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(57) Abrégé/Abstract:

It is described a method of providing an operator access to a target storage position in an automated storage and retrieval system
(1), the automated storage and retrieval system (1) comprising: a rail system (108) for guiding a plurality of container handling
vehicles (200,300), the rail system (108) comprising a first set of parallel rails (110) arranged in a horizontal plane (P) and extending
in a first direction (X), and a second set of parallel rails (111) arranged in the horizontal plane (P) and extending in a second
direction (Y) which is orthogonal to the first direction (X), which first and second sets of rails (110,111) form a grid pattern in the
horizontal plane (P) comprising a plurality of adjacent grid cells (122), each grid cell (122) comprising a grid opening (115) defined
by a pair of neighboring rails (110a,110b) of the first set of rails (110) and a pair of neighboring rails (111a,111b) of the second set
of rails (111); the automated storage and retrieval system (1) further comprising a storage volume (500) beneath the rail system
(108), wherein the storage volume (500) comprises storage columns for storing storage containers (106) and the container
handling vehicles (200,300) are operable to retrieve a storage container (106) from a stack (107) of storage containers within the
storage volume (500), wherein the method comprises the steps of. - operating a master control system (800) to allocate and
instruct at least one container handling vehicle (200, 300) to remove storage containers along a first path (900) between a position
at a side edge or a top surface of the storage volume (500) and the target storage position (400,401) such that an operator can
access the target storage position through the first path when the at least one container handling vehicle has removed the storage
containers along the first path. It is further described an automated storage and retrieval system.
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(57) Abstract: It is described a method of providing an operator access to a target storage position in an automated storage and retrieval
system (1), the automated storage and retrieval system (1) comprising: a rail system (108) for guiding a plurality of container handling
vehicles (200,300), the rail system (108) comprising a first set of parallel rails (110) arranged in a horizontal plane (P) and extending
in a first direction (X), and a second set of parallel rails (111) arranged in the horizontal plane (P) and extending in a second direction
(Y) which is orthogonal to the first direction (X), which first and second sets of rails (110,111) form a grid pattern in the horizontal
plane (P) comprising a plurality of adjacent grid cells (122), each grid cell (122) comprising a grid opening (115) defined by a pair of
neighboring rails (110a,110b) of the first set of rails (110) and a pair of neighboring rails (111a,111b) of the second set of rails (111);
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the automated storage and retrieval system (1) further comprising a storage volume (500) beneath the rail system (108), wherein the
storage volume (500) comprises storage columns for storing storage containers (106) and the container handling vehicles (200,300)
are operable to retrieve a storage container (106) from a stack (107) of storage containers within the storage volume (500), wherein
the method comprises the steps of: - operating a master control system (800) to allocate and instruct at least one container handling
vehicle (200, 300) to remove storage containers along a first path (900) between a position at a side edge or a top surface of the storage
volume (500) and the target storage position (400,401) such that an operator can access the target storage position through the first
path when the at least one container handling vehicle has removed the storage containers along the first path. It is further described
an automated storage and retrieval system.
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Method, and associated system, of providing an operator access to a target storage
position in an automated storage and retrieval system

Background of the invention

Figs. 1A and 1C disclose a typical prior art automated storage and retrieval system 1 with
a framework structure 100. Figs. 1B and 1D disclose prior art container handling vehicles
200,300 operating on the system 1 disclosed in Figs. 1A and 1C, respectively.

The framework structure 100 comprises a plurality of upright members 102 and
optionally a plurality of horizontal members 103 supporting the upright members 102.
The members 102, 103 may typically be made of metal, e.g. extruded aluminum profiles.

The framework structure 100 defines a storage grid 104 comprising storage columns 105
arranged in rows, in which storage columns 105 storage containers 106, also known as
bins, are stacked one on top of another to form stacks 107.

Each storage container 106 may typically hold a plurality of product items (not shown),
and the product items within a storage container 106 may be identical, or may be of
different product types depending on the application.

The storage grid 104 guards against horizontal movement of the storage containers 106 in
the stacks 107, and guides vertical movement of the storage containers 106, but does
normally not otherwise support the storage containers 106 when stacked.

The automated storage and retrieval system 1 comprises a rail system 108 arranged in a
grid pattern across the top of the storage grid 104, on which rail system 108 a plurality of
container handling vehicles 200,300 (as exemplified in Figs. 1B and 1D) 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 horizontal extent of one of the grid cells 122 constituting the grid pattern is in
Figs. 1A and 1C marked by thick lines.

Each grid cell 122 has a width which is typically within the interval of 30 to 150 cm, and
a length which is typically within the interval of 50 to 200 cm. Each grid opening 115 has
a width and a length which is typically 2 to 10 cm less than the width and the length of
the grid cell 122 respectively due to the horizontal extent of the rails 110,111.

The rail system 108 comprises a first set of parallel rails 110 arranged to guide movement
of the container handling vehicles 200,300 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 200,300 in a
second direction Y which is perpendicular to the first direction X. In this way, the rail
system 108 defines grid columns above which the container handling vehicles 200,300
can 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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Each prior art container handling vehicle 200,300 comprises a vehicle body and a wheel
arrangement of eight wheels 201,301 where a first set of four wheels enable the lateral
movement of the container handling vehicles 200,300 in the X direction and a second set
of the remaining four wheels enable the lateral movement in the Y direction. One or both
sets of wheels in the wheel arrangement can be lifted and lowered, so that the first set of
wheels and/or the second set of wheels can be engaged with the respective set of rails
110, 111 at any one time.

Each prior art container handling vehicle 200,300 also comprises a lifting device (not
shown) for vertical transportation of storage containers 106, e.g. raising a storage
container 106 from, and lowering a storage container 106 into, a storage column 105. The
lifting device comprises one or more gripping / engaging devices (not shown) which are
adapted to engage a storage container 106, and which gripping / engaging devices can be
lowered from the vehicle 200,300 so that the position of the gripping / engaging devices
with respect to the vehicle 200,300 can be adjusted in a third direction Z which is
orthogonal the first direction X and the second direction Y.

Conventionally, and also for the purpose of this application, Z=1 identifies the uppermost
layer of the storage grid 104, i.e. the layer immediately below the rail system 108, Z=2
the second layer below the rail system 108, Z=3 the third layer etc. In the exemplary
prior art storage grid 104 disclosed in Figs. 1A and 1C, Z=8 identifies the lowermost,
bottom layer of the storage grid 104. Consequently, as an example, and using the
Cartesian coordinate system X, Y, Z indicated in Figs. 1A and 1D, the storage container
identified as 106’ in Fig. 1A can be said to occupy grid location or cell X=10, Y=2, Z=3.
The container handling vehicles 101 can be said to travel in layer Z=0 and each grid
column can be identified by its X and Y coordinates.

Each container handling vehicle 200 comprises a storage compartment or space (not
shown) for receiving and stowing a storage container 106 when transporting the storage
container 106 across the rail system 108. The storage space may comprise a container
receiving space arranged centrally within the vehicle body, e.g. as is described in
WO02014/090684A1, the contents of which are incorporated herein by reference.

Alternatively, the container handling vehicles 300 may have a cantilever construction, as
is described in NO317366, the contents of which are also incorporated herein by
reference.

The container handling vehicles 200 may have a footprint, i.e. an extent in the X and Y
directions, which is generally equal to the lateral extent of a grid cell 122, i.e. the extent
of a grid cell 122 in the X and Y directions, e.g. as is described in WO2015/193278A1,
the contents of which are incorporated herein by reference. The term “lateral” used
herein may mean “horizontal”.
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Alternatively, the container handling vehicles 200 may have a footprint which is larger
than the lateral extent of (lateral area defined by) a grid column, e.g. as is disclosed in
WO02014/090684A1.

The rail system 108 may be a single rail (also denoted single track) system, as is shown
in Fig. 2A. Alternatively, the rail system 108 may be a double rail (also denoted double
track) system, as is shown in Fig. 2B, thus allowing a container handling vehicle 200
having a footprint generally corresponding to the lateral area defined by a grid column
112 to travel along a row of grid columns even if another container handling vehicle 200
is positioned above a grid column neighboring that row. Both the single and double rail
system, or a combination comprising a single and double rail arrangement in a single rail
system 108, forms a grid pattern in the horizontal plane P comprising a plurality of
rectangular and uniform grid locations or grid cells 122, where each grid cell 122
comprises a grid opening 115 being delimited by a pair of rails 110a,110b of the first
rails 110 and a pair of rails 111a,111b of the second set of rails 111. In Fig. 2B the grid
cell 122 is indicated by a dashed box. For example, the sections of the rail-based system
being made of aluminium are the rails, and on the upper surface of the rails, there are a
pair of tracks that the wheels of the vehicle run in. However, the sections could be
separate rails each with a track.

Consequently, rails 110a and 110b form pairs of rails defining parallel rows of grid cells
running in the X direction, and rails 111a and 111b form pairs of rails defining parallel
rows of grid cells running in the Y direction. Similarly, on a delivery rail system 50, rails
51a and 51b form pairs of rails defining parallel rows of grid cells running in the X
direction, and rails 52a and 52b form pairs of rails defining parallel rows of grid cells
running in the Y direction.

As shown in Fig. 2C, each grid cell 122 has a width W, which is typically within the
interval of 30 to 150 cm, and a length L. which is typically within the interval of 50 to
200 cm. Each grid opening 115 has a width W, and a length L, which is typically 2 to
10 cm less than the width W, and the length L. of the grid cell 122.

In the X and Y directions, neighboring grid cells are arranged in contact with each other
such that there is no space therebetween.

In a storage grid 104, a majority of the grid columns are storage columns 105, i.e. grid
columns 105 where storage containers 106 are stored in stacks 107. However, a storage
grid 104 normally has at least one grid column which is used not for storing storage
containers 106, but which comprises a location where the container handling vehicles
200,300 can drop off and/or pick up storage containers 106 so that they can be
transported to a second location (not shown) where the storage containers 106 can be
accessed from outside of the storage grid 104 or transferred out of or into the storage grid
104. Within the art, such a location is normally referred to as a “port” and the grid
column in which the port is located may be referred to as “port column” or “delivery
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column” 119,120. The drop-off and pick-up ports of the rail system 108 where the
container handling vehicles 200,300 operate are referred to as the “upper ports of a
delivery column” 119,120. While the opposite end of the delivery column is referred to
as the “lower ports of a delivery column”.

The storage grids 104 in Figs. 1A and 1C comprise two delivery columns 119 and 120.
The first delivery column 119 may for example comprise a dedicated drop-off port where
the container handling vehicles 200,300 can drop off storage containers 106 to be
transported through the delivery column 119 and further to an access or a transfer station,
and the second delivery column 120 may comprise a dedicated pick-up port where the
container handling vehicles 200,300 can pick up storage containers 106 that have been
transported through the delivery column 120 from an access or a transfer station. Each of
the ports of the first and second delivery column may comprise a port suitable for both
pick up and drop of storage containers.

The second location may typically be a picking or a stocking station where product
product items are removed from or positioned into the storage containers 106. In a
picking or a stocking station, the storage containers 106 are normally never removed
from the automated storage and retrieval system 1, but are returned into the storage grid
104 once accessed. For transfer of storage containers out or into the storage grid 104,
there are also lower ports provided in a delivery column, such lower ports are e.g. for
transferring storage containers 106 to another storage facility (e.g. to another storage
grid), directly to a transport vehicle (e.g. a train or a lorry), or to a production facility.

For monitoring and controlling the automated storage and retrieval system 1 (e.g.
monitoring and controlling the location of respective storage containers 106 within the
storage grid 104; the content of each storage container 106; and the movement of the
container handling vehicles 200,300 so that a desired storage container 106 can be
delivered to the desired location at the desired time without the container handling
vehicles 200,300 colliding with each other), the automated storage and retrieval system 1
comprises a control system (not shown) which typically is computerized and which
typically comprises a database for keeping track of the storage containers 106.

A conveyor system comprising conveyors may be employed to transport the storage
containers between the lower port of the delivery column and the access station.

If the lower port of the delivery column and the access station are located at different
levels, the conveyor system may comprise a lift device for transporting the storage
containers vertically between the port and the access station.

The conveyor system may be arranged to transfer storage containers between different
grids, e.g. as is described in W0O2014/075937A1, the contents of which are incorporated
herein by reference.
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Further, WO2016/198467A1, the contents of which are incorporated herein by reference,
discloses an example of a prior art access system having conveyor belts (Figs. 5a and 5b
in WO2016/198467A1) and a frame mounted rail (Figs. 6a and 6b in
WO02016/198467A1) for transporting storage containers between delivery columns and
work stations where operators can access the storage containers.

When a storage container 106 stored in the storage grid 104 disclosed in Fig. 1A is to be
accessed, one of the container handling vehicles 200,300 is instructed to retrieve the
target storage container 106 from its position in the storage grid 104 and to transport it to
or through the delivery column 119. This operation involves moving the container
handling vehicle 200,300 to a grid location above the storage column 105 in which the
target storage container 106 is positioned, retrieving the storage container 106 from the
storage column 105 using the container handling vehicle’s lifting device 16, and
transporting the storage container 106 to the delivery 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 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 200,300 that is subsequently used for transporting the target storage
container 106 to the delivery column, or with one or a plurality of other cooperating
container handling vehicles 200,300. Alternatively, or in addition, the automated storage
and retrieval system 1 may have container handling vehicles 200,300 specifically
dedicated to the task of temporarily removing storage containers 106 from a storage
column 105. Once the target storage container 106 has been removed from the storage
column 105, the temporarily removed storage containers can be repositioned into the
original storage column 105. However, the removed storage containers may alternatively
be relocated to other storage columns 105.

When a storage container 106 is to be stored in the storage grid 104, one of the container
handling vehicles 200,300 is instructed to pick up the storage container 106 from the
delivery column 120 and to transport it to a grid 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 200,300 positions the storage container 106 at the desired position. The removed
storage containers may then be lowered back into the storage column 105, or relocated to
other storage columns 105.

It is a problem with the prior art systems that fire-fighting crew, after a sprinkler system
apparently has extinguished a fire in the grid, cannot gain sufficient access to the grid to
verify that the fire actually has been extinguished.



10

15

20

25

30

35

CA 03148880 2022-01-27

WO 2021/043597 PCT/EP2020/073453

One objective of the present invention is thus to provide a solution which provides the
firefighting crew with a possibility of visual inspection of a target storage position within
an automated storage and retrieval system

In general, an objective of the invention is to provide a method of providing manual (i.e.
operator) access to positions within the grid.

Summary of the invention

The invention is set forth in the independent claims and the dependent claims describe
alternatives of the invention.

It is described a method of providing an operator access to a target storage position in an
automated storage and retrieval system, the automated storage and retrieval system
comprising:

a rail system for guiding a plurality of container handling vehicles, the rail system
comprising a first set of parallel rails arranged in a horizontal plane and extending in a
first direction, and a second set of parallel rails arranged in the horizontal plane and
extending in a second direction which is orthogonal to the first direction, which first and
second sets of rails form a grid pattern in the horizontal plane comprising a plurality of
adjacent grid cells, each grid cell comprising a grid opening defined by a pair of
neighboring rails of the first set of rails and a pair of neighboring rails of the second set
of rails; the automated storage and retrieval system further comprising a storage volume
beneath the rail system, wherein the storage volume comprises storage columns for
storing storage containers and the container handling vehicles are operable to retrieve a
storage container from a stack of storage containers within the storage volume,

wherein the method comprises the steps of:

- operating a master control system to allocate and instruct at least one container handling
vehicle to remove storage containers along a first path between a position at a side edge
or a top surface of the storage volume and the target storage position such that an
operator can access the target storage position through the first path when the at least one
container handling vehicle has removed the storage containers along the first path.

The method thus comprises a step that the container handling vehicles follow the
instructions from the master control system and remove the storage containers to make
the first path.

The first path is made once all of the storage containers in all storage columns between
the position at the side edge or the top surface of the storage volume and the target
storage position have been removed by the container handling vehicles.

The master control system keeps track of any remotely operated vehicles operating on the
rail system.
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Access to a specific target storage position can be desirable to provide visual inspection
after a fire has occurred, in order to repair the grid, loosen or free-up unliftable storage
containers within the grid etc. Access can be from above the rail system (i.e. from a top
surface of the storage volume) and down into the storage column where the target storage
position is, or a neighbor storage column to the storage column where the target storage
position.

The storage containers are removed or cleared by the container handling vehicle(s) in
order to provide the at least first path, and may be moved to any available position within
the automated storage and retrieval system or a position outside the automated storage
and retrieval system. The available position may be an empty storage position within the
storage volume or a position at a port. In the first case the removed storage containers
may be spread to vacant storage positions in storage columns anywhere within the grid.
An area may be set aside to receive such removed storage containers, and the area may
be enclosed within a fire barrier. An advantage of moving said storage containers to port,
is that visual inspection of the storage container may be performed as well as any damage
or smoke damage to item(s) stored in the storage container may be identified.
Alternatively, dedicated areas of the storage system may have free capacity to receive a
large amount of the removed storage containers.

The method may further comprise, prior to the master control system allocating and
instructing at least one container handling vehicle to remove storage containers along the
first path, a step of:

- determining a target storage position. The target storage position may be a storage
column, a set of storage columns, or may be one or more specific levels within a storage
column or set of storage columns.

The first path may be a loop path enclosing the target storage position and the master
control system may instruct the at least one container handling vehicle (preferably a
plurality of container handling vehicles to reduce time) to remove storage containers
along the loop path. In case of fire, it is necessary to be able to get a 360 degrees
inspection of the scene of fire, therefore the loop path preferably extends 360 degrees
around the scene of fire. However, if visual inspection may be obtained from outside of
the storage volume, it may be sufficient to remove storage containers from a path in the
storage volume provided that 360 degrees inspection is obtained.

Alternatively, in some situations it may not be necessary to remove all storage containers
such that a 360 degrees inspection is achieved. In these situations, a path which extends
substantially around the target position but have a section where storage containers are
not removed or are only partially removed from a given stack may also be made (e.g.
allowing an observer to peer around but not allowing that person to walk around easily
without climbing over the remaining storage containers).
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The method may comprise collecting and evaluating information with regards to location
of a scene of fire, fume, heat or smoke in the automated storage and retrieval system,
where the collecting of information comprises steps of:

- operating a plurality of remotely operated vehicles on the rail system, each of the
remotely operated vehicles being provided with a detection device for detecting fire,
heat, fume or smoke, and wherein the detection devices are configured to transmit data
from the detection devices to the master control system via communication means in the
container handling vehicle carrying the detection device that has collected information;
and

- utilizing the master control system to process any data from any of the detection devices
and using the master control system to provide information of location of the scene of
fire, fume, heat or smoke; and,

- utilizing the master control system to determine where to remove storage containers to
create the first path.

The method may further comprise, in case any of the remotely operated vehicles
indicates presence of fire, heat, smoke- or fume emission, the method further comprises,
the steps of:

- allocating another remotely operated vehicle with a detection device for detecting fire,
heat, fume or smoke to move to a cell nearby the position of the remotely operated
vehicles indicating presence of fire, heat, smoke- or fume emission; and

- utilizing the master control system to process the data from the detection devices from
the remotely operated vehicles, wherein the master control system, based on the
processing of the information from the detection devices, decides whether a reasonable
prediction on location of source of the fire, fume, smoke- or heat emission can be given.

The method may further comprise, if the master control system has decided that a
reasonable prediction on location of source of the fire, fume, smoke- or heat emission can
be given, the step of:

- utilizing the master control system to determine the position of the source of the fire,
fume, smoke or heat emission in the form of a triangular arrangement by comparing
information from at least three detection devices.

The method may further comprise, if the master control system has decided that a
reasonable prediction on location of source of the fire, fume, smoke- or heat emission can
be given, the step of:

- utilizing the master control system to determine the position of the source of the fire,
fume, smoke or heat emission in the form of a four-cornered polygon arrangement by
comparing information from at least four detection devices.

In order to provide a better decision basis in relation to where to clear a passage or path
of storage containers if involved in fire-preventing operations, the decision on where to
remove storage containers from is a trade-off between removing containers close enough
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to get a good visual indication of any remaining smoke or heat emission near the target
storage position and at a sufficient distance such that it is actually possible to remove the
storage containers. To be able to remove or clear storage containers they need to be more
or less un-damaged, at least in the connection points for the grippers. If these points are
in anyway damaged, e.g. melted or misaligned due to stability issues in underlying
storage containers or in the framework of the grid, the grippers on the lifting frame of the
container handling vehicles experiences problems when gripping and subsequently lifting
and moving the storage container. As such, damaged containers, such as those located
close to the location of a fire cannot be remove from the storage grid easily by the
container handling vehicles.

The container handling vehicles may comprise a plurality of detection devices for
detecting fire, fume smoke, or heat. All of the container handling vehicles operates on the
rail system, and can be provided with one or more detection devices. The fire, fume,
smoke or heat detection devices are configured to transmit data from the detection device
to a master control system directly or, alternatively, via communication means present in
the container handling vehicle carrying the specific detection device.

The master control system may comprise a processing device for processing the data
from the detection devices such as to create a heat map of the automated storage and
retrieval system. The master control system keeps track of any remotely operated
vehicles operating on the rail system and is configured to receive data from any of the
detection device(s). This may provide valuable input in assisting in where to make a
passage with regards to the location and extent of the probable scene of fire, fume, heat
or smoke, in particular as the automated storage and retrieval systems increase in size (up
to 110 x 150 meters and above, and with 500000 bins and more). For example, the
master control system may be configured to generate a temperature map or heat map
based on the data. As the warehouses where the automated storage and retrieval systems
are installed are often dark due to limited requirement of light sources in the warehouse
during normal operation, and any external power sources providing light sources with
electric power may shut-off in the event of fire, such a temperature map or “heat map”
can give valuable information in at least X and Y direction (in a horizontal plane) on
where the scene of the fire, fume, heat or smoke is most likely to be located, and also
information on the extent of the scene of fire, fume, heat or smoke in the X and Y
directions.

The method may further comprise the step of:

- operating a master control system to allocate and instruct at least one container handling
vehicle to remove storage containers along a second path between a position at an edge
of the storage volume and the target storage position and/or the first path. The loop of the
first path could be one or two storage container distances away from the source of the
fire, fume, heat or smoke and the target storage position. Alternatively or additionally,
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the loop of the first path can be close to the target storage position such that an operator
can access the target storage position through any of the first and/or second paths.

The method thus comprises a step that the container handling vehicles follow the
instructions from the master control system and remove the storage containers to make
the second path.

The method may further comprise a step of updating of the target storage position to
include one or more additional column(s). For example, if a storage container outside of
the initial target storage position has become damaged then it is likely that the fire has
reached further than initially thought. The second path may be created from a different
side edge of the storage volume than the first path, or the second path is created from the
same side edge of the storage volume as the first path.

The method may further comprise a step of:

- utilizing the master control system to determine where to move the storage containers
from the path(s), and, based on where available positions are located, a step of:

- instructing the container handling vehicle(s) to move the storage containers to one of
the available position(s). The method may therefore comprise the step of moving the
storage containers determined to be in the first and/or second path.

The available position may be an empty storage position or a position at a port.

The method may provide access to an unliftable storage container within a storage
column, and the step of determining the target storage position may comprise the steps
of:

- receiving information from a container handling vehicle indicating that a storage
container at the target storage position is unliftable;

- utilizing the master control system to remove storage containers along the first path
between the position at the edge of the storage volume and the target storage position
where the unliftable storage container is located such that an operator can access the
unliftable storage container. If a storage container is found to be unliftable, it will be the
top of the stack at that point because that is the one the lifting frame of the container
handling vehicle is trying to engage with. In such situations, the container handling
vehicle will be able to provide such information because, as the master control system
known the position of all storage containers, the position of the unliftable storage
container is known. In this embodiment, an operator can manually remove or loosening
said container after creating the walk path to the target storage position where the
unliftable storage container is located.

It is further described an automated storage and retrieval system, the automated storage
and retrieval system comprising:

- a rail system for guiding a plurality of container handling vehicles, the rail system
comprising a first set of parallel rails arranged in a horizontal plane and extending in a
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first direction, and a second set of parallel rails arranged in the horizontal plane and
extending in a second direction which is orthogonal to the first direction, which first and
second sets of rails form a grid pattern in the horizontal plane comprising a plurality of
adjacent grid cells, each grid cell comprising a grid opening defined by a pair of
neighboring rails of the first set of rails and a pair of neighboring rails of the second set
of rails;

- a storage volume beneath the rail system, wherein the storage volume comprises storage
columns for storing storage containers and the container handling vehicles are operable
to retrieve a storage container from a stack of storage containers within the storage
volume;

- at least one container handling vehicle operable on the rail system, the container
handling vehicle comprising a lifting assembly for picking up storage containers from the
storage columns to a position above the lowest level of the transport mechanism, and the
lifting assembly comprises a lifting frame connectable to a storage container, the lifting
frame being configured to lift and lower the storage containers from a position in the
storage column to a position above the rail system;

- a master control system configured to allocate and instruct at least one of the container
handling vehicle to remove storage containers along a first path between a position at a
side edge or a top surface of the storage volume and a target storage position within the
storage volume, such that an operator can access the target storage position through the
first path when the at least one container handling vehicle has removed the storage
containers along the first path.

The target storage position may be determined based on required access to a target
storage position in need of inspection, maintenance or repair.

The remotely operated vehicles may be container handling vehicles comprising a lifting
assembly for picking up storage containers from the storage columns to a position above
the lowest level of the transport mechanism, and the lifting assembly may comprise a
lifting frame connectable to a storage container, the lifting frame being configured to lift
and lower the storage containers from a position in the storage column to a position
above the rail system.

Brief description of the drawings

The following drawings depict exemplary embodiments of the present invention and are
appended to facilitate the understanding of the invention. However, the features disclosed
in the drawings are for illustrative purposes only and shall not be interpreted in a limiting
sense.

Fig. 1 A-D are perspective views of a prior art automated storage and retrieval
system, where Fig. 1A and Fig. 1C show the complete system and Fig. 1B and Fig. 1D
show examples of a system operable prior art container handling vehicles;
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Figs. 2A-C is a top view of a container handling vehicle rail system, where Fig.
2A shows a single rail system, Fig. 2B shows a double rail system and Fig. 2C shows a
double rail system with the width and length of a container handling vehicle grid cell
indicated;

Fig. 3A is a perspective view of an exemplary embodiment of a storage grid and a
delivery system comprising a delivery rail system and delivery vehicles;

Figs. 3B and 3C show two examples where fume, smoke or heat emission has
occurred in an automated storage and retrieval system;

Fig. 4 shows an example of a heat map created by the master control system
based on input from a plurality of fire detection devices arranged on container handling
vehicles;

Fig. 5A is a flow-chart of how an operator can be provided access to a target
storage position in an automated storage and retrieval system;

Fig. 5B is a flow-chart of an example of steps to be taken in the event a container
handling vehicle detects fume, smoke or heat;

Figs. 6A-6D are sequential step-by-step illustrations of the flow-chart of Fig. 5B,
where one and one container handling vehicle with a fire detection device is instructed to
drive to grid cells close to a detected fume, smoke or heat in order for the master control
system to process data from the fire detection device received from the container handing
vehicles to predict a location of the source of the fume, smoke or heat;

Fig. 7A shows a scene of fire after it has been extinguished by, for example, a
sprinkler;

Fig. 7B shows an example where a container handing vehicle(s) has removed
storage containers and created a loop path around a scene of a fire;

Fig. 7C shows an example where a container handing vehicle(s) has removed
storage containers in order to create a first path extending from a position at a side edge
of the storage volume to the loop path around the scene of fire in Fig. 7B;

Fig. 7D shows an example where a container handing vehicle(s) has removed
storage containers in order to create a second path extending from a position at a side
edge of the storage volume and to the loop path around the scene of fire in Figs. 7B and
7C;

Fig. 8 shows an example where scene of fire, i.e. the target storage position, is
close to a corner of the storage volume and where container handling vehicle(s) has
created a L-shaped path in the storage volume, the L-shaped path extending between a
first side edge of the storage volume to a second side edge of the storage volume;
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Fig. 9A shows an unliftable storage container in a storage volume;

Fig. 9B shows an example where container handling vehicle(s) has removed
storage containers in order to create a first path extending from a position at a side edge
of the storage volume and the unliftable storage container in Fig. 9A;

Fig. 10A shows an unliftable storage container in a storage volume at a different
position than the unliftable storage container in Fig. 9A;

Fig. 10B shows an example where container handling vehicle(s) has removed
storage containers in order to create a first path extending from a position at a side edge
of the storage volume and the unliftable storage container in Fig. 10A; and

Fig. 11 is a perspective view of an automated storage and retrieval system
illustrating that the system may have side panel(s) on the side edges, which side panel(s)
are removed in order to be able to access the storage volume below the rail system.

Detailed description of the invention

In the following, different alternatives will be discussed in more detail with reference to
the appended drawings. It should be understood, however, that the drawings are not
intended to limit the scope of the invention to the subject-matter depicted in the
drawings. Furthermore, even if some of the features are described in relation to the
system only, it is apparent that they are valid for the related methods as well, and vice

versa.

With reference to Figs. 1A-D the storage grid 104 of each storage structure 1 constitutes
a framework 100 of in total 143 grid columns 112 (see grid column 112 in top front
corner, i.e. grid location or cell X=11, Y=1, Z=0), where the width and length of the
framework corresponds to the width and length of 13 and 11 grid columns 112,
respectively. The top layer of the framework 100 is a container handling vehicle rail
system / rail system 108 on which a plurality of container handling vehicles 200,300 are
operated.

The framework 100 of the storage system 1 is constructed in accordance with the above
mentioned prior art framework 100 described above, i.e. a plurality of upright members
102 and a plurality of horizontal members 103 which are supported by the upright
members 102, and further that the horizontal members 103 includes a container handling
vehicle rail system 108 of parallel rails 110,111 in the X direction and the Y direction,
respectively, arranged across the top of storage columns 105. The horizontal area of a
single grid opening 115, i.e. along the X and Y directions, may be defined by the distance
between adjacent rails 110 and 111, respectively (see also Figs. 2A-2C). In Figs. 1A and
1C, a grid cell 122 is marked on the rail system 108 by thick lines. The area between
adjacent rails is the grid opening 115 — the grid cell 122 is the area to the outer side edges
of the opposing rails running along the opposite sides of the grid opening. Alternatively,



10

15

20

25

30

35

CA 03148880 2022-01-27

WO 2021/043597 PCT/EP2020/073453

14

if these are defined in terms of double-tracked rails, then the area is to the midpoint or
centre of each adjacent rail.

The container handling vehicle rail system 108 allows the container handling vehicles
200,300 to move horizontally between different grid locations, where each grid location
is associated with a grid cell 122.

In Figs. 1A and 1C the storage grid 104 is shown with a height of eight cells. It is
understood, however, that the storage grid 104 can in principle be of any size. In
particular it is understood that storage grid 104 can be considerably wider and/or longer
than disclosed in Figs. 1A and 1C. For example, the storage grid 104 may have a
horizontal extent of more than 700x700 grid cells 122, or any size in between these
examples, e.g. 100x100 grid cells, 200x200 grid cells, 500x500 grid cells etc. Also, the
grid 104 can be considerably deeper than disclosed in Figs. 1A and 1C. For example, the
storage grid 104 may be more than twelve grid cells deep.

The storage grid 104 is equal or similar to the prior art storage grid 104 as described
above, i.e. a storage grid 104 comprising a rail system 108; a plurality of stacks 107 of
storage containers 106, a plurality of container handling vehicles 300 for lifting and
moving storage containers 106 stacked in the stacks 107 and a delivery column 119,120
configured to receive a storage container 106 from a container handling vehicle 200,300.

The rail system 108 comprises a first set of parallel trails 110 arranged in a horizontal
plane (P) and extending in a first direction (X) and a second set of parallel rails 111
arranged in the horizontal plane (P) and extending in a second direction (Y) which is
orthogonal to the first direction (X). The first and second sets of rails 110, 111 form a
grid pattern in the horizontal plane (P) comprising a plurality of adjacent grid cells 122.
Each grid cell 122 displays a grid opening defined by a pair of neighbouring rails of the
first set of rails 110 and a pair of neighbouring rails of the second set of rails 111.

The plurality of stacks 107 are arranged in storage columns 105 located beneath the rail
system 108, wherein each storage column 105 is located vertically below a grid cell 122.

Each container handling vehicle 200,300 is configured to move on the rail system 108
above the storage columns 105.

The storage container vehicles 200,300 may be of any type known in the art, e.g. any one
of the automated container handling vehicles disclosed in W0O2014/090684 Al, in
NO317366 or in WO2015/193278A1.

The rail system 108 may be a single rail system, as is shown in Fig. 2A. Alternatively,
the rail system 108 may be a double rail system, as is shown in Fig. 2B. In a further
alternative, the rail system 108 may be a combination of single and double rail system.
Details of the single and double rail systems are disclosed in this specification under the
section of background and prior art.
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Perspective views of an automated storage and retrieval system are shown in Fig. 3A.
The automated storage and retrieval system comprises a storage grid 104, onto which a
plurality of container handling vehicles 200,300 operates, and a delivery system 140
comprising a delivery rail system 50 onto which a plurality of delivery vehicles 30
operates. The delivery vehicles 30 are provided with wheel arrangement 31 comprising
first and second sets of wheels for driving the delivery vehicles in the first direction (X)
and the second direction (Y). A master control system 800 keeps track of the container
handling vehicles 200,300 operating on the storage grid 104 and the delivery vehicles 30
operating on the delivery rail system 30.

Further, the delivery system 140 comprises one or more of the delivery vehicles 30 as
described above, i.e. delivery vehicles 30 configured to receive and support one or more
storage containers 106 for transport between one or more delivery columns 119,120 of
the storage grid 104 and one or more predetermined positions outside the storage grid
104. The predetermined positions may for example be a second location, a container
accessing station, a conveyor line, another storage container, or a transport vehicle such
as a truck.

The delivery system 140 may further comprise a delivery rail system 50 situated below a
delivery port of the one or more delivery columns 119,120.

As shown in Fig. 3, the delivery rail system 50 may be constructed in the same way or a
similar way as the rail system 108 for the container handling vehicles 200,300.

Hence, the delivery rail system 50 may comprise a first set of parallel rails 51 arranged in
a horizontal plane (P1) and extending in a first direction (X), and a second set of parallel
rails 52 arranged in the horizontal plane (P1) and extending in a second direction (Y)
which is orthogonal to the first direction (X).

Figs. 3B and 3C show two examples where fume, smoke or heat emission 400 has
occurred on a storage grid 104 in an automated storage and retrieval system 1. A plurality
of container handling vehicles 200, 200’ operates on a rail system 108 of a storage grid
104 in an automated storage and retrieval system 1 and communicates with a master
control system 800. Some of the container handling vehicles 200, 200’ have been
equipped with fire detection device 150. However, preferably a majority, preferably
above 50%, of the container handling vehicles 200, 200° comprises a fire detection
device 150, possibly together with stationary fire detection devices 150 arranged on the
storage grid 104.

Fig. 4 shows an example of a heat map created by the master control system based on
input from a plurality of fire detection devices 150 arranged on container handling
vehicles 200,300.
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In the following, an example of utilizing fire detection devices 150 on container handling
vehicles 2007, 200* such as to create a heat map 160 will be described in greater detail.
Order for the master control system 800 to provide the heat map 160, preferably three or
more fire detection devices 150 which can provide additional input to the master control
system 800 with regards to concentration of fume or smoke, or in case of heat detection,
additional input from e.g. an infra-red camera or temperature sensor on the container
handling vehicle 200°,200%, are utilized. Then, based on the location of the container
handling vehicle 200°,200* on the rail system 108 and the concentration of fume or
smoke measured by the heat detection device 150, the master control system 800 can
create a heat map 160 which indicates the probable location of the source of the fume,
smoke or heat emission (see Figs. 3B and 3C). The disclosed heat map 160 comprises an
outer portion 161 indicated by coarse-grains, an intermediate portion 161 indicated by
stripes and an inner portion 162 indicated by solid black. The heat map 160 may
indicated that it is certain that the source of the fume, smoke or heat emission 400 is
within the outer portion 161, and almost certain that the source of the fume, smoke or
heat emission 400 is within the striped portion 161, and very likely that the source of the
fume, smoke or heat emission 400 is within the inner portion 162. If the master control
system 800 has drawn up such a heat map 160, it is most promising for any fire-fighting
crew to focus their initial fire-fighting in the inner portion 162 (i.e. within cell locations
B7-B10 and C7-C10) on Fig. 4.

Fig. 5A is a flow-chart of how an operator can be provided access to a target storage
position 400, 401 in an automated storage and retrieval system 1. Such an operation may
include the steps of:

Step 601: IDENTIFY A TARGET STORAGE POSITION (400, 401) IN A TARGET
STORAGE VOLUME (500)

Step 602: MASTER CONTROL SYSTEM 800 DECIDES LOCATION OF THE
TARGET STORAGE POSITION (400, 401)

Step 603: OPERATE MASTER CONTROL SYSTEM TO ALLOCATE AND
INSTRUCT AT LEAST ONE CONTAINER HANDLING VEHICLE

Step 604: REMOVE STORAGE CONTAINERS UTILIZING THE AT LEAST ONE
CONTAINER HANDLING VEHICLE (200, 300) UNDER INSTRUCTIONS FROM
THE MASTER CONTROL SYSTEM (800)

Step 605: ARE ALL STORAGE CONTAINERS (106) IN STORAGE COLUMNS
REMOVED SUCH THAT A FIRST PATH FROM A POSITON AT A SIDE EDGE OR
A TOP SURFACE OF THE STORAGE VOLUME (500) HAS BEEN MADE?

IF “YES” IN STEP 605 proceed to Step 606: END — AN OPERATOR CAN ACCESS
THE TARGET STORAGE POSITION 400, 401 THROUGH THE FIRST PATH 900
IF “NO” IN STEP 605 proceed to Step 607: MASTER CONTROL SYSTEM 800
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INSTRUCTS CONTAINER HANDLING VEHICLE(S) TO REMOVE REMAINING
STORAGE CONTAINER(S) SUCH AS TO FORM THE FIRST PATH (900)

Fig. 5B is a flow-chart of an example of steps to be taken in the event a container
handling vehicle detects fume, smoke or heat. Such a process may include the following
steps:

Step 501: VEHICLE DETECTS FUME/HEAT

Step 502: FIRST VEHICLE 200’ TRANSMITS DATA FROM THE FIRE DETECTION
DEVICE TO MASTER CONTROL SYSTEM 800

Step 503: MASTER CONTROL SYSTEM 800 DECIDES POSITION OF FIRST
VEHICLE 200

Step 504: MASTER CONTROL SYSTEM 800 PROCESSES THE DATA FROM THE
FIRE DETECTION DEVICE RECEIVED FROM FIRST VEHICLE 200’

Step 505: MASTER CONTROL SYSTEM 800 INSTRUCTS SECOND VEHICLE Step
200 TO DRIVE TO A CELL CLOSE TO VEHICLE 200’

Step 506: SECOND VEHICLE 200> SENSES AND TRANSMITS DATA FROM THE
FIRE DETECTION DEVICE TO MASTER CONTROL SYSTEM 800

Step 507: MASTER CONTROL SYSTEM 800 PROCESSES THE DATA FROM THE
FIRE DETECTION DEVICE FROM FIRST AND SECOND VEHICLES 200°, 200’
Step 508: MASTER CONTROL SYSTEM 800 INSTRUCTS THIRD VEHICLE 200"’
TO DRIVE TO A CELL CLOSE TO FIRST AND SECOND VEHICLES 200°, 200’
Step 509: MASTER CONTROL SYSTEM 800 INSTRUCTS THIRD VEHICLE 200"’
TO DRIVE TO A CELL CLOSE TO FIRST AND SECOND VEHICLES 200°, 200’
Step 510: THIRD VEHICLE 200°”” SENSES AND TRANSMITS DATA FROM THE
FIRE DETECTION DEVICE TO MASTER CONTROL SYSTEM 800

Step 511: MASTER CONTROL SYSTEM 800 PROCESSES THE DATA FROM THE
FIRE DETECTION DEVICE FROM ALL VEHICLES 200’, 200¢’, 200°*’,...200*

Step 512: BASED ON PROCESSING IN STEP 511, HAS THE MASTER CONTROL
SYSTEM 800 A RESONABLE PREDICTION ON LOCATION OF SOURCE OF THE
FUME/HEAT?

IF “YES” IN STEP 512 proceed to step 514: ALLOCATE AND INSTRUCT AT
LEAST ONE CONTAINER HANDLING VEHICLE TO REMOVE STORAGE
CONTAINERS ALONG A FIRST PATH BETWEEN A POSITION AT A SIDE EDGE
OR A TOP SURFACE OF THE STORAGE VOLUME

IF “NO” IN STEP 512: proceed to step 513: MASTER CONTROL SYSTEM 800
INSTRUCTS ANOTHER VEHICLE 200°¢’...200x TO DRIVE TO A CELL CLOSE
TO FIRST, SECOND AND THIRD VEHICLES 200, 200, 200°”’

Figs. 6A-6D are sequential step-by-step illustrations of the flow-chart of Fig. 5B, where
one and one container handling vehicle 200°* with a fire detection device is instructed
to drive to grid cells close to a container handling vehicle 200’ that has detected fume,
smoke or heat 400 in order for the master control system 800 to process data from the fire
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detection device received from the container handing vehicles 200’ to predict location
of the source of the fume, smoke or heat 400.

In Fig. 6A a first container handling vehicle 200’ in cell HS, which first container
handling vehicle 200’ is provided with a fire detection device (not shown in Fig. 6A),
detects fume, smoke or heat 400. The first container handling vehicle 200’ transmits data
from the fire detection device to master control system 800. The master control system
800 keeps continuous track of all of the container handling vehicles 200°*, and thus
know the position of the first container handling vehicle 201° which has detected fume,
smoke or heat 400. The master control system 800 processes the data from the fire
detection device received data from the fire detection device received from the first
container handling vehicle 200’

In Fig. 6B the master control system 800, based on the input from the first container
handling vehicle 200, has instructed a second container handling vehicle 200" initially
positioned in cell E3, to move to cell G3 (as illustrated by arrow AR-1) which is closer to
the first container handling vehicle 200’ (and expected to be closer to the source of the
fume, smoke or heat emission 400). When the second container handling vehicle 200’
enters or has entered cell G3, the fire detection device of the second container handling
vehicle 2007 transmits data from the fire detection device to the master control system
800. The master control system 800 processes data from the fire detection device from
the first and second container handling vehicles 200°, 200°’.

In Fig. 6C the master control system 800, based on the input from the first and second
container handling vehicles 200’, 200°’, has instructed a third container handling vehicle
200’ initially positioned in cell F8, to move to cell F6 (as illustrated by arrow AR-2)
which is closer to the first and second container handling vehicles 200°, 200”” (and
expected to be closer to the source of the fume, smoke or heat emission 400). When the
third container handling vehicle 200°”” enters or has entered cell F6, the fire detection
device of the third container handling vehicle 200°”” transmits data from the fire
detection device to the master control system 800. The master control system 800
processes data from the fire detection device from the first, second and third container
handling vehicles 200°, 200°°, 200°”’. If the master control system 800, based on the
processing has a reasonable prediction on the location of the source of the fume, smoke
or heat 400, no further container handling vehicles 200* are instructed to move closer to
the expected source of the fume, smoke or heat emission 400. Normally, arranging three
container handling vehicles 200°, 200°’, 200°”” in a triangular arrangement TA enclosing
the source of the fume, smoke or heat emission 400, will be sufficient in order to
establish a reasonable prediction on location of the source for the fume, smoke or heat
emission 400 is. However, if a reasonable prediction on the location of the source of the
fume, smoke or heat 400 cannot be established, yet another container handling vehicle
200" is instructed to move to a cell closer to the expected source of the fume, smoke or
heat emission 400, which situation is indicated in Fig. 6D.



10

15

20

25

30

35

CA 03148880 2022-01-27

WO 2021/043597 PCT/EP2020/073453

19

In Fig. 6D the master control system 800, based on the input from the first, second and
third container handling vehicles 200°, 200°°, 200°”’, has instructed a fourth container
handling vehicle 200" initially positioned in cell J1, to move to cell J3 (as illustrated by
arrow AR-3) which is closer to the first, second and or third container handling vehicles
200’,200’, 200’ (and expected to be closer to the source of the fume, smoke or heat
emission 400). When the fourth container handling vehicle 200°”"” enters or has entered
cell J3, the fire detection device of the fourth container handling vehicle 200°””” transmits
data from the fire detection device to the master control system 800. The master control
system 800 processes data from the fire detection devices from the first, second, third
container handling vehicles 200°, 200°°, 200°*’, 200°””’. A total of four container
handling vehicles 200°, 2007, 200°>’, 200°”"” are arranged as a four-cornered polygon PA
enclosing the source of the fume, smoke or heat emission 400. This setup is almost
certainly enough to establish a reasonable location for the source of the fume, smoke or
heat emission 400. However, in the unlikely event that four container handling vehicles
2007,200°°, 200’7, 200" are not sufficient, the master control system 800 may instruct
further container handling vehicles 200* with fire detection device to move closer to the
expected location of the source of the fume, smoke or heat emission 400.

Fig. 7A shows a scene of fire 400 after it has been extinguished by e.g. a sprinkler. The
expected scene of fire 400 is in the storage columns represented by cells G4, G5, H4, HS
in Fig. 7A.

Referring to Fig. 7B it is disclosed an example where a container handing vehicle(s) 200
has removed storage containers and created a loop path 901 around the scene of fire,
extending 360 degrees around the scene of fire 400. The loop path 901 is in the storage
columns represented by cells E3-E6, E6-16, 16-13 and I3-E3 forming a rectangular pattern
(, 1.e. a loop) around the scene of fire 400.

Referring to Fig. 7C it is disclosed an example where container handing vehicle(s) 200
has removed storage containers in order to create a first path 900 extending from a
position at a side edge of the storage volume 500 to the loop path around the scene of fire
in Fig. 7B. In Fig. 7C, the first path 900 is created from the side edge on the left hand
side of the Figure and the storage containers in cells A5-D5 have been removed in order
to create the first path 900.

Referring to Fig. 7D it is disclosed an example where container handing vehicle(s) has
removed storage containers in order to create a second path 902 extending from a
position at a side edge of the storage volume 150 and to the loop path 901 around the
scene of fire 400 in Figs. 7B and 7C. In Fig 7D, the second path 902 is created from the
side edge on the top of the Figure and the storage containers in cells G1-G2 have been
removed in order to create the second path 902.

Fig. 8 shows an example where scene of fire 400, i.e. the target storage position, is close
to a corner of the storage volume 500 (the down right corner in Fig. 8) and where
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container handling vehicle(s) 200 has created a L-shaped path 900 in the storage volume
500. The L-shaped path 900 extends between a first side edge of the storage volume 150
to a second side edge of the storage volume 500. The path 900 in Fig. 8 extends through
the storage columns represented by cell G8-G6 and G6-J6. In the particular example of
Fig. 8, 360 degrees visual inspection is achieved from the outside of the storage volume
500, i.e. the two side edges on the right hand side in the Figure and the lower side,
respectively.

Fig. 9A shows an example of an unliftable storage container in a storage volume 150.
The unliftable storage container is in a target storage position 401 represented by cell
numbered F4.

Fig. 9B shows an example where container handling vehicle(s) has removed storage
containers in order to create a first path 900 from a position at a side edge of the storage
volume 150 and to the unliftable storage container in target storage position 401. The
first path 900 in Fig. 9B extends from the lower side edge at the storage column
represented by cell G8 to storage column represented by cell G4, via positions G7, G6
and GS.

Fig. 10A shows an unliftable storage container in a storage volume 150 at a different
position than the unliftable storage container in Fig. 9A. In Fig. 10A, the unliftable
storage container is in a target storage position 401 represented by cell 17.

Referring to Fig. 10B it is shown an example where container handling vehicle(s) 200
has removed storage containers in order to create a first path 900 that extends from a
position at a lower side edge of the storage volume 150 and to the unliftable storage
container in Fig. 10A.

Fig. 11 is a perspective view of an automated storage and retrieval system 1 illustrating

that the system may have side panel(s) 25 on the side edges. The side panel(s) 25 can be
removed in order to be able to access the storage volume 150 below the rail system 108

at ground level.

In the preceding description, various aspects of an automated storage and retrieval
system, vehicle and methods according to the invention have been described with
reference to the illustrative embodiment. For example, in most of the figures, container
handling vehicles operating on a rail system of a storage grid have been disclosed, but it
is obvious that the same system and setup applies to delivery vehicles operating on a
delivery rail in a delivery rail system. Thus, the description is not intended to be
construed in a limiting sense. Various modifications and variations of the illustrative
embodiments, as well as other embodiments of the system, which are apparent to persons
skilled in the art, are deemed to lie within the scope of the present invention as defined
by the following claims.
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CLAIMS

. Method of providing an operator access to a target storage position (400, 401) in

an automated storage and retrieval system (1), the automated storage and retrieval
system (1) comprising:

a rail system (108) for guiding a plurality of container handling vehicles
(200,300), the rail system (108) comprising a first set of parallel rails (110)
arranged in a horizontal plane (P) and extending in a first direction (X), and a
second set of parallel rails (111) arranged in the horizontal plane (P) and
extending in a second direction (Y) which is orthogonal to the first direction (X),
which first and second sets of rails (110,111) form a grid pattern in the horizontal
plane (P) comprising a plurality of adjacent grid cells (122), each grid cell (122)
comprising a grid opening (115) defined by a pair of neighboring rails
(110a,110b) of the first set of rails (110) and a pair of neighboring rails
(111a,111b) of the second set of rails (111); the automated storage and retrieval
system (1) further comprising a storage volume (500) beneath the rail system
(108), wherein the storage volume (500) comprises storage columns for storing
storage containers (106) and the container handling vehicles (200,300) are
operable to retrieve a storage container (106) from a stack (107) of storage
containers within the storage volume (500),

wherein the method comprises the steps of:

- operating a master control system (800) to allocate and instruct at least one
container handling vehicle (200, 300) to remove storage containers along a first
path (900) between a position at a side edge or a top surface of the storage
volume (500) and the target storage position (400,401) such that an operator can
access the target storage position through the first path (900) when the at least one
container handling vehicle (200, 300) has removed the storage containers (106)
along the first path.

. The method according to claim 1, wherein the method comprises a step of:

- determining a target storage position.

. The method according to claim 1, wherein the first path is a loop path (901)

enclosing the target storage position and wherein the master control system (800)
instructs the at least one container handling vehicle to remove storage containers
along the loop path (901).

. The method according to any of the preceding claims, wherein the method

comprises collecting and evaluating information with regards to location of a
scene of fire, fume, heat or smoke in the automated storage and retrieval system
(1), the collecting of information comprises steps of:
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- operating a plurality of remotely operated vehicles (200,300) on the rail system
(108), each of the remotely operated vehicles (200,300) being provided with a
detection device (150) for detecting fire, heat, fume or smoke, and wherein the
detection devices (150) are configured to transmit data from the detection devices
to the master control system (800) via communication means in the container
handling vehicle carrying the detection device (150) that has collected
information; and

- utilizing the master control system to process any data from any of the detection
devices (150) and using the master control system (800) to provide information of
location of the scene of fire, fume, heat or smoke; and,

- utilizing the master control system to determine where to remove storage
containers to create the first path (900).

The method according to claim 4, wherein, in case any of the remotely operated
vehicles (2007) indicates presence of fire, heat, smoke- or fume emission, the
method further comprises, the steps of:

- allocating another remotely operated vehicle (200°7”) with a detection device
(150) for detecting fire, heat, fume or smoke to move to a cell nearby the position
of the remotely operated vehicles (200°, 200°") indicating presence of fire, heat,
smoke- or fume emission; and

- utilizing the master control system (800) to process the data from the detection
devices from the remotely operated vehicles (200°, 200°”,200°°”), wherein the
master control system (800), based on the processing of the information from the
detection devices, decides whether a reasonable prediction on location of source
(400) of the fire, fume, smoke- or heat emission can be given.

The method according to claim 5, wherein, if the master control system (800) has
decided that a reasonable prediction on location of source (400) of the fire, fume,
smoke- or heat emission can be given, the method comprises the step of:

- utilizing the master control system (800) to determine the position of the source
of the fire, fume, smoke or heat emission (400) in the form of a triangular
arrangement (TA) by comparing information from at least three detection devices.

The method according to claim 6, if the master control system (800) has decided
that a reasonable prediction on location of source (400) of the fire, fume, smoke-
or heat emission can be given, the method comprises the step of:

- utilizing the master control system (800) to determine the position of the source
of the fire, fume, smoke or heat emission (400) in the form of a four-cornered
polygon arrangement (PA) by comparing information from at least four detection
devices.

The method according to any of the preceding claims, comprising the step of:
- operating a master control system (800) to allocate and instruct at least one
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container handling vehicle to remove storage containers along a second path
between a position at a side edge of the storage volume (500) and the target
storage position such that an operator can access the target storage position
through any of the first and/or second paths.

The method according to claim 8, wherein the second path is created from a
different side edge of the storage volume (500) than the first path, or the second
path is created from the same side edge of the storage volume (500) as the first
path.

The method according to any of the preceding claims, further comprising a step
of:

- utilizing the master control system (800) to determine where to move the storage
containers from the path(s), and, based on where available positions are located, a
step of:

- instructing the container handling vehicle(s) (200, 200°’, 200°’”) to move the
storage containers to one of the available position(s).

The method according to claim 10, wherein the available position is an empty
storage position or a position at a port.

The method according to any of the preceding claims, wherein the method
provides access to an unliftable storage container (401) within a storage column,
and wherein the step of determining the target storage position comprises the
steps of:

- receiving information from a container handling vehicle indicating that a storage
container at the target storage position is unliftable;

- utilizing the master control system (800) to remove storage containers along the
first path (900) between the position at the edge of the storage volume and the
target storage position where the unliftable storage container (401) is located such
that an operator can access the unliftable storage container (401).

The method according to any of the preceding claims, wherein the target storage
position is determined based on required access to a target storage position in
need of inspection, maintenance or repair.

An automated storage and retrieval system (1), the automated storage and
retrieval system (1) comprising:

- arail system (108) for guiding a plurality of container handling vehicles
(200,300), the rail system (108) comprising a first set of parallel rails (110)
arranged in a horizontal plane (P) and extending in a first direction (X), and a
second set of parallel rails (111) arranged in the horizontal plane (P) and
extending in a second direction (Y) which is orthogonal to the first direction (X),
which first and second sets of rails (110,111) form a grid pattern in the horizontal
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plane (P) comprising a plurality of adjacent grid cells (122), each grid cell (122)
comprising a grid opening (115) defined by a pair of neighboring rails
(110a,110b) of the first set of rails (110) and a pair of neighboring rails
(111a,111b) of the second set of rails (111);

- a storage volume (500) beneath the rail system (108), wherein the storage
volume (500) comprises storage columns for storing storage containers (106) and
the container handling vehicles (200,300) are operable to retrieve a storage
container (106) from a stack (107) of storage containers within the storage
volume (500);

- at least one container handling vehicle (200, 300) operable on the rail system
(108), the container handling vehicle (200, 300) comprising a lifting assembly for
picking up storage containers from the storage columns to a position above the
lowest level of the transport mechanism, and the lifting assembly comprises a
lifting frame connectable to a storage container, the lifting frame being
configured to lift and lower the storage containers (106) from a position in the
storage column to a position above the rail system (108);

- a master control system (800) configured to allocate and instruct at least one of
the container handling vehicle (200, 300) to remove storage containers along a
first path (900) between a position at a side edge or a top surface of the storage
volume (500) and a target storage position (400,401) within the storage volume
(500), such that an operator can access the target storage position (400, 401)
through the first path (900) when the at least one container handling vehicle has
removed the storage containers along the first path (900).



CA 03148880 2022-01-27

PCT/EP2020/073453

WO 2021/043597

111

o
o
To) N
A h e
— o
i) 2
$ Y
i o
-
[{o]
/ o —~~
( -~ t
na_ SR N
‘- —
T Y \\\\\ m\
Y AV [\
A o)
L
—_
——
rut
<
—
o o
e
o N
e
<
-
_ 5
— L
-
<
(]
h w

(=]
o
1o



CA 03148880 2022-01-27

PCT/EP2020/073453

2/16

WO 2021/043597

122

_\ e el
i mmiiapar
" agenm b
phert

111

Rl
g v..um.\h\\.\wW -
R
2 e

104
500

N~
o
~
©
o
-
~~
-
|
<
| -
o
| -
(Al
g
()
h v
—_—— -
= o
< L
—
S
| -
(a
S’
O o
< 3 -
. o
o)) (a2
LL

301



CA 03148880 2022-01-27

WO 2021/043597 3 /16 PCT/EP2020/073453
108
> 112
110a
111b
115
11a
110b
50,108 |
< 11, ), Fig. 2A (Prior Art)
51
@ 110a,51a
—— S ; —
E 110a,51a
E
111a,52a 18 i}l o
| < 111b,520
110b,51b g
|
110b,51b 110b,51b 50,
108

Fig. 2B (Prior Art)

111b,52b

122 > [

éh: =
2 110a,51a 110b,51b S i

I i
| WC I

Fig. 2C (Prior Art)



CA 03148880 2022-01-27

WO 2021/043597 4/16 PCT/EP2020/073453

198 200300 119,120 200,300

Fig. 3A



CA 03148880 2022-01-27

WO 2021/043597 5/16 8@9T/EP2020/073453

1
108 200"

200 200 -
104 \/\ 150 200 200 N

108

500 Fig. 3C 200'



PCT/EP2020/073453

6/16

WO 2021/043597

800 —_ |
%\__’
AN
_—T 200
L — 200)(




CA 03148880 2022-01-27

WO 2021/043597 PCT/EP2020/073453
7/16 800 —_|

IDENTIFY A TARGET STORAGE POSITION (400, 401) IN A TARGET STORAGE
VOLUME (500) 601

A

MASTER CONTROL SYSTEM 800 DECIDES LOCATION OF THE TARGET STORAGE
POSITION (400, 401)

v

OPERATE MASTER CONTROL SYSTEM TO ALLOCATE AND INSTRUCT AT LEAST /‘ 603

ONE CONTAINER HANDLING VEHICLE

'

REMOVE STORAGE CONTAINERS UTILIZING THE AT LEAST ONE CONTAINER
HANDLING VEHICLE (200, 300) UNDER INSTRUCTIONS FROM THE MASTER
CONTROL SYSTEM (800)

605

ARE ALL STORAGE CONTAINERS (106) IN STORAGE
COLUMNS REMOVED SUCH THAT A FIRST PATH FROM A
POSITON AT A SIDE EDGE OR A TOP SURFACE OF THE
STORAGE VOLUME (500) HAS BEEN MADE?

607
YESi MASTER CONTROL
SYSTEM 800
606 INSTRUCTS
END — AN OPERATOR CAN ACCESS THE TARGET CONTAINER
STORAGE POSITION 400, 401 THROUGH THE FIRST HANDLING VEHICLE(S)
TO REMOVE

PATH 900
REMAINING STORAGE

CONTAINER(S) SUCH
AS TO FORM THE
FIRST PATH (900)

Fig. 5A



CA 03148880 2022-01-27

WO 2021/043597 8/16 PCT/EP2020/073453

800 —_|
FIRST VEHICLE 200’ 501
DETECTS FUME/HEAT %\__’
N\
FIRST VEHICLE 200' TRANSMITS HEAT INFORMATION DATA TO MASTER | 502
CONTROL SYSTEM 800
503
MASTER CONTROL SYSTEM 800 DECIDES POSITION OF FIRST VEHICLE 200"
MASTER CONTROL SYSTEM 800 PROCESSES THE HEAT INFORMATION DATA | — 504
RECEIVED FROM FIRST VEHICLE 200"
y
MASTER CONTROL SYSTEM 800 INSTRUCTS SECOND VEHICLE 200" TODRIVE | — 505
TO A CELL CLOSE TO VEHICLE 200"
- 506
SECOND VEHICLE 200" SENSES AND TRANSMITS HEAT INFORMATION DATATO |
MASTER CONTROL SYSTEM 800
l 507
MASTER CONTROL SYSTEM 800 PROCESSES THE HEAT INFORMATION DATA |/~
FROM FIRST AND SECOND VEHICLES 200', 200"
A\ 4
MASTER CONTROL SYSTEM 800 INSTRUCTS THIRD VEHICLE 200" TO DRIVETO | " 508
A CELL CLOSE TO FIRST AND SECOND VEHICLES 200, 200"
MASTER CONTROL SYSTEM 800 INSTRUCTS THIRD VEHICLE 200" TODRIVETO | 509
A CELL CLOSE TO FIRST AND SECOND VEHICLES 200, 200"
THIRD VEHICLE 200" SENSES AND TRANSMITS HEAT INFORMATION DATATO | 510
MASTER CONTROL SYSTEM 800
v / 511
MASTER CONTROL SYSTEM 800 PROCESSES THE HEAT INFORMATION DATA |
FROM ALL VEHICLES 200', 200”, 200"”,...200 <
i 513
512 /
BASED ON PROCESSING IN MASTER CONTROL
STEP 511, HAS THE MASTER CONTROL SYSTEM 800 A SYSTEM 800
RESONABLE PREDICTION ON LOCATION INSTRUCTS
OF SOURCE OF THE FUME/HEAT? ANOTHER VEHICLE
200"“...200x TO
514 DRIVE TO A CELL

CLOSE TO FIRST,
SECOND AND THIRD
VEHICLES 200",
200", 200"

MASTER CONTROL SYSTEM 800 ALLOCATES AND
INSTRUCTS AT LEAST ONE CONTAINER HANDLING VEHICLE TO
REMOVE STORAGE CONTAINER(S) ALONG A FIRST PATH
BETWEEN A POSITION AT A SIDE EDGE OR A TOP SURFACE OF

Fig. 5B

THE STORAGE VOLUME




CA 03148880 2022-01-27

WO 2021/043597 9/16 PCT/EP2020/073453
800 —__|

108 \Q\_\’

I
—




CA 03148880 2022-01-27

WO 2021/043597 10/16 P%%8P2020/073453
108 \I__I

N
\ABCDEFGHIJ;\\\‘

1 I

=

3 — 200"

4 - 400

5

6 — 200"

7

Jl \ —

o 2o
Fig. 6C
800 —__|

108 200 \\\\:

\ A B C D E F G / H | J
1 /| AR-3
2| N
3 200""
4 L 400
5 — PA
6 — 200
7
Jl

Fig. 6D 200™



WO 2021/043597

108

400

108

— 901

500

Fig. 7B



WO 2021/043597 1 2/16 PCT/EP2020/073453

800 —__|

108

A B C D
1
.
3
4
5
900 —
7
3 P
108 902 g
A B C D E | )
1 // B
. -
: N
900 4 I 4b: Q\\901
> %%%% N = N \’;\& \\‘~ 400
6 ALMMIDMIM
7
: P I

500 Fig. 7D



CA 03148880 2022-01-27

WO 2021/043597 13/16 PCT/EP2020/073453

108
A B C D E F G H | J
1 N
.
3 B
4
5 | 900
6 N
7
8

500 Fig. 8



CA 03148880 2022-01-27

WO 2021/043597 14/16 PCT/EP2020/073453

800 —__|
108

-

o ~N O U1 A W NP

-

00

108

A B C
A B C

-

401

900

N

500 Fig. 9B



CA 03148880 2022-01-27

WO 2021/043597 15/16 PCT/EP2020/073453

800 —__|
108
N\
A B C D E F G H I

1 I

| I

3 B

4

5

6 - 401

7

: I

— 401

_—+—900




CA 03148880 2022-01-27

WO 2021/043597 16/16 PCT/EP2020/073453

108

500

Fig. 11



108 N

— 901

900 — 400

500



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - CLAIMS
	Page 29 - CLAIMS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - REPRESENTATIVE_DRAWING

