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Overview of this article
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With the continuous progress and in-depth development of
technology, humanoid robot technology has becomea hot research
field today. Asan important component of humanoid robots, the
design and control technology of dexterous hands directly
determine the = operational ability and practicality of robots.
The multi finger humanoid robot dexterous hand, as an important
device for simulating human hand functions, has significant

advantages 1n fine operation, grasping stability, and



adaptability. This article aims to study the synchronous
control technology of multi finger humanoid robot dexterous
hands, in order to improve their motion coordination and
operational accuracy, and provide theoretical support and
practical guidance for the development of humanoid robot

technology.
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The article first introduces the basic structure and
characteristics of a multi finger humanoid robot dexterous hand,
including the number of fingers, joint configuration, and
driving mode. Subsequently, the importance of synchronous
control 1n the dexterous hand operation of multi finger
humanoid robots was elaborated, as well as the shortcomings and

challenges of existing synchronous control technologies. On



this basis, the article proposes a novel synchronous control
strategy that combines modern control theory and machine
learning methods, aiming to achieve faster and more accurate
control of dexterous hand movements.
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The research content of this article mainly includes the
following aspects: modeling and analyzing the kinematic model
of the dexterous hand of a multi finger humanoid robot,
providing a theoretical basis for the subsequent design of
synchronous control algorithms; A synchronization control
strategy based on optimization algorithms has been designed and
implemented to improve the coordination and stability of
dexterous hands during movement; Once again, the effectiveness

and reliability of the proposed synchronization control



strategy were verified through simulation experiments and
practical application tests; A summary and outlook of the
research results were presented, and future research
directions and potential application areas were proposed.
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Through the research in this article, not only does it
provide newideas and methods for synchronous control of multi
finger humanoid robot dexterous hands, but it also lays a solid
foundation for the development and application promotion of

humanoid robot technology.
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The structure and characteristics of a multi

finger humanoid robot dexterous hand
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Multi finger humanoid robot dexterous hands are an
important branch of robotics technology, and their design
inspiration comes from the complex structure and function of
human hands. The original intention of the design of this
dexterous hand 1s to simulate the multi finger structure and
flexibility of the humanhand, in order to achieve more precise
and complex operational tasks.
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Structurally, a multi finger humanoid robot dexterous hand
typically consists of multiple knuckles and joints, each of
which can perform independent bending and stretching movements.
This design enables dexterous hands to mimic the fine movements
of humanfingers, such as grasping, pinching, and gripping. In
order to enhance the stability and adaptability of dexterous

hands, many designs are also equipped with sensors, such as



force sensors and tactile sensors, to sense the external
environment and force changes in real time during operation.
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In terms of characteristics, multi finger humanoid robot
dexterous hands have the following significant advantages.
Firstly, i1t has high flexibility, as its multi finger structure
and independently controlled joints enable 1t to perform
various complex operational tasks. Secondly, it has strong
adaptability. By equipped with various sensors, dexterous
hands can perceive and adapt to different environments and
object shapes. Finally, high precision is achieved through
precise control of the movementand force of each finger joint,
allowing dexterous hands to perform high-precision  operations

such as assembling parts and writing.
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However, the design and control of multi finger humanoid
robot dexterous hands also face some challenges. For example,
due to its complex structure, its kinematic and dynamic models
are also more complex, which brings difficulties to the design
and implementation of control algorithms. In order to achieve
precise synchronization control, 1t 1is also necessary to solve
the coordination and motion planning problems between multiple
fingers.
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The multi finger humanoid robot dexterous hand, as a robot
device that simulates human hands, has unique advantages and
challenges in structure and characteristics. Future research

will focus on how to further improve its flexibility,



adaptability, and accuracy to meet a wider range of application

needs.
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Synchronous control strategy and algorithm
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Synchronous control 1s a key technology for achieving
precise and coordinated operation of multi finger humanoid
robot dexterous hands. To achieve synchronous control of multi
finger humanoid robot dexterous hands, this paper proposes a
synchronous control strategy based on inverse kinematics and
dynamic optimization, and designs corresponding algorithms.
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Byusing inverse kinematics algorithm, the joint angles of
each finger in the dexterous hand of a multi finger humanoid
robot are calculated based on the shape, size, and posture of
the target object, 1n order to achieve precise control of finger
posture. This algorithm is based on geometric and kinematic
principles. By establishing the spatial relationship between
fingers and the target object, the optimal angles of each finger
joint are solved, ensuring that the multi finger humanoid robot
dexterous hand can accurately grasp and operate the target
object.
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In order to achieve dynamic optimization of the dexterous
hand of a multi finger humanoid robot, this paper adopts a
dynamic model based on optimization algorithms. This model

takes into account the dynamic factors such as inertia, gravity,



robot. Through optimization algorithms, the dynamic model is

solved to obtain the optimal motion trajectory and force/torque
output of each finger joint, thereby achieving smooth and

coordinated motion of the dexterous hand of a multi finger

humanoid robot.
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In order to achieve synchronous control of the dexterous
hand of a multi finger humanoid robot, this paper adopts a
control algorithm based on time synchronization. This
algorithm synchronizes the motion trajectory  and force/torque
output of each finger by setting a unified time benchmark,
ensuring coordination and synchronization between the fingers
of a multi finger humanoid robot dexterous hand.
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