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Abstract

This study proposes a rigid-body tracking based virtual avatar application method to increase the social presence and
provide various experiences of virtual reality(VR) users in an immersive virtual environment. The proposed method estimates
the motion of a virtual avatar through inverse kinematics based on real-time rigid-body tracking based on motion capture
using markers. Through this, it aims to design a highly immersive virtual environment with simple object manipulation in
the real world. Science experiment educational contents are produced to experiment and analyze applications related to
immersive virtual environments through virtual avatars. In addition, audiovisual education, full-body tracking, and the
proposed rigid-body tracking method were compared and analyzed through survey. In the proposed virtual environment,
participants wore VR HMDs and conducted a survey to confirm immersion and educational effects from virtual avatars
performing experimental educational actions from estimated motions. As a result, through the method of utilizing virtual
avatars based on rigid-body tracking, it was possible to induce higher immersion and educational effects than traditional
audiovisual education. In addition, it was confirmed that a sufficiently positive experience can be provided without much

work for full-body tracking.
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Process of the proposed immersive virtual

Figure 1.
environment construction: (a) Experimental environment in
motion capture studio, (b) Result of rigid-body tracking
through Motive software, (c) Real object to which the

marker is attached,
rigid-body tracking.
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Figure 2. Setup of development environment
Animation rigging for virtual avatar motion estimation.
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Figure 3. Example of virtual avatar motion estimation
results: (a) The process of controlling an object in the
real world, (b) Result of virtual avatar expressed in the
virtual world.
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Figure 4. Process of the proposed virtual avatar motion
estimation: (a) Initial motion, (b) Motion (arms, gaze) e
xecution by the rigid-body tracking events, (c) Process
of performing continuous motion by rigid-body tracking.
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Algorithm 1. The process of virtual avatar motion
estimation based on rigid-body tracking

1. procedure Virtual Avatar Motion implementation
2. n < number of markers in the real object.

3. p,,0, « Calculate position and direction from
markers.

4. obj « Virtual object corresponding to real
object.

5. p,0, < Set the position and direction of obj to
Py,

6 e, © Check whether an event occurs in obj.
7. if e,,; == true then

8 Designate obj as the target of virtual avatar.
9. e,, - Whether a VR user event occurs.

10. if e,

, == true then

11. p. « Location of the i-th VR user wher
e the event occurred.

12. Set p! as the virtual avatar's aiming.

13. else

14. Aiming front, left and right, and obj at ra
ndom time intervals.

15. end if

16. else

17. The virtual avatar is the default motion.

18. end if

19. end procedure
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Figure 5. Creation and experiment results of science experiment contents in the proposed immersive virtual environment:
(a) Volcanic experiment (sodium dichromate), (b) Neutralization reaction experiment.
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Figure 7. educational
environments for comparative experiment:  (a)
Audiovisual education, (b) Full-body tracking, (c)
Rigid-body tracking

Composition of three



Mean(SD) Immersion Education

Audiovisual 3.281(0.795) 3.938(0.908)
Rigid-body 5.500(0.354) 5.843(0.374)
Full-body 6.281(0.363) 6.125(0.354)

Pairwise Comparison

Immersion (A vs R) F(1,14)=45.532, p<0.001*

Education (A vs R) F(1,14)=26.390, p<0.001*

Immersion (R vs F) F(1,14)=16.634, p<0.05*

Education (R vs F) F(1,14)=2.0922, p=0.170

Table 1. Analysis results of the proposed virtual

avatar  application (A:  Audiovisual,
indicates statistical

tracking, F: Full-body tracking); *
significance.
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