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Al Intelligent Interactive Table Tennis Racket
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Abstract

In global sports industry trends, wearable devices and virtual
training have become major development focuses. Combined
with the entertainment effects of the metaverse, the integration of
wearable devices with immersive virtual and physical experiences
represents the core innovative value of this project. Traditionally,
most wearable devices in precision sports technology transmit
sensor data to the cloud or PC for analysis and processing.
However, with the increasing demand for real-time processing
and analysis of sensor data, integrating edge computing has
emerged as a viable solution.

This project encompasses both hardware and software design. The
hardware involves the development of an Al smart interactive table
tennis racket and the design of a VR interactive training and gaming
software. As shown in Figure 3, the Al smart interactive table tennis
racket employs an Al Micro MCU and a nine-axis IMU sensor to
achieve real-time analysis and processing. A custom circuit board is
embedded in the handle of the racket. By collecting swing data
from table tennis players, the system uses feature segmentation
algorithms to recognize six swing postures (forehand hit, forehand
loop, forehand chop, backhand hit, backhand loop, and backhand
chop). Experimental results demonstrate that the micro CNN
model has the best waveform segmentation capability and
classification accuracy for swings, achieving an average
classification accuracy of approximately 98.2% for players' swings.
The CNN model, compressed to 27KB in TinyML architecture, is
embedded into the Micro Edge Al MCU. This enables the
classification of swing postures and correction of common
beginner errors, achieving the goal of real-time table tennis
recognition and smart sensing. Furthermore, the postural data
analyzed by Al and IMU sensor data are simultaneously transmitted
to the PC for further analysis, processing, and TinyML tuning.

In the VR interactive training and gaming software, the six postures
analyzed by the Al smart interactive table tennis racket are
integrated. Additionally, a VIVE motion tracker is attached to the

surface of the racket, allowing players to experience immersive
interaction with real swing postures. The software includes training
mode and esports competition mode. In training mode, the VR
interactive training and gaming system is used to help beginners
master the correct six swing postures. In esports competition
mode, the system incorporates the competitive table tennis 3S
theory (speed/spin/spot), providing each ball with three speed
parameters, five spin parameters, and nine spot parameters,
resulting in 135 possible variations. This connected table tennis
variation system facilitates a true VR interactive training and
gaming experience, achieving optimal training and entertainment
effects, and promoting virtual table tennis esports competitions.

The technologies developed in this project have been granted
patents: Table Tennis Posture Classification Method and Interactive
System (1797014), and Sports Posture Analysis System (1713890).
Future applications of these results are expected to be implemented
in table tennis esports competitions.
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Fig.3 Disassembled view of the Al smart interactive table tennis racket.
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