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Development of Mechatronic Systems for Targeted
Division and Selection of Seed Material

One of the key stages in seed material processing is sorting, as seed mixtures typically contain
impurities of various origins. These impurities include stems, leaves, mineral inclusions, weed seeds, and
damaged seeds of the primary crop. Seed sorting, as a subtask of separation, relies on the physical differences
between the components of the mixture. The main physical characteristics of seeds include size, shape, weight,
color, density, and others. These properties determine the parameters of modern seed cleaning equipment,
influencing its design and operational efficiency. Modern separation methods based on physical and mechanical
properties have been reviewed, focusing on aerodynamic characteristics (pneumatic columns), size (screens of
various shapes), density (pneumo-vibratory separators), elasticity, electrophysical properties (dielectric
separators), and color (photo separators). Technological lines for the separation of small-seeded crops have been
presented, taking these parameters into account. The designs of adaptive aerodynamic, vibratory screen, vibro-
pneumatic separators, selective seed graders, and photoelectronic separators have been described in detail. These
machines are equipped with sensors, electric motors, control units, and software, enabling enhanced productivity
and separation quality. For instance, an adaptive aerodynamic separator ensures uniform airflow, promoting
efficient mixture separation, while the vibro-pneumatic separator can automatically adjust the inclination of the
working surface to optimize the process. The integration of adaptive mechatronic systems into primary seed
production processes significantly improves seed quality, reduces energy consumption, and ensures the
flexibility of technological lines. Research results confirm the effectiveness of the proposed designs, fostering
the development of modern methods for seed material separation. Furthermore, the development and
implementation of these advanced systems align with the increasing demand for high-quality seeds in
agriculture. The use of adaptive mechatronic systems allows for real-time monitoring and adjustment of
separation processes, minimizing human intervention and errors. This not only enhances the precision of sorting
but also contributes to sustainable practices by reducing waste and energy usage. In conclusion, the evolution of
seed sorting technologies underscores the importance of innovation in agricultural machinery. By leveraging
cutting-edge technologies such as photoelectric sorting and pneumatic systems, the agricultural industry can
meet the growing challenges of productivity, efficiency, and environmental responsibility. The adoption of these
advanced systems promises to elevate the standards of seed processing, ensuring better yields and more
sustainable farming practices worldwide.
seeds, separation, cleaning, sorting, automation, efficiency, quality

Problem setting. In Ukraine, there is a regulatory document DSTU 2240-93 'Seed of
Agricultural Crops. Varietal and Sowing Quality' [1], which defines standards for varietal and
sowing quality, methods of packaging, labeling, transportation, and other relevant
requirements. According to this standard, seed material must be of good quality: large, clean,
with high germination, free from disease pathogens and impurities [2].
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Seeds of different agricultural crops are divided into three main categories: basic seed
(BS), elite seed (ES), and reproductive seed (RS). Each category is characterized by specific
quality indicators, including varietal purity, content of seeds of the main crop, the amount of
seeds of other crops and weeds, germination, and maximum moisture content [3, 4].

Varietal purity is highest for BS (99.6-99.8%), slightly lower for ES (99.2-99.7%),
and lowest for RS (92-98%). The content of seeds from other crops in the BS category is
minimal (20-50 seeds/kg), while for RS this figure can reach 240 seeds/kg. The content of
weed seeds is lowest for BS (8-50 seeds/kg) and highest for RS, reaching 1500 seeds/kg.
Germination varies from 90% for BS, 85% for ES, to 70-80% for RS, depending on the crop.
The maximum permissible moisture content of seeds is the same for all categories and crops,
ranging from 9-13%.

Very high requirements are placed on seed material of small-seed crops, which can be
achieved through detailed study of the physical-mechanical properties of the seed material of
each crop and the correct selection of equipment for separation based on the results of the
research.

Analysis of the latest studies and publications. One of the main stages of the seed
material processing process is the sorting stage, as the seed mixture contains various
impurities: stems, leaves, mineral impurities, and others. Additionally, the seed material will
contain low-quality seeds of other crops, broken and damaged seeds of the main crop, as well
as weed seeds [5]. By processing the seed material through the removal of impurities and
excess moisture, its quality is improved. The principle behind the operation of seed cleaning
equipment is based on the physical differences in characteristics that can exist between the
seeds of cultivated plants and other unwanted particles. Seed sorting can be viewed as a
specific task within the separation process aimed at enhancing the quality of seed material.

The result of sorting the seed material is influenced by various individual physical
properties of the seeds [6]. Physical characteristics include: size, length, weight, shape, color,
etc. [7]. Without examining the physical characteristics of different types of seeds, it is
impossible to further adjust modern seed cleaning machines [8, 9], improve and develop new
types of machines [10, 11]. Published reviews of characteristics [12, 13] have allowed the
formation of a modern technological line for the separation processes of small-seed crop
materials, taking into account their physical-mechanical characteristics (Fig. 1). This area of
research continues to develop.

All seed material separation methods can be categorized based on the physical-
mechanical properties of the seeds: by aerodynamic properties (using pneumatic columns and
other air channels) [14, 15, 16]; by size characteristics (width and thickness on screens with
round and rectangular holes, length on triers) [17, 18, 19]; by density or bulk weight (using
pneumatic tables, pneumatic vibratory separators) [20, 21]; by elasticity (on impact sorting
tables) [22]; by electrophysical properties (in dielectric separators, separators in a corona
discharge field); and by color (using photo separators) [23].

Setting objectives. The aim of the research is to enhance the efficiency of technical
and technological support in primary seed production by justifying adaptive mechatronic
systems for the precise division and selection of seed material from agricultural crops.

Presentation of the main material. The adaptive aerodynamic separator (Fig. 2)
consists of a frame, a hopper with a flap, a separation chamber with a vertically arranged
cascade of flaps, and a centrifugal fan. The fan is driven by an asynchronous electric motor.
The separator is also equipped with fraction and dust collectors. Additionally, it is provided
with stepper motors. The shafts of these motors are connected to the hopper flap and the
cascade of vertically arranged flaps. Inside the separation chamber, air flow speed sensors are
placed. A camera is installed in front of the transparent front wall of the separation chamber.
A control unit is provided for managing the flaps. This unit is connected by electrical wires to
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the stepper motors. The asynchronous electric motor is connected to a frequency converter via
electrical wires.
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Q —seed feed rate, kg/h; V — air speed, m/s; a, p — angles of inclination of the surface (screen), °;

y — frequency of surface oscillations (screen), s~ '; A — amplitude of surface oscillations (screen), m; n — drum
rotation frequency, rpm; At — time delay for nozzle activation, ms; A — photodetector sensitivity, %; 0 — tray
inclination angle, °; AT — rotation duration, s; W — seed mixture moisture content, %; x — content of organic and
inorganic impurities, %; & — degree of seed material damage, %; ®(V,) — fractional composition by aerodynamic
properties V,, %; O(D) — fractional composition by geometric size D, %; O(p) — fractional composition by bulk
density p, %; @(C) — fractional composition by seed color C — RGB or C — HSV, %

Figure 1 — Modern technological line for the processes of seed material separation of agricultural crops
Source: developed by the authors

Based on the obtained data from numerical modeling, it was determined that by using
an automated cascade of flaps, it is possible to achieve the equalization of the air flow speed
(£0.2—0.4 m/s) in the separation chamber of the aerodynamic separator, which can include
any flow generator. However, this results in a loss of nominal speed by 5-15%. The increase
in speed can be achieved by increasing the air flow generator's performance (e.g., by
increasing the fan blade rotation frequency), which leads to an increase in energy
consumption by 5-15%. However, considering the priority of quality in the technological
process of separation in the aerodynamic separator, these losses can be neglected.
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1 — hopper; 2 — flap with stepper motor; 3 — separation chamber; 4 — cascade of flaps;
5 — centrifugal fan with electric drive; 6 — airflow speed sensors; 7 — fraction collectors;
8 — camera; 9 — control units; 10 — personal computer

Figure 2 — Structural-technological diagram (a) and overall view (b) of the experimental
sample of the adaptive aerodynamic separator
Source: developed by the authors

The adaptive vibratory screen separator (Fig. 3) consists of a base, a body, a screen
frame, a receiving device, a hopper, a flap, a discharge window for seed flow and passage,
and two electric vibrators. According to the invention, the separator is additionally equipped
with two front and two rear pneumatic cushions. These pneumatic cushions are installed on
the base and support the body. The separator has a stepper motor, the rotor shaft of which is
connected to the flap. It also includes front high and atmospheric pressure electrovalves and a
front electronic pressure sensor. These are connected to the two front pneumatic cushions via
pipelines. Rear high and atmospheric pressure electrovalves and a rear electronic pressure
sensor are connected to the two rear pneumatic cushions via pipelines. An air receiver and
compressor are sequentially connected to the front and rear high-pressure electrovalves. Two
air filters are connected to the front and rear atmospheric pressure electrovalves. A camera is
installed above the end of the screen frame in the area without holes. The control unit for the
stepper motor is connected to the stepper motor via electrical wires. The control unit for the
motors is connected to the two electric vibrators. The control unit for the pneumatic cushions
is connected to the front and rear high and atmospheric pressure electrovalves, as well as to
the front and rear electronic pressure sensors. The separator is equipped with a personal
computer with software. The software is based on the algorithm for performing technological
processes of separation, cleaning, and sorting of grain or seed mixtures by geometric size. The
computer is connected to the camera, control units for the stepper motor, motors, and
pneumatic cushions via electrical wires.
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a

1 — hopper; 2 — flap with stepper motor; 3 — screen; 4 — system for adjusting the screen inclination angle;
5 — discharge windows for seed flow and passage; 6 — electric vibrators; 7 — camera;
8 — control units; 9 — personal computer

Figure 3 — Structural-technological diagram (a) and overall view (b) of the experimental
sample of the adaptive vibratory screen separator
Source: developed by the authors

Based on the obtained theoretical and experimental dependencies, an adaptive
vibratory screen separator was developed based on the Cimbria Unigrain calibration machine,
with a performance of 189+13 kg/h and separation quality (total seed concentration) of
3.4+1.3%.

The adaptive vibropneumatic separator (Fig. 4) with an air-permeable deck, discharge
windows, flaps, fan, crank-rocker mechanism, and electric drive. According to the invention,
the separator is equipped with a seed feed unit, volumetric mass measurement units for the
seeds, which are connected to each discharge window via strain gauge sensors; control units
for the electric motors driving the fan and crank-rocker mechanism for the vibration of the air-
permeable deck. The separator is equipped with a control unit for the stepper motors driving
the adjustment of the longitudinal and transverse tilt of the deck and the flap of the seed feed
unit, measurement control units, a general measurement unit, and a personal computer. The
invention ensures increased productivity, improved quality, and reduced labor intensity in
performing the separation technological processes.

Based on the obtained theoretical and experimental dependencies, an adaptive
vibropneumatic separator was developed based on the PVS-type pneumatic vibrostage, with a
productivity of 131+6 kg/h and separation quality (distribution coefficient) of 95.5+1.5%. The
calibration of the volumetric mass measurement unit of the adaptive vibropneumatic separator
was developed and conducted.
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1 —deck; 2 — system for adjusting the tilt angles of the deck; 3 — discharge windows; 4 — fan with electric drive;
5 — crank-rocker mechanism with electric drive; 6 — seed feed unit; 7 — volumetric mass measurement unit;
8 — strain gauge sensors; 9 — flap; 10 — pushing electromagnet (solenoid); 11 — tension springs;
12 — infrared diode and photodetector; 13 — control units; 14 — personal computer

Figure 4 — Structural-technological diagram (a) and overall view (b) of the experimental
sample of the adaptive vibropneumatic separator
Source: developed by the authors

The adaptive seed selection trier (Fig. 5) includes a frame, support rollers, a cylindrical
drum with cells, a motor-reducer, a drive roller, a tray, a hopper-feeder, a collector for larger
seeds, and a collector for smaller seeds. The invention is characterized by the fact that the trier
is additionally equipped with a stepper motor, the shaft of which is fixed to the tray. A flap
with a stepper motor is installed in the hopper-feeder. A camera, whose lens is directed
toward the center of the drum with cells, is mounted on the front part of the tray. The control
unit is connected via electrical wires to the motor-reducer, stepper motor, flap stepper motor,
and camera.

1 — frame; 2 — support rollers; 3 — drum with cells; 4 — motor-reducer; 5 — drive roller; 6 — tray;
7 — stepper motor; 8 — hopper-doser; 9 — flap with stepper motor; 10 — larger seed collector;
11 — smaller seed collector; 12 — photocamera; 13 — control unit; 14 — electric wires

Figure 5 — Structural-technological diagram (a) and general view (b) of the experimental
sample of the mechatronic system for the selection-seed treater
Source: developed by the authors
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For testing the developed design of the seed selection trier, the K3538 trier (Cimbria
Heid GmbH) was improved. The application of the developed mechatronic control system for
the K3538 seed selection trier allows performing the technological process of separating
mustard seed mixture by the length of its components with a productivity of 123.5 + 6.3 kg/h,
impurity content in the tray seed mixture of 0.82 + 0.17%, content of main crop seed in the
cylindrical seed mixture of 16.85 + 2.69%, and power of 0.93 + 0.23 kW.

The photoelectronic separator (Fig. 6) includes a frame, a material feeding unit with a
hopper and a flap, a seed registration unit with nozzles, an illuminator, registering
photoreceptors, and an information processing unit, a seed output unit with gas nozzles, a
relay block, an air receiver, and a compressor, and collectors for liquid and non-liquid seeds.
The material feeding unit is additionally equipped with a stepper motor, the shaft of which is
connected to the flap via a crankshaft mechanism, and a control unit for the stepper motor.

Based on the obtained dependencies, the photoelectronic separator has been improved,
with a productivity of 38+3 kg/h and a separation quality (total seed concentration) of
1.2+0.1%.

1 — hopper; 2 — flap with stepper motor; 3 — drum with radial blades and electric drive;
4 — vibrating tray with vibrator motor; 5 — seed registration block; 6 — illuminator;
7 — recording and control photoreceptors; 8 —seed output block; 9 — gas nozzles; 10 — compressor
with air receiver; 11 — collectors for liquid and non-liquid seeds; 12 — control units

Figure 6 — Structural-technological diagram (a) and general view (b) of the experimental
sample of the improved photoelectric separator
Source: developed by the authors

A belt device for automatic seed phenotyping (Fig. 7) has been developed, which is
additionally equipped with a seed feeding unit installed before the belt conveyor. The unit
consists of a bowl with a helical track, which is secured to a vibrating surface using a screw,
with a vibrator motor fixed underneath. Three spring plates are mounted on the frame, angled
at 45° relative to the horizontal plane in the direction of lifting the helical track. The vibrator
motor is connected to a width-pulse modulator via electrical wires, and the modulator is
connected to the control unit. After the belt conveyor, a mass measurement unit is installed,
consisting of a strain gauge connected to the control unit via electrical wires. One end of the
strain gauge is fixed to the frame, while the other is attached to a plate on which a bushing is
mounted. The device is also equipped with a battery located in the power supply unit. It
maintains the accuracy of individual seed geometric measurements, determines their shape
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and color, and ensures low labor intensity and high technological efficiency in implementing
the seed phenotyping procedure as breeding material based on its morphological and marker
traits. Experimental verification results showed that the productivity of the matrix device is
1 kg/hour, while the belt conveyor device achieves 5 kg/hour.

a b
1 — frame; 2 — belt conveyor; 3 — belt; 4 — electric motor; 5 — seed feeding tray; 6 — shock absorbers;
7 — flap; 8 — vibrator motor; 9, 10 — infrared LEDs; 11, 12 — photodetectors; 13 — camera;
14 — RGB LEDs; 15 — lightproof tube; 16 — receiving tray; 17 — strain gauge; 18 — amplifier;
19 — control unit; 20 — personal computer; 21 — power supply

Figure 7 — Structural and technological diagram (a) and overall view (b) of the device
for automatic seed phenotyping
Source: developed by the authors

Conclusions. The study focuses on enhancing the efficiency of technical and
technological support for the precision separation of sunflower seed material. It establishes
the mechanical and technological principles for creating automated control systems to
optimize the structural and operational parameters of equipment used in the seed separation
process.

A precision technological scheme for the separation process line has been developed
to meet the requirements for cleaning and separating seed mixtures, ensuring a high varietal
purity of sunflower seed material (98.0-99.9%). This scheme incorporates automation of
technical equipment.

To further enhance the efficiency of sunflower breeding and seed production, an
automatic seed phenotyping device has been integrated into the technological line. This
device accelerates the breeding process, optimizes the design of crossing programs through
bioinformatics-based data analysis, and improves seed sorting efficiency.
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Po3po0ieHHsT MeXaTpPOHHMX CHCTeM HIUIBOBOIO MOALTy Ta BiZ0OPY HACIHHEBOIO
Martepianay

OpmHUM i3 KITIOYOBHX €TarliB 0OpOOKM HACIHHEBOTO MaTepialy € COPTYyBaHHS, aJkKe HACIHHEBA CyMIII
MICTHTh JOMIIIKH Pi3HOTO TIOXO/KEHHS: cTe0yia, JIMCTSA, MiHepalbHI BKIIIOYEHHS, HAciHHA Oyp'sHIB Ta
MOIIKO/DKEHE HACiHHS OCHOBHOI KynbTypu. COpTyBaHHS HaciHHs, SIK Mij3ajada cemnapaiii, 0a3yeTbcsi Ha
(i3MYHUX BIIMIHHOCTSAX MDK KOMIOHEHTaMu cyMimni. Jlo OCHOBHUX (I3MYHHMX XapaKTePUCTHK HaCiHHS
HaJie)xatb po3Mip, ¢opma, Bara, Kouiip, IIUTBHICTH TOIIO. L{i BIACTUBOCTI BH3HAYaIOTh HapaMeTpH Cy4acHOTO
HaCIHHEOYHMCHOTO 00JIa{THaHHSI, BIUTMBAIOYH HA 1Or0 KOHCTPYKIIiIO Ta €PEKTUBHICTb.

PosrsiHyTo cywacHi Meromu cemapamii 3a  ()i3MKO-MEXaHIYHMMH BJIACTHBOCTSIMH, 30KpeMa 3a
aepoJMHAMIYHUMH XapaKTeprCTUKaMu (ITHEBMAaTHYHI KOJIOHKH), po3MipoM (periera pizHOi pOpMH), IIIBHICTIO
(mHEBMOBiIOpOCenapaTopu), MPYKHICTIO, €IEKTPO(I3SMYHIMH BIACTUBOCTSAMH (Hi€JICKTPUYHI CEmapaTopH),
konpopoM ((oTocemaparopu). IIpencTaBieHO TEXHONOTIYHI JIiHII cemaparlili ApiOHOHACIHHEBUX KYJIBTYp, IIO
BpPaxoBYIOTh IIi mapaMeTpu. OmnmcaHO KOHCTPYKIl aJanTHBHOTO AaepOIMHAMIYHOTO, BiOPOPEMIiTHOTO,
BiOpPOITHEBMATUYHOT'O CEMapaTopiB, CENCKIIIMHO-HACIHHUIIBKOTO Tpiepa Ta (POTOEIEKTPOHHOTO Cemaparopa.
BoHM ocHaleHI JaTYMKaMH, €I€KTPOABUTYHAMH, OJIOKaMH KEpyBaHHA Ta HPOTPAaMHUM 3a0€3MEUYEHHSM, II0
JIO3BOJISIE TABUITATH MPOTYKTUBHICTB 1 SIKICTB Cemapartii.

BripoBa/pkeHHs alaliTUBHUX MEXAaTPOHHUX CHUCTEM Yy MPOLIECH INEPBHHHOIO HACIHHHIITBA J03BOJISE
MOKPALIUTH SIKICTh HACiHHS, 3MEHIIMTH EHEProBUTpATH Ta 3a0E3MEYUTH THYYKICTh TEXHOJIOTIYHUX JIHIH.
PesynbraTi JOCHiKEHb MiATBEPIUKYIOTH €(EKTUBHICTH 3aIIPOIIOHOBAHMX KOHCTPYKLIH, CIPHSIOYH PO3BUTKY
CY4JacHHMX METO/IIB cerapallii HaciHHEBOTO MaTepialy.
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