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57 Abstract
A method, system and computer program for picking products from at least one /

storage container 106 in a picking station 410 of an automated storage and retrieval s
system 1. Picking is controlled by a picking system controller 401 communicating with

a warehouse management system 402 and is performed by a picking device 405

placing picked products in one or more consolidation containers according to orders. s
The method comprises receiving and ranking product orders in the warehouse
management system 402; moving 520, by means of a transport system, storage
containers 106 with ordered products towards to the picking zone according to the
ranking of product orders; checking 530 which storage containers 106 are available
and ready to be picked from in the picking station 410 and which storage containers
106 and consolidation containers will be available for use within a timeframe, as well
as determining a current position of the picking device 405 relative to the positions of
the at least one storage container 106 that are ready to be picked from and the
consolidation containers that are ready to receive the picked products; establishing
different picking sequences for completing each product order from the ranked product s«
orders, each picking sequence listing the products to be picked from the storage
containers 106 and which consolidation containers to place the products in within the
timeframe, where each picking sequence is established by estimating the following: s
shortest travel distance for moving the picking device 405 for picking from one
storage container 106 to picking from another storage container 106; 3
fastest completion of picking products from storage containers 106 in the

ranking the picking sequences and selecting the picking sequence providing higher
throughput of picked products according to ranked product orders; executing picking

picking station 410 for enabling new storage containers 106 to enter the R i S
picking zone of the picking station 410; 3

fastest completion of the consolidation containers for replacing with new xscstiog scking ot
consolidation containers; SR ACCORig ¥ R swinctad pickio

frethiod tor picking product: from storags
Curtiiners ay s woding st )

Recoleing ang rankiog
progduct aeders ing
WS

520

Latanilshing aeking aequences by
sstimating different prramesters

Ranking the picking sequencss and

of products by letting the picking system controller 401 control the picking device 405
to pick products from the storage containers 106 and place them within the
consolidation containers according to the selected picking sequence within the
timeframe; repeating the method steps above.
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A method and system for picking products in a picking station of an automatic
storage and retrieval system

FIELD OF THE INVENTION

The present invention relates to an automated storage and retrieval system for
storage containers, and more specifically to a method, system and computer
program for picking items from storage containers and putting items into
consolidation containers in a picking station of the automated storage and retrieval
system.

BACKGROUND

Figure 1 discloses a typical prior art automated storage and retrieval system 1 with a
framework structure 100 and with container handling vehicles 201, also known as
robots, operating on the system 1.

The framework structure 100 comprises upright members 102, horizontal members
103 and a storage volume comprising storage columns 105 arranged in rows
between the upright members 102 and the horizontal members 103. In these storage
columns 105 storage containers 106, also known as bins, are stacked one on top of
one another to form stacks 107. The members 102, 103 may typically be made of
metal, e.g. extruded aluminum profiles.

The framework structure 100 further comprises a rail system 108 arranged across
the top of the framework structure 100, on which rail system 108 a plurality of
container handling vehicles 201 are operated to raise storage containers 106 from,
and lower storage containers 106 into, the storage columns 105, and also to
transport the storage containers 106 above the storage columns 105.

The rail system 108 comprises a first set of parallel rails 110 arranged to guide
movement of the container handling vehicles 201 in a first direction X across the
top of the frame structure 100, and a second set of parallel rails 111 arranged
perpendicular to the first set of rails 110 to guide movement of the container
handling vehicles 201 in a second direction Y which is perpendicular to the first
direction X.

Also shown in fig. 1 is a first rail in a first direction X, 110a, a second rail in a first
direction X, 110b, a first rail in a second direction Y, 111a and a second rail in a
second direction ¥, 111b. The container handling vehicles 201 move laterally above
the storage columns 105, i.e. in a plane which is parallel to the horizontal X-Y plane.
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The type of container handling vehicle 201 used can be any known in the art, e.g.
one of the automated container handling vehicles disclosed in W0O2014/090684A1
or in W0O2015/193278A1 having a footprint covering one or two storage columns
105. The rail system 108 can be arranged as single- and/or double-track
configurations.

Storage containers 106 are stored in the columns 105 which define a third direction
Z which is orthogonal to the first direction X and the second direction Y. The
storage containers 106 are accessed by the container handling vehicles 201 through
access openings 112 in the rail system 108, i.e. the rail system 108 is arranged on
the framework structure 100 defining the circumference of each access opening 112
on top of each storage column 105. The upright members 102 of the framework
structure 100 may be used to guide the storage containers when these out from and
lowering of the containers into the columns 105. The stacks 107 of containers 106
are typically self-supportive.

The storage volume of the framework structure 100 has often been referred to as a
storage grid 104, where the possible storage positions within storage columns 105 in
this storage grid 104 is referred to as a storage cell. Each storage column 105 may
be identified by a position in an X- and Y- direction, while each storage cell may be
identified by a container number in the X, Y and Z- direction.

In the framework structure 100, most of the columns 105 are storage columns 105,
i.e. columns 105 where storage containers 106 are stored in stacks 107. However,
some columns 105 may have other purposes such as letting storage containers 106
be transferred from the upper side the lower side of the storage grid 104 or vice

versa.

In fig. 1, columns 119 and 120 are special-purpose columns used by the container
handling vehicles 201 to drop off and/or pick up storage containers 106 so that they
can be transferred to an access station, e.g. a picking station (not shown), where the
storage containers 106 can be accessed from outside of the framework structure 100
or transferred out of or into the framework structure 100. An access station is
typically a picking station where product items are picked from storage containers
106 and placed in consolidation containers.

Within the art, columns for transferring a storage container in and out of the storage
system is normally referred to as port column 119, 120 or a transfer column. A
storage container is transferred to and from a port column 119, 120 via ports 119°,
120’ typically located at an opening at an end of the port column 119, 120. i.e.
where storage containers are entering or exiting the port columns 119, 120. A port
may also be located at other locations such as at a mid-level or ground level of a
port column 119, 120.
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Transportation and transferring of storage container 106 to an access station may be
in any direction, that is horizontal, tilted and/or vertical. For example, the storage
containers 106 may be placed in a random or dedicated column 105 within the
framework structure 100, then picked up by any container handling vehicle 201 and
transported to a port column 119,120 for further transportation to an access station.
Note that the term ‘tilted’ means transportation of storage containers 106 having a
general transportation orientation somewhere between horizontal and vertical.

In fig. 1, the first port column 119 may for example be a dedicated drop-off port
column where the container handling vehicles 201 can drop off storage containers
106 to be transported to a picking station, and the second port column 120 may be a
dedicated pick-up port column where the container handling vehicles 201 can pick
up storage containers 106 for storing.

When operating an automated storage and retrieval system 1, each container
handling vehicle 201 is given a task by receiving instructions. A task may for
instance be to retrieve a specific storage container 106 from a storage column 105
and deliver it at a port column 119 for further transport to an access station or to
move a storage container 106 from one storage cell to another. This means that each
container handling vehicle 201 is instructed to follow a set route on the rails 111
from its current location to a target location.

When a specific storage container 106 stored in one of the columns 105 disclosed in
Fig. 1 is to be retrieved, one of the container handling vehicles 201 is assigned the
task and instructed to retrieve the storage container 106 from its location and
transport it to the port 119’ of the port column 119. This operation involves moving
the container handling vehicle 201 to a location above the storage column 105 in
which the storage container 106 is located, retrieving the storage container 106 from
the storage column 105 using a lifting device (not shown) of the container handling
vehicle 201 and transporting the storage container 106 to the port 119° of the port
column 119.

If the target storage container 106 is located deep within a stack 107, i.e. with one
or a plurality of other storage containers 106 positioned above the target storage
container 106, the operation also involves temporarily moving the above-positioned
storage containers prior to lifting the target storage container 106 from the storage
column 105. This step, which is sometimes referred to as digging within the art,
may be performed with the same container handling vehicle 201 that is
subsequently used for transporting the target storage container to the drop-off port
column 119, or with one or a plurality of other cooperating container handling
vehicles 201. Alternatively, or in addition, the automated storage and retrieval
system 1 may have container handling vehicles 201 specifically dedicated to the
task of temporarily removing storage containers from a storage column 105. Once
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the target storage container 106 has been removed from the storage column 105, the
temporarily removed storage containers 106 can be repositioned into the original
storage column 105. However, the removed storage containers 106 may
alternatively be relocated to other storage columns 105.

When a storage container 106 is to be stored in one of the columns 105, one of the
container handling vehicles 201 is instructed to pick up the storage container 106
from the port 120° of the port column 120 transferring storage containers from an
access or a transfer station and transport it to a location above the storage column
105 where it is to be stored. After any storage containers positioned at or above the
target position within the storage column stack 107 have been removed, the
container handling vehicle 201 positions the storage container 106 at the desired
position. The removed storage containers 106 may then be lowered back into the
storage column 105 or relocated to other storage columns.

Locations of each storage container 106 within the framework structure 100 and
corresponding access station, such as a picking station, and locations and
movements of each container handling vehicle 201 operating on the storage and
retrieval system are continuously monitored and controlled by a control system of
the Automated Storage and Retrieval System, i.e. an ASRS control system. Products
stored in each storage container 106 is kept updated by a warehouse management
system. In this way a desired storage container 106 can be delivered to a specified
access station at a desired time without the container handling vehicles 201
colliding with each other.

An automated storage and retrieval system 1 is typically operated by a plurality of
container handling vehicles 201 transferring storage containers from one location to
another. Larger storage and retrieval system can be populated with several hundred
container handling vehicles 201 where each is assigned and given a task by
receiving instructions transmitted via a communication module 500 of the ASRS
control system. A task may for instance be to get a specific storage container 106
from a storage column 105 where it is located, follow a route by driving a set
distance in a set directions, deliver a storage container 106 at the port 119’ for
further transport to a picking station.

A conveyor system comprising conveyors and/or a track system can be used to
transport storage containers 106 between a port 119° of the automated storage and
retrieval system 1 and a picking station.

Delivery vehicles can be arranged to receive a storage container from above when
placed below transfer columns and transport storage containers to a picking station.

Picking of products from storage containers 106 in a picking station can be
performed manually by one or more persons and/or automatically by one or more
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robotic picking devices. A robotic picking device may be a gantry-mounted robot or
an industrial robot. The robotic picking device may be separate from the delivery
vehicle carrying the storage container and operating independently. The system may
in this embodiment comprise a section of a rail-based delivery system with
perpendicular tracks in X and Y direction for supporting delivery vehicles carrying
containers accessible from above. The delivery vehicle is freely movable in the X
and Y directions on the delivery system within the picking station, making products
in storage containers accessible for picking as shown in NO 20191511.

Instead of delivery vehicles operating on a delivery rail system, the picking system
may comprise a conveyor arrangement for transferring containers into the picking
station. The conveyor arrangement can be arranged in different heights and be
presented for the robotic picking device in a multilevel conveyor arrangement. In
yet another alternative, instead of delivery vehicles and/or conveyors, the storage
containers can be delivered to the picking station by prior art container handling
vehicle(s) comprising a lifting device for transportation of storage containers, e.g.
raising a storage container from, and lowering a storage container into, a storage
column, as well as horizontal transport of the storage container into a picking
station. The picking station may comprise rails in the X and Y directions which are
flush with the rails in the X and Y directions of the storage and retrieval system
such that the container handling vehicles can enter the picking station on the same
rail system. The container handling vehicle may in this alternative drop the storage
container to a position within the picking station, which is below the rail system
such that the robotic picking device can access the contents of the storage container.

The picking system may further comprise a conveyor for transferring containers out
from the picking station.

Products to be picked arrives the picking station in storage containers 106 according
to orders. An order typically comprises a listing of different products that are stored
in different storage containers 106. How picking is performed in a picking station,
i.e. from which storage container 106 and in what order will determine how fast and
efficient picking of orders can be performed.

US 2018/218469 A1 describes a system for picking goods, and more specifically a
system and method for providing proxy picking of non-fungible goods within an
automated storage and retrieval system, which repurposes one or more automated
mobile robots operating within the automated inventory management system to
perform a plurality of tasks across multiple different areas of an automated store.
The proxy picking system and method are configured to pick individually identified
non-fungible goods according to a customer selection on an ordering screen based
on measured attributes and images of the goods, the attributes selected by the
customer.
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The present invention describes a method and picking system providing optimal
through-put of ordered products through a picking station operated by a robotic
picking device. This is achieved by determining which products to pick from which
storage containers and in which order as well as which consolidation containers to
place the products in.

SUMMARY OF THE INVENTION

The present invention is set forth and characterized in the independent claims, while
the dependent claims describe other characteristics of the invention.

The invention addresses controlling of a picking device at a picking station for
picking of products stored in storage containers of an automated storage and
retrieval system. Storage containers to be picked from are transported from the
automated storage and retrieval system to the picking station. The picking station is
controlled by a picking system controller.

The picking station comprises an area divided into sub-areas including a picking
zone. The picking zones are positions for storage containers to pick products from
and positions for containers to place products in. Containers used for placing picked
products are typically called consolidation containers.

More specifically the invention describes a method for increasing throughput of
ordered products picked from storage containers according to product orders by
determining the fastest and most efficient way of picking products.

The method is defined by picking products from at least one storage container in a
picking zone of a picking station of an automated storage and retrieval system,
where picking is controlled by a picking system controller communicating with a
warehouse management system and where picking is performed by a picking device
in the picking zone by placing picked products in one or more consolidation
containers according to orders. The picking system controller is adapted for
controlling the picking device and picking station for executing the method
comprising of:

a) receiving and ranking product orders in the warehouse management system,

b) moving, by means of a transport system, storage containers with ordered
products towards the picking zone according to the ranking of product
orders;

¢) checking which storage containers are available and ready to be picked from
in the picking station and which storage containers and consolidation
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containers will be available within a timeframe, as well as determining a
current position of the picking device relative to the positions of the at least
one storage container that are ready to be picked from and the consolidation
containers that are ready to receive the picked products;

d) establishing different picking sequences for completing each product order
from the ranked product orders, each picking sequence listing the products to
be picked from the storage containers and which consolidation containers to
place the products in within the timeframe, where each picking sequence is
established by estimating the following:

- shortest travel distance for moving the picking device for picking
from one storage container to picking from another storage container;

- fastest completion of picking products from storage containers in the
picking station for enabling new storage containers to enter the
picking zone of the picking station;

- fastest completion of the consolidation containers for replacing with
new consolidation containers;

e) ranking the picking sequences and selecting the picking sequence providing
highest throughput of picked products according to ranked product orders;

f) executing picking of products by letting the picking system controller control
the picking device to pick products from the storage containers and place
them within the consolidation containers according to the selected picking
sequence within the timeframe;

g) repeating steps a) to f) above.

According to the steps above, the established picking sequences will have different
execution times, since the picking device will have different moving patterns to and
from storage containers and consolidation containers depending on their positions in
the picking area of the picking station as well as when products in listed in product
orders are ready to be picked in the picking station.

According to one embodiment of the method, product orders with high priority are
ranked higher than other orders.

According to one embodiment of the method, the picking sequence is further
established by estimating arrival time of next storage container entering the picking
station and its position in the picking station. The next storage container entering
the picking station may for instance store products needed for completing picking of
an order.
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According to another embodiment of the method, the picking sequence is further
established by checking if there are identical products listed in different product
orders for picking identical products successively.

According to one embodiment of the method, the picking sequence is further
established by checking if different products listed in product orders are stored in
storage containers positioned close to each other in the picking zone.

According to another embodiment of the method, the picking sequence is further
established by prioritizing completion of product orders with only a few remaining
products to be picked.

According to another embodiment of the method, the picking sequence is further
established by estimating arrival time of next storage container to enter the picking
zone and its position in the picking zone.

According to one embodiment of the method, picking from storage containers with
few products left is completed in preference to picking from storage containers with
more products to allow new storage containers to enter the picking station. This will
increase the throughput of storage containers in the picking station.

According to an embodiment of the method, buffer containers are used for
temporary storing products from storage containers with few products left for faster
replacements of storage containers. Buffer containers are placed such that they are
accessible for the picking device.

According to an embodiment of the method, camera vision is used for determining
positions of products in the picking area. This is used for identifying a position of a
specific product in a specific storage container and precisely controlling the picking
device to pick the product in the storage container and place it in a specific
consolidation container.

According to an embodiment of the method, positions of storage containers and/or
consolidation containers in the picking station are rearranged for providing minimal
travel distance for the picking device. This is especially advantageous when for
instance one or more storage containers comprise several products listed in orders.
By placing the storage containers close to each other, the elapsed time for
completing picking of products according to orders will be reduced.

The invention is further defined by a picking station of an automated storage and
retrieval system, where the picking station is controlled by a picking system
controller communicating with a warehouse management system and where picking
is performed by a picking device placing picked products in one or more
consolidation containers according to orders, wherein the picking system controller
is adapted for controlling the picking device and picking station for executing the
method described above.
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The invention is further defined by a computer program product that when executed

by a processor in a picking system controller, controlling a picking station of an

automated storage and retrieval system, performs picking of products from storage

containers according to the method described above.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings are appended to facilitate the understanding of the invention.

The drawings show embodiments of the invention, which will now be described by way

of example only, where:

Figure 1 is a perspective view of a framework structure of a prior art automated

storage and retrieval system;

Figure 2 shows an example of a picking system arranged on a ground floor, where

the picking station comprises a double deck conveyor for moving containers;

Figure 3 shows an exemplary picking system arranged on a mezzanine, where the

picking station comprises a rail system for moving containers;

Figure 4 illustrates a picking system controller of a picking device and connected

systems;

Figure 5 is flowchart illustrating the different steps of the picking method.

List of reference numbers

1
100
102
103
104
105
106
106’
107
108
110
110a
110b
111
I11a

Automated storage and retrieval system
Framework structure

Upright members of framework structure
Horizontal members of framework structure
Storage grid

Storage column

Storage container

Position of storage container

Stack

Top Rail system

Parallel rails in first direction (X)

First rail in first direction (X)

Second rail in first direction (X)

Parallel rail in second direction (Y)

First rail of second direction (Y)
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111b - Second rail of second direction (Y)

112 - Access opening

119 - First port column

119 - First port

120 - Second port column

120 - Second port

201 - Container handling vehicle

400 - Picking system

401 - Picking system controller (PSC)

402 - Warehouse management system (WMS)
403 - Automated Storage and Retrieval System (ASRS)
405 - Picking device

407 - Vision system

408 - Container contents handling position
410 - Picking station

411 - Upper conveyor

412 - Lower conveyor

413 - Gantry for robotic picking device
414 - Gantry for camera

415 - Protective cover

419 - Picking station protective cover

425 - Mezzanine

500 - Control system

X - First direction

Y - Second direction

V4 - Third direction

DETAILED DESCRIPTION OF THE INVENTION

In the following description, the invention will be explained in more detail by way
of example only and with reference to the appended drawings. It should be
understood, however, that the drawings are not intended to limit the invention to the
subject-matter depicted in the drawings.

A typical prior art automated storage and retrieval system 1 with a framework
structure 100 was described in the background section above with reference to
fig. 1.

The framework structure 100 can be of any size, and it is understood that it can be
considerably wider and/or longer and/or deeper than the one disclosed in Fig. 1. For
example, the framework structure 100 may have a horizontal extent of more than

346778
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700x700 storage columns 105 and a storage depth for storing more than eight
stacked storage containers 106, and where storage containers 106 are handled by
hundreds of container handling vehicles 201 running on the rail system 108.

Also, the storage grid 104 can be considerably deeper than disclosed in Fig. 1. For
example, the storage grid 104 may be more than eight grid cells 122 deep, i.e. in the
Z direction indicated in Fig. 1.

Figure 2 shows an example of a picking system 400 comprising a picking station
410 arranged on a ground floor, i.e. at the lower part of a connected automated
storage and retrieval system 1, and where the picking station 410 comprises a
double deck conveyor 411,412 for bringing storage containers 106 into and out of
the picking station 410. The picking station 410 comprises a picking zone where
storage and consolidation containers are within reach of one or more picking
devices 405.

In this example, there is a total of eight container contents handling positions 408
on the conveyors 411,412 of the picking station 410. Storage containers 106 are
shown occupying three of the container contents handling positions 408, whereas
the remaining five container contents handling positions 408 on the conveyors

411,412 are unoccupied.

In the disclosed embodiment, the picking station 410 comprises double deck
conveyors 411,412 for bringing storage containers 106 between positions within the
automated storage and retrieval system 1 and the container handling positions 408.
The double deck conveyors 411,412 are shown as an upper and lower conveyor
411,412. The lower conveyors 412 extend at a picking end a distance at least equal
to the size of one storage container 106 relative the upper conveyors 411. Similarly,
although not shown on the figure, in order to be able to put storage containers 106
onto, and retrieve storage containers 106 from, the conveyors 411, 412, the lower
conveyors 412 extend at a loading end a distance at least equal to the size of one
storage container 106 relative the upper conveyors 411 on the opposite ends of the
conveyors 411,412, In the disclosed example the robotic picking device 405 is
arranged on a gantry arrangement 413 and the camera 407 is movably arranged on a
separate gantry 414 above the gantry arrangement 413 for the robotic picking device
405. While a gantry arrangement 413 is described here, other mechanisms that can
move a camera around above the storage containers being picked are also

envisaged.
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In operation, the container contents handling positions 408 on the upper conveyors
411 may be for picking, whereas the container contents handling positions 408 on
the lower conveyors 412 may be for consolidating picking orders. However, the
setup of which of the container contents handling positions 408 used for picking and
consolidation, respectively, may vary dependent on different demands. For example,
if it is required to use more of the container contents handling positions 408 for
picking or consolidation, this may easily be arranged. While the exemplary
embodiment comprises eight conveyors, 411,412, other arrangements for
transporting the storage containers 106 to and away from the picking device 405 are

envisaged.

Protective panels 415 may be employed to provide a physical barrier to the storage
and retrieval system 1 such that an operator may safely perform manual repair or

maintenance in the picking station 410.

Figure 3 shows another example of a picking system which is arranged on a
mezzanine 425. The picking station 410 comprises a rail system for moving storage
containers 106. The rail system in the picking station 410 is flush with the top rail
system 108 of an automated storage and retrieval system 1 where the container
handling vehicles 201 operate, such that the container handling vehicles can
transport the storage containers 106 from the automated storage and retrieval system
1 directly to stationary container contents handling positions arranged at a level
below the rail system of the picking station. In this example, a container handling
vehicle 201 is disclosed within the picking station 410 delivering and/or picking up
a storage container 108 from a container contents handling position below the rail
system 108, such that the robotic picking device 405 can access the contents of the
storage container 106. A camera 407 and robotic picking device 405 are disclosed
as being mounted on a gantry 414, 413, respectively. The camera 407 is movable
and can produce an image of the content of storage containers 106 placed at any of

the container contents handling positions 408 in the picking station 410.

In order to increase safety for any operator, picking station protective covers 419
can be arranged around the exterior of the picking station 410 as well as protective

panels 415.

Figure 4 illustrates a picking system controller 401 of a picking device 405 and
connected systems. A picking station 410 is controlled by the picking system
controller 401 which is connected to the picking device 405 for controlling the
picking device 405. The picking system controller 401 is further connected to a

control system of the automated storage and retrieval system, i.e. ASRS control
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system 403, and a warehouse management system (WMS) 402 for exchanging
information related to storage containers entering the picking station and products
to be picked.

For larger storage and retrieval systems 1, high order activity is expected and
conveyance of storage containers 106 to be picked from in a picking station 410
will be performed at a high rate. To avoid queueing at the picking station it is
important to perform picking in an optimal way to achieve a high throughput of
containers, i.e. both storage containers 106 and consolidation containers.

Figure 5 is flowchart illustrating the different steps of the picking method 500
according to an embodiment of the invention for picking products from at least one
storage container 106 in a picking station 410 comprising a picking zone of an
automated storage and retrieval system 1. Picking is controlled by a picking system
controller 401 communicating with a warehouse management system, WMS, 402
and where picking is performed by a picking device 405 in the picking zone by
placing picked products in one or more consolidation containers according to
orders. The picking system controller 401 is adapted for controlling the picking

device 405 and picking station 410 according to the inventive method.

Completed consolidation container will be moved from the picking station to

another area where its content is further treated, e.g. sorted and prepared for
shipping.

The first step 510 of the method is receiving and ranking product orders in the
warehouse management system 402. An order typically comprises a listing of

several different products to be shipped to a recipient after being picked and placed

together in one or more consolidation containers.

Ranking of orders is normally performed according to time received and/or
according to priority of orders. The purpose of the ranking is to determine which
storage containers 106 to first transfer to the picking station 410. Normally orders
are handled, ranked and effectuated continuously as they are received. However, if

an order is flagged with a high priority, it may be ranked and effectuated first.

The next step 520 is moving storage containers 106 with ordered products to the
picking station 410 and into the picking zone according to the ranking. This is
performed by a transport system bringing the storage containers to the picking
device 405. As mentioned above, moving of storage containers 106 between the
automated storage and retrieval system 1 and the picking station 210 can be
performed by conveyors and/or by container handling vehicles 201 shown as

examples in figs. 2 and 3.
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Other means for moving of storage containers 106 between the automated storage
and retrieval system 1 and the picking station 210 can be envisaged such as for
instance rotating carousel devices or specialized delivery vehicles. Delivery
vehicles can move freely on a rail system arranged below the automatic storage and
retrieval system 1. The same rail system will in this embodiment run from the
automatic storage and retrieval system 1, e.g. from a location below a delivery
column of the automatic storage and retrieval system 1 and into a picking station
410, thereby making a part of the picking station 410. By having a similar
configured rail system in the picking station as the one previously described, i.e. the
rail system 108 arranged across the top of the framework structure 100, the
positions of the delivery vehicles, and thus the storage containers, can easily be

rearranged on the rail system within the picking station 410.

A transport system combining the above mentioned transfer devices for moving
storage containers 106 to the picking station 410 is envisaged, e.g. a storage
container 106 is transported from the storage and retrieval system 1 to a conveyor
moving the storage container 106 to a rotating carousel before being transferred

from the carousel to the picking station 410.

A picking station 410 may have its own transport system, or the transport system
within a picking station 410 may be a part of the transport system transporting
storage containers 106 from the storage and retrieval system 1 to the picking station
410 such as the conveyors and container handling vehicles 201 shown in figs. 2
and 3.

The next step 530 is checking which storage containers 106 are currently available
and ready to be picked from in the picking station 410 and which storage containers
106 and consolidation containers will be available within a timeframe, for instance
the next 10 seconds, as well as determining 540 a current position of the picking
device 405 relative to the positions of the at least one storage container 106 that are
ready to be picked from and the consolidation containers that are ready to receive
the picked products. The size of a timeframe can be adjusted and set according to
size of the storage and retrieval system, number of containers that can be fitted in

the picking zone, number of operating picking devices 405 etc.

Detecting and determining which storage containers 106 have arrived in the picking
station as well as their positions can be done in several ways. In the case where
storage containers 106 are transported into the picking station 210 by the delivery
vehicles described above, the position of each delivery vehicle on the rail system
within the picking station is known by the control system controlling the delivery

vehicles.
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When storage containers 106 are transported into the picking station 210, their
respective positions can be determined by visual means, e.g. a camera capturing
images of the storage containers and their stored products inside the picking station.
Captured imaged may be used for optimizing position of containers and assist in
optimizing picking of products. Reading an RFID tag that is unique for each storage
container 106 can also be done to confirm the identity of containers in the picking
station 410.

The next step 550 is establishing different picking sequences for completing each
product order from the ranked product orders, where each picking sequence is
listing the products to be picked from the storage containers 106 and which

consolidation containers to place the products in within the timeframe.

Each picking sequence is established by estimating parameters contributing to
efficient picking, e.g. by keeping the picking device 405 in constant operation and

letting it have minimal travel distance from one picking operation to another.

A first estimated parameter is shortest travel distance for moving the picking device
405 for picking from one storage container 106 to picking from another storage
container 106. As an example, let’s say that, in the same timeframe, there are
currently several storage containers 106 to pick products from according to product
listings in different orders. Two of the orders list several identical products to be
picked and placed in respective consolidation containers positioned next to each
other. By estimating a picking sequence where it is selected to pick said identical
products successively, it is expected that the travel distance for the picking device
407 will be minimal and thus provide efficient picking. The same applies if
different products listed in different product orders are stored in storage containers
106 positioned close to each other in the picking zone. These may then be listed
successively in the picking sequence.

A second estimated parameter is fastest finalizing of picking products from storage
containers 106 in the picking station 410 listed in an order for enabling new storage
containers 106 to enter the picking zone. If for instance picking of one or two
products remains for completing an order, these products will be prioritized. In
addition to freeing up space in the picking station, new consolidation containers can
replace the finished consolidation containers containing all products according to
the order.

A third estimated parameter is fastest completion of placing orders in consolidation
containers for replacing with new consolidation container. If for instance, a

consolidation container only needs one or two more products to complete an order,
completing placing products in this consolidation container will be completed such
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that the consolidation container can be replaced with another consolidation
container.

The next step 560 of the method is ranking the established picking sequences and
prioritizing a picking sequence providing higher throughput of picked products
according to ranked product orders. The different picking sequences established
from the step above will have different execution times for completing picking of
different orders and for completing of picking from storage containers 106 and
completing placing products in consolidation containers. These are all factors
contributing to the throughput of storage containers and products in the picking
station. A first ranked picking sequence will typically be the picking sequence
providing the highest throughput.

The last step 570 is executing picking of products by letting the picking system
controller 401 control the picking device 405 to pick products from the storage
containers 106 and place them within the consolidation containers according to the
selected picking sequence within the timeframe.

The steps above are repeated for consecutive timeframes. The effect of the
described method is that the picking device 405 will be occupied with picking and
having minimal waiting time or time elapsed for moving between different storage
containers for completing picking from storage containers 106 and placing products
in consolidation containers.

According to one embodiment of the invention the picking sequence is further
established by estimating arrival time of next storage container 106 to enter the
picking zone and its position in the picking zone. In this way, new picking
sequences can be established by including the next storage container 106 prior to its
arrival at the picking zone.

According to one embodiment of the invention picking from storage containers 106
with few products left is completed in preference to picking from storage containers
106 with more products to allow new storage containers 106 to enter the picking
station 410. If for instance a storage container has only two or three products left,
completing picking from this storage container will be completed such that another

storage container can take its place.

According to one embodiment of the invention buffer containers are used for
temporary storing products from storage containers 106 with few products left for
faster replacements of storage containers 106. A buffer container will then typically

hold different products not included in orders in the current timeframe.

According to one embodiment of the invention, an image processing system is used

for determining where in a specific storage container 106 a product to be picked is
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placed. A vision system 407 comprising camera vision can be used for determining
positions of storage containers and consolidation containers in the picking station as
well as positions of products within storage containers 106. Image information is
then used as input to the picking system controller 401 controlling the picking
device 405.

According to one embodiment of the invention positions of storage containers 106
and/or consolidation containers in the picking station 410 are rearranged for
providing minimal travel distance for the picking device 405. As mentioned above,
delivery vehicles transporting storage containers 106 can be used for rearranging
positions of storage containers 106 in the picking station where they are freely
movable in the X and Y directions on the delivery system in the picking station. A
conveyor arrangement in the picking stations for rearranging storage containers 106
is also feasible.

The invention is further defined by a computer program product that when executed
by a processor in a picking system controller 401 controlling a picking station 410
of an automated storage and retrieval system 1 performs the method described
above.

The invention is further defined by a picking station 410 of an automated storage
and retrieval system 1, where the picking station 410 is controlled by a picking
system controller 401 communicating with a warehouse management system 402
and where picking is performed by a picking device 405 placing picked products in
one or more consolidation containers according to orders, wherein the picking
system controller 401 is adapted for controlling the picking device 405 and picking
station 410 for executing the method according to method described above.
Examples of picking stations were described above with reference to figures 2 and
3. The operation of the picking device 405 is controlled by the picking system
controller 401 when executing a computer program comprising instructions for

performing the method described above.

The positions of storage containers within the picking station can be rearranged.
This is advantageous since each position for storage containers in the picking
station may require different picking times.

The picking system controller 401 will optimize the operation of the picking device
405 by selecting an optimal sequence of the picking jobs corresponding to the
sequence giving minimal total physical distance that the picker needs to move or a
minimal calculated weighted transportation cost based on current configuration of
the picking station, e.g. number of storage container in the picking station and
number of consolidation containers to put products in.
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The invention described above provides a total throughput of a picking system that
is optimized by dynamically weighting different strategies based on which factor
that will be limiting for a picking operation.

In the preceding description, various aspects of operation of a picking station and
exampled of picking stations are described with reference to the illustrative
embodiment. For purposes of explanation, specific numbers, systems and
configurations were set forth in order to provide a thorough understanding of the
system and its workings. However, this description is not intended to be construed
in a limiting sense. Various modifications and variations of the illustrative
embodiment, as well as other embodiments of the method and system, which are
apparent to persons skilled in the art to which the disclosed subject matter pertains,

are deemed to lie within the scope of the present invention.
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1. A method (500) of picking products from at least one storage container (106) in

a picking zone of a picking station (410) of an automated storage and retrieval

system (1), where picking is controlled by a picking system controller (401)

communicating with a warehouse management system, WMS, (402) and where

picking is performed by a picking device (405) in the picking zone by placing

picked products in one or more consolidation containers according to orders,

wherein the picking system controller (401) is adapted for controlling the

picking device (405) and picking station (410) for executing the method

comprising:

a)

b)

d)

receiving and ranking product orders (510) in the warehouse
management system (402),

moving (520), by means of a transport system, storage containers (106)
with ordered products towards the picking zone according to the ranking
of product orders (510),characherized in

checking (530) which storage containers (106) are available and ready to
be picked from in the picking station (410) and which storage containers
(106) and consolidation containers will be available within a timeframe,
as well as determining (540) a current position of the picking device
(405) relative to the positions of the at least one storage container (106)
that are ready to be picked from and the consolidation containers that are
ready to receive the picked products;

establishing (550) different picking sequences for completing each
product order from the ranked product orders, each picking sequence
listing the products to be picked from the storage containers (106) and
which consolidation containers to place the products in within the
timeframe, where each picking sequence is established by estimating the
following:

- shortest travel distance for moving the picking device (405) for
picking from one storage container (106) to picking from another
storage container (106);

- fastest completion of picking from storage containers (106) in the
picking station (410) for enabling new storage containers (106) to
enter the picking zone of the picking station (410);

346778
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- fastest completion of the consolidation containers for replacing with
new consolidation containers;

e) ranking (560) the picking sequences and selecting the picking sequence
providing higher throughput of picked products according to ranked
product orders;

f) executing (570) picking of products by letting the picking system
controller (401) control the picking device (405) to pick products from
the storage containers (106) and place them within the consolidation
containers according to the selected picking sequence within the
timeframe;

g) repeating steps a) to ) above.

. The method according to claim 1, where product orders with high priority are

ranked higher than other orders.

. The method according to claim 1 or 2, where the picking sequence is further

established by estimating arrival time of next storage container (106) entering
the picking station (410) and its position in the picking station (410).

. The method according to any of the previous claims, where the picking

sequence is further established by checking if there are identical products listed
in different product orders for picking identical products successively.

. The method according to any of the previous claims, where the picking

sequence is further established by checking if different products listed in
product orders are stored in storage containers positioned close to each other in
the picking zone.

. The method according to any of the previous claims, where the picking

sequence is further established by prioritizing completion of product orders
with only a few remaining products to be picked.

. The method according to any of the previous claims, where the picking

sequence is further established by estimating arrival time of next storage
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container (106) to enter the picking zone and its position in the picking zone.

. The method according to any of the previous claims, where picking from

storage containers (106) with few products left is completed in preference to
picking from storage containers (106) with more products to allow new storage
containers (106) to enter the picking station (410).

The method according to any of the previous claims, wherein buffer containers
are used for temporary storing products from storage containers (106) with few
products left for faster replacements of storage containers (106).

The method according to any of the previous claims, wherein camera vision is
used for determining where in a specific storage container (106) an identified
product to be picked is positioned.

The method according to claim 10, wherein the picking device (405) is
controlled to target the identified product.

The method according to any of the previous claims, where positions of storage
containers (106) and/or consolidation containers in the picking station (410) are
rearranged for providing minimal travel distance for the picking device (405).

A picking station (410) of an automated storage and retrieval system (1), where
the picking station (410) is controlled by a picking system controller (401)
communicating with a warehouse management system (402) and where picking
is performed by a picking device (405) placing picked products in one or more
consolidation containers according to orders, wherein the picking system
controller (401) is adapted for controlling the picking device (405) and picking
station (410) for executing the method according to claims 1 to 12.

A computer program product that when executed by a processor in a picking
system controller (401) controlling a picking station (410) of an automated
storage and retrieval system (1) performs the method according claims 1 to 12.
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PATENTKRAV

1. Fremgangsmate (500) for plukking av produkter fra i det minste én

lagringskasse (106) 1 en plukkesone i1 en plukkestasjon (410) til et automatisk

lagringssystem (1), hvor plukking blir styrt av en plukkesystemkontroller

(401) som kommuniserer med et varechushandteringssystem, WMS, (402) og

hvor plukking blir utfgrt av en plukkeinnretning (405) i plukkesonen ved a

plassere plukkede produkter i én eller flere konsolideringskasser 1 henhold til

ordre, hvor plukkesystemkontrolleren (401) er tilpasset for a styre

plukkeinnretningen (405) og plukkestasjonen (410) for a utfgre

fremgangsmaten som omfatter:

a.

a motta og rangere produktordre (510) i varehushandteringssystemet
(402);

a flytte (502), ved hjelp av et transporteringssystem, lagringskasser
(106) med bestilte produkter, til plukkesonen 1 henhold til
rangeringen av produktordre (510), karakterisert ved

a sjekke (530) hvilke lagringskasser (106) som er tilgjengelige og
klare til 4 bli plukket fra i plukkestasjonen (410) og hvilke
lagringskasser (106) og konsolideringskasser som vil bli tilgjengelige
innen en tidsramme, og bestemme (540) foreliggende posisjon til
plukkeinnretningen (405) relativt til posisjonene til i det minste én
lagringskasse (106) som er klar til a bli plukket fra og
konsolideringskasser som er klare til a motta produkter;

a etablere (550) ulike plukkesekvenser for a ferdigstille hver
produktordre fra de rangerte produktordrene, hvor hver
plukkesekvens lister produktene som skal plukkes fra lagringskassene
(106) og hvilke konsolideringskasser som produktene skal plasseres 1
innen tidsrammen, hvor hver plukkesekvens blir etablert ved a
estimere fglgende:

- korteste bevegelsesavstand for a flytte plukkeinnretningen (405)
for a plukke fra én lagringskasse (106) til a plukke fra en annen
lagringskasse (106);

- raskest ferdigstilling av plukking fra lagringskasser (106) i
plukkestasjonen (410) for a muliggjgre nye lagringskasser (106) a
komme inn i plukkesonen til plukkestasjonen (410);

- raskest ferdigstilling av konsolideringskasser for a erstatte med
nye konsolideringskasser;



10

15

20

25

30

35

346778

23

e. arangere (560) plukkesekvensene og velge plukkesekvenser som gir
hgyere gjennomlgp av plukkede produkter i henhold til rangerte
produktordre;

f. a utfgre (570) plukking av produkter ved a la plukkesystem-
kontrolleren (401) styre plukkeinnretningen (405) for a plukke
produkter fra lagringskasser (106) og plassere de 1
konsolideringskasser 1 henhold til den valgte plukkesekvensen
innenfor tidsrammen;

g. a gjenta trinnene a) til f) over.

. Fremgangsmaten i henhold til krav 1, hvor produktordre med hgy prioritet

blir rangert hgyere enn andre ordre.

. Fremgangsmaten i henhold til krav 1 eller 2, hvor plukkesekvensene videre

blir etablert ved a estimere ankomsttid til neste lagringskasse (106) som
kommer inn 1 plukkestasjonen (410) og dens posisjon i plukkestasjonen.

. Fremgangsmaten i henhold til ethvert av de foregaende kravene, hvor

plukkesekvensen videre blir etablert ved a sjekke om det er identiske
produkter listet i ulike produktordre for a plukke identiske produkter
suksessivt.

. Fremgangsmaten i henhold til ethvert av de foregaende kravene, hvor

plukkesekvensen videre blir etablert ved a sjekke om ulike produkter listet i
produktordre er lagret 1 lagringskasser (106) plassert ner hverandre 1
plukkesonen.

. Fremgangsmaten i henhold til ethvert av de foregaende kravene, hvor

plukkesekvensen videre blir etablert ved a prioritere ferdigstilling av
produktordre med kun noen fa gjenvaerende produkter som skal plukkes.

. Fremgangsmaten i henhold til ethvert av de foregaende kravene, hvor

plukkesekvensen videre blir etablert ved a estimere ankomsttid til neste
lagringskasse (106) som skal inn i plukkesonen og dens posisjon i
plukkesonen.

. Fremgangsmaten i henhold til ethvert av de foregaende kravene, hvor

plukking fra lagringskasser (106) med fa produkter igjen prioriteres
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ferdigstilt fgr plukking fra lagringskasser (106) med flere produkter for a
sgrge for at nye lagringskasser (106) kan komme inn 1 plukkestasjonen (410).

Fremgangsmaten i henhold til ethvert av de foregaende kravene, hvor
bufferkasser blir brukt for midlertidig lagring av produkter fra lagringskasser
(106) med fa produkter igjen for raskere utskifting av lagringskasser (106).

Fremgangsmaten i henhold til ethvert av de foregaende kravene, hvor
kamerasyn blir brukt for a bestemme hvor i en spesifikk lagringskasse (106)
et identifisert produkt som skal plukkes er plassert.

Fremgangsmaten i krav 10, hvor plukkeinnretningen (405) blir styrt for a
sikte pa det identifiserte produktet.

Fremgangsmaten i henhold til ethvert av de foregaende kravene, hvor
posisjonene til lagringskasser (106) og/eller konsolideringskasser 1
plukkestasjonen (410) blir flyttet om pa for a tilveiebringe minimal
bevegelsesavstand for plukkeinnretningen (405).

Plukkestasjon (410) til et automatisk lagringssystem (1), hvor
plukkestasjonen (410) blir styrt av en plukkesystemkontroller (401) som
kommuniserer med et varehushandteringssystem (402) og hvor plukking blir
utfgrt av en plukkeinnretning (405) som plasserer plukkede produkter i én
eller flere konsolideringskasser i henhold til ordre, hvor plukkesystem-
kontrolleren (401) er tilpasset for a styre plukkeinnretningen (405) og
plukkestasjonen (410) for a utfgre fremgangsmaten i henhold til kravene 1
til 12.

Datamaskinprogramprodukt som nar det eksekveres av en prosessor i en
plukkesystemkontroller (401), som styrer en plukkestasjon (410) til et
automatisk lagringssystem (1), utfgrer fremgangsmaten i henhold til kravene
1tl 12.
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