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Abstract

This study proposes collaboration based multi-user interaction to provide improved presence and satisfying experience to multiple
HMD users in immersive virtual reality. The core of the proposed multi-user interaction is to present the direction in which
HMD users in virtual reality environment can interact through communication and collaboration with each other based on their
separate roles and behaviors. Each user in the virtual collaborative environment uses a hand to interact with a virtual environment
or virtual objects. Based on the basic structure, this study designs methods (synchronization and communication) that can be
achieved a common goal together through communication and collaboration. Then, this study creates a virtual reality application
of arcade genre that considers communication and collaboration in order to verify whether the proposed multi-user interaction
provides improved presence and satisfaction experience. And, the survey experiments are conducted for participants. Through
these processes, it is confirmed that the interaction in the proposed immersive virtual collaborative environments provide the

presence and experience that is satisfactory to all users.
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Figure 1: Results of the proposed application: (a) scene composi-
tion of our application, (b) scene of dart user, (c) scene of dartboard
user.
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SteamVR _TrackedObject trackedObj;
// 3D hand model that corresponds to controller

it

SteamVR_Controller.Device controller { get { return
SteamVR_Controller.Input((int)trackedObj.index); } }

// controller device information (HTC Vive)

controller.GetTouch (btn) or controller.GetPressDown (btn)
// controller button (key) input processing functions

SteamVR_Controller.ButtonMask.Touchpad
or SteamVR_Controller.ButtonMask.Trigger
// buttons that can be processed by the controller

Ex) controller.GetPressDown (Steam VR _Controller.Button
-Mask.Trigger)

/I example of an implementation of button input through the
input processing function

Steam VR _Controller.Input ((int)trackedObj.index).Trigger
-HapticPulse (1000);
// vibration setting of the controller

Table 1: Input processing sample codes using HTC Vive controller
in integrated development environment based on Unity 3D and
SteamVR plugin.
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Figure 2: Unity 3D engine integrated development environment
provided by SteamVR plug-in for controller to 3D hand model.

() (b)

Figure 3: Input processing through combination of controller and
virtual hand: (a) default motion, (b) grab motion.
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Status synchronization
1. hand animation status
2. mission score

3. scene status

4. mission count

Object synchronization

1. dart

2. dartboard

3. item board

4. hidden box (including a dart and a dartboard)

// set dart as child in dartboard

void CmdDart (GameObject dart,GameObject board) {
dart.transform.parent = board.transform;
dart.GetComponent<Rigidbody > ().useGravity = false;
dart.GetComponent<Collider> ().isTrigger = true;

}

// adjust the amount of rotation of the item board
void RpeTurnPower (int amount){
if (lisServer) {
GameObject.Find("item board”).GetComponent<csh
-Turn> ().SendMessage (“TurnPower”, amount);
}
}

[SyncVar] // hand grab status
public bool handGrabVar;
[SyncVar]| // score board status
Public int scoreBaord;

Table 2: Examples of code for synchronization objects/status and
synchronization process.
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Figure 5: Examples of the status of user who needs synchronization
and transformation of diverse objects.

Figure 6: Examples of direct interaction between users based on
synchronization.
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Figure 7: Interface design for user-to-user communication: (a) cor-
respondence between controller and interface menu, (b) user inter-
action for interest elements.
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Figure 9: Construction of the proposed experience environment for
collaborative virtual environments.
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Figure 10: Results of survey experiments analysis: (a) presence, (b)
enjoyment, (c) social interaction.
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