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Along with the high—speed development in the technology and commercialization of virtual reality (VR)
devices, spectating VR sports has become popular. Compared with the traditional spectating style that
spectating sports matches in a stadium live, spectating VR sports has several advantages. For instance,
spectating VR sports just requires one VR device, allowing spectators to enjoy the sports matches
anywhere, anytime, and from any free viewpoint with a more immersive experience. On the other hand,
spectating VR sports still has several limitations. For example, high bandwidth requirements, general
VR sickness, misperceiving key moments, and so on. This work focuses on the problem of misperceiving
key moments. The key moment in sports is a short and critical moment in a sports action, including the
information that can influence or determine the action result. However, there is easy to misperceive
the key moment when spectating sports matches in VR because of the temporal and spatial limitations
caused by the rapid and occluded actions. This work proposes temporal and spatial vision augmentation
frameworks to improve the spectator’ s ability to perceive the key moment in spectating VR sports. This
work includes two parts: 1) Time—control interactive 3D visualization framework for rapid actions; 2)
viewpoint optimization based on individual preference for occluded actions.

Many sports, like boxing, basketball, and so on, involve rapid actions.

However, human eyes commonly do not have enough time to perceive and process such rapid actions. This
temporal limitation leads spectators to misperceive the key moment in spectating VR sports. While much
research got exemplary achievements in visualizing a rapid scene, less work involved VR rapid sports
scenes. This work presents an interactive 3D vision augmentation framework called MomentViz, which
allows for both high frame rate recording and interactive Time—control in 3D space. The system is
designed to allow users to freely spectate rapid 3D actions from different viewpoints and control time
from any free viewpoint. This work starts from 3D data collection and 3D reconstruction. Then the slow
time frame and original time frame are set in the same place, and the original time frame overlaid the
slow time one. Through a VR HMD, the users can select any area to control the frame time by raycasting
with a controller. As a result, the overlaid slow time frame can emerge through the stencil technique
in that user—selected sub-region. This method allows the user to control the time in their desired
area. A simple pilot experiment is conducted to verify the necessity and performance of MomentViz.
Eight participants are recruited to join the experiment. They are asked to observe the rapid motion in
VR with four conditions, including 2D visualization, 2D Time—control visualization, 3D visualization,
and 3D Time—control Visualization (MomentViz). By the analysis of results, MomentViz outperforms other
groups. From the participants’ feedback, it is found that the low FPS recording limits the video
quality and influences the performance of MomentViz. In order to overcome this limitation, a high—speed
RGB camera is implemented in improved MomentViz for high FPS RGB data recording. A user study
experiment is conducted to evaluate the empirical performance of this improved MomentViz. Twelve
participants join the experiment and are asked to judge the rapid basketball videos. Three groups are
compared and evaluated, including 3D visualization (original time videos), 3D Time—control MomentViz
(not using the high—speed camera), and H3D Time—control MomentViz (using the high—speed camera).
Results showed H3D Time—control MomentViz group outperforms the others in terms of accuracy, required
views, and subjective user experience. In addition, in these sports, the players always keep moving
and their poses are usually dynamic. It leads to the key moment of these actions that will be occluded
from some viewpoints. Moreover, finding an excellent viewpoint to perceive the key moment from an
occluded action in VR is challenging to the spectators. Though some research has tried to solve this
viewpoint optimization issue, all of them ignore the individual preference of spectators and provide
all the spectators with a monotonous viewpoint. This work introduces a novel method to select an
optimal viewpoint for watching punching moments in VR. This method can handle different spectator
preferences.

In this method, a visibility model is customized, which utilizes eight bounding boxes to account for
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the visibility of upper body parts. Then a neural network classification model is utilized to reproduce
the optimal viewpoint selection based on the features of body parts visibility, punch side, and punch
offset. An experiment collects the spectators’ preferred viewpoints from 24 participants under three
controlled preference conditions: seeing the punch arm form clearly (AF), seeing the facial expression
clearly (FE), and no additional restriction (None). With a new analysis method for this viewpoint
optimization issue, the prediction accuracy of the trained model is evaluated as the scientific
performance. The accuracy results are 64.93% for None, 68.61% for AF, and 76.48% for FE, respectively
A user study is conducted to evaluate the empirical performance of this method. Twenty-one participants
are recruited to participate in the user study, and their task is to find their preferred viewpoint
depending on different preference conditions (AF and FE). Two groups are divided to compare, including
the SmartVP group and the Without SmartVP group. The subjective and objective evaluation results show
that the SmartVP group outperforms the Without SmartVP group.

The results of this work show the promise and potential of VR sports broadcasting applications.
The author hopes this work can encourage the development of portable MR devices for use in watching
sporting events both by broadcasting and live in the stadium.
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