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Real-time Environmental Virtualization Method for Telemanipulation of
Dynamic Objects Using VR Interface
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With the evolution of robotic technology, the expansion of operations into challenging environments underscores the growing need
for effective teleoperation systems. In such an environment, robots or machines can improve the efficiency and safety of tasks by
delivering more detailed and accurate information to workers through virtual reality (VR). Current teleoperation systems have
limitations in providing a comprehensive understanding of the work environment. Accordingly, this study proposes a technology that
utilizes VR to provide a high level of telepresence to workers and enable intuitive control. To achieve this, we introduce a pre-
generated computer-assisted design model for static objects beyond the viewing area of RGB-D cameras and a method fo update
the point cloud of the target objects, which are dynamic objects, in real-time. By incorporating this information, we created a 3D
visual map and delivered it to the operator in real-time through HMD, enabling the operator to clearly recognize the robot's current
location and surroundings. In addition, we introduced hand motion recognition through HMD viewpoints and VR controllers, allowing
the operator to intuitively control the robot. These techniques can improve the efficiency and safety of remote work.

Manuscript received: March 11, 2024 / Revised: April 4, 2024 / Accepted: April 9, 2024
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Fig. 2 Concatenate point clouds (a) Right camera’s point cloud, (b)
Left camera’s point cloud, and (c¢) Concatenated point cloud
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Table 1 Cosine similarity between operator’s hand trajectory and

Fig. 7 Attached makers on operator’s hand and manipulator EEF
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Fig. 8 Trajectory of operator’s hand and manipulator EEF
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), Wrist control (22X|04)

This paper introduces a novel approach for prosthetic wrist control, addressing limitations of traditional electromyography-based
methods. While previous research has primarily focused on hand and gripper development, our study emphasizes the
importance of wrist mobility for enhancing dexterity and manipulation skills. Leveraging a combination of visual data and inertial
sensors, we proposed a system capable of estimating object orientation in real-time, enabling automatic and natural control of
a prosthetic wrist. Our deep learning-based model can accurately interpret object posture from the user's perspective,
facilitating seamless wrist movement based on object inclination. In addition, Gaussian filtering was employed to mitigate noise
in image-based posture estimation while preserving essential trends. Through this approach, users can achieve natural
positioning without needing additional muscle movements, thus significantly improving prosthetic usability and user experience.
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Fig. 7 Noise reduction by the gaussian filter

Fig. 8 Demonstration of the wrist control of the prosthetic hand
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Vehicle-motion-based Front Wheel Steer Angle Estimation for Steer-by-
Wire System Fault Tolerance
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KEYWORDS: Steer-by-wire system (Z17|AMSA] ZSF A|AHR), Failure tolerance (1%} &), Front wheel steer angle (K& Z=3F2}),
Differential braking (X{|=), Rear wheel steer (£& X&F)

The Steer-by-Wire (SbW) system is a system that eliminates the physical connection structure of the steering system.
Instead, it steers the tires through electrical communication that transmits the driver's intention to the motor. However, the
SbW system poses a significant risk in the event of a system failure. This highlights the need for effective failure backup
strategies.In our study, we propose a new estimation technique. This technique accurately predicts the magnitude of the
front wheel steering angle, which is determined by the vehicle motion. This prediction is particularly useful when rear wheel
steering and differential braking are applied to facilitate vehicle steering in the event of a fatal SbW system failure. The
estimation model is derived based on the single track model. To construct the prediction model using only measurable
states, we replaced the side slip angle with the lateral acceleration signal. Additionally, we incorporated compensation for
changes in cornering stiffness due to differential braking. This enhances the accuracy of the model. We validated the
proposed steer angle estimation model in a virtual environment using CarSim SW and MATLAB/Simulink.

Manuscript received: February 16, 2024 / Revised: March 5, 2024 / Accepted: March 6, 2024

NOMENCLATURE Ly = Length of Vehicle from Front Axle to C.G
Length of Vehicle from Rear Axle to C.G

-
I

& = Front Wheel Steer Angle

5 = Rear Wheel Steer Angle I, = Vehicle Vertical Inertia

V, = Longitudinal Velocity m = Vehicle Mass

a, = Lateral Acceleration M, = Vehicle Vertical Moment of Difference Braking
Y = Yaw Rate i = Road Friction Coefficient

B = Vehicle Side Slip Angle ¢ = Road Bank Angle

C; = Front Tire Cornering Stiffness Fy = Tire Longitudinal Force

C. = Rear Tire Cornering Stiffness F, = Tire Vertical Force

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Optimal Eco Driving Control for Electric Vehicle based on
Reinforcement Learning
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KEYWORDS: Electric vehicle (F17| XF=X}), Reinforcement learning (Zststs), Eco-driving (0 2 =2}0(2), Optimal control (X% H|04)

Environmental issues have become a global concem recently. Countries worldwide are making efforts for carbon neutrality.
In the automotive industry, focus has shifted from internal combustion engine vehicle to eco-friendly vehicles such as
Electric Vehicles (EVs), Hybrid Electric Vehicles (HEVs), and Fuel Cell Electric Vehicles (FCEVs). For driving strategy,
research on vehicle driving method that can reduce vehicle energy consumption, called eco-driving, has been actively
conducted recently. Conventional cruise mode driving control is not considered an optimal driving strategy for various
driving environments. To maximize energy efficiency, this paper conducted research on eco-driving strategy for EVs-based
on reinforcement learning. A longitudinal dynamics-based electric vehicle simulator was constructed using MATLAB Simulink
with a road slope. Reinforcement learning algorithms, specifically Deep Deterministic Policy Gradient (DDPG) and Deep Q-
Network (DQN), were applied to minimize energy consumption of EVs with a road slope. The simulator was trained to
maximize rewards and derive an optimal speed profile. In this study, we compared learning results of DDPG and DQN
algorithms and confirmed tendencies by parameters in each algorithm. The simulation showed that energy efficiency of EVs
was improved compared fto that of cruise mode driving.

Manuscript received: February 18, 2024 / Accepted: April 4, 2024

= Longitudinal Vehicle Speed [m/s]
= Longitudinal Vehicle Acceleration [m/s*]
= Battery Current [4]

NOMENCLATURE 1) = Motor Speed [rad/s]
Wheel Torque [N-m ]
Tire Radius [m]

Fy = Brake Force [N]

=~ N
S
[

= Battery Capacity [4/] Fipud = Road Load Force [N]
= Open Circuit Voltage [V] fo» fi- /» = Road Load Coefficient [N, N-s/m, N-s*/m]
= Battery Internal Resistance [Q] M = Vehicle Mass [kg]
= Battery Power [I¥] g = Gravity Acceleration [m/s? ]
= Motor Efficiency 0 = Road Slope [deg]
J = Cost

= Motor Torque [N-m ]

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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= Instantaneous Cost

= Reference Vehicle Speed

<
3
g
|
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= Behavior Network of Critic
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= Target Network of Critic

> ™

= Target Network of Actor
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Fig. 1 EV simulator with battery, motor, final drive, vehicle and driver model for eco-driving
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Fig. 3 Motor efficiency map by motor rpm and motor torque
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Table 1 Vehicle specification

Component Value
Vehicle mass 1,644.3 [kg]
Max 295 [N-m ],
Motor Max 11,000 [RPM],

Max 100 [kW]

Final drive Efficiency: 96%, Gear Ratio: 7.4
Battery Li-ion, Capacity: 118 [Ah]
Road load fo : 53.90
coefficient fi:0.21
f,:0.02
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Table 2 DQN algorithm parameter with respect to number of action

Parameter Value
Learn rate 10
Weighting coefficient, o 0.01
Number of minibatch size 64
Number of action 500, 1000, 1500
Number of episode 1000
Number of action SOC [%] Cruise speed [km/h]
500 -0.55 60.1
1000 -0.47 59.7
1500 -0.38 (53185

(a) Cruise speed and improved SOC of DQN algorithm

Altitude [m]
Current Speed [km/h]

Time [sec]

(b) Speed profile for 500 Actions

Fig. 7 DQN algorithm parameter with respect to number of action

Table 3 DQN algorithm parameter with respect to learn rate

Parameter Value
Learn rate 102~10°
Weighting coefficient, o 0.01
Number of minibatch size 64
Number of action 500
Number of episode 1000
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(a) Cruise speed and improved SOC of DQN algorithm
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Fig. 8 DQN algorithm parameter with respect to learn rate

Table 4 DQN algorithm parameter with respect to weighting
coefficient ¥

Parameter Value
Learn rate 10
Weighting coefficient, o 0.01
Coefficient of y, ¢ 1, 10, 50, 100, 1000
Number of minibatch size 64
Number of action 500
Number of episode 1000

X3,
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Coefficient, ¢ SOC [%] | Cruise speed [km/h]
1 -44.7 61.1
10 -0.47 59.7
50 -0.25 59.7
100 1.23 54.4
1000 3.17 52.7

(a) Cruise speed and improved SOC of DQN algorithm
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(c) Speed profile at ¢ = 100

Fig. 9 DQN algorithm parameter with respect to weighting
coefficient y

Table 5 DDPG algorithm parameter with respect to critic learn rate

Parameter Value
Critic learn rate 10%~10¢
Actor learn rate 10"
Weighting coefficient, o 0.01
Number of minibatch Size 64
Number of episode 1000
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Fig. 10 DDPG algorithm parameter with respect to critic learn rate

Table 6 DDPG algorithm parameter with respect to actor learn rate

Parameter Value
Critic learn rate 10*
Actor learn rate 10%~10°
Weighting coefficient, o 0.01
Number of minibatch size 64
Number of episode 1000
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Actor learn rate | SOC [%] | Cruise speed [km/h] Coefficient,a SOC [%] | Cruise speed [km/h]
10-3 -0.41 60.8 0.01 +0.03 60.1
104 +0.03 60 1 0.02 +0.62 59.5

0.03 +1.22 59.4
1075 -0.19 60.6
- 0.04 +0.08 60.5
10 +1.12 64.8 0.05 -0.31 59.5
(a) Cruise speed and improved SOC of DDPG algorithm 0.06 +0.69 60.4
‘ 0.07 +0.13 59.1
oo 0.08 -0.30 60.2
0.09 -0.17 60.6
0.1 +0.38 60.1

Altitude [m]

(a) Cruise speed and improved SOC of DDPG algorithm

Current Speed [km/h]

[—Altitude
[=—Current Speed
= Cruise Speed

Time [séc]

(b) Speed profile at actor learn rate 10+
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(b) Speed profile at o = 0.02
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Timeﬂ[sec] %
(c) Speed profile at actor learn rate 10~ = X,
—_— °©
" [0}
Fig. 11 DDPG algorithm parameter with respect to actor learn rate é %
s
Table 7 DDPG algorithm parameter with respect to weighting 5
coefficient a
Parameter Value ‘ ‘ Time"[sec]
Critic learn rate 10" () Speed profile at .= 0.06
-4 . . . C .
Actor learn rate 10 Fig. 12 DDPG algorithm parameter with respect to weighting
Weighting coefficient, o 0.01-0.1 coefficient o
Number of minibatch size 64
Number of episode 1000 DDPG &1 8|&2 A&3t EV AlEdo|E 9] A3+= DON &

e EI HEHE o, ANHOR Pl sk ATkE BYl
o}. 3, DDPG a2 zo] 1449l oMl T3 EA0 9l8) 5
4 09) wiglo] W2 TS vmshs ATE AU A & AN K AJaw

E4o] 2 wadEelctn & 4 it

A ool wE A} uli ol ALSE TehulEE Table 7 1ol DDPG UielEe B8ste] ofix BE 271 ¢

3} . 22 yhEshs EVe] 45 xenee 253 4 glolth
1A A ol W2 ARE Fig. 122} 2on, o] ZuE

B3 chopet Aol oA o X Ego] HAE LS Sl

AL Qs E2E S o, BV elEdelo] A glo] & 5. BE

U7} IR, A7} SFoAR 25

shele wge B A7 X m&o] F7kd 4 ok =52 Eeo-driving Ao} Wl % RLS H85te] EVe] o

Figs. 1200, 126014 27 5018 o) SEn gaslm, 25 UK ARS AN Bor] Beeks meiel Ao

7} ol W) SEE F7ISHE AFS BT 4 glov £ A 2 489 5 98 BIgh B3k, DON Y312|E} DDPG

oA BE ofx Ego] ANHNSS Fig 12@eld B dueFo] mE Anet 2 dueFe setueld] 2 3

Qlak 4 9k, 32 BHoIgt 4 9lolch. DON Yatelzol ofgt uke 252



May 2024 /363

= o] ofuix] smgo] etshEeliy), olol T ol
7+S ol¥slss DON etielze] 4o oft Zlo]
olAkslah Thgell A A4S A A

AL

B o
O
AT -
_?t_f

Ao o > ol 4
o o o 12 o2t
i)
>
[>
T
ot m‘o

of
L

o
Nl

[e3
N rE

TOE
L)
d
i

o%
>,
f
o
24_:
e
o
i
*x
of
ofl
mO
Kl
o
N

RO

o= o fo my 2 3@
N rﬁ
i e il

O

o},
TFoMe =29 Fu AJETEO R Eco-driving A|o] 7]
ZRIAS EESIRAN, 5 Ao = AR A=k
,AE AA T5 afste] EV AlEEolE =Y
< ¥¢slal, DQN, DDPG &2]Z o]9]e] DP, MBRL S}
e due|EE A8sto] A Hlal A-E Hegstar g

H e

Loy e

o

o

ACKNOWLEDGEMENT

o] L 204 E FRAABHAARI A0 T
A7 F 80 A4S wol £ AT (P0017120, 2024
W AT AL A AR,

REFERENCES

1. Dib, W,, Chasse, A., Moulin, P., Sciarretta, A., Corde, G, (2014),
Optimal energy management for an electric vehicle in eco-
driving applications, Control Engineering Practice, 29, 299-307.

2. Lee, H. Y, Kim, N. W,, Cha, S. W.,, (2020), Model-based
reinforcement learning for eco-driving control of electric
vehicles, Journal of the Institute of Electrical and Electronics
Engineers Access, 8, 202886-202896.

3. Xu, N,, Li, X,, Liu, Q., Zhao, D., (2021), An overview of eco-
driving theory, capability evaluation, and training applications,
Sensors, 21(19), 6547.

4. Mensing, F., Bideaux, E., Trigui, R., Tattegrain, H., (2013),
Trajectory optimization for eco-driving taking into account traffic
constraints, Transportation Research Part D, 18(1), 55-61.

5. Mahler, G, Vahidi, A., (2014), An optimal velocity-planning
scheme for vehicle energy efficiency through probabilistic
prediction of traffic-signal timing, Journal of the Institute of
Electrical and Electronics Engineers Transactions on Intelligent
Transportation System, 15(6), 2516-2523

6. Ozatay, E., Onori, S., Wollaeger, J., Ozguner, U., Rizzoni, G,

10.

11.

12.

13.

14.

15.

16.

17.

Filev, D., Michelini, J., Cairano, S. D., (2014), Cloud-based
velocity profile optimization for everyday driving: A dynamic-
programming-based solution, Journal of the Institute of Electrical
and Electronics Engineers Transactions on Intelligent Transportation
Systems, 15(6), 2491-2505.

Han, J. H., Sciarretta, A., Ojeda, L. L., Nunzio, G. D., Thibault,
L., (2018), Safe-and eco-driving control for connected and
automated electric vehicles using analytical state-constrained
optimal Solution, Journal of the Institute of Electrical and
Electronics Engineers Transactions on Intelligent Vehicles, 3(2),
163-172.

Santin, O., Beran, J., Pekar, J.,, Michelini, J., Jing, J,
Szwabowski, S., Filev, D., (2017), Adaptive nonlinear model
predictive cruise controller: Trailer tow use case, (Report No.
2017-01-0090), SAE Technical Paper, (https://www.sae.org/
publications/technical-papers/content/2017-01-0090/)

Santin, O., Pekar, J.,, Beran, J., D’amato, A., Ozatay, E.,
Michelini, J., Szwabowski, S., Filev, D., (2016), Cruise controller
with fuel optimization based on adaptive nonlinear predictive
control, SAE International Journal of Passenger Cars-Electronic
and Electrical Systems, 9(2), 262-274.

Abbas, H., Kim, Y., Siegel, J. B., Rizzo, D. M., (2019),
Synthesis of pontryagin's maximum principle analysis for speed
profile optimization of all-electric vehicles, Journal of Dynamic
Systems, Measurement, and Control, 141(7), 071004.

Lewis, F. L., Vrabie, D., (2009), Reinforcement learning and
adaptive dynamic programming for feedback control, Journal of
the Institute of Electrical and Electronics Engineers Circuits and
Systems Magazine, 9(3), 32-50.

Lee, H., Kim, K., Kim, N., Cha, S. W,, (2022), Energy efficient
speed planning of electric vehicles for car-following scenario
using model-based reinforcement learning, Applied Energy, 313,
118460.

Ma, X., Xie, Y., Chigan, C., (2019), Meta-deep g-learning for
eco-routing, Proceedings of the 2019 Institute of Electrical and
Electronics Engineers 2nd Connected and Automated Vehicles
Symposium(CAVS), 1-5.

Shi, J., Qiao, F, Li, Q., Yu, L., Hu, Y., (2018), Application and
evaluation of the reinforcement learning approach to eco-driving
at intersections under infrastructure-to-vehicle communications,
Transportation Research Record: Journal of the Transportation
Research Board, 2672(25), 89-98.

Guo, Q., Angah, O., Liu, Z., Ban, X. (J.), (2021), Hybrid deep
reinforcement learning based eco-driving for low-level connected
and automated vehicles along signalized corridors, Journal of the
Transportation Research Part C: Emerging Technologies, 124,
102980.

Mnih, V., Kavukcuoglu, K., Silver, D., Graves, A., Antonoglou,
L., Wierstra, D., Riedmiller, M., (2013), Playing Atari with Deep
Reinforcement Learning, arXiv preprint arXiv:1312.5602.

Mnih, V., Kavukcuoglu, K., Silver, D., Rusu, A. A., Bellemar,



364 / May 2024

M. G, Graves, A., Riedmiller, M., Fidjeland, A. K., Ostrovski,
G, Peterson, S., Beattie, C., Sadik, A., Antonoglou, L., King, H.,
Kumaran, D., Wierstra, D., Legg, S., Hassabis, D., (2015),
Human-level control through deep reinforcement learning,
Nature, 518, 529-533.

Hyun Joong Kim

received B.S. degree in Mechanical Engi-
neering from Dankook University, Korea,
in 2023. He is currently in graduate school,
pursuing M.S. degree in Mechanical Engi-
neering at Dankook University, Korea. His
research interests include Reinforcement
Learning, Modeling and Simulation of
Intelligent Vehicle.

E-mail: hyunjoong6788@gmail.com

Dong Min Kim

received B.S. degree in Mechanical Engi-
neering from Dankook University, Korea, in
2024. He is currently in graduate school,
pursuing M.S. degree in Mechanical Engi-
neering at Dankook University, Korea. His
research interests include Autonomous
Driving, Modeling and Simulation of Intelli-
gent Vehicle.

E-mail: mechdmkim42@gmail.com

Su Hyeon Kim

is currently B. S. student in Mechanical
Engineering, Dankook University. His
research interests include Reinforcement
Learning and Optimal Control for Vehicle
Energy Management.

E-mail: suhun419@gmail.com

Heeyun Lee

received his B.S. degree in Mechanical Engi-
neering from Sungkyunkwan University,
Korea, in 2013, and the Ph.D. degree in
Mechanical Engineering from Seoul National
University, Korea, in 2018. Currently, he is an
assistant professor in the Department of
Mechanical Engineering, Dankook Univer-
sity. His research interests include optimal
control, Reinforcement Learning, Modeling,
and Simulation of Electrified Vehicles.
E-mail: heeyunlee@dankook.ac.kr



St=EUISE[X| Xl 41 # X 5= pp. 365-373

May 2024 / 365

J. Korean Soc. Precis. Eng., Vol. 41, No. 5, pp. 365-373

EXI
'=§|'

= 3H =
= W&l F

>

OIEEX U pUig|E
§

=
*lﬁ 1= Qs AHISX

http://doi.org/10.7736/JKSPE.024.021
ISSN 1225-9071 (Print) / 2287-8769 (Online)

7|&(Smart Robot and Mobility Technology)

Tt B A=

Hierarchical Path Planning Method for Automated Valet Parking Systems

o|Ztd’, of7|H"*
Chanyoung Lee' and Kibeom Lee'#
1 71cstn 7| A|IS skt (Department of Mechanical Engineering, Gachon University)

# Corresponding Author / E-mail: kibeom.lee@gachon.ac.kr, TEL: +82-31-750-2639
ORCID: 0000-0002-9745-7116
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Cubic polynomial (3xt CFafAl), Bidirectional A* (k2tsk 0f|0| AE}

Automated valet parking systems have been researched because they provide a good service condition for
autonomous vehicles, with their limited space and unmanned environment. Previous parking algorithms focused on
planning a path to a parking space based on geometry. However, this approach only works when the parking
space is simple. To make automated parking algorithms useful in different environments, it is crucial to drive a path
from the entrance to the target space and plan a safe parking path, taking into account the surrounding vehicles in
the parking lot. This study organizes the structure of the automated valet parking system into two phases. The first
phase involves driving from the origin to the destination. The second phase focuses on planning a path for parking
the vehicle in the parking lot. It considers the position, orientation, and parking space to plan a path that aligns
correctly. Simulation results demonstrate that the proposed algorithm can plan paths in various parking
environments and park vehicles in narrow parking spaces. It is expected that this proposed automated valet
parking algorithm can be further improved to contribute to the early commercialization of automated driving

technology.
Manuscript received: February 18, 2024 / Accepted: March 25, 2024
1. ME
NOMENCLATURE
Q diyl =% A H=) 7;] ) S I 270 | =3y
X = Horizontal Axis Position of Vehicle from Global System AR Bl AR AR o) e AR SRkl A SAo) '
SHA] ok8 slAo|gl= AojA] X 2pEFo] 2L Mu|A X
Y = Vertical Axis Position of Vehicle from Global System M & golehs WM AT A F il
_ o _ _ Aow Ras] g A7k olHAT JeH13). /129 B
x = Horizontal Axis Position of Vehicle from Vehicle System Z3) obmalZo] Ao ukEl 7= waslx]| o, 23} TP
y = Vertical Axis Position of Vehicle from Vehicle System 7k A S X X9 Wkt ow 23l okt Az
6 = Yaw Angle of Vehicle £ AAske Aol 2ol A SUrH4.5]. Qiu[4] &2 B
S = Spline Set FAF g oA T8 W A eapet W e xS Eole
= Z]s)3) o Z il N == =1z
.~ Cubic Coefficient aTs dmes, A A9 741 5 Aolel AT
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Fig. 1 System structure of path planning for automated valet
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Algorithm 1 Bidirectional A* Algorithm

1:
2
3:
1:
5:

6:
T
8:
9:
10:
11:
12:
13:
14:
15:
16:

INPUT: S (Start node), G (Goal node)
OUTPUT: Optimal path from S to G

Og ¢
O¢
while
curr
curr
if
pe

{8}, Cs + {}, gs[S] « 0, hs[S] + Heuristic(S, G), Ps « {}
{G}. Cc + {}, 96[G) + 0, h¢|G] + Heuristic(G, S), Pg « {}
Os # 0 and O¢ # 0 do

ents + arg minycos(9s(n] + hs(n])

‘entg + argmin,co. (9¢(n] + hen])

wrrentg € Cg or currentg € Cs then

ith < PathConnection(currentg, currentg, Ps, Pg)

return path
end if
remove currents from Og
remove currentg from Og

add

add

for
te

currentg to Cg

currentg to Cg

all neighbor n of currents do

mp, < gs|currentg| + distance(currentg,n)

if n € Cg and temp, > gs[n] then

continue

end if
if n ¢ Og or temp, < gs[n] then

Pg[n] « currentg
y,\»[u: « temp,

hg[n] « Heuristic(n, G)
if n ¢ Ogs then
add n to Og
end if
end if
end for

for
te

all neighbor n of current; do
mp, < gclcurrentg] + distance(currentg, n)

if n € Cg and temp, > gi[n] then

continue

end if
if n ¢ Og or temp, < gg[n| then

Pgn] + currentg
gg[n] + te mpg
he¢[n] < Heuristic(n, S)
if n ¢ O then

add n to Og
end if

end if
end for

: end while

Fig. 2 Pseudo code of bidirectional A* algorithm
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Fig. 3 Global path planning using bidirectional A* algorithm
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Path Smoothing

—— Global Path
===+ Smoothed Path
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Fig. 4 The global path shows a linear variation in slope, while the
smoothed path demonstrates a gradual slope change,
maintaining the overall shape observed in the global path
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(a) Scenario in which the test vehicle departs from outside the
parking lot shown in the KATRI parking lot of the MORAI SIM
and automated valet parking to the target place

(b) Test vehicle

Fig. 7 Simulation environment
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Table 1 Test vehicle parameters
Wheelbase (/) [mm] 2,700
Maximum steering angle (J,,,,, ) [deg] 36.3

Table 2 Cost weights
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(b) Phase 2

Fig. 8 Path generation result
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(b) Optimal path result

Fig. 9 Result comparison of yaw angle between parking on the
single path and the optimal path

Table 3. Evaluation of pose accuracy

Position [m] Heading [deg]

X Y 0
Target 8.136 1021.906 -118.589
Single path 8.599 1020.877 -129.879
Error 1.128 11.290
Optimal path 8.040 1021.630 -114.355
Error 0.292 -4.234
Improvement 74.114 [%)] 62.498 [%]
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Cost & Constraints
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Fig. 10 Costs and constraint of candidate optimal path
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Suspension Mechanism Design of a Low-platform Target Robot for
Evaluating Autonomous Vehicle Active Safety
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As advanced driver-assistance systems become more common in commercial vehicles, there is a growing need for
evaluating safety of vehicles. Low platform target robot systems play a crucial role in this evaluation process as they can
assess safety performances of autonomous vehicles. Driving stability of a target robot during real vehicle tests depends
significantly on its suspension system. Therefore, developing an appropriate suspension device for the target robot is of
utmost importance. This study aimed to improve driving stability by comparing two different suspension configurations: a
single rocker and a double rocker, both incorporating a crank rocker mechanism. Initially, a two-dimensional model that met
constraints of the suspension device was developed, followed by an analysis of reaction forces. Subsequently, an optimal
design was determined using design of experiments principles based on parameters of a 2D model. The manufactured
suspension system model based on the optimal design underwent multi-body dynamics simulation to evaluate driving
stability. Comparative analysis of driving stability for both configurations was performed using MBD simulation, offering
insights into the superior suspension design for the target robot.
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1. M2
NOMENCLATURE
ADAS = Advanced Driver Assistance System T AT A AAF B AAEQ] e idabl e
NHTSA = National Highway Traffic Safety Administration BA(ADAS)e] ofak 2} #-go] Sidige] uteh ADAS 8- 2}
zko] o oz | > I Q A] o] oF
NCAP = New Car Assessment Program 071 ]—:;E 87k Ale 4’] dasdo] el gie ohest :}i
T3 ADAS % B7Vsl7 AE-Z3
GVT = Guided Vehicle Target = Al 365 Brrel] il =lel A&
o A ARRATRO gt FH7E AYEAL Stk vls B2 alE
VRU = Vulnerable Road User OFAZ(NHTSA)TF 98 A%} oFAE #717]7Hl Euro NCAP
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Fig. 4 Guided vehicle target robot test
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(b) Double rocker suspension skeleton diagram

Fig. 6 Skeleton diagram of different Target robot suspension

Table 1 2D reaction force analysis result of different model

Factor Max [N] End point [N]
1-G 3,103.8 3,103.8
1-D 5,150.6 4,996.2
2-J 2,697.7 2,531.3
2-D 4301.3 3,345.2
Table 2 Ground clearance result of different model
Single rocker 22.8 mm
Double rocker 25.3 mm
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Table 3 Reaction force of pivot points

Factor Max [N] End point[N]
1-G 3,184 3,184
1-D 5,043 5,045
2-J 2,847 2,846
2-D 5,108 5,004

Table 4 Ground clearance of the single and double rocker model

Single rocker 23.2 mm
Double rocker 31.6 mm
* 1-Greactionforce * 1-Dreaction force
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Fig. 8 Sensitivity analysis of single rocker of joints 1-B and 1-C
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Fig. 9 Sensitivity analysis of double rocker of joints 2-B and 2-C
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Fig. 12 Motion simulation model of target robot
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The Technical Specification for Interoperability (TSl) legally mandates the prediction and verification process of the
Reliability, Availability, Maintainability and Safety (RAMS) in signaling and communication systems. Recently, domestic
regulations, including the Railroad Safety Act, have been strengthened in order to better meet the requirements for
participating in international projects. To comply with these regulatory requirements, manufacturers and development
organizations must prepare verification data pertaining to the reliability and safety of railway components and related
systems. This paper aims to analyze the requirements of Failure Mode, Effects and Criticality Analysis (FMECA) through
international laws and standards, and subsequently propose a compliant FMECA system for the domestic railway industry.
The proposed FMECA system is then compared with the analysis results of actual failure data to determine its suitability for
establishing a Reliability, Availability, Maintainability (RAM) verification standard for railway products in relation to conformity
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Table 1 Criteria of severity

Table 2 Criteria of frequency

Lv. 1 2 3 4 5 Lv. 1 2 3 4 5
Train delay 5 5\ 210 10<t0 <30 30<t0 <60 > 60 Frequency s 025 125 625 3125
(min) (case/year)

Table 3 Criticality matrix considering frequency and severity

Severity Lv5 Lv4 Lv3 Lv.2 Lv.l
Classification
Severe  Significant Moderate ~ Minor  Negligible

Frequency Operation delay(min) >60 30<to<60 10<to<30  5<to<l10 <5
Lv.5 Frequent  Once within 12 days 31.25 case/year 4.28E-03 case/hour 5 5 5 4 3
Lv4 Probable Once within 2 months 6.25 case/year  8.56E-04 case/hour 5 5 4 3 3
Lv.3 Occasional Once within 9 months 1.25 case/year  1.71E-04 case/hour 5 4 3 3 2
Lv.2 Improbable Once within 4 years  0.25 case/year  3.42E-05 case/hour 4 3 3 2 1
Lv.1 Incredible Once within 20 years 0.05 case/year  6.85E-06 case/hour 3 3 2 1 1
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Fig. 2 Configuration diagram of vehicle (system) constituent
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Table 5 Failure mode analysis and criticality result of actual operation data

Constituent Failure mode Severity  Failure rate Mgdal Effective modal failure rate Criticality
Lv (case/hour)  apportionment (case/hour) Lv
Abnormal wear 1 1.19E-04 19 % 2.26E-05 1
Excessive flange abrasion 1 2.97E-05 5% 1.42E-06 1
Wheel Defect roundness of wheel tread 1 5.95E-05 10 % 5.66E-06 1
Damage (inner diameter) 1 3.27E-04 51% 1.67E-04 1
Tread damage (flat, detachment) 1 5.95E-05 10 % 5.66E-06 1
Wheel axle sticking 1 2.97E-05 5% 1.42E-06 1
Axle shaft Wheel axle sticking 1 2.97E-05 100 % 2.97E-05 1
Ground wire damage (breakage et al.) 1 1.69E-03 81 % 1.38E-03 3
Cover close failure 1 5.95E-05 3% 1.70E-06 1
Crack, deformation 1 8.92E-05 4% 3.82E-06 1
Coupler -
Corrosion, rust 1 8.92E-05 4% 3.82E-06 1
Bracket breakage 1 2.97E-05 2% 5.95E-07 1
Contactor breakage 1 1.19E-04 6 % 6.79E-06 1
WSPD Leakage (slide protection valve) 1 1.49E-04 7% 9.78E-06 1
(wheel slide Dump valve failure 1 1.99E-03 88 % 1.76E-03 3
Protef:tion Anti skid function failure 1 2.97E-05 1% 3.91E-07 1
device) Breakage of parts 1 8.92E-05 49% 3.52E-06 1
Lack of braking (air leakage) 1 8.03E-04 33% 2.65E-04 2
Lack of braking (breakage) 1 3.27E-04 13% 4.33E-05 2
Auto clearance failure 1 5.95E-05 3% 1.43E-06 1
Corrosion, rust 1 1.78E-04 7% 1.29E-05 1
Brake cylinder
Assemble defect (breakage) 1 4.46E-04 18 % 8.06E-05 2
Assemble defect (loss) 1 2.97E-04 12% 3.58E-05 2
Parking brake release failure 1 1.78E-04 7% 1.29E-05 1
Parking brake operation failure 1 1.78E-04 7% 1.29E-05 1
Surface (state) defects 1 2.38E-04 12 % 2.85E-05 1
Brake disc(k) Assemble defect 1 1.19E-03 57% 6.79E-04 2
Abnormal wear 1 6.54E-04 31% 2.06E-04 2
Assemble defect 1 1.10E-03 24 % 2.64E-04 2
Brake pad Abnormal wear 1 3.18E-03 70 % 2.23E-03 3
Pad crack 1 2.97E-04 6% 1.93E-05 1
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Characteristics of Magnetic Drag Forces near Vacuum Tube Junctions

for Hyperloop Using HTS Magnets
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), Magnetic drag force (FIXt7| X{&t2d), Vacuum tube junction (RIZ5E HAZR)

The hyperloop is a revolutionary form of ground transportation that can reach speeds of up to 1,200 km/h. However, there
is a challenge with the superconducting electromagnets used in its propulsion and levitation systems. These magnets
generate strong magnetic fields, which can create resistance when they interact with the surrounding structures, including
the vacuum tubes. Therefore, it is important to study this magnetic resistance and understand how it affects the
acceleration of the hyperloop vehicles. This research aims to analyze the changes in magnetic drag force near the
junctions of vacuum tubes, particularly when these tubes are made of identical or different materials.
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Section Switch
Propulsion Coils

-

Levitation Coils

(a) Bird’s eye view

/ Vacuum Tubes

Electromagnetic Rails

HTS Magnets

(b) Closed-up front (left) and bird’s eye view (right).

Fig. 1 Conceptual configuration of hyperloop using high-
temperature superconducting (HTS) magnets
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(a) Bird’s eye view

(b) Side view

Fig. 3 3D FEA simulation models of vacuum steel tubes with the
tube junction air-gap of 20 mm
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Table 1 Main parameters of HTS magnets for hyperloop [13]
(Adapted from Ref. 13 on the basis of OA)

Parameters Values
Magnetomotive force per pole [kAT] 600
Dimension of coils [mm X mm] 600 x 300
Pole Pitch [mm] 1,200
Operating temperature [K] 30-40
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Fq (kN) —Hi-Mn - AISI 1010 — AISI 1010 - Hi-Mn

Connection

Connection

Fig. 6 Simulation results of magnetic drag forces on the tube
junction with AISI 1010 and Hi-Mn steel tubes
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A Study on How to Utilize Digital Twin-based Machine Learning and
Openpose for Poppy Robot’s Motion Control
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The key components of smart manufacturing, a central concept in the era of the 4th Industrial Revolution, consist of digital
twin technology, Al, and computer vision technology. In this study, these technologies were utilized to govern the Poppy
robot, a humanoid robot designed for educational and research purposes. The digital twin creates a virtual environment
capable of real-time simulation, analysis, and control of the robot's motions. The digital twin of the robot was constructed
using Unity, a 3D development program. Motion data was captured while simulating the physical structure and movements
of the virtual robot. This data was then fed into a Tensorflow-based deep neural network to generate a regression model
that predicts motor rotation based on the position of the robot's hand. By integrating this model with a Python-based robot
control program, the robot's movements could be effectively managed. Additionally, the robot was controlled using
Openpose, a computer vision algorithm that predicts characteristic points on a human body. Position data for human joint
points was collected from 2D images, and the motor angle was calculated based on this data. By implementing this
approach on an actual robot, it became possible to enable the robot to replicate human movements.
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Fig. 1 Poppy robot’s wiring diagram overview [9] (Adapted from
Ref. 9 on the basis of OA)
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Fig. 2 Poppy robot’s digital twin modeling in unity (a) Figure of
robot, (b) Parts of poppy robot, (c) Transform of parts of
robot, (d) Real robot figure, and (e) A virtual robot posing
like a real robot

Fig. 3 Acquiring motor angles in poppy robot's digital twin
simulator
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Table 1 Position data of the fingertip per motor’s rotation value

L shoulder x L shoulder y L arm z L elbow y Hand pos x Hand pos y Hand pos z
0 -120 -10 -30 -20 -0.3287 1.8475 3.8166
1 -120 -10 -30 -15 -0.3698 1.7979 3.8995
2 -120 -10 -30 -10 -0.4140 1.7420 3.9766
3 -120 -10 -30 -5 -0.4608 1.6800 4.0473
19799 -65 25 25 -10 -2.3436 -0.5908 3.9708
19800 -65 25 25 -5 -2.3134 -0.6913 3.9658
19801 -65 25 30 -90 -2.2400 -0.8850 3.9328
19802 rows X 7 columns
Accuracy ) Loss
035 Training Loss
LANg 0.30 Validation tLoss
706 | 0.25
g
<™ 0.10
1 |  Vatdaton pceurcy | 008 N _
2 0 50.00 10600 15600 20600 25(‘)0‘0 0 5000 10000 15000 20000 25000
Epoch Epoch

(a) (b)

Fig. 4 Learning results of regression model for robot motion
estimation (a) change in accuracy up to 25,000 epoch, and
(b) change in LOSS (MSE) value up to 25,000 epoch
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Fig. 5 As shown in (a) and (b), the robot arm is controlled by the
regression model as the mouse pointer position changes

Pypot[4] 2tolHe & T3l A& o2 AT 4 Ut} LLE
o] olF, W, ¢4, A= e Tl Aol e A"
ShaL, e Q) 7, T2 Ay AZE, S2F AS 2gske] At
A9l 23] FAUE Aol = ot Ak o9 2o
Pypot 2to]H2|2|E At EHgoR e 4719 mE 7}
=5 A B3 AR AL & s SIAL, oY
Hers A A8 5 e HUY & vhes 20 9A
gloleE ARgshe WS =St ARARE vk EQ1E
£ oA, Bl 1A dlofE7E dAzEe R 29| o] ¢
gEo] e 34 dolEE AT o] d5d 3] g
Poppy Robot®] 44| KLE| A|of dloJE|& ARg-Ho] Fig. 59F 2
o] 239 I A= Alold = Ut

3. OpenposeE &8 Poppy Robot2| H|0f
3.1 Openpose212|&

Openpose[16]5F o]0 %] A5 9f7h 2.Z422Q1 OpenCVE 7]
wo 9 Ajgtel A4 ol tnelEoltt. Aol ol o,
BAN EYUES BASL 1 HES olol AHE 45
a1 E.z]— 1:1}\-]6]— /\ 01_‘: °“‘7€]—— =2, o}: 25 0007H94 E"O]H
H}E, o2 CNN (Convolution Neural Network)S 7]HHO 2
geld | meolt}. Python FoIA AT 4 7, 27
3l OpenCV ol=22lE Bga) tioket 21jo] 715aith19].
= BAlo] A 2 2 e w377}

rulm

Openpose 74 =



404 / May 2024

Fig. 6 Data on joint points extracted from photos using openpose
applied to actual robot
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Optimal Design Technique for the Shape of Induction Heating Electric
Range Coil Using Response Surface Method
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Induction heating is a technology that uses heat generated by resistance when a high-frequency current is applied to a coil.
An electric range using this is called an Induction Heating (IH) electric range. IH electric ranges are being widely applied in
commercial products recently because they have higher thermal efficiency performances than other methods. The
performance of a heating coil of an IH electric range greatly varies depending on the shape and number of coils. Thus,
research on optimal coil shape and number according to product shape is required. Therefore, this study aimed to design
an optimal heating coil at the set temperature of an electric range product. Target temperature was set to the temperature
that a commercial stainless-steel container could withstand. The thickness of the coil copper wire, the number of windings,
the applied voltage, and the frequency were set as design variables. A sensitivity analysis was performed to check the
influence of each design variable on coil temperature. Based on this, optimal design was performed using the response
surface method. Electromagnetic field-thermal analysis was performed with the designed coil and a very approximate result
was obtained with a 0.07% error from the set target temperature.
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1. N2
NOMENCLATURE
A = Magnetic Vector Potential [Tm] Aol nFut ARE 7S W X717 27|17} WElstA
B = Magnetic Flux Density [A/m?] A e AR AT o] ebdRefal qit). ojuf Aol 9f
D = Electric Flux Density [C] AF7F 524 9 A Aoz Qe wdo| A7A drt. E3L
E = Electric Field Intensity [V/m] A7) o g Qe Aut Wi A4 59 Weko] A A=
H = Magnetic Field Intensity [AT/m] npztE B4 o] WS Hi=t| o] & d|AH| AL &olzt gttt
J = Current Density [A/m?] = 7tgolgt S|AH AL &1t opF £o= °]3H Bt
V = Scalar Potential [V] SAE o] BAIE 7HEskE TeolH f& 7HES A
p = Magnetic Permeability [H/m] Ao A-g3t A& F% 7HE 4] (Induction Heating, IH) A7
o = Conductivity [A/V] Q1A EkaL gheh AR A-8-EAL Qe TH A7 Q1A= A7

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Table 1 Material properties of FE simulation

Table 2 Objective function and design variables

Copper Ferrite STS 430 Object
o <
Bulk conductivity 6E+07 0.01 1E+06 function Max temperature of pot [*C] Y1<300
Relative permeability 0.999 12 1 Coil thickness [mm] = X1 2.5<X1<10
Mass density [ W/m”C] 400 4,600 8,055 Design Number of turns [-] = X2 6<X2<11
Thermal conductivity [kg/m’] 8,933 4 13.8 variables Current [A] = X3 40 < X3 < 160
Specific heat [J/kg°C] 385 750 480 —
Th | . fFicient Adaptive frequency [kHz] = X4 40 < X4 <200
erma e"pf“lljflc"]n COCHnCIent y 77E.05  1.00E-05  1.08E-05
Table 3 Design of experiment (DOE)
. . B Object
Design variable = X1,X2,X3,X4 function = Y1
X1 X2 X3 X4 Y1
<«— Pot - . ;
Norma%hzed Normalized Normalized Normalhlzed Normalized
coil adaptive max.
No. . no. of turns  current
(a) 0.lmm thickness [ A] frequency temperature
[mm] [kHz] [-]
T 0.05mm 1 0.25 0.55 0.25 0.2 0.06
2 1 0.55 0.25 0.2 0.05
. A |® 3025 1 0.25 02 0.09
'D' PR 1 025 02 0.07
} § 5 025 0.55 1 02 03
O — ¥ 6 1 0.55 1 0.2 0.24
el N 7 Heating Coil 7 025 1 1 02 037
Fig. 1 Assembly of IH Electric Stove (a)Skin effect modeling 8 ! ! ! 02 0.35
(b)Copper wire modeling 9 0.25 0.55 0.25 1 0.1
10 1 0.55 0.25 1 0.09
9| avk(Skin Effect)= It A3} E4S Haslslr] 9lsto] 1025 1 0.25 1 0.15
o Ado] obd Al FEiE ARRETH9]. At wFAR 12 1 1 0.25 1 0.11
£ o8 uj Fukprt S7kshE AR HEr =A19 2 =9 13 025 0.55 1 1 0.58
of Z2|A =L ojuf] =49 fFEHA 0] sl HE &4l 14 1 0.55 1 1 0.37
Z7V5H= FARS oJu|gttl{10]. 15 025 1 1 1 1
2 Aol AR mdle A4y kel mnd o= wet 16 1 1 1 1 0.63
gjo] Fig. 12] (B)e} go] ofg] Aoz #3 243t Fes o
Aoz dedlgion Fig 29| sihiol Ring FEE o2 7l
uast Feje magsiley 52 % gk AEQl Fol & UERE = Qlek ol 2 W] A7t 255 BA Rl 714
o gt du gEE wdgsielon, 8719 4% Fig. 19 © FFol Atz 2e SuiRitH11]. Jl71«] 227 A 5= Q=
e} o] g 2H|QlE A 8719 AR FEIE 3 mm HE 25221 300°CE HE2 AARSE sl dAM =

AZ 74 Fgol Tl AFFoR =

_]
= E [e}
Ao Wz 7Pk Fehel 0.1 mm 714G T WALt

7t

g27] mdlg A] 3#1|(Skin Effect)ys 112317193} Fig. 1 (a)<}
ol §719] ol o rRE 755 7]EC= 0.05 mm¥ Tt
Ag 3w AR,

2.3 QA= M H HA Al

YIZFE E-4(Sensitivity Analysis)o]2h A27get A H4E<] H3}
7} =AREl WIXP VIS vt wf ARgE:. AAMae]
02 THE 4= 9lon FYE ZE(Pareto Chart)=

e o Wael st U
Aot} Zujsag2 )\47:]]

ot T, 7o) 7hsgt
=== 2 X1, X2, X3 7127 X4z 2 alict.

E3F Table 20]) A H 9IS HERASICH
PR R A ——
o) 4as 20FoR F I6WS] WE A Sashect
14 23S AF3H(Normalization)dFe] Table 3o e 92
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Pareto Chart (6=0.05) Table 4 Comparison of simulation and RSM

z A —— Design variable = X1,X2,X3,X4 opleet
I X1 X2 X3 X4 Y1

X — Normalized . . Normalized Normalized
- coil Normalized Normalized adaptive max.

' No. thickness " of turns  current frequency temperature
R s [mm] ] [A] [kHz] °C]
X1 — 1 0.25 0.55 0.25 0.20 0.06
X1*X3 _: 2 1.00 0.55 0.25 0.20 0.04
XI1*X4 - | 3 0.25 1.00 0.25 0.20 0.09
X2*X4 N i W Used variable 4 100 1.00 0.25 0.20 0.08
X | 2018 M: Unused variable 5 025 0.55 1.00 020 032
. 6 1.00 0.55 1.00 0.20 0.10

0 5 10

7 0.25 1.00 1.00 0.20 0.59
Fig. 2 Sensitivity analysis — Pareto chart g 100 100 100 020 045
71ZEAo R Yz Bl ghe EARog ooju|ska] 3k gk 9 0.25 0.55 0.25 1.00 0.17
o5 gheksto] A=e]y (Screening)e £ A7 T RO 10 1.00 0.55 025 1.00 0.02
o AYshgT). wizE BA Ak AA S X39] gdko] 31.6% 11 025 1.00 0.25 1.00 021
2 7P 3A yveEldon, X1xX2, X1xX3, XIxX4 183 12 1.00 1.00 0.25 1.00 0.07
X2xX4o] W7h Fofu|et V1S WEESHAl SLokRinh uhEkA 13 025 0.55 1.00 1.00 0.65
A 471A] WS A|ASEL R EHHS M 14 1.00 0.55 1.00 1.00 0.51
_ 15 0.25 1.00 1.00 1.00 1.00
2413?;}?&5}?0 RO & Al o] BlEo] ol5e. 16 1.00 1.00 1.00 1.00 0.85
I Ik L L o K T B e
L2 (Regression Analysis)o]ghl 3}, o]ajat 3)7] HAS = 19 0.63 0.82 0.63 0.60 0.07
S AE] AA s el o] BRI AGES o) =3t 2= 9l 20 0.63 0.82 0.63 0.60 0.07
t}. ¥H3-EHH (Response Surface Method, RSM)2 &lHFA Q] A 21 025 0.82 0.63 0.60 0.34
3 37 mdHc} o 2L HE2o] IAXE W] 9F) A & 22 1.00 0.82 0.63 0.60 0.26
go] BPRDL T2 A2 2o 4 Qi 3 FEA wHo] 23 063 0.5 0.63 0.60 0.20
tH12]. & Ao A= ok A5 AAHSE ZF X1, X2, X3 24 0.63 1.00 0.63 0.60 0.33
X42 UERHT o]= 34 $HAEWL £3)] Full Factorial® 25 0.63 0.82 0.25 0.60 0.09
ARl O Table 4o YepHt). o]5 Folf 92 vt 26 0.63 0.82 1.00 0.60 0.45
SIUH 29 2 A0S HE- 27 063 0.82 0.63 0.20 0.20
Y=1.049—0.798(X1)— 1.802(X2)— 0.734(X3) - 0.378(X4) 28 0.63 0.82 0.63 1.00 033
29 0.63 0.82 0.63 0.60 0.07
+0.512(X1* X1)+ 1.082(X2* X2)+0.288(X3*X3) (10) 30 0.63 0.82 0.63 0.60 0.07

+0.243 (X4 * X4) + 0.830(X2 * X3) +0.557(X3 * X4)

Z}AJsto] Fig. 4o eIt 0]8 F3f X1 Ylof wh]&s

g diE 29 S dESIaA 24ASE ARSI = A% Kol X2, X312l X4= Ylof Hlgshs FFS
”

Ol
£

ARASE 0-100%2] FHe UeERHE 100%e] 7S o] Hol & IS ok ARES B WeEd YIzk
S AI7E frads SR & Aol 97.85%= S5l AE 3X e ZR AAsiglon Fig 4ol vEhigla Yl
Ao bRl A= 71l 97% oS WEITHI3]. o 3t 7t ’¥apo] FAE T Sl Balvhe HA AN
SAE o R 7h W] Soke] ik k& 2D Tej2E & Table 5 5ol
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Fig. 3 Relationship between object function and design variable

510 +
560 -+
510 -
460 |
| A

410 L
1

1

360 -

Object function Y(RSM)[-]

310 -

N o

260 —

210

oo
"5
(=]
No. of turns[-]

Coil thickness [mm]

Fig. 4 Relationship between coil thickness and no. of turns

Table 5 Optimized design variables

Design variable Value
Coil thickness = X1 [mm)] 8.5
No. of turns = X2 [-] 6.4
Current = X3 [A] 99.5
Adaptive frequency = X4 [kHz] 119.8

2.5 MX7|&-2 04 GjA]

OPA w23 M2 Table 52 vlEko 2 AR AL 7
Yoot HA AR fad 4 T2 ANSYS
MaxwellZ o]-83) A &AL Al om ol A fo]H
2 o 93ka s S|4 T2 ANSYS leepakold] £7]0] Lre
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Fig. 5 Temperature distribution of FE result and ohmic loss
according to distance from the center axis
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I Year of Launching

Journal of Korea Society for Precision Engineering was launched by the Korea Society for Precision Engineering in June of
1984. The name was changed to the Journal of the Korean Society for Precision Engineering in December of 1985.

I Aims and Scope

Journal of the Korean Society for Precision Engineering (JKSPE) is devoted to publishing original research articles with high
ethical standard on all aspects of precision engineering and manufacturing. Specifically, the journal focuses on articles
related to improving the precision of machines and manufacturing processes through implementation of creative solutions
that stem from advanced research using novel experimental methods, predictive modeling techniques, and rigorous
analyses based on mechanical engineering or multidisciplinary approach. The expected outcomes of the knowledge
disseminated from JKSPE are enhanced reliability, better motion precision, higher measurement accuracy, and sufficient
reliability of precision systems. The various topics covered by JKSPE include: Precision Manufacturing Processes, Precision
Measurements, Robotics, Control and Automation, Smart Manufacturing System, Design and Materials, Machine Tools,
Nano/Micro Technology, Bio Health, Additive Manufacturing, Green Manufacturing Technology.

I Fee

Subscription Fee:
This print copy of the journal is provided free of charge to the members of KSPE.

Publication Fee:

1. Basic fee (up to eight pages): 200,000 won; additional pages: 30,000 won per page.

2. Manuscripts contributed as a result of funded research will be charged an extra 50%.

3. Publication fee is charged only for the papers contain ‘Acknowledgement’ that represent supports of academic research
project by th fund of government, institutes or university, etc.

4. Publication fee should be paid within 15 days of the receipt of the publication fee invoice.

I Contact Us

[04508] 12F, SKY1004 Bldg., 50-1 Jungnim-ro, Jung-gu, Seoul, Republic of Korea

TEL +82-2-518-2928 / FAX +82-2-518-2937 / paper@kspe.or.kr / https://www.kspe.or.kr
Submission to Journal of Korean Society for Precision Engineering: https://article.kspe.or.kr
Search for Journal of Korean Society for Precision Engineering: http://jkspe.kspe.or.kr



I Rules for Submitting and Publishing Papers

Article 1 Purpose

The rules are designed to specify matters related to the submission and publication of papers in Journal of the Korean
Society for Precision Engineering (hereinafter referred to as the “Journal”) of the Korean Society for Precision Engineering
(hereinafter referred to as the “Society”).

Article 2 Submitter
The corresponding author and the first author of the submitted paper must be members of the Society. With special
permission by the Editor-in-Chief, however, the person can be treated as the exceptional case.

Article 3 Responsibilities and Compliance with Code of Ethics

A.The Authors are responsible for the submitted paper.

B. With regard to their submitted paper, all its authors must comply with ‘Code of Ethics for Academic Activities of the
Korean Society for Precision Engineering’. When any of the authors violates Code of Ethics for Academic Activities, the
Editor-in-Chief may disallow or cancel the publication of the paper and impose disciplinary actions as specified.

Article 4 Scope of Research

The scope of research for the paper shall cover areas of precision engineering such as Precision Manufacturing Processes,
Precision Measurements, Robotics, Control and Automation, Smart Manufacturing System, Design and Materials, Machine
Tools, Nano/Micro Technology, Bio Health, Additive Manufacturing, Green Manufacturing Technology, and the paper must
not have been published in any other publication.

Article 5 Categorization of Submissions

The paper submitted to the Journal falls into one of the categories below, and should be within eight pages, which may
be exceeded if need be.

A. Ordinary paper: The paper that shows excellent scholarship, practicality, and applicability.

B. Special paper: The paper that is written in accordance with a special provision for special papers.

C. Other submissions: Forecast, explications, lectures, and other writings.

Article 6 Submission

A.The Paper is accepted anytime and submission date is the day submission is completed at the Society.

B.The paper must be written in compliance of the template specified by the Society to be registered and submitted.

C.The paper that is found not to comply with ‘Rules for Submitting and Publishing Papers in Journal of the Korean
Society for Precision Engineering’ and ‘Guidelines for Manuscript Writing’ may not be accepted.

D.The submitted paper shall not be returned.

Article 7 Review and Decision to Publish Paper

A.The Editor-in-Chief shall decide whether to publish the paper or not.

B.The review of the paper is conducted by two reviewers recommended by the Editor-in-Chief, and the review and the
decision over its publication shall comply with ‘Rules for Reviewing Papers for Journal of the Korean Society for
Precision Engineering Paper Review Rules’.

Article 8 Copyright

A.The authors shall be responsible for the content of the paper.

B.The author(s) must transfer the copyright for the submitted paper to the Society, and for this purpose, the
corresponding author(s) must submit ‘Research Ethics and Copyright Transfer Agreement’.

C.The copyright for the submitted paper or other submissions shall lie with the Society and may not be reproduced
without authorization from the Society.

D.The author(s) may use part of their paper or other submissions published in the Journal in their other research,
provided the published paper is referenced as its source.

Article 9 Disclosure of Materials
The Society may disclose a paper or other submissions in print or as online publications.

Article 10 Manual of Style

A.Writing and editing the paper to be submitted to the Society must comply with ‘Guidelines for Manuscript Writing’
provided separately.

B. Editorial Board may edit the selected paper so that terms, characters, and orthography may comply with ‘Guidelines
for Manuscript Writing’.

Article 11 Publication Fees

The author must pay the specified fee for the paper published in the Journal. For the paper that exceeds the specified
number of pages, the author must pay the fee for those extra pages. The fee for extra pages shall be decided by the
board of directors.



I Guidelines for Manuscript Writing

1. Manuscripts should be written according to the format of the Journal (https://www.kspe.or.kr) and should be
submitted online (https://article.kspe.or.kr).

2.The manuscript should be organized in the following order: (1) The title in Korean, (2) The title in English, (3) Author
names in Korean, (4) Author names in English, (5) Affiliations in Korean and English, and information of corresponding
author, (6) Keywords, (7) Abstract, (8) Date of submission, (9) Introduction, (10) Main body (Theory, Experimental,
Results, Discussion) (11) Conclusion, (12) Acknowledgements, (13) References, (14) Appendices, (15) Position format

3. A manuscript may be written in Korean or English. If necessary, the original terminology may be provided in
parentheses to avoid confusion.

4. The manuscript title must be expressed concisely, preferably in ten words or less, and Keywords must be written in
English, with Korean translations in parentheses, and numbering six words or less.

5. The abstract must be written in English and not exceed 200 words. Figures and tables shall not be included in the
abstract.

6. Figures and tables shall be numbered in order in the main text, and captions should be written in English. Captions
shall be labeled beginning “Fig. 1” for figures and “Table 1” for tables.

7. Arabic numbers and Sl units shall be used in principle.

8. References shall be numbered in order of quotation.
(1) Citation in the main text: First author’s last name with reference number in square brackets. e.g.) Hong [1]
(2) References shall be written in English at the end of the main body with the following formats.

® Books: Author names, (Year of publication), Book title, Publisher.
¢ Periodic Articles: Author names, (Year of publication), Paper title, Journal name, Vol.(No.), Cited pages.
e.g.) Hong, K. D.,, Kim, C. S., (2022), A method to investigate mechanical properties, John Wiley & Sons.
Hong, K. D., (2022), A method to investigate mechanical properties, Journal of the Korean Society for
Precision Engineering, 39(1), 1-18.
9. Appendices shall be formatted in the same way as main body text.

I Author’s Check List

1. Are the affiliations of all authors indicated with the correct symbols?

2. Does the manuscript adhere to the style set forth in the template?

3. Are Korean and English titles written in ten words or less?

4. Are keywords written in English with Korean in parentheses, in six words or less?
5. Are all symbols listed with correct nomenclature and proper description?

6. Are all figures containing abscissas and ordinates labeled with the correct symbols and units?
7. Does the manuscript use Arabic numbers and S| units?

8. Is the English abstract within 200 words?

9. Are the captions of tables and figures in English, corresponding to the format?
10. Are appendices formatted in the same way as main body text?
11. Is the manuscript written according to the guidelines of the journal?



I Rules for Reviewing Papers

Article 1 Purpose

The Rules are designed to specify matters related to the review of papers submitted to Journal of the Korean Society for
Precision Engineering (hereinafter referred to as the “Journal”) of the Korean Society for Precision Engineering
(hereinafter referred to as the “Society”).

Article 2 Submission and Reception

A.The person who wants to submit the paper to the Journal shall use the Society’s paper submission system to submit
the paper that has been written in compliance with the Society's rules for submitting papers, which the Society shall
receive.

B. Notwithstanding the provision of A., the paper may be submitted and received in other ways so long as the Editor-in-
Chief approves it.

C.The Society shall basically receive papers that are related to the Society’s areas of research. The Editor-in-Chief may
refuse to receive the submitted paper, if it is not related to the Society’s areas of research or has not fulfilled the
requirements. Areas of research are specified in ‘Rules for Submitting and Publishing Papers in Journal of the Korean
Society for Precision Engineering’ and ‘Guidelines for Manuscript Writing’.

Article 3 Selection of Reviewers

A.The Editor-in-Chief shall consider the areas for the submitted paper and assign its review to the Editor in the relevant
area, and the Editor shall assign the Editorial Board Member in the given area as the review supervising Editorial
Board Member.

B.The review supervising the Editorial Board Member shall select and recommend to the Editor-in-Chief who he or she
deems fit for the review of the submitted paper.

C.The paper shall have two reviewers while the third reviewer may be appointed, in which case, the paper shall have
the maximum of three reviewers. Reviewers shall basically belong to the different institution than the authors of the
paper belong to.

D.The Editor-in-Chief shall send the email to the recommended reviewer to confirm the acceptance of the reviewing
duty. In case any of the recommended reviewers refuses to serve as the reviewer, the Editor-in-Chief shall ask the
relevant The Editorial Board Member to recommend some other candidate.

Article 4 Review Procedure

A. Following the comprehensive review of the paper, the reviewer shall record results of the review supported with
objective grounds and make the clear request for revision, if necessary.

B. For the review, the reviewer must choose ‘Accept’, ‘Accept Subject to Minor Revisions’, ‘Re-Review after Major
Revisions’, or ‘Reject’.

Article 5 Review Period
A.The Editorial Board Member for the Journal must select reviewers within seven days from the appointment of the
Editorial Board Member, and the reviewers who are asked to review a paper must complete the review within 14 days
from their acceptance of the reviewer’s duty for the primary review and within seven days for the secondary review.
B.The ruling by the Editor and the Editorial Board Member must be completed within seven days from the reception of
review results.
C.In case the reviewer candidate fails to accept the reviewer’s duty for more than fourteen days from the request, the
candidate may be replaced with another reviewer.
D. If review results fail to arrive for more than three months from the reception of the paper in contravention of the
above provision, the following may be put into action.
@ If one of the reviewers has failed to deliver review results: The Editorial Board Member for the specific paper shall
review it within seven days from the expiry of the three months.
@ If all of the reviewers have failed to deliver review results: The Editor and the Editorial Board Member for the
specific paper shall review it within seven days from the expiry of the three months. If the Editor is the same
person as the Editorial Board Member, the Editor alone may perform the review procedures.

Article 6 Deadline for Author’s Revision

A.The author must resubmit the revised paper that reflects requests for revisions in accordance with the Editor-in-Chief
decision based on review results within thirty days for ‘Re-Review after Major Revisions’ or within fourteen days for
‘Accept Subject to Minor Revisions’.

B.In case a revised paper fails to be submitted for more than thirty days from the submission deadline, the Editorial
Board may cancel its publication, and if the author wants a review to continue, he or she must resubmit the paper.



I Rules for Reviewing Papers

Article 7 Decision over Publication

A.The Editor-in-Chief shall make a final decision on whether to publish a paper or not by reviewing the results of the
review by two reviewers and considering the comprehensive evaluation by the editing director and the Editor for the
paper.

B. A paper that has been ruled as ‘Reject’ by two or more reviewers cannot be published in the Journal.

Article 8 Review of Special Papers

A.The Editor-in-Chief shall appoint a Special Editor for supervising the special paper, with recommendations from the
officers of the Society.

B.In case a Special Editor is the Director or the Division Chairman of the Society, the Special Editor shall supervise the
selection of two reviewers for the review of the submitted paper and decide whether to publish it solely based on the
review results. In case the Special Editor is not the Director or the Division Chairman of the Society, the Board of
Editing Directors shall select the Editor for supervising the review of paper.

Article 9 Confidentiality

A.The reviewer shall not disclose his or her assumed status to anyone else.
B.The name of the author may be disclosed to the reviewer.

C. Review results shall not be disclosed to anyone but the author.

Article 10 Objection

A. If the author raises an objection to the review results, the exchange of views between the reviewer and the author
shall proceed through the Editor. When the reviewer and the author want to exchange their views, they can do so
through the mediation of the Editor.

B.The author’s request for the re-review shall not basically be accepted.

Article 11 Review Fee
If necessary, the specified editing fee may be paid to the Editor and the Editorial Board Member, while the specified
review fee may be paid to the reviewer.



I Code of Ethics for Academic Activities

e Full Text of Code of Ethics for Academic Activities of the Korean Society for Precision Engineering: http://jkspe.kspe.or.kr/_common/
do.php?a=htmlI&b=16

¢ For the policies on the research and publication ethics not stated in this instructions, International standards for editors and authors
(http://publicationethics.org/international-standards-editors-and-authors) can be applied.

Chapter 1
Overall
Rules

Chapter 2
Author

Article 1 Purpose

This regulation aims to establish the ethical standard for the members of this institute to comply with and to contribute
to the healthy development of academics and society in order for our academic activities related with the Korean
Society for Precision Engineering (hereinafter referred to as the “Society”) to not infringe the dignity and value of
human beings and maintain a high ethical standard that does not damage the benefits of public society.

Article 2 Application Area of Code of Ethics

A. The code applies to the overall academic activities including all academic journals, academic conferences,
symposiums, workshops, forums, etc. published and held by the Society.

B. The code applies to all authors, reviewers, Editorial Board Members (hereinafter referred to as “EBM”, and hands-on-
workers in the service bureau related with the above academic activities.

C. Other items not set forth above may comply with this article, each level of regulations of Ministry of Education and
its annex institutions.

Article 3 Scope of Misconduct

Misconduct suggested in this code include forging, falsification, plagiarism, and false indication of the author of the

paper in academic activities, papers and presentations related with the society, and are as follows:

A. ‘Forging’ is the act of creating false data or non-existent research results.

B. ‘Falsification’ is the act of perverting research content or results by artificially modifying research ingredients,
equipment or processes, or arbitrarily modifying and deleting data.

C. ‘Plagiarism’ is the act of appropriating others’ ideas, research contents or results without proper approval or
quotation.

D. ‘False indication of the author of the paper’ is the act of not granting the qualification as an author of the paper
without a reasonable cause to a person who contributed scientifically or technically on a research content or result,
or granting qualification of an author of the paper to a person who did not contribute scientifically or technically to
express gratitude or show respect.

E. ‘Duplicate publication’ is the act of publishing the same content to two or more academic journals.

F. Activity of intentionally interfering investigation on the doubts of one’s own or other’s misconduct, or disturbing the
informant.

G. Activity that seriously deviates from the scope commonly accepted in the science and technology sector.

H. Activity other than the misconduct set forth above that needs to be independently investigated or prevented by the
Society.

Article 4 Honesty of Author

A. The author shall be honest in research carried out by an individual. Here, honesty refers to honesty in overall
research processes including derivation of ideas, designing experiments, analyses of experiments and results, research
funds, publishing research results, and fair compensation to research participants.

B. The researcher shall consider plagiarism, fraud, manipulation and falsification during research as serious criminal
activities, and endeavor to prevent these misconducts.

C. The author shall announce and properly respond in case of contradiction or the possibility of contradiction of
benefits of one’s own and others or other institutions.

Article 5 Authorship

It is recommended for every author including the first and corresponding author that authorship be based on the

following 4 criteria:

A. Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of
data for the work; AND

B. Drafting the work or revising it critically for important intellectual content; AND

Final approval of the version to be published; AND

D. Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved.

0



I Code of Ethics for Academic Activities

Chapter 3
Roles and
Responsibilities
of Members
of Society

Article 6 Compliance of Authors
A. During the research implementation process of the submitted paper, the author shall respect human rights, comply

with life ethics, and obtain universality such as environment protection.

. In the submitted paper, the author shall accurately illustrate the research content and its importance without

perverting the research result.

. The submitted paper shall comprehensively include an academically valuable result and its basis of argument. If the

paper asserts for a conclusion similar to an already announced paper, it should be academically valuable for a new
basis of argument.

If citing a public academic data, its source must be clearly stated. For data obtained from an undisclosed paper,
research plan or personal contact, it should be cited after consent from the researcher who provided the information.

. Using the whole or part of another researcher’s research result without citing the reference corresponds to

plagiarism and is not allowed.

. The activity of duplicate publication by an author in the journal issued by the society where the paper is already

published or planning to publish in other academic journal is considered misconduct and not allowed. Submitting
content already presented in academic conferences or seminars by rewriting in a paper according to the academic
journal standard is generally accepted, but it must additionally have an important research result for the relevant
presentation.

All researchers who made important contributions to research implementation shall become co-authors, and the
representative author of the paper must have consents from all co-authors. For outside academic support such as
administrative and financial support, provision of research data or simple academic advice shall be indicated in the
‘Acknowledgement’ for its content.

Indicating a person who did not make academic contribution to research or falls short of contribution based on
causes outside academics is unethical conduct that defames the dignity of academics.

. In relation to copyrights, if approval of a person in charge is needed, the author must be granted approval before

submission of the paper, and confirm that there will be no dispute of contract or ownership that may be affected by
the publication of said paper.

Article 7 Compliance of Editorial Board Member (EBM)
A. The EBM shall fairly and objectively execute the revision process of the paper according to the set regulation without

prejudice on the author’s gender, age, race, affiliated institution or personal acquaintanceship with the author.

B. The EBM shall determine whether to reconsider or publish the paper based on the consistent standard of the review

C.

results for the submitted paper.

If it is determined that due to the lack of EBM’s knowledge in the research area of the submitted paper, there may
be difficulty in judging the result, the EBM may be advised by a person with professional knowledge in the relevant
area.

. The EBM shall not disclose or make use of the information acquired in the review process to others. Before the

publication in the journal, it is not even allowed to cite the content of the relevant paper without the consent of the
author.

. The EBM has the responsibility to monitor any unethical activity of the author and reviewers, and when ethically

inadequate behavior is discovered; the EBM shall investigate and give proper sanction as required by immediately
reporting to the Editor-in-Chief.

. If the submitted paper has direct interest with the EBM, it should be reported to the Editor so that the relevant

paper can be examined by another EBM.

. In case of reasons that prevent the EBM to promptly process the duty, it is advised to report to the editorial office

of the society or the Editor.

. In case of discovering any unethical activity from a submitted paper or reviewing process, or in case of deprecation

on unethical activities, the Editor shall determine the importance of the case, and organize an Investigation
Committee with EBM in the relevant area if needed. The Editorial Board determines the level of sanction to the
relevant person based on the report by the Investigation Committee, and if the already published paper is related,
the publication of the relevant paper may be retracted and cancelled.

Article 8 Compliance of Reviewers
A. The reviewer shall fairly and objectively perform reviewing duty for examining the paper according to the set

regulation without the prejudice on the author’s gender, age, race, affiliated institution or personal acquaintanceship
with the author. Personal academic beliefs that have not been completed, verified or under judgment based on
assumption must be eliminated.

. The reviewer, in order to assure the secrecy of reviewing the paper, must not disclose or make use of information

acquired in the process of reviewing to others. Before the publication of the paper, it is not allowed to even cite the
content of the relevant paper without the consent of the author.



I Code of Ethics for Academic Activities

Chapter 4
Verification
Process and
Standard

C.

The reviewer must respect the personality of the author as a professional. The reviewer shall endeavor to write the
objective reviewer’s opinion in an academically modest way by eliminating personal and subjective evaluations and
offensive expressions. The reviewer shall state in details the review comments and basis for the comments of the
paper under review.

. It is prohibited to request for additional information or explanation to the author for the reviewer’s personal
purpose.

. If the similar content to the paper disclosed in other academic journal has been included in the paper without

citation, the EBM should be notified in detail.

. If the reviewer is in direct interest with the requested paper or it is determined that the reviewer’s own professional

area is not suitable for examining the submitted paper, the reviewer should immediately notify the EBM in charge so
that other reviewers may be appointed. Also, in case of reason for not being able to finish the review within the
deadline, it needs to be notified to the EBM.

Article 9 Ethics Committee

A

In case of breach of ethics and suspected cases during academic activities, the society may organize an Ethics

Committee (hereinafter referred to as “Committee”) to investigate the truth.

. Organization and Duties of Committee

@ The Committee shall be composed of one chairman and five members.

(@ The Vice-President in charge of academic affairs shall be the chairman, and members shall be selected from the
board of directors, and appointed by the chairman.

(® The chairman and members shall take office for 1 year from January 1 to December 31 and can be reelected.

(@ The chairman shall represent the Committee and take charge of overall duties for ethics of society.

Article 10 Function of Ethics Committee
The Committee shall act in the following manners:

A
B
C
D

. Establish and promote research ethics.

. Prevent and discourage research misconduct.

. Deliberate and vote on research misconduct.

. Determine sanctions for wrongdoers and report the result to the board of directors.

E. Improve and enhance other research ethics.

Article 11 Convocation and Voting of Ethics Committee

A

. The Committee shall be convened by the chairperson as needed, held in attendance of the majority of members,
and resolved by over two-thirds of registered members’ agreements.

. The decision shall be notified to the suspected person (accused) of misconduct, and the explanatory opinion shall be
received in writing within 15 days.

. The Committee shall review an explanatory opinion from the suspected person of misconduct, and hear an opinion
if needed before making the final decision.

. The decision shall be reported to the board of directors for the final decision.

. If the chairman deems it necessary, opinions by a person other than external personnel or members can be heard.
. Presented content by participants and details of the Committee shall be undisclosed in principle.

Article 12 Reporting Research Misconduct

A

. Research misconduct may be reported in writing with related documents attached according to the five W’s and one
H. However, even if anonymously reported, if it is clear based on the five W’s and one H, the Committee may review
the initiation of investigation.

. The Society shall endeavor not to give any disadvantage, discrimination, unreasonable pressure or damage to the
informant for reporting misconduct.

. The identity of the informant shall not be subject to disclosure, and the best measures shall be taken to prevent
identity disclosure.

. In case the informant wishes to know the investigation schedule and procedure after reporting misconduct, the
Society shall respond sincerely.

. The informant who made the report although it was known or it could be known that the information given is false

shall not be subject to protection.
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Article 13 Sanctions on Research Misconduct and Follow-up Actions

A.

B.

The author whose research misconduct has been confirmed shall be imposed with sanction by selecting from the

following considering the severity of the misconduct according to the decision made by the Committee:

(@ Cancel publication of relevant research subject to the Society publication

@ Prohibit submission of paper to the journal issued by the Society for five years

(® Prohibit presentation in the Society academic conference for five years

@ If the relevant paper has already been published, notify cancellation of publication in the relevant academic
journal, and notify the misconduct to the affiliated institution of the wrongdoer

(5 Cancel membership to the Society

If the informant intentionally made a false report, the sanction equivalent to the research misconduct may be given

according to the decision of the Committee.

Article 14 Protection of Rights of Examinee

A.

The examinee refers to a person who has become the subject of investigation for misconduct due to the report or
cognition by the Society or related institution, or a person who has become the subject of investigation by
suspecting of taking part in misconduct during the investigation process. The examinee shall not include testifiers or
witnesses.

. The Society shall be careful not to violate the dignity or rights of an examinee during the verification process. Also,

until the confirmation of the results, the examinee shall have an equal opportunity for objection or defense, and
shall be notified in advance of the related procedure.

. The suspicion on misconduct shall not be disclosed to the public until the judgment has been confirmed. However,

this does not include cases where serious risk may be present to public welfare or social norms.

. The examinee may request for investigation and processing procedure as well the processing schedule for misconduct

to the Society, and said the Society shall respond sincerely.

Article 15 Disclosure of Record and Information of Investigation

A.

The Committee shall store the investigation report of the entire investigation process obtained in the form of voice,
video or written document for at least 5 years.

. The report of investigation and list of investigators may be disclosed after judgment has been made.
. If the list of investigators, witnesses, testifiers, or consultants has the possibility to cause disadvantage to the

concerned personnel, it may not be disclosed.

Article 16 Report of Investigation Result

A.

B.

The Committee shall report the confirmation of the examined content to the board of directors within 6 months of
the submission date after completion and judgment of the investigation.

The report of the result must include each of the following items:

(@ Content of information

(@ Misconduct subject to investigation

(® List of investigators of Investigation Committee

@ The role of the examinee in the relevant research and validity of misconduct

(® Related evidence and witnesses

(& Objection or defense by informant and examinee, and its processing result

C. Until the final judgment on the research misconduct, it must not be disclosed to the public.
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