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[Abstract]

In this paper, we propose an adaptive concurrency control scheme to reduce conflicts and working
time in the cooperative work in mixed reality. To this ends, we first classified the goals, tasks and
ownerships of the cooperative work. Then, the classified relationships are mapped according to their
temporal and hierarchical relationships of shared object manipulation in the cooperative work. The
proposed system provides adaptive concurrency controls of the shared object according to temporal
orders of the sub-goals. With the proposed scheme, a participant is enable to move and rotate a shared
object although another already has an ownership of the shared object in a specific order of the
sub-goal. Thus, the proposed system provides adaptive and realistic cooperative working environment.
We conducted a user study of the proposed scheme. The proposed system could reduce conflicts and

working times comparing to conventional approaches.
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I. Introduction
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II. Related Works

1. Interactions in Mixed Reality Environment
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Table 1. Possible Collaborative Tasks of a Shared Object

Task Definitions
Transition * Translation 3D position of the object
Rotation * Rotation of the object
Scaling * Change size of the object
Merge *Two or more shared objects are
9 combined into one shared object
. * One shared object is divided into two
Fission
or more shared objects
. . * Calculate specific conditions of a
Simulation ;
shared object
* Change visual properties of a shared
Appearance object
PP - Change a color of a shared object
- Change a texture of a shared object

2. Concurrency Control on Shared Object
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III. System

1. Goal-Task-Ownership relationship model

Internal

[ = e e
Intention Expectations| Evaluation

Action
Specification

Execution

i
i

Interpretation

Perception

Physical
Activity

Fig. 1. Donald Norman's 7 stage of action model
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A Install Air
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‘ ‘ Testing ‘
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Permission p
B Install Air
conditioner
Moving to Assembling -
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c Install Air
conditioner

Movmg_ to Assembling eetny
Location parts

Merging

o |

T
e [ e |
Permission

Fig. 3. Adaption of ownership and tasks according to
the sub—goals (A) Moving to Location sub—goal
(B) Assembling parts (C) Testing

2. Adaptive Concurrency Control Scheme in
Mixed Reality
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Fig. 5. Client in Mixed Reality (A) A user initializes with
MS Hololens and two Myos (B) The proposed system
tracks upper—body information and converts to the 3D
position (C) An example of grasping an air conditioner
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Fig. 6. Testing an air conditioner in different views of
participants
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Fig. 7. Overall process adaptive concurrency control
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Table 2. System Environment

Item Value
HoloLens 1 100 ~ 500 MIPS
PC (Server) | i7-8700 CPU (3.2 GHz, 63.0{)/ GTX1070
Muscle electrical signal detection
Myo sensor, 6-Axis Gyro sensor, Bluetooth

4.0, ARM Processor, Lithium-ion battery
MR Unity 2018.4(LTS) and UWP(Universal
Software Window Platform)

Network Local Area Network with 100 Mbps
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Table 3. Order of experiment

User Group Order of experiment
A E1->E2->E3
B E2->E3->E1
C E3->E1->E2
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Table 4. Goal-Task-Ownership Mapping
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collaborative works in mixed reality
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