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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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Permission
c Install Air
conditioner
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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

% =20 E38Al oA o]RojR|= Z= AF

- <% = 58
< Goal, Sub-Goal, Task =2 2E=5t, s Task
o] AA&st Ownership @2]7} Task 2 Sub-Goal®] %154
o b gsjoz wak A E 4 ot 35 AY B
HES Aokt
Rloket SREL chgo] T 49} Zo| M
AZtetete FeoldiEet 5 Ate Hshe Ay
o 2ofAlct, AHRAIS0| EFEA AN E5 A
L3P A4S AgAIS] 5
UDP 22E8 $ojcl Auie Beu 2E AUE 4
S5t S0 chA| Ampo] s 2 %
ZetoldETAS Gact

wo hu v

Remote Cooperative Server

D

S N
— 4/ UDP Manager r* Task Manager #—* Goal Manager
Translation @@@
Task Analyzer | Rotation Process sub-goals
| Scaling
Appearance /—' .
- Simulating Ownership Manager
= | Allow
Merging -
Fission Allow with permission

e— (53 e )

MR Environment

User A

User B

> Clients

Fig. 4. Proposed system scheme

Meo| A= Task AnalyzerS £sto] Zejo]AEo|A]
Xae UDP JHESS HHo}oq }\}_Q.K}—o] P

l"_n.
op~

>.

U
ox T’
o
i
%)
<o
JTL
O r

o
ol
ol
Ir
of T |
:‘O r.[

= —‘Tﬂéé J*EJOJ-OV\H
#2]st= Object Managers E3i
RIS A '3—‘15h1 o] 3 AN ~A7HAE
to] ofof] AFEAP} IS EfA TS Task Manager
SolA Zleletct. ojuf X &5 Aol Fosh= A
&A1Y 1 3 Olé 24571 Yst Sub-Goalsol Tt
X8y Al3F AWES Goal ManagerZ =34 motst,
Ownership Managerg =5t SR| ZlS¥str =
Sub-Goalof|A] i Ej2 30 tisl] E7H ARd Ao

ek
=
2
2
> mo ML
4>

o
N
)
2
o
>
=,

1]

r

¢]

r=
ol

wu 2 > Ho rr
rok
=
ok
Jo
N
l‘ _|ﬂ-|

O

Tjet olo] Qe BE Aiie] WA Kol AastL o)
o AT AR UBET olF AFRAIES s
Biagete %188 591 Sub-Goaldf] S AAd AR
i) meiq 48R} ohdiete B9 Aol it
TaskZ o1&5] Z7LHAllow), 438Al0] Sol2 Sa)A
A2 5~ QAW Allow with permission) 22 AZ&

2 YAtHLock).
2 =204 AQkst &
/\}%K}%% AAlEAT 1A

& AR SA1 Kﬂoi HOHH

E51 &
O =

22 YRS ARSI O



80 Journal of The Korea Society of Computer and Information

A AR ARAPE MS Z2/%
l Ofol CjHpolAS g AMgstl JaAgS ¥ &
A== A|AELS /dstirt. MS Hololens® 70%01]%
ARAIRRE SYEe AW AP 2 dE
“doIA 3% A HRE FA

Hololens& AM&3t AREAT B2]9] s|Agt HJHE F&0t

%Xlo]:

O 3, AMGAR: ERAN AN ol SotEAl 3Ai
T9 AA] Ut Cloet EjA TS S 438 4 9lon of
2 Asb] 93t THE AN 2 IMU AAE 2 of
0l | ABRICE AFEAL o] Dlole NS S AL
SHe A9, 9o Al ALAL] DlRjolRE| Qo)
2A121e 7t o] exllo] thestoel AA| Rt Zo| &
A4S & 2 9100, AAE £2 Solo] T8 AE A
L ST Sl 8ol 2y ARt S

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

= O o] AFRAIEO] T
7R ChsiA] AfdS TET Sof] ARUAPE obd F¢
ol & 35 24| Goale] AJefo] whatd EjlATER
thgo] 1l 7uf Zho] A 71R|2] SAIA AojE S3¥siETT

Aol AshE g 3
RS 5383 ol

Touched
the shared
object?

Request a task
on the shared

Recognize
Upperbody

Request
ownership ona
shared object

Ask allow form
the owner

Possible?

Request a task
on the shared
object

Release the
ownership

uest
ied

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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Fig. 8. Results of average conflicts during
collaborative works in mixed reality
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