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A robotic arm includes: a robotic arm main body; a carrying
component connected to the robotic arm main body; a
driving motor; and a controller connected to the driving
motor. The controller is configured to generate a control
signal that controls the driving motor to drive the carrying
component to move. Along with a movement of the carrying
component and under actions of a friction and the gravity, a
target object placed on the carrying component slides on an
upper surface of the carrying component and slides away
from the carrying component at a target position at a target
speed.

170

160



Patent Application Publication  Jan. 11,2024 Sheet 1 of 5 US 2024/0009844 A1

______ 130
4 N
ﬁ .............
}3: ------------ . 120
|;:|.>\§§ g
110
140
130b".~;~ .......
120 .|
________ 150
140 1o

130a 160

FIG. 2



Patent Application Publication  Jan. 11,2024 Sheet 2 of 5 US 2024/0009844 A1

301

Obtain a friction coefficient between a target object on the carrying component and (J
the carrying component

¢ 302
Construct a sliding mechanical model based on the friction coefficient, the sliding (J
mechanical model being configured to indicate a relationship between a change of
generalized coordinates of a motion system and a driving force on the motion system
in a process that the carrying component carries the target object and moves, and the
motion system including the carrying component and the target object

v 303

Obtain target control information based on the sliding mechanical model, the target /
control information including a motion trajectory of the carrying component and
driving forces on the motion system at various moments

v 304

Drive the carrying component to move through the driving motor based on the target (J

control information, so that with the movement of the carrying component and under

actions of a friction and the gravity, the target object slides on an upper surface of the

carrying component and slides away from the carrying component at a target position
at a target speed

FIG. 3
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701

Obtain a friction coefficient between a target object on the carrying component and the (J

carrying component

v 702

Construct a sliding mechanical model based on the friction coefficient, the sliding /
mechanical model being configured to indicate a relationship between a change of

generalized coordinates of a motion system and a driving force on the motion system in|

a process that the carrying component carries the target object and moves

v 703

Obtain target control information based on the sliding mechanical model, the target (J
control information including a motion trajectory of the carrying component and
driving forces on the motion system at various moments

v 704

Obtain a driving torque of the driving motor based on the target control information KJ

v 705

Drive the carrying component to move through the driving motor based on the driving (J
torque, so that with the movement of the carrying component and under actions of a
friction and the gravity, the target object placed on the carrying component slides on an
upper surface of the carrying component and slides away from the carrying component
at a target position at a target speed
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ROBOTIC ARM, METHOD AND APPARATUS
FOR CONTROLLING ROBOTIC ARM,
ROBOT, AND STORAGE MEDIUM

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
PCT Patent Application No. PCT/CN2022/138281, filed on
Dec. 12, 2022, which claims priority to Chinese Patent
Application No. 202210107236X, entitled “ROBOTIC
ARM, METHOD AND APPARATUS FOR CONTROL-
LING ROBOTIC ARM, ROBOT, AND STORAGE
MEDIUM” and filed with the China National Intellectual
Property Administration on Jan. 28, 2022, the entire contents
of both of which are incorporated herein by reference.

FIELD OF THE TECHNOLOGY

[0002] Embodiments of the present disclosure relate to the
field of robot control, and in particular, to a robotic arm, a
method and apparatus for controlling a robotic arm, a robot,
and a storage medium.

BACKGROUND

[0003] With the continuous development of a robot con-
trol technology. more and more robots have a function of
placing objects through robotic arms.

[0004] In arelated technology, a robot uses an end effector
(such as a robotic arm) to grasp a target object and place it
at a designated position. The process of placing the target
object by the robot is a quasi-static or static placement
process. That is, the robotic arm brings the target object to
the designated position through the end effector. When the
robotic arm stops moving, the end effector is turned on, and
the object is lowered.

[0005] However, in the object placement process in the
related technology, the end effector needs to be turned on
after the robotic arm hovers. As a result, the processes of
moving and placing the object are not continuous and
smooth motions, causing low efficiency of placing an object
by a robot.

SUMMARY

[0006] Embodiments of the present disclosure relate to a
robotic arm, a method and apparatus for controlling a robotic
arm, a robot, and a storage medium, which can dynamically
place a target object through the robotic arm and improve the
efficiency of placing an object. The technical solutions are as
follows:

[0007] One aspect provides a robotic arm, the robotic arm
including: a robotic arm main body; a carrying component
connected to the robotic arm main body; a driving motor;
and a controller connected to the driving motor. The con-
troller is configured to generate a control signal that controls
the driving motor to drive the carrying component to move.
Along with a movement of the carrying component and
under actions of a friction and the gravity, a target object
placed on the carrving component slides on an upper surface
of the carrying component and slides away from the carrying
component at a target position at a target speed.

[0008] One aspect provides a method for controlling a
robotic arm, executed by a controller, the robotic arm
including a carrying component, a robotic arm main body,
and a driving motor, and the carrying component being
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connected to the robotic arm main body; the method includ-
ing: obtaining a friction coeflicient between a target object
on the carrying component and the carrying component;
constructing a sliding mechanical model based on the fric-
tion coeflicient; the sliding mechanical model being config-
ured to indicate a relationship between a change of gener-
alized coordinates of a motion system and a driving force on
the motion system in a process that the carrying component
carries the target object and moves; the motion system
including the carrying component and the target object;
obtaining target control information based on the sliding
mechanical model; the target control information including
a motion trajectory of the carrying component and driving
forces on the motion system at various moments; and
driving the carrying component to move through the driving
motor based on the target control information. Along with a
movement of the carrying component and under actions of
a friction and the gravity, the target object slides on an upper
surface of the carrying component and slides away from the
carrying component at a target position at a target speed.
[0009] Another aspect provides an apparatus for control-
ling a robotic arm, executed by a controller, the robotic arm
including a carrying component, a robotic arm main body,
and a driving motor, and the carrying component being
connected to the robotic arm main body; the apparatus
including: a coeflicient obtaining module, configured to
obtain a friction coefficient between a target object on the
carrying component and the carrying component; a model
construction module, configured to construct a sliding
mechanical model based on the friction coefficient; the
sliding mechanical model being configured to indicate a
relationship between a change of generalized coordinates of
a motion system and a driving force on the motion system
in a process that the carrying component carries the target
object and moves; the motion system including the carrying
component and the target object; a control information
obtaining module, configured to obtain target control infor-
mation based on the sliding mechanical model; the target
control information including a motion trajectory of the
carrying component and driving forces on the motion system
at various moments; a driving control module, configured to:
drive the carrying component to move through the driving
motor based on the target control information, so that with
the movement of the carrying component under actions of a
friction and the gravity, the target object placed on the
carrying component slides on an upper surface of the
carrying component and slides away from the carrying
component at a target position at a target speed.

[0010] Another aspect provides a robot, the robot includ-
ing the above-mentioned robotic arm; the controller in the
robotic arm being configured to perform the above-men-
tioned method for controlling the robotic arm.

[0011] Another aspect provides a non-transitory com-
puter-readable storage medium. The storage medium stores
at least one instruction, at least one program, and a code set
or an instruction set, the at least one instruction, the at least
one program, the code set or the instruction set being loaded
and executed by one or more processors to implement the
method for controlling the robotic arm in any one of the
embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] For clearer descriptions of the technical solutions
according to the embodiments of the present disclosure, the
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drawings accompanying the description of some embodi-
ments are briefly introduced below.

[0013] FIG. 1 is a schematic structural diagram of a
robotic arm provided according to an exemplary embodi-
ment of the present disclosure.

[0014] FIG. 2 is a schematic structural diagram of a
robotic arm provided according to an exemplary embodi-
ment of the present disclosure.

[0015] FIG. 3 is a flowchart of a method for controlling a
robotic arm provided according to an exemplary embodi-
ment of the present disclosure.

[0016] FIG. 4 is a schematic diagram of dynamic object
placement provided according to an exemplary embodiment
of the present disclosure.

[0017] FIG. 5 is a schematic diagram of dynamic object
placement provided according to another exemplary
embodiment of the present disclosure.

[0018] FIG. 6 is an implementation flow of a sliding
placement operation according to the present disclosure.
[0019] FIG. 7 is a flowchart of a method for controlling a
robotic arm provided according to an exemplary embodi-
ment of the present disclosure.

[0020] FIG. 8 is a schematic diagram of a motion system
provided according to an exemplary embodiment of the
present disclosure.

[0021] FIG. 9 is a schematic diagram of position adjust-
ment and placement provided according to an exemplary
embodiment of the present disclosure.

[0022] FIG. 10 is a structural block diagram of an appa-
ratus for controlling a robotic arm provided according to an
exemplary embodiment of the present disclosure.

[0023] FIG. 11 is a structural block diagram of a robot
provided according to an exemplary embodiment of the
present disclosure.

DESCRIPTION OF EMBODIMENTS

[0024] To make the objectives, technical solutions, and
advantages of the present disclosure clearer, the following
further describes implementations of the present disclosure
in detail with reference to the accompanying drawings. First,
terms involved in the embodiments of the present disclosure
are explained as follows:

[0025] 1) Robot: It is an intelligent machine that can work
semi-automatically or fully automatically. In some embodi-
ments, this machine possesses some intelligent abilities
similar to those of humans or creatures, such as perception,
planning, action, and collaboration. It is an automatic
machine with high flexibility.

[0026] With the deepening of understanding of the intel-
ligent nature of a robot technology, the robot technology
begins to be continuously expanded into various fields of
human activities. In conjunction with the application char-
acteristics of these fields, people have developed a variety of
special robots with perception, decision-making, action, and
interaction abilities, and various intelligent robots. A robot is
amachine that automatically performs operations. The robot
can accept human commands and run pre-programmed
programs, or can act based on principles and guidelines
formulated using an artificial intelligence technology. Tasks
of the robot are usually to assist or replace human work. The
robot can be a product of advanced integrated cybernetics,
mechatronics, computers, materials, and bionics, and have
important applications in industry, medicines, agriculture,
service industry, construction industry, and other fields.
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[0027] Based on application environments, robots can also
be divided into two categories, namely, industrial robots and
special robots. The industrial robots refer to multi-joint
robotic arms or multi-degree-of-freedom robots facing the
industrial field. The special robots are various advanced
robots, other than the industrial robots, used in non-manu-
facturing industries and serving humans, including: a bionic
robot, a service robot, an underwater robot, an entertainment
robot, an agricultural robot, and the like. Among the special
robots, some robots have developed rapidly and have a trend
of becoming independent systems, such as the service robot,
the underwater robot, and a micro operation robot.

[0028] There are four types of industrial robots according
to a motion form of an arm portion: a rectangular coordinate
type arm portion can move along three rectangular coordi-
nates; a cylindrical coordinate type arm portion can perform
lifting, rotating, and stretching actions; a spherical coordi-
nate type arm can rotate, pitch, and stretch. An articulated
arm portion is provided with a plurality of rotational joints.
[0029] A control function of industrial robots according to
a motion of an execution mechanism can be divided into a
point position manner and a continuous trajectory manner.
The execution mechanism controlled in the point position
manner is accurately positioned from one point to another
position, which is suitable for feeding and discharging of
machine tools, spot welding, general handling, loading and
unloading operations, and the like. The continuous trajectory
type can control the execution mechanism to move accord-
ing to a given trajectory, which is suitable for continuous
welding and coating operations.

[0030] The industrial robots are divided into two types
based on program inputting methods: a program inputting
type and a teaching inputting type. The program inputting
type is to transmit working program files that have been
programmed on a computer to a robot control cabinet in a
communication manner such as a serial port or Ethernet.
There are two teaching methods for the teaching inputting
type: In one teaching method, an operator uses a manual
controller (a teaching control box) to transmit a command
signal to a driving system, so that the execution mechanism
can perform actions once according to a required action
sequence and motion trajectory. In another method, an
operator directly leads the execution mechanism to perform
actions once according to a required action sequence and
motion trajectory. In a teaching process, information of a
working program is automatically stored into a program
memory. When a robot works automatically, a control sys-
tem detects the corresponding information from the program
memory and transmits command signals to a driving mecha-
nism, so that the execution mechanism performs the various
actions that are taught. The industrial robots with a teaching
inputting program are referred to as a teaching reproduction
type industrial robot.

[0031] 2) Artificial intelligence (AI): Al involves a theory,
a method, a technology, and an application system that use
a digital computer or a machine controlled by the digital
computer to simulate, extend, and expand human intelli-
gence, perceive an environment, obtain knowledge, and use
the knowledge to obtain an optimal result. In other words, Al
is a comprehensive technology in computer science and
attempts to understand the essence of intelligence and pro-
duce a new intelligent machine that can react in a manner
similar to human intelligence. Al is to study the design
principles and implementation methods of various intelli-
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gent machines, to enable the machines to have the functions
of perception, reasoning, and decision-making.

[0032] With the research and progress of an Al technol-
ogy, the Al technology has been studied and applied in many
fields, such as common smart homes, smart wearable
devices, virtual assistants, smart speakers, smart marketing,
unmanned driving, automatic driving, unmanned aerial
vehicles, robots, intelligent healthcare, and intelligent cus-
tomer services. It is believed that with the development of
the technology, the Al technology will be applied in more
fields and play an increasingly important value.

[0033] In the embodiments of the present disclosure, the
Al technology can be applied to robots, mainly involving a
robot control technology, a machine learning technology, a
computer vision technology, and the like.

[0034] In the embodiments of the present disclosure, the
robot involved has a robotic arm that can be configured to
perform an object placement task, that is, to place a target
object at a certain target position.

[0035] Schematically, FIG. 1 is a schematic structural
diagram of a robotic arm provided according to an exem-
plary embodiment of the present disclosure. The robotic arm
can be mounted in a robot. As shown in FIG. 1, the robotic
arm includes a carrying component 110, a robotic arm main
body 120, a driving motor 130, and a controller 140.
[0036] As shown in FIG. 1, the carrying component 110
can be implemented as a plane or plane-like component,
which is configured to support a target object 150.

[0037] The robotic arm main body 120 is configured to
connect the carrying component 110, and the carrying com-
ponent 110 is connected to the robotic arm main body 120.
Exemplarily, one end of the robotic arm main body 120 is
connected to a robotic arm supporting component, and one
end is connected to the carrying component 110. The robotic
arm supporting coniponent may be a robot main body or
other supporting components in contact with a supporting
surface. In some embodiments, when one end of the robotic
arm main body is connected to the robot main body, the
carrying component 110 is connected to the other end of the
robotic arm main body 120. As an extending portion of the
robotic arm main body 120, the carrying component 110 is
configured to support and place an object.

[0038] The driving motor 130 may be arranged at various
joints in the robotic arm to control the respective joints to
rotate, so as to drive assemblies connected to the joints to
rotate or move.

[0039] The controller 140 is connected to the driving
motor 130 and is configured to generate a control signal,
send the control signal to the driving motor 130, and control
operations of the driving motor 130 through the control
signal. The controller 140 and the driving motor 130 are
connected in an electric way, a wireless way, or other ways
capable of achieving signal transmission.

[0040] In the embodiments of the present disclosure, the
controller 140 may be configured to control the driving
motor to drive the carrying component to move, so that the
target object moves with the carrying component. The
motion that drives the carrying component includes at least
one of situations of causing the carrying component to
change a pose or to move. Exemplarily, causing the carrying
component to change a pose includes causing the carrying
component to rotate clockwise or counterclockwise. Caus-
ing the carrying component to move includes causing the
carrying component to move in any direction to reach
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another position. In some embodiments, the movement in
any direction may be either movement along a straight line
or movement along a curve.

[0041] As the carrving component moves, the target object
may slide on an upper surface of the carrying component
under actions of a friction and the gravity and slide away
from the carrying component at a target position at a target
speed. The target speed is vector data, including a target
speed direction and a target speed size.

[0042] In summary, the embodiments of the present dis-
closure relate to a robotic arm. In terms of the robotic arm
that includes the carrying component, the robotic arm main
body, the driving motor, and the controller, the controller
controls the driving motor to drive the carrying component
to move, so that the target object slides on the upper surface
of the carrying component with the movement of the car-
rying component under the actions of the friction and the
gravity and slides away from the carrying component. In the
above control process, the target object is placed dynami-
cally, not statically, through the motion of the carrying
component, which can cause actions of placing an object to
be continuously performed, thereby improving the efficiency
of placing an object.

[0043] FIG. 2 is a schematic structural diagram of a
robotic arm provided according to an exemplary embodi-
ment of the present disclosure. The robotic arm can be
mounted in a robot. As shown in FIG. 2, the robotic arm
includes a carrying component 110, a robotic arm main body
120, a driving motor 130, and a controller 140.

[0044] As shown in FIG. 1, the carrying component 110
can be implemented as a plane or plane-like component,
which is configured to support a target object 150. A surface
of the carrying component 110 that is configured to carry the
target object 150 may be a rough surface capable of gener-
ating friction. Different degrees of roughness of surfaces of
the carrying component that carry the target object corre-
spond to different friction coefficients.

[0045] The robotic arm main body 120 is configured to
connect the carrying component 110, and the carrying com-
ponent 110 is connected to the robotic arm main body 120.
As an extending portion of the robotic arm main body 120,
the carrying component 110 is configured to support and
place an object.

[0046] The driving motor 130 may be arranged at various
joints in the robotic arm to control the respective joints to
rotate, so as to drive assemblies connected to the joints to
rotate or move. A quantity of the driving motor 130 may be
the same as a quantity of joints needing to be controlled in
the robotic arm. The joints needing to be controlled in the
robotic arm may be each joint in the robotic arm or may be
some joints in the robotic arm.

[0047] The controller 140 is connected to the driving
motor 130 and is configured to control the driving motor
130.

[0048] In the embodiments of the present disclosure, the
controller 140 may be configured to control the driving
motor to drive the carrying component, so that the target
object slides on an upper surface of the carrying component
with the movement of the carrying component under actions
of a friction and the gravity and slides away from the
carrying component at a target position at a target speed.
[0049] In some embodiments, when the controller drives
the carrying compornent to move through the driving motor,
the controller may drive the robotic arm main body through
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the driving motor and drive the carrying component to move
through the robotic arm main body.

[0050] Insome embodiments, the carrying component 110
may be connected to the robotic arm main body 120 through
the first joint 160.

[0051] The driving motor 130 includes a first driving
motor 130a.
[0052] The first driving motor 130« is configured to drive

the first joint 160 to cause the carrying component 110 to
rotate relative to the robotic arm main body 120, so that one
side, extending in a first direction, of the carrying compo-
nent 110 tilts upwards or downwards, and the target object
carried by the carrying component 110 forms a certain angle
with a horizontal direction, thereby causing the target object
to slide under the action of the friction and the gravity in an
inclination direction after the carrying component rotates. A
rotation direction of the first joint 160 driven by the first
driving motor 130a may be related to an expected direction
in which the target object slides away from the carrying
component. For example, it may be the expected direction in
which the target object slides away from the carrying
component, or a direction opposite to the expected direction
in which the target object slides away from the carrying
component. A rotation angle of the first joint 160 driven by
the first driving motor 130a may be related to the degree of
roughness of a carrying surface of the carrying component
and a weight of the target object. For example, if the degree
of roughness of the carrying surface of the carrying com-
ponent is larger, the rotation angle may be larger. For another
example, if the target object is heavier, the rotation angle is
larger.

[0053] Insome embodiments, the carrying component 110
rotates relative to the robotic arm main body 120, which may
be rotation around a connecting joint. A rotation manner can
be determined based on a connection way between the
connecting joint and the carrying component. For example,
when the connecting joint and the carrying component are in
shaft connection, the carrying component may rotate around
a connecting shaft serving as a rotating shaft. When the
connecting joint and the carrying component are in spherical
connection, the carrying component may rotate around a
connecting point serving as a center, so as to improve the
control accuracy of the rotating process.

[0054] A process of generating a control signal may
include the following steps: obtaining a friction coeflicient
between a target object on the carrying component and the
carrying component; constructing a sliding mechanical
model based on the friction coeflicient; generating target
control information based on the sliding mechanical model,
and generating a control signal for the driving motor based
on the target control information, so that the driving motor
drives the carrying component to move, and the target object
slides on the upper surface of the carrying component with
the movement of the carrying component under the actions
of the friction and the gravity and slides away from the
carrying component at the target position at the target speed.
[0055] The sliding mechanical model is configured to
indicate a relationship between a change of generalized
coordinates of a motion system and a driving force on the
motion system in a process that the carrying component
carries the target object and moves. The motion system
includes the carrying component and the target object. The
target control information including a motion trajectory of
the carrying component and driving forces on the motion
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system at various moments. In the entire control process, the
control signal can be precisely generated based on the
sliding mechanical model, thereby improving the accuracy
of a slide-out speed and slide-out position of the target object
in the control process. As a whole, this can improve the
efficiency of placing an object.

[0056] In one embodiment, the controller is configured to
generate a first movement control signal and a first rotation
control signal. That is, the control signal generated by the
controller includes the first movement control signal and the
first rotation control signal. The first movement control
signal controls the driving motor to drive the carrying
component to move in the first direction to the first position,
and the first rotation control signal controls the driving
motor to drive the carrying component to rotate until the
side, extending in the first direction, of the carrying com-
ponent tilts downwards, so that the target object slides on the
upper surface of the carrying component under the actions of
the friction and the gravity and slides away from the carrying
component at the target position at the target speed.
[0057] A horizontal component of the target speed and a
horizontal component of the first direction are in a same
direction. By means of controlling the driving motor to drive
the carrying component to rotate until the side, extending in
the first direction, of the carrying component tilts down-
wards, the target object can slide away from the carrying
component at the target speed from the side extending in the
first direction. It is suitable for a scenario where a position
of the carrying component after the target object leaves need
to be on the same side as an initial position, which can
effectively improve the efficiency of placing an object in this
scenario.

[0058] In another embodiment, the controller is configured
to generate a second movement control signal and a second
rotation control signal. That is, the control signal generated
by the controller includes the second movement control
signal and the second rotation control signal. The second
movement control signal controls the driving motor to drive
the carrying component to move in the second direction to
a second position. The second rotation control signal con-
trols the driving motor to drive the carrying component to
rotate until one side, extending in the second direction, of the
carrying component tilts upwards, so that the target object
slides on the upper surface of the carrying component under
the actions of the friction and the gravity and slides away
from the carrying component at the target position at the
target speed.

[0059] A horizontal component of the target speed is
opposite to a horizontal component of the second direction.
By means of controlling the driving motor to drive the
carrying component to rotate until the side, extending in the
first direction, of the carrying component tilts upwards, the
target object can slide away from the carrying component at
the target speed from the side extending in the second
direction. It is suitable for a scenario where a position of the
carrying component after the target object leaves and an
initial position need to be on different sides, which can
effectively improve the efficiency of placing an object in this
scenario.

[0060] In some embodiments, the driving motor may
include a second driving motor 1304.

[0061] The second driving motor 1305 may be configured
to drive the carrying component 110 and the robotic arm
main body 120 1o move. The relative movement between the



US 2024/0009844 Al

carrying component 110 and the robotic arm main body 120
can drive the target object carried on the carrying component
110 to have a position change.

[0062] The second driving motor 1305 can be arranged in
the middle of the robotic arm main body or at junction
portions of the robotic arm main body and a robot main
body. In some embodiments, the robotic arm further
includes: an image acquisition assembly 170.

[0063] The image acquisition assembly 170 is connected
to the controller 140. The controller 140 and the image
acquisition assembly 170 are connected in an electric way,
a wireless way, or other ways capable of achieving signal.
[0064] The image acquisition assembly 170 may be con-
figured to acquire an image at the carrying component 110.
[0065] The image acquisition assembly 170 and the
robotic arm main body may be arranged separately. For
example, the image acquisition assembly 170 may be con-
nected to the robot main body.

[0066] Or, the image acquisition assembly 170 may also
be arranged on the robotic arm main body.

[0067] By means of arranging the image acquisition
assembly on the robotic arm, images in the carrying com-
ponent motion control process can be acquired, so as to
confirm the position of the carrying component in the
motion process. By means of comparing an actual position
of image data with an expected position, the control signal
can be corrected to ensure that the target object slides on the
upper surface of the carrying component with the movement
of the carrying component under the actions of the friction
and the gravity and slides away from the carrying compo-
nent at the target position. The interference with the place-
ment process of the object due to a control error is avoided
by improving the accuracy of the control signal of the
placement process of the target object, which further
improves the efficiency for placing an object.

[0068] In summary, the embodiments of the present dis-
closure relate to a robotic arm. In terms of the robotic arm
that includes the carrying component, the robotic arm main
body, the driving motor, and the controller, the controller
controls the driving motor to drive the carrying component
to move, so that the target object slides on the upper surface
of the carrying component with the movement of the car-
rying component under the actions of the friction and the
gravity and slides away from the carrying component. In the
above control process, the target object is placed dynami-
cally, not statically, through the motion of the carrying
component, which can cause actions of placing an object to
be continuously performed, thereby improving the efficiency
of placing an object.

[0069] FIG. 3 shows a method for controlling a robotic
arm provided according to an exemplary embodiment of the
present disclosure. The robotic arm includes a carrying
component, a robotic arm main body, and a driving motor,
and the carrying component is connected to the robotic arm
main body. In some embodiments, the robotic arm may be
the robotic arm shown in FIG. 1 or FIG. 2. For example, the
method may be performed by a controller. The controller
may be the controller in the robotic arm shown in FIG. 1 or
FIG. 2, or may be another controller connected to the
controller in the robotic arm shown in FIG. 1 or FIG. 2. The
following embodiments will explain the method for control-
ling the robotic arm, which is performed by the controller in
the robotic arm. As shown in FIG. 3, the method for
controlling the robotic arm includes the following steps:
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[0070] Step 301: Obtain a friction coeflicient between a
target object on the carrying component and the carrying
component.

[0071] Step 302: Construct a sliding mechanical model
based on the friction coeflicient; the sliding mechanical
model being configured to indicate a relationship between a
change of generalized coordinates of a motion system and a
driving force on the motion system in a process that the
carrying component carries the target object and moves; the
motion system including the carrying component and the
target object.

[0072] Step 303: Obtain target control information based
on the sliding mechanical model; the target control infor-
mation including a motion trajectory of the carrying com-
ponent and driving forces on the motion system at various
moments.

[0073] Step 304: Drive the carrying component to move
through the driving motor based on the target control infor-
mation, so that along with the movement of the carrying
component and under actions of a friction and the gravity,
the target object slides on an upper surface of the carrying
component and slides away from the carrying component at
a target position at a target speed.

[0074] In summary, in the solutions shown in the embodi-
ments of the present disclosure, the sliding mechanical
model configured to indicate the relationship between the
change of the generalized coordinates of the motion system
and the driving force on the motion system in the process
that the carrying component carries the target object and
moves is constructed by using the friction coefficient
between the target object on the carrying component and the
carrying component; the motion trajectory of the carrying
component is then obtained based on the sliding mechanical
model; and the driving motor is controlled based on driving
forces on the motion system at various moments and the
target control information, so that the target object slides on
the upper surface of the carrying component with the
movement of the carrying component under the actions of
the friction and the gravity and slides away from the carrying
component, thereby completing the placement of the object.
In the above process, the target object is placed dynamically,
not statically, through the motion of the carrying component,
which can cause actions of placing an object to be continu-
ously performed, thereby improving the efficiency of plac-
ing an object.

[0075] According to the above solution provided in the
embodiments shown in FIG. 3, the robot can dynamically
drive the target object to slide on the carrying component by
using the robotic arm including the carrying component, so
that the target object slides away from the carrying compo-
nent at a proper position under an inertia effect.

[0076] In some embodiments, the controller is configured
to generate a first movement control signal. The first move-
ment control signal controls the driving motor to drive the
carrying component to move in a first direction to a first
position. The controller is also configured to generate a first
rotation control signal. The first rotation control signal
controls the driving motor to drive the carrying component
to rotate to a first target pose. The first target pose is that the
side, extending in the first direction, of the carrying com-
ponent tilts downwards, so that the target object slides on the
upper surface of the carrying component under the actions of
the friction and the gravity and slides away from the carrying
component at the target position at the target speed. A
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horizontal component of the target speed and a horizontal
component of the first direction are in a same direction.
[0077] The above process of controlling the driving motor
to drive the carrying component to rotate to the first target
pose can be started in the process of controlling the driving
motor to drive the carrying component to move in the first
direction to the first position. Or, the above process of
controlling the driving motor to drive the carrying compo-
nent to rotate to the first target pose can be started during
controlling the driving motor to drive the carrying compo-
nent to move in the first direction to the first position. Or, the
above process of controlling the driving motor to drive the
carrying component to rotate to the first target pose can be
started after controlling the driving motor to drive the
carrying component to move in the first direction to the first
position.

[0078] For example, FIG. 4 shows a schematic diagram of
dynamic object placement provided according to an exem-
plary embodiment of the present disclosure. By way of
example, a target object is placed by a robotic arm in an
extending manner. As shown in FIG. 4, starting from an
initial position a, a driving motor in the robotic arm drives
the robotic arm to extend, and a carrying component 41 in
the robotic arm moves horizontally to a middle position b.
In the continuous horizontal moving process, counterclock-
wise rotation of the carrying component is controlled to
cause the carrying component to reach a middle position c.
A front end is an end of the carrying component 41 that is
in the same as a horizontal movement direction, and a rear
end is an end of the carrying component 41 that is opposite
to the horizontal movement direction. In the continuous
horizontal moving process, clockwise rotation of the carry-
ing component is controlled, and the rotation angle is less
than a rotation angle when the carrying component reaches
the middle position c, so that the carrying component
reaches a middle position d. In the continuous horizontal
moving process, the carrying component is controlled to
continue to rotate clockwise, so that the carrying component
is restored to a horizontal position, namely, the carrying
component reaches a middle position e. Meanwhile, the
target object slides from the carrying component to a table-
top configured to place the target object. The driving motor
in the robotic arm drives the robotic arm to move backwards
to a final position f. The carrying component may have
different speeds and different deflection directions at differ-
ent positions, so that the target object 42 placed on the
carrying component 41 slides relative to the carrying com-
ponent 41 while the carrying component moves and slides
away from the carrying component 41 at the middle position
e to the tabletop.

[0079] Controlling performed using the above control
signal is suitable for a scenario where a position of the
carrying component after the target object leaves and an
initial position need to be on the same side, which can
effectively improve the efficiency of placing an object in this
scenario.

[0080] In another embodiment, the controller is configured
to generate a second movement control signal. The second
movement control signal controls the driving motor to drive
the carrying component to move in a second direction to a
second position. The controller is also configured to generate
a second rotation control signal. The second rotation control
signal controls the driving motor to drive the carrying
component to rotate to a second target pose. The target pose
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is that the side, extending in the second direction, of the
carrying component tilts upwards, so that the target object
slides on the upper surface of the carrying component under
the actions of the friction and the gravity and slides away
from the carrying component at the target position at the
target speed. A horizontal component of the target speed and
a horizontal component of the second direction are in
opposite directions.

[0081] The above process of controlling the driving motor
to drive the carrying component to rotate to the target pose
can be started in the process of controlling the driving motor
to drive the carrying component to move in the second
direction to the second position. Or, the above process of
controlling the driving motor to drive the carrying compo-
nent to rotate to the target pose can be started during
controlling the driving motor to drive the carrying compo-
nent to move in the second direction to the second position.
Or, the above process of controlling the driving motor to
drive the carrying component to rotate to the target pose can
be started after controlling the driving motor to drive the
carrying component to move in the second direction to the
second position.

[0082] FIG. 5 shows a schematic diagram of dynamic
object placement provided according to another exemplary
embodiment of the present disclosure. By way of example,
a target object is placed by a robotic arm in a retracting
manner. As shown in FIG. 5, starting from an initial position
a, a driving motor in the robotic arm drives the robotic arm
to extend forward, and a carrving component 51 in the
robotic arm moves horizontally to a middle position b. In the
continuous horizontal moving process, clockwise rotation of
the carrying component is controlled to cause the carrying
component to reach a middle position c. In the continuous
horizontal moving process, counterclockwise rotation of the
carrying component is controlled, and the rotation angle is
less than a rotation angle when the carrying component
reaches the middle position ¢, so that the carrying compo-
nent reaches a middle position d. In the continuous hori-
zontal moving process, the carrying component is controlled
to continue to rotate counterclockwise, so that the carrying
component is restored to a horizontal position, namely, the
carrying component reaches a middle position e. Mean-
while, the target object slides from the carrying component
to a tabletop configured to place the target object. The
driving motor in the robotic arm drives the robotic arm to
move backwards to a final position f. The carrying compo-
nent may have different speeds and different deflection
directions at different positions, so that the target object 52
placed on the carrying component 51 slides relative to the
carrying component 51 while the carrying component moves
and slides away from the carrying component 51 at the
middle position e to the tabletop. Controlling performed
using the above control signal is suitable for a scenario
where a position of the carrying component after the target
object leaves and an initial position need to be on different
sides, which can effectively improve the efliciency of plac-
ing an object in this scenario.

[0083] The placement shown in the above embodiments of
the present disclosure can have the following advantages:

[0084] 1) The robot can operate a high-load object at its
tail end, and there are no grasping points on the object,
so the robot can place the object without grasping with
fingers.
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[0085] 2) The placement is quick and convenient. The
whole process can be dynamically and smoothly com-
pleted.

[0086] 3) The placement can be completed in conjunc-
tion with other dynamic operation actions, such as
dynamic transferring and dynamic grasping of the
robot.

[0087] 4) Without relying on complex and expensive
multi-fingered hands of a robot, only a simple palm is
mounted at the tail end of the robot to achieve complex
and dexterous operations.

[0088] FIG. 6 shows an implementation flow of a sliding
placement operation according to the present disclosure.
Execution of the implementation flow can refer to FIG. 7.

[0089] FIG. 7 shows a method for controlling a robotic
arm provided according to an exemplary embodiment of the
present disclosure. The robotic arm includes a carrying
component, a robotic arm main body, and a driving motor,
and the carrying component is connected to the robotic arm
main body. In some embodiments, the robotic arm may be
the robotic arm shown in FIG. 1 or FIG. 2. For example, the
method may be performed by the controller in the robotic
arm shown in FIG. 1 or FIG. 2. As shown in FIG. 7, the
method for controlling the robotic arm includes the follow-
ing steps:

[0090] Step 701: Obtain a friction coefficient between a
target object on the carrying component and the car-
rying component.

[0091] In some embodiments, the step of obtaining a
friction coefficient between a target object on the carrying
component and the carrying component includes:

[0092] obtaining an image of the target object sliding on
the carrying component;

[0093] obtaining sliding information of the target object
based on the image of the target object sliding on the
carrying component; the sliding information including
an inclination angle of the carrying component in
response to that the target object slides on the carrying
component, and an acceleration of sliding of the target
object on the carrying component; and

[0094] obtaining the friction coefficient based on the
sliding information.

[0095] In some embodiments, the friction coefficient
includes a static friction coefficient and a dynamic friction
coefficient. The image of the target object sliding on the
carrying component includes a first image of the target
object sliding on the carrying component at a uniform speed
and a second image of the target object sliding on the
carrying component at an accelerated speed. The static
friction coefficient between the target object and the carrying
component can be determined based on the first image, and
the dynamic friction coefficient between the target object
and the carrying component can be determined based on the
second image.

[0096] In some embodiments, the carrying component is
shaped like a flat plate. For example, the above carrying
component can be a flat-plate-shaped mechanical palm at a
top end of the robotic arm, so that the target object can
smoothly slide out of the flat-plate-shaped mechanical palm.
[0097] When the target object slides on the carrying com-
ponent (for example, the mechanical palm, hereinafter
referred to as palm) of the robotic arm, the palm and the
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target object can be regarded as an integrated motion system.
A schematic diagram of the motion system can be as shown
in FIG. 8.

[0098] In the above figure, {I} represents an inertial
coordinate system, and {13} represents a non-inertial body
coordinate system on the palm. A pose and motion of the
palm can be determined based on a coordinate system {I},
and a pose and motion of an object can be determined based
on the coordinate system {B}.

[0099] Friction between the object and the palm of the
robot is mainly divided into static friction and dynamic
friction, and the two types of frictions can be determined by
using a static friction coefficient p,, and a dynamic friction
coefficient p, respectively.

[0100] The static friction coefficient can be obtained by
continuously adjusting an inclination angle q of the palm
and observing a motion of the object. If g=q,, the object
starts to move, and the static friction coefficient can be
expressed as follows:

Ho=a tan(go)

[0101] When the inclination angle is greater than g, and is
constant, the object may slide down at a specific acceleration
%, and the dynamic friction coefficient at this time can be
expressed as follows:

(gsin(q) - x)
1 = acos| ————
g

[0102] In the above formula, the acceleration X of the
object can be obtained through visual information and a
dynamic capturing system. The visual information and the
dynamic capturing system can be implemented through an
Al model. The Al model can be trained through machine
learning.

[0103] Step 702: Construct a sliding mechanical model
based on the friction coefficient, the sliding mechanical
model being configured to indicate a relationship between a
change of generalized coordinates of a motion system and a
driving force on the motion system in a process that the
carrying component carries the target object and moves.

[0104] The motion system includes the carrying compo-
nent and the target object.

[0105] A coordinate of a control point C on the palm in the
coordinate systert {1} is C(Xq, Yo). A coordinate of the object
in the non-inertial body coordinate system of the palm is (x,
y). From this, a coordinate of the object in the inertial
coordinate system can be further obtained:

S i NS N R

[0106] where [x,, y,] represents a coordinate value of a
center of mass of the object in the world coordinate
system, and R represents a rotation matrix.

[0107] TItis assumed that the generalized coordinate of the
entire system is X, and X=[x,, Yo, @, X, yI*. A dynamical
model of the entire system is as follows:

HXOX+CXX)X+GX)=F
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[0108] In the above formula:
X =[50, 9o, g, 1, 317
X =[50, 90, 4, %, 317

Hy Hyp Hyy Hig His
Hy Hyp Hyp Hyu Hs
HX)=|Hn Hxn Hx Hi Hss
Hy Hyp Hy Hyy Hys
Hy Hsy Hsy Hsy Hss

Cn Ciz Ci3 Gy Cis
Cn Cn Cp Gy Cys
C(X, X)=|Ca Cxn, Cxz Gy Css
Cy Cqy Cgz Cyq Cys
Csp Cs; Cs3 Csq Css

G)=[G G, Gs Gy G5V
F=[F F, F3 Fy F5]T

[0109] where H (X), C (X,X), and G (X) respectively
represent an inertial matrix, centrifugal force matrix,
and gravitational vector of a sliding system, and F
represents a driving force vector. F; and F, represent
driving forces of the robot in X and Y directions; F;
represents a driving torque of the robot in a rotation
direction; F, represents a friction force of the object on
the palm; and F represents a supporting force between
the object and the palm. The following will introduce
the constituent elements of H (X) and C (X, X):

Hy=Hap=m+m,

H,,=H;,=0

Hy3=H;,=my(y cos(g)—x sin(q))

Hy,=Hy=m; cos (g)

H,5=Hs,=m; sin (g)

Hy3=Hs,=—my(c cos (gHy sin (g)

Hy,=H,p=m, sin (g)

Hys=Hyy=rm;, cos (g)

Hjs=mp+myy>+H +,

Hs4=H,3=rmy

Hss=—myx

Hy=Hss=m,

Hys=Hs =—myx

€y =C 1570, =C55=C5=C55=Cy =C0p=C5 =Cs,
C 3=y, cos(g)—inm, sin(g)—gmy(x cos(g)ty sin(g))
C 4=—gm, sin(q)

Cs=gm; cos(q)

Coz=—dimy cos(g)—ym, sin{g)—gmy(y cos(g)—x sin(g)
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C%?qu Cos(q)
Cos=—gm sin ()
Caz=ty(xi+yy)
Cay=mygx
Cas=taqy
Costmp(y=—4x)
C,=0

Cusmag
Coz=—ms(¥+¢y)
Coy=—myq

Css=0

[0110] where m1 in the above formulas represents an
equivalent mass of the robotic arm and palm of the robot; m,
represents the mass of the object; I, represents a rotational
inertia of the palm of the robot; and I, represents a rotational
inertia of the object.

[0111] Step 703: Obtain target control information based
on the sliding mechanical model, the target control infor-
mation including a motion trajectory of the carrying com-
ponent and driving forces on the motion system at various
moments.

[0112] In some embodiments, the above target control
information can further include a motion trajectory of the
robotic arm.

[0113] In some embodiments, the step of obtaining target
control information based on the sliding mechanical model
includes:

[0114] obtaining the target control information based on a
control constraint condition by aiming to minimize a motion
cost; the control constraint condition includes a sliding
mechanical constraint condition represented by the sliding
mechanical model; and the motion cost is at least one of
motion time, a motion distance, or work of the carrying
component in the following process: the carrying component
is driven through the driving motor to move, so that the
target object slides on the upper surface of the carrying
component with the movement of the carrying component
under the actions of the friction and the gravity and slides
away from the carrying component at the target position at
the target speed.

[0115] The motion time of the carrying component is time
spent in the entire process of placing an object, which is a
time difference between a moment when the carrying com-
ponent starts to move and a moment when the target object
leaves the carrying component. The motion distance is a
travel corresponding to a motion trajectory of the carrying
component from the initial position to the target position
where the target object leaves the carrying component. The
work is a product obtained by multiplying a force exerted by
the carrying component from the initial position to the target
position where the target objects leave the carrying compo-
nent with the motion distance.

[0116] The above minimization of the motion cost may
include at least one of minimizing the execution time of the
motion trajectory (namely, the time spent in the entire
process of placing an object), minimizing the distance of the
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motion trajectory, and minimizing the work of the motion
trajectory (namely, the work done by controlling a motor in
the entire process of placing an object).

[0117] In this embodiment, by taking at least one of the
motion time, the motion distance, or the work as the motion
cost and aiming to minimize the motion cost, an optimal
motion manner for the carrying component from the initial
position to the target position where the target object leaves
the carrying component can be determined, and a control
signal for the efficiency of placing an object can be obtained
to control the driving motor and improve the control effect.

[0118] In step 702 above, the dynamical model in the
sliding operation process is provided. The dynamical model
of the sliding operation can be used for optimal control
solution for operations of the robot operations. The dynamic
sliding operation of the robot is as follows: In the motion
process of the robot, a sliding acceleration and sliding speed
of the object are changed by adjusting the inclination angle
of the palm of the robot, and the object slides out at a specific
speed. The target object is placed dynamically, not statically,
through the motion of the carrying component, which can
cause actions of placing an object to be continuously per-
formed, thereby improving the efficiency of placing an
object.

[0119] In some embodiments, the process that the target
object slides on the carrying component includes a first
process of sliding away from the carrying component in a
first direction relative to the carrying component.

[0120] The control constraint condition includes:

[0121] the._ sliding. mechanical constraint condition:
s.LH (X)X+C (X X)X+G (X)=F;

[0122] a position constraint condition that the carrying
component needs to satisfy at start time of the first
process:X(0)=X,; a position constraint condition that
the carrying component needs to satisfy at end time of
the first process: X(T)=X;

[0123] aspeed constraint condition that the target object
needs to satisfy at the start time of the first process:
X(0)=X,; and

[0124] a speed constraint condition that the target object
needs to satisfy at the end time of the first process: X(T)=X.

[0125] A supporting force of the carrying component on
the target object is greater than or equal to 0: F;>0.

[0126] where O and T represent time when the target object
starts to slide from the carrying component and time when
the target object slides out of the carrying component,
respectively; X, and X are positions that the target object
needs to reach at the time of starting the sliding and the time
of sliding out; and X, and X, are speeds that the target object
needs to achieve at the time of starting the sliding and the
time of sliding out, respectively.

[0127] According to the requirements of the sliding opera-
tion of the robot, the object needs to slide out of an edge at
a certain speed at certain time from the initial position while
the palm of the robot moves. By way of example, the motion
cost includes the execution time of the motion trajectory.
The following optimal trajectory generation equations can
be listed according to task features:
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T oT o
mmfo(lJr)LX A)dt

st HXX +CX, X)X + G0y =F
X(0)=Xo

X(T)=Xr

X(O) = X(r

X(T)=Xr

F520

[0128] In the above formulas, X, and X, respectively
provide a position of the object on the palm of the robot at
sliding start time and a position of the object at final leave
time; X, and X respectively provide a speed of the object
on the palm of the robot at the sliding start time and a speed
of the object at the final leave time; Fs20 is mainly to ensure
that there is always a contact between the object and the
palm; and A represents a weight coefficient of an accelera-
tion optimization term for the robot.

[0129] In the above optimal trajectory generation equa-
tions, min IOT (1+AX"X) dt indicates that the execution time
of the trajectory needs to be minimized; and X represents an
acceleration of a sliding system.

[0130] According to the above formulas, the motion tra-
jectory of the robot needs to meet its own motion trajectory
requirements, and also needs to achieve the sliding of the
object on the palm by changing the inclination angle.
[0131] That is, in the embodiments of the present disclo-
sure, it is necessary to calculate the motion trajectory and/or
inclination angle of the palm of the robot (namely, the
positions and poses of the palm at all moments) and then
perform inverse kinematics calculation according to the
positions and poses of the palm to obtain a joint trajectory
of the robot.

[0132] The above optimal control equation can be solved
through an optimal control software package, such as
PSOPT or Open Optimal Control Library (OpenOCL).
[0133] In an optimal control stage of the above equation,
an optimal trajectory x* and an optimal driving force F* can
be obtained.

[0134] The above optimal driving force refers to a resul-
tant force on the center of mass of the object and can be
calculated according to an inertia force, a centrifugal force,
and a gravity term of the object.

[0135] In some embodiments, the process of the target
object sliding on the carrying component includes:

[0136] a second process of sliding from an initial posi-
tion relative to the carrying component in a second
direction relative to the carrying component to a first
position relative to the carrying component; and a third
process of sliding away from the carrying component
from the first position relative to the carrying compo-
nent in a third direction relative to the carrying com-
ponent.

[0137] The control constraint condition includes:

[0138] the sliding mechanical model constraint condi-
tion: s.tH (X)X+C(X, X)X+G(X)=F;

[0139] a position constraint condition that the carrying
component needs to satisfy at start time of the second
process:X(0)=X,; a position constraint condition that
the carrying component needs to satisfy at start time of
the third process:X(T,)=X,; a position constraint con-
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dition that the carrying component needs to satisfy at
end time of the third process: X(T»)=Xr;

[0140] aspeed constraint condition that the target object
needs to satisfy at the start time of the second process:
X(0)=X,; and

[0141] aspeed constraint condition that the target object
needs to satisfy at the start time of the third process:
X(T,)=X,; and

[0142] aspeed constraint condition that the target object
needs to satisfy at the end time of the third process:
X(Ty)=X7,

[0143] A supporting force of the carrying component on
the target object is greater than or equal to 0: F520.

[0144] where O, T,, and T, represent time when the
target object starts to slide from the carrying compo-
nent, time when the target object slides to the first
position of the carrying component, and time when the
target object slides out of the carrying component,
respectively; Xo, Xr,, and X7, represent positions that
the target object needs to reach at the time when the
target object starts to slide from the carrying compo-
nent, the time of reaching the first position, and the time
of sliding out respectively; and X, XT], and XTz
represent speeds that the target object needs to achieve
at the time when the target object starts to slide from the
carrying component, the time of reaching the first
position, and the time of sliding out respectively.

[0145] In some embodiments, when the initial position of
the target object relative to the carrying component satisfies
an adjustment condition, the process of the target object
sliding on the carrying component includes: a second pro-
cess of sliding from an initial position relative to the carrying
component in a second direction relative to the carrying
component to a first position relative to the carrying com-
ponent; and a third process of sliding away from the carrying
component from the first position relative to the carrying
component in a third direction relative to the carrying
component. Due to division of different processes, the object
placement process is controlled in stages, which can effec-
tively improve the control precision of each process, thereby
improving the accuracy in the object placement process and
improving the efficiency of placing an object.

[0146] In some embodiments, the above adjustment con-
dition includes: the initial position of the target object
relative to the carrying component is located at an edge of
the carrying component.

[0147] In some cases, the initial position of the object is
not appropriate. For example, the object is located at the
edge at the initial moment. At this time, the above solution
cannot provide an effective sliding distance to allow the
object to slide out of a contact surface at a certain initial
speed. Therefore, it is necessary to use sliding to grasp the
object to locate the object at a proper position. A schematic
diagram of position adjustment and placement can be shown
in FIG. 9.

[0148] The sliding operation shown in FIG. 9 above
includes two processes. One process is to adjust the position
through the sliding operation, and the other process is to
dynamically place the object through the sliding operation.
[0149] In this case, by way of example, the motion cost
includes the execution time of the motion trajectory. The
following optimal trajectory generation equations can be
listed according to task features:
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min f k (142878 )ar + f K (14287 )ar
0" n

st HXX +C(X, X)X + G = F
X=X

X()=4Xg

X(T) = &r,

X(O) = X(r

X(h)=Xq

X(hy) =47,

Fs520

[0150] In the above optimization model, T, represents
sliding-based position adjustment time; T,—T, represents
sliding-based dynamic placement time; and min J,7'(14+AX”
)"()dth]T2 (1+AX"X)dt indicates that the execution time of
the trajectory needs to be minimized.

[0151] In the same way, for multi-stage optimal control, in
an optimal control stage of the above equation, an optimal
trajectory x* and an optimal driving force F* can be
obtained.

[0152] Step 704: Obtain a driving torque of the driving
motor based on the target control information.

[0153] In some embodiments, the controller obtains the
target control information through impedance control based
on the sliding mechanical model. In the process of imped-
ance control, a grasping force on the target object is deter-
mined by the supporting force and friction of the carrying
component on the target object.

[0154] An object impedance in robot operation refers to an
impedance relation between the target object and the robot
due to external interaction of the target object after the robot
grasps the target object. The object does not interact with
another external environment, but the object needs to be in
specific contact with the palm, and there is a dynamical
equation of the object:

M, VoC,(VOVPN,R, )=F°

[0155] where M,, C,. and N, respectively represent an
inertial matrix, a centrifugal force term matrix, and a gravity
term matrix of the object in a non-inertial body coordinate
system; F’ represents another external acting force on the
object, which mainly refers to an equivalent operating force;
V? and V? refer to a motion speed and acceleration of the
object; and R, , represents a pose of the object.

[0156] In order to ensure an effective contact between the
object and the palm and a smooth sliding operation, the
equivalent operating force of the object and a grasping force
of the palm need to satisfy the following relationship:

min([F**~F*+[F|)
5.t FP=GF,_

[0157] whereF, represents the grasping force of the palm;
G represents a grasping matrix; and F”* represents an
expected equivalent operating force. The equivalent operat-
ing force of the object refers to a resultant force on the center
of mass of the object, and the most direct influence factor of
the equivalent operating force is a contact force (namely, the
grasping force of the palm above) between the palm and the
object. The above contact force is usually a three-dimen-
sional (3D) vector, which contains a force vector and does
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not contain a torque vector. The vector of the equivalent
operating force of the object is usually a six-dimensional
(6D) vector, which contains both a force vector and a torque
vector.

[0158] Considering the dynamics of the robotic arm and
an external force on the robotic arm, there is:

M,(0)0)+C,(0,0)0)+N,(0)=t-1,2F,

[0159] where M, (0), C, (0,8), and N,(8) respectively
represent an inertial matrix, a centrifugal force item matrix,
and a gravity matrix which are related to the robot; I,
represents a force mapping jacobian matrix; and T represents
a driving force vector of each joint.

[0160] Therefore, a control torque of the robotic arm is as
follows:

=M, (8)2++C, (6,0)0+N (6)+1, *TF,

=Bk MO+ AG=T H(V2-T B)+k, AO+E A

[0161] where, u represents a control correction term
related to a robot joint acceleration; k, and k, represent
control coeflicients; and J, represents a mapping jacobian
matrix between the cartesian speed of the object and motion
of a joint of the robot.

[0162] When the object is operated, it is necessary to
control a cartesian pose of the robot. In actual control, an
underlying controller of the robot needs to control all the
joints of the robot, and controlling all the joints is achieved
by a joint driving torque. Therefore, in the embodiments of
the present disclosure, the controller of the robot needs to
calculate a driving torque of the driving motor according to
the above formulas.

[0163] Step 705: Drive the carrying component to move
through the driving motor based on the driving torque. so
that along with the movement of the carrying component
and under actions of a friction and the gravity, the target
object placed on the carrving component slides on an upper
surface of the carrying component and slides away from the
carrying component at a target position at a target speed.
[0164] The motion that drives the carrying component
includes at least one of situations of causing the carrying
component to change a pose or to move. Exemplarily,
causing the carrying component to change a pose includes
causing the carrying component to rotate clockwise or
counterclockwise, so that a carrying plane of the carrying
component tilts. Exemplary, causing the carrying compo-
nent to move includes causing the carrying component to
move in any direction to reach another position (for
example, the edge position of the tabletop for placing the
target object). In some embodiments, the movement in any
direction may be either movement along a straight line or
movement along a curve.

[0165] Itcan be seen based on the above content that in the
embodiments of the present disclosure, in response to that
the target object slides on the upper surface of the carrying
component, an acceleration of the target object on the upper
surface of the carrying component is controlled by an offset
angle of the upper surface of the carrying component
relative to a horizontal plane, and resistance to the target
object in the sliding process is a sliding friction.

[0166] In some embodiments, in the sliding process of the
target object on the upper surface of the carrying component,
as the inclination angle of the carrying component increases,
the acceleration of the target object on the upper surface of
the carrying component is greater than 0. Afterwards, the
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target object starts to slide in an accelerated manner. As the
inclination angle of the carrying component changes, the
acceleration of the target object on the upper surface of the
carrying component can continue to be greater than 0 (the
sliding friction is less than a component of the gravity of the
target object on the upper surface of the carrying component,
and in this case, the target object continues to slide in the
accelerated manner), or the acceleration of the target object
on the upper surface of the carrying component may be
equal to O (the sliding friction is less than the component of
the gravity of the target object on the upper surface of the
carrying component, and in this case, the sliding speed of the
target object remains unchanged), or the acceleration of the
target object on the upper surface of the carrying component
may be less than O (the sliding friction is greater than the
component of the gravity of the target object on the upper
surface of the carrying component, and in this case, the
target object starts to decelerate).

[0167] In an exemplary solution, in the object placement
process, the robot first controls the palm to tilt in a large
angle to cause the object to slide in the accelerated manner
and then reduces the inclination angle of the palm to cause
the object to decelerate and leave the palm.

[0168] In another exemplary solution, in the object place-
ment process, the robot first controls the palm to tilt in a
large angle to cause the object to slide in the accelerated
manner and then reduces the inclination angle of the palm to
cause the object to slide at a constant speed and then leave
the palm.

[0169] In another exemplary solution, in the object place-
ment process, the robot may control the palm to tilt in a large
angle to cause the object to slide in the accelerated manner
and then cause the object to leave the palm in the accelera-
tion process.

[0170] Through the solutions shown in the embodiments
of the present disclosure, the above dynamic object place-
ment policy belongs to a dynamic operation of the robot, and
main advantages include the following:

[0171] 1) Dynamic placement can effectively improve
the task completion efficiency and can complete a
splicing action with other dynamic tasks.

[0172] 2) Rapid placement of high-mass large-size
objects can be effectively completed.

[0173] 3) An additional loaded end effector cannot be
used, and complex tasks can be completed using the
palm of the robot or a pallet.

[0174] In summary, in the solutions shown in the embodi-
ments of the present disclosure, the sliding mechanical
model configured to indicate the relationship between the
change of the generalized coordinates of the motion system
and the driving force on the motion system in the process
that the carrying component carries the target object and
moves is constructed by using the friction coefficient
between the target object on the carrying component and the
carrying component; the motion trajectory of the carrying
component is then obtained based on the sliding mechanical
model; and the driving motor is controlled based on driving
forces on the motion system at various moments and the
target control information, so that the target object slides
away from the carrying component at the target position at
the target speed, thereby completing the placement of the
object. In the above process, the target object is placed
dynamically, not statically, through the motion of the car-
rying component, which can cause actions of placing an
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object to be continuously performed, thereby improving the
efficiency of placing an object.

[0175] FIG. 10 is a structural block diagram of an appa-
ratus for controlling a robotic arm provided according to an
exemplary embodiment of the present disclosure. The
robotic arm includes a carrying component, a robotic arm
main body, and a driving motor, and the carrying component
is connected to the robotic arm main body. The apparatus
includes:

[0176] a coeflicient obtaining module 1001, configured
to obtain a friction coeflicient between a target object
on the carrying component and the carrying compo-
nent;

[0177] a model construction module 1002, configured
to construct a sliding mechanical model based on the
friction coeflicient; the sliding mechanical model being
configured to indicate a relationship between a change
of generalized coordinates of a motion system and a
driving force on the motion system in a process that the
carrying component carries the target object and
moves; the motion system including the carrying com-
ponent and the target object;

[0178] a control information obtaining module 1003,
configured to obtain target control information based
on the sliding mechanical model; the target control
information including a motion trajectory of the carry-
ing component and driving forces on the motion system
at various moments;

[0179] a driving control module 1004, configured to:
drive the carrying component to move through the
driving motor based on the target control information,
so that the target object slides on an upper surface of the
carrying component with the movement of the carrying
component under actions of a friction and the gravity
and slides away from the carrying component at a target
position at a target speed.

[0180] Insome embodiments, in response to that the target
object slides on the upper surface of the carrying component,
an acceleration of the target object on the upper surface of
the carrying component is controlled by an offset angle of
the upper surface of the carrying component relative to a
horizontal plane, and resistance to the target object in the
sliding process is a sliding friction.

[0181] In some embodiments, the control information
obtaining module 1003 is configured to obtain the target
control information based on a control constraint condition
by aiming to minimize a motion cost. The control constraint
condition includes the sliding mechanical model; the motion
cost is driving the carrying component to move through the
driving motor based on the target control information, so
that the target object slides on the upper surface of the
carrying component with the movement of the carrying
component under the actions of the friction and the gravity
and slides away from the carrying component at the target
position at the target speed.

[0182] In some embodiments, the process that the target
object slides on the carrying component includes a first
process of sliding away from the carrying component in a
first direction relative to the carrying component.

[0183] The control constraint condition includes:
[0184] the sliding mechanical constraint condition;
[0185] a position constraint condition that the carrying

component needs to satisfy at start time of the first
process and end time of the first process;
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[0186] aspeed constraint condition that the target object

needs to satisfy at the start time of the first process; and

[0187] a speed constraint condition that the target object
needs to satisfy at the end time of the first process; and

[0188] asupporting force of the carrying component on
the target object is greater than or equal to 0.

[0189] In some embodiments, the process of the target
object sliding on the carrying component includes:

[0190] a second process of sliding from an initial posi-
tion relative to the carrying component in a second
direction relative to the carrying component to a first
position relative to the carrying component; and a third
process of sliding away from the carrying component
from the first position relative to the carrying compo-
nent in a third direction relative to the carrying com-
ponent.

[0191] The control constraint condition includes:

[0192] the sliding mechanical constraint condition;

[0193] a position constraint condition that the carrying
component needs to satisfy at start time of the second
process, start time of the third process, and end time of
the third process;

[0194] aspeed constraint condition that the target object
needs to satisfy at the start time of the second process;
and

[0195] aspeed constraint condition that the target object

needs to satisfy at the start time of the third process; and
[0196] aspeed constraint condition that the target object
needs to satisfy at the end time of the third process; and
[0197] asupporting force of the carrying component on
the target object is greater than or equal to 0.
[0198] In some embodiments, when the initial position of
the target object relative to the carrying component satisfies
an adjustment condition, the process of the target object
sliding on the carrying component includes: a second pro-
cess of sliding from an initial position relative to the carrying
component in a second direction relative to the carrying
component to a first position relative to the carrying com-
ponent; and a third process of sliding away from the carrying
component from the first position relative to the carrying
component in a third direction relative to the carrying
component.
[0199] In some embodiments, the adjustment condition
includes: the initial position of the target object relative to
the carrying component is located at an edge of the carrying
component.
[0200] In some embodiments, the control information
obtaining module 1003 is configured to obtains the target
control information through impedance control based on the
sliding mechanical model; and
[0201] in the process of impedance control, a grasping
force on the target object is determined by the support-
ing force and friction of the carrying component on the
target object.
[0202] In some embodiments, the coeflicient obtaining
module 1001 is configured to: obtain an image of the target
object sliding on the carrying coniponent;
[0203] obtain sliding information of the target object
based on the image of the target
[0204] object sliding on the carrying component; the
sliding information including an inclination angle of
the carrying component in response to that the target
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object slides on the carrying component, and an accel-

eration of sliding of the target object on the carrying

component; and

[0205] obtain the friction coefficient based on the slid-

ing information.
[0206] In summary, in the solutions shown in the embodi-
ments of the present disclosure, the sliding mechanical
model configured to indicate the relationship between the
change of the generalized coordinates of the motion system
and the driving force on the motion system in the process
that the carrying component carries the target object and
moves is constructed by using the friction coefficient
between the target object on the carrying component and the
carrying component; the motion trajectory of the carrying
component is then obtained based on the sliding mechanical
model; and the driving motor is controlled based on driving
forces on the motion system at various moments and the
target control information, so that the target object slides
away from the carrying component at the target position at
the target speed, thereby completing the placement of the
object. In the above process, the target object is placed
dynamically, not statically, through the motion of the car-
rying component, which can cause actions of placing an
object to be continuously performed, thereby improving the
efficiency of placing an object.
[0207] The apparatus provided in the foregoing embodi-
ments is only illustrated by division of all the above func-
tional modules. In practical application, the foregoing func-
tions may be allocated to and completed by different
functional modules as required, that is, an inner structure of
a device is divided into different functional modules, so as
to complete all or some of the functions described above. In
addition, the apparatus provided in the foregoing embodi-
ments and the method embodiments fall within the same
conception. The term module in this disclosure may refer to
a software module, a hardware module, or a combination
thereof. A software module (e.g., computer program) may be
developed using a computer programming language. A
hardware module may be implemented using processing
circuitry and/or memory. Each module can be implemented
using one or more processors (or processors and memory).
Likewise, a processor (or processors and memory) can be
used to implement one or more modules. For details of a
specific implementation process of the apparatus, refer to the
method embodiments. Details are not described here again.
[0208] FIG. 11 is a structural block diagram of a robot
1100 provided according to an exemplary embodiment of
the present disclosure. The robot 1100 may include: a
carrying component 1101, a robotic arm main body 1102, a
driving motor 1103, a processor 1104, and a memory 1105.
[0209] The processor 1104 may include one or more
processing cores, for example, a 4-core processor or an
8-core processor. The processor 1104 may be implemented
in at least one hardware form of a digital signal processor
(DSP), a field-programmable gate array (FPGA), and a
programmable logic array (PLA). In some embodiments, the
processor 1104 may further include an artificial intelligence
(AD) processor. The Al processor is configured to process
computing operations related to machine learning.
[0210] The memory 1105 may include one or more com-
puter-readable storage media. The computer-readable stor-
age medium may be non-transitory. The memory 1105 may
further include a high-speed random access memory and a
nonvolatile memory, for example, one or more disk storage
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devices or flash storage devices. In some embodiments, the
non-transitory computer-readable storage medium in the
memory 1105 is configured to store at least one instruction,
and the at least one instruction is used for being executed by
the processor 1104 to implement the method for controlling
the robotic arm provided in the method embodiments of the
present disclosure.

[0211] In some embodiments, the robot 1100 may include:
a peripheral interface and at least one peripheral. The
processor 1104, the memory 1105, and the peripheral inter-
face may be connected through a bus or a signal wire. Each
peripheral may be connected to the peripheral interface
through a bus, a signal wire, or a circuit board. In some
embodiments, the peripherals may include: at least one of a
radio frequency (RF) circuit, a display screen, a camera
component, an audio circuit, and a power supply.

[0212] The peripheral interface may be configured to
connect the at least one peripheral related to input/output
(I/O) to the processor 1104 and the memory 1105.

[0213] The camera component may be configured to cap-
ture images or videos.

[0214] In some embodiments, the robot 1100 further
includes one or more sensors. The one or more sensors
include, but are not limited to: an acceleration sensor, a
Zyroscope sensor, a pressure sensor, an optical sensor, a
proximity sensor, and the like.

[0215] A person skilled in the art may understand that the
structure shown in FIG. 11 constitutes no limitation on the
robot 1100, and the robot may include more or fewer
components than those shown in the figure, or some com-
ponents may be combined, or a different component deploy-
ment may be used.

[0216] The embodiments of the present disclosure further
provide a robot. The robot includes the robotic arm as shown
in FIG. 1 or FIG. 2. The controller in the robotic arm may
be configured to perform the method for controlling the
robotic arm as shown in FIG. 3 or FIG. 7.

[0217] The embodiments of the present disclosure further
provide a computer-readable storage medium. The com-
puter-readable storage medium stores at least one computer-
readable instruction, and the at least one computer-readable
instruction is loaded and executed by the one or more
processors to implement the methods for controlling the
robotic arm provided in all the above method embodiments.
[0218] The embodiments of the present disclosure further
provide a computer program product or a computer pro-
gram. The computer program product or computer program
includes computer-readable instructions which are stored in
a computer-readable storage medium. One or more proces-
sors of a computer device (for example, a robot) reads the
computer-readable instructions from the computer-readable
storage medium, and the one or more processors execute the
computer-readable instructions to cause the computer device
to perform the method for controlling the robotic arm in any
one of the embodiments.

[0219] In some embodiments, the computer-readable stor-
age medium may include: a read-only memory (ROM), a
random access memory (RAM), a solid state drive (SSD), an
optical disc, or the like. The RAM may include a resistance
random access memory (ReRAM) and a dynamic random
access memory (DRAM). The sequential numbers of the
foregoing embodiments of the present disclosure are merely
for description purpose but do not imply the preference of
the embodiments.
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[0220] A person of ordinary skill in the art may understand
that all or some of the steps of the foregoing embodiments
may be implemented by hardware, or may be implemented
by a program instructing relevant hardware. The program
may be stored in a computer-readable storage medium. The
storage medium mentioned above may be a ROM, a mag-
netic disk, an optical disc, or the like.

[0221] The foregoing descriptions are metrely example
embodiments of the present disclosure, but are not intended
to limit the present disclosure. Any modification, equivalent
replacement, or improvement made within the spirit and
principle of the present disclosure shall fall within the
protection scope of the present disclosure.

What is claimed is:

1. A robotic arm, the robotic arm comprising:

a robotic arm main body;

a carrying component connected to the robotic arm main

body;

a driving motor; and

a controller connected to the driving motor, configured to

generate a control signal that controls the driving motor
to drive the carrying component to move.

2. The robotic arm according to claim 1, wherein the
control signal generated by the controller comprises a first
movement control signal and a first rotation control signal;

the first movement control signal controls the driving

motor to drive the carrying component to move to a first
position along a first direction;

the first rotation control signal controls the driving motor

to drive the carrying component to rotate to a first target
pose; the first target pose refers to the carrying com-
ponent tilting downwards along the first direction; and
a horizontal component of the target speed and a
horizontal component of the first direction are in a same
direction.

3. The robotic arm according to claim 1, wherein the
control signal generated by the controller comprises a sec-
ond movement control signal and a second rotation control
signal;

the second movement control signal controls the driving

motor to drive the carrying component to move to a
second position along a second direction;

the second rotation control signal controls the driving

motor to drive the carrying component to rotate to a
second target pose; the second target pose refers to the
carrying component tilting upwards along the second
direction; and a horizontal component of the target
speed and a horizontal component of the second direc-
tion are in opposite directions.

4. The robotic arm according to claim 1, wherein the
carrying component is connected to the robotic arm main
body through a first joint;

the driving motor comprises a first driving motor; and

the first driving motor is configured to drive the first joint

to rotate, so that the carrying component rotates around
the first joint.

5. The robotic arm according to claim 1, wherein the
driving motor comprises a second driving motor; and

the second driving motor is configured to drive the

carrying component to move.

6. The robotic arm according to claim 1, wherein the
carrying component is a component generating a friction
with a target object placed on the carrying component, and
the carrying component is a flat plate or a similar flat plate.
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7. The robotic arm according to claim 1, wherein the
robotic arm further comprises: an image acquisition assem-
bly, connected to the controller, and

the image acquisition assembly is configured to acquire an

image at the carrying component.
8. A method for controlling a robotic arm, executed by a
controller, the robotic arm comprising a robotic arm main
body, a carrying component connected to the robotic arm
main body, and a driving motor; the method comprising:
obtaining a friction coeflicient between a target object on
the carrying component and the carrying component;

constructing a sliding mechanical model based on the
friction coefficient, the sliding mechanical model being
configured to indicate a relationship between a change
of generalized coordinates of a motion system and a
driving force on the motion system in a process that the
carrying component carries the target object and
moves, and the motion system comprising the carrying
component and the target object;

obtaining target control information based on the sliding

mechanical model, the target control information com-
prising a motion trajectory of the carrying component
and driving forces on the motion system at various
moments; and

driving the carrying component to move through the

driving motor based on the target control information.

9. The method according to claim 8, further comprising:
in response to that the target object slides on an upper
surface of the carrying component, controlling an accelera-
tion of the target object on the upper surface of the carrying
component by an offset angle of the upper surface of the
carrying component relative to a horizontal plane, and
resistance to the target object in the sliding process is a
sliding friction.

10. The method according to claim 8, wherein the obtain-
ing target control information based on the sliding mechani-
cal model comprises:

obtaining the target control information based on a control

constraint condition by aiming to minimize a motion
cost; the control constraint condition comprises a slid-
ing mechanical constraint condition represented by the
sliding mechanical model; and

the motion cost is at least one of motion time, a motion

distance, or work of the carrying component in the
following process: the carrying component is driven
through the driving motor to move.

11. The method according to claim 10, wherein the
process that the target object slides on the carrying compo-
nent comprises a first process of sliding away from the
carrying component in a first direction relative to the car-
rying component;

the control constraint condition comprises:

the sliding mechanical constraint condition;

position constraint conditions for the carrying compo-
nent respectively at a start time of the first process
and an end time of the first process; and

a speed constraint condition for the target object at the
start time of the first process;

a speed constraint condition for the target object at the
end time of the first process; and

a supporting force of the carrying component on the
target object being greater than or equal to 0.
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12. The method according to claim 10, wherein the
process that the target object slides on the carrying compo-
nent comprises:
a second process of sliding from an initial position
relative to the carrying component in a second direction
relative to the carrying component to a first position
relative to the carrying component; and a third process
of sliding away from the carrying component from the
first position relative to the carrying component in a
third direction relative to the carrying component;
the control constraint condition comprises:
the sliding mechanical constraint condition;
position constraint conditions for the carrying compo-
nent respectively at a start time of the second pro-
cess, a start time of the third process, and an end time
of the third process;

a speed constraint condition for the target object at the
start time of the second process; and

a speed constraint condition for the target object at the
start time of the third process; and

a speed constraint condition for the target object at the
end time of the third process; and

a supporting force of the carrying component on the
target object being greater than or equal to O.

13. The method according to claim 12, wherein in
response to that the initial position of the target object
relative to the carrying component satisfies an adjustment
condition,

the process that the target object slides on the carrying
component comprises: a second process of sliding from
an initial position relative to the carrying component in
a second direction relative to the carrying component to
a first position relative to the carrying component; and
a third process of sliding away from the carrying
component from the first position relative to the car-
rying component in a third direction relative to the
carrying component.

14. The method according to claim 13, wherein the
adjustment condition comprises: the initial position of the
target object relative to the carrying component is located at
an edge of the carrying component.

15. The method according to claim 8, wherein the obtain-
ing target control information based on the sliding mechani-
cal model comprises:

obtaining the target control information in an impedance
control manner based on the sliding mechanical model,
and

in a process of impedance control, a grasping force on the
target object is determined by the supporting force and
friction of the carrying component on the target object.

16. The method according to claim 8, wherein the obtain-
ing a friction coefficient between a target object on the
carrying component and the carrying component comprises:

obtaining an image of the target object sliding on the
carrying component;

obtaining sliding information of the target object based on
the image of the target object sliding on the carrying
component; the sliding information comprising an
inclination angle of the carrying component in response
to that the target object slides on the carrying compo-
nent, and an acceleration of sliding of the target object
on the carrying component; and
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obtaining the friction coeflicient based on the sliding

information.
17. A non-transitory computer-readable storage medium,
the storage medium storing at least one computer-readable
instruction, and the at least one computer-readable instruc-
tion being loaded and executed by one or more processors to
implement:
obtaining a friction coeflicient between a target object on
the carrying component and the carrying component;

constructing a sliding mechanical model based on the
friction coeflicient, the sliding mechanical model being
configured to indicate a relationship between a change
of generalized coordinates of a motion system and a
driving force on the motion system in a process that the
carrying component carries the target object and
moves, and the motion system comprising the carrying
component and the target object;

obtaining target control information based on the sliding

mechanical model, the target control information com-
prising a motion trajectory of the carrying component
and driving forces on the motion system at various
moments; and

driving the carrying component to move through the

driving motor based on the target control information.

18. The storage medium according to claim 17, wherein
the at least one computer-readable instruction further cause
one or more processors to implement: in response to that the
target object slides on the upper surface of the carrying
component, controlling an acceleration of the target object
on the upper surface of the carrying component by an offset
angle of the upper surface of the carrying component
relative to a horizontal plane, and resistance to the target
object in the sliding process is a sliding friction.

19. The storage medium according to claim 17, wherein
the obtaining target control information based on the sliding
mechanical model comprises:

obtaining the target control information based on a control

constraint condition by aiming to minimize a motion
cost; the control constraint condition comprises a slid-
ing mechanical constraint condition represented by the
sliding mechanical model; and

the motion cost is at least one of motion time, a motion

distance, or work of the carrying component in the
following process: the carrying component is driven
through the driving motor to move.

20. The storage medium according to claim 19, wherein
the process that the target object slides on the carrying
component comprises a first process of sliding away from
the carrying component in a first direction relative to the
carrying component;

the control constraint condition comprises:

the sliding mechanical constraint condition;

position constraint conditions for the carrying compo-
nent respectively at a start time of the first process
and an end time of the first process; and

a speed constraint condition for the target object at the
start time of the first process;

a speed constraint condition for the target object at the
end time of the first process; and

a supporting force of the carrying component on the target

object being greater than or equal to 0.
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