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Short title: Device for the mechanical separation of cuttings

from a plant branch

The invention relates to a device for the mechanical
separation of cuttings from a plant branch, comprising:

a carrier for the branch which is to be processed,

a conveyor track, which interacts therewith, for presenting
a branch which is supported by a carrier to:

an imaging unit (VISION) for determining the position of an
axil with side branch of a presented branch with respebt to a
reference and passing this position-representative information
to

a separation device for separating a cutting by cutting
through the branch at a predetermined distance from the axil and
releasing the cutting which has been separated in this way at a

predetermined position.

A device of this type is known per se for NL 1004687 and EP
0853873, both in the name of the present Applicant.

This known device - which is designed in particular to
separate cuttings from rose branches - achieves good results, in
particular with regard to the assessing of the supplied branches
which are to be processed and cutting or snipping through the
branch at the correct location in order to obtain the cuttings,
while also achieving a satisfactory production rate. This device
has demonstrated that it is technically possible to replace the
manual separation of cuttings by mechanical separation. The
device which 1is described in the abovementioned publications,
having a circulating conveyor track for presenting the branches
which are to be processed to the VISION installation and to at
least one cutting device has the drawback that it is not easy to
increase the production capacity of an existing device. If a
company needs to expand its production capacity, it has no other
option but to procure a second device of the same type, complete
with conveyor track and associated supply and discharge devices.
Furthermore, the device takes up a relatively large amount of

floor space.
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It is an object of the invention to overcome these
drawbacks and to provide a device of the type mentioned in the
preamble which, on account of its design, is eminently suitable
to be produced not only in modular form but also in a
considerably more compact version than the known device.
According to the invention, this object is achieved by the fact
that the conveyor track is a finite track, with, as its starting
point, the location where the branch is presented to the carrier
and, as its end point, the location where the branch is assessed
by the VISION installation, and the separation device, which is
controlled on the basis of the information supplied by the
VISION installation, comprises a reduction and <clamping
mechanism, which can be adjusted in both a vertical plane and a
horizontal plane and separates the assessed branch initially at
a lower level with respect to the axil and then at an upper

level with respect to the axil.

The design which is proposed according to the invention,
with one or more finite branch conveyor tracks which start from
a central point and along which a reciprocating movement is
executed results in a compact device which is easy to adapt to
current production demands and allows a high hourly production
rate to be achieved while employing a conveniently arranged

design.

Advantageous preferred embodiments of the invention are
described in the subclaims. The measures described in claims 2-4
result in a particularly compact structure; the design of supply
and discharge track with the associated branch supporting means
described in claims 5-7 leads to an efficient supply, which is
easy to operate and feed, of the branches which are to be
processed. The measures described in claims 8 and 9 reduce the
risk of damage to the branches which are to be processed. Claims
10-13 describe measures which result in an efficient, reliably

operating reduction mechanism.

The invention is explained with reference to the drawing,

in which:
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Fig. 1 shows a front view of an embodiment of the device
according to the invention;

Fig. 2 shows an end view thereof;

Fig. 3 shows a plan view thereof; and

Fig. 4 shows a perspective illustration thereof;

Fig. 5 diagrammatically depicts a number of supply
supporting means in combination with the conical protective cap:

Fig. 6a-6d diagrammatically depict the various phases of
the movement process thereof;

Fig. 7 shows a perépective view of the effects of the
conical protective cap used;

Fig. B8a-8e diagrammatically depict the wvarious phases of
the movement pattern of a supply supporting means interacting
with an altered embodiment of the protective cap mechanism.

Fig. 9 shows a perspective front view of the preferred
embodiment of the reduction mechanism;

Fig. 10a-10d show plan and side views thereof;

Fig. 11 diagrammatically depicts a plan view of a large
installation composed of four devices according to the
invention.

The figures show an embodiment of the device according to
the invention with two conveyor tracks which diverge from one
common point and the respective end points of which define

VISION assessment and cutting separation positions.

In fact, the device shown is a module which can operate as
an independent unit but of which it is also possible for a
number to be positioned adjacent to one another, to which the
branches which are to be processed are supplied by a common
branch supply track, all this as will be described in more
detail below. The module which is illustrated, denoted overall
by reference numeral 2, comprises a frame 4 with uprights 6a, 6b
which are positioned at a distance from one another and
transverse bars 8a, 8b, and in combination with (cf Fig. 2) a
square, open supporting frame which lies Dbehind it and has

horizontal struts 10a and 10b and uprights 12.

The top bar 8a, bears via the two columns 1l4a, 14b the two

conveyor tracks 16a, 16b, which diverge from the common front
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end 18. FEach conveyor track 16a, 16b guides a branch carrier
assembly 18a, 18b, in each case provided with a drive motor,
which is not shown in detail in the figures, can be actuated in
two directions and drives a toothed pinion which engages in the
rack 20a, 20b of the corresponding conveyor track 16a, 16b. In
this way, a branch which is carried by a branch carrier assembly
18a, 18b via a controllable gripper 19a, 19 can be displaced in
a controlled manner from the front end 18, along the associated
conveyor track, until it reaches the assessment and separation
position, after which the carrier assembly, following processing

of the branch, returns to the starting position.

The device is provided with a supply track for the branches
which are to be treated, this track comprising two horizontal
sub-tracks 22a, 22b which run along the front side of the device
and along which individual cylindrical, vase-shaped branch-
supporting elements 24, which will be described in more detail
below, move. Respective supporting means which are filled with a
branch are supplied along the innermost track 22a and, at the
location of the intersection of the two conveyor tracks 16a,
16b, are displaced transversely thereto, each branch-supporting
element which is filled with a branch which is to be processed
coming to a standstill in a position which is denoted by 26 in
Fig. 2 and 3; this is the position in which a branch carrier,
which can be displaced along one of the conveyor tracks 16a,
1leb, using the two-part gripper 1%a or 19b, respectively, can
remove a branch from the corresponding support element. The

empty supports are then discharged along the track 22b.

The task of separating individual cuttings from a supplied
branch is carried out by a handling robot with gripping and
separation elements at the handling end, which robot is denoted
overall, in Fig. 2 and 3, by 28. A robot 28 of this type is
commercially available. The robot 28 is carried by a support
frame 30 in which the control electronics are accommodated; the
housing 32 of the robot bears the first arm 36, which can rotate
in a controlléd manner about the vertical axis 34 and at the end
bears the horizontal shaft 38, about which the second arm 40 can

rotate, once again in a controlled manner; the end arm 44 1is
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arranged at the end of this second arm, in such a manner that it
can be rotated in a controlled manner about the second
horizontal shaft 42. At its lower end, this end arm bears a
separation mechanism 44 which, in the design shown, is a cutting
mechanism which will Dbe described in more detail below.

Obviously, any suitable separation mechanism is possible.

The robot 28 with the separation mechanism 44 is
responsible for separating cuttings from a supplied branch which
is to be processed, for example a rose branch, at the correct
height and placing in each case a predetermined number of the
separated cuttings onto a suitable location in a pot which can
then be discharged in a controlled manner. The empty pots are
supplied on a supply track 50 in the direction of the arrow 52.
One by one, they are transferred, by a suitable transfer
mechanism 54, to the turntable 56, and in this way each empty
pot moves successively into the correct position - corresponding
to the position 58 - with respect to the robot mechanism, so
that a cutting which has been separated by the separation
mechanism can be placed into this pot. If appropriate, each’
cutting which has been gripped and separated by the robot
mechanism may also, before being deposited in the position 58,
have its end dipped into a disinfectant present in the container
60.

However: as is the case in the device according to the
prior art, this controlled cutting and depositing of cuttings
from a supply branch can only take place after the latter has
been assessed with the aid of a VISION installation, which is
known per se. In the embodiment shown, there are two VISION
installations of this type, denoted by 62a, 62b; they interact
with a common illumination unit 64 which radiates on two sides.
This is in fact a 1light box which emits in two opposite
directions and has two illumination surfaces, of which one, 66,

can be seen in Fig. 2.

In the assessment position, which virtually corresponds to
the limit position of a branch carrier 18a, 18b, each branch

which is to be assessed, along the associated track 1l6a, 16b,
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hangs between an illumination surface 66 of the light box 64 and
the optical input opening of a VISION installation 62a, 62b. In
Fig. 3, therefore, this is the position of the branch carrier
18b. Each VISION installation 62a, 62b comprises a prismatic,
upright housing 70a, 70b; the actual assessment mechanism
(optical and light-sensitive element) is located at the bottom
of this housing (as indicated by 72b in Fig. 2), and the image
of the branch which is to be assessed - such as the branch 74 in
Fig. 1 - is fed to this assessment mechanism via the input
opening in the prism-shaped housing 70a, 70b via a system of
mirrors and lenses (not shown in more detail). This double
structure of the VISION section, with the wvulnerable optical
components in the space beneath the frame, on the one hand
results in rapid assessment of the supplied branches, yet on the
other hand ensures that the VISION installation, in the actual
processing area, takes up as little space as possible, does not
become soiled and is not in the way. VISION installations and

the associated software are known per se.

While the device 1is operating, the branches supplied are
removed one by one from a supply supporting means, which has
come to a standstill in the position 26 - and which may be
designed as the supply vase 80, which is shown in Fig. 4 and 5
and will be described in more detail below - by one of the
branch carriers 18a or 18b, which can be moved in a controlled
and reciprocating manner along the tracks 16a, 1léb, specifically
by grippers 19a or 1%b, respectively, thereof, and can then be
moved via one of the tracks into the final assessment position
{such as the position shown in Fig. 3 for the branch carrier
18b); then, each branch is assessed in the manner which is known
from the prior art, by being rotated in front of the VISION
installation. If the branch is deemed to be of insufficient
quality, the branch carrier (18a, or 18b) moves further towards
the end of the track, where the branch is released by the
gripper above a sultable collection hopper; i1f the branch is
suitable for further processing, first of all the cutting and
gripping unit 58 separates the bottom section of the branch, and
then one or more cuttings are separated at various levels. The

VISION mechanism may in this case carry out a one-off assessment
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and, on this basis, supply data relating to the height and
location where the cutting must take place; however, it is also
possible to carry out a new assessment after each separation
step. As will be explained below, during each separation
operation the cutting which has been separated, on account of
the specific design of the cutting mechanism, which will be
described below, remains clamped to this mechanism, so that the
cutting can be deposited in the desired position. If
appropriate, it is possible for the end of each cutting first of
all to be dipped into the container 60 holding disinfectant, and
for the cutting then to be deposited in a pot which has been
provided on the table 60.

Obviously, in a device such as the present device, it is
important for the branches which are supplied to the device and
are to be processed by the device to be offered to the VISION
assessment mechanism and then to the cutting mechanism in such a
manner that the branch is gripped at or close to the highest
point and not at one or more side branches, since only then is
it under all circumstances ensured that the branch offered is
assessed in the correct way and is appropriately divided into
cuttings. To this end, a preferred embodiment of the invention
makes use, for supplying the branches, of the very specific
cylindrical branch supply vases, which have already been
mentioned briefly above, in combination with a wmatching
protective cap, all this as will be explained in Fig. 5, 6a-6d
and 7.

Each branch supply vase 80 comprises a vase body 82, fixed
to a square base plate 84 which interacts with the supply and
discharge track 22a and 22b, respectively, and ends in a collar
86 at the top side; at a defined distance (d) below the top edge
86a of the collar 86, the vase body 82 bears a support plate 88
with rounded ends 90a, 90b, and upright supporting edges or
projections 92a, 92b at the location of these ends. This support
plate 88 interacts with a conical protective cap 96 which, at
the 1location of the transfer position 26, 1is supported by a
fixed horseshoe-shaped support 98, fixed to the fixed pillar 102
via the bracket 100, which fixed pillar 102 also, at a short
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distance above this, bears an infrared position detector 104
which can be used to detect the top end of a branch. The top
opening 106 of the cap 96 fits with a certain clearance around
the outer edge of the collar 86, and the diameter of the
circular bottom edge 102 of the cap £fits Just inside the
projections 90a, 90b, 79a, 79b.

In the transfer position 26, i.e. the position in which a
branch which is present in a supply vase 80 and is to be divided
into the cuttings is to be transferred from the supply vase by
one of the grippers 27a or 27b, a supply vase, such as the vase
80, rests, by means of the base plate 84, on a lifting plate 106
which can be moved up and down in a controlled manner in the
direction indicated by the arrows 108 by a sultable drive

mechanism (not shown in more detail).

The way in which this assembly operates will be explained

with reference to Fig. 6a -6d.

Fig. 6a shows the situation in which the supply vase 80
with the base plate 84 is still resting on the supply track 22b;
Fig. 6b shows the situation at the location of the transfer
position 26, where the supply vase 80 is standing under the cap
100, which is resting on the fixed, horseshoe-shaped support 98;
the branch 110 which has been placed into the vase 80 is
projecting freely, with protruding side branches 112, from the
top end 86a of the vase 80. This then results in the situation
shown in Fig. 6c¢; the lifting plate 106, which has been moved
upwards in the direction indicated by the arrows 108, moves the
supply vase 80 upwards until the support plate 88 is bearing
against the bottom edge 102 of the conical cap 96. This results
in the situation shown in Fig. 7: the side branches 112 of the
branch 110 supplied have been pushed away and are partially
trapped between the collar 86 of the vase-shaped supply member
80 and the boundary of the top opening 100 of the conical cap,
and only the top end 114 of the supplied branch is still
projecting upwards. The lifting movement is then continued, in a
controlled manner, until the top 1l1l4a of the end 114 of the

branch 110 crosses the detection level of the infrared position
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detector 104, which is indicated by the dashed line 116; this
detector then emits an activation signal, which controls the
lifting movement of the plate 106 in such a manner that this
plate moves a predetermined distance d2 onwards and then stops.
This is the situation illustrated in Fig. 6d, in which the end
114 of the branch 110 1lies at a 1level which is such that
reliable gripping by the gripper 19b is ensured.

As has been shown in practice, the embodiment described
above, works vwvery well for branches of small to medium
dimensions, but has drawbacks when processing long branches, on
account of the fact that the position of the cap 100 is
spatially defined; the cap is always located above the transfer
position 26, and a long branch is therefore pulled away
obliquely, which could cause damage. This drawback is overcome
in the embodiment which is diagrammatically illustrated in Fig.
8a-8e, in which the protective cap does not have a fixed
position, but rather is secured to the gripper mechanism in such
a manner that it can be displaced in the vertical direction.
This makes it possible to make use of supply vases without the
supporting element 88 for the caps 100 which is required in the
embodiment described above; however, the design then becomes

slightly more complicated.

Fig. 8a shows a cylindrical vase-like supply supporting
element 120, resting on the base plate 122 of the type described
above. The figure shows how a relatively long branch 124, the
processing of which using the embodiment described above could

cause problems, is fitted into this supply vase 120.

Fig. 8b shows the position of the supply vase 120 at the
transfer position 26, located beneath the gripper 128 with
gripper jaws 130a, 130b. The conical protective cap 132, which
can be moved vertically up and down in a controlled manner and
the top passage 134 of which is sufficiently large for the
gripper 130a, 130b to be able to pass through it, is coupled to
the gripper carrier 28. As shown in Fig. 7c¢, the supply vase 120
is lifted upwards until the top end 124a reaches the detection

level 136 of the infrared detection device 138; side branches
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124b are now trapped inside the space of the cap 132.

The activation signal which is emitted by the infrared
detection device 138 then causes the vase 120 to be moved
further upwards over the short distance d, after which the
gripper 128 with jaws 130a, 130b grips the top end 124a of the
branch 124. This situation is shown in Fig. 8e, in which the
vase 120 has returned to its lowered starting position, the
branch 124 has been securely gripped and the cap 132 has been
moved further upwards, past the gripper 128, so that the branch

can be presented to the VISION installation without obstacles.

A preferred embodiment of the separation mechanism is shown
in Fig. 9 and Fig. 10a-10d. Fig. 9 shows a perspective front
view of a separation mechanism, which is designed as a cutting
device, and also of the gripper mechanism 150 with the two
gripper arms 150a, 150b. The drive for these arms is not shown -
it may be designed in any suitable way. The top end 156 of the
branch 158, from which the successive cuttings are separated by
means of the cutting mechanism 160 which is present beneath the
gripper, is clamped between the pressure-exerting pieces 154a,
154b. The cutting mechanism comprises the drive unit 162, which
drives the two arms 164a, 164b, at the ends of which the cutting

mechanism is located.

Fig. 10a shows a plan view of this assembly, including the
drive unit 162 which can drive the two arms 164a, 164b both in
terms of their angular position with respect to the drive unit
and in terms of their angular position with respect to one
another; Fig. 10b shows a side view thereof, with a section of
the cutting elements at the end of the arm 164a. Fig. 10c shows
the interacting parts of the cutting mechanism, illustrated at a
distance from one another for the sake of clarity. It will be
clear that those parts of the arms 1l64a, 164b which are shown in
Fig. 10c are in fact continuations of the left-hand part of the

arms as shown in Fig. 10a.

At the end, arm 1l64a bears a cutting blade 166; the

abutment 170 thereof, which is provided with a receiving groove
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168, is fixed to the end of arm 164b. The parts are secured by
the screw 172 for the blade 166 and the screws 174 for the
abutment 168. Beneath the blade 166 and the abutment 168, there
is a pressure-exerting piece 176 and 178, which is made from a
slightly elastic material, and between these pressure-exerting
pieces 176, 178 a branch which is cut through by the cutting
blade 166 is held securely clamped, so that with the aid of the
positioning mechanism the cutting which has been separated can
continue to be manipulated, for example - as has already been
stated - can have its end dipped into a disinfectant and can

then be deposited in a pot in a defined position.

The projecting point 180 at the end of the arm 1l64a and
next to the cutting blade 166 1is worth mentioning: during
cutting, this ©point penetrates into the axil, ensuring
unambiguous positioning of the branch while it 1is being

processed.

Fig. 10a and 10b shows the two compressed-air ducts 182a,
182b ending in the nozzles 184a, 184b: in this way, the cutting

mechanism can be cleaned using a short blast of compressed air.

As has been stated in the introduction to the description,
one of the advantages of the device according to the invention
is the possibility of a modular structure, in which each module
can function as an independent unit but in which the user can at
any time - when a higher production capacity is desired - add
one or more modules of the same type. Fig. 11 illustrates this
using a plan view of a complete installation, in this case
denoted overall by reference numeral 200 and composed of four
identical modules 202a, 202b, 202¢ and 202d. The entire
installation interacts with a supply track 204 for supply vases
filled with branches and a discharge track 206 for returning
empty vases. Supply track 204 and return track 206 are connected
by a short trénsfer plece 208; the returned empty vases, moving
in the direction indicated by the arrow 210, one of which vases
is indicated by 212, are each provided, at the location of the
filling position 214, with a branch which is to be processed

and, as filled vases 216, move in the direction indicated by the
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arrow 218 towards the modules 202a-202d. In each module, the
branch is removed and processed as described above at the

respective transfer positions 218a-218d.

5 As shown in the figure, each module 202a-202d has its own
power supply and control electronics 220a-220d and is therefore
fully self-supporting; failure of one of the modules obviously
results in a fall in overall production, but will never be able

to cause the entire device to fail.
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CLAIMS

1. Device for the mechanical separation of cuttings from a
(plant) branch, comprising:

a carrier for the branch which is to be processed,

a conveyor track, which interacts therewith, for presenting
a branch which is supported by a carrier to:

an imaging unit (VISION) for determining the position of an
axil with side branch of a presented branch with respect to a
reference and passing this position-representative information
to

a separation device for separating a cutting by cutting
through the branch at a predetermined distance from the axil and
releasing the cutting which has been separated in this way at a
predetermined position,
characterized in that

the conveyor track is a finite track, with, as its starting
point, the location where the branch is presented to the carrier
and, as its end point, the location where the branch is assessed
by the VISION installation,

and the separation device, which is controlled on the basis
of the information supplied by the VISION installation,
comprises a reduction and clamping mechanism, which can be
adjusted in both a wvertical plane and a horizontal plane and
separates the assessed branch initially at a lower level with
respect to the axil and then at an upper level with respect to

the axil.

2. Device according to claim 1, characterized by two diverging
conveyor tracks, of which the respective starting points
coincide and of which the end points define VISION assessment

and cutting position.

3. Device according to claim 2, characterized in that each
assessment position is combined with a dedicated VISION

installation.

4, Device according to claim 3, characterized by a two-sided

illumination station arranged between the assessment positions.



WO 02/080657 PCT/NL02/00226

10

15

20

25

30

35

5. Device according to claims 2-4, characterized by a supply
track, which runs in front of the conveyor track or tracks, for
individual branch supports bearing branches which are to be
processed, and a discharge track, which is substantially
parallel thereto, for empty branch supports, which tracks are
connected to one another by a transfer track at the location of

the offering position.

6. Device according to claims 1-5, characterized in that a
branch support is formed by a vase-shaped receptacle, into which
a branch which is to be processed can be fitted, and provided
with means for coupling it to the supply/discharge track and

transfer track.

7. Device according to claim 6, characterized in that each
vase-shaped receptacle is supported by a base plate which can be

guided on the respective track.

8. Device according to claims 6-7, characterized in that each
receptacle is provided, at a distance below its bottom edge,
with a supporting means for the bottom edge of a protective cap
which widens in the downward direction, resting, at the location
of the offering position, on a fixed supporting means, in which
offering position a receptacle base plate rests on a lifting
element which can be moved up and down in a controlled manner
and by means of which the top end of the receptacle can be moved

into the protective cap.

9. Device according to claims 6-7, characterized in that each
branch carrier bears a protective cap which can be moved up and
down in a controlled manner, is coaxial with the gripper axis
and in its lowest position interacts with the top end of a vase-

shaped receptacle which is situated in the offering position.

10. Device according to claims 1-9, characterized in that the
reduction mechanism 1is arranged on the first vertically
adjustable end of a bearing arm, the second end of which can be

angularly adjusted, about a substantially vertical axis, with
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respect to a reference.

11. Device according to claim 2, characterized in that

longitudinal position of the bearing arm is adjustable.

12. Device according to claim 10-11, characterized in that the
reduction mechanism comprises two converging arms which can be
adjusted both in terms of their angular position with respect to
one another and in terms of their angular position about a
horizontal axis, with, at the end of one arm, a cutting element
and, at the end of the other arm, an abutment which interacts

therewith.

13. Device according to claim 12, characterized by a pointed
centring projection which is arranged at the end of the arm
which bears the cutting element and is at right angles to the

cutting edge thereof.
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