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Method and system for picking up and collecting plant matter

@ The invention relates to a method and system for picking up and collecting plant matter, in particular plant
embryos. To pick up the plant matter, a pick-up unit is used that is mounted to a robotic arm.
According to the invention, two separate imaging steps are performed at two different positions of the pick-up unit.
The first imaging step is performed to identify an isolated piece of plant matter. The second imaging step is
performed when the pick-up unit is at a confirming position and enables a verification of whether a piece of plant
matter has been picked up or not.
The confirming position is in between the position of the pick-up unit for picking up plant matter and the position for
depositing plant matter in suitable receptacles.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de
techniek en schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende
stukken.
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Method and system for picking up and collecting plant matter

The invention relates to a method and system for picking up and collecting plant matter, in
particular plant embryos.

Plant embryos form an important tool in modern contemporary plant breeding leading to
hybrid plants. In order to speed up the creation of the required genetically pure lines, the use of
doubled haploids (DHs) has become a very valuable tool. In addition, DHs also help greatly to
evaluate and monitor difficult traits such as those that are encoded by multiple genes/alleles.

The production and the use of DHs in breeding crop plants is well known for many plant
species. Thus far, DHs can be obtained from spores of the male (androgenesis) or female
(gynogenesis) organs.

Androgenesis is defined as a set of biological processes leading to the development of
individuals derived from the nuclei of male spores. Spores from the male organs are called
microspores and the in vitro cultures are called microspore cultures. Typical microspore cultures
are well established in Brassica since a long time. Spores from the female organs are called
megaspores, and the in vitro culture of these spores is commonly named gynogenesis. Gynogenesis
is a well established technique for e.g. sugar beet and also cucumber.

Above described techniques result in the formation of plant embryos, through a process
called embryogenesis. These embryos develop from one single cell into a plant, when grown under
special conditions and provided with appropriate growth media. Depending on the plant species,
developing embryos are grown in liquid or on solid growth media. When the embryos have
reached the desired growth stage, they might be singulated.

In many situations, it may be desirable to automate a process for picking up and collecting
the plant embryos. Typically, the embryos are available in relatively large liquid containing
reservoirs. To isolate the embryos, the content of the reservoir is poured into a receptacle, typically
having a relatively large surface allowing the embryos to spread over the surface. Then, a user may
pick up isolated embryos and place them in respective compartments, such as test tubes, for further
analysis or processing. This manual process is very labour intensive, and it is therefore desirable to
automate this picking up process.

Automated methods for picking up and collecting plant matter such as plant embryos are
known from the prior art.

For instance, from US 2005/0114918, a system and method of embryo delivery for
manufactured seeds is known in which a robotic arm with a pick-up head comprising micro-
tweezers is used. In this system, an imaging system is present for obtaining attributes of the plant
embryos. Plant embryos which are determined to be suitable for germination are detected, and are

then specifically oriented one at a time by movement of a positioning table to a retrieval position.
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In the retrieval position, the embryos are picked up by the pick-up head. It is also mentioned that a
robotic housing capable of moving in multiple directions may be used in conjunction with or in the
absence of a positioning table.

Another system is known from EP 1 498 025, which discloses an automated system and
method for harvesting and multi-stage screening of plant embryos. In this system as well, the
embryos may be imaged by a camera, and the image is used to ascertain the embryo’s shape and
size. Undesirable embryos may be removed. Desirable embryos may be transferred onto a
receiving surface, for instance by picking them up using a vacuum tip end.

There is a continuing demand for processing larger quantities of embryos. This requires
that the amount of time required for picking up and collecting a plant embryo is reduced. At the
same time, for some applications it has to be guaranteed that each compartment, e.g. test tube, is
not empty but comprises a single plant embryo.

It is an object to provide a more efficient and more precise method for picking up and
collecting plant matter, in particular plant embryos, while still providing sufficient certainty that
the plant embryos are deposited in the intended compartments.

This object may be achieved by a method according to the invention, which comprises the
steps of capturing a first optical image, being an image of at least one piece of plant matter, such as
a plant embryo, arranged in a receptacle. Next, an isolated piece of plant matter is detected in the
captured first optical image. Then, a robotic arm having a pick-up unit mounted thereon is
controlled to move the pick-up unit to a position in which it is able to pick up the isolated piece of
plant matter. A picking up action is performed next for picking up the isolated piece of plant matter
using the pick-up unit. As a next step, the robotic arm is controlled to move the pick-up unit to a
predefined confirming position, and a second optical image is captured in which a part associated
with the picked-up piece of plant matter does not overlap with a part, if any, in the second optical
image that is associated with the receptacle.

Thus, the method includes two separate imaging steps. In the first imaging step, the
presence of an isolated piece of plant matter is detected, and if an isolated piece of plant matter is
found, the position thereof is determined. In the second imaging step, it is checked whether a piece
of plant matter was indeed picked up. To be able to properly see the picked-up piece of plant
matter, the pick-up unit is moved to a confirming position in which the picked-up piece can be seen
separate from other pieces of plant matter that are still arranged in the receptacle.

When a piece of plant matter has been picked up, it can be deposited in a respective
compartment, whereas if no piece of plant matter has been picked up, the same intended isolated
piece of plant matter or another piece of isolated plant matter can be picked up. As the plant matter

is typically arranged in a liquid held in the receptacle, it may be preferable to pick up a different
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piece of isolated plant matter as the process of picking up plant matter may have changed the
position and/or orientation of the originally intended piece of isolated plant matter.

By checking whether a piece of plant matter has been picked prior to depositing such a
piece in a compartment such as a test tube or another receiving surface, it becomes possible to
more quickly react to situations in which a piece of plant matter has not been picked up. For
instance, the distance that needs to be covered by the robotic arm and more in particular the pick-
up unit can be reduced considerably by using the predefined confirming position. As a result, the
throughput can be increased considerably.

It is preferable if the confirming position lies on or close to a path from the receptacle to
the compartment, wherein the compartment is preferably part of a tray comprising a plurality of
compartments. More in particular, it is preferable if the confirming position is close to the
receptacle provided that the imaging of the picked up piece of plant matter is not disturbed by
either the receptacle or the other pieces of plant matter contained therein. A situation in which a
piece of plant matter that is still in the receptacle is misinterpreted as being a picked-up piece of
plant matter should be avoided.

The receptacle may be visible in the second optical image, for example only partially. In
this case the method may further comprise detecting the further isolated piece of plant matter from
the second optical image. This means that the second imaging step for confirming that a current
piece of plant matter has been picked up is simultaneously the first imaging step for the detecting
the presence of a further isolated piece of plant matter. This is advantageous for reasons of
efficiency, and has the further advantage that while the pick-up unit is in the predetermined
confirming position, an unobstructed view of the receptacle can be obtained. However, the
detecting of the further isolated piece of plant matter may also be done using the already obtained
first optical image. Use of several images is also an option, as is the use of a continuous image
feed.

The method may comprise capturing a new {first optical image for detection of a piece of
plant matter to be picked up next when the pick up unit does not obstruct a view of the receptacle
in the new first optical image. For instance, the new first optical image may captured when the
pick-up unit is at or moving towards the position for depositing a picked-up piece of plant matter.

The two imaging steps may be performed by two different cameras. However,
advantageously, a same optical camera may be used for obtaining the first and second optical
images. This camera is preferably positioned in such a way that it has a good view of both the
receptacle and of the predefined confirming position. However, it may be possible for the camera
to move from a first to a second imaging position. Also, the optical camera may perform a

zooming function prior to recording the second optical image, as more precision may be desired.
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The detecting of an isolated piece of plant matter or the detecting of a further isolated piece
of plant matter may comprise finding an isolated piece of plant matter in the first or second optical
image, comparing at least one of a size, colour, and shape to predetermined criteria, and
determining that the isolated piece of plant matter should be picked up if the at least one of a size,
an orientation, colour, and shape meets the predetermined criteria. By comparing with
predetermined criteria, plant matter that is unsuitable for further processing, for instance due to
abnormal growth or because the plant matter relates to a different type of plant, can be excluded.

The method may comprise controlling the robotic arm to rotate the pick-up unit during
and/or after a movement to the predefined confirming position, to allow a better view of the
picked-up piece of plant matter, if present. During the picking up of the plant matter, the pick-up
unit will likely be located substantially between the camera and the receptacle, therefore potentially
obscuring a view of the picked-up piece of plant matter. By controlling the robotic arm to rotate the
pick-up unit, detection of the picked-up piece of plant matter, if present, may be improved.
Preferably the pick-up unit is rotated to provide an unobstructed view of the picked-up piece of
plant matter, if present.

The method may comprise a step of detecting an orientation of the isolated piece of plant
matter or the further isolated piece of plant matter in the first and/or second optical image, and
orienting the pick-up unit accordingly prior to performing the picking up action. This allows the
pick-up unit to more reliably picking up the plant matter with less of a chance of damage. For
instance, it may be advantageous to pick-up plant matter by a less fragile part such as, for example,
the (primary) root, the hypocotyl or the stem.

If no isolated piece of plant matter is detected in the first and/or second optical image, a
blowing unit may be moved along a pre-set trajectory while directing a pressurized gaseous
medium, such as air, toward the receptacle. This may break up clusters of plant matter in which
several pieces of plant matter are clustered close together, and may make it possible to isolate
further pieces of plant matter. The skilled person will be able to assess a necessitated blowing
strength as well as possible trajectories.

After the step of moving the blowing unit along a pre-set trajectory, the blowing unit may
be moved to a position wherein a new first or second optical image can be obtained having a
substantially unobstructed view of the receptacle; and detecting whether there are any isolated
pieces of plant matter in the receptacle using the first and/or second optical image. In this manner it
may be assessed whether the blowing unit moving along a pre-set trajectory managed to isolate
further pieces of plant matter. If no isolated pieces are detected in the last step, the blowing unit
may be moved along a different pre-set trajectory while directing the pressurized gaseous medium
toward the receptacle. After this, it may again be assessed, by obtaining a new first or second

optical image, if the movement of the blowing unit while directing a pressurized gaseous medium
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toward the receptacle was successful in isolating further pieces of plant matter. This process may
be repeated a number of times, for instance three times with three different trajectories. If after a
pre-set number of repetitions it is still the case that no isolated pieces of plant matter may be
detected, a warning signal may be transmitted to an operator. This may for instance be at least one
of an auditory signal and a visual signal. The operator may thus be prompted to provide a further
receptacle containing plant matter. The skilled person will be able to automate this step as well if
desired.

In the above, the step of directing pressurized gaseous medium toward the receptacle may
involve blowing the pressurized gaseous medium downward at a substantially straight angle with
respect to a plan defined by the bottom of the receptacle. This may be most efficient at breaking up
clusters of plant matter.

Once there are no longer any free compartments in the tray, the tray may be replaced.
While this may be done manually, it is preferably performed using a gripping unit for replacing the
tray. Advantageously, the blowing unit and/or the gripping unit may be mounted to the same
robotic arm as the pick-up unit. Moreover, the movement of the blowing unit and/or gripping unit
can be controlled by controlling the robotic arm. Additionally or alternatively, the blowing unit
and/or gripping unit are integrated in the pick-up unit.

It is a further object of the invention to provide a more efficient and/or precise system for
picking up plant matter, such as plant embryos and for collecting the picked-up plant matter in a
tray having at least one compartment. This object may be achieved by a system according to the
invention, which comprises a surface whereupon a receptacle containing at least one piece of plant
matter may be provided. The system further comprises a robotic arm provided with a pick-up unit
configured to pick-up a piece of plant matter, wherein the robotic arm is able to move the pick-up
unit for picking up a piece of plant matter from the receptacle, to move the pick-up unit to a
predefined confirming position for confirming the picking up of a piece of plant matter, and to
move the pick-up unit for depositing a picked-up piece of plant matter into a respective
compartment of the tray.

The system of the present invention also comprises a camera system comprising an optical
camera, said system being configured for capturing a first optical image being an image of at least
one piece of plant matter arranged in a receptacle, and for capturing a second optical image in
which a part associated with the picked-up piece of plant matter does not overlap with a part, if
any, that is associated with the receptacle. The camera system preferably comprises a single
camera for capturing the first and second optical images.

The system comprises a controller configured for detecting an isolated piece of plant
matter in the first optical image, controlling the robotic arm to move the pick-up unit to a position

in which the unit can pick-up the detected isolated piece of plant matter, controlling the pick-up
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unit to pick-up the detected isolated piece plant matter, controlling the robotic arm to move the
pick-up unit to a predefined confirming position, confirming the presence of a picked-up piece of
plant matter in the second optical image, controlling the robotic arm and the pick-up unit to deposit
the picked up piece of plant matter in a respective compartment if the picked up piece of plant
matter is visible in the second optical image, or controlling the robotic arm to move the pick-up
unit to a position in which it is able to pick up a further isolated piece of plant matter if no picked
up piece of plant matter is visible in the second optical image.

The system described above is suitable and/or configured for performing the method of the
invention.

The system may comprise a first light source configured for emitting light through the
surface from a side of the surface opposite to a side of the surface where the receptacle is or is to
be placed, wherein the receptacle is provided between the camera system and the light source, said
light source preferably emitting red light. This may increase the visibility of the isolated pieces of
plant matter, for instance by increasing the contrast of the image. The light source may emit red
light, as this has been shown to advantageously increase the visibility of the plant matter, which
tends to be green.

The system may further comprise a second light source, wherein the pick-up unit, when at
the predefined confirming position, is located between the camera system and a second light source
that is configured for emitting light to the pick-up unit, said light source preferably emitting red
light. This allows the contrast of a picked-up piece of plant matter to be improved.

The first light source can be the second light source. In other words, a single light source is
used for emitting light to the receptacle and the pick-up unit.

The surface may comprise a first transparent region on which the receptacle is to be placed
and a second transparent region, spaced apart from the first transparent region, wherein the first
light source is configured for emitting light through the first transparent region, and wherein the
second light source is configured for emitting light through the second transparent region. The first
transparent region is substantially the same size as the receptacle and the receptacle is provided
thereon. The receptacle is then placed on the first transparent region through which the receptacle
itself is illuminated. Because the first transparent region has substantially the same size as the
receptacle, little to no light is transmitted to the camera system without having passed through the
receptacle. This may be advantageous as an unimpeded light source outside the receptacle may
negatively affect the first image. The second transparent region may be much smaller, which is
suitable for illuminating the picked-up piece of plant matter, if present, when the pick-up unit is in
the predetermined confirming position.

The pick-up unit may comprise a pair of tweezers suitable for picking up an isolated piece

of plant matter, wherein the tweezers are part of the pick-up unit. Tweezers suitable for picking up
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pieces of plant matter are known from the art and will be familiar to the skilled person. The
tweezers may for instance be pneumatically actuated tweezers, although alternatives will be known
to the skilled person.

The pick-up unit may be moved in a plurality of directions by the robotic arm. This allows
for very precise movement of the pick-up unit, which makes it possible to pick up very small
pieces of plant matter. This also allows for the positioning of the pick-up unit in such a way that a
potentially picked up piece of plant matter may be properly and efficiently detected. This may also
help the depositing of the piece of plant matter in the compartment of the tray.

The pick-up unit can be pivotally mounted to an end of the robotic arm to allow rotation of
the pick-up unit relative to the end of the robotic arm.

The system may further comprise a blowing unit suitable for directing a pressurized
gaseous medium at the receptacle. As described above, in the absence of isolated pieces of plant
matter, this may be employed to isolate pieces of plant matter from clusters of pieces of plant
matter. The blowing unit is preferably controlled by the controller.

The system may further comprise a gripping unit suitable for gripping the tray, as the tray
may need to be periodically replaced when all compartments contain a piece of plant matter. To
make the process as efficient as possible, it is desirable to also automate this replacement of the
tray. The gripping unit is preferably controlled by the controller.

The blowing unit and/or the gripping unit may be mounted to the same robotic arm as the
pick-up unit, and the movement of the blowing unit and/or gripping unit may be controlled by
controlling the robotic arm, to make the system as compact as possible. This is desirable as, when
taking a first optical image of the receptacle, an unobstructed view is advantageous. The blowing
unit and/or the gripping unit may be incorporated in the pick-up unit.

The present invention also provides a pick-up unit that is configured as the pick-up unit
defined above.

The invention will now be explained in more detail at the hand of the figures, in which:

Figure 1 shows a top view illustrating a receptacle and tray to be used in the invention;

Figure 2 is a side view illustrating a receptacle, tray, and robotic arm to be used in the
invention;

Figure 3 is a block diagram of a system according to the invention;

Figure 4 is a flow chart illustrating a method in accordance with the invention;

Figure 5 is a side view of an embodiment of the pick-up unit according to the invention;
and

Figure 6A-6E present different views of the embodiment shown in figure 5.

In figure 1, a top view is shown of a receptacle 1 and tray 3 to be used in the invention,

whereas figure 2 shows a corresponding side view. In figure 1, the robotic arm and the pick-up unit
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affixed thereon have been omitted to offer a clear view. Receptacle 1 contains clusters 7 of plant
matter as well as isolated pieces 6 of plant matter, floating in a suitable liquid. In what follows, it
will be assumed that the pieces of plant matter are plant embryos, but the invention is also suitable
for the picking up of other types of pieces of plant matter.

Tray 3 may comprise a plurality of compartments 4, depicted as test tubes in figure 2. Each
compartment 4 is suitable for receiving a respective picked-up piece of plant matter. While tray 3
is displayed as a grid, compartments 4 may also be distributed in a different manner, and the
displayed number of compartments 4 should not be taken as limitative.

Receptacle 1 is provided on a support surface 5 such as a table, see figure 2. Surface 5 is
provided with a first transparent region 2, located underneath receptacle 1, and a second
transparent region 2°. Transparent regions 2 and 2’ are indicated with dashed lines to make clear
that they let through at least a part of the light emitted by a light source 9 that is arranged
underneath surface 5. Here, light source 9 is abstracted as a light bulb but may be embodied as any
type of light source, preferably one emitting red light, or as a combination of light sources. Light
source 9, which preferably emits red light, allows for efficient detection of isolated embryos. Red
is preferred since embryos and other plant matter tends to be green, and enhanced contrast may
make it easier to detect isolated pieces.

While both receptacle 1 and transparent regions 2, 2’ are depicted as having a rectangular
shape, other shapes are of course also possible. Furthermore, the size of receptacle 1 and the size of
transparent region 2 are preferably substantially equal. This may be advantageous as an unimpeded
light source outside receptacle 1 may negatively affect capturing images of receptacle 1, thus
making the detection of isolated embryos more difficult.

Tray 3 is depicted as resting on a different surface 8. However, surface 5 and surface 8
may be part of a single surface. Furthermore, while surfaces 5 and 8 are depicted as being
rectangular, other shapes are also possible.

An embodiment of a system according to the invention comprises a stationary frame
relative to which surfaces 5 and 8 may have a fixed position. The system may further comprise a
robotic arm 13 having a pick-up unit 14 mounted on an end thereof. Pick-up unit 14 may be
provided with means for picking up a plant embryo, such as for instance tweezers 15. By means of
robotic arm 13, pick-up unit 14 is able to translate and rotate to position itself relative to a piece of
plant matter to be picked up. An example of a pick-up unit is illustrated in figure 5.

Robotic arm 13 and pick-up unit 14 are configured such that a plant embryo may be picked
up from receptacle 1 from a position detected using an image made by an optical camera 12.
Furthermore, robotic arm 13 may be controlled to position pick-up unit 14 such that the presence

of a picked-up plant embryo may be checked above transparent region 2’ in a second image made
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by camera 12. Robotic arm 13 may also be controlled to position pick-up unit 14 such that the
plant embryo may be deposited in one of the compartments or test tubes 4 in tray 3 on surface 8.

Figure 3 illustrates a block diagram of an embodiment of a system in accordance with the
present invention. This system may comprise the components illustrated in figures 1 and 2. Camera
system 12 may comprise multiple cameras. Preferably, a single camera is used for capturing a first
and second optical image. The camera(s) is/are preferably mounted to the stationary frame.

Robotic arm 13 and pick-up unit 14 are controlled by a controller 11, which may also
control camera system 12 if needed. Based on the first and/or second optical image, controller 11
controls robotic arm 13 to move pick-up unit 14 to a desired position above first transparent region
2, which may be a position to pick-up an isolated embryo 6 of which the position and preferably
also orientation have been determined in the first optical image. Controller 11 may also control
robotic arm 13 to move pick-up unit 14 to a predetermined confirming position above second
transparent region 2’, or to a position above a compartment 4 in tray 3 in which a picked-up
embryo may be deposited. Other positions may also be possible, such as for instance a position in
which a gripping unit 17 may grip tray 3, a position to which tray 3 may be moved, and a position
in which a new tray may be gripped by gripping unit 17. Gripping unit 17 may be incorporated in
pick-up unit 14.

The position and orientation of pick-up unit 14 may be controlled by controller 11
indirectly by controlling robotic arm 13. Pick-up unit 14 may also be controlled directly by
controller 11. For instance, a rotation of pick-up unit 14 may be controlled by controlling robotic
arm 13 or by directly controlling pick-up unit 14. Robotic arms with pick-up units as well as
methods to move these precisely are known from the prior art, and therefore the skilled person will
be aware of several ways to control such a robotic arm and pick-up unit.

Pick-up unit 14 comprises tweezers 15 suitable for picking up a plant embryo or other
piece of plant matter. Tweezers 15 may be controlled by controller 11. For instance, tweezers 15
may be pneumatically actuated tweezers, and controller 11 may control the opening and closing of
tweezers 15 by means of controlling one or more pneumatic cylinders. Controller 11 may also
control a blower 16 which is part of a blowing unit, and which is preferably also part of pick-up
unit 14. Pressurized gaseous medium such as air may be expelled by blower 16, for instance, from
in between tweezers 15, in which case a small amount of gaseous medium may be expelled, if
needed, to help with the depositing of the piece of plant matter into a compartment 4 in tray 3.
Furthermore, the pneumatic actuation of tweezers 15 and the source of gaseous medium may be
part of a single system. However, these latter options are not necessary. The skilled person will be
able to assess in which circumstances this configuration would be useful.

While the word “gripping unit” suggests active gripping, and while controller 11 may

control gripping unit 17 to grip tray 3, this need not be the case. Gripping unit 17 may also be
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embodied as a passive gripping unit, such as a hook or other gripping organ, which may cooperate
with gravity in order to grip tray 3. In this latter case, controller 11 controlling robotic arm 13
and/or pick-up unit 14 may be sufficient to achieve gripping of tray 3.

Camera system 12 comprising at least one camera is used for capturing a first optical
image which shows receptacle 1 and a second optical image for detecting a picked-up embryo. For
instance, a single camera 12 may be affixed at a certain distance above surface 5. Camera 192 is
preferably positioned such that it can capture an image on which both receptacle 1 and second
transparent region 2’ are visible without needing to be moved. However, while this is an efficient
arrangement, the skilled person will be able to envisage alternate arrangements, for instance in
which a single camera changes focus and/or position or in which several cameras are used.

Advantageously, it may be that in the second optical image, which allows the system to
determine whether an embryo was indeed picked up, receptacle 1 is visible as well. If this is the
case, and if the second optical image shows that no embryo was picked up, the location of a further
isolated embryo may be detected from the second optical image as well, which allows pick-up unit
14 to pick-up a further embryo without either having to rely on the first optical image again (since
the pick-up action may have changed the location of embryos) or requiring the capturing of a
further first optical image. In other embodiments, when receptacle 1 is also captured in the second
optical image, a single optical image may be used for both detecting isolated embryos 6 and for
confirming the presence of a picked-up embryo held by tweezers 15.

Figure 4 is a flowchart illustrating a method in accordance with the invention. More in
particular, the method depicted in figure 4 can be used with the system depicted in figure 3.

In step S1, a receptacle and tray are provided. Both of these may be replaced while
performing the method. The receptacle may be replaced once no more isolated embryos can be
seen or blown loose from clusters, and the tray once there is an embryo in every compartment.
While in the presently illustrated embodiment the replacement of the tray, by using a gripping unit
which is attached to the pick-up unit, is automated and the replacement of the receptacle is not,
replacing the tray may also be done manually and the process of replacing the receptacle may be
automated as well. The skilled person will be able to determine, depending on circumstances and
cost, which if any of these two processes to automate.

In step S2, a first optical image of the receptacle is captured. Preferably, the entire
receptacle may be seen in this first optical image. To achieve this, the first optical image is
preferably captured when the pick-up unit is away from the area between the camera capturing the
first optical image and the receptacle itself.

In step S3, it is determined whether at least one isolated embryo may be seen in the first
optical image. The skilled person will be familiar with algorithms which are able to do this, as

detecting the presence of isolated embryos is known from the state of the art. To improve the
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accuracy of detection, the receptacle is preferably lighted from below as shown in figure 1,
preferably by a light source which emits red light, for increased contrast.

The image of the isolated embryo may be compared with predetermined criteria,
comprising features such as size, shape, colour. If the image of the embryo does not meet these
criteria, the embryo may be discarded and a next isolated embryo is selected.

If at least one isolated embryo is detected in step S3, the pick-up unit is moved, in step S4,
towards the receptacle, where it may be positioned above the location of the selected embryo. Once
the pick-up unit is thus positioned, a pick-up action may be performed (S5), wherein for example
tweezers close around the embryo and grab the embryo by its stem. To make this possible, it is
advantageous to detect not just the presence and position of isolated embryos in the first optical
image in step S3, but to also detect the orientation of a selected embryo. In step S4, the motion of
the pick-up unit may not just serve to position it substantially above a selected embryo to be picked
up, but may also comprise an element of rotation (of either the pick-up unit as a whole or just an
element, e.g. the tweezers) to make it possible to pick-up the embryo in step S5.

Once the pick-up action has been performed, the pick-up unit may be moved, in step S6, to
the predetermined confirming position above second transparent region 2’ to confirm whether
indeed an embryo was picked up in step S5. Advantageously, the pick-up unit is not just moved
laterally for this step, but it rotated too, in such a way that a camera may get an unobstructed view
of the position in which the embryo, if present, would be located. Generally, a rotation of the
tweezers bringing the tweezers in an essentially horizontal plane should allow this. Next, a second
optical image is captured in step S7. The light source improves accuracy, as the embryo, if present,
will obstruct part of the light going from the light source to the camera. Therefore, the presence of
an embryo may for instance be detected by determining if the shadow of an embryo is present in
the second optical image captured in step S7.

The camera capturing the second optical image may be the same camera that captures the
first optical image. In fact, the second optical image, which is taken as the pick-up unit is in the
predetermined confirming position and hence is likely to not be obstructing the view of the
receptacle from the camera, may also be used as the first optical image in a subsequent step S2. If
necessary, however, a refocusing of the camera may take place between the capturing of the first
optical image and the second optical image, in which case the second optical image will likely not
be suited to be used as a subsequent first optical image. Separate cameras may also be used.

If a successful pick-up is confirmed in step S8, the pick-up unit may move towards the tray
and deposit the embryo in a compartment of the tray. Various ways of achieving the depositing
step will be familiar to the skilled person. If tweezers are used, simply opening the tweezers may

be sufficient. Since the embryos may still have some medium attached to them and may therefore
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be sticky, a small blast of pressurized air may also be applied to deposit the embryo if necessary.
After depositing the embryo in step S9, the method may be repeated by returning to step S2.

If the embryo is not detected in the second optical image in step S8, the pick-up unit is
moved back to the receptacle in order to pick up a subsequent embryo in step S4. It may also be
possible that the subsequent embryo is the same embryo which was not at first successfully picked
up. The location of the embryo to be picked up may be detected from the second optical image.
Alternately, the method may be repeated from step S2, and start with the capturing of a new first
optical image, preferably before the pick-up unit is moved back, so as to obtain an unobstructed
view of the receptacle.

Going back to step S3, if an isolated piece of plant matter such as a plant embryo is not
detected in the first optical image, this may be because all embryos in the receptacle are clumped
together in at least one cluster of embryos. To be able to deal with this, the system according to the
invention may comprise a blowing unit, and in step S4° this blowing unit is moved along a first
predefined trajectory while blowing a pressurized gaseous medium, e.g. air, downward toward the
receptacle. This may break up at least one of the clusters to the extent that isolated embryos are
again present in the receptacle. To see if the blowing unit moving along the predetermined
trajectory had this desired result, a further first optical image of the receptacle may be captured,
preferably after the blowing unit is moved to a position in which it does not impede the camera’s
view of the receptacle, and the presence of isolated embryos may be detected in this captured
image. If an isolated embryo is detected, the process continues from step S4. If it is not, the
blowing unit may be moved along a predetermined trajectory which is preferably different from the
first predetermined trajectory, repeating step S4°. If after a certain number of repetitions of this
process, for instance 3 repetitions, no isolated embryos are detected in the receptacle, the system
may be configured to send a signal to a user, who may then replace the receptacle.

Figure 5 and figures 6A-6E show various views and cross sections of an embodiment of a
pick-up unit according to the invention. In these figures, like reference numbers refer to like
elements.

Figure 5 is a front view of pick-up unit 14 that shows gripping unit 17 most clearly. The
gripping unit comprises a cylinder 171 which may move a piston 172 through actuation of piston
rods 172’. Piston 172 is connected to a primary gripping element 175. Supporting elements 174 are
also provided that are attached to secondary gripping elements 173. By actuating cylinder 171,
piston 172 and primary gripping element 175 may be moved against secondary gripping elements
173, as seen in figure 6B, gripping an edge of a tray that is arranged in the space between elements
173, 175. In the shown embodiment, cylinder 171 is a pneumatic cylinder, controlled through air

supply 176. Other means of actuating the gripping unit are of course also possible.
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Figure 6A shows a top view of pick-up unit 14. Figure 6B shows a cross section through
line A in figure 6A whereas figure 6C shows a cross section through line B. Figure 6B shows a
cross section through cylinder 171, piston 172, primary gripping element 172 and secondary
gripping elements 173. An opening is visible between the primary and secondary gripping
elements 173, 175 where the edge of a tray may be gripped.

Figure 6C is a cross section of pick-up unit 14, specifically. More in particular, this figure
shows air passages 168 through pick-up unit 15 that may be used either for the blowing function
described above or, if needed, to deposit an embryo that is stuck to tweezers 15. Air may be
supplied through air supply opening 167 and may then be blown through passages 168.

Figure 6D is the same view as shown in Figure 5. On it, a line C is indicated wherein
figure OF is a cross-section through this line. Air supply opening 167 for the pick-up unit is also
indicated here, as are the elements comprising air passages 168. In this figure tweezers 15 which
are used to pick up the embryo may also be seen.

Figure 6E is a cross section in which the operation of tweezers 15 may be seen in more
detail. Tweezers 15 in this embodiment are pneumatically actuated by means of a double-acting
cylinder 150, though alternatives are also possible. Air supply channels 151 and 152 may be used
to close and open tweezers 15, respectively, by supplying a suitable pressurized gaseous medium.

A setting screw 155 is shown that allows the positioning of supporting blocks 153, 154.
The space between blocks 153, 154 determines the maximum angle or stroke of tweezers 15.

The embodiment described above is included only for illustrative purposes. The skilled
person will be able to envisage equivalents for many of the above-mentioned features, and the

scope of the claims is not limited to the specific features mentioned above.
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CONCLUSIES

1. Werkwijze voor het oppakken en verzamelen van plantmateriaal, in het

bijzonder plantembryo’s, omvattende de volgende stappen:

het verkrijgen van een eerste optische atbeelding, zijnde een afbeelding van ten minste een
stukje plantmateriaal, zoals een plantembryo, gerangschikt in een vergaarbak;

het detecteren van een geisoleerd stukje plantmateriaal in de verkregen eerste optische
afbeelding;

het aansturen van een robotarm met een hierop gemonteerde oppakeenheid, om de
oppakeenheid te bewegen naar een positie waarin het in staat is het geisoleerde stukje
plantmateriaal op te pakken;

het uitvoeren van een oppakactie voor het oppakken van het geisoleerde stukje
plantmateriaal met gebruik van de oppakeenheid;

het aansturen van de robotarm om de oppakeenheid te bewegen naar een vooraf bepaalde
bevestigingspositie;

het verkrijgen van een tweede optische afbeelding waarop een deel dat geassocieerd is met
het opgepakte stukje plantmateriaal niet overlapt met enig deel dat geassocieerd is met de
vergaarbak;

het aansturen van de robotarm om de oppakeenheid te bewegen voor het afleggen van het
opgepakte stukje plantmateriaal in een respectievelijk compartiment in een tray omvattende ten
minste één compartiment, wanneer het opgepakte stukje plantmateriaal zichtbaar is in de tweede
optische afbeelding, of het aansturen van de robotarm om de oppakeenheid te bewegen naar een
positie waarin het in staat is een verder geisoleerd stukje plantmateriaal op te pakken, wanneer

geen opgepakt stukje plantmateriaal zichtbaar is in de tweede optische afbeelding.

2. Werkwijze volgens conclusie 1, waarbij de vergaarbak zichtbaar is in de
tweede optische afbeelding, waarbij de werkwijze verder omvat het detecteren van het verdere

geisoleerd stukje plantmateriaal in de tweede optische afbeelding.

3. Werkwijze volgens conclusie 1, omvattende het detecteren van het verdere

geisoleerde stukje plantmateriaal in de eerste optische afbeelding.

4. Werkwijze volgens een van de voorgaande conclusies, omvattende het
verkrijgen van een nieuwe eerste optische afbeelding voor het detecteren van een volgend op te
pakken stukje plantmateriaal wanneer de oppakeenheid het zicht op de vergaarbak in de nieuwe

eerste optische atbeelding niet blokkeert.
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5. Werkwijze volgens conclusie 4, waarbij de genoemde nieuwe eerste
optische afbeelding verkregen wordt wanneer de oppakeenheid zich in de positie voor het afleggen

van het opgepakte stukje plantmateriaal bevindt of ernaar aan het bewegen is.

6. Werkwijze volgens een van de voorgaande conclusies, omvattende

eenzelfde optische camera voor het verkrijgen van de eerste en tweede optische afbeeldingen.

7. Werkwijze volgens conclusie 6, waarbij de optische camera een

zoomfunctie uitvoert voordat de tweede optische afbeelding gemaakt wordt.

8. Werkwijze volgens een van de voorgaande conclusies, waarbij het
genoemde detecteren van een geisoleerd stukje plantmateriaal of het detecteren van een verder
geisoleerd stukje plantmateriaal omvat:

het vinden van een geisoleerd stukje plantmateriaal in de eerste of tweede optische
afbeelding;

het vergelijken van ten minste één van de afmeting, de kleur en de vorm met vooraf
bepaalde criteria;

het bepalen dat het geisoleerde stukje plantmateriaal opgepakt moet worden als de
genoemde ten minste één van een afmeting, ori€ntatie, kleur en vorm overeenkomt met de vooraf

bepaalde criteria.

9. Werkwijze volgens een van de voorgaande conclusies, omvattende het
aansturen van de robotarm om de oppakeenheid te draaien tijdens en/of na een beweging naar de
vooraf bepaalde bevestigingspositie, om zo beter zicht toe te laten van het opgepakte stukje

plantmateriaal, als het aanwezig is.

10. Werkwijze volgens een van de voorgaande conclusies, verder omvattende
een stap van het detecteren van een oriéntatie van het geisoleerde stukje plantmateriaal of het
verdere geisoleerde stukje plantmateriaal in de eerste en/of tweede optische afbeelding, en het

overeenkomstig oriénteren van de oppakeenheid voor het uitvoeren van de oppakactie.

11. Werkwijze volgens een van de voorgaande conclusies, omvattende,
wanneer geen geisoleerd stukje plantmaterieel gedetecteerd wordt in de eerste en/of tweede
optische afbeelding, het bewegen van een blaaseenheid volgens een vooraf bepaald pad terwijl er

een gasachtig medium onder druk, bijvoorbeeld lucht, gericht wordt op de vergaarbak.
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12. Werkwijze volgens conclusie 11, omvattende, na de stap van het bewegen
van de blaaseenheid volgens het vooraf bepaalde pad:
het bewegen van de blaaseenheid naar een positie waarin een nieuwe eerste of tweede
optische afbeelding kan worden verkregen hebbende een hoofdzakelijk ononderbroken zicht op de
vergaarbak; en
het detecteren of er enige geisoleerde stukjes plantmateriaal in de vergaarbak zijn met

gebruik van de eerste en/of tweede optische afbeelding.

13. Werkwijze volgens conclusie 12, verder omvattende, wanneer geen
geisoleerde stukjes gedetecteerd worden in de laatste stap, het bewegen van de blaaseenheid langs
een ander vooraf bepaald pad terwijl er gasachtig medium onder druk wordt gericht op de

vergaarbak.

14. Werkwijze volgens een van de conclusies 11-13, omvattende, wanneer
geen geisoleerde stukjes gedetecteerd worden, een stap van het zenden van een

waarschuwingssignaal naar een gebruiker.

15. Werkwijze volgens een van de conclusies 11-14, waarbij de stap van het
richten van gasachtig medium onder druk op de vergaarbak inhoudt: het blazen van het gasachtig
medium onder druk naar beneden met een hoofdzakelijk rechte hoek ten opzichte van een vlak

gedefinieerd door de bodem van de vergaarbak.

16. Werkwijze volgens een van de voorgaande conclusies, omvattende,

wanneer er geen vrije compartimenten meer zijn in de tray, het vervangen van de tray.

17. Werkwijze volgens conclusie 16, omvattende het gebruik van een

grijpeenheid voor het vervangen van de tray.

18. Werkwijze volgens een van de voorgaande conclusies, waarbij de
blaaseenheid en/of de grijpeenheid gemonteerd zijn op dezelfde robotarm als de oppakeenheid, en
waarbij de beweging van de blaaseenheid en/of grijpeenheid aangestuurd wordt door het aansturen

van de robotarm.
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19. Systeem voor het oppakken van plantmateriaal en voor het verzamelen van
het opgepakte plantmateriaal in een tray hebbende ten minste één compartiment, in het bijzonder
plantembryo’s, omvattende:

een oppervlak waarop een vergaarbak omvattende ten minste één stukje plantmateriaal
zoals een plantembryo kan worden verschaft;

een robotarm voorzien van een oppakeenheid ingericht om een stukje plantmateriaal op te
pakken, waarbij de robotarm in staat is de oppakeenheid te bewegen voor het oppakken van een
stukje plantmateriaal uit de vergaarbak, om de oppakeenheid te bewegen naar een vooraf bepaalde
bevestigingspositie voor het bevestigen van het opgepakt hebben van een stukje plantmateriaal, en
om de oppakeenheid te bewegen voor het afleggen van een opgepakt stukje plantmateriaal in een
tray omvattende ten minste één compartiment dat geschikt is voor het ontvangen van het opgepakte
stukje plantmateriaal;

een camerasysteem omvattende een optische camera, waarbij dit systeem ingericht is voor
het verkrijgen van een eerste optische afbeelding, zijnde een afbeelding van ten minste één stukje
plantmateriaal in een vergaarbak, en voor het verkrijgen van een tweede optische atbeelding
waarin een deel dat geassocieerd is met het opgepakte stukje plantmateriaal niet overeenkomt met
enig deel dat geassocieerd is met de vergaarbak, en

een aansturing ingericht voor:

het detecteren van een geisoleerd stukje plantmateriaal in de eerste optische atbeelding;

het aansturen van de robotarm om de oppakeenheid te bewegen naar een positie waarin de
eenheid een gedetecteerd geisoleerd stukje plantmateriaal op kan pakken;

het aansturen van de oppakeenheid om het gedetecteerde geisoleerde stukje plantmateriaal
op te pakken;

het aansturen van de robotarm om de oppakeenheid te bewegen naar een vooraf bepaalde
bevestigingspositie;

het bevestigen van de aanwezigheid van een opgepakt stukje plantmateriaal in de tweede
optische afbeelding;

het aansturen van de robotarm en de oppakeenheid om het opgepakte stukje plantmateriaal
af te leggen in een respectievelijk compartiment als het opgepakte stukje plantmateriaal zichtbaar
is in de tweede optische afbeelding, of het aansturen van de robotarm om de oppakeenheid te
bewegen naar een positie waarin het in staat is een verder geisoleerd stukje plantmateriaal op te

pakken als geen opgepakt stukje plantmateriaal zichtbaar is in de tweede optische afbeelding.

20. Systeem volgens conclusie 19, verder omvattende een eerste lichtbron
ingericht voor het uitzenden van licht via het oppervlak vanuit een zijde van het oppervlak welke

tegenovergelegen is aan de zijde van het oppervlak waarop de vergaarbak geplaatst of te plaatsen
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is, waarbij de vergaarbak verschalft is tussen het camerasysteem en de lichtbron, en waarbij de

lichtbron bij voorkeur rood licht uitzendt.

21. Systeem volgens conclusie 19 of 20, verder omvattende een tweede
lichtbron, waarbij de oppakeenheid, wanneer deze zich in de vooraf bepaalde bevestigingspositie
bevindt, geplaatst is tussen het camerasysteem en een tweede lichtbron welke ingericht is voor het

uitzenden van licht naar de oppakeenheid, waarbij deze lichtbron bij voorkeur rood licht uitzendt.

22. Systeem volgens conclusie 20 of 21, waarbij de eerste lichtbron de tweede

lichtbron is.

23. Systeem volgens een van de conclusies 20-22, waarbij het oppervlak een
eerste transparant gebied omvat waarop de vergaarbak te plaatsen is en een tweede transparant
gebied, apart geplaatst van het eerste transparante gebied, waarbij de eerste lichtbron ingericht is
voor het uitzenden van licht door het eerste transparante gebied en waarbij de tweede lichtbron
ingericht is voor het uitzenden van licht door het tweede transparante gebied,

waarbij de lichtbron uitgevoerd is als een lichtgevend oppervlak bedekt door een masker
met twee ramen, waarbij een van de ramen hoofdzakelijk dezelfde afmeting heeft als de

vergaarbak en de vergaarbak hierop verschatft is.

24, Systeem volgens een van de voorgaande conclusies, waarbij de
oppakeenheid een pincet omvat geschikt voor het oppakken van een geisoleerd stukje

plantmateriaal, waarbij het pincet deel uitmaakt van de oppakeenheid.

25. Systeem volgens conclusie 24 waarbij het pincet een pneumatisch

geactueerd pincet is.

26. Systeem volgens een van de conclusies 19-25, verder omvattende een
blaaseenheid geschikt voor het richten van een gasachtig medium onder druk op de vergaarbak,

waarbij de blaaseenheid bij voorkeur aangestuurd wordt door de aansturing.

27. Systeem volgens een van de conclusies 19-26, verder omvattende een
grijpeenheid geschikt voor het grijpen van de tray, waarbij de grijpeenheid bij voorkeur

aangestuurd wordt door de aansturing.
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28. Systeem volgens conclusie 26 of 27, waarbij de blaaseenheid en/of de
grijpeenheid gemonteerd zijn aan dezelfde robotarm als de oppakeenheid, en waarbij de beweging
van de blaaseenheid en/of grijpeenheid aangestuurd wordt door het aansturen van de robotarm,

en/of waarbij de blaaseenheid en/of de grijpeenheid deel uitmaken van de oppakeenheid.

29. Oppakeenheid ingericht zoals de oppakeenheid volgens een van de

conclusies 19-28.
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Abstract

The invention relates to a method and system for picking up and collecting plant matter, in

particular plant embryos. To pick up the plant matter, a pick-up unit is used that is mounted to a
5  robotic arm.

According to the invention, two separate imaging steps are performed at two different
positions of the pick-up unit. The first imaging step is performed to identify an isolated piece of
plant matter. The second imaging step is performed when the pick-up unit is at a confirming
position and enables a verification of whether a piece of plant matter has been picked up or not.

10 The confirming position is in between the position of the pick-up unit for picking up plant matter

and the position for depositing plant matter in suitable receptacles.
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WRITTEN OPINION NL2017599

Box No. i Basis of this opinion

. This opinion has bean established on the basis of the latest sotof ¢laims fied Defore tha stark of the search.

2. With regard to any niclectide andior amino acid sequence disclosedt irihé application and necessary o the

claimed invention, Hiis opinion has been established on ths basis of:
a. type of material:

1 asequence listing

L1 tablets) refateddo the sequence listing
b format of materiak

O onpaper

£ i electronic form
¢, Hme of filingfuraishing:

£l contained in the application asfiled.

L3 filed together with the application: in electranic form.

1 fumished subsequently for the purposes of search.
. B} ncaddition, in the case thal more than ong-version oy copy of a sequence listing andor table relating thersto
hag bean filed orfumishad, the required staternenis that the.nformation in the subseguent or additional
coplas isddentical to that in the gpplication as hled or doas not go beyond the application ag filad, as
gppropriate, wera furnishad

- Adgitional comments:

Box No. V' Reasoned statement with regard 10 novelty, inventive step or industrial applicability;
citations and explanations supporting such siatement

P

1. Statement
Novelty Yes: Claims 129
No: Claims
inventive step Yes: ‘Claims:
Mo Claims 1-29
indusirial applicability Yeog: Claims 1-28

Mo Claims

Citations and explanations

see separate shest

MLROTE {duly 2008
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Reltem V

Reasoned statement with regard to novelly, inventive step or industrial
applicability; citations and explanations supporting such statement
1 The following documents (D) are listed in this wrillen opinion. The numbering
follows the order of the Search Report.
D1 US 2005/0114918 {Weyerhaeuser Company)
02  EP 1488025 (Weyerhaguser Company)
B3 WO 01413702 (Weyerhaeuser Company}
D4 Weiss et al, 1987, IEE J. Robol. Autom. 3:404-417
D5 Corke, 1883, in: Visual Servoing, K. Hashimoto, Ed. pp. 1-31
D& EP2543482 (Canan)
& Claim 1 is divected to a method for picking and depositing plant matter into a
comparntment with a robotic arm. The movament of the robotic arm during
collection and depositing of the plant matter is controlied by optical imaging.

5]

The closest prior art to the subject-matter of claim 1 is any of documents D1
(paragraphs 6, 26 - 41; claims, Figures}, D2 (paragraphs 8 - 12, 37 - 44;
claims; Figures) or D3 {page 3, line 7 - page 4, line 2; page 5, line 5 - page
10, line 24, ¢laims; Figures).

4 All documents disclose methods for picking plant embryos and depositing
them into compartments with a robotic arm under optical control of digital
imaging cameras. The disclosures of D1 - D3 differ from the method of
claim 1 in that the movernent of the robotic arm is controlled by comparing
two timages at different ime points in the picking and depositing process for
the presence of the plant material

5 The objective technical groblem could thus be formulated as the provision of
an alternative method for picking and depasiting plant matter with a robotic
arm. The method of claim 1 solves that problem but the solution does not
involve an inventive step for the following reasons.

8 image-based visual servo control employing the location of features on the

image plane of consecutive images directly for feedback an robotic arms is
well known from the prior art.

“f

The disclosures of D4 (page 404, second column, third paragraph - page 407,
second column, third paragraph; page 416, first column, first paragraph;
Figures), DS {page 2, second paragm_;:sh ~ page 4, second paragragh; page

Forrn NL2S7-8 {separaie sheeti{duly 2O0S) {sheet 1}
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11, last paragraph - page 18, firal paragraph; page 21, second paragraph -
tast paragraph) or D6 (paragraphs 8 - 11; paragraph 16 - 30; claims; Figures)
may serve as examples for thal.

8 No inventive activity can be acknowledged for combining this well kKnow
means of image-based visual servo control with the methods of D1, D2 or D3.
A man skilled in the art in need of an alternatlive image contral system would
simply apply the knowledge of D4 - D6 to the methods of D1, D2 or B3 and
arrive at the subject-matter of claim 1 without any inventive effort.

9 The same holds {rue for the system of ¢laim 18. Dependent claims 2 - 18 and
18 - 28 do not contain any features beyond a trivial level that would merit an
invantive step.

Be ltem Vill

Certain observations on the apphlication

3 The subject-matter of claims 1 and 19 encompasses an extramely broad
scope, namely collecting and picking any plant matter with robolic arms under
under optical control.

2 The application as filed does not disclose sucha wide scope ina manner
sutficiently clear and compiete for it 1o be carried out by a person skilled in the
art. It would amount to an undue burden or require inventive activity 1o carry
out the claimed invention over its entire broad scope.
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