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A SYSTEM FOR AUTOMATIC SCARIFICATION AND ASSESSMENT OF VITALITY OF SEEDS
AND A METHOD FOR AUTOMATIC SCARIFICATION AND ASSESSMENT OF VITALITY OF

SEEDS

A system for automatic scarification and assess-

ment of viability of seeds, characterized in that it com-
prises an input container (102) for the seeds, connected
to an input of a seed transportation path that comprises
the following elements arranged in the following se-
quence: a feeder (103), a length and orientation detector
(110), arotator (120), a positioner (135), a gripper (132),
ascarifier (142), amummification changes detector (150)
and a sorter (162) at the output of the path and coupled
with seed containers (163, 164, 165).
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Description

[0001] The present invention relates to a system for
automatic scarification and assessment of viability of
seeds and a method for automatic scarification and as-
sessment of viability of seeds, in particular of oak seeds.
[0002] Harvesting, storing, and subsequent preparing
for sowing of seeds may cause development of bacteria
or fungus, which cause damage to cotyledons and/or an
embryo. Consequently, ongoing mummification changes
cause weakening or decay of viability functions of the
seed. As a result, the seed is not able to germinate or
the process of germination is slowed down.

[0003] One example of such phenomena is related to
mummification changes of oak seeds. Analysis of dec-
ades of data related to harvesting of acorns show that
an abundant crop of the acorns occurs in Poland usually
every 5-7 years, whereas good harvesting years some-
times happened more frequently (once every 3 years),
or less frequently (once every 9 years). In a mild climate,
such as inwestern Europe, harvesting years tend to hap-
pen more frequently, that is every 2-5 years. Both in Po-
land and in the rest of Europe, artificial regeneration of
a pedunculate oak is practiced, by means of seedlings
grown in nurseries; natural regeneration is only limited
to some regions and only during the years of the richest
harvest. Direct sowing of the acorns is also rarely prac-
ticed. The main source of the seeds are commercial oak
seed stands. During the abundant periods, the demand
for the seeds is about 1 000 000kg, which causes a sig-
nificant logistic problem in preparation of such a big
amount of seed material. The seeds of the pedunculate
oak fall into the "recalcitrant" category, therefore in order
to preserve their viability, they require constant preser-
vation of their natural moisture, and thus they cannot be
frozen for long-term storage. Due to a quick decline of
acorns viability, their storage is practically limited to 2-3
years. The worse the quality of the seeds at the beginning
of the storage, the faster the seeds age. Thereby, their
separation is an important issue. The purpose of sepa-
ration is to clean the seeds and to separate the fully and
properly developed seeds from the empty or damaged
seeds. Selection starts by harvesting acorns of a speci-
fied size. Nursery of seedlings favors the seedlings which
grow faster. The slow-growing seedlings fall in competi-
tion with the others or are eliminated during the sorting
of the seedlings. Current technologies and techniques of
nursery production require seeds of a very high quality,
so that it is possible to grow a seedling of specified mor-
phological parameters from each seed. Point seeders
(precision seeders) are used when there is a need of
using seed material characterized by high purity and vi-
ability, low variance of physical features and high flowa-
bility. The highest ability to germination is expected from
the seeds intended to be sown under controlled condi-
tions, especially in container nurseries, where only a sin-
gle seed should be sown to one cell of the tray. This is
forced by the economic factors of seedling production,
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especially of the seedlings vaccinated with mycorrhizal
bio-preparations. The increase of sowing efficiency is
particularly important in case of oak, because it is char-
acterized by very irregular germination. The first seed-
lings begin to appear after 2-3 weeks after sowing, while
the last ones even after 16-17 weeks. This causes une-
ven growth of the seedlings and intensifies the competi-
tion between the seedlings. The seedlings which appear
later are covered by the larger seedlings with well-devel-
oped leaves, which significantly limits their access to light
and water. The irregularity of germination, and the sub-
sequent growth cause a decrease in the sowing efficien-
cy. However, the criterion of the ability of germination
(efficiency) alone does not guarantee to obtain seedlings
having desired morphological parameters. The mass of
the seeds has a great influence on the growth of seed-
lings in the juvenile phase. The seedlings which have
grown from heavier seeds are characterized by a larger
ratio of the length of roots to the length of a sprout, which
suggests their higher growing quality. The relation be-
tween the size of the seeds and the distribution of the
biomass is particularly visible in case of pedunculate oak
seedlings. However, it should be noted that trees growing
in the same stand may produce seeds which vary signif-
icantly in terms of mass and size. The seeds from old
trees are often smaller than the seeds from young trees,
which enter into the phase of the seed yielding. Big and
heavy seeds, as well as small and light seeds, should be
equally important due to the necessity of protecting and
preserving the genetic diversity. The successive elimi-
nation of the small seeds, commonly performed when
using classical methods of seed separation, leads to
elimination of the seeds coming from the old trees, which
are most probable to be indigenous, i.e. best adapted to
particular habitat conditions. To sum up the above, it can
be stated that selecting seeds solely on the basis of the
criterion of size is disadvantageous, whereas determin-
ing which of the oak seeds are damaged and incapable
of proper germination and growth is highly advisable.
Eliminating seeds that are damaged (due to i.a. mummi-
fication changes) is highly advisable, because their sow-
ing causes losses resulting from unnecessary costs of
the sowing and further losses in the nursery. There are
therefore important reasons to aim for a most efficient,
objective and fully automated assessment of the mum-
mification changes of the seeds, which would allow
spoiled seeds to be eliminated before the process of sow-
ing and which would allow costs reduction and increase
of efficiency of the seedlings production.

[0004] There are known methods for mechanical sep-
aration of acorns, which utilize classical separation fea-
tures, such as density, aerodynamic properties, size and
shape, friction properties, or elasticity. However, sepa-
ration based on these features does not result in desired
effects. On the other hand, acceleration and equalization
of germination is possible by arduous mechanical scar-
ification of the seeds, which untilnow has been performed
manually, generally by use of secateurs, after which an
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operator performs visual assessment of the viability of
the seeds. Aless frequently used methodinvolves cutting
off a portion of the seed mechanically with a grinder
adapted for this purpose. This method is used in Poland
to prepare for sowing tens of millions of seeds per year,
in the period of 3 months (from January till March). Over
a dozen of operators need to be employed in every nurs-
ery that produces the seedlings to perform this arduous
and monotonous work. The ergonomic burden of this
work is related to repetitive, several thousands of times
per day, cycles of movements of arms and hands includ-
ing: collecting a seed (or a plurality of seeds) from a con-
tainer to operator’s palm, cutting off a portion of the seed
with secateurs, assessing visually whether the seed is
suitable to germinate (on the basis of the color of the
cotyledons and the degree by which the seed coatisfilled
with the cotyledons), transferring the seed into a sowing
container or rejecting the seed. Such burden is hardly
acceptable. Even when the operators use modern sec-
ateurs, their neuromuscular system of hands and arms
becomes tired and the operators become weary by the
repetitive, monotonous and uninteresting work.

[0005] As mentioned earlier, the manual method of as-
sessment of viability of the seeds requires many people
to perform arduous work in order to achieve satisfactory
efficiency of the nursery. Moreover, in this method the
assessment of the mummification changes is subject to
human factor. Despite appropriate training, the work ef-
ficiency of people who make the assessments does not
guarantee a fully correct detection and classification of
the seeds. As a result of incorrect classification, shortage
of seedlings occurs in a container nursery.

[0006] Therefore, the purpose of the invention is to de-
velop a method and a system aiming to automate the
scarification process and the assessment of viability of
seeds by allowing detection of mummification changes
and simultaneous sorting of the seeds to fractions.
[0007] The object of the invention is a system for au-
tomatic scarification and assessment of viability of seeds,
characterized in that it comprises an input container for
the seeds, connected to an input of a seed transportation
path that comprises the following elements arranged in
the following sequence: a feeder, alength and orientation
detector, a rotator, a positioner, a gripper, a scarifier, a
mummification changes detector and a sorter at the out-
put of the path and coupled with seed containers.
[0008] Preferably, the elements of the seed transpor-
tation path are configured to operate sequentially or si-
multaneously with respect to each other.

[0009] Preferably, the positioner comprises a control-
led rotation mechanism and: a cam whose rotation sets
the position of the seed, or a controlled sliding positioning
element.

[0010] Preferably, the length and orientation detector
comprises a vision camera and a source of light, operat-
ing continuously or in synchrony with the camera.
[0011] Preferably, the rotator comprises an inlet chan-
nel, a rotation mechanism, a partition and outlet chan-
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nels.

[0012] Preferably, the gripper has a form of automatic
control system with an operating element in form of at
least two controlled, preferably electromagnetically,
arms terminated at one side with a holder configured to
embrace a part of the seed.

[0013] Preferably, the scarifier comprises two sliding
blades or rotary blades.

[0014] Preferably, the mummification changes detec-
tor comprises a area scan video camera, a source of
light, configured to operate continuously or in synchrony
with the camera and a processing system configured to
perform a preset or an adaptive algorithm for determining
the degree of viability, comprising an interface for acqui-
sition of a vision signal of the camera adapted to output
information determining the viability of the seed, based
on the received signal.

[0015] Preferably, the system comprises a plurality of
grippers to allow simultaneous operation of the scarifier,
the mummification changes detector and the sorter.
[0016] The object of the invention is also a method for
automatic scarification and assessment of viability of
seeds, characterized in that it comprises the steps of:
delivering the seeds by a feeder, and for each delivered
seed: measuring a length DL and determining an orien-
tation of the seed to be specified as CORRECT or IN-
CORRECT, by means of a length and orientation detec-
tor; orienting the seed by means of a rotator; positioning
the seed and transporting the seed by a gripper to a scar-
ifier; scarifying the seed by the scarifier; assessing the
viability of the seed by a mummification changes detec-
tor; and sorting the seeds by a sorter 162, and providing
the seeds from the transporter to seed containers.
[0017] Preferably, during the measurement of the
length and detection of the orientation of the seed, the
length DL of the seed is measured and its orientation is
determined as CORRECT or INCORRECT.

[0018] Preferably, the length and the orientation is de-
termined by means of at least one of the following meth-
ods: when determining the length and the orientation of
the seed, whose length is larger than its diameter, the
length DL of the seed is determined by indicating on an
image two most distant points PZ, PD that belong to the
image of the seed, along the axis of symmetry of the
seed, wherein the image is provided by a camera; when
determining the length and orientation of the seed, whose
diameter is larger or close to its length, the length DL is
assumed to be the distance of points PZ, PD that belong
to the contour of the seed, which form a line most close
to the axis of symmetry of the seed and which are most
distant to each other.

[0019] Preferably, during the assessment of mummifi-
cation changes of the seed, the following steps are per-
formed: acquiring the image from the camera; checking
whether the scarification has been completed; checking
whether the seed is present; determining the area of the
cross section of the seed; initial processing of features;
classifying the seed; checking if viability of the seed has
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been determined and if yes, outputting information about
the state of the seed, and if not, outputting information
about the seed being not recognized.

[0020] Preferably, the result of the measurement of the
length of each seed is used for determination of an ap-
propriate plane of scarification for that seed, and the
length DL determined for that seed is used for positioning
that seed before the step of scarification.

[0021] Preferably, during the classification of the scar-
ified seeds, the seeds are divided into at least two types:
healthy seeds to be placed in the container for the healthy
seeds, and spoiled seeds to be placed in the container
for spoiled seeds; and preferably seeds of a questionable
quality to be placed in the container for unrecognized
seeds.

[0022] The object of the invention is shown by means
of example embodiments in a drawing, in which:

Fig. 1 shows a general schematic of a system,

Fig. 2 shows a length and orientation detector,

Fig. 3 shows an example of a seed,

Figs. 4a-4b show examples of types of seeds,

Fig. 5 shows a flow diagram of operation of the length
and orientation detector,

Fig. 6 shows an orienter,

Figs. 7a-7b show the orienter with a seed in a first
orientation,

Figs. 8a-8b show the orienter with a seed in a second
orientation,

Fig. 9 shows components of a processing system
for processing signals and images,

Figs. 10a-10b show examples of seed positioners,
Figs. 11a-11b show two embodiments of scarifier
blades,

Fig. 12 shows a viability detector,

Fig. 13 shows a schematic of operation of the detec-
tor,

Figs. 14a-14d show examples of seeds with different
degree of mummification changes,

Fig. 15 shows steps of the method according to the
invention.

[0023] Fig. 1 shows a general schematic of a system.
The system comprises components which may operate
sequentially or in parallel. The system comprises a seed
feeder, a length and orientation detector 110, a rotator
120, a gripping unit, a scarifier 142, a mummification
changes detector 150, a sorter and a controller 170.
[0024] The components are connected to each other
and to the controller 170 to enable data exchange. Pref-
erably, controllers of the individual components of the
systems may communicate with each other and ex-
change data. The individual components may have em-
bedded controllers, or may be controlled by a main con-
troller, or may have individual controllers 101, 121, 131,
136, 141, 161 coupled with the main controller 170 (in
Fig. 1 the control lines for controlling the individual com-
ponents are shown as arrows).
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[0025] The path flow of the seed through the system
is the following. The seed 1 is passed from an input con-
tainer 102 to a feeder 103. The feeder 103 transports the
seed to a length and orientation detector 110. Next, the
seed 1 is passed to a rotator 120, from which it is trans-
ported to a positioner 135, where it is positioned, and to
a gripping unit having a gripper 132 that clamps the seed
1. Next the clamped seed is scarified in a scarifier 142
and then it is transferred to a mummification changes
detector 150, and thereafter, as a result of the classifica-
tion, itis transferred from a sorter to a particular container
163, 164 or 165.

[0026] Fig. 2 shows the length and orientation detector
110. The length and orientation detector 110 is a meas-
urement system equipped a vision module that handles
a method of identification and orientation of the seed.
The detector 110 sends information concerning the ori-
entation of the seed to the controller 170.

[0027] The length and orientation detector has a vision
camera 112 (digital or analog) that acquires a mono-
chrome or a color image in a visual spectrum or in an
extended spectrum. The length and orientation detector
110 may be equipped with one or more illuminators 113,
i.e. sources oflight, operating continuously or being pulse
controlled synchronously with the camera. Preferably,
the illuminators 113 are placed around the optical axis
of the camera 112, providing a uniform illumination of the
field of view. The signal from the camera 112, equipped
with a lens and an analog or a digital transmission inter-
face, is sent to a processing system 114. The optical
system of the lens of the camera 112 allows a reliable
representation of the seed and the elements in which it
is located. The optical system of the lens may be
equipped with adjustable elements allowing adjustment
or setting of brightness and focus of the image, as well
as its magnification. In addition, the mechanical mounting
of the system of the camera 112 with the lens, allows
adjusting their distance from the acorn placed at the outlet
of the feeder 103. This is done by the operator while
installing and calibrating the device.

[0028] The processing system 114 comprises an ac-
quisition interface for acquiring the camera vision signal
and converting it into a digital form (if the signal is trans-
mitted in an analog form). Furtherimage processing, with
use of contextual and non-contextual methods, with use
of digital configurable or programmable computing ele-
ments, is performed on the sampled and digitalized vision
signal consisting of one or more lines, according to the
configuration of the camera vision sensor. The camera
image can be acquired in a free mode or may be triggered
by a system with additional sensors or by a controller
informing about the presence or movement of the seed
at the outlet of the feeder 103, in the rotator 120 or in-
between them. The result of operation of the signal
processing system 114, which processes the signal ac-
quired from the camera 112, is information indicating the
length of the seed 1 and its orientation, or an error code,
indicating that the length and/or orientation cannot be
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determined. The error code is a useful information, that
is necessary in particular for appropriate operation of the
controller and the system. Therefore, during continuous
operation, human intervention is required only for critical
errors or faults. Information about errors, critical errors
and faults may be stored in a form of records on a digital
storage in form of a non-volatile memory of the controller
170 or/and a memory of the processing system 114.
[0029] Information about the orientation of the seed 1
may take one of three values, that indicate: that the distal
portion 1a is oriented in the direction of the outlet of the
transporting channel, that the distal portion 1a is oriented
in the direction of the inlet of the transporting channel, or
that it is not possible to determine the orientation of the
seed 1.

[0030] Fig. 3 shows an example of a seed. The distal
portion 1 a may be indicated, for example, descriptively
as the portion located along the approximate rotational
axis of symmetry X of the seed 1, on which points PZ
and PD are located. Point PZ indicates an embryo of the
seed, while point PD indicates a point located on the op-
posite side of the seed. The distal portion 1a of the seed
1 contains point PD. Cutting off the distal portion 1 a
during scarification does not negatively influence (in a
significant way) the viability of the seed. The distal portion
is cut off at the distance DS from point PD (along the
scarification plane which is preferably perpendicularly to
the X axis).

[0031] Figs. 4a-4b show examples of seed types. A
type-A seed is characterized by a significantly higher ratio
of length to thickness (1 or more). A type-B seed is a
seed having the length thatis comparable to its diameter.
In case of the type-B seeds, the gripper requires a larger
clamping force due to a smaller area of contact on the
seed-gripper line.

[0032] The controller 121 of the rotator 120, based on
information received from the length and orientation de-
tector 110, controls the rotator 120 such as to feed the
seed 1 to the positioner, to the gripper, and further to the
scarifier 142 (with a corresponding controller 141), with
the distal portion 1a of the seed oriented outwardly from
the gripper 132, in order to perform the scarification and
visual assessment of the quality of the seed on the basis
of the cross-sectional image. In other words, the distal
portion 1a always protrudes from the gripper 132 to such
extent as to enable scarification by the scarifier 142.
[0033] A seed 1, whose length and orientation has not
been determined by the length and orientation detector
110, is directed to a container 165 for unrecognized
seeds.

[0034] The controller 136 of the positioner 135 (or the
main controller 170), on the basis of the length of the
seed determined by the length and orientation detector
110, controls the positioner 135 of the seed so that the
scarification is performed at a particular distance from
the distal portion 1 a.

[0035] Fig. 5 shows a schematic of operation of the
length and orientation detector 110. As a result of the
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operation of this detector, the length DL and the orienta-
tion defined as CORRECT or INCORRECT are obtained.
In case of oak seeds, based on the value of DL, the dis-
tance DS is determined, from the outermost point of the
distal portion 1 a in the direction of the embryo, along the
approximate axis of symmetry X of the seed, as shown
in Fig. 3. In this way, the plane of scarification, along
which the scarifier blades 142 of the scarifier are sup-
posed to move, is determined. The plane of scarification
is preferably perpendicular to the approximate axis of the
rotational symmetry X of the seed.

[0036] The orientation of the seeds is determined on
the basis of an image or a sequence of images acquired
from the camera 112, which observes the operating area
on which the seeds appear. For this purpose, the mor-
phological features and shape of the seed are used,
based on which the computer model of the seed is cre-
ated. Next, this model is used for searching for specific
points on the image, allowing detection and determina-
tion of the orientation of the seed, wherein two alternative
methods are used for orientation detection, which are
activated depending on the quality of the image and the
properties of the imaged seeds. It results from the fact,
that depending on the species and morphology, different
ratios of the length and width of the oak seeds are ob-
served.

[0037] For type-A acorns (see Fig. 4a), the length of
the acorn DL is determined by indicating the furthermost
points (e.g. corresponding to points PZ, PD) on the image
depicted by the camera that belong to the acorn image,
along its axis of symmetry. This method is applicable for
seeds having their length larger than the diameter.
[0038] For type-B acorns (see Fig. 4b), having a diam-
eter that is larger or close to the length, the length is
assumed to be the distance between the points on the
contour of the seed, which form a straight line close to
the axis of symmetry of the seed 1, and are at the furthest
distance from each other. The indication of the orientation
as CORRECT follows by determination of mutual spatial
distribution of the determined points PZ, PC and PD,
wherein point PC indicates the center of the acorn -
namely the half of the distance PZ-PD. If the distribution
of points PZ and PC corresponds to the desired direction
shown inFig. 3,thenamessage K_ROTATE is notoutput
to the controller 121 of the rotator 120. Otherwise, such
amessage is sentto the controller 121 of the rotator 120,
through the processing system 114.

[0039] Fig. 5 shows examples of commands of the
length and orientation detector. In the first step 201, an
image from the camera is acquired. Next, the presence
of the seed is checked in step 202. If the seed is present,
the seed region is determined in step 203 and the seed
length is determined in step 204. If not, a message
K_TAKE is output in step 216. After the determination of
the region and the length of the seed, it is checked in
step 205 if the length has been determined. If not, a mes-
sage K_ERROR is output in step 211. If yes, the orien-
tation of the seed is determined in step 206 and it is
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checked in step 207 if the orientation has been deter-
mined. If the orientation has not been determined, the
message K_ERROR is output in step 211. If the orienta-
tion has been determined, the correctness of the orien-
tation is checked in step 208. In case the orientation is
not correct, a message K_ROTATE is outputin step 212.
If the orientation is correct, data is stored in step 209 and
a message K_LENGTH including the length of the seed
is output in step 210. Next, both after step 210 as well
as after step 211, a message K_REMOVE is output in
step 213. Next, the image from the camera is acquired
in step 214 and checked in step 215 for the presence of
the seed. If the seed is not present in the image, the
process returns to step 213. If the seed is present, the
process continues to step 216 wherein a message
K_TAKE is output, and the process returns to step 201.
[0040] The morphology and the state of the processed
oak seeds may cause that it is difficult or impossible to
directly localize point PZ on the image of seed. Then,
point PZ is determined indirectly, for example by analyz-
ing the contour of the seed separated from the structural
element of the feeder. The indirect method exploits the
fact that the curvature of profiles of seeds of particular
species of oaks is different in the region of points PZ and
PD, thereby on this basis one of the most remote points
is referred to as PZ, and the other as PD.

[0041] The scarification distance DS may be deter-
mined with respect to the total length DL of the seed or
as an absolute value. The structure of the length and the
orientation detector 110 also allows to apply a function
based on the length of seed or on an absolute value of
the cutting off, set by an operator of the system during
its operation, duringinitialization of the system, or defined
during automatic or manual (performed by the operator)
calibration.

[0042] Fig. 6 shows the rotator 120. The rotator 120 is
configured to automatically orient the seeds. It comprises
aninlet channel 122, a seed presence sensor, a rotation
mechanism 125, a partition 126 and outlet channels 123,
124. The rotation mechanism 125 may have a form of a
rotary bed that allows, if necessary, to change the orien-
tation of the seed by a particular angle. This bed is
equipped with a movable bar - the partition 126.

[0043] On the basis of information received from the
length and orientation detector 110, after the presence
of the seed in the rotary bed 125 is confirmed, the seed
is rotated by a particular angle and oriented such as to
be directed with its distal portion towards the outlet 123.
In case of a seed of undetermined features, the seed is
directed towards the opening 124 - in this case the ori-
entation of the seed is irrelevant. Figs. 7a-7b show the
orienter with the seed 1 provided in an incorrect orienta-
tion. Figs. 8a-8b show the orienter with the seed 1 pro-
vided in a correct orientation. After the angular position
is set by the rotation mechanism 125, the partition 126
is hidden/opened (for an appropriately oriented seed),
therefore the seed 1 is released and moved to a particular
outlet. The seeds that are not oriented correctly do not
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need the partition 126 to be opened, because the rotation
of the rotation mechanism 125 sets appropriate orienta-
tion of the seed 1.

[0044] Fig.9shows components of the processing sys-
tem 114. The image acquired from the camera 112 is
transmitted to a module 115, which is responsible for
initial processing and extraction of characteristic points
(i.e. pixels) in particular areas with a high gradient, cor-
ners and contours. The method of extraction of these
image points is characterized in that its input data is an
image or a sequence of images, while its output data
have a form of an array of values of selected features.
The created array of features is further analyzed in a
module 116 using a computer model of the seed, provid-
ed from a module 117. The analysis results in providing
the orientation of the seed 1 and the length of the seed.
On their basis, signals are generated for the controller
170.

[0045] The advantage of such solution is that it allows
introducing changes to the module 116 in an easy way
(in particular, changing the species of the analyzed
seed), by changing the computer model of the seed in
the module 117, without the need to introduce significant
changes to elements 112, 115 and the controller 170
related to the method of acquisition and processing of
the image.

[0046] The gripper 132 of the gripping unit has a form
of an automatic regulation system with an operating el-
ement comprising at least two electromagnetically con-
trolled arms that are terminated with a holder for embrac-
ing apart ofthe seed 1. Inits mechanical side, the gripper
132 is a device providing a secure grip, by embracing
and clamping of the arm on the surface of the seed 1.
The other side ofthe arm undergoes interaction by means
of electromagnetic force, thereby the clamping force can
be adjusted to a particular level. Due to the electromag-
netic control, the controlling force is under permanent
control and its characteristic is particularly profiled de-
pending on the size, shape and specific features of the
seed 1.

[0047] There may be more grippers, allowing simulta-
neous operation of a plurality of system components. For
example, the gripping unit may have six grippers 132,
allowing, for example, simultaneous operation of the grip-
ping unit, the scarifier 142, the mummification changes
detector 150 and the sorter 162.

[0048] Figs. 10a-10b show two embodiments of the
seed positioner. The seed positioner consists of a sliding
positioning element 136a, 136b positioned at a particular
distance from the gripper 132. The positioner 135, on the
basis of information from the length and orientation de-
tector 110, controls the positioning element 136a, 136b.
When the distal portion 1 a of the seed 1 rests on the
positioning element, then the gripper clamps the seed
and sequentially transports the seed to the region of op-
eration of the scarifier. The scarifier cuts off the distal
portion at the predetermined distance from the end of the
seed 1. It should be noted that the gripper 132 holds the
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seed 1 at a certain distance from the distal portion 1a
(more precisely, from the plane of scarification). The grip-
per 132 and the positioner 135 must be adapted to the
structure of the scarifier 142, to prevent the collision of
these components.

[0049] In the first embodiment, a cam 136a is used.
The cam 136a has a specific shape that allows to position
the distal portion 1a at the desired distance, measured
along the axis of the seed 1. The axis is positioned so as
to unambiguously determine the distance of the cutoff.
The shape of the curvature is designed so as to cover
the desired range of positions of the seed for the process
of scarification with particular parameters.

[0050] Inthe second embodiment, a sliding positioning
element 136b is used. It is controlled with the sliding
mechanism and positioned at the desired distance, al-
lowing to protrude the distal part 1 a from the gripper 132.
[0051] Ineach case, the configuration of the positioner
135is unambiguously defined with respect to the scarifier
142.

[0052] Figs.11a-11bshow twoembodiments of blades
of the scarifier 142. The scarifier 142 has blades which
allow precise scarification.

[0053] Inthe embodiment shown in Fig. 11a, the proc-
ess of scarification is conducted by two controllable
blades 143a operating in a counter-wise manner, having
specially shaped cutting edges. Fig. 11 a shows an ex-
ample of a trajectory of the cutting edges of the blades
143a. These cutting edges are located opposite to each
other and move linearly. Preferably, the shapes of the
cutting edges provide a predetermined distribution of a
cutting force on the surface of the cross section of the
seed. Moreover, the speed of the sliding motion of each
part of the scarifier 142 is uniform, which guarantees si-
multaneous cutting of the seed 1 from its both sides. The
speed profile is controllable and is realized according to
a predetermined cutting profile. An automatic control sys-
tem controls the sliding speed of the arms in order to
achieve a desired sliding speed.

[0054] Inthe embodiment shown in Fig. 11b, the proc-
ess of scarification is realized by two rotary blades 143b,
having axes of rotation parallel to each other and direc-
tions of rotation opposite to each other. The cutting
blades 143b are located in one plane, which guarantees
a flat cutting surface of the seed. The speed of rotation
of the blades 143b is controllable and adjusted so as to
be optimal or close to optimal with respect to the relative
linear sliding of the seed 1 and of the blades 143b. Itis
also adjusted to be non-destructive to the biological ma-
terial and not to increase the system operation time. After
the scarification is completed, the cross section of the
seed is present in the view of a camera 152 of the mum-
mification changes detector 150, at the scarifier 142 or
after displacement of the gripper 132. Preferably, the op-
posite edges of the scarifier blades 143a, 143b balance
the multidirectional forces during cutting, therefore they
reduce the clamping force of the gripping unit that has to
be applied.
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[0055] Fig. 12 shows the mummification changes de-
tector 150. It is a vision system with automatic classifier
that allows sorting seeds on a basis of various features,
depending on the type of the features of the image of the
seed cross section, that have been detected and consid-
ered during classification. It consists of a area scan video
camera 152 (digital or analog) acquiring a monochrome
or a color image in a visual spectrum or in an extended
spectrum. The mummification changes detector 150 may
be equipped with atleast oneilluminator 153, i.e. a source
light, operating continuously or intermittently in synchro-
ny with the camera. The signal from the camera 152,
equipped with lens and an analog or digital transmission
interface, is sent to the processing system 154. The op-
tical system of the lens allows to obtain a reliable repre-
sentation of the cross section of the seed and the ele-
ments of automation in which the seed is located. The
optical system of the lens may be equipped with adjust-
able elements allowing adjustment or setting of bright-
ness and focus of the image. In addition, the system com-
prising the camera 152 with the lens, by means of a me-
chanical mounting, allows changing a distance of the lens
from the cross section of the acorn placed in the gripper
132. This action is done by an operator during installation
and calibration of the device.

[0056] One of the factors which negatively influence
the viability of the seeds are mummification changes.
They become apparent as dark areas in the cotyledons
tissue of the acorn, thereby they are invisible to the hu-
man eye when the seed is intact (for example by the
scarification process). During the scarification process,
after the distal portion 1 a is cut off, the cross section of
cotyledons becomes visible, wherein the changes are
distinguishable by darker areas of different intensity and
topography, as depicted for example in Fig. 14b-14d.
[0057] The processing system 154 consists of an ac-
quisition interface for the camera 152 vision signal and
an analog-digital converter, in case the signal is trans-
mitted in an analog form. Further image processing with
contextual (i.e. using local pixels surrounding constituting
an image acquired from the camera) and non-contextual
(i.e. using given pixels determined by a Region of Interest
(ROI) region) methods with the use of digital configurable
or programmable computing elements, is realized on
sampled and digitalized vision signal consisting of lines
according to the organization of the camera 152 vision
sensor, or its fragment. Acquisition of the image from the
camera 152 may be conducted in a free mode or may be
triggered by a system of additional sensors (for example
by means of the controller) informing about the presence
of the seed 1 mounted in the gripper 132. The result of
the operation of the processing system 154 of the signal
from the area scan camera 152, is information indicating
the viability of the seed ("healthy"/"spoiled") or an error
code that indicated that the viability cannot be deter-
mined. The error code is a useful information, in particular
for a correct operation of the controller 151 and the sys-
tem. Therefore, the need for human intervention during
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a continuous operation of the system is reduced only to
critical errors or faults. Information about errors, critical
errors and faults may be stored in the memory of the
controller 170 and/or memory of processing system 154.
[0058] Fig. 13 shows a schematic of operation of the
mummification changes detector 150. An integral part of
the mummification changes detector 150 is a seeds clas-
sification subsystem which classifies the seeds accord-
ing to their viability, based on the estimation of the mum-
mification changes or other changes captured by the
camera. Separation of the seeds to healthy and spoiled
seeds on the basis of the cross-sectional images may be
performed in multiple variants or multiple stages, with
use of different representations of the cross section for
determination of a separation feature, wherein the sep-
aration feature may have a form of a single value as-
signed to the cross section of seed image or a range of
values determined for the whole cross section of the seed
or its particular areas. The method of operation of the
mummification changes detector 150 comprises the fol-
lowing steps. An image is acquired in step 301 from the
camera and it is checked in step 302 if the scarification
is completed. If not, an image is acquired in step 301
from the camera once again. If yes, it is checked in step
303 if the seed is present. If not - a message K_ERROR
is output in step 312 and a message K_REMOVE is out-
putin step 313. If the seed is present, the cross-sectional
region of the seed is determined in step 304, and then it
is checked in step 305 if the region has been determined.
If not, the message K_ERROR is output in step 312 and
the message K_REMOVE is output in step 313. If the
cross section has been determined, the initial processing
of cross-sectional features is performed in step 306 and
the seed is classified in step 307. Next, it is checked in
step 308 if the viability has been determined. If yes, then
amessage K_HEALTHY or K_SPOILED is output in step
309. If not, then a message K_UNRECOGNIZED is out-
put in step 310. Independently on the message output
after step 308, the recognition data is stored in step 311
and the message K_REMOVE is output in step 313.
[0059] The mummification changes detector 150 may
also utilize the system as shown in form of modules re-
alized in the processing system functioning in an analo-
gous way to the one shown in Fig. 9.

[0060] The classification of the seed, for example as
healthy and spoiled, may be realized by performing the
following actions. At first, the seed is detected, i.e. it is
determined whether the seed is present in the gripper
132 in the camera 152 view, by means of processing and
analyzing of images or by means of application of the
photo-optical presence sensor or another method, for ex-
ample acquired from the controller 131 which controls
the gripper 132.

[0061] Next, theregion of the seed 1 is determined, by
means of the vision method with use of the camera 152
through the application of techniques for processing and
analyzing of images, based on separation of pixels from
the image, which correspond to the image of the cross
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section of cotyledon of the seed, wherein this region may
include a shell of the seed.

[0062] Aftertheregion of the seed is determined, initial
processing and analysis is performed, involving applica-
tion of techniques of machine vision and image analysis,
in order to separate features which form the basis for
classification (in particular the histograms, which are one
of the indicators of the mummification changes), wherein
the features may include brightness, color, hue of the
region of cotyledon determined for the whole cross sec-
tion of the seed or fragments of the cross section. In case
of non-uniformities in a description of the cross section,
the location and shape of regions distinguishing in the
region of the seed may be considered as a feature.
[0063] Preferably, the features used for the assess-
ment of the analyzed image and the classification criteria
of the seeds may be altered by means of automatic learn-
ing, without the need to involve the personnel operating
the system.

[0064] Figs. 14a-14d show examples of seeds with var-
ious degrees of mummification changes. Classification
may be conducted in accordance with the following cri-
teria. The seeds with uniformly bright cross section of
cotyledons (shown in Fig. 14a) are treated as healthy
seeds (viable). In turn, the seeds with uniformly dark
cross section (Fig. 14b) are treated as spoiled seeds.
The seeds with a non-uniform cross-sectional region are
classified on the basis of the features determined for the
particular cross section and a set of parameters selected
by operators or determined by machine learning on the
basis of a set of reference cross sections with corre-
sponding viability information, that is "healthy"/"spoiled".
In particular cases, wherein the result of the classification
is ambiguous (for example, as shown in Figs. 14c and
14d), the result of classification is marked with an "un-
recognized" code and the seed is placed in a separate
container, other than the containers for the "healthy" and
"spoiled" seeds.

[0065] Fig. 15 shows steps of the method according to
the invention. First, in step 401, the seeds 1 are delivered
to the feeder 103 from the input container 102. The seeds
do not have to be pre-arranged in any way. The width of
thefeeder 103 inits inner part, wherein the seed 1 moves,
has dimensions close to the seed dimensions. Next, a
single seed 1 is fed to the region of operation of the length
and orientation detector 110. The seed 1 is analyzed, by
means of the length and orientation detector 110, which
involves measurement of seed features to determine its
length and orientation, to obtain the length of the seed in
step 402. Information acquired from the length and ori-
entation detector 110 forms input data for further ele-
ments of the system. In the next step 403, the seed is
oriented by the rotator 120 and the seed is positioned in
step 404 to define the place of scarification (cut off), and
moved to the gripping unit. The position of the seed is
set, by means of the gripping unit, based on information
received from the length and orientation detector 110, so
that its distal portion 1 a protrudes to a certain distance
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from the gripper 132. The seed 1 is then held by the
gripper 132. The extent of the protrusion of the seed may
be set a-priori during configuration of the system. Next,
the captured seed 1 is fed to the scarifier 142 and it is
scarified in step 405, i.e. the distal portion is cut off, by
means of the scarifier, at the predetermined distance
from the distal end of the seed.

[0066] Then, the seed 1 is delivered to the mummifi-
cation changes detector 150. Next, there state of chang-
es of the seed are assessed or detected and the state of
the probable viability of the seed is determined in step
406. This information is used in the following step, in the
sorter, by which the seed is placed into a particular con-
tainer in step 407, depending on the result of the classi-
fication.

[0067] The classifier of the system makes a decision
based on the experience gained in the past in the auto-
matic learning process, performed on samples of seeds
having various forms of degeneration changes, for which
the results of the seedlings growth, sown from seeds,
were known. The knowledge gained automatically by the
classifier illustrates the real conditions of operation of the
scarifying system, characteristic features of seeds and
final results in form of characteristic features of the seed-
lings or information about lack of germination. The mod-
ular structure of the classifier also allows to configure and
apply parameters preset by the system operator during
the operation of the system, its initialization or preset dur-
ing the automatic or manual calibration. The sorting unit
comprises three containers: 163, 164, 165 and a sorter
162 (with a corresponding controller 161), which delivers
the seed 1 to the corresponding container 163, 164, 165
on the basis of information received from the mummifi-
cation changes detector 150. The container 163 is des-
ignated for healthy seeds, which are to be sown. The
container 164 is designated for seeds that are damaged
to an extent that disqualifies them for sowing. The con-
tainer 165 is designated for seeds having a questionable
quality, to be classified by an expert or to be used for
other purposes.

Claims

1. Asystem for automatic scarification and assessment
of viability of seeds, characterized in that it com-
prises an input container (102) for the seeds, con-
nected to an input of a seed transportation path that
comprises the following elements arranged in the
following sequence: a feeder (103), a length and ori-
entation detector (110), a rotator (120), a positioner
(135), a gripper (132), a scarifier (142), a mummifi-
cation changes detector (150) and a sorter (162) at
the output of the path and coupled with seed con-
tainers (163, 164, 165).

2. The system according to claim 1, characterized in
that the elements of the seed transportation path are
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10.

configured to operate sequentially or simultaneously
with respect to each other.

The system according to claim 1, characterized in
that the positioner (135) comprises a controlled ro-
tation mechanism and: a cam (136a) whose rotation
sets the position of the seed, or a controlled sliding
positioning element (136b).

The system according to claim 1, characterized in
that the length and orientation detector (110) com-
prises a vision camera (112) and a source of light
(113), operating continuously or in synchrony with
the camera (112).

The system according to claim 1, characterized in
that the rotator (120) comprises an inlet channel
(122), a rotation mechanism (125), a partition (126)
and outlet channels (123, 124).

The system according to claim 1, characterized in
that the gripper (132) has a form of an automatic
control system with an operating element in form of
atleast two controlled, preferably electromagnetical-
ly, arms terminated at one side with a holder config-
ured to embrace a part of the seed (1).

The system according to claim 1, characterized in
that the scarifier (142) comprises two sliding blades
(143a) or rotary blades (143b).

The system according to claim 1, characterized in
that the mummification changes detector (150) com-
prises an area scan video camera (152), a source
of light (153), configured to operate continuously or
in synchrony with the camera (152) and a processing
system (154) configured to perform a preset or an
adaptive algorithm for determining the degree of vi-
ability, comprising an interface for acquisition of a
vision signal of the camera (152) adapted to output
information determining the viability of the seed,
based on the received signal.

The system according to claim 8, characterized in
that it comprises a plurality of grippers to allow si-
multaneous operation of the scarifier (142), the
mummification changes detector (150) and the sort-
er (162).

A method for automatic scarification and assess-
ment of viability of seeds, characterized in that it
comprises the steps of:

- delivering (401) the seeds by a feeder, and for
each delivered seed:

- measuring (402) a length DL and deter-
mining an orientation of the seed to be spec-
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ified as CORRECT or INCORRECT, by
means of a length and orientation detector
(110);

- orienting (403) the seed by means of a
rotator (120);

- positioning (404) the seed and transport-
ing the seed by a gripper (132) to a scarifier
(142);

- scarifying (405) the seed by the scarifier
(142);

- assessing (406) the viability of the seed
by a mummification changes detector (150);

- sorting (407) the seeds by a sorter (162), and
providing the seeds from the transporter to seed
containers (163, 164, 165).

The method according to claim 10, characterized
in that during the measurement (402) of the length
and detection of the orientation of the seed, the
length DL of the seed is measured and its orientation
is determined as CORRECT or INCORRECT.

The method according to claim 10, characterized
in that the length and the orientation is determined
by means of at least one of the following methods:

- when determining (402) the length and the ori-
entation of the seed, whose length is larger than
its diameter, the length DL of the seed is deter-
mined by indicating on an image two most dis-
tant points PZ, PD that belong to the image of
the seed, along the axis of symmetry of the seed,
wherein the image is provided by a camera;

- when determining (402) the length and orien-
tation of the seed, whose diameter is larger or
close to its length, the length DL is assumed to
be the distance of points PZ, PD that belong to
the contour of the seed, which form a line most
close to the axis of symmetry of the seed (1) and
which are most distant to each other.

The method according to claim 10, characterized
in that during the assessment (406) of mummifica-
tion changes of the seed, the following steps are per-
formed:

- acquiring (301) the image from the camera;

- checking (302) whether the scarification has
been completed;

- checking (303) whether the seed is present;

- determining (304) the area of the cross section
of the seed;

- initial processing (306) of features;

- classifying (307) the seed;

- checking (308) if viability of the seed has been
determined and if yes, outputting (309) informa-
tion about the state of the seed, and if not, out-
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putting (310) information about the seed being
not recognized.

The method according to claim 10, characterized
in that the result of the measurement of the length
of each seed is used for determination of an appro-
priate plane of scarification for that seed, and the
length DL determined for that seed is used for posi-
tioning that seed before the step of scarification
(405).

The method according to claim 13, characterized
in that during the classification (307) of the scarified
seeds, the seeds are divided into at least two types:
healthy seeds to be placed in the container (163) for
the healthy seeds, and spoiled seeds to be placed
in the container (164) for spoiled seeds (164); and
preferably seeds of a questionable quality to be
placed in the container (165) for unrecognized
seeds.
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