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ABSTRACT

Outdoor sports activities have been restricted by serious air pollution, such as fine dust and yellow dust, and
abnormal meteorological change, such as heatwave and heavy snow. These environmental problems have
rapidly increased the demand for indoor sports activities. Virtual sports, such as virtual golf, virtual baseball,
virtual soccer, etc., allow playing various sports games without going outdoors. Indoor sports industries and
markets have seen rapid growth since the advent of virtual sports.

Most virtual sports platforms use screen-based virtual reality techniques, which are why they are called screen
sports. However, these platforms cannot support various sports games, especially virtual match games, such as
squash, boxing, and so on, because existing screen-based virtual reality sports techniques use real balls and players.
This article presents screen-based haptic-augmented reality technologies for a new virtual sports platform.
The new platform does not use real balls and players to solve the limitations of previous platforms. Here,
various technologies, including human motion tracking, human action recognition, haptic feedback, screen-
based augmented-reality systems, and augmented-reality sports content, are unified for the new virtual
sports platform. From these haptic-augmented reality technologies, the proposed platform supports sports

games, including indoor virtual matches, that existing virtual sports platforms cannot support.

KEYWORDS AR Sports, human motion tracking, human action recognition, haptic feedback
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CNN Convolutional Neural Networks

GCN Graph Convolutional Networks

HMD Head—Mounted Display

IMU Inertial Measurements Units

INS Inertial Navigation Systems

MR Mixed Reality

RGB—D  Red, Green, Blue, and Depth

RNN Recurrent Neural Networks

ToF Time—of—Flight

VRU Vertical Reference Units

VR Virtual Reality

XR Extended Reality
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