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based on the human pose estimation technology, the dynamic characteristic parameters of standing stake
process were extracted, and the digital expression and evaluation system of standing stake posture was con-
structed. Firstly, the human pose estimation algorithm OpenPose was used to extract the human keypoints from
the video of standing stake. Secondly, the key characteristic parameters of digital expression were determined
according to the essentials of standing stake. Then, the dynamic time warping algorithm and discriminant anal-
ysis method were used to calculate the evaluation indexes of each characteristic parameter. Finally, based on
the long-term standing stake data, the coefficient of variation method was used to assign different weights to
each evaluation index, to discuss the importance of each characteristic parameter and to comprehensively eval-
uate standing stake performance. The specific implementation included: designing an experiment to collect
standing stake video from the front and side, six Tai Chi professional experts and twenty-two students participa-
ted in this research, and the students were divided into experimental and control groups. Through the analysis
of standing stake parameters of the expert group, it was found that standing stake was actually a dynamic
process, and the experimental data expressed the dynamic characteristic parameters of different parts from the
front and side. At the same time, the long-term standing stake data of students in the experimental group was
tracked for eight months. Through the comparative evaluation with the expert data, it revealed that the trunk,
thigh, knee and hip were the more important body parts in standing stake process. In addition, after digital e-
valuation and guidance, standing stake quality of students in the experimental group was significantly im-
proved, which could verify the effectiveness of digital expression and evaluation system for auxiliary training.

Keywords: standing stake; OpenPose; characteristic parameters; evaluation index; auxiliary training
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Active Disturbance Rejection Robust Hamiltonian Tracking Control of Electrically

Driven Manipulator

ZENG Qingshan, ZHOU Yashuai, TAO Changchun, LIU Yanhong

(School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Aiming to solve the position tracking problem of permanent magnet synchronous motor driven ma-
nipulator system, a robust control strategy combining active disturbance rejection control and Hamiltonian con-
trol was proposed. Firstly, the electrical subsystem and mechanical subsystem model considering uncertainty
were established, and the model was transformed into a single-motor-driven single-joint port Hamiltonian struc-
ture according to the independent joint control idea. Then, the cascaded extended state observer was designed
to estimate the total disturbance of the mechanical subsystem, and the designed control law achieved robust
tracking of the desired position while simply and efficiently obtaining the desired g-axis current. Finally, a ro-
bust Hamiltonian controller which could combine the interconnections and damping assignment Hamiltonian
controller with the H_ controller based on the system Hamiltonian structure was designed to achieve high preci-
sion robust current tracking, and improves the problem of large initial control input by improving the timing of
introducing H_. Compared with modelless active disturbance rejection control of the electrically driven robot
manipulators, the simulation results verified the effectiveness of the proposed control scheme. Compared with
traditional ESO, the joint position tracking accuracy of the cascaded ESO could be improved by 0. 003 rad.
Compared with the Hamiltonian controller, the joint position tracking accuracy of the improved robust Hamilto-
nian controller was improved by 0. 005 rad, the current tracking accuracy was significantly improved, and the
initial control input of the improved H_ introduction timing was significantly reduced.

Keywords: electrically driven manipulator; tracking control; port Hamilton system; active disturbance rejec-

tion control; robust control



