet
00s3aTENIbHYI0 PAIMOYACTOTHYIO MICHTU(UKAIIMIO KOPOBBI J0 Hayana JOWKH, U
aBTOMATHUYECKYIO OIPaBKYy MAaHHBIX MO €€ 3aBepuieHuo. Ha cepBep xpaHeHus
JJAHHBIX MO OECHPOBOJAHOMY KaHaly OTHpaBisieTcss UHpoOpMaius O KOJIUYECTBO
MOJIOKa, ID KOpOBBI, BpeMEHH Havanda U OKOHYAHUA JTOWKH. JKCIEPUMEHTAIBHBIC
UCIIBITAaHUS TIPOBOAMIMCH HAa MOJIOYHBIX (hepMax C MCIOJIb30BaHUEM MOOMIBHBIX
JOWIBHBIX  ammaparoB. B pesynpTare  JoKa3aHa  KU3HECIOCOOHOCTH
MPEIJIOKEHHOTO  pEIIeHus W €€  NPEMMYyLIECTBA:  ONEPATUBHOCTH WU
CTPYKTYPHUPOBAHHOCTh JAHHBIX, OTCYTCTBUE BEACHUS KypHaja B PyYHOM PEXUME,
rMOKOCTh B pacIIMpeHUH (PyHKIIMOHAA.

KiaroueBbie cjaoBa: CEIbCKOE  XO3SMCTBO, NuTepner  Bemew,
paguouactoTHas — uaeHtudukanus, LORa, wuHTemnekryanpbHOE  MOJIOYHOE
J)KUBOTHOBOJICTBO, AaBTOMAaTHYECKUH METOJ, CYETYMK Mojaoka, Arduino,

ATmega2560
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Cyt depmanapbiia MOOWIBII cayy KOHIBIPFBUIAPBIH KOJIJAHY TaHbIMall
Oonbin Kana Oepexi. KakbiH apajna aybICThIpy yakbIThl OTKeHmiek", "[lbrpma”
TUINTI POOOTTAHABIPBUIFAH JKyHenepie xkoHe Je 0acka aybICThIpy IIaFbIH



dbepmanapaa na, Oy3ayjlaraHHAH KEHIH aiFalllKpl cayy YIIH 1€ KYTiIIMEen/Il.
Ocpiran OaiIaHBICTBI YCHIHBUIFAH 31pJeMe ©3€KT1 jKoHe cypaHbicKa ue. Kypoutran
anmapaTThIK-OarmapiaManblK ~ MOAYJII  0ap  KYpPBUIFBI  CYT  OHIMIUITIH
aBTOMATTaHABIPBUIFAH €CETKE aly >KaOIBIFBIH YCBIHAIBI, O MOOWIBAI cayy
amnmapaThl JKacaraH COWKECTEHIIPUITEH CHUBIpJaH cayy Typalbl JepeKTepl
KUHAYBl KOHE NEPEKTEepIi aBTOMATTBI PEXHUMJE CHIMCHI3 OailIaHBIC apHACHI
OolpIHIIA >KIOEpyIl JKy3ere achIpaTblH KYpPBUIFBI O0Jbl  TaObutagel. CyT
OHIMJIUIITIH  aBTOMATThl €CEMKE ally JKeHIHJeri omOebam  KaOIbIKThIH
OKCIEPUMEHTTIK VJTICIHIH TEXHOJIOTHSJIBIK EpPeKIIeTIKTepl CYTTI ecemnTey,
PAIMOXKUUIIKTI COMKECTEHIIPY *OHE SHEPTUusiHbl a3 TYThIHAThIH LoRa xaTTamacsl
OoMbIHIIIA IepeKTep/ il Oepy YIIIH reépKOHIBIK JaTYUKTI KOJIJaHy OOJIbIN TaObLIa IbI.
O3IpJIeHTeH alrOpUTMII OpbIHJAY YUIiH Oackapy Oarmapiiamachl kasputrad. RFID
CUTHAJIIapbl MEH TE€PKOH MMITYJIbCTApbIH OHACY YiliH Arduino Mega-na apHaiibl
KEHEUTY TakTachl xacanbl. JKYMbIC alrOpuTMI CUBIpABI cayy OacTajFaHra ACiiH
MIHJETTI TYPAE PAAUOKHUUIIKTI COMKECTEHIIPY/l >KOHE OHBIH asKTalybl TypaJibl
MOJTIMETTEp/I aBTOMATTHI TYpAe Ty3eTyldl KamTuabl. CHIMCHI3 apHa apKbLIbI
JEPEKTEP/Il CAKTay CEPBEPIHE CYT MOJIIEPi, CUBIPABIH HICHTU(DUKATOPHI, CayyabIH
OacTany jkKoHE asKTally yakbIThl Typajibl akmapar xioepigeai. MoOuipal cayy
KOHJIBIPFBIIAPBIH TalaaHaThIH CYT (epManapblHaa dKCIEPUMEHTTIK ChIHAKTap
Kyprizingl. HoTwkeciHne YCBHIHBUIFAH MICHIIMHIH OMIPIICHAITT »KOHE OHBIH
apTHIKIIBUIBIKTAPBI: JAEPEKTEPIH KEACIIITT MEH KYPBUIBIMABLIBIFGI, KYPHAJIbI
KOJIMEH OKYpri3yliH Oonmaybl, (QYHKIUMOHANJBI KEHEUTYyJeri HMKeMJIUTIr
TTQJIEIACHI.

KinTrik ce3nep:aybul mapyanibUlbIiFbl, HHTEPHET 3aTTapbl, PAAHOKULIIKTI
coiikecteHipy, LoRa, akpuiibl CyTTI Maj IapyambUIbIFbl, @ BTOMATThI 9JIiC, CYT
ecenrrerimai, Arduino, ATmega2560
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