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Abstract

This study proposes an immersive interaction optimized for the user’s experience environment to provide an improved presence
for both HMD and Non-HMD users in the asymmetric virtual reality (VR) environment. The core of the proposed immersive
interaction is to distinguish the differences of the asymmetric environment between the HMD and Non-HMD users and present
the optimized interaction to the user. And, in order to increase the presence by providing improved immersion in the asymmetric
virtual reality environment given to each user, we design the walking interaction to improve the immersion of space for the
HMD users, a hand-based interface that improves immersion by fully understanding and managing the situation through direct
control. Finally, through the experiment using questionnaire, it is verified that the immersive interaction provides all users with
an enhanced presence and specialized experience in each environment experience. Through these processes, we confirmed that
the Non-HMD user can be immersed in an asymmetric virtual reality using by proposed interaction as participant rather than
assistant with HMD user.
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Figure 1: Walking simulator including forward and backward
movement selection functions.
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Algorithm 1 Walking interaction through Simulator.

1: procedure SLAVE MODULE FOR WALKING DETECTION

2: motion <— motion state of each leg.

3 ypr < yaw, pitch, roll axis vector.

4: detect change in gradient value of ypr.pitch and ypr.roll.

5 determining motion (0: pause, 1: change in eye view, 2:
walking-in-place) referenced by Lee et al. [13].

6 transmit motion to master board.

7: if current slave module is on right leg then

8 state <— motion direction change state.

9 accel <— gyro sensor’s acceleration vector.

10: detect gradient value of accel.y and accel.z.

11 determine state change (0: none, 1: forward(positive
gradient of accel.z), 2: backward(negative gradient of ac-
cel.z)).

12: transmit state to master board

13: end if

14: end procedure

15: procedure MASTER MODULE FOR WALKING ANALYSIS

16: dir < current forward, backward direction information (0:
forward, 1: backward).

17: motion < final walking state of user.

18: slave < 2D vector for motion values received from both
legs.

19: right <— motion change state received from right leg.

20: if slave.left == 1 or slave.right == 1 then

21: motion = rotation (not walking).

22: else if slave.left == 2 or slave.right == 2 then

23: motion = walking.

24: else if slave.left == 0 and slave.right == 0 then

25: motion = pause.

26 end if

27: if dir == 0 and right == 2 then

28: dir = 1 (change movement direction to backward).

29: else if dir == 1 and right == 2 then

30: dir = 0 (change movement direction to forward).

31: end if

32: end procedure
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Figure 2: Examples of the defined gestures for behavior control of
the proposed hand-based interface: (a) hold, (b) grab an object, (c)
point, (d) menu selection.
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Algorithm 2 Hand Interface based on Leap Motion.
1: procedure USER ACTION PROCESS USING HAND

2: hand < hand information captured through Leap Motion
using GetLeapHand().
3: palm < vector in direction of user’s left palm using

hand.PalmNormal. ToVector3().

4: @ control menu using palm of left hand.
5: if palm faces camera then
6: activate menu on hand.
7: finger < finger information based on hand.Fingerl[i].
8: 0: thumb, 1: index, 2: middle, 3: ring, 4: pinky.
9: if click menu using index finger then
10: @ select menu (ex. bomb-dropping, shield, time
control).
11: end if
12: else
13: deactivate menu.
14: end if
15: if gesture recognition (ex. grab, point, etc.) then
16: ® execute action corresponding to the selected menu.
17: end if

18: end procedure
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(a)

Figure 3: Results of the asymmetric virtual reality application created for the experiments (top: Non-HMD view, bottom: HMD view):

(a) an arcade game, (b) an interior house, (c) a virtual farm.

Figure 4: Construction of the proposed asymmetric virtual reality
experience environment.
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Figure 5: Survey results of immersive interaction between HMD
and Non-HMD users: (a) presence comparison, (b) interest experi-
ence, (c) social interaction experience.
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