
1                 EP 0 500 886 B1                    2 Description
medium (SM). (iii) The shoots grow rapidly on SM producing a TECHNICAL
FIELD                                      large number of clonal shoots.
To increase the number of shoots and to maintain the line, the The present
invention relates to improvements   5  shoots are subcultured to fresh SM
every 3 to 4 in the micropropogation of plants and in particular  weeks. to
an apparatus for the dividing of plant materials.  (iv) Roots develop when
a sample of the shoots are sub cultured to a rooting medium (RM) in a
BACKGROUND ART                                       petri dish or similar
container. 10      The plants are usually dispatched in stacks of The
advantages of micropropogation are well     containers. The recipient
removes them from the known. It offers a convenient and effective method
containers under non-sterile conditions and "har- of disease control with
consequent improvement in  dens" them to outside conditions in a high
humid- plant quality. Freedom from disease is becoming   ity environment.
an increasingly important attribute in relation to  15  Subculturing is
usually performed in a transfer quarantine requirements imposed in
promising ex-   chamber where the shoots are removed from their port
markets such as the Middle East.              containers with sterile
forceps, dissected, usually Micropropogation provides a method of rapid
quite roughly, with a sterile scalpel into small plant multiplication. In
addition to Its general signifi-  clumps of shoots or single shoots and
then placed cance as a means of achieving dramatic increases   20  onto
fresh medium. Pieces cut so as to not contain in quantity it confers
specific benefits. Production  sufficient whole meristem cells will grow
slowly or of commercial quantities of a new variety can be   not at all.
Plants containing few or no whole fully achieved by a manual
micropropogation in approxi-  differentiated cells are liable to not
generate as mately 50% of the time required by conventional    "true to
type" or clonal plants. methods. The facility to rapidly build up the num-
25  The largest cost in the procedure is the labour bers of new varieties
is important even for species,  involved in subculturing the shoots from
one me- such as vines, that are easily propagated by cut-  dium to another.
The cost of subculturing is at least ting.
three times the cost of all she other procedures. The micropropogation
technique enables the         The reason for this can be illustrated in
terms more productive use of space. Subculturing is con-  30  of the
subculturing of trees. Here the performance ducive to the achievement of a
pleasingly high rate  of 5000 transfer operations per day is an absolute of
utilisation of laboratory space. Better utilisation  maximum for a
technician. Similar productivity con- of glasshouses and plant "hardening"
space is also  straints apply to these operations whether con- encouraged.
Where seasonal markets are being       ducted at macroscopic or microscopic
scales. In served, rapid multiplication of varieties avoids the   35
addition in many laboratories sterility control is necessity to leave
unoccupied space in stock       incomplete, so that contamination losses
can be houses for protracted periods while numbers are    very substantial.
Cleaning, preparation, control and being built up. Operation can be
continued at any  movement of plant containers between cutting, time of
year under controlled conditions of tem-  storage and hardening areas and
transfers to har- perature, light cycle and nutrient balance. Culture  40
dening medium are also very labour intensive. storage or reduced
temperature can be used to         Due to the intricacy of the handling and
cutting reduce growth rate to produce synchronised high    operations
required and the fragile nature of the output for seasonal demand.
plant material, it has been extremely difficult to Application of
micropropogation to a species    develop apparatus to assist in these
processes requires the identification of a satisfactory relation-  45
which will perform as required without damaging ship between the plant
material, culture medium    the delicate plant tissues. and incubation
conditions. The range of species for   Thus, the present ability of the
Australian and which a standard procedure for micropropogation    Overseas
nursery industry to satisfy the demand has been devised is rapidly
increasing with a con-  for micro propagated plants is severely constrained
sequent growth in the potential area in commercial  50  by the cost of the
manual cutting process and application.
transfer processes presently employed in the The sequence of operations
involved in micro-   micropropogation process and the maximum num-
propogation by organ culture is briefly as follows:  ber of operations per
day which may be performed (I) Initial culture; shoots are taken from the
se-  by even the most skilled operator without delete- lected plant,
surface sterilised and placed onto a   55  rious side affects. sterile
medium.                                     A method and apparatus for the
automatic di- (ii) The buds on these shoots eventually develop  viding of
plant materials using CCD imaging tech- and these are subcultured to shoot
multiplication  niques is described in International Published Pat- 2    
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WO-A-86/06576 which discloses         In a preferred embodiment the image
signal is means operable to transport a plant to a dividing  generated by a
Charge Coupled Device interfaced station, imaging means associated With the
dividing  to a processing means comprising a micro com- station to
determine locations for the division of the  puter. In this case the back
lighting ensures good plant material according to predetermined rules   5
contrast between the plant material and the back- related to the plant
structure and cutter means    ground thereby assisting operation of the
CCD. responsive to a division signal from the imaging      More preferably
processing means are asso- means to divide the plant material into
cuttings.  ciated with the imaging means which produces a It is therefore
an object of this invention to  co-ordinate map of the structure from the
image provide an apparatus for dividing plant materials  10  signal and
identifies the coordinates corresponding that will overcome, or at least
ameliorate the above  to selected features of the structure. disadvantages.
Preferably the cutter means includes two in- According to the invention
there is provided an  dependently operable pairs of opposed gripping
apparatus for dividing and replanting generally up-  fingers disposed
either side of a reciprocable cut- standing plant material disposed in a
tray, said  15  ting blade. This ensures that the plant is held apparatus
comprising:                              securely during the cuffing
operation. More prefer- conveyor means to position said plant material
ably, each pair of fingers are pivotally intercon- at a selected harvesting
location,                 nected and include means to bias the fingers to-
harvesting means operable to remove said       ward the open position.
plant material from said tray and to transport said  20 plant material to a
dividing station;              BRIEF DESCRIPTION OF DRAWINGS imaging means
associated with said dividing station to determine locations for the
division of    A preferred embodiment of the invention will said plant
material according to predetermined     now be described, by way of example
only, with rules related to the plant structure;         25  reference to
the accompanying drawings in which: cutter means responsive to a division
signal      Figure 1 is a schematic plan view and sectional from said
imaging means to divide the plant ma-      side view of upstanding plant
material to be terial into plant cuttings; and                      divided
disposed in a tray. planting means to selectively place said, cut-
Figure 2 is a schematic plan view and sectional tings in a growing medium,
wherein the planting   30  side view of an empty tray filled with growing
means comprises a pair of pivotally interconnected   medium to which the
divided plant cuttings are gripping fingers including means to bias the
fingers  transferred. into a closed position and selectively operable driv-
Figure 3 is a schematic layout of the apparatus ing means to open the
gripping fingers against the   illustrating the main sequence of operation
ac- force of the biasing means.                   35     cording to the
invention. Preferably the conveyor effects a step wise       Figure 4 is a
schematic representation of the movement of plant material so as to
sequentially     various stages and elements of the apparatus position rows
of plant material growing in the trays.  according to the invention. In an
embodiment the step wise movement is           Figure 5 is a schematic side
view of one em- performed by means of magnetic attraction be-  40
bodiment of a harvesting means according to tween an element associated
with the tray and a      the invention. driven element disposed below a low
friction con-    Figure 6 is a schematic plan view of the jaws veyor
surface.                                       forming part of the
harvesting means shown in Preferably the harvesting means grips and sev-
Figure 5. ers the plant material adjacent its base. The grip-  45  Figure 7
is a schematic part sectioned side view ping and severing action is
preferably performed     of a cutter means according to the invention. by
synchronously driven pairs of adjacent gripping   Figure 8 is a schematic
sectioned view of part of fingers and scissor elements. The gripping
fingers   the cutter means shown in Figure 7. are preferably in the form of
resilient shims.       Figure 9 is a schematic sectioned view of part of It
is further preferred that the dividing station   50  a planting means
according to the invention. takes the form of a second conveyor so that the
Figure 10 is a schematic end view of the device plant material can be moved
sequentially for imag-   shown in Figure 9. ing and cutting. The second
conveyor is preferably   Figure 11 is a schematic layout illustrating a a
translucent belt which allows back lighting of the  preferred sequence of
operations of the appara- plant material during imaging. The movement of
55    tus according to the invention. the belt is preferably in discrete
steps, each move- ment corresponding to a spacing between the im- aging and
dividing stations. 3    



5                EP 0 500 886 B1                    6 BEST MODE OF CARRYING
OUT THE INVEN-              cesses that information to provide instructions
to TION                                              the cutter means
provided at location D, to divide the plant cutting 5 according to
predetermined Referring to the drawings, the apparatus 1    rules related
to the structure of plant materials. comprises a conveyor 2 to transport a
tray 3 so as   5  After indexing the cutting 5 to position D, the to
accurately position generally upstanding plant  cutter 10 first grips the
plant material then divides it material 4 disposed in the tray.
at the predetermined location, transporting the tip Located directly above
the positioned tray 3 at  cutting 17 of the plant to position E by
translation a location marked A is a reciprocally mounted     of the
cutting device 10 along the second slide 12. harvesting means 7 used to
grip and sever the   10  At this point the tip cutting 17 is transferred to
the plant material 4 adjacent its base and transport the  planting means 13
which translates and rotates the plant cutting 5 to an adjacent second
conveyor 6.  plant segments through 90[err] for planting in the The
harvesting means 7 is mounted on a first slide  growing medium 20. 8 and is
movable between positions indicated ap-     Referring now in particular to
Figures 5 and 6, proximately by markings A and B.             15  the
harvesting device 7 comprises a pair of drivin- An imaging means in the
form of a Charged     gly interconnected scissor elements 21 operable
Coupled Device (CCD) 9 is disposed directly above  by a small reciprocating
pneumatic cylinder 22. the second conveyor 6 at a point longitudinally
Connected with each scissor element 21 is a resil- down stream of the
harvesting means at a position  ient clamping shim 23 positioned such that
during marked C.                                    20  closing of the
scissors 21 the shims 23 will engage Directly downstream of the CCD 9 is a
cutter  prior to engagement of the scissor elements 21. In 10, similarly
incorporating its own gripping mecha-  this way, the plant material is
gripped securely nism. The cutter means 10 is slidably mounted on  prior to
cutting. a second slide 12 and is reciprocally movable        The cutting
jaws are supported from the first between positions indicated generally at
D and E.  25  slide 8 by means of a pivoting arm 25 having at its Positions
B, C and D generally denote the dividing  free arm a counter weight 26. The
arm 25 is station.                                          connected at a
point spaced apart from the pivot- Immediately  downstream  from  position
E    ing point to a reciprocating pneumatic cylinder 27 above the first
conveyor is a planting device 13.  which enables movement of the cutters
between The planting device 13 is similarly slidably moun-  3o  the
orientations shown, from the vertical mode re- ted on a third slide 14 and
is reciprocally movable  quired when in use at position A to the horizontal
between positions marked F and G.                 mode required when in use
at position B. Referring now in particular to Figure 3 and       Referring
now to Figures 7 and 8, the cutter 10 Figure 4, the sequence of operation
of the appara-  comprises essentially two independently operable tus will
be described in general terms.      35  pairs of gripping fingers in the
form of shims 30 The tray 3 of upstanding plant material 4 is  disposed
either side of a reciprocating cutting indexed into the unloading position
at position A  blade 31 each operable by a pneumatic cylinder. directly
beneath the harvesting device 7. The de-  Each pair of gripping shims are
pivotally intercon- vice 7 is pivotally mounted and swings down
nected part way along their length having there- through an accurate path
to engage with the plant  40  between a spring 32 that biases the working
ends material as shown in part (i) of Figure 4. By transla-  of the shims
into an open position. Two restraining tion and rotation of the harvesting
device 7 from  loops 34 are provided to prevent the plant cutting 5
position A to position B, the plant material 4 is  from tilting out of a
horizontal plane during cutting. transferred onto the second conveyor 6 as
illus-     A reciprocally movable tapered ram 33 is dis- trated in part
(ii) of the drawing.          45  posed between one end of the shims 30
which in In this embodiment the second conveyor 6      use can be lowered
by a pneumatic cylinder to comprises a continuous length of clear plastic
film  force that end of the shims apart against the bias- 15 extending over
a light table 16. The plant is then  ing force of the spring 32 thereby
causing the indexed from position B to position C by indexing  working end
of the shims to move together into the film 15 in discreet steps by means
of a recipro-  so  gripping engagement. Each pair of shims are in- cating
pneumatic cylinder (not shown).            dependently operably by
respective pneumatic cyl- The plant material 4 is then scanned by the
inders. CCD camera 9. Details of the apparatus forming       The device 10
is supported from the second part of the camera system have not been shown,
main slide 12 via a cross slide with vertical drive but are incorporated
herein by reference to Austra-  55  and rotation device not shown. This
enables ac- lian Patent No. 591,678.                          curate
spatial positioning of the cutting device 10 The CCD captures an image of
the plant and    according to the instructions received from the its branch
nodes and the micro computer pro-      micro computer. 4    



7                 EP 0 500 886 B1                   8 Referring
specifically to Figures 9 and 10,   twice, once using a Down Scan routine
and once there is shown the planting means 13 according to  using an Up
Scan routine. The Down Scan and Up the invention. The device 13 comprises a
single   Scan routines process the pixel sequentially in pair of resilient
gripping shims 35 pivotally inter-  different directions and the
co-ordinates represent- connected at a point 36 at which there is provided
5   ing branch tips and nodes obtained by each routine a spring 37 which
urges the captive end of the    are averaged. shims away from each other,
thereby biasing the      The first step in the Process pixel routine is a
gripping end of the shims toward mutual engage-   back scan for an upwardly
sloping branch. This is ment.
required because the same branch identifying tech- The shims 35 are
supported from a rod 38   to  nique used in the Process pixel routine is
based on secured to a main frame 39 which in turn is moun-  determining
whether background or branch is re- ted with the third slide 14. Rigidly
connected to the  presented by the pixel to left, the pixel above and frame
39 is a substantially 'U' shaped leaf spring  to the left and the pixel
immediately above the 40, its two parallel sides connected with the upper
pixel being processed. A branch sloping upwardly ends of the gripping shims
35 by means of conical  15  to the left can therefore initially be
identified as a shaped spacers 41. The length of the leaf spring  new
branch until a pixel immediately above the intermediate these two sides is
connected to a    pixel being processed is discovered to be a pixel
reciprocating cross beam 42 that is movable to-   representing plant. When
this is determined the ward and away from the gripping shims 35 to
back scan is implemented to reliable plant pixels selectively deform the
sides of the spring 40 and   20  immediately to the left as being in the
same branch force the gripping shims against the bias of the  as the plant
pixel identified immediately above the spring 37 into the open position.
pixel being processed. The gripping shims 35 are pivotable about the
Referring finally to Figure 11 there is shown a rod 38 by means of a
pneumatic cylinder 43 en-    complete schematic layout of the apparatus ac-
abling movement of the shims between a horizontal  25  cording to the
invention which comprises three and vertical mode as shown in Figure 9. The
de-   consecutive stages of apparatus previously de- vice 13 is supported
from the third slide 14.     scribed. Referring in more detail to the
construction and  In summary, the plant material enters the ap- operation
of the image generating device, the CCD  paratus in trays as shown in
Figure 1 which are 9 is a Mintron CCD camera connected toga camera  3o
indexed by means described later, until the first control unit (CCU). The
CCD 9 is connected via the  row of the tray is directly beneath the centre
line CCU to a PC vision plus frame grabber board to a  position indicated
at the position marked A. At this Zenith computer. A signal representative
of the   point the harvesting device 7 traverses in the direc- structure of
the plant cutting 5 positioned on the  tion from position B to the location
of the plant in continuous belt or film 15 and scanned by the CCD   35  the
first row closest to the second conveyor 6. The 9 is captured by the CCD
camera and the signal is  device 7 is moved in the horizontal position and
digitised before being down loaded onto the main  swung down through an
arcuate path to encompass memory of the microcomputer. The plant is
the first plant. The gripping shims 23 of the har- scanned against a
background of contrasting colour  vesting device 7 then grasps the plant 4
and the (provided in this case by the light table) and scan-  40  scissor
elements 21 sever the stem adjacent its ning of the plant cutting 5 by the
CCD 9 is con-  base. trolled by the microcomputer. In this way the CCD
The harvesting device 7, still gripping the plant, 9 is actuated to provide
a single image of the plant  is then swung into the horizontal mode and
tra- cutting 5.                                        versed over to the
second conveyor 6 where the The digitized signal stored in the micro com-
45  plant is released at B. The conveyor 6 then indexes puter is a
representative of a two tone image of the  the plant cutting 5 in a
stepwise motion to the plant in a two dimensional pixel array of 640 pixels
location marked at C where the plant is scanned by horizontal and 400
pixels vertically. The tone as-  the CCD. Processing of the scanning data
will signed to each pixel corresponds to either back-  result in the
instructions being directed to the cut- ground or plant. The digitised
image signal is pro-  50  ter 10 at D so that when the plant cutting 5 is
cessed by systematically determining the tone as-  indexed the cutter will
divide the plant at a spe- signed to each pixel in the array and recording
the  cially selected predetermined location. coordinates of plant tones in
a data base to form a  When the plant cutting 5 is in position at D the
co-ordinate map.                                  cutter 10 is positioned
over the plant in accordance In addition co-ordinates corresponding to the
55  with the signal from the micro computer. The cutter tips of branches
and nodes where branches join   is then lowered with the pairs of gripping
shims in are identified and stored in a data base. Systematic  the open
position astride the stem of the plant. processing of each pixel in the
array is conducted  When the device is in the fully lowered position the 5



9                 EP 0 500 886 B1                    10 gripping shim
pneumatic cylinders are actuated        Depending on the type of plant
material to be and both pairs of grippers are closed around she   divided,
alternate embodiments incorporate addi- stem of the plant and the
reciprocating cutter ac-  tional stages at which the side shoots or leaves
of tuated. The two wire restraining loops 34 prevent  the plant cutting are
trimmed. the plant deforming upwards from the table keep-   5  Although the
invention has been described with ing it substantially parallel to the
surface of the light  reference to specific examples it will be appre-
table.                                             ciated by those skilled
in the art that the invention On completion of the cutting operation the
pair  may be embodied in many other forms. of gripping shims holding the
longest portion of plant material are released and the pair of shims   10
Claims holding the selected tip cutting 17 of plant material remain closed.
The cutter 10 is then raised from   1. An apparatus (1) for dividing and
replanting the table with the cutting 17 and traversed to the     generally
upstanding plant material (4) dispos- position shown at E. From position E
the cutting 17   ed in a tray (3), said apparatus comprising: is released
from the cutter gripper and transferred   15  conveyor means (2) to
position said plant to the planting device 13 located at position F. The
material at a selected harvesting location, transfer takes place with the
planting device grip-       harvesting means (7) operable to remove ping
shims in the horizontal position. This device    said plant material from
said tray and to trans- 13 then traverses to position G and the gripping
port said plant material to a dividing station; shims are rotated into the
vertical position and the   20  imaging means (9) associated with said
cutting 17 is lowered into the growing medium at       dividing station to
determine locations for the G.
division of said plant material according to Whilst the transfer and
planting operations of     predetermined rules related to the plant struc-
the cutting are being performed the remaining por-    ture; tion of the
plant material at D is indexed along the   26  cutter means (2) responsive
to a division second conveyor 6 to a second CCD located at           signal
from said imaging means to divide the position C1 at which the sequence
begins again         plant material into plant cuttings (17); and resulting
in a second cutting being planted at G1.        planting means (13) to
selectively place Similarly, the cycle is repeated with the remaining
said cuttings in a growing medium  (20), plant material and a third cutting
planted at location   30  wherein the planting means comprises a pair G2.
Thereby positions C1 and D1 respondent a           of pivotally
interconnected gripping fingers (35) second division station.
including means (37) to bias the fingers into a Whilst the subsequent
operations are being         closed position and selectively operable driv-
performed on the first plant cutting 5, the harvest-  ing means (40, 41,
42) to open the gripping ing device returns to the infeed tray 3 indexing
35  fingers against the force of the biasing means. along the row to the
next plant and repeats the sequence. When one row has been exhausted the
2. An apparatus according to claim 1 wherein tray indexes forward on the
first conveyor and the     said conveyor means includes a magnetic cou-
next row is processed.                                 pling between an
element associated with the In one embodiment the indexing of the trays
40   tray and a driven element disposed below a both for the infeed or
first conveyor and for the      low friction conveyor surface. trays in
which the cuttings are planted is in the form of support surface under
which traverses one  3. An apparatus according to claim  1 or 2 or more
magnets. The trays are then supported on       wherein the conveyor means
effects a step metallic holders which are capable of being mag-  46  wise
movement of plant material so as to se- netised and thus of being located
by movement of       quentially position rows of plant material at the
magnets. The magnets are driven by any suit-      said harvesting location.
able means including for example along a toothed beam by a geared stepper
motor.                    4. An apparatus according to claim 1 wherein the
The main advantage of using this or any other  50  harvesting means grips
and severs the plant form of remotely operated conveyor system is that
material adjacent its base. sterile conditions can therefore be maintained
in a sealed environment above the support surface,      5. An apparatus
according to claim 4 wherein the minimizing the risks of loss through
contamination.   gripping and severing action is performed by The resulting
system is extremely fast, clean   55  synchronously driven pairs of
adjacent grip- and reliable and the design of the gripping devices    ping
fingers (23) and scissor elements (21). ensures the delicate plant tissue
is not damaged. 6    9                 EP 0 500 886 B1
10      *      C   L  M   S 



gripping shim pneumatic cylinders are actuated        Depending on the type
of plant material to be and both pairs of grippers are closed-around she
divided, alternate embodiments incorporate addi- stem of the plant and the
reciprocating cutter ac-  tional stages at which the side shoots or leaves
of tuated. The two wire restraining loops 34 prevent  the plant cutting are
trimmed. the plant deforming upwards from the table keep-   5  Although the
invention has been described with ing it substantially parallel to the
surface of the light  reference to specific examples it will be appre-
table.                                             ciated by those skilled
in the art that the invention On completion of the cutting operation the
pair  may be embodied in many other forms. of gripping shims holding the
longest portion of plant material are released and the pair of shims   10
Claims holding the selected tip cutting 17 of plant material remain closed.
The cutter 10 is then raised from   1. An apparatus (1) for dividing and
replanting the table with the cutting 17 and traversed to the    generally
upstanding plant material (4) dispos- position shown at E. From position E
the cutting 17   ed in a tray (3), said apparatus comprising: is released
from the cutter gripper and transferred   is  conveyor means (2) to
position said plant to the planting device 13 located at position F. The
material at a selected harvesting location, transfer takes place with the
planting device grip-       harvesting means (7) operable to remove ping
shims in the horizontal position. This device    said plant material from
said tray and to trans- 13 then traverses to position G and the gripping
port said plant material to a dividing station; shims are rotated into the
vertical position and the   20  imaging means (9) associated with said
cutting 17 is lowered into the growing medium at      dividing station to
determine locations for the G.
division of said plant material according to Whilst the transfer and
planting operations of     predetermined rules related to the plant struc-
the cutting are being performed the remaining por-    ture; tion of the
plant material at D is indexed along the   25  cutter means (2) responsive
to a division second conveyor 6 to a second CCD located at          signal
from said imaging means to divide the position Cl at which the sequence
begins again        plant material into plant cuttings (17); and resulting
in a second cutting being planted at G1.        planting means (13) to
selectively place Similarly, the cycle is repeated with the remaining
said cuttings in a growing medium  (20), plant material and a third cutting
planted at location   30  wherein the planting means comprises a pair G2.
Thereby positions C1 and D1 respondent a          of pivotally
interconnected gripping fingers (35) second division station.
including means (37) to bias the fingers into a Whilst the subsequent
operations are being         closed position and selectively operable driv-
performed on the first plant cutting 5, the harvest-  ing means (40, 41,
42) to open the gripping ing device returns to the infeed tray 3 indexing
35  fingers against the force of the biasing means. along the row to the
next plant and repeats the sequence. When one row has been exhausted the
2. An apparatus according to claim 1 wherein tray indexes forward on the
first conveyor and the    said conveyor means includes a magnetic cou- next
row is processed.                                pling between an element
associated with the In one embodiment the indexing of the trays   40   tray
and a driven element disposed below a both for the infeed or first conveyor
and for the     low friction conveyor surface. trays in which the cuttings
are planted is in the form of support surface under which traverses one  3.
An apparatus according to claim  1 or 2 or more magnets. The trays are then
supported on      wherein the conveyor means effects a step metallic
holders which are capable of being mag-  45  wise movement of plant
material so as to se- netised and thus of being located by movement of
quentially position rows of plant material at the magnets. The magnets are
driven by any suit-      said harvesting location. able means including for
example along a toothed beam by a geared stepper motor.
4. An apparatus according to claim 1 wherein the The main advantage of
using this or any other  50  harvesting means grips and severs the plant
form of remotely operated conveyor system is that     material adjacent its
base. sterile conditions can therefore be maintained in a sealed
environment above the support surface,      5. An apparatus according to
claim 4 wherein the minimizing the risks of loss through contamination.
gripping and severing action is performed by The resulting system is
extremely fast, clean   55  synchronously driven pairs of adjacent grip-
and reliable and the design of the gripping devices   ping fingers (23) and
scissor elements (21). ensures the delicate plant tissue is not damaged.
11                EP 0 500 886 B1 6. An apparatus according to claim 5
wherein the       and; gripping fingers are in the form of resilient
planting said cuttings in a growing medium 



shims.                                             using a planting means
comprising a pair of pivotally interconnected gripping fingers in- 7. An
apparatus according to claim 1 wherein the   5  cluding means to bias the
fingers into a closed dividing station includes a second conveyor (6)
position  and  selectively  operable  driving for sequentially moving the
plant material to      means to open the gripping fingers against the
locations for imaging and cutting operations.      force of the biasing
means. 8  An apparatus according to claim 7 wherein the   10
Patentansprlche second conveyor is a translucent belt which allows back
lighting of the plant material during  1. Vorrichtung (1) zum  Zerteilen
und erneuten imaging.                                           Pflanzen
von allgemein aufrechtstehendem Pflanzenmaterial (4), das In einem Trog (3)
9. An apparatus according to claim  7 or 8   15        angeordnet ist, mit
wherein the movement of the second conveyor        einer Fordereinrichtung
(2), um das Pflanzen- is in discrete steps, each movement corre-
material an einer ausgewahiten Erntestelle an- sponding to a spacing
between the imaging          zuordnen, and dividing stations.
einer Ernteeinrichtung (7), die bet~tigbar ist, 20      um das
Pflanzenmaterial aus dem Trog zu 10. An apparatus according to claim 1
wherein the      entfernen und das Pflanzenmaterial zu einer imaging means
is a Charge Coupled Device           Zerteilungsstation zu transportieren,
(9) interfaced to a processing means for pro-      einer mit der
Zerteilungsstation verbundenen ducing an image signal representative of an
Abbildungseinrichtung (9), um Stellen far die image of said plant material.
26       Zerteilung des Pflanzenmaterials gemAB vorbe- stimmten Regeln
unter Bezug auf die Pflan- 11. An apparatus according to claim 10 wherein
zenstruktur zu bestimmen, the processing means associated with the im-
einer Schneideinrichtung (2), welche auf ein aging means produces a
co-ordinate map of          Zerteilungssignal von der Abbildungseinrich-
the structure from the image signal and iden-  30  tung reagiert, um das
Pflanzenmaterial in Ab- tifies the co-ordinates corresponding to select-
schnitte (17) zu zerteilen, und ed features of the structure.
einer Pflanzeinrichtung (13), um selektiv die Abschnitte in einem
Wachstumsmedium (20) 12. An apparatus according to Claim 1 wherein the
zu plazieren, wobei die Pflanzeinrichtung ein cutter means includes two
independently op-  35    Paar schwenkbar miteinander verbundener erable
pairs of opposed gripping fingers (30)      Greiffinger (35) einschlieBlich
einer Einrichtung disposed either side of a reciprocable cutting     (37)
zum Vorspannen der Finger in eine ge- blade (31).
schlossene Position sowie selektiv betatigbare Antriebseinrichtungen (40,
41, 42), urn die 13. An apparatus according to claim 12 wherein  40
Greiffinger gogen die Kraft der Vorspannein- each pair of opposed gripping
fingers are piv-     richtung zu Mffnen, umfaBt. otally interconnected and
include means (32) to bias the fingers toward the open position.  2.
Vorrichtung nach Anspruch 1, bei der die F6r- dereinrichtung eine
Magnetkupplung zwischen 14. A method dividing and replanting generally up-
45  einem  mit dem Trog verbundenen Element standing plant material
disposed in a tray,        und einem unterhalb einer unteren Reibungs-
comprising the steps of:                          fdrderoberfl~che
angeordneten  Antriebsele- removing said plant material from said
ment einschlieft. tray; forming an image of said plant material;  so   3
Vorrichtung nach Anspruch 1 odor 2, bei der producing an image signal
representative       die Fordereinrichtung eine stufenweise Bewe- of said
image;                                     gung von Pflanzenmaterial
bewirkt, um so auf- determining from said image signal, loca-
einanderfolgend Reihen von Pflanzenmaterial tions for the division of said
plant material      an der Emtestelle anzuordnen. according to
predetermining rules related to  as the plant structure;
4. Vorrichtung nach Anspruch 1, bei der die Em- dividing the plant material
into plant cut-    teeinrichtung das Pflanzenmaterial nahe seiner tings by
cutting at said determined locations;     Basis ergreift und abtrennt. 7
13                EP  500 886 B1                     14 5. Vorrichtung nach
Anspruch 5, bei der die            das Pflanzenmaterial aus dem Trog
entfernt, Greif- und Abtrennwirkung durch synchron an-       ein Bild des
Pflanzenmaterials srzeugt, getriebene Paare benachbarter Greiffinger (23)
ein far dieses Bild reprEsentatives Bildsignal 



und Scherenelemente (21) erfolgt.                  erzeugt, 5       aus
diesem Bildsignal Stellen flr das Zerteilen . 6. Vorrichtung nach Anspruch
5, bei der die              des Pflanzenmaterial nach vorbestimmten Re-
Greiffinger in der Form elastischer Abstands-      geln bezlglich der
Pflanzenstruktur bestimmt, sticke vorliegen.
das Pllanzenmaterial in  Pflanzenabschnitte durch Schneiden an den
vorbestimmten Stel- 7. Vorrichtung nach Anspruch 1, bet der die Zer-  1O
len zerteilt und teilungsstation eine zweite Fordereinrichtung      diese
Abschnitte in Wachetumsmedium unter (6) zur aufeinanderfolgenden Bewogung
des          Verwendung einer Pflanzeinrichtung pflanzt, Pflanzonmaterials
zu Stellen fOr Abbildungs-       die ein Paar schwenkbar miteinander
verbun- und Schneidtltigkeiten einschhiest.                dener
Greiffinger einschlieflhich einer Etnrich- 15     tung zur Vorspannung der
Finger in eine ge- a  Vorrichtung nach Anspruch 7, bei der die zwei-
schlossene Position sowie eine selektiv beta- te Fdrdereinrichtung  sin
durchscheinendes         tigbare Antriebseinrichtung zur 6ffnung der K'
Band ist, weiches ein Beleuchten des Pflan-         Greiffinger entgegen
der Kraft der Vorspann- zenmaterials von hinten wahrend der Abbil-
einrichtung umfaft. dung erlaubt.                             20
Revendicatlons 9. Vorrichtung nach Anspruch 7 oder 8, bet der die Bewegung
der zweiten F6rdereinrichtung     1. Appareil (1) pour diviser et replanter
un mate- in einzelnen Stufen erfolgt, wobei jede Bewe-      riau v6getal
g~neralement vertical (4) dispose gung einem Abstand zwischen der
Abbildungs-  25    dans un plateau (3), ledit appareil comprenant: station
und der Zerteilungsstation entspricht.        un moyen de convoyage (2)
pour position- nor ledit materiau v6getal dans un emplace- 10. Vorrichtung
nach Anspruch 1, bei der die Ab-      ment de recolte salectionn6,
bildungseinrichtung ein ladungsgekoppeltes Li-         un moyen de recolte
(7) operable pour nienelement (9) ist, das sich mit einem Prozes-  30
d6placer ledit matnriau v6getal dudit plateau et sor zur Erzeugung eines
Bildsignals koppoln        pour transporter ledit mat~riau vegetal dans un
la1t, das fOr ein Bild des Pflanzenmaterials       poste de division;
reprasentativ ist.                                    un moyen de formation
d'tmage (9) asso- cie audit poste de division pour determiner des 11.
Vorrichtung nach Anspruch 10, bet dem der  35      emplacements pour la
division dudit materiau mit der Abbildungseinrichtung verbundene Pro-
vegetal selon des regles preddtermin~es relati- K'     zessor eine
Koordinatenkarte der Struktur von       ves & la structure vegdtale: dem
Bildsignal erzeugt und die Koordinaten            un moyen de coupe (2)
sensible & un entsprechend ausgewlihiten Merkmalen der           signal de
division provenant dudit moyen de Struktur identifiziert.
40       formation d'image pour divisor le materiau ve- getal en des
decoupes vegetales (17) ; et 12. Vorrichtung nach Anspruch 1, bei der die
un moyen de plantation (13) pour placer Schneideinrichtung zwei unabhangig
voneinan-       selectivement lesdites decoupes dans un mi- der betitigbare
Paare einander gegen~berlie-      lieu de culture (20), dans loquel le
moyen de gender Greiffinger (30) einschlieft, die auf je-  45  plantation
comprend une paire de doigts de der Seite eines umkehrbaren Schneidblattes
prdhension interconnectes de maniere pivotan- (31) angeordnet sind.
te (35) comprenant un moyon (37) pour sollici- ter les doigts dans une
position fermee et un iS Vorrichtung nach Anspruch 12, bet der jedes
moyen de commands op~rable s~lectivement Paar von einander
gegenlberliegenden Greif-  5o    (40,41,42) pour ouvrir les doigts de
prehension fingern schwenkbar miteinander verbunden ist       a l'encontre
de la force du moyon de sollicita- und eine Einrichtung (32) zum Vorspannen
der      tion. Finger zu der offenen Position hin einschlieSt. 2. Appareil
selon la revendication 1 dans lequel 14. Verfahren zum Zerteilen und
erneuten Pflanzen   55  ledit moyen de convoyage comprend un cou- von
aufrechtstehendem  Pflanzenmaterial, das       plage magndtique entre un
element associe in sinem Trog angeordnet ist, mit den Stufen,      avec le
plateau et un element pilotd dispose in denen man
en dessous d'une surface de convoyage a 8    15                EP 0 500 886
B1                   16 * C   L  M      S faible friction.
pendamment (30) disposees sur l'un quelcon- que des c8t~s d'une lame de
coupe A va-et- 



3. Appareil selon la revendication 1 ou 2 dans       vient (31). lequel le
moyen de convoyage deplace pas & pas le materiau v~g~tal de manibre &
position-   5   1& Appareil selon la revendication 12 dans lequel ner
s~quentiellement des rang~es de mat6riau      chaque paire de doigts de
prehension oppos~s v6gdtal audit emplacement de r6colte.             est
interconnect6e de manibre pivotante et comprend un moyen (32) pour
solliciter les 4. Appareil selon la revendication 1 dans lequel le  doigts
en direction de la position ouverte. moyen de r~colte saisit et rompt le
mat~riau   10 vdg~tal a proximit6 de sa base.               14. Proc~d6
pour diviser et replanter un matdriau vdg~tal g6n~ralement vertical dispos6
dans un 5. Appareil solon la revendication 4 dans loquel     plateau,
comprenant les 6tapes de: I'action de saisissoment et de rupture est me-
ddplacement dudit matdriau vdgdtal dudit n~e & l'aide de paires de doigts
de saisisse-  is  plateau; ment adjacents (23) et de ciseaux (21) pilot~s
de formation d'une image dudit matdriau de manibre synchronisde.
vdgetal; de production d'un signal d'image repr6- 6. Appareil solon la
revendication 5 dans lequel     sentatif de ladite image; les doigts de
saisissoment ont la forme de   20      de determination & partir dudit
signal rondelles de calage elastiques.                   d'image
d'emplacements pour la division dudit mat~riau vdg~tal solon des rbgles
pr~d6termi- 7. Appareil solon la revendication 1 dans lequel le  n6es
relatives A la structure v6getale; poste  de division  comprend  un second
de division du matdriau vdgdtal en des convoyeur (6) pour ddplacer
s~quentiellement  25  dMcoupes v~g~tales on d~coupant audits em- le
mat~riau v~g~tal dans des emplacements         placements pr~ddtorminds ;
et pour des op6rations de formation dimage at           de plantation
desdites ddcoupes dans un de coupe.
milieu de culture en utilisant un moyen de plantation comprenant une paire
de doigts de 8. Appareil selon la revendication 7 dans loquel le  30
prehension interconnectes de maniere pivotan- second convoyeur est une
ceinture transparen-    to comprenant un moyen pour solliciter les to qui
permet l'Mclairage arribre du matdriau     doigts dans une position fermee
et un moyen v6g~tal pendant la formation d'image.             de commando
op~rable s~lectivement pour ou- vrir les doigts de prehension & l'encontre
de la 9. Appareil selon la revendication 7 ou 8 dans  35   force du moyen
de sollicitation. lequel le mouvement du second convoyeur est a pas
discrets, chaque mouvement correspon- dant a un espacement entre les postes
de formation d'image et de division. 40 10. Appareil solon la revendication
1 dans lequel le moyen de formation d'image est un Dispositif a Couplage de
Charge (9) connecte a un moyen de traitement pour produire un signal
d'image repr~sentatif d'une image dudit mat6-  45 riau vdg~tal. 11.
Appareil solon la revendication 10 dans loquel le moyen de traitement
associd au moyen de formation d'image produit une carte de coor-  50
donn6es de la structure & partir du signal d'image et identifle les
coordonn~es qui cor- respondent aux caract6ristiques sdlectionndes de la
structure. 55 12. Appareil salon la revendication 1 dans lequel le moyen de
coupe comprend deux paires de doigts de prehension opposes op~rables inde-
9    


