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ABSTRACT

Disclosed are a method and device for moving an article based on dense storage, a storage
medium, and a dense storage system. The method includes: upon detecting that a target shelf is
blocked by at least one blocking shelf, instructing a first self-driven robot to remove the blocking

5  shelf and/or a blocking storage box to make the target shelf no blocked by the blocking shelf or
make a target storage box on the target self not blocked by the blocking storage box; instructing
the first self-driven robot to cairy the blocking shelf and/or the blocking storage box and perform
a circular movement along a robot travelling passage; and instructing a second self-driven robot
to movc the target shelf from its current position to a workstation, or instructing the sccond sclf-

10 driven robot to remove the target storage box from the target shelf and move the target storage

hox to the workstation.

49
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DENSE STORAGE-BASED ARTICLE MOVING METHOD AND DEVICE, STORAGE
MEDIUM AND DENSE STORAGE SYSTEM

TECHNICAL FIELD

Embodiments of the present application relate to the field of warehousing technology and robot
control technology, and for example, relate to a method and device for moving an article based

on dense storage, a storage medium, and a dense storage system.
BACKGROUND

With the continuous development of the warehousing industry, more and more self-driven robots
are used in the warchousing industry, The user may use storage container in the warehouse for
purposes of storing articles. When the user needs a certain article, the self-driven robot can move
the storage container to the user’s location so that the user can take the item from the storage
container. However, when the warchouse where articles are stored has a relatively small space,
especially in order to save space cost brought about by the size of the warehouse space, a "mini-
warechouse" may be used for storing articles. Because the storage containers in the "mini-
warehouse" that are used for storing articles are densely placed, the travelling passage for the self-
driven robot is restricted, such that the self-driven robot is not able to move freely to the location
where the storage container is located to move the storage container like in a traditional large

warehouse.

The warchouse management modes in the related art are far from meeting the actual needs of
intelligence and density in terms of storage density and management efficiency. Therefore, no
matter from the perspective of saving the warchouse space, or from the perspective of saving
manpower for warehouse management, there is an urgent need for a solution whereby articles can
be densely stored, the warehouse space can be greatly saved, and the manpower required for

warchouse management can also be greatly saved.
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SUMMARY

The following is a summary of the subject matter described in detail herein. This summary is not

intended to limit the scope of protection conferred the claims.

Embodiments of the present application provide a method and apparatus for moving an article
based on dense storage, an apparatus, a storage medium, and a dense storage system, thus
realizing the purpose of moving stored articles in a dense storage context.

Embodiments of the present application provide a method for moving an article based on
dense storage, including: upon detecting that a target shelf is blocked by at least one blocking
shelf, instructing a first self-driven robot {o remove the at least one blocking shell and/or a
blocking storage box to make the target shelf not blocked by the at least one blocking shelf or
make a target storage box on the target shelf not blocked by the blocking storage box; instructing
the first self-driven robot to carry the blocking shelf and/or the blocking storage box and perform
a circular movement along a robot travelling passage; and instructing a second self-driven robot
to move the target shelf from current position to a workstation, or instructing the second self-
driven robot to remove the target storage box from the target shelf and move the target storage
box to the warkstation.

Embodiments of the present application further provide a computer apparatus, which
includes: at least one or more processors; a storage device configured to store at least one program,
the at least one program, when executed by the at least one processor, causing the at least one
processor to perform the method for moving an article based on dense storage as described in any

of the above solutions.

Embodiments of the present application further provide a computer-readable storage
medium storing a computer program, which, when executed by a processor, performs the method

for moving an article based on dense storage as described in any of the above solutions.

Embodiments of the present application further provide dense storage system that includes: a first
self-driven robot configured to remove a blocking shelf and/or a blocking storage box in
accordance with an struction of a control system; a second self-driven robot configured to carry
a target shelf or a target storage box disposed on the target shelf in accordance with an instruction
of the control system; a shelf area that includes a plurality of shelves configured for storing articles
and being carried by self-driven robots, the plurality of shelves including the target shelf, which
is surrounded by the blocking shelf on its periphery, and the self-driven robots comprising the
first self-driven robot and the second self-driven robot; and a control system, configured to
instruct the first self-driven robot to remove at least one blocking shelf and/or at least one blocking

storage box to make the target shelf not blocked by the at least one blocking shelf or make the

2
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target storage box on the target shelf not blocked by the at least one blocking storage box, upon
detecting that the target shelt is blocked by the at least one blocking shelf, and instruct the second
self-driven robot to move the target shelf from current position to a workstation or instruct the
second self-driven robot to remove the target storage box from the target shelf and move the target

storage box to the workstation.

Other aspects may be understood after reading and appreciating the accompanying drawings and

detailed description.

BRIEF DESCRIPTION OF DRAWINGS

By reading the detailed description of the non-restrictive embodiments made with reference to
the following drawings, it will be appreciated that these drawings arc used for the mere purpose
of illustrating some exemplary embodiments, and are not to be construed to be restricting the
present application. In addition, like relerence numerals are used o designale identical parts

throughout the drawings.

FIG. 1 is a schcematic diagram illustrating a system structurc of a warchousing system in

accordance with an embodiment of the present application.

FIG. 2 is a schematic diagram illustrating the structure of a single-opening shelf in accordance

with an embodiment of the present application.

FIG. 3 is a schematic diagram illustrating the layout and transportation of a mini-warehouse in

accordance with an embodiment of the present application.

FIG. 4a is a flowchart illustrating a method for moving an article based on dense storage in

accordance with an embodiment of the present application.

FIG. 4b is a [Towchart illustrating another method for moving an article based on dense storage

in accordance with an embodiment of the present application.

FIG. 3 is a flowchart iHustrating yet another method for moving an article based on dense storage

in accordance with an embodiment of the present application.

FIG. 6 is a schematic diagram illustrating a self-driven robot that performs a method for moving

an article based on dense storage in accordance with an embodiment of the present application.
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FI1G. 7a illustrates the layout of another mini-warchouse in accordance with an embodiment of

the present application.

FIG. 7b is a schematic diagram illustrating the transportation in a mini-warehouse in accordance

with an embodiment of the present application.

FIG. 8 is a flowchart illustrating still another method for moving an article based on dense storage

in accordance with an embodiment of the present application.

FIG. 9 is a schematic diagram illustrating an article moving device based on dense storage in

accordance with an embodiment of the present application.

FIG. 10 is a schematic diagram illustrating a computer apparatus in accordance with an

embodiment of the present application.

FIG. 11 is a schematic diagram illustrating a system structure of an unmanned self-service

operating system in accordance with an embodiment of the present application.

FIG. 12 is a schematic diagram illustrating a single-opening shelf in accordance with an

embodiment of the present application.

FIG. 13 is a schematic diagram illustrating a self-driven robot in accordance with an embodiment

of the present application.

FIG. 14 is a flowchart illustrating an article dense storage method in accordance with an

embodiment of the present application.

FIG. 15 is a schematic diagram illustrating a dense arrangement of shelves in accordance with an

embodiment of the present application.

FIG. 16 is a flowchart iHustrating an article dense storage method in accordance with an

embodiment of the present application.

FIG. 17 is a flowchart itlustrating an article dense storage method in accordance with an

embodiment of the present application.

FIG. 18 is a schematic diagram illustrating an article dense storage device in accordance with an

embodiment of the present application.
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FIG. 19 is a schematic diagram illustrating an article dense storage system in accordance with an

embodiment of the present application.

FIG. 20 is a schematic diagram illustrating a main control terminal in accordance with an

embodiment of the present application.

DETAILED DESCRIPTION

The present application will be described in detail below in connection with the accompanying
drawings and embodiments. Itis to be understood that the specific embodiments described herein
are merely illustrative of the present application and are not intended to limit the present
application. It should also be noted that, for ease of description, only some. rather than all. of the

structures related to the present application are illustrated in the drawings.

FIG. 1 is a schematic diagram illustrating the system structure of a warchousing system in
accordance with an embodiment of the present application. Referring to FIG. 1, the system 100
includes a self-driven robot 110, a control system 120, a storage container area 130 and a
workstation 140. The storage container area 130 is provided with multiple storage containers 131,
and various articles are placed on the storage container 131, the multiple storage containers 131
are arranged in an array, Generally, multiple workstations 140 are provided on a side of the storage
container area 13(). The storage container 131 may be any one of containers capable of storing
articlcs, such as a shclf or a tray. Taking the shelf as an cxample, the shelf includes multiplc
compartments and four landing support columns, various articles may be directly placed on the
compartment of the shelf. the compartment of the shelf may also be provided with multiple
storage boxes, which may be separated from the shelf or may also be integrated with the shelf,
and one or more articles may be placed in the storage box. In addition, the shelf may be a double-
opening shelf, and two articles may be placed in a depth direction of an extension level, that is,
one article may be placed in each opening direction; or two storage boxes may be provided in the
depth direction of the extension level, that is. one storage box may be provided in each opening
direction. The shelf may also be a single-opening shelf, and one article may be placed in the depth
direction of the extension level, that is, only one article may be placed in the opening direction;
or a storage box may be provided in the depth direction of the extension level, that is, only one

storagc box may be provided in the opening direction.

The control system 120 may be in wireless communication with the self-driven robot 110, and a
worker (or an owner of the article) enables the control system 120 to operate through an operating

5
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platform 160, The self-driven robot 110 performs cargo transportation tasks under the control of
the control system 120. For example, the sclf-driven robot 110 may travel along an cmpty space
{a part of a passage for the self-driven robot 110} in the middle of a shelf array, move to the bottom
of a target shelf 131, lift the target shelf 131 with a lifting mechanism, and carry the target shelf

to the assigned workstation 140.

In one example, the self-driven robot 110 has a lifting mechanism, and is equipped with an
autonomous navigation function. The self-driven robot 110 may travel to the bottom of the target
shelf 131 and lift the entire shelf 131 with the lifting mechanism such that the shelf 131 may move
up and down with the lifting mechanism having a lifting function. In one example, the self-driven
robot 110 may travel according to two-dimensional code information captured by a camera, and
may travel beneath the shelf 131 prompted by the contral system 120 according to a route
determined by the control system 120, The self-driven robot 110 carries the target shelf 131 to the
workstation 140}, and a worker (or an owner of the article) 141 at the workstation 140 may remove
an article from the shelf 131. For the double-opening shelf, the shelf may be rotated by the self-
driven robot 110 so that an opening direction of an article to be picked faces a person who picks

the article, such as a worker or an owner of the article.

The control system 120 is a software system running on a server and having data storage and
information processing capabilities, and may be connected wirelessly or wired to a robot, a
hardware input system, and other software systems. The control system 120 may include one or
more servers, and may be centralized control architecture or a distributed computing architecture.
The server includes a processor 1201 and a memory 1202, where the memory 1202 may include

an order pool 1203,

The warchousing system illustrated in FIG. T may be applied to a variety of suitable cases. For
example, in a pick-up scenario, after the shelf 131 is carried to the workstation 140 by the self-
driven robot 110, the worker removes an article from the shelf 131 (the article 1s an order article)
and places them into a packaging box for packaging; for another example, in an article storage
case, the owner of the article removes the article from the shelf 131 after the shelf 131 is carried
to the workstation 140 by the self-driven robot 110, regardless of whether the stored article is
temporarily stored or long-term stored. In particular, in the article storage case, in order to ensure
privacy and security, one storage container is dedicated to one user’s article, or one storage box
is dedicated to one user’s article, the storage box may be provided with a password lock, and the
user may open the storage box by entering a password, reference is made to a single-opening shelf

iHustrated in FIG. 2.
6
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Because a warehouse where articles are stored has a relatively small space, especially in order to
save the spacce cost brought about by the size of the warchousc space, a "mint-warchousc" may
be adopted for storing articles. However, because the shelves for storing articles in the "mini-
warehouse” are densely placed, a travelling passage of the robot may be restricted, such that the
self-driven robot would not be able to directly move the shelf to be transported. Therefore, there
is a need for wnproving a method for moving an article based on dense storage so as to move the

articles in dense storage scenario.

A method and device for moving an article based on dense storage, a compuler apparatus, and a
storage medium provided in the embodiments of the present application are set forth in detail

below by means of the embodiments.

FFIG. 3 is a schematic diagram illustrating the layout and transportation of a mini-warehouse in
accordance with an embodiment of the present application. Referring o FIG. 3, the mini-
warchouse is provided with a shelf area 301, a robot travelling passage 302, a self-driven robot
303, and a workstation 304. Multiple shelves are arranged in the shelf area 301, each of the
multiple shelves in the shelf area 301 may be placed in a single column, such as the single column
of shelves shown above in FIG. 3. Each of the multiple shelves in the shelf area 301 may also be
placed side hy side in multiple columns (at least two columas), such as 3 columns of shelves on
the left side and 4 columns of shelves in the middle in FIG. 3. The robot travelling passage 302
in FIG. 3 may include a travelling sub-passage L1, a travelling sub-passage L2, a travelling sub-
passage 1.3, atravelling sub-passage L4, a travelling sub-passage L5, a travelling sub-passage L6,
atravelling sub-passage 1.7 and a travelling sub-passage 1.8. The above-mentioned travelling sub-
passages are all one-way travelling passages, and part of the shelves in the shelf area 301 are
iminediately adjacent (o one or both sides of each of the travelling sub-passages. The self-driven
robot 303 may move to a position where the shelves are located in directions indicated by the
traveling sub-passages in the robot travelling passage 302 so as to carry the shelves. If a shelf to
be moved is a shelf that is immediately close to the travelling sub-passage (such as a shelf  ora
shelf 3), then the self-driven robot 303 may directly move the shelf to be moved to the workstation;
however, if a shelf to be moved is not a shelf immediately close to the travelling sub-passage, but
is a shelf (for example, a shelf 2) located in the middle of multiple columns of shelves, the shelf
to be moved is blocked by the shelf on an outer side at this time, the self-driven robot 303 may
not be ablc to dircetly move the shelf to be moved, the shelf to be moved may be moved by the
self-driven robot 303 only after the shelf blocked on the outer side is moved, and at this time, the

shelf o be moved may not be moved by one self-driven robot 303 alone, and the shelf to be
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moved may be moved by the cooperation of multiple self-driven robots 303. Based on the above-
mentioned situation, a first robot, a sccond robot and a third robot may be used for distinguishing
in the subsequent use of multiple self-driven robots 303. For example, the first to the Ny (N is a
natural number greater than or equal to 1) self-driven robots may first carry the outer blocking
shelf away and wind along a one-way passage in a field, and then the N+1y, self-driven robot may
carry the target shelf away and runs along the one-way passage in the field to the workstation for
an appropriate processing operation, for example, in a pick-up scenario, the processing operation
may be loading, replenishing, or counting articles. After the processing operation is completed,
the N+14, self-driven robot carries the target shelf back to an original place. After the target shelf
returns to the original place, the first to the Ny self-driven robots carry the outer blocking shelf
back to the original place. Of course, the positions of the target shelf and the blocking shelf may

also be interchanged.

FIG. 4a is a flowchart illustrating a method for moving an article based on dense storage in
accordance with an embodiment of the present application. The method includes step 201 to step

203.

In step 201, upon detecting that a target shelf is blocked by at least one blocking shelf, a first self.
driven robot is instructed to remove a blocking shelf and/or a blocking storage hox such that the
target shelf is not blocked by the blocking shelf or a target storage box on the target shelf is not

blocked by the blocking storage box.

In step 202, the first self-driven robot is instructed to carry the blocking shelf and/or the blocking

storage box and perform a circular movement on a robot travelling passage.

In step 203, the second self-driven robot is instructed to move the target shelf from a current
position to a workstation, or the second self-driven robot is instructed to remove the target storage

box from the target shelf and move the removed target storage box to the workstation.

FIG. 4b is a flowchart illustrating another method for moving an article based on dense storage
in accordance with an embodiment of the present application. The method includes step 401 and
step 402. 'The embodiment of the present application may be applied to a case that a self-driven
rohot acquires articles required by a user in shelves in a case of the densely placed shelves. The
method may be performed by an article moving device based on dense storage. The device may
be implemented by using software andfor hardware. The device may be integrated into any
computer apparatus having a network communication function, and the computer apparatus may

8
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be a server configured to control the movement of articles in densely placed shelves, or may be a

computer apparatus such as a computer, ctc.

In step 401, upon detecting that a target shelf is blocked by a blocking shelf and a first preset
passage is blocked, a first self-driven robot is instructed to move the blocking shelf according to
a second preset passage so that a target article on the target shelf is not blocked by the blocking
shelf, where the first preset passage i1s a moving passage from a current position of the target shelf

to a workstation.

In the embodiment of the present application, referring to FIG. 3, for example, for the target shelf
being the shelf 1, when the first self-driven robot 303 or the second self-driven robot 305 carries
the shelf 1 of the shelf area 301, due to the fact that there is no other shelf at an outer side of a left
side of the shelf 1, the first self-driven robot 303 or the second self-driven robot 305 may travel
1o the left side of the shelf T and move the shelf T oul, and move the shelf 1 o the workstation
304 along the first preset passage. The first preset passage may be a moving passage between the
current position of the target shelf and the workstation. The moving passage between the current
position of the target shelf and the workstation may be determined in advance according to a
placement position of the target shelf and a position of the workstation, and may also be
determined by a real-time positioning of the robot. Exemplarily, for the target shelf as the shelf 1,
a route indicated by the first preset passage may be “shelf 1--travelling sub-passage L1 -
travelling sub-passage L2—travelling sub-passage L4-—travelling sub-passage L6—travelling
sub-passage L7 — workstation 3047, Of course, the above merely illustrates one exemplary
moving passage from the shelf 1 to the workstation 304. The moving passages from other shelves
t0 the workstations may be determined based on an actual position of the target shelf, a position

of the workstation, and directions of the traveling sub-passages in the robot traveling passage 302,

In the embodiment of the present application, referring to FIG. 3, for another example, for the
target shelf being the shelf 2, at this time, the shelf 2 is blocked by the shelf 1, the shelf 3, a shelf
4, and a shelf 5, etc., thereby causing a moving passage of the shelf 2 to the workstation 304 to
be blocked, i.e. the first preset passage is blocked. To this end, the first self-driven robot 303 may
be instructed to move the shelf blocking the shelf 2 according to the second preset passage, so
that the moving passage between the shelf 2 and the workstation 304 is not blocked. The first self-
driven robot 303 is configured to move the blocking shelf away from an original position
according to the second preset passage, thereby ensuring that the moving passage between the
current position of the target shelf and the workstation is unobstructed. The second preset passage

may be set according to the actual situation, such as a winding passage in a certain direction on
9
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the travelling passage 302 of the self-driven robot. Exemplarily, a route indicated by the second
preset passage may be “travelling sub-passage L1-—travelling sub-passage L2+ travelling sub-
passage L4—travelling sub-passage L.5—travelling sub-passage L17; the route indicated by the
second preset passage may also be “waveling sub-passage L3 -traveling sub-passage L2 —
traveling sub-passage L4—traveling sub-passage L.5—traveling sub-passage 1.3, where the route
mdicated by the second preset passage may also be the combination of the two moving passages
in the above-mentioned example, which are not to be detailed herein again. Of course, the above
merely illustrates one moving passage which winds around the field in the directions indicated by
the arrows of the preset travelling sub-passages. The other second preset passages are not listed
here, as long as it 1s satisfied that the blocking shelf does not block the target shelf when moving

along the second preset passage.

In an embodiment of the present application, the step where upon detecting that the target shelf is
blocked by the blocking shelf and the first preset passage is blocked, the first self-driven robot is
instructed to move the blocking shelf according to the second preset passage may include step

4011a and step 4011b.

In step 401 1a, upon detecting that the target shelf is blocked by the blocking shelf and the first
preset passage is blocked, the first self-driven robot is instructed to travel to a shelf area where
the blacking shelf located outside the target shelf and blocking the target shelf is located, and

remove the blocking shelf from the shelf area where the blocking shelf is located.

In this embodiment, when a moving instruction to move a target article is received, it may be
detected whether the target shelf corresponding to the target article is blocked by the blocking
shelf and the first preset passage is blocked, that is, it may be detected whether there are all
blocking articles outside the target shelf. When it is detected that the target shelf is blocked by the
blocking shelf and the first preset passage is blocked, the first self-driven robot may be instructed
to travel to the shelf area where the blocking shelf located outside the target shelf and blocking
the target shelf is located, and remove the blocking shelf from the shelf arca where the blocking

shelf is located.

Exemplarily, referring to FIG. 3, assuming that the target shelf corresponding to the target article

is the shelf 2, the first preset passage may be “shelf 2-=shelf 1-—travelling sub-passage L1-~

travelling sub-passage L2 ~travelling sub-passage L4-~travelling sub-passage L6-travelling

sub-passage L7—workstation 304”7, At this time, the blocking shelf on the first preset passage

described above is the shelf 1; the first preset passage may also be “shelf Z—shelf 3—iravelling
10}
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sub-passage L3—travelling sub-passage L2-~travelling sub-passage L4—travelling sub-passage
Lé-~travelling sub-passage L7~ workstation 3047, At this time, the blocking article on the first
presct passage described above is the shelf 3. When the shelf 2 needs to be moved, the shelf 1 or
the shelf 3 needs to be removed first, so as to ensure an unblocked passage from the shelf 2 to the
travelling sub-passage L2, or the unblocked passage from the shelf 2 to the travelling sub-passage
L3, Based on the above situation, upon detecting that the shelf 2 is blocked by the blocking shelf
{such as the shelf 1 or the shelf 3) and the first preset passage is blocked, the first self-driven robot
303 may be instructed to travel to the shelf area where the blocking shelf located outside the shelf
2 and blacking the shelf 2 (such as the shelf 1 or the shelf 3) is located. After the first self-driven
robot 303 travels to the shelf area where the blocking shelf (such as the shelf 1 or the shelf 3) is
focated, it may continue to remove the blocking shelf (such as the shelf 1 or the shelf 3) from the
shelf area where the blocking shelf is located so as to ensure that the shelf 2 is not blocked by the

block shelf (such as the shelf 1 or the shelf 3).

In step 4011b, the first self-driven robot is instructed to carry out the moving of the moved-out

blocking shelf around the robot travelling passage according to the second preset passage.

In this embodiment, when the first self-driven robot 1s instructed to remove the blocking shelf
from the shelf area where the blocking shelf is located, in order to prevent the moved out blocking
shelf from blocking the moving passage between the current position of the target shelf and the
workstation, the first self-driven robot may be instructed to carry out the moving of the moved-
out blocking shelf around the robot travelling passage according to the second preset passage.
The second preset passage is a one-way travelling passage. that is, the first self-driven robot may

move in a one-way winding when it moves the blocking shelf,

Exemplarily, referring to FIG. 3, taking the target shelf as the shelf 2 and the blocking shelf as the
shelf 1 as an example, after the shelf 1 is moved out of an original shelf area, the first self-driven
robot 303 may carry the shelf 1 into the robot travelling passage 302. After the shelf 1 enters the
robot travelling passage 302, the first preset passage may be blocked again, resulting in that the
moving passage between the current position of the target shelf and the workstation is still blocked.
Based on the above situation, the first self-driven robot 303 may be instructed to move the shelf
I in a manner of an one-way winding according to the second preset passage shown in “travelling
sub-passage L1-~travelling sub-passage L2-—travelling sub-passage L4—travelling sub-passage
L5 —travelling sub-passage 117, such that the shelf 1 will no longer block the first preset passage
during the circular movement. Referring to FIG. 3. taking the target shelf as shelf 2 and the

blocking shelf as shelf 3 as an example, after the shelf 3 1s moved out of an original shelf area,
i
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the first self-driven robot 303 may carry the shelf 3 into the robot travelling passage 302, and after
the shelf 3 enters the robot travelling passage 302, the first presct passage may be blocked again,
resulting in that the moving passage between the current position of the target shelf and the
workstation is still blocked. Based on the above situation, the first self-driven robot 303 may be
instructed to move the shelf 3 in a manner of an one-way winding according to the second preset
passage shown in order of “travelling sub-passage L3—travelling sub-passage L2—travelling
sub-passage L4—travelling sub-passage L5—travelling sub-passage L37, such that the shelf 3

will no longer block the first preset passage during the circular movement.

In the embodiment of the present application, upon detecting that the target shelf is not blocked
by the blocking shelf and the first preset passage i1s not blocked, any one of the self-driven robots
may be directly instructed to travel to the shelf area where the target shelf is located, so as to
directly move out the target shelf from the current position of the target shelf and move the target
shelf to the workstation according to the first preset passage. Fxemplarily, referring to FIG. 3,
assuming that the target shelf is shelf 1, the right, upper, and lower sides of the shelf 1 are blocked
by the shelf 3, the shelf 4, and the shelf 5, respectively, but the right side of the shelf | is not
blocked by other shelves. At this time, it may be considered that the shelf 1 is not blocked by the
blocking shelf and the first preset passage 1s not blocked. Based on the above situation, any one
of the self-driven robots 303 may be instructed to travel to a position where the shelf | is located,
and move the shelf 1 out of the shelf area, and move the shelf 1 from the current position of the
shelf 1 to the workstation 304 in a direction indicated by the first preset passage shown in order
of “shelf 1—travelling sub-passage L1 —travelling sub-passage L.2—travelling sub-passage L4
— travelling sub-passage 1.6 — travelling sub-passage L7 — workstation 3047, Of course. the
above only illustrates one exemplary moving passage from the shelf 1 to the workstation 304,
The moving passages from other shelves to the workstations may be set based on an actual
position of the target shelf, a position of the workstation, and directions of the traveling sub-

passages in the robot traveling passage 302.

In step 402, the second self-driven robot is instructed to move the target shelf from the current
position to the workstation according to the first preset passage, such that the user may pick up

the target article on the target shelf.

In the embodiment of the present application, referring to FIG. 3, for the target shelf as the shelf
2, the blocking shelf may be the shelf 1 on the left side of the shelf 2 or also may be the shelf 3
on the right side of the shelf 2. When the blocking shelf is the shelf | on the left of the shelf 2, a

route indicated by the first preset passage may be “shelf 2—+shelf | —~travelling sub-passage L]
12
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-+travelling sub-passage L2-+travelling sub-passage L4—travelling sub-passage L6-~travelling
sub-passage L7 workstation 304”; when the blocking shelf is the shelf 3 at the right of the shelf
2, a route indicated by the first preset passage may be “shelf 2—shelf 3—~travelling sub-passage
L3 — ravelling sub-passage L2 — travelling sub-passage L4 — travelling sub-passage Lo —

travelling sub-passage L7—workstation 3047,

In the embodiment of the present application, referring to FIG. 3, after the first self-driven robot
303 is instructed to move the blocking shelf (for example, the shelf 1 or the shelf 3} according to
the second preset passage, such that the target shelf is not blocked by the blocking shelf, the
second self-driven robot may be instructed to transport the target shelf from the current position
to the workstation according to the first preset passage, so as to get the target article from the

target shelf or the storage box on the target shelf.

It should be noted that the above merely iHustrates two exemplary moving passages from the shelf
2 to the workstation 304. The moving passages from other shelves to the workstations may be set
based on an actual position of the target shelf. a position of the workstation, and travelling

directions of the traveling sub-passages in the self-driven robot traveling passage 302.

In an embodiment of the present application, the step that the second sebf-driven robot is instrucied
10 move the targert shelf from the current position to the workstation according to the first preset
passage, so that the user picks up the target article on the target shelf may include step 4021a and

step 4021b.

In step 4021a, upon detecting that the blocking shelf is moved, the second self-driven robot is
instructed to travel to the shelf area where the target shelf is located, and move the target shelf out

of the shelf area where the target shelf is located.

In step 4021b, the second seif-driven robot is instructed to move the removed target shelf from
the current position 1o the workstation according o the first preset passage, such that the user may

pick up the target article on the target shelf, where the target article is stored on the target shelf.

In this embodiment, referring to FIG, 3, taking the target shelf as the shelf 2 and the blocking
shelf as the shelf | as an example, upon detecting that the first sclf-driven robot 303 carries the
shell 1 and perfonms a circular movement on the rebot travelling passage according to the second
preset passage. the second self-driven robot 303 may be instructed to travel to a position where

the shelf 2 is located and may move the shelf 2 out of the shelf area where the shelf 2 is located.

13
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After the second self-driven robot 303 moves the shelf 2 out of the shelf area where the shelf 2 is
located, the second sclf-driven robot 303 may continue to be instructed to move the shelf 2 from
the current position of the shelf 2 to the workstation 304 according to a transportation passage in
order of “shelf 2-—travelling sub-passage L1 —~travelling sub-passage L2 —travelling sub-passage
L4—iravelling sub-passage L6—travelling sub-passage L.7 —~workstation 304" such that the user

may pick up the target article from the shelf 2.

In this embodiment, for the shelf of this embodiment, a shelf of only one box may be placed on
each level of the shelf, and only one opening is provided on a side of each shelf; two storage
boxes or even more storage boxes may also be placed on each level of the shelf, and two sides of
each shelf are respectively provided with one opening. It 1s assumed that there is one opening one
each of the two sides of the shelves, after the target shelves are moved and arrive at the
workstation, only the target shelf needs to be rotated, and the storage box corresponding to the

target shelf may be picked vp.

In an embodiment of the present application, after detecting that the user has picked up the target
article at the workstation, the second self-driven robot is first instructed to place the target shelf
corresponding to the target article back to an original position again, and then the first self-driven
robot is instructed to place the blocking shelf back to an original position again. Alternatively,
after detecting that the user picks up the target article at the workstation, the first self-driven robot
is first instructed to place the blocking shelf back to the original position where the target shelf
corresponding to the target article is located, and then the second self-driven robot s instructed
to place the target article corresponding to the target shelf back to the original position where the
blocking shelf is Jocated, At this time, the placement position of each shelf in the shell information

iable needs to be updated.

In another embodiment of the present application, the step that the second self-driven robot is
instructed to move the target shelf from the current position to the workstation according to the
first preset passage, so that the user may pick up the target article on the target shelf may include

step 4022a and step 4022b.

In step 40224, upon detecting that the blocking shelf is moved, the second self-driven robot is
instructed to travel to the shelf arca where the target shelf is located, and remove the target storage

box from the target shelf, where the target storage box is placed on the target shelf.

In step 4022b, the second self.driven robot is instructed to move the removed target storage box
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from the current position to the workstation along the first preset passage, where the target article

is stored in the target storage box.

In this embodiment, referring to FIG. 3, taking the target shelf as the shelf 2 and the blocking
shelf as the shelf 1 as an example, upon detecting that the first self-driven robot 303 carries the
shelf 1 and performs a circular movement on the robot travelling passage along the second preset
passage, the second self-driven robot 303 may be instructed to travel to a position where the shelf
2 is located, and may remove the target storage box placed on the target shelf from the shelf 2.
After the second self-driven robot 303 removes the target storage box from the shelf 2, the second
self-driven robot 303 may continue to be instructed to move the removed target storage box from
the position where the shelf 2 is located to the workstation 304 according to the first preset passage
as the transportation passage in order of “shelf 2—travelling sub-passage L{—travelling sub-
passage L.2—travelling sub-passage L4—travelling sub-passage Lo—travelling sub-passage L7
—+workstation 3047, such that the user may pick up the target article from the target storage hox.
It should be noted that, for the shelf of this embodiment, a shelf of only one box may be placed

on each level of the shelf, and only one opening is provided on a side of each shelf.

In an embodiment of the present application, after detecting that the user has picked up the target
article at the workstation, the second self-driven robot 1s first instructed to place the target storage
box corresponding to the target article back to an original position again, i.e., place target storage
box corresponding to the target article back to the original target shelf, and then the first self-

driven robot is instructed to place the blocking shelf back to an original position again.

In an embodiment of the present application, after detecting that the user has picked up the target
article at the workstation, the second self-driven robot is first instructed to place the target shelf
or the target storage box on the target shelf to the original position, and the first self-driven robot
is instructed to place the blocking shelf and/or the blocking storage box back to the original

position.

In an embodiment of the present application, a manipulator may be provided on the workstation.
After the shelf is moved to the workstation by the seif-driven robot 303, the user's required articles
may be grabbed from the shelf by using the manipulator provided on the workstation and placed
on the shelf, so that the user or the staff may pick up the articles from the shelf. Alternatively,
after the shelf is moved to the workstation by the self-driven robot 303, the user's needed storage
box may be grabbed from the shelf by using the manipulator provided on the workstation and

placed on the shelf, and then the user's needed articles may be removed from the storage box by
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the user or by means of the manipulator. The article may be a product in a warehouse (such as a
product sorted in a regular logistics warchousc) or a uscr's personal article. At this time, the target
shelf or target article storage box is similar to a persenal safe, and the person picking up the target

article at the workstation is the owner of the article.

In an embodiment of the present application, when the first self-driven robot make the moved out
blocking shelf perform the circular movement on the robot travelling passage along the second
preset passage, and when the second self-driven robot is moving the removed target shelf or target
storage box to the workstation along the first preset passage, since the first self-driven robot may
carry the blocking shelf to perform a circular movement on the robot travelling passage during
the whole time, there may be a case where the first self-driven robot and the second self-driven
robot meet at a junction of each traveling sub-passage of the robot travelling passage 302, and at
this time, it is necessary to determine which self-dniven robot to pass through in priority, For
example, referring to FIG. 3, during a process of the first self-driven robot 303 carrying the shelf
1 or the shelf 3 to move around, and the second self-driven robot 303 moving the shelf 2 or the
storage box on the shelf 2, the first self-driven robot 303 and the second self-driven robot 303
may meet at a junction of the traveling sub-passage 1.4 and the traveling sub-passage 1.7. Based
on the above situation, in order to ensure that the target shelf or the target storage box may be
moved in time when the first self-driven robot and the second self-driven robot meet, the priority
of the target shelf or the target storage box may be set higher than the priority of the blocking
shelf, and correspondingly, the priority of the second self-driven robot carrying the target shelf or
the target storage box is also higher than the priority of the first self-driven robot carrying the
blocking shelf. When the first self-driven robot meets the second self-driven robot, the target shelf

or target storage box moved by the second self-driven robot passes through in priority.

In addition, since the user picks up the target article from the target shelf or the target storage box
at the workstation, the user needs to return the target shelf or the target storage box to the original
place again. By setting the priority of the target shelf or target storage box to be higher than the
priority of the blocking shelf, the second self-driven robot may be instructed to return the target
shelf or target storage box to the original position in turn according to the priority, and the first
self-driven robot is instructed to return the blocking shelf to its original location. It should be
noted that the priority of each shelf or the storage box on cach shelf may be set according to the
order in which cach shelf or cach storage box is moved out. The priority of the shelf or the storage
box moved out earlier is small, and the priority of the shelf or the storage box moved out later is

farge.
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FIG. 5 is a flowchart illustrating another method for moving an article based on dense storage in
accordance with an embodiment of the present application. Based on the above embodiment, the
embodiment of the present application details the steps in which the first self-driven robot is
instructed to move the blocking article according to the second preset passage and the second
self-driven robot is instructed to fransport the target article from the current position to the

workstation according to the first preset passage.

In addition to carry the shelf to the workstation, the self-driven robot may also pick up the storage
boxes on the shelves and carry the storage boxes to the workstations, so that the staff at the
workstation or the owner of the articles may remove the articles from the storage box. Here, the
self-driven robot may take the storage box off the shelf by means of various manipuiators or
robotic arm structures. For the storage box on the shelf in the middie column, or the inner storage
boxes on the two-way shelf beside the passage, they may not be removed directly because they
are blocked by ather storage hoxes. Therefore, the target storage box to be removed needs to be

removed by carrying away the blocked storage box and/or the blocked shelf.

As illustrated in FIG. 5. the method for moving the article based on the dense storage in the

embodiment of the present application may include step 501 to stepS04.

In step 501, upon detecting that the target sheif is blocked by the blocking shelf and the first preset
passage is blocked, the first self-driven robot is instructed o travel to a sheif area wherc the
blocking shelf that is located outside the target shelf and that blocks the target shelf is located,

and to remove the blocking storage box from the blocking shelf and/or the target storage box.

Both sides of the blocking shelf and the target shelf is each provided with one opening, and the
blocking storage box is placed on the blocking shelf, and the blocking storage box and/or the

target storage box are placed on the target shelf.

In the embodiment of the present application, referring (o FIG. 3, it is assumed that the target
shelf is the shelf 2 and the blocking shelf may be the shelf I, since the target shelf and the blocking
shelf in this embodiment are two-sided open shelves, i.e., two sides are respectively provided with
one opening and multiple storage boxes are placed on the two-sided open shelves, mutltiple
storage boxes may be placed on the target shelf and the blocking shelf. It should be noted that the
storage boxes on the target shelf may include a target storage box and a blocking storage box. For
example, the target shelf may be the shelf 2, and the blocking shelf may be the shelf 1, if the target
storage box is located on the right side of the shelf 2, then the storage box placed on the left side
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of the shelf 2 may be understood as the blocking storage box placed on the target shelf, At this
time, not only nced to move the blocking storage box on the blocking shelf (such as the shelf 1),
but also need to remove some of the blocking storage box included in the target shelf. As long as
the blocking storage box located outside the target storage box is moved away, the smoothness of
the moving passage between the location of the target storage box storing the target article and

the workstation may be ensured.

Based on the above situation, upon detecting that the target shelf is blocked by the blocking shelf
(for example, the shell 1) and the first preset passage is blocked, the first self-driven robot 343
may be instructed to travel to a position where the blocking shelf (for example, the shelf 1) is
located. After the first self-driven robot 303 travels to the shelf area where the blocking shelf
(such as shelf 1} is located, the first self-driven robot 303 may be instructed to remove all the
blocking storage boxes placed on the blocking shelf from the blocking shelf and remove part of
the blocking storage boxes from the target shelf (such as the shelf 2} so as to ensure that the target
storage box on the target shelf (such as the shelf 2) is not blocked by the blocking storage box on
the blocking shell and by the part of the blocking storage box from the target shelf. Among them,
the first preset passage may be a passage composed of “shelf 2-—shelf | —travelling sub-passage
L1 »travelling sub-passage L2 »travelling sub-passage L4 - - twravelling sub-passage L6 »
travelling sub-passage L7 —workstation 304, At this time, the blocking storage box on the first
preset passage may be a storage box on the shelf 1 and/or a storage box on the left side of the

shelf 2.

In step 502, the first self-driven robot is instructed to move the muitipie removed blocking storage
boxes around the robot travelliing passage along the second preset passage, such that the target
storage box on the target shelf is not blecked by the blocking shelf and/or blocking storage box

on the target shelf.

In the embodiment of the present application, referring to FIG. 3, after the first self-driven robot
303 removes the blocking storage box from the blocking shelf and/or the target shelf, in order to
avoid the removal of the blocking storage box from blocking & moving passage between the target
storage box to the workstation, the first self-driven robot 303 may be instructed to move the
removed blocking article storage box around on the robot running passage according to the second
preset passage. Exemplarily, taking the target shelf as the shelf 2 and the blocking shelf as the
shelf 1 as an example, since cach shelf is densely arranged, when the first self-driven robot 303
removes the blocking storage box on the shelf 1 and/or the shelf 2, only the blocking storage box

may be placed on the robot travelling passage 302. However, the static placement of the blocking
18
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storage box on the robot travelling passage 302 will inevitably affect the normal movement of
other sclf-driven robots 303, and the static placement of the blocking storage box on the robot
travelling passage 302 may cause a moving passage between the target storage box and the
workstation to be blocked. Based on the above situation, the first self-driven robot 303 may be
instructed to move the removed blocking storage box in a manner of an unidirectional circulation
foop according to the second preset passage shown in order of “travelling sub-passage L{—
travelling sub-passage L2 —1travelling sub-passage L4—travelling sub-passage L5—travelling
sub-passage L17, such that the removed storage box will not block the first preset passage again
during the movement of the coil. It should be noted that, for specific explanation about the first
preset passage and the second preset passage, reference may be made to the explanation of the
first preset passage and the second preset passage in the foregoing embodiment, and details are

not described herein again.

In the embodiment of the present application, FIG. 6 is a schematic diagram illustrating a self-
driven robot that performs a method for moving an article based on dense storage in accordance
with an embodiment of the present application. Referring to FIG. 3, taking the self-driven robot
in FIG. 6 as the first self-driven robot 303 shown in FIG. 3 as an example, the self-driven robot
in FIG. 6 may be provided with a manipulator 602, and the first self-driven robot 303 may be
grasped the blocking storage box from the blocking shelf through the manipulator 602, and the
removed blocking storage box may be placed on each accommodation position of the
accommaodation device 601 iHustrated in FIG. 6. The first self-driven robot 303 may cause the
multiple removed blocking storage box to perform a circular movement on the robot travelling
passage according to the second preset passage, such that the moving passage between the target
storage box and the workstation is not blocked. Of course, the type of the first self-driven robot
303 may not be limited to the self-driven robot shown in FIG. 6, as long as the first self-driven

robot 303 may achieve the functions of grasping and accommaodating the blocking storage box.

In step 503, upon detecting that the blocking storage box on the blocking shelf and/or the target
shelf is moved. the second self-driven robot is instructed to travel to the shelf area where the
blocking shelf is located, and remove the target storage box from the target shelf via two openings

on both sides of the blocking shelf and/or an opening on the side of the target shelf.

In step 504, the second self-driven robot is instructed to move the removed target storage box
from the current position to the workstation according to the first preset passage, where the target

article is stored in the target storage box. and the target storage hox is placed on the target shelf.
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In the embodiment of the present application, referring to FIG, 3, taking the target shelf as the
shelf 2 and the blocking shcelf as the shelf 1 as an cxample, upon detecting that the blocking
storage box on the shelf 1 and/or the blocking storage box on the shelf 2 are carried by the first
self-driven robot 303 and perform a circular movement on each of the travelling sub-passages of
the robot travelling passage 302 according to the second preset passage, the second self-driven
robot 303 may be instructed to travel to the position where the shelf 1 1s located and pass over
two opening of the blocking shelf {(such as the shelf 1) and remove the target storage box from
the shelf 2. After the second self-driven robot 303 removes the target storage box from the shelf
2, the second self-driven robot 303 may continue to instruct the second self-driven robot 303 to
move the removed the target storage box to the workstation according o the transport passage
shown in order of “shelf 2—travelling sub-passage L1—travelling sub-passage L2 —+travelling
sub-passage L4—travelling sub-passage L6—travelling sub-passage L7 —workstation 304" such
that the user may pick up the target article from the target storage box. It should be noted that, for
the shelfl of this embodinent, two slorage boxes or even more storage boxes are placed on each
level of the shelf, and two sides of each shelf are respectively provided with one opening. For
example, the shelf has two openings on both sides. and two storage boxes are placed on cach level.
If you want to remove the inner storage box, the first self-driven robot is instructed to remove the

outer storage box.

In an embodiment of the present application, after detecting that the user has picked up the target
article at the workstation, the second self-driven robot is first instructed to place the target storage
box corresponding to the target article back to the original shelf, and then the first self-driven
robot is instructed to place the blocking article back on the original shelf. Alternatively, after it is
detected that the user picks up the target article at the workstation, the first self-driven robot is
first instructed to place the blocking storage box back on the target shelf corresponding to the
target article, and then the second self-driven robot is instructed to place the target storage box
corresponding to the target article back to the blocking shelf. At this time, it is needed to update

the storage boxces placed on cach shelf in the shelf information table.

FIG. 7a is the layout of another mini-warehouse in accordance with an embodiment of the present
application. Referring to FIG. 7a, a shelf area 701, a shelf temporary placement area 702, a
workstation 703 and a self-driven robot 704 are illustrated in FIG. 7a. Multiple shelves are
provided in the shelf arca 701. Each shelf in the shelf arca 701 is highly denscely distributed on a
side of the warehouse. There is no robot travelling passage between the shelves, and only a certain

ared of the warchouse (such as one side of the warchouse shown in FIG. 7a) is provided with the
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shelf temporary placement area 702, and the self-driven robot 704 may move the shelf to the shelf
temporary placement arca 702. FIG. 7b i3 a schematic diagram showing the carrying in a mini-
warchouse in accordance with an embodiment of the present application. Referring to FIG. 7b, if
the shelf needing to be moved s a shelf (such as the shelf 11) inside the shelf area 701, then the
self-driven robot 704 needs to first move the shelf 1, the shelf 2. ..., the shelf 10, etc., to the shelf
temporary placement area 702, and then move the shelf 11 to the workstation 703, Since it may
not be possible to achieve a single carrying only rely on the single seif-driven robot 303, the self-
driven robot 303 needs to be coordinated for multiple carries to complete it. Based on the above-
mentioned situation, a first robot, a second robot and a third robot may be used for distinguishing

in the subsequent use of multiple self-driven robots 303.

For example, the first to the Now (N 18 a natural number greater than or equal to 1) self-driven
robots may carry the blocking shelf located on the carrying passage of the target shelf one by one
to the shelf temporary placement area, and then the N+1y, self-driven robot may carry the rarget
shelf to the workstation for an appropriate processing operation, for example, in a pick-up
scenario, the processing operation may be loading, replenishing, or counting articles. After the
processing operation is completed, the N+ 1y, self-driven robot carries the target shelf back to an
original place, After the target shelf returns to the original place, the first to the Ny self-driven
rebots carry the outer blocking shelf back to the original place. Of course, the target shelf and the
blocking shelf may not be moved back o the original place, but may be placed at any free position

in the warchouse.

FIG. 8 is a flowchart illustrating still another method for moving an article based on dense storage
in accerdance with an embodiment of the present application. Based on the above embodiment,
the embodiment of the present application details the steps in which the first self-driven robot is
instructed to move the blocking article according to the second preset passage and the second
self-driven robot is instructed to fransport the target article from the current position to the

workstation according to the first preset passage.

As Hlustrated in FIG. 8, the method for moving the article based on the dense storage in the

embodiment of the present application may include step 801 10 step 803.

In step 801, upon detecting that the target shetf is blocked by the blocking shelf and the first preset
passage is blocked, the first self-driven robot is instructed to travel to a shelf area where the
blocking shelf located outside the target shelf and blocking the target shelf is located, and to

remove the blocking shelf from the shelf area where the blocking shelf is located.
21
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The first preset passage is a moving passage from the current position of the target shelf 1o the

workstation.

In step 802, the first self-driven robot is instructed to move the blocking shelf to the shelf
temporary placement area according to the second preset passage, so that the target article on the

target shelf are not blocked by the blocking shelf.

In the embodiment of the present application, referring to FIG. 7a and FIG. 7b, upon detecting
that the target shelf is blocked by the blocking shelf and the first preset passage is blocked, the
first self-driven robot may be instructed to travel to a shelf area where the blocking shelf located
outside the target shelf and blocking the target shelf is located, and to move the blocking shelf
from the shelf arca where the blocking shelf is located to the shelf temporary placement arca, such
that the target shelf is not blocked by the blocking shelf. Lxemplarily, it is assumed that the target
shell is the shelf 11, the blocking shell is the shelf 1, the shell 2, .., the shell 10, eic., and the first
preset passage is the transport passage H1 from the target shelf to the workstation. Since it is
detected that the target shelf is blocked by the blocking shelf and the first preset passage s blocked.
If you want to pick up the shelf 11 at the position of the shelf 11 or the target storage box on the
shelf 11. it is necessary to remove the shelves, such as the shelf 1, the shelf 2, ... . the shelf 10,
etc., away from the corresponding shelf area and place in the shelf temporary placement area 8012,
The first self-driven robot 804 may be instructed to travel to the position where the shelf 1 is
located, remove the shelf 1 from the shelf area where the shelf 1 is located, and move the shelf 1
to the shelf temporary placement area 802 according to the route indicated by the transportation
passage shown in order of “H1 —H27, the shelves such as the shelf 1, the shelf 2, ..., the shelf 10,
elc., are sequentially moved (o the shell temporary placement area 802 by repeating the above-
mentioned moving operation. Among them, the moving passage used in the process of moving
the shelves such as the shelf 1, the shelf 2, ..., the shelf 10, etc. may be determined based on the
actual placement of the shelves such as the shelf 1, the shelf 2, ..., the shelf 10, etc. and a placement
position that the shelves such as the shelf 1, the shelf 2, ..., the shelf 10, etc. will be placed in the
shelf temporary placement area 802, respectively. When the shelves such as the shelf 1, the shelf
2, .... the shelf 10, etc. are moved to the shelf temporary placement area 802, it may be ensured
that the shelf 11 is not blocked by the shelves such as the shelf 1, the shelf 2, ..., the shelf 10, etc.

and the first preset passage is not blocked.

In step 803, the second self-driven robot is instructed to move the target shelf from the current
position to the workstation according to the first preset passage, such that the user may pick up

the target article on the target shelf.
22
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In an embodiment of the present application, the step in which the second self-driven robot is
instructed to move the target shelf from the current position to the workstation according to the

first presct passage may include step 8031a and step 8031b.

In step 8031a, upon detecting that the blocking shelf is moved, the second self-driven robot is
instructed to travel to the shelf area where the target shelf is located, and move the target shelf out

of the shelf arca where the target shelf is located.

In step 8031b, the second self-driven robot is instructed to move the removed target shelf from
the current position to the workstation according to the first preset passage, where the target article

is stored on the target shelf.

In this embodiment, referring to FIGS. 7a and 7b, taking the target shelf as the shelf 11 and the
blocking shelf as the shelf 1, the shelf 2, ., the shelf 10, etc., as an example, upon detecting that
the shelf 11 is operated such that the shelf 1, the shelf 2, ..., the shelf 10, etc., is moved to the shelf
temporary placement area 802 by the first self-driven robot 804 according to the second preset
passage in scquence, and the sccond sclf-driven robot 804 may be instructed to travel to the
position where the shelf 11 is located and move the shelf 11 from the shelf area where the shelf
11 is located. After the shell 11 s removed from the shell area where the shelf 11 is located, the
second self-driven robot 804 may continue to be instructed to move the shelf 11 to the workstation
803 according to the direction of the route indicated by the transport passage “HI™, so that the

user may pick up the target article from the target shelf.

It should be noted that, for the shelf of this embodiment, a shelf of only one box may be placed
on each level of the shelf, and only one opening is provided on one side of the shelf, or two storage
boxes or even more storage boxes may be placed on each level of the shelf, and two sides of each
shelf are each provided with one opening. It is assumed that there is an open shelf on each side of
the shelf, when the target shelf arrives at the workstation, it only needs to rotate the target shelf

to get the box on the corresponding side.

In an embodiment of the present application, the step in which the second self-driven robot is
instructed to move the target shelf from the current position to the workstation according to the

first preset passage, may include step 8032a and step 8032b.

In step 8032a, upon detecting that the blocking shelf is moved, the second self-driven robot is

instructed to travel to the shelf area where the target shelf is located, and remove the target storage
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box from the target shelf.

In step 8032b, the second self-driven robot is instructed to move the removed target storage box
from the current position to the workstation according to the first preset passage, where the target

storage box is placed on the target shelf, and the target article is stored in the target storage box.

In this embodiment, referring to FIGS. 7a and 7b, taking the target shelf as the shelf 11 and the
blocking shelf as the shelf 1, the shelf 2, .., the shelf 10, etc., as an example, upon detecting that
the shelf 11 is operated such that the shelf 1, the shelf 2, .., the shelf 10, etc., is moved to the shelf
temporary placement area 802 by the first self-driven robot 804 according to the second preset
passage in sequence, and the second self-driven robot 804 may be instructed to travel to the
position where the shelf 11 is located and remove the target storage box from the  shelf 11, Then
the second self-driven robot 804 is instructed to move the target storage box removed from the
shell 11 to the workstation 803 according to the direction of the route indicated by the transport
passage “H1”, so that the user may pick up the target article from the target storage box. It should
be noted that, for the shelf of this embodiment, two storage boxes or even more storage boxes
may be placed on each level of each shelf, and two sides of each shelf are respectively provided

with one opcning.

In the embeodiment of the present application, when the shelves such as the shelf 1, the shelf 2, ...,
the shelf 10, etc. are moved, one first self-driven robot 804 may be used, or multiple first self-
driven robots 804 may be used. For example, in order to speed up the movement of shelves I to
10, 10 first self-driven robots 804 may be chose to move the shelves, such as the shelf 1, the shelf
2. ... and the shelf 10 at the same time. it may be quickly out back to the original position when
the shelves such as the shelf 1, the shelf 2 ..., the shelf 10, etc., needs to be place back. It should

be noted that the technical solution of this embodiment mainly adopts the Huarong principle.

1t should be noted that. for other processes when the layout of the mini-warchouse illustrated in
FIG. 7a is implemented, refer to the process of unplementing the layout of the mini-warchouse

itlustrated in FIG. 3. which will not be described here.

In addition to carry the shelf to the workstation, the self-driven robot may also pick up the storage
boxes on the shelves and carry the storage boxes to the workstations, such that the staff at the
workstation or the owner of the articles may remove the articles from the storage box. Here, the
self-driven robot may take the storage box off the shelf by means of various manipulators or
robotic arm structures. For example, the first to the Ny (N is a natural number greater than or
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equal to 1) self-driven robots may carry the blocking shelf located on the carrying passage of the
target shelf one by onc to the shelf temporary placement arca, and then the N+1y, self-driven robot
may remove the target storage box from the target shelf and cary to the workstation for an
appropriate processing operation, the target storage box is placed back to the target shelf after

being processed.

In the method for moving the article based on the dense storage provided in the embodiment of
the present application, the method includes: upon detecting that that the target shelf is blocked
by the blocking shelf and the first preset passage is blocked, the first self-driven robot is instructed
to move the blocking shelf according to the second preset passage, so that the target article on the
target shelf 1s not blocked by the blocking shelf. where the first preset passage is a moving passage
from the current position of the target shelf to the workstation; the second self-driven robot moves
the target shelf from the current position (0 the workstation according to the first preset passage,
such that the user may pick up the target article on the target shelf. The technical sclution of the
embodiment of the present application avoids a situation in which a self-driven robot is unable to
freely move to the shelf position so as to move an article required by a user as in a traditional

large warehouse, such that the stored article may also be freely moved in dense storage scenario.

FIG. 9 is a schematic diagram illustrating an article moving device based on dense storage in
accordance with an embodiment of the present application. The embodiment of the present
application may be applied to a case that a robot moves articles in the shelf when the shelf is
densely placed. The device may be implemented by using software and/or hardware. The device
may be integrated into any computer apparatus having a network communication function, and
the compuier apparatus may be a server configured to control the movement of articles in densely

placed shelves, or may be a computer apparatus such as a computer, etc.

As illustrated in FIG. 9, the article moving device based on the dense storage in the embodiment
of the present application may include a first transfer module 901 and a second transfer module

902.

The first transfer module 901 is configured to instruct a first self-driven robot 1o move a blocking
shelf according to a second preset passage when a target shelf is detected to be blocked by the
blocking shelf, so that a target article on the target shelf is not blocked by the blocking shelf,
where the first preset passage is a moving passage from a current position of the target shelf to a

workstation

o
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The second transfer module 902 is configured to instruct a second self-driven robot to move the
target shelf from the current position to the workstation according to the first presct passage, so

that the user may pick up the target article on the target shelf.

In an embodiment of the present application. the first transfer module 901 may include a block
shelf first removing unit and a block shelf first moving unit, where the block shelf first removing
unit is configured to instruct the first self-driven robot to travel to a shelf area where the blocking
shelf located outside the target shelf and blocking the target shelf is located, and remove the
blocking shelf from a shell area where the blocking shelf is located, and the block shelf first
moving unit is configured to instruct the first self-driven robot to cause the removed the blocking
shelf to perform a circular movement on a robot travelling passage according to the second preset

passage.

It an embodiment of the present application, the second transfer module 902 may include a target
shelf first removing unit and a target shelf first moving unit, where the target shelf first removing
unit is configured to instruct a second self-driven robot to travel to a shelf area where the target
shelf is located and remove the target shelf from the shelf area where the target shelf is located,
and the target shelf first moving unit is configured to instruct the second self-driven robot to move
the removed target shelf from the current location to the workstation, where the target article is

stored on the target shelf.

In an embodiment of the present application, the second transfer module 902 may include a target
storage box first removing unit and a target storage box first moving unit, where the target storage
box first removing unit is configured to instruct the second self-driven robot to travel to a shelf
area where the target shelf is located and remove the target storage box from the target shelf,
where the target storage box is placed on the target shelf, and the target storage box first moving
unit is configured to instruct the second self-driven robot to move the removed target storage box
from the current position to the workstation according to the first preset passage, where the target

article is stored in the target storage box.

In an embodiment of the present application, the first transfer module 901 may include a blocking
storage box removing unit and a blocking storage box moving unit, where the blocking storage
box removing unit is configurcd to instruct the first scl-driven robot to travel to a shelf arca where
the blocking shelf located outside the target shelf and blocking the target shelf is located, and
remove the blocking storage box from the blocking shelf and/or the target shelf, where both two

sides of the blocking shelf and two sides of the target shelf are provided with two openings, and
26
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the blocking storage box is placed on the blocking shelf, and the blocking storage box and/or the
target storage box arc placed on the target shelf, and the blocking storage box moving unit is
configured to instruct a first self-driven robot to cause the multiple removed blocking storage
boxes to perform a circular movement on the robot travelling passage according to the second

preset passage.

In yet another embodiment of the present application, the second transfer module 902 may include
a target storage box second removing unit and a target storage box second moving unit, where the
target storage box second removing unit is configured to instruct the second self-driven robot to
travel to a shelf area where the blocking shelf is located when it is detected that the blocking
storage box on the blocking shelf and/or the target shelf is moved, and remove the target storage
box form the target shelf via two openings on two sides of the blocking shelf, and the target
storage box second moving unit is configured to instruct the second self-driven robot to move the
removed target storage box form the current position to the workstation according to the first
preset passage, where the target article is stored in the target storage box, and the target storage

box is placed on the target shelf,

In another embodiment of the present application, the first transfer module 901 may include a
target shelf second moving umt and a target shelf second removing unit, where the target shelf
second moving unit is configured to instruct the first self-driven robot to travel to a shelf area
where the blocking shelf located outside the target shelf and blocking the target shelf is located,
and remove the blocking storage box from the shelf area where the blocking shelf is located, the
target shelf second moving unit is configured to instruct the first self-driven robot to move the

blocking shelf o the shelf temporary placement area according o the second preset passage.

In another embodiment of the present application, the second transfer module 902 may include a
blocking shelf second removing unit and a blocking shelf second moving unit, where the blocking
shelf second removing unit is configured to instruct the second self-driven robot to travel to a
shelf area where the target shelf is located, and remove the target shelf from the shelf area where
the target shelf is located, and the blocking shelf second moving unit is configured to instruct the
second self-driven robot to move the removed target shelf form the current position to the
workstation according to the first preset passage, where the target article is stored on the target

shelf.

In an embodiment of the present application. the device further includes a returning module 903,

the returning module 903 is configured to instruct the second self-driven robot 1o place the target
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shelf or the target storage box on the target shelf back to the original position after it is detected
that the user has picked up the target article at the workstation, and instruct the first scl-driven
robot to place the blocking shelf and/or the blocking storage box back to the original position

again.

The article moving device based on the dense storage provided by the embodiment of the present
application may exccute the method for moving the article based on the dense storage in
accordance with any of the embodiments of the present application, and may have corresponding

function modules for executing the method for moving the article based on the dense storage.

An embodiment of the present application provides a computer apparatus. The computer
apparatus includes at least one processor and a storage device, The storage device is configured
to store at least one program, and the at least one program, when executed by the at least one
processor, implements the method for moving the article based on the dense storage in the above-
mentioned embodiment. FIG. 10 is a schematic diagram illustrating a computer apparatus in
accordance with an embodiment of the present application. FIG. 10 shows a block diagram of an
exemplary computer apparatus 1012 suitable for use in implementing embodiments of the present
application. The computer apparatus 1012 illustrated in FIG. 10 is merely an example, which will
not impose any Himitation on the functions and scope of use of the embodiments of the present

application.

As illustrated in FIG. 10, the computer apparatus 1012 is represented in the form of a general-
purpose computing apparatas. The computer apparatus 1012 may include, but are not limited to,
one Oor mote processors of processing units 1016, a system memory 1028, and a bus 1018
connecting different system assemblies (including the system memory 1028 and the processing

unit 1016).

The bus 1018 represents one or more of several types of bus stiuctures, including a memory bus
or a memory controller, a peripheral bus, a graphics acceleration port, a processor, or a local area
bus using any of a variety of bus structures. For example, these architectures include, but are not
Iimited to, an industry standard architecture (1ISA) bus, a micro passage architecture (MAC) bus,
an enhanced IS A bus, a video electronics standards association (VESA) local bus and a peripheral

componcnt interconncct {(PC1) bus.

The computer apparatus 1012 typically includes a variety of computer system-readable media.
These media may be any available media that may be accessed by the computer apparatus 1012,
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including volatile and non-volatile media, removable and non-removable media,

The system memory 1028 may include a computer system readable medium in the form of a
vojatile memory, such as a random access memory (RAM) 1030 and/or a cache memory 1032.
The order supply and demand scheduling computer apparatus 1012 may include other
removable/non-removable, volatile/monvolatile computer system storage media. By way of
cxample only, the storage system 1034 may be configured to read and write non-removable, non-
volatile magnetic media (not shownin FIG. 10, commonly referred to as “a hard drive™). Although
not shown in FIG. 10, a magnetic disk drive for reading and writing te a removable non-volatile
magnetic disk (such as “a floppy disk™) and an optical disk drive for reading and writing to a
removable non-volatile magnetic disk such as a compact disc read-only (CD-ROM), a digital
video disc-read only memory (DVD-ROM} or other optical media may be provided. In these
cases, each drive may be connected to the bus 1018 through one or more data medium interfaces.
The memory 1028 may include at least one program product having a set (for example, at least
one) of program modules configured to perform the functions of the embodiments of the present

application.

A program/utility tool 1040 having a set (at least one) of program modules 1042 may be stored in
the memory 1028, for example. Such program modules 1042 include, but are not himited to, an
operating system, one or more application programs, other program modules, and program data.
Each or some combination of these examples may include an implementation of a network
environment. The program module 1042 generally performs functions and/or methods in the

embodiments described in this application.

The computer apparatus 1012 may also communicate with one or more external apparatus 1014
(for example, a keyboard, a pointing apparatus, a display 1024, etc.}, may also communicate with
one or more apparatus that enable a user to interact with the computer apparatus 1012, and/or
with any apparatus that enables the computer apparatus 1012 to be communicated with one or
more other computing apparatuses (such as a network card, a modem. etc.). This communication
may be performed through an input/output (YO) interface 1022, Moreover, the computer
apparatus 1012 may also communicate with one or more networks (for example a local area
network (LAN), a wide area network (WAN), and/or a public network, such as an Internet)
through a network adapter 1020. As shown, the network adapter 1020 communicates with other
modules of the computer apparatus 1012 through the bus 1018, It should be understood that
although not shown in FIG. 10, other hardware and/or software modules may be used in

conjunction with the computer apparatus 1012, including but not lunited to a microcode, an
29

Date Regue/Date Received 2021-02-10



10

15

25

30

CA 03109329 2021-02-10

P10297CA0C

apparatus drive, a redundant processing unit, an external disk drive array, a redundant arrays of

independent disk (RAID) system, a tape drive, and a data backup storage system, cte.

The processing unit 1016 executes various functional applications and data processing by running
programs stored in the system memory [028. For example, the method for moving an article
based on dense storage provided by the embodiment of the present application includes: upon
detecting that the first presct passage to the target shelf is blocked, the first self-driven robot i
instructed to move the blocking shelf according to the second preset passage such that the target
article on the target shelf are not blocked by the blocking shelf, where the first preset passage is
a moving passage from the current position of the target shelf to a workstation; instructing a
second self-driven robot to move the target shelf from the current position to the workstation
according to the first preset passage, so that the user may pick up the target article on the target

shelf.

An embodiment of the present application further provides a computer-readable storage medium
on which a computer program is stored. When the program is executed by a processor, the method
for moving an article based on dense storage as provided in the embodiment of the present
application is implemented. The method Including: upon that the first preset passage to the target
shelf is blocked by the blocking shelf, instructing the first self-driven rohot to move the blocking
shelf in accordance with the second preset passage so that the target article on the target shelf are
not blocked by the blocking shelf, where the first preset passage is a moving passage from the
current position of the target shelf to the workstation; and the second self-driven robot is instructed
te remove the target shelf from the target passage according to the first preset passage. The current
puosition is moved t the workstation so that the user may pick up the target article on the target

shelf.

The computer storage medium in the embodiments of the present application may adopt any
combination of one or more computer-readable media. The computer-readable medivm may be a
computer-readable signal medium or a computer-readable storage medium. The computer-
readable storage medium may be, for example, but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, apparatus, or device, or any combination
thereof. Mote specific examples (non-exhaustive list) of computer-readable storage media include:
electrical connections with one or more wires, portable computer disks, hard disks, RAM, ROM,
EPROM or flash memory, optical fiber, CD-ROM., optical A memory device, a magnetic memory
device. or any suitable combination of the foregoing. In this document. a computer-readable

storage medium may be any tangible medium that contains or stores a program that may be used
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by or in combination with an instruction execution system, apparatus, or device.

The computer-readable signal medium may include a data signal propagated in baseband or
transmitted as part of a carrier wave, which carries a computer-readable program code. Such a
propagated data signal may take many forms. including but not limited to electromagnetic signals,
optical signals, or any suitable combination of the foregoing. The computer-readable signal
medium may also be any computer-rcadable medium other than a computer-rcadable storage
medium, and the computer-readable medium may send, propagate, or ransmit a program for use

by or in connection with an instruction execution system, apparatus, or device. .

The program code contained on the computer-readable medium may be transmitted using any
appropriate mediwm. including but not limited to wircless, wire, optical fiber cable, radio

frequency (Radio Irequency, RIF), ete., or any suitable combination of the foregoing.

The computer program code for performing the operations of this application may be written in
one or more programming languages, or a combination thereof, including programming
languages such as Java. Smalltalk, C++, and also conventional Procedural programming
language—such as "C" or similar programming language. The program code may be executed
entirely on the user's computer, partly on the user's computer, as an independent software package,
partly on the user's computer, partly on a remote computer, or entirely on a remote computer or
server. In the case of a remote computer, the remote computer may be connected to the user's
computer through any kind of network, including a LAN or wide area network WAN, or it may
be connected to an external computer (such as using an Internet service provider to connect over

the Internet).

FIG. 11 is a schematic diagram illustrating the system structure of an unmanned self-service
operating system provided in an embodiment of the present application. Referring to FIG. 11, the
system 1100 includes a self-driven robot 1110, a control system 1120, a storage area 1130, and a
workstation 1140. The storage area 130 is provided with a plurality of storage containers 1131,
and various articles are placed on the storage container 1131. 1131 are arranged in an array, such
as the shelves on which various commodities are placed in supermarkets. Generally, a plurality
of workstations 1140 are provided on one or more sides of the storage area 1130 (the side shown
in the FIG.). The storage container 1131 is a container having a siot and capablc of storing articles
through the slot, such as a shelf, where the shelf includes multiple compartments and four level
support columns, and at least one slot is provided on the partition of the shelf. You may place one

or more articles. In addition, the shelf may be a single-opening. For example, FIG. 12 is a
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schematic structural diagram of a single-opening shelf provided in the embodiment of the present
application. The singlc-opening shelf ilustrated in FIG. 12 may also be a doublc-opening. The

rotation of the shelf may operate the articles in either side of the double-opening shelf.

The control system 1120 communicates wirelessly with the self-driven robot 1110. A worker (or
user) generates an order through the operating table 1160, and the order 1s transmitted to the
control system 1120. The control system 1120 responds to the order and starts working. The self-
driven robot 1110 is in the control system. Under the control of 1120, carry out the ransportation
task. For example, taking the storage container as a shelf, the self-driven robot 1110 may travel
along the empty space in the middle of the shelf array (a part of the passage of the self-driven
rebot 1110}, move to the bottom of the shelf, and use a lifting mechanism to Iift the shelf and is

carried to the assigned workstation 1140,

In one example, the self-driven robot 1110 has a lifting mechanism and an autonomous navigation
function. The self-driven robot 1110 may travel to the bottom of the shelf and use the lifting
mechanism to lift the entire shelf, such that the shelf may follow the lifting mechanism moves up
and down. In one example, the sclf-driven robot 1110 may travel according to the two-
dimensional code information captured by the camera, and may travel under the shelf indicated
hy the control system 1120 according to the route determined by the control system 1120, The
self-driven robot 1110 transfers the shelf to the workstation 1140, and the worker (or user) 1141
removes the articles from the shelf at the workstation 1140. For a double-opening shelf, the self-
driven robot 1110 may be used to rotate the shelf such that the opening direction where the article

to be picked is located faces the person who picks the article, such as a worker or a user.

The contrel system 1120 is a software system with data storage and information processing
capabilities running on a conirol server, and may be connected to a self-driven robot, a hardware
input system, and other software systems through wireless or wired. The control system 1120 may
include one or more control servers, which may be centralized control architecture or a distributed
computing architecture. The control server has a processor 1121 and a memory 1122, and the

memory 1122 may have an order pool 1123,

The system iHustrated in FIG. 11 may be applied to a variety of suitable scenarios. For example,

in a picking scenario, after the sclf-driven robot 1110 moves the storage container 1131 to the

workstation 1140, the worker removes the article from the storage container 1131 (the article is

Order articles) and put them in a packing box for packing; for example, in the article storage

scenario, whether the stored articles are temporarily stored or long-term storage, after the self-
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driven robot 1110 moves the storage container 1131 to the workstation 1140, the staff or The
articlc owncer removces the article from the storage container 1131 or storcs the article in the storage
container 1131. In particular, in the article storage scenario, in order to ensure privacy and security,
a storage container 1131 may specifically place a user's article, or a grid may exclusively place a
user's article. Of course, in addition to this, the system is also suitable for unmanned access

scenarios and unmanned supermarket scenanos,

FIG. 13 is a schematic diagram illustrating a self-driven robot provided in an embodiment of the
present application. Referring to FIG. 13, the self-driven robot 1110 may include a driving
mechanism 1111. By the driving mechanism 111}, the self-driven robot 1110 may move in a
working space. The self-driven robot 1110 may further include a lifting mechanism 1112
configured to carry the storage container 1131, The self-driven robot 1110 may move below the
storage container 1131, use the hifting mechanism 1112 to lift the storage container 1131, and
carry the storage container 1131 to Workstation 1140. When the lifting mechanism 1112 is raised,
the entire storage container 1131 is lifted from the ground, such that the self-driven robot 1110
carries the storage container 1131, and when the lifting mechanism 1112 is lowered. the storage
container 1131 is placed on the ground. When the self-driven robot 1110 lifts the storage container
1131, the target recognition component 1113 on the self-driven robot 1110 may effectively

identify the storage container 1131.

In the related art, in order to enable the robot to smoothly carry the storage container in the storage
area, the storage container is generally set to one or two columns as an array unit, and after the
passage 1s set, an array unit is set, and so on. However, under the background that the current use
of both the display area and the storage ared is expensive, such a setup does not maximize the use

of resources. Therefore, this application proposes an article dense storage solution.

The following describes the present application in detail with reference to the drawings and
embodiments. It may be understood that the specific embodiments described herein are merely
used to explain the present application, rather than limiting the present application. It should also
be noted that, for convenience of description, the drawings only show a part of the structure

related to the present application, but not the entire structure.

Bcfore discussing the cxemplary embodiments in morc dctail, it should be mentioned that some
exemplary embodiments are described as processes or methods depicted as flowcharts. Although
the flowchart describes the steps as sequential processing, many of the steps may be performed

in parallel, concurrently, or simultaneously. In addition, the order of the steps may be rearranged.
33

Date Recue/Date Received 2021-02-10



10

20

25

CA 03109329 2021-02-10

P10297CA0C

Processing may be terminated when its operations are completed, but may also have additional
steps not included in the drawings. Proccssing may correspond to methods, functions, procedures,

subroutines, subrountines, and so on.

FIG. 14 is a flowchart illustrating an article dense storage method in accordance with an
embodiment of the present application. This embodument is applicable to the case of cargo storage.
This method may be performed by an article densc storage device in accordance with an
embodiment of the present application. The device may be implemented by software and and/or

hardware, and may be integrated into the article dense storage systemn.

As illustrated in FIG. 14, the method for densely storing articles includes steps S1410 to S1430.

In step S§410, a target shelf to which a wransportation task is directed is determined from a shelf
array; a number of shelves in any transverse row and any vertical row of the shelf array is at least

3.

Among them, the transportation task may be determined by the operating table. For example, at
the workstation, currently there are some articles that need to be stored on the shelves in the
storage area, and the transportation task may be generated through the operating table, Then, in
this case, the transportation task may specify two types of shelves, one is an empty shelf, and the
other is a shelf that has been placed with article A but is not fully stored. For these two types of
shelves, it may be determincd by the operation table, and the prionity may also be sct. It may also
be determined according to the number of the articles that need to be stored. It may be understood
that for the storage of each article, information may be entered into the control system, which
may ensure that the staff may inquire about what articles are stored in each shelf through the
console, and may also determine whether the current storage status of each shelf is full. In this
way, when there are articles that need to be stored or some articles need to be removed of the
storage area, the target shelf of the transportation task may be determined through the control

desk.

In this embodiment, the arrangement of the shelves in the shelf array is a dense arrangement, and
the number of shelves in any horizontal row and any vertical row of the dense shelf arrangement
may be at least three. Among them, there may be a case where the number of shelves in a
horizontal row or a vertical row is two, but because the related technology needs to set an passage
in the middle of the shelf, when the number of horizontal rows is large, it may be understood here
as three or more. The number of vertical shelves may be only two, otherwise the transportation
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of vertical shelves in the middle will be quite inconvenient, In this application, three, four, or
morc vertical shelves may be sct (when the numbor of horizontal shelves is large). This is the
arrangement of the shelves in the shelf array, which is dense compared to the related technology.
FIG. 15 is a schematic diagram illustrating a dense shelf arrangement provided in an embodiment
of the present application. Among them, only a kind of 8 rows and 4 columns shelf are shown in
FIG. 15, and passages arc arranged around the shelves. In one embodiment, it may be designed
according to the scope of the storage space and the size of the shelves. After the shelves are
densely set, the shelves near the passage need to be removed first for transportation the shelves
that are not near the passage. Therefore, the number of shelves in any horizontal row and any
vertical row of the dense shelf arrangement 1s at least three. For example, it may be 4 rows or
more rows. The reason for this setting is that when moving a shelf without a passage position, it
is only necessary to remove a shelf near the passage position, which is convenient for controlling
the transportation efficiency of the shelf. As illustrating in the figure, for example, the shelf D
needs to be moved, and the shell D may be moved by removing the shell E or the shell ¥ For the
shelf C, only the shelf G may be moved to move the shelf C. The reason is that if two shelves
need to be removed by moving the shelf on the left or upper side of shelf C, it will affect the
efficiency of the self-driven robot to move the target shelf. After the arrangement in this way, the
distance between the shelves is closer, which reduces the occupation of storage space by the

original passage. and which may save space and increase the utilization rate of storage space.

In step S1420, a position type of the target shelf in the shelf array is determined, and a

transportation strategy is determined according to the position type.

Wherein, the position types of the target shelf in the dense shelf arrangement inay include a first
position type and a second position type. The first position type may be a shelf that may be directly
handled by a self-driven robot according to the transportation task, and the second position type
may be a shelf that may not directly complete the transportation task. Before being moved to the
target shelf. the blocking shelf must be moved. Only open. Therefore. the transportation strategy
may be determined according to the position type of the target shelf in the dense shelf arrangement.
Among them, the transportation strategy may inchude direct and indirect transportation. Direct
transportation refers to directly moving the target shelf to the location specified by the
transportation task, while indirect transportation means that the blocking shelf must be removed
before the target shelf is moved. Among them, the blocking shelf may be a shelf that needs to be
removed first during the process of moving the target shelf. In comjunction with the above

example, if the target shelf is D, the blocking shelf may be shell E, shelf F, and shelf G and shelf
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C. It may be determined that after the blocking shelf 1s removed, the self-driven robot may directly

move to the location of the target shelf to carry the target shelf.

In step S$1430, the self-driven robot is controlled to carry the target shelf based on the

transportation strategy.

After the transportation strategy is determined, the self-driven robot is confrolled to carry out
according to the determined transportation strategy. Among them. the transportation strategy
corresponding to the transportation task may be issued to the self-driven robot, and the self-driven
robot may complete the transportation task of the target shelf by identifying the current

transportation strategy.

The transportation task may include a transportation target address of the target shelf. For example,
when the transportation task is carried to a workstation, the transportation path is determined
according to the transportation task to achieve the movement of the shelf. The transportation path
may be determined according to the position of the shelf in the current warehouse and the

positions of the self-driven robot and other equipment.

The technical solution provided in the embodiment of the present application determines the
target shelf pointed by the transportation task from the shelf array; the number of shelves in any
horizontal row and any vertical row of the shelf array 1s at least 3; The position type of the target
shelf in the shelf array, and a transportation strategy 1s determined according to the position type;
and a self-driven robot is controlled te carry the target shelf based on the transportation strategy.
By adopting the technical solution provided in this application, the warchouse space may be fully

utilized, and the labor cost of warehouse management may be reduced.

FIG. 16 is a flowchart illustrating an article dense storage method according to an embodiment of
the present application. Based on the above embodiment, this embodiment is detailed as follows:
determining the positdon type of the target shell in the shelf array, and determining the
transportation strategy according to the position type, including: If the position of the target shelf
is a first position type, determining a transportation strategy as direct transportation according to
the first position type; and controlling the seli-driven robot to carry the target shelf based on the
transportation strategy includes controlling the self-driven robot to transfer the target shelf to a

designated position of the transfer task.

As illustrated in FIG. 16, the article dense storage method proposed in this application includes
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steps §1610 10 §1630,

In step S1610, a target shell to which a transportation task is directed is determined from a shelf
array; a number of shelves in any transverse row and any vertical row of the shelf array is at least

3.

In step S1620, if the position of the target shelf is determined to be of a first position type, the

transportation strategy is determined as a direct carrying according to the first position type.

Ameong them, the position of the target shelf may be determined based on the identification in the
control system. It 1s appreciated that each time the shelf moves 1n the warehouse, the information
needs to be synchronized to the control system. which is beneficial to the control system's
implementation of the transportation tasks and the inventory state control. Therefore, after the
target shelf is determined, the position type of the target shelf in the dense shelf arrangement may

be determined.

It is worth noting that in connection with the above example, as illustrated in FIG. 5, when the
target shelf of the transportation task is determined as shelf C, for some reason, shelf D and shelf
E are not in the dense shelf queue, the self-driven robot may The shelf C is dismembered and
transported by the positions of the original shelf D and the shelf E. In this case, the position type
of the shelf C is the first position type. At the same time, it may be understood that the position
type of cach shelf in the densc shelf queue may be constantly changing, and it may be the first

position type or the second position type.

In addition, in one embodiment, the positions of the shelves may be determined and tracked by
obtaining the codes of the shelves, ete, In this way, even if the positions of the shelves in the dense
shelf queue have changed, the actual required target shelves may still be determined according to
the transportation task. In other words, the position of the shelf in the shelf queue may be

synchronized w the control system with an identifier such as the shells code.

According to the first position type, the direct transportation strategy is determined. It may be
understood that the self-driven robot may move the target shelf without moving the other shelf,

but may directly move the target shelf.

In step 81630, the self-driven robot is controlled to carry the target shelf to a designated position

of the transportation task.
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Among them, the designated position of the transportation task may be a certain workstation or
other positions. The designated position of the transportation task may be determined when the
transportation task is established, and may be changed in the middle of the self-driven robot
transportation. When the position type of the target shelf is the first position type, the self-driven

robot is controlled to carry the target shelf to the designated position of the transportation task.

On the basis of the foregoing embodiments, this embodiment provides a shelf transportation
method in which the target shelf position is the first position type. Compared with the previous
transportation methods, this type of transportation needs to determine whether the position of the
target shelf accords with the first position type first, so as to ensure that during the process of
delivering the transportation task with the shelf, 1t will not be impossible because of the position
of the target shelf. Removal, but only the relocation task may not be performed. H ensures the

stable operation of the shelf transportation by the self-driven robot.

FIG. 17 is a flowchart illustrating an article dense storage method according to an embodiment of
the present application. Based on the above embodiment, this embodiment refines: judging the
position type of the target shelf in the dense shelf arrangement, and determining the transportation
strategy according to the position type, including: if the position of the target shelf is determined
H it is the second position type, determining a fransportation strategy as indirect fransportation
according to the second position type; and controlling the self-driven robot to carry the target
shelf based on the transportation strategy includes: according to the position of the target shelf,
determining a blocking shelf} controlling the self-driven robot to move the target shelf to a

designated position of a transportation task after removing the blocking shelf.

As itlustrated in FIG. 17, the method for densely storing articles includes steps §1710 to §1740.

In step S1710, a target shelf to which a transportation task is directed is determined from a shelf
array; a number of shelves in any transverse row and any vertical row of the shelf array is at least

3.

In step $1720, if the position of the target shelf is determined to be of a second position type, the

transportation strategy is determined as a direct carrying according to the second position type.

The second posilion type may be determined as a position type in which the sel{-driven robot niay
not directly carry the target shelf, that is, the target shelf is inside the dense shelf arrangement.

Therefore, in this case, the transportation strategy of the target shelf is determined as the indirect
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transportation strategy.

The indirect transportation strategy is to use the target shelf as the final destintation of the
transportation task. After the path from the position of the self-driven robot to the least blocking
shelf path that the target shelf may pass, remove the blocking shelf and then move the target shelf

to the transportation task.

In step S1730, the blocking shelf is determined according to the position of the target shelf.

Among them, the blocking shelf is determined according to the position of the target shelf. When
the number of rows or columns with less densely packed shelves i1s 3 or 4, the maximum number
of blocking shelves may be determined. However, the blocking shelf may not be unique.
According to the position of the self-driven robot, a blocking shelf is determined. When the
number of shelf with fewer rows or columns of dense shelf is greater than 4, the number of

blocking shelf may be 2 or more.

In step S1740, after the self-driven robot is controlled to remove the blocking shelf, the target

shelf is carried to a designated position of the transport task.

After the blocking shelf is determined, the blocking shelf may be moved away, and the target

shelf may be moved to complete the transportation task.

On the basis of the foregoing embodiments, this embodiment provides a method for transporting
the target shelf location type to the second location type. This embodiment avoids the situation of
dense storage for the shelf. The self-driven robot may stably carry the shelves, and may achicve

dense storage of the shelves, saving storage space.

On the basis of the above technical solution, contrelling the self-driven robot to move the blocking
shelf to the designated position of the transportation task afier removing the blocking shelf
includes: controlling the self-driven robot to move the blocking shelf to the temporary storage
area; controlling the self-driven robot to move the target Shelves are moved to the designated
location for the transportation task. The temporary storage area may be inside the storage area or
outside the storage area. In order to improve the transportation efficiency of the self-driven robot,
the temporary storage area may be set inside the storage area, and it is not close to the dense shelf
arrangement. The advantage of this technical solution is that a self-driven robot may complete the

transportation of the internal shelves, make full use of the resources of the self-driven robot, do
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not need to set too many self-driven robots, and reduce the input cost of intelligent storage.

On the basis of the above technical solution, controliing the self-driven robot to remove the
blocking shelf and then moving the target shelf to the designated position of the transportation
task includes: controlling the first seif-driven robot to remove the blocking shelf; and controlling
the second self-driven robot. Move the target shelf to the designated position of the ransport task.
Among them, after the first self-driven robot removes the blocking shelf, it may always keep the
blocking shelf in a carrying state. In this way, the first self-driven robot may dynamically move
in the passage position 10 avoid affecting the work of other self-driven robots. The advantage is
that there is no need to set a temporary storage area in the storage area, which reduces the cost of
level space. At the same time, when there are multiple self-driven robots in the storage area, the
utilization of the self-driven robots may be improved, and the efficiency of the self-driven robots

to move to the target shelf may be improved, thereby saving the transportation time.

Based on the above technical solution, if it is determined that the position of the target shelf is the
second position type, after controlling the self-driven robot to carry the target shelf based on the
transportation strategy, the method further includes: moving the removed blocking shelf back by
the self~driven robot to the original position of the blocking shelf or the original position of the
target shelf. On the basis of the above technical solutions, this technical solution provides a
solution for putting back the blocking shelf, where the original target shelf may be put back, and
the original blocking shelf itself may be put back. And the information may be synchronized to
the control system. The advantage of returning to the location of the target shelf is that after the
target shelf is loaded or unloaded, it may be directly returned to the original blocking shelf
position without moving the blocking shelf again. The advantages of returning the blocking shelf
1o its original location include that it is not necessary {o frequently update the position of each
shelf, avoiding the frequent updating of the shelf position and causing the wrong statistics of the
shelf position of the control system, which improves the operational stability of the intelligent

storage.

FIG. 18 is a schematic diagram illustrating an article dense storage device according to an
embodiment of the present application. As illustrated in FIG. 8, the article dense storage device
includes a target shelf determination module 1810, atransportation strategy determination module

1820, and a transportation execution module 1830.

The target shelf determination module 1810 is configured to determine the target shelf pointed by

the transportation task from the shelf array; the number of shelves in any horizontal row and any
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Date Recue/Date Received 2021-02-10



10

20

CA 03109329 2021-02-10

P10297CA0C

vertical row of the shelf array is at least three,

The transportation strategy determination module 1820 is configured to determine a location type
of the target shelf in the shelf array, and determine a transportation strategy according to the

location type.

The transportation execution module 1830 is configured to control the self-driven robot 1o carry

the target shelf based on the fransportation strategy.

The technical solution provided in the embodiment of the present application determines the
target shelf pointed by the transportation task from the shelf array; the number of shelves in any
horizontal row and any vertical row of the shelf array is at least 3, where the position type of the
target shelf in the shelf array, and a transportation strategy is determined according to the position
type; and a self-driven robot is controlled to carry the target shelf based on the transportation
strategy. By adopting the technical solution provided in this application, the warehouse space may

be fully utilized, and the labor cost of warehouse management may be reduced.

Based on the above embodiments, the transportation strategy determination module 1820 includes
a first transportation strategy determining unit, configured to determine that the location of the
target shelf is the first location type, and then determine that the transportation strategy is direct

transportation according to the first location type.

The transfer execution module 1830 includes a first transfer execution unit configured to control

the self-driven robot to transfer the target shelf to a designated position of the transfer task.

Based on the above embodiments, the transportation strategy determination module 1820 includes
a second transportation strategy determination unit configured to determine that the location of
the target shelf is the second location type, and then determine that the transportation strategy is

indirect transportation according to the second lecation type. .

The transportation execution module 1830 includes a blocking shelf determination unit

configured (o determine the blocking shelf according to the position of the target shelf.

The second transportation execution unit is configured to conirol the self-driven robol Lo remove
the blocking shelf, and then convey the target shelf to the designated position of the ransportation

task.
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Based on the above embodiments, the second transportation execution unit is configured to
control the sclf-driven robot to move the blocking shelf to the temporary storage arca; and control

the self-driven robot to convey the target shelf to the designated position of the transportation task.

Based on the above embodiments, the second carrying execution unit is configured to control the
first self-driven robot to remove the blocking shelf, and control the second self-driven robot to

carry the target shelf to the designated position of the transportation task.

On the basis of the above embodiments, the transportation execution module 1830 further
includes: a blocking shelf return unit, configured to control the self-driven robot to move the
removed blocking shelf back to the original position of the blocking shelf or the original position

of the target shelf.,

The above product may execute the method provided in any embodiment of the present

application, and has corresponding function medules for executing the method.

FIG. 19 is a schematic diagram illustrating an article dense storage system provided in an
embodiment of the present application. The system includes a main control terminal 1910, at least
one self-driven robot 1920, and dense storage shelf 1930, Among them, the number of shelves in

any horizontal row and any vertical row of the dense shelf arrangement is at least three.

The main control terminal 1910 includes a memory, a processor, and a computer program stored
on the memory and executable by the processor. When the processor execuies the compuier
program, the method for implementing the dense storage of articles provided in any one of the

embodiments of the present application is performed.

FIG. 20 is a schematic diagram illustrating a main control terminal provided in an embodiment
of the present application. FIG. 20 illustrates a block diagram of an exemplary main control
terminal 2012 suitable for implementing the embodiments of the present application. The main
control terminal 2012 illustrated in FIG. 20 is merely an example, and should not bring any

limitation on the functions and scope of use of the embodiments of the present application.

As illustrated in FIG. 20, the main control end 2012 is expressed in the form of a general-purpose
computing device. The components of the main control end 2012 may include, but are not limited
to, one or more processors or processing units 2016, a memory 2028, and a bus 2018 connecting

different system components (including the memory 2028 and the processing unit 2016}.
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The bus 2018 represents one or more of several types of bus structures, including a memory bus
or a memory controller, a peripheral bus, a graphics acccleration port, a processor, or a local bus
using any of a variety of bus structures. For example, these architectures include, but are not

limited to, the ISA bus, MAC bus, enhanced ISA bus, VESA local bus, and PCI bus.

The host 2012 typically includes a variety of computer system readable media. These media may
be any available media that may be accessed by the host 2012, including volatile and non-volatile

media, removable and non-removable media.

The memory 2028 may include a computer system readable medium in the form of volatile
memory, such as RAM) 2030 and/or cache memory 2032. The host 2012 may include other
removable/non-removable, volatile/nonvolatile computer system storage media. For example
only, the storage system 2034 may be configured to read and write non-removable, non-volatile
magnetic media (not shown in FIG. 20, commonly referred to as a "hard drive"). Although not
shown in FIG. 20, a disk drive for reading and writing to a removable non-volatile disk {such as
a “floppy disk™), and a removable non-volatile optical disk (such as a CD-ROM, DVD-ROM,
etc.) may be provided. In these cases, each drive may be connected to the bus 2018 through one
or more data medium interfaces. The memory 2028 may include at least one program product
having a set (for example, at least one) of program modules configured to perform the functions

of the embodiments of the present application.

A program/utility tool 2040 having a set (at least one} of program modules 2042 may be stored in
the memory 2028, for example. Such program modules 2042 include. but are not limited to. an
operating system, one or more application programs, other program modules, and program data
Each of these examples, or some combination, may include an implementation of a network
environment. The program module 2042 generally perferms functions and/or methods in the

embodiments described in this application.

The master 2012 may also communicate with one or more external apparatuses 2014 (such as a
keyboard, pointing device, display 2024, etc.), and may also communicate with one or more
devices that enable users to interact with the master 2012, and/or communicate with any device
(such as a network card, modem, etc.) that enables the master 2012 to communicate with one or
morc other computing devices. This communication may be performed through the 1O interface
2022. In addition, the master 1012 may also communicate with one or more networks (such as a
LAN. WAN, and/or a public network, such as the Internet) through the network adapter 2020. As

shown in the FIG., the network adapter 1020 communicates with other modules of the master
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2012 through a bus 1018. It should be understood that although not shown in FIG. 20, other
hardwarc and/or softwarc modules may be used in conjunction with the master 2012, including
but not limited to a microcode, an apparatus drive, a redundant processing unit, an external disk

drive arrays, a RAID system, a tape drive and a data backup storage system.

The processing unit 2010 executes various functional applications and data processing by running
programs stored in the memory 2028, For example, the method for implementing the article dense
storage method provided in the embodiment of the present application includes: determining,
from a shelf array, a target shelf to which a transportation task points. The number of shelves in
any horizontal row and any vertical row of the shelf array is at least 3; determining the position
type of the target shelf in the shelf array, and determining the transportation according to the
position type strategy; controlling the self-driven robot to move the target shelf based on the

fransportation strategy.

An embodiment of the present application further provides a storage medium containing
computer-executable instructions. When the computer-executable instructions are executed by a
computer processor, the method 1s configured to perform an article dense storage method. The
method includes: determining a transportation task location from a shelf array. The target shelf
that is pointed to; the number of shelves in any horizontal row and any vertical row of the shelf
array is at least 3; determining the type of position of the target shelf in the shelf array, and
according to the position type determines a transportation strategy, and controls the self-driven

robot to carry the target shelf based on the transportation strategy.

The term “storage medium”™ is intended to include: installation media such as CN-ROMs, floppy
disks, or magnetic tape devices; computer system nemory or random access memory such as a
dynamic random access memory (DRAM), a dual-passage synchronous dynamics double data
rate random access memory (DDR RAM), a static random access memory (SRAM}, an extended
data output random access memory (EDO RAM), a lambas (Rambus) RAM, etc; a non-volatile
memory, such as a flash memeory, magnetic media (such as a hard disk or optical storage); registers
or other similar types of memory elements, etc. The storage medium may further include other
types of memory or a combination thereof. In addition, the storage medium may be located in a
computer system in which the program is executed, or may be located in a different second
computer system connected to the computer system through a network such as the Internet. The
second computer system may provide program instructions to a computer for execution. The term
"storage medivm” may include two or more storage media that may reside in different locations,

such as in different computer systems connected through a network. The storage medium may
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store program instructions (for example, embodied as a computer program) executable by one or

morc proccssors.

Certainly, the storage medium containing computer-executable instructions provided in the
embodiments of the present application is not limited to the above-mentioned article dense storage
5  operation, and may also be executed in the article dense storage method in accordance with any

embodiment of this application.

FS
h
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CLAIMS

1. A method for moving an article based on dense storage, comprising:

in response to detecting that a target shelf is blocked by at least one blocking shelf,
instructing a first self-driven robot to remove the at least one blocking shelf to make

the target shell not blocked by the at least one blocking shelf;

instructing the first self-driven robot to carry the blocking shelf and perform a

circular movement along a robot travelling passage; and

instructing a second self-driven robot to move the target shelf from its current

position to a workstation;
or

in response to detecting that a target shelf is blocked by at least one blocking shelf,
instructing a first seif-driven robot to remove the at least one blocking shelf to make a
target storage box on the target shelf not blocked by a blocking storage box on the
blocking shelf;

instructing the first seif-driven robot to carry the blocking shelf and perform a

circular movement along a robot travelling passage; and

mstructing a second self-driven robot to remove the target storage box from the

target shelf and move the target storage box to the workstation;
or

in response to detecting that a target shelf is blocked by at least one blocking shelf,
mstructing a first self-driven robot to remove a blocking storage box on the blocking
shelf to make the target shelf not blocked by the blocking storage box on the blocking
shell, or to remove a blocking storage box on the blocking shell and a blocking storage
box on the target shelf, to make the target shelf not blocked by the blocking storage

box on the blocking shelf and the blocking storage box on the target shelf;

instructing the first self-driven robot to carry the blocking storage box on the
blocking shell, or the blocking storage box on the blocking shell and the blocking

storage box on the target shelf and perform a circular movement along a robot
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travelling passage; and

instructing a second self-driven robot o remove the target storage box [rom the

target shelf and move the target storage box to the workstation;

or

in response to detecting that a target storage box on a target shelf is blocked by at
least one blocking storage box, instructing a first self-driven robot to remove the
blocking storage box to make the target storage hox on the target shelf not blocked by

the blocking storage box;

instructing the first self-driven robot to carry the blocking storage box and perform

a circular movement along a robot traveliing passage; and

instructing a second self-driven robot to remove the target storage box from the

target shelf and move the target storage box to the workstation;

wherein the target shelf and the blocking shelf are movable and each comprises at least
one compartment for placing a storage box.

2. The method of claim I, wherein the target shelf is a double-opening shelf, wherein
an opening is provided on each of both sides of the double-opening shelf, the target
storage box is disposed on a side facing away from the blocking shelf, and the blocking

storage box is disposed on a side adjacent to the blocking shelf.
3. The method of claim | or 2, wherein the blocking shelf 1s a double-opening shelf.

4, The method of claim 2, wherein instructing the second self-driven robot to move the
target shelf from its current pesition to the workstation along a first presct passage

comprises:

i response to detecting that the blocking storage box of each of at least one
selected from the group consisting of the blocking shelf and the target shelf 1s removed,
instructing the second self-driven robot to travel to a shelf area where the blocking
shelf is located and remove the target storage box from the target shelf through the two

openings provided on both sides of the blocking shelf; and

instructing the second self-driven robot to transport the removed target storage box

from the current position to the workstation along the first preset passage, wherein the
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target storage box stores a target article and is placed on the target shelf,
5. The method of any one of claims 1 10 4, (urther comprising:

in response to detecting that a target article has heen picked up, instrocting the
second self-driven robot to place the target shelf or the target storage box on the target
shelf back 1o its original position, and instructing the first self-driven robot to place the
at least one blocking shelf and/or the at least one blocking storage box back to their

original position.
6. A computer apparatus, comprising:
at least one processor;
a storage device, configured to store at least one program,;

wherein the at least one program, when executed by the at least one processor,
causes the at least one processor to perform the method for moving an article based on

dense storage as recited in any one of claims 1 to 5.

7. A computer-readable storage medium, storing a computer program, which, when
executed by a processor, performs the method for moving an article based on dense

storage as recited in any one of claims | to 5.
3. A dense storage system, comprising:

a first self-driven robot, configured to remove a blocking shelf and/or a blocking

storage box in accordance with an instruction of a control system;

a sccond sclf-driven robot, configured to transport a target shelf or a target storage

box disposed on the target shelf in accordance with an instruction of the control system;

a shelf area, comprising & plurality of shelves configured for storing articles and
being transported by sell-driven robots, wherein the target shell and the blocking shelf
are movable and each comprises at least one compartment for placing a storage box,
the plurality of shelves comprise the target shelf which is surrounded by the blocking
shelf on its periphery, and the self-driven robots comprise the first self-driven robot

and the second self-driven robot; and

a control system
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configured to, in response to detecting that the target shelf is blocked by at least
one blocking shelf, instruct the first self-driven robot to remove the at least one
blocking shelf to make the target shell not blocked by the at least one blocking shelf,
instruct the first self-driven robot to carry the blocking shelf and perform a circular
movenient along a robot travelling passage, and iastruct the second self-driven robot

to move the target shelf from its current position to a workstation; or

configured to, in response to detecting that the target shelf is blocked by at least
one blocking shelf, instruct the first self-driven robot to remove the at least one
blocking shelf to make a target storage box on the target shelf not blocked by a blocking
storage box on the blocking shelf, instruct the first sclf-driven robot to carry the
blocking shelf and perform a circular movement along a robot travelling passage, and
mstruct the second self-driven robot to remove the target storage box from the target

shelf and move the target storage box to the workstation; or

configurcd to, in responsc to deteeting that the target shelf is blocked by at lcast
one blocking shelf, instruct the first self-driven robot to remove a blocking storage box
on the blocking shelf to make the target shelf not blocked by the blocking storage box
on the blocking shelf, or to remove the blocking storage box on the blocking shelf and
a blocking storage box on the target shelf to make the target shelf not blocked by the
blocking storage box on the blocking shelf and the blocking storage box on the target
shelf, instruct the first self-driven robot to carry the blocking storage box on the
blocking shelf, or the blocking storage box on the blocking shelf and the blocking
storage box on the target shelf and perform a circular movement along a robot
travelling passage, and instruct the second self-driven robot to remove the target

storage box from the target shelf and move the target storage box to the workstation;

or configured to, in response to detecting that the target storage box on the
target shelf is blocked by at least one blocking storage box, instruct the first self-driven
rohot fo remove the hlocking starage hox to make the target storage hox on the target
shelf not blocked by the blocking storage box, instruct the first self-driven robot to
carry the blocking storage box and perform a circular movement along a robot
travelling passage, and instruct the second self-driven robot to remove the target

storage box from the target shelf and move the target storage box to the workstation,

9. The dense storage system of claim &8, wherein the plurality of shelves in the shelf
area are divided into a plurality of shelf groups, each of the plurality of shelf groups is
composed of a plurality of shelves arranged in rows and columns, and there is arranged

neo passage between neighboring rows or columns of the shelves in each of the plurality
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of shelf’ groups for travelling by the self-driven robots, and wherein different shelf

groups in the plurality of shelf groups are separated by passages.

10. The densc storage system of claim 8, wherein the target shelf is a double-opening
shelf, an opening is provided on each of both sides of the double-opening shelf, and
wherein the target storage box is disposed on the side of the target shelf facing away
from the blocking shelf, and the blocking storage box is disposed on the side of the
target shelt adjacent to the blocking shelf.

11. The dense storage system of claim 8 or 10, wherein the blocking shelf is a double-

opening shelf.

12. The dense storage system of claim 11, wherein the control system is further
configured to instruct the second self-driven robot to place the target shelf or the target
storage box on the target shelf back to its original position and instruct the first self-
driven robot to place the at least one blocking shelf and/or the at least one blocking
storage box back their the original position, in response to detecting that a target article

has been picked up.

13. The dense storage system of claim &, wherein the plurality of shelves in the shelf
area are arranged in a plurality of rows and columns, and there is arranged no passage
between the plurality of shelves for travelling by the self-driven robots, and wherein
the dense storage system further comprises a shelf temporary placement area, which

comprises a plurality of shelf positions.

14. The dense storage system of claim 13, wherein the control system is further
configured to instruct the first self-driven robot to carry the at least one blocking shelf
to a shelf position in the shelf temporary placement area, and a passage is created by

an original position of the removed blocking shelf.
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In response 1o detecting that a target shelf is blocked by at least one
blocking shelf, instructing a first self-driven robot to remove the
blacking shelf and/or a biocking storage box to make the target shelf
not blocked by the blocking shelf or make a target storage box on the
target shelf not blocked by the blacking storage box

TN

Instructing the first self-driven robet to carry the blocking shelf and/
or the blocking storage box and perform a circular movement along a
robot travelling passage
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Instructing the second self -driven robot te move the target shelf from

current position to a workstation, or instructing the second self-driven

robot to remove the target storage box from the target shelf and move
the target storage box to the workstation
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