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Description
TECHNICAL FIELD AND BACKGROUND ART

[0001] Theinventionrelatestoasystemandtoameth-
od for sorting items out of waste material on a conveyor.
[0002] In the recycling of waste, it is generally an ob-
jective to sort the material into fractions that are homo-
geneous in the sense of being of the same material or
category of materials and/or of the same color. For ex-
ample, polymers must often be of nearly identical com-
position in order to allow processing into a granulate from
which products of a good quality can be manufactured.
When recycling glass, itisimportant to combine the same
colors. In some cases fulfillment of a negative sorting
criterion is of particular importance, such as absence of
colored items in a fraction of white or transparent items,
or absence of PVC items in a fraction of polyolefin items.
[0003] For the sorting of items out of waste material,
it is known to pass a stream of waste material along a
detector that recognizes and localizes items having par-
ticular properties and removing the identified items from
the material downstream of the detector by passing the
stream over an array of nozzles extending across the
stream of material and generating an air pulse out of a
nozzle when an item to be sorted out is in front of the
nozzle. The selection of the nozzles and the timing of the
air pulses is controlled by control circuitry communicating
with the detector and with valve control members.
[0004] A disadvantage of this manner of sorting is, that
after detection only one fraction of the materials can be
sorted out and that sorting out of another fraction the
materials requires the stream of remaining waste mate-
rial to be passed along a detector again, because the
sorting out of items causes too much disturbance of the
otheritems on the conveyor track to allow another fraction
of the material to be selectively blown out of the stream
without renewed detection of the location of such items.
[0005] Documents WO-A-00124531 discloses a sort-
ing system using robots.

SUMMARY OF THE INVENTION

[0006] It is an object of the invention to provide a low
cost solution that allows sorting a fraction of the items of
waste material on a conveyor without disturbing the items
not sorted out to such an extent that renewed detection
of a next fraction of items would not be required before
automatic sorting of a next fraction of items or a next item
of the same fraction out of the waste material on the con-
veyor can be carried out.

[0007] According to the invention, this object is
achieved by providing a system according to claim 1. The
invention can also be embodied in a method according
to claim 12.

[0008] Particular embodiments of the invention are set
forth in the dependent claims.

[0009] Further aspects, effects and details of the in-
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vention are set forth in the detailed description with ref-
erence to examples of which some are shown in the sche-
matic drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The drawing is a perspective view of an exam-
ple of a system according to the invention in which control
circuitry is shown schematically.

MODES FOR CARRYING OUT THE INVENTION

[0011] Inthe example of a system for sorting items out
of waste material shown in the drawing, eight robots
1.1-1.8 are arranged along a conveyor 4 of which a top
deck forms a conveyor track 5 along which waste material
6 can be conveyed in adirection designated with an arrow
7. In the drawing, for the sake of clarity of the drawing,
the waste material 6 is only shown on an upstream sec-
tion of the conveyor track 5. However, in operation, waste
material will normally found over the whole length of the
conveyor track 5, the amount of material on the track
reducing ateachrobot 1.1-1.8. Depending on the require-
ments with respect to capacity and number of categories
into which materials are to be sorted, the number of ro-
bots may be larger or smaller than eight and also a single
robot is conceivable within the framework of the present
invention, for instance in combination with an array of air
valves downstream of the robot for sorting items out using
air pulses.

[0012] Upstream of the robots 1.1-1.8, a detector unit
8 is arranged for identifying and locating items of the
waste material 6 on the conveyor 4. Depending on the
materials to be sorted and the sorting requirements, the
detector unit may be equipped with one or more detec-
tors, such as an infrared camera for distinguishing sev-
eral material types from each other, a color sensitive cam-
era for sorting materials by color and/or an array of sen-
sors extending across the conveyor. The robots 1.1-1.8,
the conveyor 4 and the detector unit 8 are suspended by
a frame 10.

[0013] For calculating the pick-up position of items
identified via the detector unit 8 and to be picked up by
one of the robots 1.1-1.8, encoder signals are generated
in accordance with displacements of the conveyor track
and are used to determine the position of the items to be
picked up. However, also other possibilities for calculat-
ing the pick-up position of items identified via the detector
unit 8, for instance by detecting displacement of the con-
veyor track 5 using the detector unit, or by keeping dis-
placements of the conveyor track 5 in transport direction
7 synchronized with synchronization signals, such as tim-
er signals.

[0014] Along the conveyor, a plurality of depositing ar-
eas is provided in the form of openings 11-15, 17. In the
present example, three of the openings 12, 14, 15 are
arranged such that items can be deposited therein from
two successive robots 1.1, 1.3, 1.5. The robots 1.1-1.8
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are arranged in two rows in longitudinal sense of the con-
veyor, which is advantageous for increasing sorting ca-
pacity, while keeping the installation relatively compact
in longitudinal direction of the conveyor 4. The rows of
robots are staggered relative to each other, which allows
the working areas of the robots to extend across the mid-
dle of the conveyor belt, while keeping the risk of inter-
ference between neighboring robots relatively low. Such
interference would require additional control of the robots
to avoid collisions and reduce the productivity of the ro-
bots.

[0015] A first one of the robots 1.1 is capable of de-
positing picked-up items in openings 15 and 17. The
openings 14, 15 are arranged such that a third one of the
robots 1.3 is capable of depositing picked-up items there-
in, and the openings 12, 14 are arranged such that a fifth
robot 1.5 is capable of depositing picked-up items there-
in. The sevenths robot 1.7 and the openings 11, 12 are
arranged such that the seventh robot 1.7 can deposit
items in the openings 11, 12. Similarly, the last robot 1.8
above the right hand side of the conveyor 4 is capable
of depositing items in opening 13 and in a next upstream
opening that is not visible in the drawing.

[0016] A disadvantage of such a arrangement could
be that robots positioned to operate on for example the
left-hand side of the track 5 are incapable of reaching
items on the right-hand side of the track, so that such
items could not be deposited into associated openings
on the left-hand side of the track.

[0017] In the present example, this is avoided by pro-
viding that the openings 11-15, 17, each communicate
with a chute 20-24, 26 leading to one of three conveyor
tracks 29-31 underneath the conveyor track 5 from which
material is picked up and that the two outer tracks 29, 31
are used for sorting the same material while chutes for
depositing material on the central track 30 connect to
openings on both sides of the track 5. It is also possible,
to arrange the chutes such that material can be led to all
tracks for sorted material from openings on both sides of
the main conveyor track. The chutes may for instance
arranged such lead to the tracks underneath. In the
present example, chutes of two different lengths have
been provided. The shortest chutes 21, 22, 24 have a
length such that these chutes deposit material on the
outer track 29 or 31 on the side of the openings 12, 13,
15 to which the chutes 21, 22, 24 connect. The other
chutes 20, 23, 26 each have a length and slope such that
these chutes end just above the central track 30 and are
coupled to chutes from the opposite side of the conveyor
track 5, so that items can reach the central track 30 via
openings on both sides of the conveyor track 5. The items
can then be transported along the conveyor tracks 29-31
to separate bunks (not shown) each associated to one
or more of the conveyor tracks 29-31.

[0018] That the conveyor tracks for sorted material
29-31 are arranged underneath the conveyor track 5 for
the material to be sorted is advantageous for obtaining
a compact construction occupying little width and easy
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operator access to the robots and the conveyor track 5
for the material to be sorted.

[0019] Many alternative or additional possibilities of
leading deposited items to respective storage containers
are conceivable. For instance, depositing areas or the
chutes may also be arranged to cause items to fall directly
into associated bunks or bins. Instead of a plurality of
depositing areas, also a single depositing area may be
provided. It is also possible to provide that the numbers
of depositing areas associated to a storage container are
different for different storage containers.

[0020] A control circuitry 32 communicates with the de-
tector unit 8 and with the robots 1.1-1.8 for controlling
the robots 1.1-1.8 to pick-up located items of the waste
material 6 on the conveyor 4 and to deposit picked-up
items into the depositing openings 11-15, 17.

[0021] In operation, waste material 6 is transported
along the conveyor track 5. The detector unit 8 identifies
and locate items of the waste material 6 on the conveyor
track 5. In accordance with the locations of identified
items on the conveyor track 5 and the displacement of
the items in transport direction 7, the robots 1.1-1.8 are
controlled to pick-up located items of the waste material
6 on the conveyor track 5 and to deposit picked-up items
in the depositing openings 11-15, 17. Preferably, the se-
lection of the items to be picked-up and of the category
of the openings 11-15, 17 into which the items are de-
posited is carried out in response to properties of the
items that have been detected by the detector unit 8, or
otherwise, before the items have been picked up, since
this allows the items to be picked-up selectively and to
be deposited more quickly and provides flexibility with
respect to assignment of categories of items to be picked
up by the available robots. However, it is also possible
that a determination or a further determination of the frac-
tion of waste to which a picked-up item belongs is made
after the robot has picked up the item. This allows exam-
ination of the item from nearer by and allows to weigh
the item and to sense properties of the item by contacting
the item

[0022] Picking up of items from the waste 6 on the con-
veyor, allows the items to be picked up without substan-
tially displacing the other items. This allows to subse-
quently remove other individual located items, without
renewed detection. The subsequent removal of other in-
dividual located items from the conveyor need not be
carried out by a robot, but may also be carried out by
other means, such as a row of nozzles via which timed
air pulses blowing individual items away from the rest of
the waste are applied.

[0023] Inthe present example, the robots 1.1-1.8 each
include motors for driving two pivotable arms 34, 35,
which are connected via hinged carrier bars 36, 37 to a
linear motor 38 through which a vertical arm 39 extends.
At the downstream end of the vertical arm, a gripper 40
in the form of a suction nozzle of a flexible material is
arranged. A passage to which a vacuum can be applied
extends through the gripper 40.
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[0024] The motorsinthe housing 33 drive substantially
horizontal displacements of the gripper 40 by causing
the pivotable arms 34, 35 to pivot, the motion being trans-
ferred via the carrier bars 36, 37. The linear motor 38 can
drive substantially vertical displacements of the vertical
arm 39 and thus of the vertical gripper 40 mounted to the
lower end of the vertical arm 39.

[0025] For picking up an item, the linear motor 38
drives displacement of the gripper 40 towards a gripping
position that has been predetermined on the basis of sig-
nals a control unit 41 of the control circuitry 32 has re-
ceived from at least one of the detector unit 8. The control
circuitry 32 is arranged for controlling the linear motor 38
for displacing the gripper 40 towards the gripping position
until either the gripping position is reached or aresistance
preventing the gripper 40 from reaching the gripping po-
sition is encountered.

[0026] That alinear motor drives displacements of the
gripper towards the predetermined gripping position pro-
vides the advantage that a linear motor is particularly
suitable to be arranged such that if the item to be gripped
is for instance substantially higher than foreseen, the
force exerted by the motor remains limited to such an
extent that no damage is caused. After the linear motor
38 stops the driving of the gripper 40 towards the prede-
termined gripping position in response to the resistance
preventing the gripper 40 from reaching the gripping po-
sition, the linear motor is subsequently controlled to lift
the item to be picked up from the conveyor 4.

[0027] The horizontal position of items to be picked up
is determined by the detector unit 8. Variations in the
height of the items to be picked up larger than variations
that can be accommodated by the flexibility of the gripper
40 can be accommodated in a simple manner, because
the linear motor 38 is arranged for driving displacements
of the gripper 40 with a vertical directional component. If
during vertical downward displacement to a predeter-
mined gripping position the item to be picked up is en-
countered earlier than foreseen, the forces exerted by
the linear motor remain limited, so that damage to the
robot or the conveyor is avoided. Accordingly, the accu-
racy in vertical direction of the predetermined gripping
position is not critical. In turn, this allows to determine
the level above the conveyor track 5 of the predetermined
gripping position to be determined roughly, such that it
is ensured that the item to be picked up is atleastreached
and picked up. Preferably, the predetermined gripping
position is always at the same level. This level is prefer-
ably low enough to grip (virtually) any item to be picked
up. The flexibility of the gripper 40 can than be used to
accommodate to the height of items extending to a slight-
ly higher level than the level of the predetermined gripping
position, while the limited force exerted by the linear mo-
tor 38 and the automatic stopping of the motor when an
obstacle is encountered, allows to accommodate to items
to be picked up that extend more above the level of the
predetermined gripping position than can be accommo-
dated by the flexibility of the gripper or other elastic
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means that may be provided.

[0028] In the present example, the control circuitry 32
is arranged for, in response to a current powering the
linear motor 38 exceeding a predetermined amperage,
controlling the linear motor 38 for stopping the driving of
the displacement of the gripper 40 towards the gripping
position. This allows stopping the motor 38 quickly and
does not require complicated sensors.

[0029] The stopping of driving the displacement of the
gripper 40 towards the gripping position may also be car-
ried out in response to delays of displacements sensed
by the robot compared with a predetermined time-dis-
placement relationship.

[0030] The system according to the present example
is equipped with a plurality of the robots 1.1-1.8 that are
each equipped with a plurality of arms 34, 35, 39 and a
plurality of motors for driving the robot arms 34, 35, 39.
Because the control circuitry 32 is equipped with the cen-
tral control unit 41 that communicates with the detector
unit 8 and that communicates with the motors of the ro-
bots 1.1-1.8 and is arranged for determining control sig-
nals for the motors of the robots 1.1-1.8 from signals re-
ceived from the detector unit 8, a particularly low cost
robot control structure can be obtained.

[0031] The central control unit 41 in the present exam-
ple is integrated to such an extent that it is arranged for
determining analog control currents for the motors of the
robots 1.1-1.8. Amplifiers for amplifying the control cur-
rents are preferably also arranged at or near the control
unit41, sothatlittle or no circuitry at the robots is required,
which is advantageous for ease of assembly and main-
tenance.

[0032] A problem that is particular to waste sorting is
that a wide variety of items is processed. For instance,
apart from items of arelatively compact shape, also items
that are very elongate in one or two directions and very
flexible may be included in the waste. Such items, such
as rope, wire, textile and foil can easily cling or hook-up
to equipment along the conveyor and in particular to robot
arms that operate in close proximity of the waste stream.
According to the present example, the control circuitry
32 is arranged for generating a signal indicative of ma-
terial clinging to arobot 1.1-1.8 in response to resistance
encountered during upward movement of the gripper 40
of that robot exceeding a threshold level. Thus, materials
clinging or hooked to the robot arm 39 are automatically
detected.

[0033] The signal may cause the robot to which the
signal relates to perform a shake-off movement and/or
to switch a valve 43 to a position for blowing air out of at
least the gripper 40, so that in most cases the material
clinging to the robot arm 39 is removed automatically.
The valve 43 is arranged for switching between an off
position, a position for feeding pressurized air to a venturi
atthe gripper 40 for generating a vacuum and to a conduit
for feeding pressurized air directly into the gripper 40 to
quickly release picked up items. Because the venture is
arranged at the gripper 40 or integrated in the gripper,
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build-up of a vacuum in the gripper 40 as well as ending
the vacuum condition can be realized particularly quickly.
[0034] Additionally, the signal may cause a humanly
perceptible alarm, such as a sound and/or a visual alarm,
to be generated if the automatic material removal oper-
ations do not result in removal of the material clinging to
the robot arm 39 within a preset period of time. For safety
reasons, the robot for which the signal indicative of ma-
terial clinging to the robot has been generated is prefer-
ably brought into a position where the arm 39 can be
reached most easily by an operator and stopped awaiting
removal of the material by the operator. A control allowing
the operator to restarting the robot is preferably posi-
tioned near or on the robot, so that the robot can be re-
started as quickly as possible after the material clinging
thereto has been removed manually.

[0035] Alternatively, the signal may only cause a hu-
manly perceptible alarm to be generated, or the humanly
perceptible alarm may be generated directly in response
to the signal indicative of material clinging to one of the
robots, so that an operator can be in place earlier in the
event automatic measures to dispose of material clinging
to a robot do not result in disengagement of the material.
[0036] Material clinging to the vertical robot arm 39,
can be detected in a similar manner as detection of items
to be picked up that are higher than a predermined level
of a pick-up position. Itis preferred to detect clinging ma-
terials by detecting a current powering any motor of the
robots 1.1-1.8 exceeding a predetermined maximum am-
perage associated to the respective motor, because ma-
terials clinging to the robot are often flexible enough to
allow the robot to make the movements determined by
the control unit 41, but cause the robot to exert more
force and accordingly to consume more power when
making movements, which increased power consump-
tion can easily be detected as an indication of material
clinging to the robot.

[0037] After an item has been picked up, it is advan-
tageous for achieving a high capacity, if the item is de-
posited in one of the depositing areas quickly. In the sys-
tem according to the present example, quick deposition
of picked up items is achieved by providing that the con-
trol circuitry 32 is arranged for controlling the robots for
each time depositing a picked-up item by performing a
movement having a horizontal directional component
from a starting point towards the selected one of the de-
positing areas 11-15, 17 and for releasing the picked up
item before the gripper 40 has reached a position above
the selected depositing area 11-15, 17. Thus, the gripper
40 does not need to make a movement over the whole
horizontal distance to the selected depositing area. The
momentum of the item to be deposited causes the item
to follow a ballistic path toward the selected depositing
area after the gripper 40 has released it. A particular ad-
vantage of the horizontal displacement over only a por-
tion of the full distance to the depositing area 11-15, 17
is that it requires no additional degree of movability of
the gripper. The distance over which the item to be de-
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posited needs to be moved horizontally towards the se-
lected depositing area 11-15, 17 can be reduced by pro-
viding that the gripper 40 is simultaneously moved up-
wardly until the item to be deposited is released.

Claims

1. A system for sorting items out of waste material (6),
comprising:

a conveyor (4) for transporting waste material
(6);

a detector (8) for identifying and locating items
of the waste material (6) on the conveyor (4);
at least one depositing area (11-15, 17) along
the conveyor (4);

a plurality of robots (1.1-1.8) along the conveyor
(4); and

control circuitry (32) communicating with the de-
tector (8) and with the robots (1.1-1.8) for con-
trolling the robots (1.1-1.8) to pick-up located
items of the waste material (6) on the conveyor
(4) and to deposit picked-up items in the at least
one depositing area (11-15, 17); characterized
in that each of the robots (1.1-1.8) comprises a
plurality of motors for driving the robot arms
(34-37, 39) and in that the control circuitry (32)
comprises a central control unit (41) communi-
cating with the detector (8) and communicating
with the motors of the robots (1.1-1.8), the cen-
tral control unit (41) being arranged for deter-
mining control signals for the motors of the ro-
bots (1.1-1.8) from signals received from the de-
tector (8).

2. A system according to claim 1, wherein the central
control unit (41) is arranged for determining analog
control signals for the motors of the robots (1.1-1.8).

3. A system according to any one of the preceding
claims, wherein the control circuitry (32) is arranged
for controlling the robots (1.1-1.8) for each time de-
positing a picked-up item at the at least one depos-
iting area (11-15, 17) by performing a movement
having a horizontal directional component from a
starting point towards the depositing area (11-15,
17) and for releasing the picked-up item before the
gripper (40) has reached a position above the de-
positing area (11-15, 17).

4. A system according to any one of the preceding
claims, wherein the control circuitry (32) is arranged
for generating a signal indicative of material clinging
to at least one of the robots (1.1-1.8) in response to
resistance encountered during upward movement of
a gripper (40) of the at least one robot (1.1-1.8) ex-
ceeding a threshold level.



10.

1.

9 EP 1 829 621 B1

A system according to claim 4, wherein the control
circuitry (32) is arranged for generating the signal
indicative of material clinging to at least one of the
robots (1.1-1.8) in response to a current powering
any motor of the robot (1.1-1.8) or at least one of the
robots (1.1-1.8) exceeding a predetermined maxi-
mum amperage associated to the respective motor.

A system according to claim 4 or 5, wherein the con-
trol circuitry (32) is arranged for controlling the at
least one of the robots (1.1-1.8) for performing a
shake-off movement in response to the signal indic-
ative of material clinging to the robot (1.1-1.8).

A system according to any one of the claims 4-6,
wherein the at least one of the robots (1.1-1.8) in-
cludes a valve for switching between applying a vac-
uum to the gripper (40) and blowing air out of at least
the gripper (40), the control circuitry (32) being ar-
ranged for controlling the at least one of the robots
(1.1-1.8) for switching to the blowing air out of at least
the gripper (40) in response to the signal indicative
of material clinging to the at least one of the robots
(1.1-1.8).

A system according to any one of the preceding
claims, wherein at least one of the robots (1.1-1.8)
includes a gripper (40) for engaging items to be
picked up, a linear motor (38) for driving displace-
ment of the gripper (40) in at least one direction to-
wards a predetermined gripping position, the control
circuitry (32) being arranged for controlling the linear
motor (38) to displace the gripper (40) towards the
gripping position until either the gripping position is
reached or a resistance preventing the gripper (40)
from reaching the gripping position is encountered.

A system according to claim 8, wherein the linear
motor (38) is arranged for driving at least displace-
ments of the gripper (40) with a vertical directional
component.

A system according to claim 8 or 9, wherein the con-
trol circuitry (32) is arranged for, in response to a
current powering the linear motor (38) exceeding a
predetermined amperage, controlling the linear mo-
tor (38) for stopping the driving of the displacement
of the gripper (40) towards the gripping position.

A system according to any one of the claims 8-10,
wherein the control circuitry (32) is arranged for, in
response to powering the line ar motor (38) for driving
displacement towards the gripping position exceed-
ing a predetermined duration, controlling the linear
motor (38) for stopping the driving of the displace-
ment of the gripper (40) towards the gripping posi-
tion.
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12.

13.

14.

15.

16.

17.

10

A method for sorting items out of waste material (6),
comprising:

providing at least one depositing area (11-15,
17) along a conveyor track (5);

providing a plurality of robots (1.1-1.8) along the
conveyor track (5), each of the robots (1.1-1.8)
comprising a plurality of arms (34-37, 39);
transporting waste material (6) along the con-
veyor track (5);

identifying and locating items of the waste ma-
terial (6) on the conveyor track (5) with a detector
(8); and

control circuitry (32) controlling the robots
(1.1-1.8) to pick-up located items of the waste
material (6) on the conveyor track (5) and to de-
posit picked-up items at the at least one depos-
iting area (11-15, 17); characterized in that
each of the robots (1.1-1.8) comprises a plurality
of motors for driving the robot arms (34-37, 39)
and in that a central control unit (41) of the con-
trol circuitry (32) communicates with the detec-
tor (8) and communicates with the motors of the
robots (1.1-1.8) and determines control signals
for the motors of the robots (1.1-1.8) from signals
received from the detector (8):

A method according to claim 12, wherein the depos-
iting of a picked-up item at the atleast one depositing
area (11-15, 17) is performed by movement of the
picked-up item having a horizontal directional com-
ponent from a starting point towards the depositing
area (11-15, 17) and releasing the picked-up item
before the gripper (40) has reached a position above
the depositing area (11-15, 17).

A method according to claim 12 or 13, wherein a
signal indicative of material clinging to at least one
of the robots (1.1-1.8) is generated in response to
resistance exceeding a threshold level encountered
during upward movement of a gripper (40) of the at
least one of the robots (1.1-1.8).

A method according to claim 14, wherein the signal
indicative of material clinging to the at least one of
the robots (1.1-1.8) is generated in response to a
current powering a motor of the at least one of the
robots (1.1-1.8) exceeding a predetermined maxi-
mum amperage associated to the respective motor.

A method according to claim 14 or 15, wherein the
atleast one of the robots (1.1-1.8) performs a shake-
off movement in response to the signal indicative of
material clinging to the robot (1.1-1.8).

A method according to any one of the claims 14-16,
wherein the at least one of the robots (1.1-1.8) blows
air out of at least the gripper (40) in response to the
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signal indicative of material clinging to the at least
one of the robots (1.1-1.8).

A method according to any one of the claims 12-17,
wherein a gripper (40) of the at least one of the robots
(1.1-1.8) engages items to be picked up, a linear
motor (38) drives displacements of the gripper (40)
in at least one direction towards a predetermined
gripping position, and the linear motor (38) stops the
driving of the displacement of the gripper (40) to-
wards the gripping position in response to resistance
preventing the gripper (40) from reaching the grip-
ping position.

A method according to claim 18, wherein the linear
motor (38) drives at least displacements of the grip-
per (40) with a vertical directional component.

A method according to claim 18 or 19, wherein the
linear motor (38) stops the driving of the displace-
ment of the gripper (40) towards the gripping position
in response to a current powering the linear motor
(38) exceeding a predetermined amperage.

A method according to any one of the claims 18-20,
wherein the linear motor (38) stops the driving of the
displacement of the gripper (40) towards the gripping
positionin response to powering the linear motor (38)
for driving displacement towards the gripping posi-
tion exceeding a predetermined duration.

Patentanspriiche

1.

System zum Sortieren von Gegenstanden aus Ab-
fallmaterial (6), mit:

einem Fordermittel (4) zum Transportieren von
Abfallmaterial (6);

einem Detektor (8) zum Identifizieren und Loka-
lisieren von Gegenstdnden des Abfallmaterials
(6) auf dem Fordermittel (4);

zumindest einem Ablagerungsbereich (11 - 15,
17) entlang dem Foérdermittel (4);

einer Vielzahl von Robotern (1.1 - 1.8) entlang
dem Fordermittel (4); und

einem mit dem Detektor (8) und mit den Robo-
tern (1.1 1.8) verbundenen Steuerungsschalt-
kreis (32) zum Steuern der Roboter (1.1 - 1.8),
um lokalisierte Gegenstande des Abfallmateri-
als (6) auf dem Fordermittel (4) aufzunehmen,
und um aufgenommene Gegenstdnde in dem
zumindest einen Ablagerungsbereich (11 - 15,
17) abzulagern; dadurch gekennzeichnet,
dass jeder der Roboter (1.1 - 1.8) eine Vielzahl
von Motoren zum Antreiben der Roboterarme
(34 - 37, 39) aufweist, und dass der Steuerungs-
schaltkreis (32) eine zentrale Steuerungseinheit
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(41) aufweist, die mit dem Detektor (8) verbun-
den ist und mit den Motoren der Roboter (1.1 -
1.8) verbunden ist, wobei die zentrale Steue-
rungseinheit (41) zum Bestimmen von Steue-
rungssignalen fiir die Motoren der Roboter (1.1
- 1.8) aus Signalen, die von dem Detektor (8)
empfangen werden, angeordnet ist.

System nach Anspruch 1, wobei die zentrale Steue-
rungseinheit (41) zum Bestimmen analoger Steue-
rungssignale fur die Motoren der Roboter (1.1 - 1.8)
angeordnet ist.

System nach einem der vorangegangenen Anspru-
che, wobei der Steuerungsschaltkreis (32) zum
Steuern der Roboter (1.1 - 1.8) zum jeweiligen Ab-
lagern eines aufgenommenen Gegenstands an dem
zumindest einen Ablagerungsbereich (11 - 15, 17)
durch Ausfiihren einer Bewegung mit einer horizon-
talen Richtungskomponente von einem Startpunkt
zu dem Ablagerungsbereich (11 - 15, 17) und zum
Freigeben des aufgenommenen Gegenstands an-
geordnet ist, bevor der Greifer (40) eine Position
oberhalb des Ablagerungsbereichs (11 - 15, 17) er-
reicht hat.

System nach einem der vorangegangenen Anspru-
che, wobei der Steuerungsschaltkreis (32) zum Er-
zeugen eines Signals, das anzeigt, dass ein Material
an zumindest einem der Roboter (1.1 - 1.8) anhaftet,
in Erwiderung auf einen Widerstand angeordnet ist,
auf den wahrend einer Aufwartsbewegung eines
Greifers (40) des zumindest einen Roboters (1.1 -
1.8), der ein Grenzwertniveau Uberschreitet, gesto-
Ren wird.

System nach Anspruch 4, wobei der Steuerungs-
schaltkreis (32) zum Erzeugen des Signals, das an-
zeigt, dass ein Material an dem zumindest einen der
Roboter (1.1 - 1.8) anhaftet, in Erwiderung auf einen
Strom angeordnetist, der irgendeinen Motor des Ro-
boters (1.1 - 1.8) oder des zumindest einen von den
Robotern (1.1 - 1.8) antreibt, der eine vorbestimmte
maximale Stromstérke Uberschreitet, die zu dem je-
weiligen Motor zugehorig ist.

System nach Anspruch 4 oder 5, wobei der Steue-
rungsschaltkreis (32) zum Steuern dies zumindest
einen von den Robotern (1.1 - 1.8) zum Ausfiihren
einer Abschttelbewegungin Erwiderung auf das Si-
gnal angeordnet ist, das anzeigt, dass ein Material
an dem Roboter (1.1 - 1.8) anhaftet.

System nach einem der Anspriiche 4 bis 6, wobei
der zumindest eine von den Robotern (1.1 - 1.8) ein
Ventil zum Umschalten zwischen dem Anwenden ei-
nes Unterdrucks an dem Greifer (40) und dem Bla-
sen von Luft aus zumindest dem Greifer (40) auf-
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weist, wobei der Steuerungsschaltkreis (32) zum
Steuern des zumindest einen von den Robotern (1.1
- 1.8) zum Umschalten zu dem Blasen von Luft aus
zumindest dem Greifer (40) in Erwiderung auf das
Signal angeordnet ist, das anzeigt, dass ein Material
an dem zumindest einen von den Robotern (1.1 -
1.8) anhaftet.

System nach einem der vorangegangenen Anspri-
che, wobei der zumindest eine von den Robotern
(1.1 - 1.8) einen Greifer (40) zum Angreifen von Ge-
genstanden, die aufzugreifen sind, aufweist, ein Li-
nearmotor (38) zum Antreiben einer Verstellung des
Greifers (40) in zumindest einer Richtung zu einer
vorbestimmten Greifposition dient, der Steuerungs-
schaltkreis (32) zum Steuern des Linearmotors (38)
angeordnet ist, um den Greifer (40) zu der Greifpo-
sition zu verstellen, bis entweder die Greifposition
erreichtist oder auf einen Widerstand gestof3en wird,
derverhindert, dass der Greifer (40) die Greifposition
erreicht.

System nach Anspruch 8, wobei der Linearmotor
(38) zum Antreiben von zumindest den Verstellun-
gen des Greifers (40) mit einer senkrechten Rich-
tungskomponente angeordnet ist.

System nach Anspruch 8 oder 9, wobei der Steue-
rungsschaltkreis (32) in Erwiderung auf einen Strom,
der den Linearmotor (38) antreibt, der eine vorbe-
stimmte Stromstarke Uberschreitet, zum Steuern
des Linearmotors (38) zum Stoppen des Antriebs
der Verstellung des Greifers (40) zu der Greifposition
angeordnet ist.

System nach einem der Ansprtiche 8 bis 10, wobei
der Steuerungsschaltkreis (32) in Erwiderung auf ein
Antreiben des Linearmotors (38) zum Antrieb einer
Verstellung zu der Greifposition, das eine vorbe-
stimmte Dauer Uberschreitet, zum Steuern des Li-
nearmotors (38) zum Stoppen des Antriebs der Ver-
stellung des Greifers (40) zu der Greifposition ange-
ordnet ist.

Verfahren zum Sortieren von Gegenstanden aus ei-
nem Abfallmaterial (6), mit den Schritten:

Vorsehen von zumindest einem Ablagerungs-
bereich (11 - 15, 17) entlang einer Férdermittel-
bahn (5);

Vorsehen einer Vielzahl von Robotern (1.1-1.8)
entlang der Férdermittelbahn (5), wobei jeder
der Roboter (1.1 - 1.8) eine Vielzahl von Armen
(34 - 37, 39) aufweist;

Transportieren von Abfallmaterial (6) entlang
der Férdermittelbahn (5);

Identifizieren und Lokalisieren von Gegenstan-
den des Abfallmaterials (6) auf der Férdermit-
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telbahn (5) mit einem Detektor (8); und

wobei ein Steuerungsschaltkreis (32) die Robo-
ter(1.1-1.8) steuert, umlokalisierte Gegenstén-
de des Abfallmaterials (6) auf der Férdermittel-
bahn (5) aufzunehmen, und um die aufgenom-
menen Gegenstande an dem zumindest einen
Ablagerungsbereich (11 - 15, 17) abzulagern;

dadurch gekennzeichnet, dass jeder der Roboter
(1.1 - 1.8) eine Vielzahl von Motoren zum Antreiben
der Roboterarme (34 - 37, 39) aufweist, und dass
eine zentrale Steuerungseinheit (41) des Steue-
rungsschaltkreises (32) mit dem Detektor (8) ver-
bunden ist und mit den Motoren der Roboter (1.1 -
1.8) verbunden ist und Steuerungssignale fiir die
Motoren der Roboter (1.1 - 1.8) aus Signalen, die
von dem Detektor (8) empfangen werden, bestimmt.

Verfahren nach Anspruch 12, wobei das Ablagern
eines aufgenommenen Gegenstands an dem zu-
mindest einen Ablagerungsbereich (11 - 15, 17)
durch eine Bewegung des aufgenommen Gegen-
stands mit einer horizontalen Richtungskomponente
von einem Startpunkt zu dem Ablagerungsbereich
(11-15, 17) und durch ein Freigeben des aufgenom-
menen Gegenstands ausgefiihrt wird, bevor der
Greifer (40) eine Position oberhalb des Ablage-
rungsbereichs (11 - 15, 17) erreicht hat.

Verfahren nach Anspruch 12 oder 13, wobei ein Si-
gnal, das anzeigt, dass ein Material an zumindest
einem der Roboter (1.1 - 1.8) anhaftet, in Erwiderung
auf einen Widerstand erzeugt wird, der ein Grenz-
wertniveau Uberschreitet, auf das wahrend einer
Aufwartsbewegung eines Greifers (40) des zumin-
dest einen von den Robotern (1.1 - 1.8) gestofRen
wird.

Verfahren nach Anspruch 14, wobei das Signal, das
anzeigt, dass ein Material an dem zumindest einen
von den Robotern (1.1 - 1.8) anhaftet, in Erwiderung
auf einen Strom erzeugt wird, der einen Motor des
zumindest einen von den Robotern (1.1 - 1.8) an-
treibt, der eine vorbestimmte maximale Stromstarke
Uberschreitet, die zu dem jeweiligen Motor zugeho-
rig ist.

Verfahren nach Anspruch 14 oder 15’, wobei der zu-
mindest eine von den Robotern (1.1 - 1.8) eine Ab-
schittelbewegungin Erwiderung auf das Signal aus-
fuhrt, das anzeigt, dass ein Material an dem Roboter
(1.1 - 1.8) anhaftet.

Verfahren nach einem der Anspriiche 14 bis 16, wo-
bei der zumindest eine von den Robotern (1.1 - 1.8)
Luft aus zumindest dem Greifer (40) in Erwiderung
auf das Signal blast, das anzeigt, dass ein Material
an dem zumindest einen von den Robotern (1.1 -
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1.8) anhaftet.

Verfahren nach einem der Anspriiche 12 bis 17, wo-
bei ein Greifer (40) des zumindest einen von den
Robotern (1.1 - 1.8) Gegensténde angreift, die auf-
zunehmen sind, ein Linearmotor (38) Verstellungen
des Greifers (40) in zumindest einer Richtung zu ei-
ner vorbestimmten Greiferposition antreibt, und der
Linearmotor (38) den Antrieb der Verstellung des
Greifers (40) zu der Greifposition in Erwiderung auf
einen Widerstand stoppt, der verhindert, dass der
Greifer (40) die Greifposition erreicht.

Verfahren nach Anspruch 18, wobei der Linearmotor
(38) zumindest Verstellungen des Greifers (40) mit
einer senkrechten Richtungskomponente antreibt.

Verfahren nach Anspruch 18 oder 19, wobei der Li-
nearmotor (38) den Antrieb der Verstellung des Grei-
fers (40) zu der Greifposition in Erwiderung auf einen
Strom stoppt, der den Linearmotor (38) antreibt, der
eine vorbestimmte Stromstéarke Uberschreitet.

Verfahren nach einem der Anspriiche 18 bis 20, wo-
bei der Linearmotor (38) das Antreiben der Verstel-
lung des Greifers (40) zu der Greifposition in Erwi-
derung auf einen Antrieb des Linearmotors (38) zum
Antreiben einer Verstellung zu der Greifposition
stoppt, das eine vorbestimmte Dauer iberschreitet.

Revendications

1.

Systéme pour trier des articles parmi des déchets
(6), comprenant :

un convoyeur (4) pour transporter des déchets
(6);

un détecteur (8) pour identifier et localiser des
articles parmi les déchets (6) sur le convoyeur
4 ;

au moins une zone de dép6t (11-15, 17) le long
du convoyeur (4) ;

une pluralité de robots (1.1-1.8) le long du con-
voyeur (4) ; et

des circuits de commande (32) communiquant
avec le détecteur (8) et avec les robots (1.1-1.8)
pour commander les robots (1.1-1.8) afin de ra-
masser des articles localisés parmi les déchets
(6) sur le convoyeur (4) et déposer les articles
ramassés dans au moins une zone de dépot
(11-15,17) ; caractérisé en ce que chacundes
robots (1.1-1.8) comprend une pluralité de mo-
teurs pour entrainer les bras robotisés (34-37,
39) et en ce que les circuits de commande (32)
comprennent une unité de commande centrale
(41) communiquant avecle détecteur (8) et com-
muniquant avec les moteurs des robots
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(1.1-1.8), l'unité de commande centrale (41)
étant agencée pour déterminer des signaux de
commande pour les moteurs des robots
(1.1-1.8) parmi les signaux regus du détecteur

(8).

2. Systéme selonlarevendication 1, dans lequel I'unité

de commande centrale (41) est agencée pour déter-
miner des signaux de commande analogiques pour
les moteurs des robots (1.1-1.8).

Systéme selon I'une quelconque des revendications
précédentes, dans lequel les circuits de commande
(32) sont agencés pour commander les robots
(1.1-1.8) afin de déposer chaque fois un article ra-
massé au niveau de la au moins une zone de dép6t
(11-15, 17) en réalisant un mouvement ayant une
composante directionnelle horizontale a partir d'un
point de départ vers la zone de dép6t (11-15, 17) et
pour relacher I'article ramassé avant que le dispositif
de préhension (40) n’ait atteint une position située
au-dessus de la zone de dép6t (11-15, 17).

Systéme selon 'une quelconque des revendications
précédentes, dans lequel les circuits de commande
(32) sont agencés pour générer un signal indiquant
le matériau accroché a au moins 'un des robots
(1.1-1.8) en réponse a la résistance rencontrée pen-
dant le mouvement ascendant d’un dispositif de pré-
hension (40) du au moins un robot (1.1-1.8), qui dé-
passe un niveau de seuil.

Systéeme selon la revendication 4, dans lequel les
circuits de commande (32) sont agencés pour gé-
nérer le signal indiquant le matériau accroché a au
moins I'un des robots (1.1-1.8) en réponse a un cou-
rant alimentant n’importe quel moteur du robot
(1.1-1.8) ou au moins I'un des robots (1.1-1.8), qui
dépasse un ampérage maximum prédéterminé as-
socié au moteur respectif.

Systéme selon la revendication 4 ou 5, dans lequel
les circuits de commande (32) sont agencés pour
commander au moins I'un des robots (1.1-1.8) afin
de réaliser un mouvement de secousse en réponse
au signal indiquant le matériau accroché au robot
(1.1-1.8).

Systéme selon I'une quelconque des revendications
4 26, dans lequel le au moins un des robots (1.1-1.8)
comprend une soupape pour la commutation entre
I'application d’un vide sur le dispositif de préhension
(40) et le soufflage de I'air au moins sur le dispositif
de préhension (40), les circuits de commande (32)
étant agencés pour commander au moins I'un des
robots (1.1-1.8) pour passer a I'air soufflé au moins
sur le dispositif de préhension (40) en réponse au
signal indiquant le matériau accroché a au moins
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I'un des robots (1.1-1.8).

Systéme selon I'une quelconque des revendications
précédentes, dans lequel au moins I'un des robots
(1.1-1.8) comprend un dispositif de préhension (40)
pour mettre en prise des articles a ramasser, un mo-
teur linéaire (38) pour entrainer le déplacement du
dispositif de préhension (40) dans au moins une di-
rection vers une position de préhension prédétermi-
née, les circuits de commande (32) étant agencés
pour commander le moteur linéaire (38) afin de dé-
placer le dispositif de préhension (40) vers la position
de préhension jusqu’a ce que la position de préhen-
sion soit atteinte ou qu’une résistance empéchant le
dispositif de préhension (40) d’'atteindre la position
de préhension soit rencontrée.

Systéme selon la revendication 8, dans lequel le mo-
teur linéaire (38) est agencé pour entrainer au moins
les déplacements du dispositif de préhension (40)
avec une composante directionnelle verticale.

Systéme selon la revendication 8 ou 9, dans lequel
les circuits de commande (32) sont agenceés, en ré-
ponse a un courant alimentantle moteur linéaire (38)
dépassant un ampérage prédéterminé, pour com-
mander le moteur linéaire (38) pour arréter I'entrai-
nement du déplacement du dispositif de préhension
(40) vers la position de préhension.

Systéme selon I'une quelconque des revendications
8 a 10, dans lequel les circuits de commande (32)
sontagencés, en réponse a l'alimentation du moteur
linéaire (38) pour entrainer le déplacement vers la
position de préhension dépassant une durée prédé-
terminée, pour commander le moteur linéaire (38)
pour arréter I'entrainement du déplacement du dis-
positif de préhension (40) vers la position de préhen-
sion.

Procédé pour trier des articles parmi des déchets
(6), comprenant les étapes consistant a :

prévoir au moins une zone de dép6t (11-15, 17)
le long d’'une voie de convoyeur (5) ;

prévoir une pluralité de robots (1.1-1.8) le long
de la voie de convoyeur (5), chacun des robots
(1.1-1.8) comprenant une pluralité de bras
(34-37, 39) ;

transporter les déchets (6) le long de la voie de
convoyeur (5) ;

identifier et positionner les articles parmiles dé-
chets (6) sur la voie de convoyeur (5) avec un
détecteur (8) ; et

les circuits de commande (32) commandant les
robots (1.1-1.8) pour ramasser les articles loca-
lisés parmi les déchets (6) sur la voie de con-
voyeur (5) et pour déposer les articles ramassés
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sur la au moins une zone de dépét (11-15, 17) ;

caractérisé en ce que chacun des robots (1.1-1.8)
comprend une pluralité de moteurs pour entrainer
les bras robotisés (34-37, 39) et en ce qu’une unité
de commande centrale (41) des circuits de comman-
de (32) communique avec le détecteur (8) et com-
munique avec les moteurs des robots (1.1-1.8) et
détermine des signaux de commande pour les mo-
teurs des robots (1.1-1.8) a partir des signaux regus
du détecteur (8).

Procédé selon la revendication 12, dans lequel I'éta-
pe consistant a déposer un article ramassé dans la
au moins une zone de dépdt (11-15, 17) est réalisée
par le mouvement de l'article ramassé ayant une
composante directionnelle horizontale a partir d’'un
point de départ vers la zone de dép6t (11-15, 17) et
relacher l'article ramassé avant que le dispositif de
préhension (40) n’ait atteint une position située au-
dessus de la zone de dép6t (11-15, 17).

Procédé selon larevendication 12 ou 13, dans lequel
un signal indiquant le matériau accroché a au moins
I'un des robots (1.1-1.8) est généré en réponse a la
résistance dépassant un niveau de seuil rencontré
pendant le mouvement ascendant d’un dispositif de
préhension (40) d’au moins I'un des robots (1.1-1.8).

Procédé selon la revendication 14, dans lequel le
signal indiquant le matériau accroché a au moins
I'un des robots (1.1-1.8) est généré en réponse a un
courant alimentant un moteur d’au moins I'un des
robots (1.1-1.8) dépassant un ampérage maximum
prédéterminé associé au moteur respectif.

Procédé selon larevendication 14 ou 15, dans lequel
au moins 'un des robots (1.1-1.8) réalise un mou-
vement de secousse en réponse au signal indiquant
le matériau accroché au robot (1.1-1.8).

Procédé selon I'une quelconque des revendications
14 a 16, dans lequel au moins l'un des robots
(1.1-1.8) souffle de I'air au moins sur le dispositif de
préhension (40) en réponse au signal indiquant le
matériau accroché a au moins l'un des robots
(1.1-1.8).

Procédé selon I'une quelconque des revendications
12217, dans lequel un dispositif de préhension (40)
d’au moins I'un des robots (1.1-1.8) met en prise des
articles a ramasser, un moteur linéaire (38) entraine
les déplacements du dispositif de préhension (40)
dans au moins une direction vers la position de pré-
hension prédéterminée, et le moteur linéaire (38) ar-
réte I'entrainement du déplacement du dispositif de
préhension (40) vers la position de préhension en
réponse a la résistance empéchant le dispositif de
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préhension (40) d’atteindre la position de préhen-
sion.

Procédé selon la revendication 18, dans lequel le
moteur linéaire (38) entraine au moins des déplace-
ments du dispositif de préhension (40) avec une
composante directionnelle verticale.

Procédé selon larevendication 18 ou 19, dans lequel
le moteur linéaire (38) arréte I'entrainement du dé-
placement du dispositif de préhension (40) vers la
position de préhension en réponse a un courant ali-
mentant le moteur linéaire (38), qui dépasse un am-
pérage prédéterminé.

Procédé selon I'une quelconque des revendications
18 a 20, dans lequel le moteur linéaire (38) arréte
I'entrainement du déplacement du dispositif de pré-
hension (40) vers la position de préhension en ré-
ponse a 'alimentation du moteur linéaire (38) pour
entrainer le déplacement vers la position de préhen-
sion, qui dépasse une durée prédéterminée.
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