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Fig. 1 Experimental equipment and on-site setup
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Tab. 2 Accuracy of body pose estimation and correction during the standing triple jump
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Tab. 3 Stride length of two athletes in the pre-landing phase of the standing triple jump
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Tab. 4 Ground and airborne time of two athletes in the pre-landing phase of the standing triple jump
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Fig. 3 Cycle segmentation and kinematic characteristics of the standing triple jump motion
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Fig. 4 Variations in proximal-distal and anteroposterior knee joint loading during the standing triple jump
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Fig.6 Force production characteristics of knee flexor and lower limb muscle strength during the standing triple jump
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Research on motion analysis method based on the integration of

machine vision and musculoskeletal inverse dynamics

XI Huifeng"?, LUOQO Jialong"?, NIU Jiani"*, YANG Bao'"*,
PENG Chang'?, JIANG Zhenyu'?®, HUANG Shiqing"?, CHEN Chuangye'"*

(1. Guangdong Provincial Key Laboratory of Speed Capability Research, Jinan University, Guangzhou 510632, Guangdong, China;
2. MOE Key Lab of Disaster Forecast and Control in Engineering, School of Mechanics and Construction Engineering, Jinan University,
Guangzhou 510632, Guangdong, China; 3. School of Civil Engineering and Transportation, South China University of Technology.

Guangzhou 510641, Guangdong, China; 4. School of Physical Education, Jinan University, Guangzhou 510632, Guangdong, China)

Abstract: In China, the training of adolescent track and field athletes primarily relies on traditional
coach-apprentice teaching methods, which are characterized by a certain degree of subjectivity and
ambiguity. To provide an objective and quantitative basis for athletic performance evaluation, this
study developed a biomechanical analysis system based on machine vision technology and
musculoskeletal inverse dynamics analysis. The system uses 100 Hz orthogonal-view calibrated images
to synchronously capture athletes” movements, employs the HRNet model for human pose estimation
to extract keypoint positions, and utilizes Gaussian process regression to optimize outliers in pose
data, thereby calculating joint velocities and angular velocities. By integrating the collected motion
data, inverse dynamics analysis is performed using the lower limb model in the AnyBody modeling
system to assess the forces on joints and muscles. This study used the standing triple jump as an
example, selecting cases of full-score and non-full-score athletes to test the system’s effectiveness and
explore differences in kinematics, dynamics, and muscle activation among athletes. The results
showed that in the full-score athlete case, the maximum knee joint flexion angle during the flight
phase was 120°, and 60° at landing; in the non-full-score athlete case, the anterior force of the knee
joint and the upward force of the ankle joint were weaker during the takeoff phase, and the activation
of the knee flexor muscles and soleus muscle was also lower. These findings indicate that the system
can enable precise measurement and quantitative assessment of athletic movements, providing coaches
and athletes with a scientific basis for training, thereby helping athletes to posture optimization and
performance enhancement.

Keywords: machine vision; deep learning; musculoskeletal models; sports biomechanics; standing

triple jump



