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Abstract. Nowadays, an important aspect for achieving a high level of seed
production is the expansion of the range of high-quality seed material,
which disrupts the technological process of separation and increases its
costs. The purpose of the study is to analyse indented separator cylinders
for cleaning small-seed crops and develop an appropriate mechatronic
system for their control, the use of which would allow performing the
technological process of separation with lower specific operating costs and
higher productivity. The presented analysis of the technical support of the
process of separation of seed material of small-seeded crops indicates the
need to improve indented separator cylinders based on automated control
of their parameters using photo or video recording of the seed separation
with subsequent processing. It has been established that the determination
of formal performance indicators of an indented separator cylinder is not
trivial. Based on the results of the analysis, a design and technological
scheme of the mechatronic system of an indented separator cylinder has
been developed. The difference between the proposed system and the
conventional one is that the camera captures the trajectory of seeds. This
information is processed in the control unit, which in turn changes the
speed of rotation of the gear motor and, as a result, the drum with cells,
the angle of inclination of the tray, the angle of rotation of the flap with
the stepper motor of the hopper dispenser. These manipulations with the
operating parameters of the indented separator allow adjusting it to changes
in the seed mixture composition, thereby improving the quality and
productivity of separation. In addition, due to the automatic adjustment
of the operating parameters of the indented separator, the participation
of the operator in the separation process is practically not required, which
reduces labour costs

Keywords: seed, grain separator, control, automation, parameters, modes

(SO

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

REVIEW ARTICLE



76

Prerequisites for the creation of a mechatronic system of indented cylinders for the...

INTRODUCTION

An important task of agro-industrial production remains
to increase the range of seed material to meet the
growing needs of farms of various forms of ownership.
When the level of seed production is reached, the load
on seed cleaning equipment increases, which leads to
a violation of the technology of its in-line post-harvest
processing [1].

The quality of seed material after processing is
largely determined by the compliance of technical means
of volume and rational technology of post-harvest seed
treatment [2]. Therefore, seed treatment in existing
production lines does not allow selecting high-quality
seeds without cost and ensure the efficiency of their
cleaning from impurities in length. In Ukrainian institu-
tions engaged in selection and seed work, grain sepa-
rators made more than 20 years ago are used as basic
machines for cleaning seeds of various agricultural crops
collected from research sites. Physically, the machines are
worn out and need to be upgraded.

There are a large number of technologies and
technical means of post-harvest seed processing and
preparation of seed material of small-seeded crops. The
most famous manufacturers of seed cleaning equipment
are Buhler Schmidt-Seeger, Denis Prive, NEUERO Farm-
und Fordertechnik GmbH, PETKUS Technologie GmbH
(Germany), Zanin F.lli s.r.l. (Spain), Westrup (Denmark),
Akyurek (Turkey). However, even the proposed integrated
approach, including the use of universal cleaning ma-
chines, does not allow systematising and developing
the technological basis for the processes of cleaning
and separating seeds of a number of oilseed varieties,
such as flax, mustard, rapeseed, ginger, sage, amaranth,
etc. [3]. One of the options for solving this problem is
to improve existing technical means for separation by
creating mechatronic systems for automated control of
their design and operating parameters.

Therefore, the purpose of the study is to analyse
seed separators for small-seeded crops and to develop
an appropriate mechatronic system for their control, the
use of which would allow performing the technological
process of separation with lower specific operating costs
and higher productivity.

THEORETICAL FOUNDATIONS OF THE
SORTING PROCESS

Seed sorting is an important step in the overall seed
processing. In the seed mixture collected from the fields,
there are such impurities as stems, leaves, mineral im-
purities, etc. In addition, the seed material contains:
low-quality seeds of other crops, broken and damaged
seeds of the main crop, weed seeds [4-6]. The quality
of seed material increases due to its processing by re-
moving impurities and excess moisture. Separation ma-
chines are based on physical differences in characteris-
tics that may exist between seeds of cultivated plants
and other undesirable particles. Seed sorting can be
considered as a subtask of separation and improving the
quality of seed material.

The result of separation depends on various in-
dividual physical properties of seeds [7]. Examples of
such physical characteristics are: size, length, weight,
shape, colour, etc. [8]. Conducting an overview of the
physical characteristics of various types of seeds is im-
portant for the further customisation of modern seed
cleaning machines [9; 10] and for the development of
new types of machines [11; 12]. Several such reviews were
published [13-15], the generalisation of which allowed
forming a modern technological line of processes for
separating seed material of small-seeded crops according
to their physical and mechanical characteristics (Fig. 1).
New methods for determining these characteristics con-
tinue to be developed [16].
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Figure 1. Modern technological line of oilseed separation
Source: [3]
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All methods of seed material separation can be
divided according to the corresponding physical and
mechanical properties of seeds [17-19]: according to
aerodynamic properties (in pneumatic columns and
other air channels); according to dimensional charac-
teristics (width and thickness - on sieves with round
and rectangular holes, length — on indented separators);
according to density or bulk volume (on pneumatic ta-
bles, pneumatic vibratory separators) [20-22]; according
to surface properties and shape (on slides, friction sep-
arators); according to elasticity (on reflective sorting
tables); according to electrophysical properties (in di-
electric separators, separators in the corona discharge
field); by colour (colour sorting machines) [23-25].

There are some preliminary studies in the field of
mechanical seed separation and optimisation. For ex-
ample, [26] investigated the improvement of the win-
nower and rice cleaning machine to reduce the amount
of impurities and the loss of viable seeds.A prototype win-
nower and regression models were developed, through
which the researchers drew conclusions about the choice
of basic parameters such as air velocity, humidity,and feed
rate. Other researchers [27] developed a mathematical
model of cleaning efficiency in a stationary thresher.
The model applies the principles of dimensional analysis
as a theoretical basis. Dimensional analysis was also used
in [28] for mathematical modelling of the cleaning process
on flat sieves.

In [29], a hybrid intelligent approach was used to
control pneumatic separators to obtain the most optimal
result, including the use of an artificial neural network
and genetic algorithms. A pneumatic separator was de-
veloped [30] and analysed using crushed mixtures of
three lupine varieties. The researchers identified cor-
relations between the parameters of the separation pro-
cess and its efficiency. Automated modelling and con-
trol of post-harvest aspects have also been studied for
seed drying and sorting systems [31]. Recently, there has
been interest in the use of artificial intelligence methods
to control such processes.

A cylinder with cells is used to sort or improve
the quality of seeds using length as the main distin-
guishing feature. The cellular cylinder divides the seed
mass into 2 fractions: “long” seeds and “short” seeds.
There are also other seed sorting machines. The next
machine used after the cylindrical separator is the
gravity separator. This device separates seeds based on
their weight. It is necessary that the seeds are relatively
uniform in physical characteristics or length - any that
a cylinder with cells can capture. The researchers [32]
modelled the granular flow on the gravity separator table.
Particle motion was modelled as a stochastic process [33].
In further analysis, the researchers [32] used digital im-
aging technologies and computer scanning (or image
analysis) techniques as a mechanism for the empirical
sampling of some of the corresponding initial cellular
cylinder variables.
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Work in related fields such as artificial intelligence
and object recognition has been carried out for at least
60 years, starting with the invention of the first digital
computers. Since then, these areas have developed and
a large number of studies are being conducted in these
areas. Over time, they gave rise to the field of computer
scanning - an area of research aimed at developing
methods for extracting visual information encoded by
pixels of a digital image. The goal is to obtain digital or
symbolic information necessary for decision-making [34;
35]. Both the main and applied discipline of computer
science, this branch relies heavily on methods of geom-
etry, statistics, physics, learning theory, etc., to obtain
visual information from data stored in pixels [36; 37].

Automation and optimisation of seed validation and
classification using computer scanning/image analysis
remain important, especially for non-invasive seed ger-
mination testing [38]. Recently, the line of equipment for
seed sorting has been supplemented with the use of a
simple form of image analysis - colour division. Such a
machine classifies certain types of seeds based on their
colour using various sensors. Seed sorting machines are
used at the end of the machining process [39; 40].

Classifying non-moving seeds is usually seen as a
simple object recognition task.Researchers [41] addressed
the problem of seed crops classification, focusing on
various characteristics and categorisers. The artificial
neural network (ANN) was one of the categorisers used.
Discriminant analysis and k-nearest neighbour (k-NN)
were used in the control (controlled) classification. A
fairly popular and generally successful approach with
controlled ANN was used to assess wheat quality [42].
Studies [43] have taken a very careful approach to the
assessment of the quality and classification of barley
seeds. The method used estimates of placement, ori-
entation, direction, and surface structure of individual
barley grains.

The studies mentioned so far are united by the
fact that they do not deal with the actual physical sep-
aration of seeds. Instead, the studies were focused on
the task of analysing images to classify seeds that were
statically placed in front of the camera. The main focus
was on developing new sorting machines - usually based
on colour separation as a reference. An automatic seed
sorting system based on machine scanning for auto-
mated classification of red and white wheat seeds was
developed in [44]. The system was capable of processing
15 seeds per second with a classification coefficient of
more than 92%. A similar system was developed [45]
for testing wheat and other grain crops. The system was
capable of processing 30 seeds per second with an ac-
curacy of 95 to 99%. The experiment was conducted using
red and white wheat grains.

The study [46] developed another low-cost im-
age-based sorting device capable of processing 75 seeds
per second. Minor colour deviations and small defects in
the seed surface were the main criteria for classification.

Scientific Horizons, 2021, Vol. 24, No. 3
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An interesting innovation in seed sorting was a device
patented in [47]. The idea that became the basis of this
invention is a pellet sorting machine, which is based on
the performance characteristics of an indented cylinder
separator.

The presented analysis indicates the need to im-
prove indented separators based on automated control
of its parameters using photo or video recording of the
seed separation process with subsequent processing.

SEPARATION OF SEEDS ON INDENTED
SEPARATORS

The length of the seed is used as an excellent physical
characteristic in the cellular cylinder. As a rule, the seed
material sent to the machine is divided into 2 groups:
long seeds and short seeds. Cellular cylindrical machines
are known as an indented separators. They sort seeds
by length.

Figure 2 is a graphical representation of the perfect

separation process in a cellular cylinder along the length.
At the top is a graph of two normal distributions with
different mean and standard deviations. These are ex-
amples of possible distribution of seeds by length in
the input mixture. A circle in the centre represents a
cellular cylinder. The cleaning process depends on sev-
eral parameters: seed mix, machine settings, and inter-
ference that can and cannot be measured (controlled
and uncontrolled). The input mixture is two-component -
long (1) and short (2) seeds. The last 2 graphs show two
separate divisions of long and short seeds into sepa-
rate components. The scenario shown in Figure 2 is very
simplified and can be considered unrealistic. The sepa-
ration of input material by length in most cases cannot
be statistically modelled as an ideal two-component
mixture of long and short seeds. A more realistic way to
statistically model the separation of the source material
by length is to use the separation of a mixture of normal
random variables with the corresponding mixture density.
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Figure 2. Conceptual model of the operation of indented grain separator

Source: compiled by the authors based on [18]

The working body of a cylindrical cellular separator
is an inclined steel cylinder with cells of a certain shape
and size. These cells are tightly located on the inner
surface of the cylinder. Such a cylinder is usually made
of a steel sheet that has indentations on the surface.

The cylinders have recesses with identical geo-
metric dimensions or close to those shown in Figure 3.
An overview of the principle of operation of an indented
cylinder separator is shown in Figure 4. While the cyl-
inder rotates at a constant speed, the seed enters the
cylinder continuously from the raised end (for example,
using a vibrating feeder). The seed falls to the bottom
of the cylinder, where a layer of seeds is subsequently
formed. The input material consists of seeds and other

Scientific Horizons, 2021, Vol. 24, No. 3

large components that do not fit in cells. In this case,
they are affected by friction with the surface of the cyl-
inder between the cells. Alternatively, they can fit, but
due to their longer length, the centre of gravity will not
be in the cells. These two scenarios usually result in a
low level of rest during rotation. Other seeds and other
small fractions (dust, broken seeds) are quite small and
do not fit in cells (where they will remain dormant for
some time before falling out of the cells). This is es-
pecially relevant for seeds with a length equal to or
less than the depth of the cell. The centre of gravity
of such seeds is usually located inside the cells, which
means that the seed is securely fixed in the cell during
rotation.
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Figure 3. Geometry and photos of stamped drop-shaped cells on the inner surface of the cylinder: a - geometry
of stamped drop-shaped cells on the inner surface of the cylinder; b — photo of drop-shaped cells

Source: [48]
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Figure 4. Cylinder with cells, front view (the superimposed graph shows the angles of long and short seeds at which
seeds fall out of the cylinder cells along a parabolic trajectory)

Source: [48]

The next two fractions of material are formed

during continuous rotation of the cylinder.“Unreclaimed”

fraction - a fraction of a material with low support at
rest in a cell during rotation. Seeds in this fraction are
transferred in the direction of rotation of the cylinder
and fall out of the cell at a certain angle. This part of the

source data is called the unselected fraction. “Raised”

fraction - a fraction of a material with high support at

rest during rotation. During rotation, the seeds are in
the cells up to a certain departure angle, after reaching
which the seeds fall out of the cells. This fraction is
called raised. Usually, due to the difference in support
atrest ®  lessthan @, .Hence the name ‘raised”and
“not raised”. This expected physical phenomenon is re-
ferred to as the “lifting phenomenon”.

The cellular cylinder is also equipped with a

Scientific Horizons, 2021, Vol. 24, No. 3
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collection hopper mounted on the axial support of the
cylinder. This prefab hopper is adjustable and has a hor-
izontal working angle. Particles of the “raised” fraction
from the inner surface of the cylinder fall out and enter
the collection hopper, provided that its working angle
has been correctly adjusted for this purpose. These trapped
particles, classified as “short” seeds, are transferred and
removed from the total mass. Particles of the “unoccu-
pied” fraction do not enter the collection hopper. These
particles, classified as “long” seeds, fall to the bottom of
the cylinder and exit the inclined cylinder through the
lower end.

An important point is the difference between
partitioning and sorting processes. Separation process -
separation by length performed by rotating a cell cyl-
inder. The sorting process is the result of the collection
hopper capturing the raised fraction and passing the
unoccupied fraction. The inner surface of the cell cylin-
der is an important part of the machine, and this part
is responsible for the actual separation of the “raised”
and “not raised” fractions. Thus, the separation efficiency
does not depend on the existing collection hopper, which
acts as a form of adjustable memory of the inner surface
of the cylinder. The ability to sort, on the other hand,
depends on the collection hopper, because without it,

the efficiency of separation quickly “disappears”.

To make a conclusion about the correct separation
of “long” and “short” seeds, it is necessary to know the
actual data of the source material. In other words, the
equipment operator needs to know what the sorting re-
sult should be. For example, if the source material con-
sisted of a mixture of whole and broken barley grains,
the operator expects the broken grain in the short
fraction, and the whole grain in the long fraction. De-
termining the formal performance indicators of a cylin-
drical cellular separator is not trivial. The optimal sorting
result can be one that has a minimum “overlap” of the
seed distribution between the two initial subgroups in
the source material. This can be considered as a form of
‘optimality criterion” for a cell cylinder. “Overlap” can
be defined as the number of short seeds that fall into
the long ones, plus the number of long seeds that fall
into the short ones.

INDUSTRIAL SEED CLEANING EQUIPMENT

The cell cylinder is available in two different scales: (1)
industrial scale and (2) laboratory scale. Among indus-
trial cylinder separators, the most famous are the BTS,
BTHM brands and modern separators of the Westrup A/S,
TR series (Fig. 5, 6).

Figure 5. Industrial cellular cylinder separator (Westrup A/S, TR series) with or without doors

Source: [48]

Figure 6. Laboratory cellular cylinder separator (Westrup La-T model)

Source: [48]
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The disadvantages of cylindrical separators are
low efficiency because they require special settings for
the optimal mode of its operation for cleaning seeds of
various crops, the frequency of vibrations of the separa-
tor chute, and when the frequency of oscillation of the
chute decreases, its transport capacity decreases or is
completely suspended. Therefore, such a separator can-
not be used for cleaning complex seed mixtures, which
must be separated using small revolutions of the cyl-
inder. Another disadvantage is the short service life of
the drive and support rollers assembled in the form of
packages of flat rubberised disks.As a result of the wear
of the contact surfaces of the rollers, the smoothness of
the separators is disrupted, which causes vibration and
reduces the separation efficiency. Another significant
disadvantage of indented cylinder separators is the high
power and, as a result, high energy consumption.

To eliminate the shortcomings of indented cyl-
inder separators, researchers from different countries
conducted a large number of studies. In [49], relatively
simple models of seed movement in a cell cylinder are
presented. In these models, the seed is modelled as a
dimensionless body. In addition, the simulation is per-
formed only in two dimensions - provided that the
movement of the seed is limited by a plane perpendicular
to the axis of rotation of the cylinder. Two main options
are usually used: diagrams of the forces acting on the
seed between the cells and inside the cell. The active
element of the cells is simplified to a small area of a
more inclined surface. The event when the seed leaves
the surface or cell is expressed by trivial equivalents of
forces, including frictional forces and normal pressure
forces (depending on the speed of rotation of the cylinder
W and the acceleration of gravity g).

In [49] a more complex model is also presented
for long and short seeds inside the cell. This model takes
into account the fulcrum points in the cell, which would
be different for each seed type. These models give defi-
nitions for ©_ ~and ©, . Moreover, given that they
depend on specific biological parameters (seed length,
coefficient of friction, humidity, etc.), it is likely that the
ranges 6, and 8, intersect, which makes it difficult to
completely separate. Observation, identification of the
system, and modelling of existing seed sorting devices,
such as the cellular cylinder separator, using state-of-
the-art technologies such as computer scanning and
other computer technologies, received some attention
in later years, although to a limited extent.

The basics of modern literature on the analysis
of indented cylinder separators are presented in the
following papers: in [50], the author contributed to an
early and important analysis of perhaps the most complex
and least understood parameter of a cylinder cell - the
analysis of cylindrical cells (described as cells in the
work). H. Fouad provided recommendations on the most
optimal ranges of cell shape parameters.

In [51], the researcher continued to improve the
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cellular cylinder separator. A new cellular device (on a
laboratory scale) equipped with perforated metal with
round cells has been developed. The new model was
equipped with a self-cleaning device in the form of a
brush that rotated together with the cylinder and re-
moved seeds that remained in the cells. The conclusions
mention that the separation was mainly affected by the
speed of rotation of the cylinder W, the tilt of the cyl-
inder, and the working angle of the collection hopper.

In [52], the researchers made some interesting
and early attempts to achieve a reproducible set of rules
(“decision support system”) for length separation using
a cylindrical cellular separator (scalable in the labora-
tory). Three different rotation speeds W, three different
working diameters of cells d (here called “pockets” in-
stead of “cells”), and three different working angles of
the collection hopper A (Alpha) were used. As a result,
27 experiments were conducted. Stevens' early computer
analysis system was used to measure the length of
pre-peeled wheat. The authors concluded that all three
parameters had a significant effect on seed length sep-
aration in the raised fraction (“short” seed) and did not
significantly affect seed length separation in the unoc-
cupied (“long” seed) fraction.

In [53], a cellular cylinder separator (scaled in the
laboratory) was used to find optimal working condi-
tions for removing broken rice. 41 different rice grades,
three different indentation diameters r, and three dif-
ferent settings for the working angle of the collection
hopper A (Alpha) were used (the rotation speed W did
not change). The study was summarised by providing
recommendations on the working cell diameter for dif-
ferent rice varieties. An overview of important mechanical
laws regulating the movement of long and short seeds
in a cylinder with cells is presented in [54].

The study [55] is extremely relevant and contains
several important conclusions. A high-speed camera was
installed in front of a laboratory-scaled cylinder with
cells. The use of variables from the cells themselves is
applied to construct a physical model used to simu-
late the angle of incidence and parabolic trajectories
of short seeds (impurities). A good correlation between
the model and reality is shown, and this is despite simpli-
fying assumptions in the mathematical model, such as
using point masses and neglecting any seed resistance
forces.

Since researchers delved upon universal cleaning
machines, and the studies in the field of cleaning var-
ious varieties of seeds of small-seeded crops were not
conducted, the urgent task remains to improve existing
technical means for separation by creating mechatronic
systems for automated control of their design and regime
parameters.

To solve this problem, a design and technological
scheme of the mechatronic system of an indented separa-
tor is proposed (Fig. 7), which consists of a frame (1) in
which supporting rollers (2) are installed. A drum with

Scientific Horizons, 2021, Vol. 24, No. 3
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cells (3) is installed in the middle of the frame on roll-
ers. On the frame (1) on the rear part, a gear motor (4)
is installed, the shaft of which touches the drum with
cells (3) through the drive roller (5).In the middle of the
drum with cells (3), a tray (6) is installed, which is fixed
to the frame (1) at a horizontal angle with the ability
to rotate around its axis. The rear part of the tray (6) is
attached to the shaft of the stepper motor (7), which
is rigidly mounted on the frame (1). On the frame (1)
on the rear part there is a hopper dispenser (8), which
dispenses the seed mixture using a flap with a stepper

6 3 z

motor (9). On the frame (1) on the front part, a larger
seed intake (10) is installed under the drum with cells (3),
and a smaller seed intake (11) is installed under the
tray (6). A camera (12) is installed on the front of the
tray (6), the lens of which is directed to the middle of
the drum with cells (3). The control unit (13) is attached
to the frame (1). A gear motor (4), a stepper motor (7),
a damper stepper motor (9) and a camera (12) are con-
nected to the control unit (13) by means of electrical
wires (14).

Figure 7. Design and technological scheme of the mechatronic system of an indented cylinder separator:
1 - frame; 2 - supporting rollers; 3 - drum with cells; 4 - gear motor; 5 - drive roller; 6 - tray; 7 - stepper motor;
8 - hopper dispenser; 9 - flap with stepper motor; 10 - larger seed intake; 11 - smaller seed intake;
12 - camera; 13 - control unit; 14 - electrical wires

Source: [2]

The difference between the proposed mecha-
tronic indented separator system and the conventional
one is that the camera (12) captures the trajectory of
seeds (Fig. 8).This information is processed in the control
unit, which in turn changes the speed of rotation of the
gear motor (4) and, as a result, the drum with cells (3),
the angle of inclination of the tray (6), the angle of rota-
tion of the flap with the stepper motor (9) of the hopper

Scientific Horizons, 2021, Vol. 24, No. 3

dispenser (8). These manipulations with the operating
parameters of an indented separator allow adjusting
it to changes in the composition of the seed mixture,
thereby improving the quality of separation. In addition,
due to the automatic adjustment of the operating pa-
rameters of the indented separator, the participation of
the operator in the separation process is practically not
required, which reduces labour costs.
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Figure 8. Photo recording of the seed trajectory of mechatronic indented separator system

Source: [48]

CONCLUSIONS

The presented analysis of the technical support of the
process of separation of seed material of small-seeded
crops indicates the need to improve indented separators
based on automated control of its parameters using photo
or video recording of the separation of seed material with
subsequent processing. It has been established that the
determination of formal performance indicators of an
indented separator cylinder is not trivial. The optimal

sorting result can be one that has a minimum “overlap”

of the seed distribution between the two initial sub-
groups in the source material. This can be considered as

a form of “optimality criterion” for a cell cylinder. “Overlap”

can be defined as the number of short seeds that fall into
the long cells, plus the number of long seeds that fall
into the short cells.

Based on the results of the analysis, a design and

technological scheme of the mechatronic system of an
indented separator has been developed. The difference
between the proposed system and the conventional
one is that the camera captures the trajectory of seeds.
This information is processed in the control unit, which
in turn changes the speed of rotation of the gear motor
and, as a result, the drum with cells, the angle of incli-
nation of the tray, the angle of rotation of the flap with
the stepper motor of the hopper dispenser. These manip-
ulations with the operating parameters of an indented
separator allow adjusting it to changes in the composition
of the seed mixture, thereby improving the quality of sep-
aration. In addition, due to the automatic adjustment of
the operating parameters of the indented separator, the
participation of the operator in the separation process is
practically not required, which reduces labour costs.

REFERENCES
[1] Shevchenko, l.A., & Aliev,E.B.(2018).Research on the photoelectronic separator seed supply block for oil crops.

INMATEH - CUPRINS, 54(1),129-138.

[2] Aliev,E.B.(2019). Physical and mathematical models of processes of precision separation of sunflower seed material.

Zaporizhzhia: STATUS.

[3] Aliev, E.B. (2020). Mechanical and technological foundations of the process of precision separation of sunflower
seeds. (Doctoral dissertation, Institute of Oilseed Crops NAAS, Zaporizhzhia, Ukraine).
[4] Desai,B.(2004).Drying, cleaning, and upgrading. In Seeds handbook: Processing and storage (pp.477-511).Boca

Raton: CRC Press.

[5] Schmidt, L. (2007). Seed processing. In D. Czeschlik (Ed.), Tropical forest seed (pp. 67-142). Berlin, Heidelberg:

Springer Berlin Heidelberg.

[6] Bishaw,Z.,Niane,A.A., & Gan,Y.(2007). Quality seed production.In S.S.Yaday, D.L. McNeil, & P.C. Stevenson, (Eds.),
Lentil: An ancient crop for modern times (pp. 349-383). Dordrecht: Springer Netherlands.

[71 Brandenburg, N.(1977).The principles and practice of seed cleaning: Separation with equipment that senses
dimension, shape, density, and terminal velocity of seeds. Seed Science and Technology, 5, 173-186.

[8] Harper,l.,Lovell,P., & Moore, K. (1970). The shapes and sizes of seeds. Annual Review of Ecology and Systematics

(pp. 327-356).

[9] Harmond,J., Brandenburg, N., & Jensen, L. (1965). Physical properties of seed. Transactions of ASAE, 8(1), 30-32.

Scientific Horizons, 2021, Vol. 24, No. 3

83



84

Prerequisites for the creation of a mechatronic system of indented cylinders for the...

[10] Jayas, D., & Cenkowski, S. (2006). Grain property values and their measurement. In A. Mujumdar (Ed.), Handbook
of industrial drying (pp. 575-603). Boca Raton: CRC Press.

[11] Riahi,E., & Ramaswamy, H.S. (2003). Structure and composition of cereal grains and legumes. In A. Chakraverty,
A.S. Mujumdar, G.S.V. Raghavan, & H.S. Ramaswamy (Eds.), Handbook of postharvest technology (pp. 1-16). New
York: Marcel Dekker Inc. doi: 10.1201/9780203911310.pt1.

[12] Sablani, S.S., & Ramaswamy, H.S. (2003). Physical and thermal properties of cereal grains. In A. Chakraverty,
A.S.Mujumdar, G.SV.Raghavan, & H.S. Ramaswamy (Eds.), Handbook of postharvest technology (pp. 17-40). New
York: Marcel Dekker Inc.

[13] Oztlrk, T., & Esen, B. (2008). Physical and mechanical properties of barley. Agricultura Tropica et Subtropica, 41(3),
117-121.

[14] Tavakoli, M., Tavakoli, H., Rajabipour, A., Ahmadi, H., & Gharib-Zahedi, S.M.T. (2009). Moisture-dependent
physical properties of barley grains. International Journal of Agricultural and Biological Engineering, 2, 84-91.

[15] Sologubik, C., Campanone, L., Pagano, A., & Gely, M., (2013). Effect of moisture content on some physical
properties of barley. Industrial Crops and Products, 43(5), 762-767.

[16] Kara],S., & Miiller, ). (2010). Determination of physical, mechanical and chemical properties of seeds and kernels
of jatropha curcas. Industrial Crops and Products, 32(2), 129-138.

[17] Avdeev, A., Sechkin, V., Galkin, V., Novikov, M., Koshurnikoy, A., Galkin, A., & Eroshenko, L. (2005). Units and
complexes for postharvest processing and storage of grain and seeds. St. Petersburg: SPGAU.

[18] Galkin,V.,Khavyev,A.,Khandrikov,V.,Grubov,K.,Mengaliey, |.,Kilin,K., & Kozlovsky,I.(2013). Study of movement
process and seed mixture components separation in vibro-pneumo-fluidized layer. Perm Agrarian Bulletin, 3(3),
20-23.

[19] Drincha, V. (2006). Research of separation of seeds and development of machine technologies for their preparation.
Voronezh: MODEK Publishing House.

[20] Fedorenko, V., Revyakin, E. (2006). Grain cleaning - status and prospects. Moscow: FGNU “Rosinformagrotech”.

[21] Makarov,P.,Yunusov,G.,Kazankov,l.,Kazankov,S.,Bogdanov, G., Gainanov,H., & Maslova,N.(2007). Mechanization
of postharvest processing of grain. Yoshkar-Ola: MarSU.

[22] Chizhikov, A., Babchenko, V., & Mashkov, E. (1981). Operational technology of postharvest processing and storage
of grain. Moscow: Rosselkhozizdat.

[23] Zayika, P.(2006). Theory of agricultural machinery. Seed cleaning and sorting. Kharkiv: OKO.

[24] Zayka, P., & Maznev, H. (1978). Separation of seeds by complex of physical and mechanical properties. Moscow:
Kolos.

[25] Adamchuk, V., Prylutsky, A., Zarishnyak, A., & Stepanenko, S. (2014). The concept of integrated perspectives
to solve the problem of post-harvest handling and storage of grain farm in Ukraine. Mechanization and
Electrification of Agriculture, 99(1), 40-56.

[26] El-Awady,M.N.,Yehia, I., Ebaid, M.T., & Arif, E.M. (2009). Development of rice cleaner for reduced impurities and
losses. Agricultural Mechanization in Asia, Africa and Latin America, 40(3), 15-20.

[27] Simonyan, K., Mudiare, O., El-Okene, A., & Yiljep, Y. (2010). Development of a mathematical model for
predicting the cleaning efficiency of stationary grain threshers using dimensional analysis. Applied Engineering
in Agriculture, 26,189-195.

[28] Casandroiu, T., Popescu, M., & Voicu, G. (2009). A developing a mathematical model for simulating the seeds
separation process on the plane sieves. UPB Scientific Bulletin, Series D: Mechanical Engineering, 71(1), 17-28.

[29] Yuan, J., Yu, T., & Wang, K. (2006). A hybrid intelligent approach for optimal control of seed cleaner. IFIP
International Federation for Information Processing, 207, 780-785.

[30] Panasiewicz, M., Sobczak, P., Mazur, J., Zawislak, K., & Andrejko, D. (2012). The technique and analysis of the
process of separation and cleaning grain materials. Journal of Food Engineering, 109, 603-608.

[31] Studman, C.(2001). Computers and electronics in postharvest technology - A review. Computers and Electronics
in Agriculture, 30(1), 109-124. doi: 10.1016/50168-1699(00)00160-5.

[32] Balascio, C., Misra, M., & Johnson, H. (1988). Stochastic modeling of granular flow in seed sorting. Mathematical
and Computer Modelling, 11, 523-527.

[33] Balascio, C., Misra, M., & Johnson, H., (1987). Particle movement and separation phenomena for a gravity
separator: |. Development of a Markov probability model and estimation of model parameters. Transactions of
the American Society of Agricultural Engineers, 30, 1834-1839. doi: 10.13031/2013.30646.

[34] Shapiro, L., & Stockman, G. (2001). Computer vision. Upper Saddle River: Prentice Hall.

[35] Sonka,M.,Hlavac,V.,Boyle,R.(2008)./mage processing, analysis, and machine vision. Stamford: Cengage Learning.

[36] Szeliski, R.(2010). Computer vision: Algorithms and applications. London: Springer-Verlag London.

[37] Forsyth,D., & Ponce, J. (2011). Computer vision: A modern approach. Upper Saddle River: Prentice Hall.

Scientific Horizons, 2021, Vol. 24, No. 3




Aliiev and Lupko

[38] DellAquila, A. (2007). Towards new computer imaging techniques applied to seed quality testing and sorting.
Seed Science and Technology, 38, 519-538.

[39] Schmidt, L. (2007). Seed processing. In D. Czeschlik (Ed.), Tropical forest seed (pp. 67-142). Berlin, Heidelberg:
Springer Berlin Heidelberg.

[40] Desai, B.(2004). Drying, cleaning, and upgrading. In Seeds handbook: Processing and storage (pp.477-511).Boca
Raton: CRC Press.

[41] Douik, A., & Abdellaoui, M. (2010). Cereal grain classification by optimal features and intelligent classifiers.
International Journal of Computers, Communications and Control, V(4), 506-516.

[42] Chhabra, M., & Reel, P. (2011). Morphology based feature extraction and recognition for enhanced wheat
quality evaluation. In S. Aluru, S. Bandyopadhyay, UV. Catalyurek, D.P. Dubhashi, PH. Jones, M. Parashar, &
B. Schmidt (Eds.), Contemporary computing. Vol. 168: Communications in Computer and Information Science (pp.41-50).
Berlin: Springer Berlin Heidelberg.

[43] Szczypinski, P., & Zapotoczny, P. (2012). Computer vision algorithm for barley kernel identification, orientation
estimation and surface structure assessment. Computers and Electronics in Agriculture, 87,32-38.doi: 10.1016/j.
compag.2012.05.014.

[44] Xun,Y.,Zhang, )., Li,W., & Cai, W. (2006). Automatic system of seeds refined grading based on machine vision.
Proceedings of the world congress on intelligent control and automation (WCICA), 2, 9686-9689. doi: 10.1109/
WCICA.2006.1713883.

[45] Pearson,T.(2009). Hardware-based image processing for high-speed inspection of grains. Computers and Electronics
in Agriculture, 69, 12-18. doi: 10.1016/j.compag.2009.06.007.

[46] Pearson, R.(2006). Nonlinear empirical modeling techniques. Computers & Chemical Engineering, 30,1514-1528.

[47] Keil, T. (2010). Separator for sorting of granules. Patent WO 2010/125528 A2, filed 28 April 2010, and issued
4 November.

[48] Buus, O.T,, Jergensen, J.R., & Carstensen, J.M. (2013). Analysis of the indented cylinder by the use of computer
vision. Denmark: University of Aarhus.

[49] Grochowicz, J. (1980). Machines for cleaning and sorting of seeds. Washington: U.S. Department of Agriculture
and the National Science Foundation.

[50] Fouad, H. (1980). The effect of cell configuration on length grading of beans. Journal of Agricultural Engineering
Research, 25, 391-406.

[51] Berlage, A., Bilsland, D., Brandenburg, N., & Cooper, T. (1984). Experimental indent cylinder for separating
seeds. Transactions of the American Society of Agricultural Engineers, 27(2), 358-361.

[52] Churchill, D.B., Berlage, A.G., Bilsland, D.M., & Cooper, T.M. (1989). Decision-support system development for
conditioning seeds with indent cylinder. Transactions of the American Society of Agricultural Engineers, 32(4),
1395-1398.doi: 10.13031/2013.31162.

[53] Choon-Ki, L., Song, J., Yun, J., Seo, J., Lee, J., Kim, J., Jeong, G., & Kim, C.K. (2009). The optimum operating
conditions of indented-cylinder length grader to remove broken rice based on varietal characteristics. Korean
Journal of Crop Science, 54, 366-374.

[54] Huimin, W., Mingliang, W., Lun, T., Yong, L., & Ping, D. (2011). Dynamic analysis to the seeds in indent of the
indent cylinder separator. Proceedings of the 4% International Conference on Intelligent Computation Technology
and Automation (ICICTA), 2,66-70. doi: 10.1109/1CICTA.2011.309.

[55] Sorica, C.,Pirna, I., Bracacescu, C., Marin, E., & Postelnicu, E.(2012). Cinematic analysis of particle of impurity in
conditioning process of grains into indented cylinder separators. Engineering for Rural Development, 11, 60-66.

Scientific Horizons, 2021, Vol. 24, No. 3

85



Prerequisites for the creation of a mechatronic system of indented cylinders for the...

MepeayMoBU CTBOPEHHSI MEXAaTPOHHOI CUCTEMMU TPIEPHUX cenapaTopiB HaciHHEBOro
MaTepiany Api6HOHACIHHEBUX KyNbTyp

EnbunH baxtusap ornm Anies?, Kpuctuna OnerisHa Jlynko?

HHcTUTYT onifiHKMX KynbTyp HauioHanbHOi akageMii arapHux Hayk YkpaiHu
69093, Byn. IHCTUTYTCBKA, 1, €. COHsiYHE, 3anopi3bKuit p-H, 3anopi3bka 0671., YKpaiHa

2[IHINPOBCbKMI fepXXaBHWUIA arpapHO-EKOHOMIYHWUIA YHiBEpCUTET
49600, syn. Cepria €dppemosa, 25, M. [IHinpo, YkpaiHa

AHoTauif. B ymMoBax CborofeHHs BaXX/IMBWMM aCMeKTOM A/ AOCATHEHHS BMCOKOrO PiBHS BMPOOHMLTBA HaCiHHA
3a/IMLLIAETLCS PO3LUMPEHHS ACOPTUMEHTY SKICHOrO HACiHHEBOrO MaTtepiany, 3aBASKM YOMY MOPYLLYETLCS TEXHONOMYHMA
npouec cenapauii, 3pocTaloTb BUTpaTU. MeTo A0ChifKeHb € aHani3 HAaCiIHHEOYMCHUX TPIEPHMX cenapaTopis
LNS OYMLLEHHS APiIOHOHACIHHEBMX KYNbTYp i po3pobka BiAMOBIAHOI MEXAaTPOHHOI CUCTEMM iX KepyBaHHS, 3aBOSKM
3aCTOCYBaHHIO $KOi TEeXHOMOriYHMI npouec cenapauii Oyae XapakTepusyBaTUCS 3HWXKEHMMM MUTOMUMM
eKCcnayaTaliiHMMK BUTpaTaMm i Binblu BUCOKOK NPOAYKTUBHICTHO. [peacTaBieHunii aHanis TexHiYHOro 3abesneyeHHs
npouecy cenapadii HaCiHHEBOro MaTepiany ApiOHOHACIHHEBUX KYNbTYp AAE€ 3MOry CTBEPIXKYBATM NP0 HEOOXiAHICTb
YAOCKOHaNEeHHs TPIEPHMX cenapaTtopis 6a3youncb Ha aBTOMATUM30BAHOMY KEPYBAHHI iX NapaMeTpaMu 3 BUKOPUCTAHHAM
doto- abo BigeodikcaLii npouecy cenapauii HaCiHHEBOro MaTepiany i3 noganbLio 06pobkoto. BctaHoBNEHO, WO
BM3HaYeHH: GOpPManbHMUX NOKA3HMKIB NMPOAYKTUBHOCTI LMAIHAPUYHOIO YapyHKOBOIO TpiEpa He € TpMBiaibHUM. 3a
pe3ynsTaTaMu aHanisy po3pobaeHo KOHCTPYKTUBHO-TEXHOOTUHY CXEMY MEXATPOHHOI CUCTEMM TPIEPHOTO cenaparopa.
BigMiHHICTb 3anpomnoHOBaHOI cuCTeMM Bif, TpaAMLUiMHOI mongarae B TOMy, Wo ¢otokamepa GikCye TpPAEKTOPIt0
NonbOTy HaCiHUH. Lia iHbopmMauis 06pobnseTbcs B 610U KepYBAHHS, IKMIA Y CBOKD Yepry 3MiHIOE YacToTy 0b6epTaHHS
MOTOp-pefyKTopa i fK Hacnigok 6apabaHa i3 YapyHKaMu, KyT Haxuay N0TKa, KYT NOBOPOTY 3aC/iHKM i3 KPOKOBWM
[BUrYHOM OyHKepa-fo3atopa. aHi MaHinynauii i3 peXxMuMHUMM napameTpaMu TPIEPHOrO cenapaTtopa L03BONSKTH
NignawToByBaTM MOro A0 3MiHM CKMady HACiHHEBOI CyMili, TUM CaMUM MiABULLYIOYM AKICTb | NMPOAYKTUBHICTb
cenapauii. OKpiM Uboro, Yepes aBTOMaTUYHE NiANALUTYBAHHS PEXUMHUX NapaMeTpiB TPIEPHOro cenapaTtopa, y4acTb
onepaTtopa YCTaHOBKM B NpoLeCi cenapauii MpakTUYHO HIBENHOETLCS, WO 3MEHLLYE TPYAOBI BUTPATH

KntouoBi cnoBa: HacCiHHS, Tpi€Ep, KEpyBaHHS, aBTOMATU3aL,iq, NApaMeTpu, PeXUMu
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