10

15

20

25

30

ROBOT CONTROL SYSTEM AND METHOD, COMPUTING DEVICE, AND
STORAGE MEDIUM

The present application claims to the priority of Chinese patent application No.
201811062251.7 filed on September 12, 2018 and Chinese patent application No.
201910258694.1 filed on April 01, 2019, disclosures of which are incorporated herein by

reference in their entireties.

TECHNICAL FIELD

The present application relates to the field of warehousing, for example, to a robot control

system and method, a computing device, and a storage medium.

BACKGROUND

In goods-to-man broken case picking automated scheme in warehousing, the multi-layer picking
scheme used in a three-dimensional space in the related art is mainly implemented by a
three-dimensional shuttle vehicle. The three-dimensional shuttle vehicle scheme however has
high requirements on shelf precision, and also has relatively high requirements on the ground
subsidence index and flatness index. If the ground subsidence index and flatness index do not
meet up the standards, the shuttle vehicle would get stuck on a track, leading to a particularly
high construction cost. Furthermore, the maintenance for fixing a system failure is complicated,
and it is also very dangerous for a person to enter a three-dimensional shelf track. Therefore,

manual operation is not possible should a system failure occur.

A container-to-man automated picking scheme based on a robot is a multi-layer picking scheme
that addresses the utilization of the three-dimensional space. It usually adopts an ordinary
loft-type shelf. A robot moves on the floors of the loft, and there is no need to provide special
shelf tracks. A box-pickup mechanism of the robot can be lifted and lowered to pick up
containers on shelf layers at different heights on a same floor of the loft. The robot can pick up
one or more boxes at a time, and transport them to an operating station. After a sorting operation
is completed at the operating station, the robot then returns the box to the shelf. The storey
where the operating station is located is an operation floor, and other storeys are storage floors.
When a container located at a storage floor needs to be transported to the operation floor for
operation, or a container in one operation floor needs to be transported to another operation

floor for operation, then a cross-layer transportation of the container would be required.
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Currently, a common multi-layer picking scheme adopts the three-dimensional shuttle vehicle,
which uses the following container cross-layer transportation scheme, namely a lifting machine
works in cooperation with a conveyance line to transport the container to the operating station
for operation. However, the three-dimensional shuttle vehicle has a relatively high difficulty of
transportation, and is difficult to be flexibly allocated, resulting in a relatively high cost of the

automatic picking scheme.

SUMMARY

Embodiments of the present application provide a robot control method and system, a

computing device and a storage medium to overcome the deficiencies in the related art.

An embodiment of the present application provides a robot control system including a storage
region, a lifting machine, a control device and at least one self-driven robot. The control device
is communicatively connected to the lifting machine and the at least one self-driven robot. The
storage region includes a loft having at least two storeys and is configured to store a container,
and there is provided a passage on the floor of each of the at least two storeys of the loft for the
at least one self-driven robot to move through. The lifting machine is configured to transport the
at least one self-driven robot or the container to a target storey corresponding to a transportation
task. The control device is configured to assign the transportation task to the at least one
self-driven robot and plan a travel route on the target storey for the self-driven robot according
to the transportation task, and dispatch the at least one self-driven robot to travel according to
the travel route to perform the transportation task. The self-driven robot is configured to arrive
at a location of a target container on the target storey corresponding to the transportation task
according to the travel route corresponding to the transportation task, pick up the target
container, and transport the target container to a destination of the transportation task according
to the travel route. The container is a work bin stored on a container carrier located in the

storage region.

An embodiment of the present application provides a robot control method including: assigning
a transportation task to at least one self-driven robot; planning a travel route on a target storey
corresponding to the transportation task for the at least one self-driven robot, controlling the at
least one self-driven robot to move to a location of a target container corresponding to the
transportation task according to the travel route, and picking up the target container; controlling

the at least one self-driven robot carrying the target container to move to a position where a
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lifting machine is located; controlling the lifting machine to transport the at least one self-driven
robot to a target storey where a destination of the transportation task is located; and controlling
the at least one self-driven robot to transport the target container to the destination of the

transportation task.

An embodiment of the present application provides a robot control method including: receiving
a transportation task assigned by a control device; moving to a location of a target container
corresponding to the transportation task on a target storey corresponding to the transportation
task according to a travel route planned by the control device, and picking up the target
container; and transporting the target container to a destination of the transportation task

according to the travel route.

An embodiment of the present application provides a computing device, including a memory, a
processor and computer instructions stored in the memory and executable by the processor. The
computer instructions when executed by the processor cause any one of the robot control

methods to be performed.

An embodiment of the present application provides a computer-readable storage medium
storing computer-executable instructions, which when executed cause any one of the robot

control methods to be performed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram of a robot control system according to an embodiment of the

present application.

FIG. 2 is a schematic diagram illustrating a communication framework of a robot control device

according to an embodiment of the present application.

FIG. 3 is a schematic diagram of a self-driven robot in a robot control system according to an

embodiment of the present application.

FIG. 4 is a schematic diagram of a lifting machine in a robot control system according to an

embodiment of the present application.

FIG. 5 is a plan view of a storey of a storage region in another robot control system according to
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an embodiment of the present application.

FIG. 6 is a flowchart of a robot control method according to an embodiment of the present

application.

FIG. 7 is a flowchart of a robot control method according to an embodiment of the present

application.

FIG. 8 is a schematic diagram of a robot control system according to another embodiment of the

present application.

FIG. 9 is a plan view of a storey of a storage region in a robot control system according to an

embodiment of the present application.

FIG. 10 is a flowchart of a robot control method according to an embodiment of the present

application.

FIG. 11 is a flowchart of a robot control method according to another embodiment of the

present application.

FIG. 12 is a flowchart of a robot control method according to yet another embodiment of the

present application.

FIG. 13 is a schematic diagram of a robot control system according to another embodiment of

the present application.

DETAILED DESCRIPTION

Details are set forth below to facilitate a thorough understanding of the present application.
However, the present application can be implemented in many forms different than the
embodiments described herein, and those skilled in the art will be able to make similar
expansions without departing from the spirit of the present application, so the present

application is not limited by the specific embodiments described below.

FIG. 1 shows a robot control system according to an embodiment of the present application. The
robot control system includes storage region, a lifting machine 104, a control device 105, an
operating station 106 and at least one self-driven robot 103.
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The storage region includes a loft having at least two storeys and is configured to store a
container 101, and a passage 102 for the at least one self-driven robot to move through is

provided on the floor of each of the at least two storeys of the loft.

The container 101 may be a work bin or a packing box on a container carrier, a tray on the

container carrier, or other containers that can be used for holding articles.

The container carrier may be a shelf.

The self-driven robot 103 can travel on each storey of the loft through the passage 102 which is

configured for the self-driven robot 103 to move through.

The lifting machine 104 is configured to transport the self-driven robot 103 or the container 101

to a target storey corresponding to a transportation task.

The control device 105 is configured to assign the transportation task to the self-driven robot
103 and plan a travel route on the target storey for the self-driven robot 103 according to the
transportation task, and dispatch the self-driven robot 103 to travel according to the travel route

and perform the transportation task.

The self-driven robot 103 is configured to arrive at a location of a target container on the target
storey corresponding to the transportation task according to the travel route corresponding to the
transportation task to pick up the target container, and transport the target container to a

destination of the transportation task according to the travel route.

The control device 105 is communicatively connected to the lifting machine 104 and the

self-driven robot 103.

The storage region is provided with the operating station 106 on at least one floor of the loft,
and the operating station 106 is used for performing a task operation on the container 101. The
task operation may be operations such as a pickup operation, a stocktaking operation, a good

pickup operation and a tallying operation.

In the robot control system provided by the embodiment of the present application, the passage
for the self-driven robot to move through is provided on the floor of each storey of the loft and

the lifting machine is combined, such that the self-driven robot can run on each storey. In this



10

15

20

25

30

way, flexibility of the self-driven robot is improved, various operations can be completed
according to actual requirements, and there is no need to install shuttle tracks, thereby greatly

reducing a construction cost.

FIG. 2 shows schematic diagram of a communication framework of a robot control device

according to an embodiment of the present application.

Components of a control device 105 include, but are not limited to, a memory 210 and a
processor 220. The processor 220 is connected to the memory 210 through a bus 230, and a

database 250 is configured to store a transportation task.

The control device 105 further includes an access device 240 that enables the control device 105
to communicate through one or more networks 260. Examples of the networks include a public
switched telephone network (PSTN), a local area network (LAN), a wide area network (WAN),
a personal area network (PAN), or a combination of communication networks such as the
Internet. The access device 240 may include one or more of any type of network interfaces
(such as, a network interface card (NIC)) of wired or wireless, such as an IEEE 802.11 wireless
local area network (WLAN) wireless interface, a worldwide interoperability for microwave
access (Wi-MAX) interface, an ethernet interface, a universal serial bus (USB) interface, a
cellular network interface, a bluetooth interface and a near field communication (NFC)

interface.

In one embodiment of the present application, the above-mentioned of the control device 105
and other components not shown in FIG. 2 may also be connected to each other, for example, by

the bus.

The control device 105 may be any type of stationary or mobile computing device including a
mobile computer or mobile computing device (such as, a tablet computer, a personal digital
assistant, a laptop computer, a notebook computer and a netbook), a mobile phone (such as a
smart phone), a wearable computing device (such as a smart watch and smart glasses) or other
types of mobile devices, or a stationary computing device such as a desktop computer or a

personal computer (PC). The control device 105 may further be a mobile or stationary server.

The control device 105 is communicatively connected to a self-driven robot 103 and a lifting
machine through the network 260, and controls the robot control system by transmitting control

instructions or receiving a message returned by the self-driven robot or the lifting machine.
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In one embodiment of the present application, a transportation task may carry a code identifier
of a target container; and at least one self-driven robot moves to a location of a target container
on a target storey according to a travel route, and can pick up the target container by recognizing

the code identifier of the target container.

It is to be noted that the embodiment of the present application does not limit a structure of the
self-driven robot, and a function of taking out the container from the shelf and putting the
container into the shelf can be achieved by any one of the structures in the related art. For
example, a mechanical arm may be arranged on the self-driven robot, and the mechanical arm is
used to pick up the container from the shelf and put the container into the shelf; a clamping
structure may also be arranged on the self-driven robot, and the container is taken out from the
shelf and put into the shelf by being clamped; or the container may be taken out from the shelf

and put into the shelf using other structures.

Referring to FIG. 3, in one embodiment of the present application, at least one self-driven robot
103 includes a pickup telescopic mechanism 301, a lifting mechanism 302, and a robot moving
chassis 303.

The pickup telescopic mechanism 301 is configured to obtain one or more target containers.

The lifting mechanism 302 is configured to adjust the pickup telescopic mechanism 301 to
move upwards or downwards such that the pickup telescopic mechanism obtains target

containers on shelves of different heights of a target storey.

The robot moving chassis 303 is configured to control the at least one self-driven robot to move
through on a travel passage of the target storey according to a travel route planned by a control

device.

The target container is a container 101 which needs to be transported in a transportation task.

The self-driven robot provided by the embodiment of the present application runs on a travel
passage on the floor of each storey of the loft, such that flexibility for transporting the container
is greatly improved, various operations can be completed according to actual requirements, and

there is no need to install shuttle tracks, thereby greatly reducing a construction cost.

Referring to FIG. 4, in one embodiment of the present application, a lifting machine 104 is
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provided with a temporary storage position 104A configured to temporarily store a self-driven

robot 103 or a target container.

The target container is a container 101 which needs to be transported in a transportation task.

FIG. 5 is a plan view of a storey according to an embodiment of the present application. The

storey includes a storage unit 501 of a shelf, an operating station 106 and a travel passage 102.

The storage unit 501 of the shelf is used for storing a container.

Operations such as a pickup operation, a stocktaking operation, a replenishment operation or a
tallying operation may be performed on items in a transported container on a plurality of

operating stations 106.

The travel passage 102 is used for a self-driven robot to move through.

In the embodiment of the present description, a storage region includes a loft having at least two
storeys. In a case where the container needs to be transported between different storeys, the

container may be transported by using a lifting machine.

The embodiment of the present application provides two modes of lifting a robot and lifting a

container.

The two modes are illustrated respectively below.

In one embodiment of the present application, a transportation task consists of a first
transportation task and a second transportation task. In the first transportation task, a target
container needs to be transported to a temporary storage position of the lifting machine. In the
second transportation task, a self-driven robot carrying the target container needs to be
transported to an operating station or a container carrier of a target storey. This scheme is a
lifting a robot mode. A control device controls a first self-driven robot to arrive at a location of a
target container on a target storey corresponding to the first transportation task according to a
first travel route corresponding to the first transportation task to pick up the target container and
transport the target container to the temporary storage position of the lifting machine, and then a

ready status signal is transmitted to the control device.

The container carrier may be the storage unit of the shelf.
8
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A destination of the second transportation task includes an operating station or a storage unit of
a shelf of a target storey of the second transportation task. The control device receives the ready
status signal, and controls the lifting machine to transport the first self-driven robot to the target
storey of the second transportation task; and controls the first self-driven robot to move through
on the target storey of the second transportation task according to a second travel route
corresponding to the second transportation task, and transport the target container to the
operating station or the storage unit of the shelf of the target storey of the second transportation

task.

In the lifting the robot mode, the self-driven robot can arrive at different storeys by the lifting
machine, such that each self-driven robot can obtain a container of any storey and transport the
container to an operating station of any storey, and after an operation on the container is
completed at the operating station, the self-driven robot can return the container to a storage unit

of a shelf of any storey.

It is to be noted that in the lifting the robot mode, whether the self-driven robot being lifted
carries the container may be determined according to an actual situation, which is not limited in

the present application.

In another embodiment of the present application, a transportation task consists of a first
transportation task and a second transportation task. In the first transportation task, a target
container needs to be transported to a temporary storage position of the lifting machine. In the
second transportation task, the target container needs to be transported to an operating station or
a storage unit of a shelf of a target storey. This scheme is a lifting the container mode. A second
self-driven robot arrives at a location of the target container on a target storey corresponding to
the first transportation task according to the first travel route corresponding to the first
transportation task to pick up the target container and transports the target container to the
temporary storage position of the lifting machine, and then a ready status signal is transmitted to

the control device.

A destination of the second transportation task is an operating station or a storage unit of a shelf
of a target storey of the second transportation task. The control device receives the ready status
signal, and controls the lifting machine to lift the target container to the target storey; and
controls a third self-driven robot located at the target storey to move through on the target storey

according to a second travel route corresponding to a second transportation task, and transport

9



10

15

20

25

30

the target container to the operating station or the storage unit of the shelf of the target storey of
the second transportation task. The second self-driven robot is different from the third

self-driven robot.

In the lifting the container mode, the container can be transported to an operating station or a
storage unit of a shelf of any storey through a cooperation between the self-driven robots

located at different storeys and the lifting machine.

In one embodiment of the present application, in the lifting the container mode, the lifting
machine may further be connected to a roller line of the operating station. The control device
receives the status signal transmitted by the lifting machine, controls the lifting machine to
transport the target container to a target storey of a third transportation task, and controls the
lifting machine to convey the target container to the roller line through which the target

container is transported to the operating station.

In practical application, the roller line may further be configured to receive a container with
which a task operation has been completed at the operating station, and the task operation may

be the pickup operation.

In one embodiment of the present application, the control device may further control the lifting
machine to pick up the target container from the roller line and place the target container at the
temporary storage position of the lifting machine, and transport the target container to the target
storey of the transportation task. The control device controls the self-driven robot located on the
target storey to pick up the target container from the temporary storage position of the lifting

machine, and transport the target container to the destination of the transportation task.

After the self-driven robot carrying the target container moves to the operating station, the
control device can control the self-driven robot to queue up at the operating station and wait for
the task operation. After the task operation is completed, the control device controls the
self-driven robot to carry the target container with which the task operation has been completed,
and transport the target container to a next operating station or return the target container to the

storage unit in the shelf.

In order to improve a working efficiency of the self-driven robot, after the self-driven robot
pushes the target container to the operating station, the target container is pushed to a storage

position of the operating station, and the control device can control the self-driven robot to
10
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obtain at least one operable container other than the target container and transport the at least

one operable container to the storage unit.

The storage position of the operating station may be a cache shelf or temporary storage roller

line of the operating station.

The operable container may be the container that has completed the task operation.

In one embodiment of the present application, the control device is further configured to:
receive and store a code of the target container, and perform a popularity evaluation for the
target container according to a popularity and quantity of items stored in the target container;
control the self-driven robot to transport a target container whose popularity exceeds a preset
threshold to a storage unit of a shelf in a preset region, and record a binding relationship
between the target container and the storage unit; or control the self-driven robot to transport the
target container to a storage unit of a shelf by an increasing distance from the operating station
according to a descending order of the popularity of the target container, and record a binding

relationship between the target container and the storage unit.

The preset region may be a region where a storage unit which is relatively close to the operating
station is located, for example, may be a storage unit 3 meters or 5 meters away from the
operating station. In this way, a container in which frequently taken and used items are located
is stored in a storage unit which is relatively close to the operating station, thus reducing time

required for transporting and improving a business processing efficiency.

A container shelf is a shelf placed on each floor of the loft in the storage region, each container

shelf has a plurality of storage units, and each storage unit can store one container.

In one embodiment of the present application, the passage for the self-driven robot to move

through may be configured for an emergency manual operation.

In addition, the storage region may further be provided with a walking ladder or an elevator.

When a system goes wrong, for example, in a condition that power fails, or a system is unable
to work normally, workers perform the transportation task on travel passages of a plurality of

storeys through the walking ladder or the elevator to complete the emergency manual operation.
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In order to accurately determine a position of the container, the container is provided with the
code identifier for identification, and the code identifier may be a two-dimensional code, a radio

frequency identification (RFID) tag and the like.

Based on the robot operating system described above, a variety of business processes can be
completed. A put-in storage process with full container load, a put-in storage process and a work

flow of the operating station are described as an example below.

A replenishment process refers to that items are not put in storage together with the container
and the items are put in the existing container. The work at the operating station includes works

such as out-of-warehouse, stocktaking or tallying.

In one embodiment of the present application, the put-in storage process with full container load

includes steps described below.

In step (1), the control device receives a container number, a product number, and a quantity of

the items and records a binding relationship. One container can bind various items.

In step (2), the control device determines whether there is an empty container in a container
shelf. Based on a determination result that there is the empty container on the container shelf,
the control device dispatches the self-driven robot to obtain the empty container and transport
the empty container to the operating station, and controls the self-driven robot to queue up at the
operating station. Based on a determination result that there is no empty container in the storage
unit, the control device directly controls the self-driven robot to queue up at the operating

station.

When the self-driven robot needs to move up or down through the storeys in a transportation
path, the self-driven robot is transported to a corresponding floor by the lifting machine. Step (2)

and step (1) may be performed simultaneously.

In step (3), the self-driven robot obtains the container, detects the code of the container and
submits the code of the container to the control device, and the control device records the

container number of the container transported by the self-driven robot.

In step (4), the control device allocates the container to a corresponding storage unit of a shelf

according to a popularity and quantity of the items in the container.
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In step (5), in a condition that containers are put in all container temporary storage positions of
the self-driven robot, or there is no remaining container to be put into storage at the operating
station, the control device dispatches the self-driven robot to leave the operating station, and
plans an optimal path sequence for returning the container for the self-driven robot, and the
self-driven robot moves to positions of storage units allocated by the system sequentially and
puts the container into the storage unit. When the self-driven robot needs to move up or down
through the storeys in a path, the self-driven robot is transported to a corresponding floor by the

lifting machine.

In one embodiment of the present application, the replenishment process includes steps

described below.

In step (1), the control device selects a plurality of containers capable of storing items according

to items needing to be stored in the storage.

The plurality of containers may be empty containers or containers having items but still having

a storage space.

The control device controls the self-driven robot to obtain the containers and transport the
containers to the operating station, and the self-driven robot queues up at the operating station.
When the self-driven robot needs to move up or down through the storeys in a path, the

self-driven robot is transported to a corresponding floor by the lifting machine.

In step (2), a product code and a container code are received, a binding relationship between the
container and the items is recorded, and the self=driven robot is controlled to receive the items

through the container.

In step (3), in a condition that the replenishment operation is completed currently at the
operating station or a container currently carried by the self-driven robot has no storage space,
the condition is fed back through an interactive interface of the control device, and the control
device allocates the container to a storage unit of a corresponding container shelf according to

the popularity and quantity of the items in the container.

In step (4), the control device dispatches the self-driven robot to leave the operating station, and
plans an optimal path sequence for returning the container for the self-driven robot, and the
self-driven robot moves to a position of the storage unit allocated by the control device and puts

13



10

15

20

25

the container into the storage unit. When the self-driven robot needs to move up or down
through the storeys in the path, the self-driven robot is transported to a corresponding floor by

the lifting machine.

In one embodiment of the present application, the work flow of the operating station includes

steps described below.

In step (1), the operating station starts a work, the control device hits a plurality of containers
according to a work document, the control device allocates the self-driven robot to obtain the
containers and transport empty containers to the operating station, and the self-driven robot
queues up at the operating station. When the self-driven robot needs to move up or down
through the storeys in a path, the self-driven robot is transported to a corresponding floor by the

lifting machine.

In step (2), the work is performed at the operating station, and that an operation on the container
carried currently by the self-driven robot is completed is fed back to the control device through

an interactive interface of the control apparatus.

In step (3), the control device allocates the container to a storage unit of a corresponding shelf

according to a popularity and quantity of current items in the container.

In step (4), the control device dispatches the self-driven robot to leave the operating station, and
plans an optimal path sequence for returning the container for the self-driven robot, and the
self-driven robot moves to positions of the storage units allocated by a system in sequence and
puts the container into the storage unit. When the self-driven robot needs to move up or down
through the storeys in the path, the self-driven robot is transported to a corresponding floor by

the lifting machine.

In the robot control system provided by the embodiment of the present application, the passage
for the self-driven robot to move through is provided on the floor of each storey of the loft and
the lifting machine is combined, such that the self-driven robot can run on each storey. In this
way, flexibility of the self-driven robot is improved, various operations can be completed
according to actual requirements, and there is no need to install shuttle tracks, thereby greatly

reducing a construction cost.

FIG. 6 illustrates a robot control method according to an embodiment of the present application.
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The robot control method is applied to a control device side, and includes step 602 to step 610.

In step 602, a transportation task is assigned to at least one self-driven robot.

In one embodiment of the present application, the transportation task carries a code identifier of

the target container.

In practical application, the code identifier may be a two-dimensional code or an RFID tag.

In step 604, a travel route on a target storey corresponding to the transportation task is planned
for the at least one self-driven robot, and the at least one self-driven robot is controlled to move
to a location of a target container corresponding to the transportation task according to the travel

route to pick up the target container.

In one embodiment of the present application, a storage region includes a loft having at least
two storeys and is configured to store a container, and a passage for the self-driven robot to

move through is provided on the floor of each of the at least two storeys of the loft.

In step 606, the at least one self-driven robot carrying the target container is controlled to move

to a position where a lifting machine is located.

In one embodiment of the present application, the lifting machine is provided with a temporary
storage position configured to temporarily store the at least one self-driven robot or the target

container.

In a process that the self-driven robot moves to the temporary storage position of the lifting
machine, the control device can plan an optimal travel route for the at least one self-driven robot
and control the at least one self-driven robot to travel according to the travel route to avoid

collision.

In step 608, the lifting machine is controlled to transport the at least one self-driven robot or the

target container to a target storey where a destination of the transportation task is located.

In step 610, the at least one self-driven robot is controlled to transport the target container to the

destination of the transportation task.

In one embodiment of the present application, the transportation task carries the code identifier
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of the target container.

The control device controls the at least one self-driven robot to pick up the target container by

recognizing the code identifier of the target container.

The lifting machine is provided with a temporary storage position configured to temporarily

store the at least one self-driven robot or the target container.

In one embodiment, the transportation task includes a first transportation task, and a destination
of the first transportation task includes the temporary storage position of the lifting machine.
The control device controls a first self-driven robot in the at least one self-driven robot to arrive
at a location of a target container of a target storey corresponding to the first transportation task
according to a first travel route corresponding to the first transportation task to pick up the target

container.

In one embodiment, the transportation task further includes a second transportation task, and a
destination of the second transportation task includes an operating station or a storage unit of a
shelf of a target storey of the second transportation task. The control device receives a ready
status signal transmitted by the first self-driven robot. The control device controls the lifting
machine to transport the first self-driven robot to the target storey of the second transportation
task. The control device controls the first self-driven robot to move through on the target storey
of the second transportation task according to a second travel route of the second transportation
task, and transport the target container to the operating station or the storage unit of the shelf of

the target storey of the second transportation task.

In another embodiment of the present application, the transportation task includes a first
transportation task, and a destination of the first transportation task includes the temporary
storage position of the lifting machine. The control device controls a second self-driven robot in
the at least one self-driven robot to arrive at a location of a target container of a target storey
corresponding to the first transportation task according to a first travel route corresponding to
the first transportation task to pick up the target container, and controls the second self-driven

robot to transport the target container to the temporary storage position of the lifting machine.

The transportation task further includes a second transportation task, and a destination of the
second transportation task includes an operating station or a storage unit of a shelf of a target

storey of the second transportation task. The control device receives a ready status signal
16



10

15

20

25

30

transmitted by the second self-driven robot. The control device controls the lifting machine to
transport the target container to the target storey of the second transportation task. The control
device controls a third self-driven robot in at least two self-driven robots to move through on the
target storey of the second transportation task according to a second travel route of the second
transportation task, and transport the target container to the operating station or the storage unit
of the shelf of the target storey of the second transportation task. The second self-driven robot is

different from the third self-driven robot.

In another embodiment of the present application, the transportation task further includes a third
transportation task, and a destination of the third transportation task includes an operating
station of a target storey of the third transportation task. The lifting machine is connected to a
roller line of the operating station. The control device receives the ready status signal
transmitted by the second self-driven robot, controls the lifting machine to transport the target
container to the target storey of the third transportation task, and controls the lifting machine to
transfer the target container to the roller line through which the target container is conveyed to

the operating station.

In one embodiment, the control device further controls the roller line to receive a container that

has completed a pickup operation.

When the location of the target container is the roller line, the control device controls the lifting
machine to pick up the target container from the roller line, place the target container in the
temporary storage position of the lifting machine, and transport the target container to the target

storey of the transportation task.

In one embodiment of the present application, the control device controls the at least one
self-driven robot to pick up the target container from the temporary storage position of the
lifting machine on the target storey of the transportation task, and transport the target container

to the destination of the transportation task.

In one embodiment of the present application, the control device controls the at least one
self-driven robot carrying the target container to move to the operating station, and queue up at
the operating station to wait for the task operation. The work includes works such as
out-of-warehouse, stocktaking or tallying. After the task operation is completed, the at least one
self-driven robot is controlled to carry a target container with which the task operation has been

completed.
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The control device may further control the at least one self-driven robot to push the target
container to a cache shelf or a temporary storage roller line of the operating station after the at
least one self-driven robot moves to the operating station, and obtain at least one operable

container other than the target container.

The destination of the transportation task includes the storage unit of the shelf. A step of the
control device controlling the at least one self-driven robot to transport the target container to
the destination of the transportation task includes steps described below. A code of a target
container with which the task operation has been completed transmitted by the self-driven robot
is received. A popularity of the target container is evaluated according to a popularity and
quantity of items stored in the target container with which the task operation has been
completed. The self-driven robot is controlled to transport a target container whose popularity
exceeds a preset threshold to a storage unit of a shelf in a preset region, and a binding
relationship between the target container and the storage unit is recorded; or the self-driven
robot is controlled to transport the container to a storage unit of a shelf by an increasing distance
from the operating station according to a descending order of the popularity of the container,

and a binding relationship between the container and the storage unit is recorded.

In the robot control method provided by the embodiment of the present application, the lifting
machine is combined, such that the self-driven robot can be controlled to move through on the
passage for the self-driven robot to move through provided on the floor of each storey of the loft.
In this way, flexibility of the self-driven robot is greatly improved, various operations can be
completed according to actual requirements, and there is no need to install the shuttle tracks,

thereby greatly reducing a construction cost.

FIG. 7 illustrates another robot control method according to an embodiment of the present
application. The robot control method is applied to a self-driven side, and includes step 702 to

step 706.

In step 702, a transportation task assigned by a control device is received.

In step 704, a self-driven robot moves to a location of a target container corresponding to the
transportation task on a target storey corresponding to the transportation task according to a

travel route planned by the control device to pick up the target container.

The target storey is a certain floor of a storage region having at least two storeys of the loft. A
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passage for the self-driven robot to move through is provided on the floor of each of the at least

two storeys of the loft of the storage region.

In step 706, the target container is transported to a destination of the transportation task

according to the travel route.

In one embodiment, the transportation task carries a code identifier of the target container; and
the self-driven robot picks up the target container by recognizing the code identifier of the target

container.

In one embodiment of the present application, the transportation task includes a first
transportation task, and a destination of the first transportation task includes a temporary storage
position of a lifting machine. The self-driven robot arrives at a location of a target container of a
target storey corresponding to the first transportation task according to a first travel route
corresponding to the first transportation task to pick up the target container. The self-driven
robot carries the target container to arrive at the temporary storage position of the lifting

machine, and transmits a ready status signal to the control device.

The transportation task further includes a second transportation task, and a destination of the
second transportation task includes an operating station or a storage unit of a shelf of a target
storey of the second transportation task. The self-driven robot carries the target container to
arrive at the target storey of the second transportation task by the lifting machine. The
self-driven robot runs on the target storey of the second transportation task according to a
second travel route of the second transportation task, and transports the target container to the
operating station or the storage unit of the shelf of the target storey of the second transportation

task.

In one embodiment of the present application, the transportation task includes a first
transportation task, and a destination of the first transportation task includes a temporary storage
position of a lifting machine. The self-driven robot arrives at a location of a target container of a
target storey corresponding to the first transportation task according to a first travel route
corresponding to the first transportation task to pick up the target container. The self-driven
robot carries the target container to the temporary storage position of the lifting machine, and

transmits a ready status signal to the control device.

In one embodiment of the present application, the transportation task includes a second
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transportation task, a destination of the second transportation task includes an operating station
or a storage unit of a shelf of a target storey of the second transportation task, and a location of
the target container of the second transportation task is a temporary storage position of a lifting
machine. The target container of the second transportation task is acquired from the temporary
storage position of the lifting machine, and the self-driven robot located on the target storey of
the second transportation task picks up the target container of the second transportation task
from the temporary storage position of the lifting machine. The self-driven robot runs on the
target storey of the second transportation task according to a second travel route of the second
transportation task, and transports the target container to the operating station or the storage unit

of the shelf of the target storey of the second transportation task.

The self-driven robot carrying the target container moves to the operating station and queues up
at the operating station to wait for a pickup operation. After the pickup operation is completed,
the self-driven robot carries the target container that has completed the pickup operation, and
transports the target container to a next operating station or returns the target container to the
shelf.

The self-driven robot pushes the target container to a cache shelf or a temporary storage roller
line of the operating station, and obtains at least one operable container by a set pickup

telescopic mechanism.

In one embodiment of the present application, the destination of the transportation task includes
the storage unit of the shelf. A step of transporting the target container to the destination of the
transportation task includes steps described below. The self-driven robot detects a code of a
container that has completed the pickup operation and transmits the code to the control device.
A container where items are located, whose popularity exceeds a preset threshold, is transported
to a storage unit of a shelf in a preset region; or the container is transported to a storage unit of a
shelf from by an increasing distance from the operating station according to a descending order

of the popularity of the containers.

In the robot control method provided by the embodiment of the present application, the lifting
machine is combined, such that the self-driven robot can run on the passage for the self-driven
robot to move through provided on the floor of each storey of the loft. In this way, flexibility of
the self-driven robot is greatly improved, various operations can be completed according to

actual requirements, and there is no need to install shuttle tracks, thereby greatly reducing a
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construction cost.

FIG. 8 and FIG. 13 show a robot control system according to an embodiment of the present
application. The robot control system includes a storage region, a container 101, a self-driven
robot 103, a container lifting machine 1041, a control device 105 and a temporary storage

mechanism 108.

The storage region includes at least two storeys of the loft 107 and is configured to store the
container 101, and a passage for the self-driven robot 103 to move through is provided on the
floor of the loft 107. Each storey of the loft 107 is provided with at least one self-driven robot

103 and at least one temporary storage mechanism 108.

In the embodiment of the present application, the container 101 may be a work bin or a
container 101 on the container carrier, a tray on the container carrier, or other containers that can
be used for holding articles. The self-driven robot 103 runs on a storey where the self-driven
robot 103 is located and acquires one or more containers 101 through the passage for the
self-driven robot 103 to move through. Meanwhile, workers can work on the passage of the loft
107, that is, an operating station 106 can be provided on each storey of the loft 107 to perform
operations such as a pickup operation, a stocktaking operation, a good pickup operation or a

tallying operation on the container 101.

The control device 105 is configured to assign a transportation task to the self-driven robot 103
and plan a travel route on the storey for the self-driven robot 103 according to the transportation
task, and dispatch the self-driven robot 103 to travel according to the travel route and perform

the transportation task.

The control device 105 is further configured to assign the transportation task to the self-driven
robot 103 and plan the travel route on the storey for the self-driven robot 103 according to the
transportation task, and control the self-driven robot 103 to move through on the storey where
the self-driven robot 103 is located according to the travel route and perform the transportation
task. The transportation task includes that the self-driven robot 103 picks up the target container
at a first target position of the storey where the self-driven robot 103 is located, and transports
the target container to the temporary storage mechanism 108; and/or, the self-driven robot 103
picks up the target container at the temporary storage mechanism 108 and transports the target
container to a second target position of the storey where the self-driven robot 103 is located.

The first target position refers to a position of the target container when the self-driven robot
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103 picks up the target container according to the transportation task. The second target position
refers to a position of the target container when the self-driven robot 103 places the target
container according to the transportation task. The first target position may be the same as or

different from the second target position.

In the embodiment of the present application, the control device 105 can store a correspondence
relationship between the container 101 and a storage vacancy of the container carrier of the loft
107 and inventory information of the container carrier of the loft 107, thereby generating the
transportation task according to a document that need to work, and allocating the self-driven
robot 103 to perform the transportation task. Meanwhile, the control device 105 can further plan
a path and dispatch the self-driven robot 103 to implement the path to avoid collision. The
control device 105 is communicatively connected to the container lifting machine 1041, the
temporary storage mechanism 108 and the self-driven robot 103 such that the self-driven robot
103 is docked to the temporary storage mechanism 108, and the temporary storage mechanism

108 is docked to the container lifting machine 1041.

The temporary storage mechanism 108 is configured to bear the target container, and convey the
target container to the container lifting machine 1041, and/or transfer the target container away
from the container lifting machine 1041. The container lifting machine 1041 is configured to

transport the target container to a target storey corresponding to the transportation task.

In one embodiment of the present application, a certain storey A is provided with one
self-driven robot B and one temporary storage mechanism C. The control device can control the
self-driven robot B to pick up the target container at a first target position of the storey A,
transport the target container to the temporary storage mechanism C for storage, and then the
control device can control the temporary storage mechanism C to convey the target container to
the container lifting machine. When other containers are also transported to the storey A by the
container lifting machine, a controller can further control the temporary storage mechanism C to
convey the target container away from the container lifting machine and to the temporary
storage mechanism C, and control the self-driven robot A to pick up the target container at the
temporary storage mechanism C and transport the target container to a second target position of

the container.

In the embodiment of the present application, a cross-layer transportation of the container 101 is

achieved by the container lifting machine 1041, and the container lifting machine 1041
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cooperates with the temporary storage mechanism 108 to dock to the self-driven robot 103. For
example, after the self-driven robot 103 picks up the target container, the control device 105
dispatches the self-driven robot 103 to transfer the target container to the temporary storage
mechanism 108, the temporary storage mechanism 108 transports the target container to the
container lifting machine 1041, and after the container lifting machine 1041 transports the target
container to the target storey, the target container is transferred to a corresponding temporary

storage mechanism 108 and waits to be taken away by a corresponding self-driven robot 103.

In one embodiment, the temporary storage mechanism 108 may be a roller table mechanism,
such as track lines or conveyor belts, and the temporary storage mechanism 108 has a
hierarchical structure of n. The control device 105 is further configured to control the container
lifting machine 1041 to transport the target container to an idle hierarchy in the temporary
storage mechanism 108, where n is a natural number and n is greater than or equal to 2. The
number of hierarchies of the temporary storage mechanism 108 can be designed and adjusted

according to a user service situation.

In one embodiment, as shown in FIG. 8 and FIG. 13, the temporary storage mechanism is
disposed on one or two sides of the container lifting machine 1041, and the container lifting
machine 1041 is disposed corresponding to the temporary storage mechanism. In a case where
the temporary storage mechanism is disposed on two sides of the container lifting machine, a
temporary storage mechanism disposed on one side of the container lifting machine 1041 is
configured to feed the container 101 into the container lifting machine 1041; and a temporary
storage mechanism disposed on the other side of the container lifting machine 1041 is
configured to send the container 101 out of the container lifting machine 1041, and a feed-in

operation and a send-out operation may be completed successively or synchronously.

In one embodiment, the container lifting machine 1041 includes a transfer mechanism and a
container temporary position. The transfer mechanism is configured to load a target container
from the temporary storage mechanism into the container temporary position, and/or load a

target container on the container temporary position into the temporary storage mechanism.

In one embodiment, the transfer mechanism includes a roller mechanism or a robot arm, and the
roller mechanism or the robot arm has a degree of freedom in four directions front, back, left
and right of a horizontal plane, such that the container lifting machine 1041 can dock to the

temporary storage mechanism 108 in multiple directions.
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A working process of the embodiment of the present application is described below. Under the
control of the control device 105, the self-driven robot 103 acquires a container 101 that needs
to be transported across floors to another floor. According to factors such as a floor to which the
container 101 is to go, an optimal path of the self-driven robot 103 to the container lifting
machine 1041 and a queuing situation of the self-driven robot 103 in front of the container
lifting machine 1041, the control device 105 allocates the self-driven robot 103 to a temporary
storage mechanism 108 docking to a corresponding container lifting machine 1041, such that at
least one container 101 is sequentially fed into the corresponding container lifting machine 1041.
When at least one container 101 is lifted to the target storey, the temporary storage mechanism
108 moves the container 101 out of the container lifting machine 1041 and temporarily stores
the container 101. The control device 105 reallocates the self-driven robot 103 to the temporary
storage mechanism 108 to take out the container 101, and transport the container 101 to the
operating station 106 of the storage region for picking. After the picking is completed, a
cross-layer transfer return of the container 101 is implemented according to the

above-mentioned mode.

In the robot control system provided by the embodiment of the present application, a problem of
items-to-man picking of three-dimensional storage is solved by adopting the self-driven robot
103 combined with a loft shelf. The passage for the self-driven robot 103 to move through is
provided on the floor of each storey of the loft 107, and the container lifting machine 1041 is
combined to transport the target container to each target floor, such that the self-driven robot
can run on each storey, thereby improving an efficiency of the warehouse in terms of cross-layer
logistics transmission. The temporary storage mechanism 108 docking to the self-driven robot
103 is disposed at a position of the container lifting machine 1041, such that the container
lifting machine 1041 can also operate normally under a condition that no self-driven robot 103
is idle temporarily, and the cross-layer transmission of the containers 101 of different storeys is
achieved in a flexible and efficient form, thereby improving the efficiency and flexibility of the

whole robot picking system, and reducing a cost of a container cross-layer transmission scheme.

FIG. 2 shows a communication framework of a robot control device according to an

embodiment of the present application.

Components of the control device 105 include, but are not limited to, a memory 210 and a
processor 220. The processor 220 is connected to the memory 210 through a bus 230, and a

database 250 is used for storing the transportation task.
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The control device 105 further includes an access device 240 that enables the control device 105
to communicate through one or more networks 260. Examples of the networks include a public
switched telephone network (PSTN), a local area network (LAN), a wide area network (WAN),
a personal area network (PAN), or a combination of communication networks such as the
Internet. The access device 240 may include one or more of any type of network interfaces
(such as, a network interface card (NIC)) of wired or wireless, such as an IEEE 802.11 wireless
local area networks (WLAN) wireless interface, a worldwide interoperability for microwave
access (Wi-MAX) interface, an ethernet interface, a universal serial bus (USB) interface, a
cellular network interface, a bluetooth interface and a near field communication (NFC)

interface.

In one embodiment of the present application, the above-mentioned of the control device 105
and other components not shown in FIG. 2 may also be connected to each other, for example, by

the bus.

The control device 105 may be any type of stationary or mobile computing device including a
mobile computer or mobile computing device (such as, a tablet computer, a personal digital
assistant, a laptop computer, a notebook computer and a netbook), a mobile phone (such as a
smart phone), a wearable computing device (such as a smart watch and smart glasses) or other
types of mobile devices, or a stationary computing device such as a desktop computer or a

personal computer (PC). The control device 105 may further be a mobile or stationary server.

The control device 105 is communicatively connected to the self-driven robot 103 and the
lifting machine through the network 260, and controls the robot control system by transmitting
control instructions or receiving a message returned by the self-driven robot or the lifting

machine.

In another embodiment of the present application, the transportation task carries a code
identifier of the target container. The control device 105 is further configured to control at least
one self-driven robot 103 to move to a location of the target container according to a travel route
on a storey where the self-driven robots 103 is located, and pick up the target container by

checking the code identifier of the target container.

It is to be noted that the embodiment of the present application does not limit a structure of the
self-driven robot, and a function of taking out the container from the shelf and putting the

container into the shelf can be achieved by any of the structures in the existing art. For example,
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a mechanical arm may be arranged on the self-driven robot, and the mechanical arm is utilized
to take out the container from the shelf and put the container into the shelf; a clamping structure
may also be arranged on the self-driven robot, and the container is taken out from the shelf and
put into the shelf in a clamping mode; or the container may be taken out from the shelf and put
into the shelf by using other structures. For example, exemplarily, referring to FIG. 3, in one
embodiment of the present application, the at least one self-driven robot 103 includes a pickup
telescopic mechanism 301, a lifting mechanism 302, and a robot moving chassis 303. The
pickup telescopic mechanism 301 is configured to obtain one or more target containers. The
lifting mechanism 302 is configured to adjust the pickup telescopic mechanism 301 to move
upwards or downwards such that the pickup telescopic mechanism obtains target containers on

shelves of different heights of the target storey.

The robot moving chassis 303 is configured to control the at least one self-driven robot to move
through on a travel passage of the storey where the self-driven robot is located according to the

travel route planned by the control device.

The target container is the container 101 which needs to be transported in the transportation

task.

The self-driven robot 103 provided by the embodiment of the present application runs on the
travel passage on the floor of the loft 102, such that the flexibility for transporting the container
is greatly improved, the various operations can be completed according to the actual
requirements, and there is no need to install shuttle tracks, thereby greatly reducing the

construction cost.

In another embodiment of the present application, the temporary storage mechanism 108
includes a first temporary storage roller line, a second temporary storage roller line and a
transfer position, the transportation task includes a first transportation task, and a destination of
the first transportation task includes a transfer position corresponding to the first temporary
storage roller line. The control device 105 is further configured to control a first self-driven
robot in the at least one self-driven robot 103 to pick up the target container at a location of the
target container of the storey where the target container is located according to a first travel
route corresponding to the first transportation task. The control device 105 is further configured
to control the first self-driven robot to transport the target container to the transfer position

corresponding to the first temporary storage roller line. The first self-driven robot is configured
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to transmit a ready status signal to the control device 105. The control device 105 is further
configured to receive the ready status signal, and control the first temporary storage roller line

to transport the target container to the container lifting machine 1041.

The transportation task further includes a second transportation task, and a destination of the
second transportation task includes a transfer position corresponding to the second temporary
storage roller line. The control device 105 is further configured to control the container lifting
machine 1041 to transport the target container to a target storey of the second transportation task.
The control device 105 is further configured to control the container lifting machine 1041 to
transport the target container to the transfer position corresponding to the second temporary
storage roller line. The container lifting machine 1041 is further configured to transmit a status

signal waiting for receiving items to the control device 105.

The transportation task further includes a third transportation task, and a destination of the third
transportation task includes an operating station 106 or a container carrier of the target storey of
the second transportation task. The control device 105 is further configured to receive the status
signal waiting for receiving items and control a second self-driven robot in the at least one
self-driven robot 103 to move through on a storey where the second self-driven robot is located
according to a third travel route corresponding to the third transportation task. The control
device 105 is further configured to control the second self-driven robot to transport the target
container to the operating station 106 or the container carrier of the target storey of the second
transportation task from the transfer position corresponding to the second temporary storage

roller line. The first self-driven robot is different from the second self-driven robot.

In the embodiment of the present application, the transportation task consists of the first
transportation task, the second transportation task and the third transportation task. The first
temporary storage roller line and the second temporary storage roller line correspond to a
box-placing temporary storage roller line for acquiring the container 101 and a box-taking
temporary storage roller line for temporarily storing the container 101 respectively. Transfer
positions for docking to the self-driven robots are disposed on the box-taking temporary storage
roller line and the box-placing temporary storage roller line. An operation process of the
transportation task of this embodiment is described below. The self-driven robot 103 transports
the obtained container 101 to the transfer position corresponding to the box-placing temporary
storage roller line. The box-placing temporary storage roller line feeds the container 101 into the

container lifting machine 1041. After the container 101 arrives at the target storey, the container
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lifting machine 1041 transfers the container 101 to the box-taking temporary storage roller line,
where the box-taking temporary storage roller line is configured to have a multi-layer form. The
control device 105 can move the container 101 into an idle layer according to a free condition of
the box-taking temporary storage roller line. The control device 105 controls the self-driven
robot 103 on the target storey to move to the box-taking temporary storage roller line to take out
one or more containers 101. The control device 105 again dispatches a self-driven robot 103
that has completed a box-taking operation to transport the container 101 to the operating station

106 on the target storey.

In the embodiment of the present application, the temporary storage mechanism further includes
a third temporary storage roller line, and the third temporary storage roller line and the second
temporary storage roller line are disposed on two sides of the container lifting machine 1041
respectively. The transportation task further includes a fourth transportation task, and a
destination of the fourth transportation task includes a target storey of the fourth transportation

task.

The control device 105 is further configured to control the third temporary storage roller line to
transport a container 101 located on a transfer position of the third temporary storage roller line

to the container lifting machine 1041.

The control device 105 is further configured to control the container lifting machine 1041 to

transport the container 101 to the target storey of the fourth transportation task.

The third temporary storage roller line corresponds to the box-placing temporary storage roller
line used for acquiring the container 101. A feed-in operation of the box-placing temporary
storage roller line and a send-out operation of the box-taking temporary storage roller line may

be completed synchronously.

In another embodiment of the present application, the storage region includes at least one
storage layer and one picking layer. The operating station 106 is disposed on the picking layer,

and the operating station 106 is configured to perform a task operation on the target container.

In one embodiment, the control device 105 is further configured to control the self-driven robot
103 to carry the target container to the operating station 106, and the self-driven robot 103
queues up at the operating station 106 to wait for the task operation. The control device 105 is

further configured to, after the task operation is completed, control the self-driven robot 103 to
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carry the target container with which the task operation has been completed and transport the
target container to a next operating station 106 or return the target container to the container

carrier of the loft 107.

In one embodiment, in order to improve a working efficiency of the self-driven robot 103, the
control device 105 is further configured to, after the self-driven robot 103 is controlled to arrive
at the operating station 106, control the self-driven robot 103 to transport the target container to
the container carrier of the operating station 106, and obtain at least one operable container 101
other than the target container by controlling a pickup telescopic mechanism disposed on the

self-driven robot 103.

The operable container may be the container 101 that has completed the task operation.

In another embodiment of the present application, the control device 105 is further configured
to receive a target container code identified by the self-driven robot 103 and perform a
popularity evaluation for the target container based on a popularity and quantity of items stored

in the target container.

The control device 105 is further configured to control the self-driven robot 103 to transport a
target container whose popularity exceeds a preset threshold to a container carrier in a preset
region, and record a binding relationship between the target container and the container carrier.
Alternatively, the control device 105 is further configured to control the self-driven robot 103 to
transport the target container to a container carrier of the loft 107 by an increasing distance from
the operating station 106 of the loft 107 according to a descending order of the popularity of the
target container, and record a binding relationship between the target container and the container

carrier.

The preset region may be a region where a storage unit which is relatively close to the operating
station 106 is located, for example, may be a container carrier 3 meters or 5 meters away from
the operating station 106. In this way, a container 101 in which frequently taken and used items
are located is stored in a container carrier which is relatively close to the operating station, thus

reducing time required for transporting and improving a business processing efficiency.

A container carrier is a shelf placed on each storey of the loft 107 of the storage region, each

container carrier has a plurality of storage units, and each storage unit can store one container.
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In one embodiment, the container carrier includes, but is not limited to, storage shelves placed
on each storey of the loft 107 of the storage region. Each container carrier has a plurality of

storage units, and each storage unit can store one container.

A storage position of the operating station includes a storage shelf or a temporary storage roller

table, and the storage position is used for storing the container on the operating station.

In another embodiment of the present application, the passage for the self-driven robot 103 to

move through can be used for emergency manual operation.

In another embodiment of the present application, as shown in FIG. 9, the robot system further
includes a robot lifting machine 1042. The robot lifting machine 1042 is configured to dispatch
the self-driven robot 103 to a corresponding target storey according to control instructions of the

control device 105 when business volumes of different target storeys change.

In the embodiment of the present application, as illustrated in FIG. 9, an operation flow of a

container cross-layer transmission scheme includes the following steps.

In step (1), the control device 105 allocates the self-driven robot 103 on the target storey to
acquire one or more target containers in the storage region, and the control device 105 allocates
the self-driven robot 103 to a designated container lifting machine 1041 to perform a cache
operation according to positions of the self-driven robot 103 and the container lifting machine

1041 and a queuing situation of the self-driven robot 103.

In step (2), when the self-driven robot 103 arrives at a docking position of the designated
container lifting machine 1041, if a transfer position of the box-placing temporary storage roller
line is idle, the control device 105 controls the self-driven robot 103 to place the target container
on the transfer position of the box-placing temporary storage roller line, and the box-placing
temporary storage roller line feeds the target container to the container lifting machine 1041;
and if the transfer position of the box-placing temporary storage roller line is not idle, the
self-driven robot 103 waits for a box-placing instruction at the transfer position of the

box-placing temporary storage roller line.

In step (3), when the container lifting machine 1041 transports the target container to the target
storey, the control device 105 controls a transfer device to transfer the target container from the
container lifting machine 1041 to the box-taking temporary storage roller line, and meanwhile
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allocates the self-driven robot 103 to a docking point of a corresponding container lifting

machine 1041 to pick up the target container.

In step (4), after the self-driven robot 103 picks up the target container at the transfer position of
the box-taking temporary storage roller line, the self-driven robot 103 moves to a place

designated by the control device 105 to perform a designated operation.

In step (5), after the designated operation is completed, the control device 105 allocates the
target container back to an original position, and the target container is returned to the original

position according to step 101 to step 104.

In step (6), when the business volumes of different target storeys change, the control device 105
reallocates the number of the self-driven robots 103 on each floor, and the self-driven robot 103

is dispatched to a designated target storey by the robot lifting machine 1042.

In addition, the storage region may further be provided with a walking ladder or an elevator.

When a system goes wrong, for example, when power is off, or the system is unable to work
normally, workers perform the transportation task on travel passages of each storey through the

walking ladder or the elevator to complete the emergency manual operation.

In order to accurately determine a position of the container 101, the container 101 is provided
with the code identifier for identification, and the code identifier may be a two-dimensional

code, a RFID tag and the like.

Based on the robot operating system described above, a variety of business processes can be
completed. A put-in storage process of full container load, a put-in storage process and a work

flow of the operating station 107 are described as an example below.

A replenishment process refers to that items are not put in storage together with the container
101 and the items are put in the existing container 101. The work at the operating station 107

includes works such as out-of-warehouse, stocktaking or tallying.

In the embodiment of the present application, the put-in storage process of full container load

includes steps described below.

In step (1), the control device 105 receives a container number, a product number, and a
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quantity of the items and records a binding relationship between the container number, the
product number, and the quantity of the items and the container 101, where one container 101

can bind various items.

In step (2), the control device 105 determines that if there is an empty container on the container
carrier of the storage region or the temporary storage mechanism 108, the control device
allocates the self-driven robot 103 to obtain the empty container 101 and transport the empty
container 101 to the operating station 106, and controls the self-driven robot 103 to queue up at
the operating station 106. If there is no empty container 101 on the container carrier of the
storage region or the temporary storage mechanism 108, the control device 105 directly controls
the self-driven robot 103 to queue up at the operating station 106. The cross-layer transmission
of the container 101 is achieved by the container lifting machine 1041 and the temporary

storage mechanism 108 in a transportation path.

In step (3), the self-driven robot 103 obtains the container 101, detects the code identifier of the
container 101 and submits the code identifier to the control device 105, and the control device

105 records a container number of the container transported by the self-driven robot 103.

In step (4), the control device 105 allocates the container 101 to a storage unit of a
corresponding container shelf according to a popularity and quantity of items in the container
101.

In step (5), when containers 101 are put into all container temporary storage positions of the
self-driven robot 103, or there is no remaining container 101 to be put into storage at the
operating station 106, the control device 105 dispatches the self-driven robot 103 to leave the
operating station 106 and plans an optimal path sequence for returning the container for the
self-driven robot 103, and the self-driven robot 103 moves to positions of allocated storage units
sequentially and puts the container 101 into the storage unit. The cross-layer transmission of the
container 101 is achieved by the container lifting machine 1041 and the temporary storage

mechanism 108 in a return path.

In the embodiment of the present application, the replenishment process includes steps

described below.

In step (1), the control device 105 selects a plurality of containers 101 capable of storing items

according to items needing to be stored in the storage. The plurality of containers 101 may be
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empty containers 101 or containers 101 having items but still having a storage space. The
control device 105 allocates the self-driven robot 103 to obtain the container 101, transport the
container 101 to the operating station 106 and queue up at the operating station 106. The
cross-layer transmission of the container 101 is achieved by the container lifting machine 1041

and the temporary storage mechanism 108 in a transportation path.

In step (2), the control device 105 receives a product code and a container code, records a
binding relationship between the container 101 and the items, and controls the self-driven robot

103 to receive the items through the container 101.

In step (3), when the replenishment operation is completed currently at the operating station or a
container 101 currently carried by the self-driven robot 103 has no storage space, workers make
a feedback through an interactive interface of the control device 105, and the control device 105
allocates the container 101 to a storage unit of a corresponding container shelf according to the

popularity and quantity of the items in the container 101.

In step (4), the control device 105 dispatches the self-driven robot 103 to leave the operating
station 106, and plans an optimal return path sequence for the self-driven robot 103. The
self-driven robot 103 moves to positions of storage units of the container carrier allocated by the
control device 105 and puts the container 101 into the storage unit of the container carrier. The
cross-layer transmission of the container 101 is achieved by the container lifting machine 1041

and the temporary storage mechanism 108 in a return path.

In the embodiment of the present application, the work flow of the operating station 106

includes steps described below.

In step (1), the operating station 106 starts a work, and the control device 105 hits a plurality of
containers 101 according to a work document. The control device 105 allocates the self-driven
robot 103 to obtain the hit containers 101, transport the hit containers 101 to the operating
station 106 according to the planned transportation path, and queue up at the operating station
106. The cross-layer transmission of the container 101 is achieved by the container lifting

machine 1041 and the temporary storage mechanism 108 in the transportation path.

In step (2), after the work at the operating station 106 is completed, that an operation on the
container 101 carried currently by the self-driven robot 103 is completed is fed back to the

control device 105 through the interactive interface of the control device 105.
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In step (3), the control device 105 allocates the container 101 to a storage unit of a
corresponding container carrier according to a current popularity and quantity of items in the

container 101.

In step (4), the control device 105 dispatches the self-driven robot 103 to leave the operating
station 106, and plans an optimal return path sequence for the self-driven robot 103. The
self-driven robot 103 moves to positions of storage units of the container carrier allocated by the
control device 105 and puts the container 101 into the storage unit of the container carrier. The
cross-layer transmission of the container 101 is achieved by the container lifting machine 1041

and the temporary storage mechanism 108 in the return path.

In the robot control system provided by the embodiment of the present application, the passage
for the self-driven robot 103 to move through is provided on the floor of each storey of the loft
and the lifting machine is combined, such that the self-driven robot 103 can run on each storey.
In this way, the flexibility of the self-driven robot 103 is improved, the various operations can
be completed according to the actual requirements, and there is no need to install shuttle tracks,

thereby greatly reducing the construction cost.

The processor 220 can perform steps in the method illustrated in FIG. 10. FIG. 10 shows an
exemplarily flowchart of a robot control method according to an embodiment of the present

application, and the robot control method includes step 1001 to step 1005.

In step 1001, a transportation task is assigned to a self-driven robot.

In step 1002, a travel route on a storey where the self-driven robot is located is planned for the
self-driven robot according to the transportation task, and the self-driven robot is controlled to
obtain a target container at a first target position on the storey where the self-driven robot is

located and transport the target container to the temporary storage mechanism 108.

In the embodiment of the present application, the transportation task carries a code identifier of

the target container.

The step of controlling the self-driven robot to pick up the target container at the first target

position on the storey where the self-driven robot is located includes steps described below.

At least one self-driven robot is controlled to move to a location of the target container on the
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storey where the self-driven robot is located according to the travel route and pick up the target

container by recognizing the code identifier of the target container.

In the embodiment of the present application, the transportation task includes a first task, and
the step of controlling the self-driven robot to pick up the target container at the first target
position on the storey where the self-driven robot is located includes a step described below. A
first self-driven robot in the at least one self-driven robot is controlled to pick up the target
container at the location of the target container on the storey where the self-driven robot is

located according to a first travel route corresponding to the first transportation task.

In the embodiment of the present application, the temporary storage mechanism is a roller table
mechanism, the temporary storage mechanism includes a first temporary storage roller line and
a transfer position, and a destination of the first transportation task includes the transfer position

corresponding to the first temporary storage roller line.

Transporting the target container to the temporary storage mechanism includes controlling the
first self-driven robot to transport the target container to the transfer position corresponding to

the first temporary storage roller line.

In step 1003, the temporary storage mechanism 108 is controlled to transport the target

container to a container lifting machine.

Controlling the temporary storage mechanism to transport the target container to the container
lifting machine includes steps described below. A status signal that the first self-driven robot is
ready is received. The first temporary storage roller line is controlled to transport the target

container to the container lifting machine.

In step 1004, the container lifting machine is controlled to transport the target container to a

target storey where the destination of the transportation task is located.

In the embodiment of the present application, the transportation task further includes a second
transportation task, and a destination of the second transportation task includes a target storey of
the second transportation task. Controlling the container lifting machine to transport the target
container to the target storey where the destination of the transportation task is located includes
a step described below. The container lifting machine is controlled to transport the target
container to the target storey of the second transportation task.
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The processor 220 can perform steps in the method illustrated in FIG. 11. FIG. 11 shows an
exemplarily flowchart of a robot control method according to an embodiment of the present

application, and the robot control method includes step 1101 to step 1102.

In step 1101, a temporary storage mechanism on a target storey where a destination of a
transportation task is located is controlled to receive and temporarily store a container from the

container lifting machine.

In the embodiment of the present application, the temporary storage mechanism is a roller table
mechanism, and the temporary storage mechanism includes a second temporary storage roller
line and a transfer position. The transportation task further includes a second transportation task,
and a destination of the second transportation task includes the transfer position corresponding
to the second temporary storage roller line. Controlling the temporary storage mechanism on the
target storey where the destination of the transportation task is located to receive and
temporarily store the container from the container lifting machine includes a step described
below. The container lifting machine is controlled to transport the target container to the transfer

position corresponding to the second temporary storage roller line.

In step 1102, the self-driven robot is controlled to transport the target container to the
destination of the transportation task from the temporary storage mechanism on the storey

where the self-driven robot is located.

In the embodiment of the present application, the transportation task further includes a third
transportation task, and a destination of the third transportation task includes an operating

station or a container carrier of the target storey of the second transportation task.

Controlling the self-driven robot to transport the target container to the destination of the
transportation task from the temporary storage mechanism on the storey where the self-driven
robot is located includes steps described below. A status signal waiting for receiving items is
received. A second self-driven robot in the at least one self-driven robot is controlled to move
through on a storey where the second self-driven robot is located according to a third travel
route corresponding to the third transportation task. The second self-driven robot is controlled to
transport the target container to the operating station or the container carrier of the target storey
of the second transportation task from the transfer position corresponding to the second
temporary storage roller line. The first self-driven robot is different from the second self-driven

robot.
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In the embodiment of the present application, the temporary storage mechanism further includes
a third temporary storage roller line, and the third temporary storage roller line and the second
temporary storage roller line are disposed on two sides of the container lifting machine
respectively. The transportation task further includes a fourth transportation task, and a
destination of the fourth transportation task includes a target storey of the fourth transportation

task.

After the container lifting machine is controlled to transport the target container to the transfer
position corresponding to the second temporary storage roller line, the method further includes
steps described below. The third temporary storage roller line is controlled to transport a
container on a transfer position of the third temporary storage roller line to the container lifting
machine. The container lifting machine is controlled to transport the container to the target

storey of the fourth transportation task.

In the embodiment of the present application, the destination of the transportation task includes
a container carrier of a loft. Controlling the self-driven robot to transport the target container to
the destination of the transportation task from the temporary storage mechanism on the storey
where the self-driven robot is located includes steps described below. A code of a target
container that has completed a picking transmitted by the self-driven robot is received. A
popularity of the target container is evaluated according to a popularity and quantity of items
stored in the target container that has completed the picking. The self-driven robot is controlled
to transport a target container whose popularity exceeds a preset threshold to a container carrier
in a preset region, and a binding relationship between the target container and the container
carrier is recorded; or the self-driven robot is controlled to transport the container to a container
carrier by an increasing distance from the operating station of the loft according to a descending
order of the popularity of the container, and a binding relationship between the target container

and the container carrier is recorded.

In the embodiment of the present application, as illustrated in FIG. 12, after the self-driven
robot is controlled to transport the target container to the destination of the transportation task
from the temporary storage mechanism on the storey where the self-driven robot is located, the

method further includes step 1201 to step 1202.

In step 1201, the self-driven robot is controlled to carry the target container to the operating

station, and queue up at the operating station to wait for the task operation.
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In step 1202, after the task operation is completed, the self-driven robot is controlled to carry
the target container with which the task operation has been completed, and transport the target
container to a next operating station or return the target container to the container carrier of the
loft.

In the embodiment of the present application, after the self-driven robot is controlled to
transport the target container to the destination of the transportation task from the temporary
storage mechanism on the storey where the self-driven robot is located, the method further
includes a step described below. After the self-driven robot is controlled to arrive at the
operating station, the control device controls the self-driven robot to transport the target
container to the storage position of the operating station, and obtain one or more other operable

containers 101 by controlling a pickup telescopic mechanism disposed on the self-driven robot.

In the robot control method provided by the embodiment of the present application, the
container lifting machine is combined, such that the container lifting machine can cooperate
with the self-driven robot 103 to move through on travel passages of different storeys. In this
way, the flexibility of the self-driven robot 103 is greatly improved, the various operations can
be completed according to the actual requirements, and there is no need to install the shuttle

tracks, thereby greatly reducing the construction cost.

One embodiment of the present application further provides a computing device, including a
memory, a processor and computer instructions stored in the memory and operable on the
processor, and when the computer instructions are executed, the processor implements the step

of the previously described robot control method.

One embodiment of the present application further provides a computer-readable storage
medium storing computer-executable instructions. When the computer-executable instructions

are executed, a processor implements the step of the previously described robot control method.

The above is a schematic scheme of a computer-readable storage medium of this embodiment. It
is to be noted that the technical scheme of the storage medium belongs to a same concept as the
technical scheme of the above-mentioned robot control method, and detailed contents of the
technical scheme of the storage medium that are not described in detail can refer to the

description of the technical scheme of the above-mentioned robot control method.

The above describes specific embodiments of the present specification. Other embodiments are
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within the scope of the appended claims. In some cases, the actions or steps recorded in the
claims may be performed in a different order than in the embodiments and the desired results
may still be achieved. In addition, the processes depicted in the drawings do not necessarily
require a shown specific order or successive order to achieve the desired results. In some

embodiments, multitasking and parallel processing are also possible or may be advantageous.

The computer instructions include computer procedure code, and the computer procedure code
may be in forms such as a source code form, an object code form, an executable file form, or
some intermediate form. The computer-readable medium may include any entity or apparatus
capable of carrying the computer procedure code, a recording medium, a U disk, a mobile hard
disk, a magnetic disk, an optical disk, a computer memory, a read-only memory (ROM), a
random access memory (RAM), an electric carrier signal, a telecommunication signal, a
software distribution medium, and the like. It is to be noted that the content contained in the
computer-readable medium may be appropriately increased or decreased according to the
requirements of legislation and patent practice in jurisdictions, for example, in some
jurisdictions, according to the legislation and patent practice, the computer-readable medium

does not include the electrical carrier signal and the telecommunication signal.

It is to be noted that for simple description, the foregoing method embodiments are all
expressed as a series of action combinations. However, those skilled in the art should
understand that the present application is not limited by the described action sequences, and
according to the present application, some steps may be performed in other sequences or
concurrently. Secondly, it is also to be understood by those skilled in the art that the
embodiments described in the specification are exemplary embodiments and that the actions and

modules involved are not necessarily necessary for the present application.

In the foregoing embodiments, the description of each embodiment has its own focus. For the
portion that is not detailed in one embodiment, reference may be made to the related description

of other embodiments.
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Claims

What is claimed is:
1. A robot control system, comprising:
a storage region;

wherein the storage region comprises a loft having at least two storeys and is
configured to store a container, and a passage for a self-driven robot to move through
is provided on a floor of each of the at least two storeys of the loft, each of the at
least two storeys of the loft is provided with at least one self-driven robot and at least

one temporary storage mechanism;

a control device, wherein the control device is configured to assign a transportation
task to the self-driven robot and plan a travel route on a storey where the self-driven
robot is located for the self-driven robot according to the transportation task, and
control the self-driven robot to travel on the storey where the self-driven robot is
located according to the travel route and perform the transportation task; wherein the
transportation task comprises at least one of the following: a task that the self-driven
robot picks up a target container at a first target position of the storey where the
self-driven robot is located, and transport the target container to the temporary
storage mechanism; or, a task that the self-driven robot picks up the target container
at the temporary storage mechanism and transports the target container to a second
target position of the storey where the self-driven robot is located; and

a container lifting machine, wherein the container lifting machine is configured to

transport the target container to a target storey corresponding to a transportation task;

wherein the temporary storage mechanism is configured to bear the target container
and perform at least one of: conveying the target container to the container lifting

machine; or conveying the target container out of the container lifting machine; and

wherein the control device is communicatively connected to the container lifting

machine, the temporary storage mechanism, and the self-driven robot;

wherein the temporary storage mechanism is an n-layer structure, where n is a natural
number and is greater than or equal to 2; and the control device is further configured
to control the lifting machine to transport the target container to an idle level in the

temporary storage mechanism.
40



2. The robot control system of claim 1, wherein the temporary storage mechanism is
aroller line.

3. The robot control system of any one of claims 1 to 2, wherein the at least one
temporary storage mechanism is disposed on one or both sides of the lifting machine,
and the lifting machine is disposed corresponding to the at least one temporary

storage mechanism.

4. The robot control system of claim 1, wherein the transportation task carries a code

identifier of the target container, and

the control device is configured to control the self-driven robot to travel on the storey
where the self-driven robot is located to a location of the target container according
to the travel route, and control the self-driven robot to pick up the target container by
recognizing the code identifier of the target container.

5. The robot control system of any one of claims 1 to 2, wherein the lifting machine

further comprises a transfer mechanism and a container temporary position,
wherein the transfer mechanism is configured to perform at least one of:

loading the target container from the temporary storage mechanism onto the
container temporary position; or loading the target container located on the container
temporary position onto the temporary storage mechanism.

6. The robot control system of claim 5, wherein the transfer mechanism comprises a
roller mechanism or a robot arm configured to endow the container with degrees of
freedom in four directions comprising front, rear, left, and right in a horizontal plane.

7. The robot control system of claim 1, wherein the storage region comprises at least
one storage layer and one picking layer, and the picking layer is provided with an
operating station, wherein the operating station is configured to perform a task
operation on the target container.

8. The robot control system of claim 7, wherein the control device is configured to
control the self-driven robot to carry the target container to the operation station, and

queue at the operating station to wait for the task operation; and
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the control device is further configured to, after the task operation is completed,
control the self-driven robot to carry the target container with which the task
operation has been completed, and transport the target container to a next operating

station or return the target container to a container carrier.

9. The robot control system of claim 7, wherein the control device is further
configured to control the self-driven robot to transport the target container to a
storage position of the operating station and pick up at least one operable container
other than the target container by controlling a pickup telescopic mechanism disposed
on the self-driven robot, after controlling the self-driven robot to travel to the

operating station.

10. The robot control system of claim 1, wherein the control device is further
configured to receive a target container code recognized by the self-driven robot and
evaluate a popularity of the target container based on a popularity and a quantity of

items stored in the target container; and

control the at least one self-driven robot to transport a target container with a
popularity exceeding a preset threshold to a container carrier in a preset region, and
record a binding relationship between the target container and the container carrier;
or control the at least one self-driven robot to transport target containers to container
carriers by an increasing distance from an operating station according to a descending
order of the popularity of the target containers, and record the binding relationship

between the target containers and the container carriers.

11. The robot control system of claim 1, wherein the at least one self-driven robot
comprises a pickup telescopic mechanism, a lifting mechanism, and a robot moving

chassis;

wherein the pickup telescopic mechanism is configured to pick up at least one target
container;

the lifting mechanism is configured to adjust the pickup telescopic mechanism to
move upwards or downwards thus allowing the pickup telescopic mechanism picks

up target containers on container carriers at different heights on the target storey; and

the robot moving chassis is configured to control travelling the at least one
self-driven robot on a travel passage of the target storey.

12. The robot control system of claim 1, wherein the passage configured for the at
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least one self-driven robot to move through is further configured for an emergency

manual operation.

13. The robot control system of claim 1, further comprising a robot lifting machine
configured to dispatch the self-driven robot to a corresponding target storey
according to control instructions of the control device when business volumes of

different target storeys change.

14. A robot control method, applied to a robot control system, wherein the robot
control system comprises a loft having at least two storeys, a passage for a
self-driven robot to move through is provided on a floor of each of the at least two
storeys of the loft, each of the at least two storeys of the loft is provided with at least
one self-driven robot and at least one temporary storage mechanism, wherein the
temporary storage mechanism is an n-layer structure, where n is a natural number and

is greater than or equal to 2;
the method comprising:
assigning a transportation task to a first self-driven robot;

planning a travel route on a storey where the first self-driven robot is located
corresponding to the transportation task for the first self-driven robot, controlling the
first self-driven robot to move to a first target location on the storey where the first
self-driven robot is located according to the travel route, pick up the target container,

and transport the target container to the temporary storage mechanism;

controlling the temporary storage mechanism to transport the target container to a

container lifting machine;

controlling the container lifting machine to transport the target container to a target
storey where a destination of the transportation task is located;

controlling a temporary storage mechanism on a target storey where the destination
of the transportation task is located to receive and temporarily store the target

container from the container lifting machine; and

controlling the second self-driven robot to transport the target container to the
destination of the transportation task from the temporary storage mechanism on a
storey where the second self-driven robot is located-;
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wherein the method further comprises: controlling the container lifting machine to
transport the target container to an idle level in the temporary storage mechanism.

15. A computing device, comprising a memory, a processor, and computer
instructions stored in the memory and executable by the processor, wherein the
computer instructions are configured to, when executed by the processor, to be
included for

assigning a transportation task to a first self-driven robot;

planning a travel route on a storey where the first self-driven robot is located
corresponding to the transportation task for the first self-driven robot, controlling the
first self-driven robot to move to a first target location on the storey where the first
self-driven robot is located according to the travel route, pick up the target container,
and transport the target container to the temporary storage mechanism;

controlling the temporary storage mechanism to transport the target container to a
container lifting machine;

controlling the container lifting machine to transport the target container to a target
storey where a destination of the transportation task is located;

controlling a temporary storage mechanism on a target storey where the destination
of the transportation task is located to receive and temporarily store the target
container from the container lifting machine; and

controlling a second self-driven robot to transport the target container to the
destination of the transportation task from the temporary storage mechanism on a
storey where the second self-driven robot is located;

wherein the temporary storage mechanism is an n-layer structure, where n is a natural
number and is greater than or equal to 2; and

the computer instructions are further configured to, when executed by the processor,
to be included for controlling the lifting machine to transport the target container to
an idle level in the temporary storage mechanism.
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