1 as = a o as v o
ﬂﬁ'ﬁ%ﬂui’.)llﬂ‘uﬁ")ﬂﬂ’ﬂﬂﬂi\uﬁill’cﬂ‘ﬂi‘lJiZ'lJ‘lJﬂﬂﬁ)'Uillﬂﬁﬂ’JUﬂN‘}quuﬂ

191790 5I5UNY T

a ) /2 o 1 & 2 [Y
InninustiuauniavesmsAnyInIMangas
= @ oA a = [} (4 o Qs
Yganimnssumansumtiudia #1v13393nemsyusuduasse oo Tuda
@ a 1 [
aaMUIMOMIYUTUANIATUIN
o o -~ v -
Y Inedema 1y lagnszeeumna syl

Umsdny 2561



° 1 [ = = o [ v J
ATINNIUIT mnu@’f’mmmﬂmamamimzuu‘ﬂﬂﬂmumimuqnnuauﬂ

#1780 555uNUTU 9.1, (ADUNAADT)

a = s o 1 = = o
Metinus il uguniveIns AN IMINNMAngAs
Wagnrimnssumansumidudsa a191351IMemsyusuataz sz oo lula
aoiuAneImMsyusuAmaTUIY
a @ G ¥ A
W Mduma Ty lagnsasunasuys

= =
1n1sane 2561

AULNITUNMIADUINGITNUT

..................... C§7 )?/) U35 unssuMIINeTinug

(93.9507 iggianad)

S a =) o
...................................................... ﬂssuﬂ15uazmmsamﬁﬂmmmuwuﬁ

2. A5.q07W RIQYIAB)
7»7/7.%/ oaf;/c/{f
)

......................................................... N35UMS
(ﬂ/qm?ﬂ ey mdoq

ITUMI

r'd
WA a3.yadna TnBensal)

= = Qd = o =
avansvesumInsduma luTagwszaoumndrsuys



o ~ ~ [ U [ a = o [ L {
m%’mnmuwuﬁ N3 "ﬂ'l\ﬂu'i'J'llﬂﬂﬁ')ﬂﬂ’ﬂll%'iQLﬁSHﬂ1ﬂ5U5%UUNﬂBU§N

MIAILRUHUBUR
MUBNA 12
Aideu Weran 555uiny
WISty 561 A5. 001 WL
NaNgn3 NI INANAATUNITUNA
A IMsiusuanazsyULsH TuA
ame aoniuInnMsusuAMATUIL
Umsdnw 2561
w 1
unfaaee

14
udTeihinauemseenuUBLaENAINISTULMSHIUS WA ud AU A udmy
1 4 1 A o 3 U ~
szuuineusUMIAIDAUYUBUA s3rINHneDIu TN sTVURRAI IV T IS Y
{ o ' ¢ 1Yo ¥
Al¥msAneusufivhmsdnasaiuguyuoudundSunislineusy szuugneenuuyliglda
Y A2 v A y ¥ o v A A °
wawaum s aEndn adeuaiion landounu Tasanmuadenaiieulimitiasania
=Y ['4 a ] o1
Nand aeluammadouailiou §1Hn1sANOUIVAINISOEITANISAIVANYUOUARIY
A Yo [ o o v awv w o ] o
Telaunsy luvazRgsumsAneusuammnsadunamsaanaluazUdunusnuyuoua
A 1 Y I oA w ¥ a o LY an a o
wiouruTalannsyldisuResdu sxmiviimsnadevszuusudlyaui limelidszaumsal
¥ o ' o ' 4 ' Y s v
Aunsidou TsunsunIuguusuANNoURMIA 12 A4 s3NIIMINaaes laimsinudoya
< ¥ oA v o ' @ 4 a & Vv <
mearvfnssulumsldnumazmshiausuaulussuuinaiy #anmsnacewaaslvimy
' w ° ) Yy o Y a wy ¥ ¥
Nglaunsugniandumiaddeandesnuanmuiadousseldesngnde §laaumaeau
o & o [ 1 a1 [y [} aw w oo -~
annsaadngamasdmivaruguyueuds i lamumsdgduiusou e Tounsy o doruin
2 @ 42 ' s ° o ' s ' o & o
FUVUNAWDIYUBUA MITIADINTNNUVDIUBUAT NI OAIFAMAUNDAIVANNIT VY
' /o & vy 0 4 o X vy Y 3 4
YBIUBUATS aeandostumsaodluszuninanniu’ls dldouldszeznanate
P a a ' o 4 Y LY - A a a
21 w1#1 52 Tnd lumsinmsaruguyuoud ndudldauldszeznaunde 26 win 1 iy
$ o A o d o o o o ] (.Y A
nmsmIvguyreuAieiaua i Tindimualadiss mshauswiuansoaassosnai

1 unsarugujuoudiiel fiianisne 14

o o o ° v o = =
MAINY: NIV ﬂ]ﬁﬂﬂﬁ)ﬂ‘iﬂ‘kjuﬂuﬂ/ ANITAUNTN/ Iﬂifmﬂill



Thesis Title Collaborative Work with Augmented Reality for Robot Training System
Thesis Credits 12
Author Mr. Chaowwalit Thammatinno
Thesis Advisor Assoc. Prof. Dr. Siam Charoenseang
Program Master of Engineering
Field of Study Robotics and Automation
Faculty Institute of Field Robotics
Academic Year 2018
Abstract

This research presents the design and development of augmented reality for multi-user virtual robot
training system. During On-the-Job Training, this proposed system assists the trainer to train
the trainee for operating the virtual robot arm at the robot station. It is designed for multiple users to
access the same augmented environment including the physics-based simulation at the same time.
In the augmented environment, the trainer can demonstrate the operation of the robot through
the hologram while the. trainee can visualize and operate the virtual robot by interaction with
the hologram. The 12 users who never operated a robot were invited to test the proposed system.
The activity and the collaboration in the augmented environment were collected by the system.
The result showed that the same augmented environment was interacted by the trainer and the trainee
successfully. The hologram was accurately mapped to the real environment. The system can send
a set of commands to control the real robot as similar to the virtual robot. The users took average of
21 minutes 52 seconds to learn to operate the robot. Then, the users took average of 26 minutes
1 seconds to operate the robot to accomplish the task. The collaborative work can reduce the robot

operation time to accomplish the task.

Keywords: Augmented Reality/ Hologram / Robot Training/ Simulation
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I can use it without written instructions. 3.75
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I can use it successfully every time. 3.75
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I am satisfied with it. 4.17
I would recommend it to a friend. 4.17
It is fun to use. 442
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Development of Holographic Environment 469

During interaction with the augmented environment, all holograms were managed
by the system core. So, the users had to sent the information consisted of user’s
position, gaze direction and gesture to the system core. Then, the processed holograms’
information was broadcasted by the system core to all users. Finally, all users were able
to visualize the same holograms at a the same time. In the system core, the users’
information was utilized by the system manager to synchronize the interactions
between users and holograms as shown in Fig. 1.

3 Holograms

In the proposed system, the holograms were the computer graphic display as the 3D
object that responded to the gesture and real-world surface [20]. Moreover, it had the
potential to mimic the behavior of real object including the industrial robot in the
augmented environment.

3.1 Interaction

In the augmented environment, the holograms were interacted by Gaze, Air Tap, and
Tap and Hold gestures. The holograms responded to Air Tap as clicking or selecting
like a mouse click, Tap and Hold as selecting and dragging like a mouse click and drag.
Both gestures were activated after targeting hologram with Gaze gesture.

3.2 Virtual Robot

The virtual robot was used to display the hologram and mimic behavior of the
Universal Robot 5 including joint configuration, movement, size, and shape [21].
Multiple users could interact with each part of the virtual robot at the same time with
gesture recognition. The virtual robot was constructed from many parts; base, shoulder,
elbow, wrist 1, wrise 2, and wrise 3. Each part of a virtual robot was filled with
different colors and labeled to help the users to identify each part easily. Moreover,
each part was connected together by the configurable joint component and it allowed
only one joint to be moved at a time. Each part of the virtual robot was also attached by
the rigidbody component for physics simulation [22, 23]. Hence, the virtual robot
performed similarly to the real robot as shown in Fig. 2.

3.3 Script Generator

The script generator consisted of two parts, which were a base and a gate. A base was a
small gray cylinder with radius of 0.15 m to be snapped with a generated script cube.
A gate was a blue ring spinning around itself over a base about 0.5 m. The main role of
a script generator was to spawn a script cube when the user finished the manipulation of
the virtual robot. During the spawning, a gate played an animation by moving itself
down to a base and moving back to the previous position. Finally, a script cube was
generate by a script generator then pushed to a base as shown in Fig. 3.
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Table 3. Result of the ease of use questionnaire (—3 = Strongly disagree, 3 = Strongly agree)

Avg. score
It is easy to use 1.63
It is simple to use 2.25
It is user friendly 2.00
It requires the fewest steps possible to accomplish what 1 want to do with it| 1.63
It is flexible 1.63
Using it is effortless - ) . |1es
I can use it without written instructons 1125
I don’t notice any inconsistencies as Tuseit 125
‘Both occasional and regular users would likeit 213
1 can recover from mistakes quickly and easily 1.75
I can use it successfully every time 1.50

Table 4. Result of the ease of learning (—3 = Strongly disagree, 3 = Strongly agree)

Avg. score

I learned to use it quickly 1.75
I easily remember how to use it | 2.38
It is easy to learn to use it 2.63
I quickly became skillful with it | 2.25

Table 5. Result of the satisfacation (-3 = Strongly disagree, 3 = Strongly agree)

Avg. score
I am satisfied with it 1.75
I would recommend it to a friend |2.13
It is fun to use 2.25
It works the way I want it to work | 1.75
Itis wonderful ALZ.}}? -
I feel I need to have it 1.75
It is pleasant to use 1.88

6 Conclusions and Future Work

This research proposed the utilization of augmented reality for robot training system.
Several holograms were implemented to help multiple users to do On-the-Job Training
related to virtual robot operation. Microsoft HoloLens was used to display the inter-
active holograms which mimiced the behaviors of the real objects, especially the URS
robot. The system core, which covered chain of script cube, script generator, script
header, recycle bin, general-purpose switch, coordinate synchronization, was devel-
oped at the Human-Computer Interface (HCI) Lab, Institute of Fleld roBOtics, King
Mongkut’s University of Technology Thonburi. The system performance and usability
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were tested. The result of the experiments showed that the frame rate was decreased
from 60 to 30 fps after spawning because several script cubes began the connections
among them. So, 30 script cubes still maintained the frame rate higher than the
expected minimum frame rate. The error from Tap and Hold gesture was about 22.22%
which was acceptable for the operation of the proposed system. Most of users joining
the experiments had no experience with HoloLens and robot operation. The result of
the virtual robot operation showed that the users strongly agreed that the proposed
system was user friendly, easy to learn to use, and fun to use because its holograms
provided the natural interaction for the users. In addition, the users slightly agreed that
the proposed system was used without written instructions, learned to be used quickly,
and users were satisfied with the system because most of users had no experience with
holograms and robot operation and they suggested that some parts of user interface
needed to be improved.

In the future work, some parts of user interface need improvement according to
feedback from the users. In addition, the URScript could be integrated into the pro-
posed system to control the real robot via socket connection and augmented reality.
Hence, the real robot can operate accordingly to the virtual robot operation. Further-
more, the spatial mapping needs to be investigated to improve the coordinate syn-
chronization of the proposed system.
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