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Abstract: Research Purpose: Tai Chi, as a gem of traditional Chinese martial arts, has its exercise
effectiveness and health benefits directly influenced by the standardization of its movements and postures.
However, Tai Chi movements are complex and require a high degree of posture standardization, which
often makes it difficult for beginners and non-professionals to master its essence accurately during practice.
Currently, traditional Tai Chi teaching and assessment methods mainly rely on coach-led guidance and
subjective judgment. This approach faces issues such as low efficiency, high subjectivity, and limitations
due to regional and time constraints, making it difficult to meet the needs of large-scale Tai Chi practice.
With the advancement of national fitness programs and the widespread popularity of Tai Chi, both the skill
enhancement of professional athletes and the daily fitness of the general public place higher demands on
the precise identification and scientific assessment of Tai Chi movements and postures. This study aims to
develop a system for Tai Chi motion posture recognition and standardization evaluation based on deep
learning, leveraging the powerful feature extraction and pattern recognition capabilities of deep learning to
overcome the limitations of traditional methods, achieving high-precision recognition and objective,
efficient standardization assessment of Tai Chi movements, providing intelligent support for Tai Chi
teaching, training, and fitness guidance, promoting the scientific development of Tai Chi, and improving
the quality and level of national fitness. Research Methodology : (1) Data Collection and Preprocessing

(D Data Collection: A multi-source data collection approach is used. Video data of Tai Chi movements

from practitioners at various skill levels are captured using multiple high-definition cameras. At the same
time, inertial sensors and other devices are employed to gather motion data of body joints, achieving a
comprehensive recording of Tai Chi movement postures. To ensure data diversity and representativeness,
this study collaborates with professional Tai Chi coaches and students to collect a video dataset covering

different schools and difficulty levels of Tai Chi movements. (2) Data Annotation: A professional

annotation team is formed, consisting of Tai Chi coaches and computer vision experts. They follow strict
annotation guidelines to label the collected video and sensor data with information such as key joint
positions, movement types, and start/end times, providing accurate labeled data for subsequent model
training. 3 Data Preprocessing: The collected video data is processed through cropping, denoising, and
other techniques to remove irrelevant background information. Frame extraction and normalization are
applied to the video data, adjusting image resolution and frame rate. Sensor data is filtered and interpolated

to ensure data quality and consistency. A human pose estimation algorithm is used to extract key point
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coordinates from the video frames, converting the video data into structured data for deep learning model

training. (2) Deep Learning Model Construction and Training (I) Pose Recognition Model Construction:

A deep learning model based on convolutional neural networks (CNNs) is selected as the foundational
architecture. The network structure is optimized and improved based on the characteristics of Tai Chi
movement postures. Attention mechanisms are introduced within the network to enhance the model's focus
on key body parts and posture variations in Tai Chi movements, improving the accuracy of pose
recognition. Additionally, multi-scale feature fusion techniques are applied, combining feature maps from
different layers to fully leverage multi-scale information in the images and improve the model's
performance in recognizing complex movement postures. During model training, transfer learning is
employed, utilizing pre-trained model parameters from large-scale human pose datasets to initialize the Tai

Chi pose recognition model, reducing training time and data requirements. (2) Normative Evaluation

Model: Based on pose recognition, a deep learning-based normative evaluation model is constructed. The
pose recognition results are compared and analyzed with a pre-defined standard Tai Chi posture database.
Recurrent neural networks (RNNs) or long short-term memory (LSTM) networks are used to model the
action sequences, learning the time-series features and normative movement patterns of Tai Chi actions.
Through training, the model can automatically evaluate the normative quality of Tai Chi movements based
on the deviation in posture and provide corresponding scores and improvement suggestions. 3 Model
Training and Optimization: The deep learning model is trained using a large-scale annotated dataset.
Stochastic gradient descent (SGD) and its variants are employed to optimize model parameters, aiming to
minimize the loss function while continuously adjusting the model parameters to improve generalization
and performance. Additionally, data augmentation techniques are used to expand the training dataset,
preventing model overfitting and enhancing its practical application effectiveness. (3) System Integration

and Development (I) Hardware Environment Setup: High-performance servers or edge computing

devices are chosen as the hardware platform for system operation, equipped with GPU acceleration cards
to meet the computational demands of deep learning models and ensure the system can process large
amounts of movement data quickly and efficiently. At the same time, high-definition cameras and inertial

sensors are deployed to collect data, establishing a stable data collection network. (2) Software System

Development: The Tai Chi posture recognition and normative evaluation system is developed using Python
and deep learning frameworks. The system mainly consists of a data collection module, data preprocessing
module, deep learning model inference module, normative evaluation module, and user interface module.
The data collection module is responsible for real-time collection of video and sensor data; the data
preprocessing module cleans and preprocesses the collected data; the deep learning model inference
module performs pose recognition and normative evaluation on the preprocessed data using the trained
model; the normative evaluation module generates detailed evaluation reports based on model output; the
user interface module provides a user-friendly interface for users to view data, query evaluation results,

and adjust system parameters. 3) System Testing and Optimization: Comprehensive functional testing,
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performance testing, and stability testing are conducted on the developed system. By simulating different
usage scenarios and user needs, the system’s accuracy, reliability, and response speed are evaluated. Based
on the test results, the system is optimized and improved by adjusting model parameters, refining
algorithm processes, and enhancing user experience to ensure that the system meets practical application
requirements. Research Results: (1) Pose Recognition Performance The deep learning-based Tai Chi
motion posture recognition and normative evaluation system performs excellently across various test
datasets. On both publicly available human pose recognition datasets and the custom-built Tai Chi posture
dataset, the system achieves high accuracy in recognizing key Tai Chi joint points, and is capable of
precisely capturing subtle posture changes within Tai Chi movements. (2) Normative Evaluation
Performance The normative evaluation model can accurately assess the normative quality of Tai Chi
movements, with results highly consistent with human assessments. The system can provide personalized
evaluations of practitioners' movements based on Tai Chi movement standards across different schools and
difficulty levels. It not only provides an overall normative score but also offers detailed analyses of issues
in each movement phase and provides corresponding improvement suggestions. (3) System Application
Effectiveness The Tai Chi motion posture recognition and normative evaluation system has been
effectively applied in real-world Tai Chi teaching and training scenarios. In teaching, instructors can use
the system to monitor students' posture in real-time, identify problems promptly, and provide targeted
guidance, improving teaching efficiency and quality. In training, athletes and enthusiasts can use the
system for self-assessment and tracking training progress, developing personalized training plans to
enhance the scientific and effective nature of their training. Research Conclusions: The development and
application of a deep learning-based Tai Chi motion posture recognition and normative evaluation system
provides an innovative and intelligent solution for Tai Chi teaching, training, and fitness guidance.
Through multi-source data collection, deep learning model construction, and system integration,
high-precision recognition and objective, scientific normative evaluation of Tai Chi movements are
achieved, effectively addressing the limitations of traditional evaluation methods. The system offers high
accuracy and practicality, meeting the needs of various user groups in Tai Chi learning and training.
Research Recommendations: (1) System Performance Optimization The development team should
continue to monitor the latest research in deep learning, incorporating more advanced network
architectures and algorithms to further enhance the model's recognition accuracy and evaluation efficiency.
To address the system’s real-time performance requirements, the team should explore model optimization
techniques such as pruning, quantization, and knowledge distillation, allowing the system to run efficiently
on resource-constrained devices (e.g., mobile terminals) and expand its application range.(2) Technology
Integration and Expansion The project team should strengthen integration with virtual reality (VR),
augmented reality (AR), and mixed reality (MR) technologies to create an immersive learning and training
environment for users. Using VR/AR/MR technology, the team can visually present standard posture
images as virtual avatars, overlaying them in real-time onto users’ actual movements, helping users better

perceive the differences between their movements and the standard movements, enhancing the learning
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effect. At the same time, the team should integrate Internet of Things (IoT) technology to enable
multi-device collaboration and build an intelligent Tai Chi movement monitoring and evaluation ecosystem.
(3) Promotion and Application Strategy The operations team should actively collaborate with Tai Chi
training institutions, schools, sports event organizations, and others to expand the system’s promotion and
application. The operations team should conduct system application training to improve users’ operational
ability and application level. The team should collect user feedback, continually optimize the system’s
functionality and user experience, and develop customized versions based on different user needs to meet
the diverse market demands. (4) Data Resource Development The data management team should
continuously expand and improve the Tai Chi posture dataset, adding data from practitioners of different
ages, genders, and body types, and covering more complex scenarios and special cases. The team should
establish a data-sharing mechanism to promote data exchange between academic research and industrial
applications, attracting more research power to engage in Tai Chi posture recognition and normative

evaluation technology, thus driving the development and advancement of the entire field.
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