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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to the field of controlled storage systems and methods.
More specifically, the invention relates to a method for fetching a target bin stored in a storage
system and a storage system which includes a control device operating in accordance with the
method.

BACKGROUND

[0002] A prior art storage structure and a prior art vehicle for use with the storage structure are
illustrated in figures 1 and 2, respectively. The storage structure 3 comprises a vehicle or robot
1 which is arranged to move on dedicated supporting rails 13 and to receive a storage bin 2
from a storage column 8 within a bin storage grid 15. The storage structure 3 includes a
plurality of such vehicles 1 and a dedicated bin lift device 50, the latter being arranged to
receive a storage bin 2 from the vehicle 1 at the top level of the bin storing grid 15 and to
convey the storage bin 2 down in a vertical direction to a delivery station 60.

[0003] When a particular storage bin (denoted a "target bin") on a lower level within the
storage structure is to be fetched, a vehicle 1 is controlled to pick up the upper bin from the
stack of bins located vertically above the target bin, and then the vehicle 1 is controlled to
unload and store this bin on a selected location on the upper level of the storage grid. This
process may then be repeated until the target bin has become the upper bin in the vertical
stack of bins. Then the target bin is fetched by the vehicle 1 and carried by the vehicle 1 to the
bin lift device 50.

[0004] This system and operational method has certain disadvantages. Firstly, the
intermediate storage of bins on top of the upper level of the storage grid occupies area,
resulting in obstructions for other vehicles that are intended to move as freely as possible on
the top of the upper level of the storage grid. Secondly, a substantial amount of time is spent
on the loading and unloading of bins associated with the intermediate storage. This in turn
contributes to significant delays in the overall pick up time used to obtain a desired target bin.

[0005] WO-2013/167907 relates to a storage system suitable for storing multiple product lines
in an automated warehouse environment. A first handling device is capable of lifting a plurality
of containers from a stack in a single operation, and a second handling device is capable of
lifting a single container and moving the container laterally.

[0006] This system has certain disadvantages. Firstly, the first handling device, lifting a plurality
of containers, causes a potentially tall stack of containers to be stored in the first handling
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device. This results in instability and risk for overturning, in particularly during
acceleration/movement of the first handling device. Secondly, a special multi-bin handling
device is needed for the lifting of a plurality of containers. The multi-bin handling device is
different from the single-bin handling device used to retain the single container. The use of
dedicated handling devices for various purposes results in a complex system.

[0007] An object of the present invention is to solve, or at least substantially alleviate, the
above-described disadvantages of the prior art storage structures and methods.

SUMMARY

[0008] The invention has been set forth in the independent claims 1 and 5.
[0009] Advantageous additional features are set forth in the dependent claims.

[0010] The invention provides, i.a., the advantage that the area on top of the upper level of the
storage grid will not be blocked by stationary obstructions during retrieval of a desired target
bin at a lower level in the storage structure. Hence, other vehicles are allowed to move more
freely on the top of the upper level of the storage grid. Although non-target vehicles that serve
as intermediate storage for a bin also take up area on the top of the storage grid, the non-
target vehicles may be easily moved if necessary.

[0011] An other advantage of the invention is that the time spent on loading and unloading of
bins that must be intermediately stored, will be substantially reduced, compared with the
methods and systems of the background art. Hence, the invention increases the overall
retrieval speed when fetching a desired target bin in the storage structure.

[0012] In particular, the feature of controlling the at least one non-target vehicle and the target
vehicle to be positioned adjacent to each other in a linear manner on the supporting rails,
results in substantially improved retrieval speed when fetching a desired target bin in the
storage structure.

[0013] Another advantage of the invention is that only one type of vehicle is needed. The one
type of vehicle may serve as a target vehicle or a non-target vehicle, depending on its current
mode of operation.

[0014] These and other characteristics of the invention will be clear from the following
description of an exemplary embodiment, given as a non-restrictive example, with reference to
the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0015]
Fig. 1 is a perspective view of a prior art storage structure;

Fig. 2 is a sectional view of a prior art robot or vehicle forming part of a storage structure as
illustrated in fig. 1;

Fig. 3 is a schematic flow chart illustrating a method for fetching a target bin stored in a storage
system.

Fig. 4 is a schematic block diagram illustrating a storage system.

Fig. 5-9 are schematic diagrams illustrating an exemplary operation of the method and system.

DETAILED DESCRIPTION

[0016] Fig. 1 and fig. 2 have already been described above with reference to the section
Background of the invention.

[0017] Fig. 3 is a schematic flow chart illustrating a method for fetching a target bin stored in a
storage system. The storage system includes a three-dimensional storage grid containing a
plurality of bins stacked in vertical stacks, supporting rails on the grid structure, and a plurality
of vehicles, controllably arranged to move on the supporting rails.

[0018] The method starts at the initiating step 300.

[0019] First, the non-target vehicle control step 310 is performed. The non-target vehicle
control step 310 includes controlling at least one non-target vehicle to operate as intermediate
storage for at least one bin located vertically above the target bin.

[0020] As illustrated, the non-target vehicle control step 310 may include several substeps, in
order to obtain its task of controlling at least one non-target vehicle to operate as intermediate
storage for at least one bin located vertically above the target bin. While other alternatives are
also possible, the non-target vehicle control step 310 may, by example, include the following:

a first controlling substep 320 of controlling the non-target vehicle to move to a target
location above the target bin;

= a second controlling substep 330 of controlling the non-target vehicle to pick up a bin

from the vertical stack at the target location;

» a third controlling substep 340 of controlling the non-target vehicle to rest at a neighbour
location; and

a determination step 350 of determining if the target bin has become the upper bin in the
vertical stack at the target location, and if this is not true, repeating the first 320, second
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330 and third 340 controlling steps.

[0021] Next, the target vehicle control step 360 is performed. The target vehicle control step
360 includes controlling the target vehicle to pick up the target bin at the target location.

[0022] During the above process, the at least one non-target vehicle and the target vehicle are
controlled to be positioned adjacent to each other in a linear manner on the supporting rails.
"Linear manner" may in this context mean that the vehicles are positioned, or are moving,
along a line which coincides with or is parallel with the supporting rails on the grid structure.
This leads to a particular efficient operation, since it reduces the time needed from one
vehicle's performance of a task at the target location to the next vehicle's performance of a
task at the target location. Although not illustrated in detail in figure 3, the target vehicle control
step 360 may include the following substeps:

a first substep of controlling the target vehicle to move to the target location; and

a second substep of controlling the target vehicle to pick up the target bin from the vertical
stack at the target location.

[0023] The method may be terminated at the terminating step 390, subsequent to the target
vehicle control step 360.

[0024] Advantageously, the method may include a further step, performed subsequent to the
target vehicle control step 360 and prior to the terminating step 390, the further step including
controlling the at least one non-target vehicle to return and unload its bin to the target location.
In case of a plurality of non-target vehicles holding non-target bins, the non-target vehicles are
advantageously controlled to return and unload their bins to the target location in opposite
order, compared to the order in which the non-target vehicles picked up their respective non-
target bins in the repeated sequence of steps 320, 330, 340 and 350.

[0025] A more detailed example of how the method can be practiced has also been presented
below with reference to figures 5-9.

[0026] Fig. 4 is a schematic block diagram illustrating a storage system, in particular including
communication elements that are suitable in a system and method as disclosed herein.

[0027] The system 400 includes a storage structure 430 which may be similar to the storage
structure 3 referred to in the section Background of the invention above.

[0028] Hence, the storage system 400 includes a three-dimensional storage grid containing a
plurality of bins stacked in vertical stacks; supporting rails on the grid structure; and a plurality
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of vehicles, controllably arranged to move on the supporting rails.

[0029] To make the vehicles controllable, a control device 420 is provided. In order to provide
communication between the vehicles and the control device, the system may include a
communication device 410, which facilitates communication, preferably wireless
communication, such as digital RF communication, between the control device 420 and each
vehicle. The communication device 410 is further communicatively connected to the control
device 420, either by wire or wireless communication means. The communication device 410
and the control device 420 may be separate units or combined into one unit.

[0030] Each vehicle is arranged to move on supporting rails and to receive a storage bin from
a storage column within the bin storing grid. For instance, each, several or all the vehicles may
be of the type as illustrated in figure 2 and referred to in the section Background of the
invention above. Alternatively, each, several or all the vehicles may be of a type that includes a
vehicle body and a cavity arranged centrally within the vehicle body, the cavity being arranged
to receive and hold a storage bin.

[0031] Each vehicle is provided with roling means, such as wheels. Typically, the vehicle
includes a first and a second set of wheels, each set including four wheels, and the first set of
wheels being arranged perpendicularly to the second set of wheels. Such an arrangement may
enable the vehicle to move along supporting rails extending in a first direction on the grid
structure and along supporting rails extending in a second direction on the grid stricture. The
first and second directions of the supporting rails are also advantageously perpendicular. The
vehicle may include a controllable mechanism for selectively displacing, from the rails, either
the first or second set of wheels. This arrangement enables controllable, quick change of
vehicle direction between the first direction and the second direction.

[0032] At least one wheel in a set of wheels is driven by a motor, typically an electric motor.
The displacing mechanism may also be actuated electrically. The motor and other energy-
consuming equipment on the vehicle is typically powered by a rechargeable battery onboard
the vehicle.

[0033] To make the vehicles controllably arranged to move as desired on the supporting rails,
each vehicle is advantageously provided with local control/processing means which provides
the detailed control of the rotation of wheels and the controllable displacing mechanism.
Sensors may also be arranged in the vehicles and connected to the control/processing means
on the vehicle, and signals provided by such sensors may be used in the local control provided
on the vehicle. Such sensors may, i.a, include proximity and position sensors, e.g. optical
SEensors.

[0034] Each vehicle further includes a controllable mechanism which enables the vehicle to
pick up (or load) a bin from a location at the storage grid, and/or to drop off (or unload) a bin to
a location at the storage grid.
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[0035] The control/processing means on the vehicle provides local control of i.a. the speed
and rolling direction of wheels, and of the loading/unloading mechanism. This may be achieved
by configuring suitable software in a memory included in the vehicle's control/processing
means, enabling the control/processing means to control i.a. the rotational direction, speed
and acceleration of the vehicle's wheel(s).

[0036] The control/processing means on the vehicle may also be configured to receive
instructions or requests from a remote control device, the instructions or requests being on a
higher conceptual level than the detailed control of direction, speed, etc.. For instance, the
control/processing means on the vehicle may be enabled to receive a request for moving the
vehicle to a particular position on the storage grid, or to pick up a bin from the grid at a
particular position on the storage grid, and to control the vehicle to move and act accordingly.

[0037] Further with reference to fig. 4, the storage system 400 also includes a control device
420, which may be a computer device, including, i.e., a processing device and a memory which
includes a computer program configured to be executed on the processing device.

[0038] The control device 420 is configured to transmit instructions or requests to each vehicle
via the communication device 410. The control device 420 holds information about each
vehicle's position, load status, etc. in an associated memory. Hence, the control device 420 is
enabled to transmit instructions or request on a higher conceptual level to each vehicle, as
already described above.

[0039] The control device 420 may be configured to identify a "target vehicle”, i.e., a vehicle
that is intended to hold a particular bin to be fetched in the storage grid, denoted the "target
bin". To this end, the control device 420 may for instance be configured to select a vehicle that
is currently unoccupied and determine that vehicle to be a "target vehicle".

[0040] The control device 420 may also be configured to identify at least "non-target vehicle",
i.e. a vehicle that is intended to be used as an intermediate storage for bins that must be
removed in order to obtain the target bin in the storage grid. To this end, the control device 420
may be configured to select a vehicle that is currently unoccupied and determine that vehicle to
be a "non-target vehicle". The control device 420 may also be configured to control the non-
target vehicles and the target vehicle to place themselves in a set of positions wherein they are
prepared to perform an operation of fetching the target bin. In particular, the control device 420
may be configured to control the non-target vehicles and the target vehicle to place themselves
adjacent to each other on the supporting rails in a linear manner, and in such a way that a non-
target vehicle is located vertically above the target bin.

[0041] Alternatively, the process of identifying a "target vehicle” and "non-target vehicles" may
be distributed to the control/processing means in the vehicles, since each vehicle holds status
information which indicates if the vehicle is currently busy, i.e., unavailable for service. or
unoccupied, i.e., available for service.
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[0042] By these or similar provisions, the control device 420 is configured to fetch a target bin
stored in the storage system 400 by controlling at least one non-target vehicle to operate as
intermediate storage for at least one bin located vertically above the target bin; controlling a
target vehicle to pick up the target bin, and controlling the at least one non-target vehicle and
the target vehicle to be positioned adjacent to each other in a linear manner on the supporting
rails.

[0043] In a particular aspect of the storage system 400, the control device 420 is configured to
controlling the at least one non-target vehicle to operate as intermediate storage for at least
one bin located vertically above the target bin. More specifically, the control device 420 may be
configured to control a non-target vehicle to move to a target location above the target bin;
control the non-target vehicle to pick up a bin from the vertical stack at the target location; to
control the non-target vehicle to a neighbour location; and to repeat the above controlling steps
320, 330, 340 until the target bin has become the upper bin in the vertical stack at the target
location.

[0044] Advantageously, in this aspect, the control device 420 may also be configured to control
the target vehicle to pick up the target bin by: controlling the target vehicle to move to the
target location; and controlling the target vehicle to pick up the target bin from the vertical stack
at the target location.

[0045] In any of the above aspects, the control device 420 may be further configured to control
the non-target vehicles to return and unload their bins to the target location.

[0046] In this case the control device 420 may also be further configured to control the non-
target vehicles to return and unload their bins to the target location in opposite order.

[0047] The control device 420 may include memory that holds and updates data representing
various information about the storage system. Such information may include current position
and identification of storage bins stored in the storage structure, as well as current position and
identification of vehicles that move or are stationary disposed on the supporting rails on the
grid structure.

[0048] Figures 5-9 are schematic diagrams illustrating an exemplary operation of the method
and system.

[0049] Figure 5 illustrates an initiate situation wherein a number of vehicles (four shown) are
available on the top of the storage grid structure. The vehicles are arranged to move on
supporting rails on the top of the storage grid structure. A plurality of bins (ten shown) are
stacked in a vertical stack in the three-dimensional storage grid structure. Of these bins, the
bin denoted by number "5" is determined to be a target bin.

[0050] Figure 5 also illustrates that a non-target vehicle (the rightmost vehicle in figure 5) has
been controlled to move to a target location above the target bin.
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[0051] Figure 6 illustrates that the non-target vehicle (the rightmost vehicle in figure 6), located
above the target bin, has been controlled to pick up a bin (denoted by number "1").

[0052] Figure 7 illustrates that the non-target vehicle that holds the bin denoted by number "1"
has been controlled to rest at a neighbour position on the storage grid. The controlling steps
320, 330, 340 have then been repeated three times. Hence, further 3 non-target vehicles have
been controlled to move to the target location above the target bin and been controlled to pick
up a bin from the vertical stack at the target location, and been controlled to rest at a
neighbour location. In the situation illustrated at figure 7, the target bin (denoted "5") has
become the upper bin in the vertical stack at the target location. Hence, the repeating of
controlling steps320, 330, 340 is terminated.

[0053] Figure 8 illustrates that the target vehicle (the leftmost vehicle in figure 8) has been
controlled to move to the target location and been controlled to pick up the target bin (denoted
"5"). Consequently, the target vehicle has fetched the target bin and may carry the target bin to
another location, such as a bin lift device which may cause the target bin to be conveyed to a
delivery station.

[0054] Figure 9 illustrates that the non-target vehicles have returned and unloaded their bins
to the target location. Since the non-target vehicles return and unload their bins to the target
location in opposite order, the result will be that the non-target bins appear in the grid structure
in their original order. Only the target bin (denoted "5") is missing.

[0055] As can be noted from any one of figures 6, 7, 8 and 9, all the non-target vehicles and
the target vehicle are positioned adjacent to each other in a linear manner on the supporting
rails at any time during the process of retrieving the target bin. This leads to a particular
efficient operation, since it reduces the time needed from one vehicle's performance of a task
at the target location to the next vehicle's performance of a task at the target location.
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PATENTKRAV

1. Fremgangsmade til hentning af en malbeholder (5) opbevaret et opbevaringssystem
(400), hvor opbevaringssystemet (400) indbefatter et tredimensionelt opbevaringsgitter (15)
indeholdende en flerhed af beholdere stakket i vertikale stakke, bererskinner (13) pa
gitterstrukturen og en flerhed af kgretgjer (1), styrbart arrangeret til at bevaege sig individuelt pa
baererskinnerne (13), hvilken fremgangsmade omfatter:

- styring af en flerhed af ikke-malkgretgjer (1), saledes at hvert ikke-malkgretgj (1)
fungerer som en midlertidig opbevaring til en enkelt beholder placeret vertikalt over en
malbeholder;

- styring af et malkgretgj (1) til at tage malbeholderen op og

- styring af flerheden af ikke-malkgretgjer (1) og malkgretgjet (1) til at blive
placeret stgdende op til hinanden pa en linezr made pa barerskinnerne (13), flerheden af ikke-
malkgretgjer (1) og malkgretgjet (1) er af samme kgretgjstype, der i stand til kun at lgfte en
enkelt beholder ad gangen, hvor trinnet med styring af hvert af flerheden af ikke-malkgretgjer
(1) al at fungere som en midlertidig opbevaring til en enkelt beholder placeret vertikalt over
malbeholderen endvidere omfatter:

- styring af et ikke-malkgretgj (1) til at bevaege sig til et malsted over
malbeholderen;

- styring af ikke-malkgretgjet (1) til at tage en enkelt beholder op fra den vertikale
stak pa malstedet;

- styring af ikke-malkgretgjet (1) til at hvile pa et tilstgdende sted og

- bestemmelse af, om malbeholderen er blevet den gvre beholder i den vertikale
stak pa malstedet, og hvis det ikke er tilfeldet, gentagelse af styringstrinnene indtil

malbeholderen er blevet den gvre beholder i den vertikale stak pa malstedet.

2. Fremgangsmade ifglge krav 1, hvor trinnet med styring af malkgretgjet (1) til at tage
malbeholderen op omfatter:

- styring af malkgretgjet (1) til at bevaege sig til malstedet og

- styring af malkgretgjet (1) til at malbeholderen op fra den vertikale stak pa

malstedet.

3. Fremgangsmade ifglge et hvilket som helst af kravene 1-2, der endvidere omfatter styring
af hvert af flerheden af ikke-malkgretgjer (1) til at returnere og aflaesse sin beholder pa malstedet

i en modsat rekkefglge sammenlignet med den rekkefglge, hvori ikke-mélkgretgjerne (1) tog
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deres beholdere op i styringstrinnene.

4. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor hvert af ikke-
malkgretgjerne (1) og malkgretgjet (1) har et kgretgjslegeme og et hulrum indrettet centralt inde

1 kgretgjslegemet til at modtage og rumme en opbevaringsbeholder.

5. Opbevaringssystem (400), der indbefatter

- et tredimensionalt opbevaringsgitter (15) indeholdende en flerhed af beholdere
stakket 1 vertikale stakke;

- baereskinner (13) pa gitterstrukturen og

- en flerhed af kgretgjer (1), styrbart indrettet til at bevaege sig pa bareskinnerne
(13), og

en styreanordning (420), hvor styringsanordningen (420) er konfigureret til at muligggre
hentning af en malbeholder opbevaret i opbevaringssystemet ved

- styring af en flerhed af ikke-malkgretgjer (1), saledes at hvert ikke-malkgretgj (1)
fungerer som en midlertidig opbevaring for en enkelt beholder placeret vertikalt over
malbeholderen;

- styring af et malkgretgj (1) til at tage malbeholderen op og

- styring af flerheden af ikke-malkgretgjer (1) og malkgretgjet (1) til at blive
placeret stgdende op til hinanden pa en linezer made pa bareskinnerne, flerheden af ikke-
malkgretgjer (1) og malkgretgjet (1) er af samme kgretgjstype (1), der er i stand til kun at 1gfte
én enkelt beholder ad gangen, hvor styringsanordningen (420) er konfigureret til at styre hvert
af flerheden af ikke-malkgretgjer (1) til at fungere som midlertidig opbevaring for en enkelt
beholder placeret vertikalt over malbeholderen ved:

- styring af et ikke-malkgretgj (1) til at bevaege sig til et malsted over
malbeholderen;

- styring af ikke-malkgretgjet (1) til at tage en enkelt beholder op fra den vertikale
stak pa malstedet;

- styring af ikke-malkgretgjet (1) til at hvile pa et tilstgdende sted og

- bestemmelse, af om malbeholderen er blevet den gvre beholder i den vertikale
stak pa malstedet, og hvis det ikke er tilfaldet,

- gentagelse af styringstrinnene, indtil malbeholderen har blevet den gvre beholder

i den vertikale stak pa malstedet.
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6. Opbevaringssystem (400) ifglge krav 5, hvor styringsanordningen (420) er konfigureret
til at styre malkgretgjet (1) til at tage malbeholderen op ved:

- styring af malkgretgjet (1) til at bevaege sig til malstedet og

- styring af malkgretgjet (1) til at tage malbeholderen op fra den vertikale stak pa

malstedet.

7. Opbevaringssystem (400) ifglge et hvilket som helst af kravene 5-6, hvor
styringsanordningen (420) endvidere er konfigureret til at

- styre hvert af flerheden af ikke-malkgretgjer (1) til at returnere og aflasse dets
beholder pa malstedet i en modsat reekkefplge sammenlignet med den rekkefglge, hvori ikke-

malkgretgjerne (1) tog deres beholdere op i styringstrinnene.

8. Opbevaringssystem (400) ifglge et hvilket som helst af kravene 5-7, hvor hvert af ikke-
malkgretgjerne (1) og malkgretgjet (1) har et kgretgjslegeme og et hulrum anbragt centralt inde

1 kgretgjslegemet til at modtage og rumme en opbevaringsbeholder.
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