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MODEL AND ALGORITHMS FOR DETERMINING THE LOCATION AND
POSITION OF AGRICULTURAL MACHINERY DURING THE MOVEMENT

The subject of research is the navigation subsystem of autonomous control system to determine the location and position of
agricultural machinery during the movement. The purpose of the work is to develop and research model and algorithms to determine
the location and position of mobile agricultural machinery using a physical model. The following tasks are solved in the article:
development of agricultural machinery physical model to collect information from sensors during movement, further development
and research of applicability of algorithms for location and position determination. The following methods are used: methods of
mathematical statistics, methods of information systems theory and data processing, methods of random signals filtration. The
following results were obtained: during research, the agricultural machinery physical model to collect information from sensors
during movement was created. The model includes a GPS receiver, an accelerometer, gyroscope and infrared encoders, to count the
rotation of the wheels, as well as its own four wheelbase of agricultural machinery. The modernized GPS coordinate filtration
algorithm using a geochex algorithm is proposed, which according to several successively obtained GPS coordinates calculates the
hash received coordinates; if the coordinates have the same hash, it can be argued that the vehicle is in the segment of the area that
corresponds to this hash. To determine the physical model position during the movement data from the accelerometer and the
gyroscope was processed using Savitzky-Golay and Madgwick filters. With the use of wheels’ rotation data, the odometric algorithms
for movement and location determining of the agricultural machinery physical model in motion were implemented. Conclusions: to
improve the accuracy of estimating the location and position agricultural machinery, algorithms complexation of indicators from
different navigation systems should be used to reduce the total error. Research results can be applied in the development of new and

modifications of existing navigation subsystems of agricultural machinery autonomous control systems.
Keywords: autonomous control system; agricultural machinery; inertial navigation; odometry; satellite navigation.

Introduction

The task of developing and implementing
autonomous control systems for aircraft, boats, trucks or
cars, forklifts and agricultural transport is quite relevant in
today's world. The relevance of such developments is due
to human imperfection. Humans, unlike autonomous
robots, need breaks for sleep and food, which leads to
work stoppages, and fatigue and carelessness can lead to
accidents and, as a result, to damage or loss of goods, or
even death.

The development and implementation  of
autonomous control systems is a rather expensive and
slow process, but such systems pay off in the long run by
reducing net labor, increasing uptime, saving fuel and
reducing accidents and product losses. An example of the
usefulness of autonomous control systems is the
achievements of the American startup Tu Sumple. The
truck under the control of the autopilot passed the route
Nogales (Arizona) - Oklahoma City, with a total length of
1530 kilometers in 14 hours, while a similar route with a
driver takes 24 hours [1].

The task of establishing one's own position and
location is one of the main tasks facing autonomous
control systems, because only knowing your location can
correct traffic in case of deviation from the specified
route, bypass obstacles and avoid collisions, and so on.

Autonomous control systems for different equipment
can be very different from each other. This is due to
various factors, among which it is possible to distinguish
between the control systems of vehicles depending on the
type of work for which the automation of equipment, as
well as the characteristics of the environment in which the
equipment operates. The environment in which the
equipment operates means whether the equipment
operates on land, in water or in the air, weather conditions,

as well as characteristic climatic features that may affect
the clarity of sensor readings, and features of the
environment that affect the choice of sensors, and
navigation methods. For example, satellite navigation,
which is widely used in mobile technology, works well in
open space, but this type of navigation cannot be used to
navigate equipment that should work indoors, because the
satellite signal is not able to penetrate thick walls.
Instead, it is possible to use echolocation indoors,
which determines the distance to the walls and
obstacles.

Agricultural machinery operates in open spaces
where it is difficult to adjust traffic to visual landmarks,
such as road signs and markings, or on the basis of
echolocation. In some cases, the movement of machinery
can be adjusted with the help of visual landmarks — plant
sprouts to guide the tractor wheels between the rows. But
such types of work as plowing, harrowing or sowing do
not have similar guidelines. Also, agricultural machinery
works in conditions of dust and dirt, which can affect the
sharpness of the image.

Analysis of existing sources and setting the task of
research

Existing autonomous control systems for agricultural
machinery, to a greater extent, use satellite navigation to
determine their location. To improve the location,
additional installations are used, the location of which is
known with high accuracy, and which are installed next to
the field for agricultural machinery and act as an
additional signal source. [2, 3].

There are developments on the integration of
differential satellite navigation and fuzzy control of
agricultural machinery [4, 5]

In the known works the approach to creation of
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inertial-satellite navigation system of control of vehicles
with use of an artificial neural network for optimization of
the used structure of a vector of measurements of
navigation subsystems is offered [6, 7].

It is also proposed to use promising developments in
the theory of artificial intelligence for the control system
of vehicles [8, 9].

Such solutions are either quite expensive, or not
accurate enough, or have only theoretical estimates of
their operation, so it makes sense to look for other sources
to improve the assessment of the location of agricultural
machinery.

Aim of the article. This article is devoted to the
development and research of methods and algorithms for
determining the location and position of an agricultural
vehicle model. To achieve this goal, the following
objectives are set: to choose methods and algorithms for
determining the location and position of agricultural
vehicles, select modules and sensors to create a vehicle
model, create a physical model of an agricultural vehicle
to collect data from modules and sensors while driving,
develop and implement methods and algorithms for
assessing the location and position of the model during
movement, investigate the work of developed methods
and algorithms.

Main part

The navigation system is a set of devices, algorithms
and software that allow you to orient an object in space.
The navigation complex can include both complex
navigation systems (for example, a satellite navigation
system) and individual instruments that allow you to
determine the geographical coordinates of an object or its
location by other objects.

Navigation systems carry out navigation using
various instruments. Devices such as accelerometers,
gyroscopes, magnetometers, echolocators, radars, lidars
and other devices have acquired great use.

Today, various systems of autonomous control use
such types of navigation as inertial, satellite and
odometric.

Inertial navigation is a navigation method that is
based on the properties of inertial bodies and is
autonomous, that is, it does not require external landmarks
or signals. The disadvantage of this type of navigation is
that the error obtained from accelerometers and
gyroscopes accumulates over time, so the position should
be periodically adjusted from another type of navigation
system [9, 10].

Satellite navigation is based on the calculation of the
distance from the object being tracked to satellite
antennas. The accuracy of satellite navigation can be
affected by weather conditions, signal reflection from
houses or trees, and the quality of receivers. The
advantage of satellite navigation is that error does not
accumulate over time [10, 11].

Odometry is a method for estimating the movement
of wheeled vehicles, which is based on determining the
path traveled along its left and right wheels. This method
is error sensitive due to the integration of velocity
measurements over time to obtain location estimates. In
most cases, efficient use of the odometer requires fast and
accurate data collection, as well as calibration of
instruments [12, 13].

Based on the study, it was decided to conduct
research on methods and algorithms for estimating the
location and position of transport using satellite, inertial
and odometric navigation [14].

To test the efficiency of the algorithms, it was
decided to build a simplified model of a vehicle for
collecting data from sensors while driving [15]. The
created physical model of the agricultural vehicle
includes: the NEO-6M module, for reception and
processing of the GPS signal; MPU-9250 module, which
includes a 3-axis accelerometer, gyroscope and
magnetometer; infrared encoders, to obtain information
about the rotation of the wheels of the model. The block
diagram of the model is shown in fig. 1.

Arduino board ared
sensors
Electric motor Rasob Pi mini Accelerometer,
control driver aspoetry I mint gyroscope and
computer )
magnetometer

Electric motors

Fig. 1. Block diagram of the model

The view of the assembled physical model is shown
in fig. 2.

Data collected during movement was processed on
the HP Pavilion 15-n078sr computer, which has an Intel
Core i5-4200U processor at 2.3 GHz.

Electric motors

GPS coordinates received from the module are not
reliable. The real coordinates of the object being tracked
are within a radius of the resulting coordinates. To quickly
filter the obtained coordinates, a filter algorithm was
developed that is based on the geochex hashing algorithm.
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Fig. 2. View of the created physical model

Geochex is a hashing algorithm that converts the
value of longitude and latitude to a hash type of a given
length [16]. In conversion, each hash corresponds to the
center coordinates of a hexagonal area. Thus, the
coordinates included in the same area will have the same
hash. As the length of the hash increases, the area of
hexagonal segments decreases.

The filter algorithm works as follows: several GPS
coordinates are obtained; calculating the hash of the
obtained coordinates; if the coordinates have a common
hash, then we can say that we are in the segment of the
area of which corresponds to this hash. Successful
filtering of GPS coordinates is possible when the radius of
the inner circle of the hexagonal segment is greater than
the radius of the GPS error, since in this case the entire
drift of the coordinates will be suppressed.

This algorithm requires fewer operations than if we
calculated the center of the intersection of the radius of
error of the obtained coordinates.

Clarifying GPS coordinates is useful because
knowing what area we are in at the moment can adjust
location calculations from different sources.

To test the operation of the algorithm, a test drive
was conducted in the park. The approximate route can be
seen in fig. 3.

—
Monument to Warriors
Ukrainian Insurgent Amy

Fig. 3. Approximate route of movement on park

In 166.5 seconds of bout, 170 coordinates were
collected, which is about once a second. A hash length of
13 was chosen for filtering. At this length, the radius of
the inner circle of the hexagon will be approximately 0.53
meters. The radius of error of the obtained GPS
coordinates in the period when the model was not moving
was approximately 0.3 meters from the center point. After
filtering, there were 68 points left, which belonged to 29
unigue hashes. The difference between the coordinates
before and after filtering is shown in fig. 4.
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Fig. 4. The difference between the coordinates before and after
filtering

Accelerometer and gyroscope data can be used to
determine the position of the model. It was decided to use
the Madgwick filter for this task.

The Madgwick filter is a filter developed by
Sebastian Madgwick to determine the position in space
from the readings of gyroscope, accelerometer and, in
some implementations, magnetometer sensors. This filter
calculates the position in the form of a quaternion [17].
The general idea of the Madgwick filter is to determine
the position of the object by combining estimates of the
position of gyroscopic measurements and the direction
obtained by measuring the accelerometer. The obtained
quaternion was reduced to the values of roll, pitch and
yaw in the form from = to - radians.

When analyzing the data obtained from the
accelerometer and gyroscope, it was found that during the
movement of the model, the data become very constricted,
which leads to a large error in the calculation of the
quaternion. It was decided to use the Savitsky-Goley filter
to filter the data.

The Savitsky-Goley filter is a digital filter that can
be applied to a set of digital data points in order to smooth
the data, i.e. to increase the accuracy of the data without
distorting the signal trend [18]. This is achieved in a
process known as convolution, by fitting successive
subsets of adjacent data points with a low-degree
polynomial by the method of linear least squares. When
the data points are equidistant, you can find 26 least
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squares analytical solutions in the form of a single set of
"convolution coefficients" that can be applied to all
subsets of data to estimate the smoothed signal (or
smoothed signal derivatives) at the center point of each
subset.

The Savitsky-Goley filter has two variable
parameters: the length of the window and the order of the
polynomial. To filter the obtained data, it was decided that
the length of the window will be 21, and the order of the
polynomial - 3. These numbers are due to the fact that at
such values the estimate of model rotations was similar to
that which was actually with clearly visible stopping
moments. An example of data before and after filtering is
shown in fig. 5.

0.2 4

0.0

=== data before filtration
-1.04 — data after filtration
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46690 46700 46710 46720 46730 46740 46750 46760 46770

Fig. 5. Example of data from gyroscope gz before and after
filtering

To assess the situation using Savitsky-Goley and
Madgwick filters, a test run was performed indoors.
Initially, the model moved forward and to the right. When
the model turned about 90 degrees from the initial state, it
stopped and began to move back and forth. Turning
approximately 135 degrees from the initial state, the
model stopped again and began to move forward and to
the right. When the model turned almost 180 degrees from
the initial state, it stopped and, passing back and to the
left, returned to 180 degrees. The view of the calculated
change of position during movement is shown in fig. 6.

To improve position calculations, you can use
additional accelerometers and gyroscopes, which will
reduce sensor error.

Information about the position of the model while
driving is very useful for improving location calculations
from navigation systems. For example, when moving
uphill, the movement in the X and Y coordinates will be
less than in a straight line. Knowing the position of the
vehicle when entering the mountain, you can adjust the
calculation.

roll
pitch

—  yaw

T T T T T T
60450 60455 60460 60465 60470 60475

Fig. 6. The estimate of the position during the movement of the
model

Odometric estimate of the model displacement is
calculated on the basis of information about the distance
traversed by the wheels. Infrared encoders monitor the
speed of the wheels thanks to the disks with twenty holes
attached to the wheels. When the hole passes the encoder,
a signal is generated indicating that the wheel has made
one twentieth (1/20) revolution.

The distance traversed by the wheel is calculated by
the formula:

n1+'n2

L= D, 1
N " )

where L — total path travelled by the side of the model;
n, and n, — number of rear and front wheel encoder

readings; — wheel
diameter.

The length of the traversed path in the center of the
model (Lc) will be half the sum of the traversed path on
the left and right sides.

Rate deviation is calculated by formula:

Lr+ L|

Qs =Q + oW )

N — number of slots in disk; D

where Q (t) — the robot position at a time t; L, — distance
travelled by the right side of the model; L; — distance

travelled by the left side of the model; W — the distance
between the centers of the wheels of the left and right
sides.

For the image of coordinates on the map it is
possible to calculate Cartesian coordinates:

X1y = Xty + Le - €08(Qt41)): (3)
Yty =Yty + Le -sIN(Qqe1)): (4)

Data for testing the algorithm were obtained during
data collection from the accelerometer and magnetometer.
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In fig. 7 shows the calculated displacement of the model.
The triangles show the position of the model at a given
point in time. You can see that sometimes a long time
passes between calculations. This behavior is due to the
fact that at these times the computer resources were given
to third-party processes, while information from infrared
encoders was not lost, which allowed to correctly
calculate the movement.

At the end of the movement, the error was about
three centimeters and ten degrees.
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Fig. 7. The calculated trajectory of the model

Comparison of the calculation of the position by the
odometric algorithm and the Madgwick filter is shown in
fig. 8.

The obtained calculations of the position of the
model during movement have a similar tendency,
however, the calculation of the Madgwick filter is less
clear due to the error that was obtained from the sensors.
In the worst case, the difference between the indicators
was about 20 degrees. Although the odometric calculation
algorithm has clearer indicators, but this method does not
take into account the slippage of the wheels, the
movement of slopes and wuneven roads. These
shortcomings can be compensated by adjusting the results
based on several different methods of position assessment
and displacement.

Table 1 shows the calculations of errors from
different navigation systems during the movement of the
model.

Table 1. Calculations of errors of navigation systems
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Fig. 8. The difference between odometric position calculation
and Madgwick filter calculation

Conclusions

Deviation of the calculated
Errors N~
indicators from the real ones
GPS error radius ~0.3m
GPS error radius after filtering <0.5m
The difference between the actual
position and the estimated ~3sm., ~10°
odometer at the end of the path
The difference between the
odometer and the Madgwick <20°
filter

The article developed and investigated methods and
algorithms for estimating the location and position of the
vehicle while driving.

To test the efficiency of the methods, a physical
model of an agricultural vehicle was created to obtain data
from modules and sensors while driving.

An algorithm based on the geochex hashing
algorithm has been developed to filter GPS coordinates
obtained while moving. The filtering algorithm works as
follows: several GPS-coordinates are obtained; the hash of
the received coordinates of coordinates is calculated; if the
coordinates have a common hash, then we can say that we
are in a segment of the area to which this hash
corresponds. This algorithm requires fewer operations
than the standard, which calculates the center of the
intersection of the radius of error of the obtained
coordinates.

To determine the position of the model while
driving, a Madgwick filter was used, which calculates the
position on the indicators of the accelerometer and
gyroscope. To improve the data obtained from
accelerometers and magnetometers, a Savitsky-Goley
filter was used, which is able to filter digital signals
without changing their trend.

To estimate the movement of the model during
movement, an odometric algorithm was used, which
calculates the movement of wheeled vehicles in terms of
wheel rotation.

To improve the assessment of the location and
position of vehicles should use an algorithm for
combining indicators from different navigation systems to
reduce the total error.

The results of the study can be used in the
development of new and modification of existing
navigation systems of agricultural machinery.
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MOJEJIb TA AJITOPUTMU BUZHAYEHHA MICHE3HAXO/I’KEHHSA TA
MNOJIOKEHHSA CLJIbCbKOTIOCIHOJAPCHKOI TEXHIKH 1T YAC PYXY

IIpeamerom noCHiIKeHHS € HaBiramiiiHa micucTeMa CUCTEMH aBTOHOMHOT'O YNPABIiHHS U1 BH3HAUYEHHS MICLIE3HAXO/DKEHHS Ta
TIOJIOKEHHSI CIITbCHKOTOCHOAAPChKOI TEXHIKM MiJ 9ac pyxy. Meta poGoTH — po3poOKa Ta JOCITIIPKEHHS MOJENI 1 alTOPUTMIB JUIS
BU3HAYEHHS MICIIE3HAXO/DKEHHS Ta TIOJIOXKEHHST MOOLTBEHOI CIIIbCBKOTOCIOAAPChKOI TEXHIKM 3 BHKOPUCTaHHIM ¢i3udHoi Monerni. B
CTaTTi BUPIIIYIOTHCS HACTYIIHI 3aBAAHHS: po3poOKa (i3MYHOI MOJENl CITBCHKOTOCIONAPCHKOI TEXHIKH Uit 300py iH(opMarii Big
JATYMKIB IMiJ 9ac pyxy, MoJajblia po3poOKa Ta NOCIIUKEHHS 3aCTOCOBHOCTI alTOPHTMIB BH3HAUCHHS MiCIIE3HAXO/DKCHHS Ta
MOJIOKeHHsI. BUKOPUCTOBYIOTHCS Taki MeTOQM: METOJM MAaTeMaTHYHOI CTaTHCTHKU, METOAM Teopil iHpopMaiifiHuX cucTteM Ta
00poOKH JaHUX, METOAH (iTbTparil BUMIaAKOBUX cUrHaNiB. OTpHMaHO HACTYIHI pe3yJbTaTH: IIiJ] Yac MPOBEICHUX JOCIiIKEHb OyI0
CTBOpPEeHO (i3MYHY MOJEJb CLIBCHKOTOCIONAPCHKOTO TPAHCIOPTHOrO 3acoly st 300py iHdopMaril 3 AaTuukiB mig gac pyxy. Ho
cknaay mojeni Bxomite GPS-mpuitmau, akcenepomerp, Tipockon Ta iH(padepBOHI €HKOAEpH, AT MiAPaxyHKY oOepTiB KoJjic, a
TAaKOXX CaMa YOTHPHOXKOJiCHa 0a3a TPAHCIIOPTHOI TEXHIKM CLIBCHKOTOCIIONApCHKOrO Tpu3HadeHHsA. byno 3amponoHoBaHO
MoJiepHi3oBaHHi anroput™m ¢inbrpanii GPS-koopauHAT 3 BUKOPHCTaHHSIM alTOPUTMY XEIIyBAaHHS I'€OXEKC, SIKMH 3a JeKiJIbKoMa
nocnifoBHo orpuMaHnMu GPS-koopauHataMm BHKOHYE pPO3paxyHOK XeIIy OTPUMAHUX KOOPIMHAT; SKIIO KOOPAWHATH MAaloTh
CIUTHHHUHI XEI, TO MOYKHA CTBEP/IXKYBATH, 110 TPAHCIIOPTHHIA 3aci0 3HAXOMUTHCSA B CETMEHTI IUIONII, SKii BiAMOBinae qanuit xem. Jis
BU3HAUEHHS MOJOKEHHA (i3W4HOI MOJENi MiJ yac pyXy AaHi BiI akceIepoMeTpy Ta Tipockoiy Oyio oOpoOieHO 3a ZOIOMOTOIo
¢inpTpiB Cainpkoro-I'omes ta Mamksika. I3 3acTocyBaHHSAM JaHUX HpPO OOEPHEHHS KOJIC OyJnO peani30BaHO OJOMETPUYHI
ITOPUTMH BH3HAYCHHS MEPEMILICHHS Ta MiCLE3HAXOKEHHS (Pi3MIHOT MOJETI CUIBCHKOTOCIIOAaPCHKOTO TPAHCIOPTHOTO 3ac00Y Mif
4gac pyxy. BUCHOBKM: JJIsl MiABUIICHHS TOYHOCTI OLIHKH MiCIE3HAXOKEHHS 1 MOJIOKEHHS CLIbCHKOTOCHOAAPCHKUAX TPAHCIIOPTHHUX
3ac00iB CJIiJ{ BAKOPHCTOBYBAaTH aITOPUTMHU KOMIUICKCYBaHHS IIOKa3HUKIB BiJ] PI3HUX HaBIralliiHUX CHCTEM JJIsI 3MEHIICHHS CyMapHO1
noxuOku. PesynpraTH moCHiKEHHS MOXYTh OYTH 3acTOCOBaHI IpU po3poOLi HOBMX, Ta Monudikamii iCHYIOUMX HaBiraliffHUX
IiICHCTEM aBTOHOMHUX CHUCTEM YIPaBIiHHS CUIbCHKOTOCIIONAPCHKOT TEXHIKH.

KnarwuoBi ciioBa: cucremMa aBTOHOMHOTO YIPABIIHHS, CLIBCHKOTOCIOAApChKa TEXHIiKa; IHEpIliiiHa HaBiraiis; OJOMETpis;
CYNyTHUKOBA HAaBITaIlisl.

MOJEJIb U AJI'OPUTMbI ONPEJNEJTEHNS MECTOITIOJIOXKEHUS U
IHOJIOKEHUSA CEJIBCKOXO3AUCTBEHHOU TEXHUKH BO BPEMA

HpeI[MeTOM HCCICA0BaHU SABJICTCSA HaBUI'allMOHHAsA MOJACUCTEMA CUCTEMbBlI aBTOMATHU3UPOBAHHOI'O YIIPABJICHUS U ONIPCACICHUSA
MCCTOHAXOXJACHUA W IIOJIOXKCHHS CEJIbCKOXO3SMCTBEHHOW TEXHHUKH BO BpEMs  JIBHIKCHUA. He.l]b pa6OTLI - pa3pa60T1<a u

HCCIIEIOBaHUE MOJISNIM M AITOPUTMOB JUIS OMPENENCHUsS MECTOHAXOXKASHUS M TIOJIOKEHHs MOOMIBHOH CEeNbCKOXO3SIHCTBEHHOM
TEXHUKHM C MCIOJb30BaHUEM (u3ndeckod Monenu. B cratbe pematorcs cnemyromme 3agadu: pazpaboTka (U3MUECKOl Mozenu
CEJIbCKOXO3SICTBCHHOH TEeXHUKH 11 cOopa HHGOpMAlMH OT JaT4MKOB BO BpEMs JBIKCHHUs, NalbHeHInas pa3paboTka
UCCIIeJOBaHHE MPUMEHMMOCTH aJTrOPHUTMOB ONPEAENCHHUS MECTOIOJIOKEHHS H IOJOKEeHHs. VCIONb3yIoTCs CeIyIONne MeTOAbI:
METO/Ibl MAaTEMaTHYECKON CTATHCTUKH, METOJbl TEOPHH HWH()OPMAIIMOHHBIX CHCTEM M OOpabOTKM JaHHBIX, METOIbI (GUIIbTpalun
CIly4aiHbIX CHTHAJOB. [loJNy4eHbl CIeAyIoIIie pe3yJbTaThl: B XOJ€ NMPOBEICHHBIX HCCIEAOBaHMH Obula co3maHa (u3nyeckas
MOJIEJTb CEIbCKOXO3SMCTBEHHOTO TPAHCIIOPTHOTO CPEeACTBa Uil cOopa MH(pOpMalWK C JaTYMKOB BO BpeMs ABWKeHHs. B cocras
Mozenmu BxoasaT GPS-npueMHuK, akcenepoMeTp, TMPOCKOI U HH(pPaKpacHbIe SHKOJEPSI, 1114 1oJcu4eTa 000pOTOB KOJIEC, a TaKkkKe cama
YeThIpexKojecHass 0a3a TPaHCIIOPTHOW TEXHHKH CENbCKOXO3SHCTBEHHOIO Ha3HA4YeHHs. DBBUT NpemiokeH MOAEePHU3HPOBAHHBIN
anroput™  QuneTpanun GPS-KoOpIMHAT ¢ HCHOJNIB30BAaHUEM AJITOPUTMA XEIIUPOBAHUS T'EOXEKC, KOTOPBIA 110 HECKOJIBKUM
MOCJIEI0BATENIBHO MOMy4eHHBIM GPS-KOOpAMHATaMU BBIMONHSAET PacyeT Xella MOJYYCHHBIX KOOPAMHAT; €CIIM KOOPIMHATHI HMEIOT
o0mIHMit X311, TO MOXXKHO yTBEPXKIAaTh, YTO TPAHCIOPTHOE CPEJICTBO HAXOMUTCS B CETMEHTE IUIONIAAN, KOTOPOil COOTBETCTBYET AAHHBIN
xom. [l ompenerneHus MOJOXKEHHS (U3MYECKOH MOAENH BO BpeMs ABIKGHMS JAHHBIE OT aKceJlepoMeTpa M THPOCKOma ObLIo
obpabortanbl ¢ momomblo GuiabTpoB Casuukoro-I'omess m Mamksuka. C mprMeHeHHEM ITaHHBIX 00 OOpameHHu Koyec ObLI
peann3oBaH  ONOMETPUYECKHMH  aJrOpUTM  OINpEJACNICHWs] TEepeMeIleHHs] M MECTOHAXOXJIeHUs  (QH3MYecKoil  Mojenu
CEeNIbCKOXO3SHCTBEHHOTO TPAHCIOPTHOTO CPEICTBA BO BpeMsl JIBW)KEHHS. BBIBOABI: U1 TOBBILICHUS TOYHOCTH OLIGHKU
MCCTOHAXOXICHUEC nu MOJIOKCHUE  CEIIbCKOXO3SIHCTBEHHBIX TPaHCIOPTHBIX CpEACTB  CIIEAYET HUCIIOJIB30BAaTh  AJITOPUTMBI
KOMIUIEKCUPOBAHUA MNAaHHBIX OT PA3JIMYHBIX HABUI'ALIMUOHHBIX CHCTEM IJid YMEHBIICHUA CyMMapHOﬁ IMOrpCIIHOCTH. PeSyJ’IbTaTbI
UCCIIEJOBaHUSI MOTYT OBITh HPUMEHEHBI NMpH pa3paboTKe HOBBIX M MOAHU(DHUKAIME CYNIECTBYIOIIMX HABHIAIIMOHHBIX IOACHCTEM
AQBTOHOMHBIX CHCTEM YIIPABJICHHS CEIIbCKOXO03IHCTBEHHON TEXHHUKH.

KioueBble cj0Ba: cHUCTeMa aBTOHOMHOIO YIIPABJICHHS; CEIbCKOXO3SHCTBEHHAs TEXHHKA; WHEPILMOHHAs HABUTALUS;
OJIOMETpUSI; CITyTHUKOBAs HABUTAIIHSI.
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