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ABSTRACT

Recently immersive virtual reality (VR) becomes popular due to the advanced development of 1/
O interfaces and related SWs for effectively constructing VR environments. In particular, natu-
ral and intuitive manipulation of 3D virtual objects is still considered as one of the most import-
ant user interaction issues. This paper presents a comparative study on the manipulation and
interaction of 3D virtual objects using different interfaces and interactions in three VR environ-
ments. The comparative study includes both quantitative and qualitative aspects. Three different
experimental setups are 1) typical desktop-based VR using mouse and keyboard, 2) hand ges-
ture-supported desktop VR using a Leap Motion sensor, and 3) immersive VR by wearing an
HMD with hand gesture interaction using a Leap Motion sensor. In the desktop VR with hand
gestures, the Leap Motion sensor is put on the desk. On the other hand, in the immersive VR,
the sensor is mounted on the HMD so that the user can manipulate virtual objects in the front
of the HMD. For the quantitative analysis, a task completion time and success rate were mea-
sured. Experimental tasks require complex 3D transformation such as simultaneous 3D transla-
tion and 3D rotation. For the qualitative analysis, various factors relating to user experience
such as ease of use, natural interaction, and stressfulness were evaluated. The qualitative and
quantitative analyses show that the immersive VR with the natural hand gesture provides more
intuitive and natural interactions, supports fast and effective performance on task completion,
but causes stressful condition.

Key Words: Virtual reality, Interface and interaction, User experience, Hand gesture, Leap Motion
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Fig. 1 Multi-modal input and output interfaces for VR:

(a) Oculus Rift DK2!"%, (b) Gear VR, (c) Leap
Motion™, (d) MYO™
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Fig. 2 Experimental VR environment for the comparison
of various VR tasks: (a) overall VR environ-
ment™, (b) test environment for usability analysis
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Fig. 3 Task sequence
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Fig. 4 Randomly generated tori with different sizes and
hangers in different locations
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cube and the location of
a torus

3D Translation Touch the sphere to a YES
cube with the Create a torus

selected color

3D Translation &

3D Rotation Insert the torus to a YES
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Fig. 5 A diagram for manipulating virtual objects in each virtual environment
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Fig. 6 Detection range of Leap Motion controller”

Table 1 Specification of Oculus Rift DK2!"!

Screen Resolution 1920 x 1080
OLED Yes
Screen Size 5.77
Low Persistence Yes
Refresh Rate 75Hz
Orientation & Position Tracking Yes
Gyroscope, Accelerometer, Magnetometer Yes
Field Of View 100
3D Stereoscopic

Fig. 7 Stereoscopic view in Oculus Rift DK2
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Fig. 10 Open gesture and grab gesture
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Fig. 8 Keys layout for manipulating virtual objects

Fig. 9 Desktop-based virtual reality environment
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Fig. 11 Grab gesture for manipulating a sphere object
and a torus object

Fig. 12 Gesture-based interactions in a desktop-based
virtual reality environment
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Fig. 13 Gesture-based interactions wearing an HMD in
an immersive VR
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Table 2 Questionnaire for evaluating user experience
among three different virtual reality-based
interfaces and interactions

Questions for Evaluating User Experience

Ql Ease of Use
Q2 Easy to Learn
Q3 Stressful
Q4 Intuitive
Q5 Natural
Qo6 Enjoyable

AEZAHE A S TH(Table 2).
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Fig. 15 Quantitative results of task completion time and
success rate: (a) average task completion time
of three VRs and average completion time of
only success trials, (b) success rate of the
sphere and torus
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