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Deep Q-network Based Resource Allocation for UAV Communication

Systems

KEYWORDS: Radio resource allocation (21 X2l &t=t), Power allocation (&1
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&), Deep reinforcement leaming (AS Zta} SHE), UAV communications (£217| SAl)

In this paper, we propose a deep Q-network-based resource allocation method for efficient communication between a base
station and multiple Unmanned Aerial Vehicles (UAVs) in environments with limited wireless resources. This method
focused on maximizing the throughput of UAV to Infrastructure (U2l) links while ensuring that UAV to UAV (U2U) links
could meet their data transmission time constraints, even when U2U links share the wireless resource used by U2l links.
The deep Q-network agent uses the Channel State Information (CSI) of both U2U and U2l links, along with the remaining
time for data transmission, as state, and determines optimal Resource Block (RB) and transmission power for each UAV.
Simulation results demonstrated that the proposed method significantly outperformed both random allocation and CSl-based
greedy algorithms in terms of U2l link throughput and the probability of meeting U2U link time constraints.
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Table 1 Simulation parameter

Simulation size (X, Y, Height) [m]

1300 x 580 x 300

Speed of UAV [km/h] 30
Direction of UAV Random
Path loss Free space path loss
Shadowing [dB] Log-g_(z)rzlaé with
Small fading Rician fading
Noise figure o2 [dB] -114
Carrier frequency [GHz] 2
Subcarrier bandwidth W [MHz] 1.5
Infrastructure antenna height [m] 25
Infrastructure antenna gain [dBi] 8
Infrastructure antenna noise figure [dB] 5
UAV antenna gain [dBi] 3
UAV antenna noise figure [dB] 9
U2U link time constraint [ms] 100
U2U link payload [Mbits] 30
Time slot [ms] 2
U2I link Transmit power level P [dBm] 23
U2U link Transmit power levels P* [dBm ] 5, 10,23
Number of U2I links M 20
Table 2 Reinforcement learning parameter
Number of input layer neuron 82
Number of hidden layer neuron 520, 200, 100
Number of output layer neuron 60
Activation function of Hidden layer Leaky ReLU
Discount factor y 0.99
Learning rate 0.001
Coeflicient of reward function [Ay5;, App5 4,1 0.1,0.3,0.6
Number of time steps per episode 200
Number of episode 50
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Holonic Manufacturing Systems (HMSs) are regarded as a foundation of cyber-physical production systems as they enable
computers to conduct intelligent process planning, scheduling, and control by endowing manufacturing components with
autonomy and collaboration. In an HMS, autonomy is realized by specifying holons that represent virtual agents of
manufacturing components, while collaboration is facilitated through a communication mechanism that enables data
exchange and decision making throughout a holarchy of holons without human intervention. This study presents the
development of a virtualized holon model and a predictive process planning procedure using the Asset Administration Shell
(AAS), i.e., a standardized model that can identify digital representation of manufacturing components to ensure
interoperability. Specifically, an AAS-based information model was proposed to define operator, machine, product, and order
holons. In addition, a predictive process planning procedure based on the Contract Net Protocol was developed to
automatically allocate tasks while predicting task execution times. This study can contribute to the designing of an AAS-
domain specific information model for HMS to increase interoperability in the holon holarchy, exhibiting the feasibility of AAS

applications in predictive process planning on HMS.
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Fig. 1 AAS information structure
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Holon «enumeration»
+shortid: String {id, unique} HolonKind
+customid: String =

ype
+semanticld: String Instance
+name: String
BasicHolon +holonType: HolonType oo
v +holonKind: HolonKind «enumeration»
“asrogress TaPogEss > [__samioa |
~runni ng&-eck bocleary +availabilty: Availability DU e— HolonType
Human ~executingTask: Task +state: StateMachine Resource
~affiation. String ~creationTime: DateTime 4D Order
~department: String +owmer. String Product
+position: String +version: String DataMediaton
~orderAuthorized: boolean +communicaionProtocol: String ModelMediation
~capability: TaskType{0.."] Human
~retrievedModel: Model
~humanParameters: Double(0. ") —enomeraions
\ ResourceHolon OrderHolon Produckiolon ] [ e
+capability: TaskType[0.."] +candidateReceivers: BasicHolon[0."] —aualiyStals. QualtyLabel t ] F | Unavailable
Machine +retreivedModel Model +recenverList Map<taskOrder, Holon> e eraCiass: St H
+processParameters: Double(0."] | *CFP|+recievedBids: Bid[0.] 9 H
+specification: Specification +performanceName: Sting fez-=o “bestBid BiG +materialName: String +rptreives +rtrieves «enumeration»
+operation: Operation > ~performanceValue: double +order. Order *widih: double H StateMachine
~assignedCheck boolean i o e v Tdie
- ~assigningBid: Bid0."] ;! ! Data Model Starting
operates ~assignedOrder. Order numberOfHioies int I ] f ] Excule
~identiies [ 1 [ 1 Completing
0.1 ocucts O~ ~owner Complete
ifi ; +products -
Specification [ Operation l +resodxceOwner $receives <handies P 0. ig’np::
“as AxisSpecifcaton ~sensorData SensorData i sproduces \comrises Suspended
{treats ~order s assignedOrder Held
+has’ { 1 1 0.\ +assignedTasks
: «enumeration»
~speciyRobot ~spdutyAxis i Order Task TaskProgress
SensorData <assignedOrde{ <orgerid: int (10, unique) taskOrder int (19, uniaus) o
+FTsensor. Double H ~orderName: String . .« |+taskName: String Read
B +sensor- int ~creationTime: DateTime executesH1asks | +gescription: String Roning
P ~deliveryDueTime: DateTime [ - 0.+ | *constraint: String Emergent
Wm‘;e;mms ot ~axsSpesd AxsSpesd +orderedTime: DateTime +assignedOrder | *locations: Coordinate(0. "] <enumerations Teardonn
<ratedpayloade: int +axisAngle: AxisAngle +numberOfProducts: int +taskType: TaskType TaskType Loading
i
+maximumpayload: int . - Afiachment Unloading
+maximumreach: int chmey Specifies +Didid: int {id, unique} Drilling Maintained
ey o] vocaes
AxisSpeed AxisAngle +18SOUICRAVS ity: Availabili Turnin - n
+Orderid: int Assemgmy enumeration
+al:int +al:int ~+taskOrder: int Coordinate Inspection QualityLabel
I:§ :: :ﬁ ::t +xPosition: double Measurement Normal
+ad:int +ad:int +yPosition: double Detachment Abnormal
+a5:int +a5: int +2zPosition: double
a6 int +ab int

Fig. 2 Class diagram of information structure
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Asset Administration Shell (AAS)
AASID: asset ID
Header AssetID: asset.asset ID

Body

Nameplate Submodel
submodel.nameplate

Holon Submodel
submodel.holon
Submodel for holonic algorithms

(availability, parameters,
predictive performance, etc)

Asset Administration
Shell (AAS)

Submodel for Common information
(name type, availabilty, etc)

Al 0 PO Aol

p

Specification S

Identifier.data

submodel.specification
Holon identifier
‘?“;g'mD‘ID Submodel for Technical specifications
v d (specifications, component configuration)

Semantic ID,
URI etc)

submodel.operation

Submodel for Current status
(capabilites, state machines, etc)

Data Submodel
submodel.data

Associating and storing data
(orders, beads, sensor data, models, etc)

Fig. 3 AAS holon meta information model structure
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gkﬁ 74 Et}, A 7)E B2 AR mE(Fig 2)22E] AAS
AR 2d(Fig. 3)=22] WS ul|3 #2](Mapping Rule)S £
ol ool ich, T AN Lol 7 4L AAS A
S0 101 thgojof stu ujm 7o) Washt,

Table 12 o]2igt oy 212 Holgh glojolc). olg =
Fig. 29] Holon Zg]2 Short ID £42 7+ £ 29] AlHzlo|0
2, AAS Y HEHolE AERES HAo7 tfgHrh E3L,
Resource Holon Z}|2~2] Performance Value £A2 28 A%
o th3t o= ZHS oJu|BIE R, AAS B2 AHmEo] &Hog
o-S-Ech

i)

F

O.L:

Table 1 Mapping table for holon attributes to AAS attributes

Class Attribute AAS submodel Target AAS
Short ID Nameplate All
Custom ID Nameplate All
Semantic ID Nameplate All
Name Nameplate All
Holon type Nameplate All
Holon kind Nameplate All
Holon Owner Nameplate All
State Operation All
Creation time Operation All
Availability Operation All
Communication protocol Operation All
Task progress Operation All
Running check Operation All
Quality status Operation Product
Number of holes Operation Product
Material name Specification Product
Pﬁg?;lna Material class Specification Product
Width Specification Product
Length Specification Product
Thickness Specification Product
Candidate receivers Nameplate Order
Order Receiver list Operation Order
holon Recieved bids Operation Order
Best bid Operation Order
Performance value Holon Resource
Performance name Holon Resource
Assigned check Holon Resource
Rii(izflce Assigning bid Holon Resource
Assigned order Holon Resource
Retreived model Holon Resource
Capability Operation Resource

Fig. 4= AAE AAS E&E X mdo] A %3 "4
21935k (Serialization)g UERHATE. AASE F3 Ao 5 dlut
XML (eXtensible Markup Language)o. 2 EETH Ao|w, Al
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Fig. 4 Example of AAS instance (Drilling robot)
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(b) Cutting force distribution data (Spindle speed: 1000 RPM,
Feedrate: 0.83 mm/sec)

Fig. 5 Drilling robot and cutting force data
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Fig. 6 Process of integrating predictive models into AAS
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Fig. 7 Holonic predictive sequence diagram
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Fig. 11 Prediction implementation results

dskar s, Sefteoldd
EofA 27 Al AAS GRith AAS SEfoldE=
AR AAS QAEAE QA3 5 Uniform Resource
Identifier (URD)Z ©0]-83f0] AAS QAEIAE Huub=c} 17
L AAS JIAEHAE o] gsto] 53] 34

Fig. 112 20| EA 9] o524 34 A A
olck. 418 T3 Al 99 2ol A AAS AT S
gi5to] 2070 T 1007) 7Y 7Hg AFOR FREES 7Y
M QJegic. 4189] Bapo] ofste], A WA ABL Hx
21} AIZHS AZ3T Robot 3917 ZHejo] STk = A A%
S Robot 39] 70|22 A|2]%]3l, Robot 13} Robot 2 %0
Al Z 4 ZYGAIZEHE A& Robot 20014 2H¢lo] Sy

olggt 1 F AU MAE= HolEES ZF AAS
2B AL Bl £Ad7ke] ABAE AE Eol, 4 22 AAS
2AEIAL Performance Value &40 3 24 of|= A|7HS
Al Hok E tE A= 23 AASTH A A A S
W =9, Availability €430 ‘True’of| 4] ‘False’® 7 A=t}
olfgt IFS Foto] A TR AES 7Hest] flske] 7t
|7Fse 2RES 2 7 AES 7Hesh] SR =REE &
opf o= o Zof 7Nt 34 AYS 7T o Sl

ANE
—=
AE

AAS AHE= AAS oA
IES

U

2y

ofl df O O

N

W 0] B8% Bgel e WS AAshert.

B =R ool thgat Pk, WA, AASE 243 HMSC]
A 7Hs e SRelstith. HMSOAE 2 Z&o) ofojdEs
T Elofof ah1, ool ES)A A& Aol A o)A
% 52e Rofsfof gk, olefat WetolH, AAS TE N 1
W2 o|gate] TS| /48t ofoldES Aok AAS 7]
N ool HESS Foto] TEN ABAG] o2 B A2 A
2|5 FATORH, AASE HMSY| ofo]HE 7|&g 2§
2 5 9SS HolFAT). Ea, ONP 7|t o5 34 Ag 2
A2 olgstel AFET ol 34 A AFY Aehe

=29 e s Lk E2Y dEY A o
T R AR AA A RRE g HolHE sshA &
sto] 2|2 Fo] HiolglE ol&sto] 2 ARt oS BEe vk
Aotk &, A& e o§sto] A52 54 A o] 7
< FAsIHA, o] et faddol Addsirtal wdshe
A TP et 2 of =, AA| FH|25E AT glo]E
ol B71sto] A 4 A 7 9 H5S APsHA %
shaltt. =3t 34 AR AvE| e A 819l AlE W Aw

i
-
o
i

o
u
EJ
o
u

X 0
£
i
2
okl
o
)
ot
ok
rE
1o
kl
H
Lo

o

ACKNOWLEDGEMENT
0] AR 87

2 = 20259 AL At
SATAY] AUL Wob FS1 Gl vl AT ofS &

REFERENCES

1. Monostori, L., Kadar, B., Bauernhansl, T., Kondoh, S., Kumara,
S., Reinhart, G, Ueda, K., (2016), Cyber-physical systems in
manufacturing, Cirp Annals, 65(2), 621-641.

2. Van Brussel, H., Wyns, J., Valckenaers, P, Bongaerts, L.,
Peeters, P., (1998), Reference architecture for holonic
manufacturing systems: PROSA, Computers in Industry, 37(3),
255-274.

3. Bader, S, et al., (2022), Details of the asset administration shell
Part 1 - The exchange of information between partners in the
value chain of Industrie 4.0(version 3.0 rc02), Plattform
Industrie, 473.



212/ March 2025

ra

HUSSEX| M 423 M3E

10.

11.

12.

13.

14.

15.

16.

17.

Colombo, A. W., Schoop, R., Neubert, R., (2006), An agent-
based intelligent
manufacturing  systems,

Electronics, 53(1), 322-337.

control platform for industrial holonic

IEEE Transactions on Industrial

Balasubramanian, S., Brennan, R. W., Norrie, D. H., (2001), An
architecture for metamorphic control of holonic manufacturing
systems, Computers in Industry, 46(1), 13-31.

Shen, W., Hao, Q., Yoon, H. J., Norrie, D. H., (2006),
Applications of agent-based systems in intelligent manufacturing:
An updated review, Advanced Engineering Informatics, 20(4),
415-431.

Leitdo, P, Restivo, F., (2006), ADACOR: A holonic architecture
for agile and adaptive manufacturing control, Computers in
Industry, 57(2), 121-130.

Shin, S. J., Woo, J., Seo, W., (2017), Development of a data and

model-interconnected  holonic  architecture  for intelligent
decision-making on cyber-physical production systems, Journal

of the Korean Institute of Industrial Engineers, 43(6), 451-463.

Pulikottil, T., Estrada-Jimenez, L. A., Rehman, H. U., Barata, J.,
Nikghadam-Hojjati, S., Zarzycki, L., (2021), Multi-agent based
manufacturing: Current trends and challenges, Proceedings of the
2021 26th IEEE International
Technologies and Factory Automation, 1-7.

Conference on Emerging

Giret, A., Botti, V., (2009), Engineering holonic manufacturing
systems, Computers in Industry, 60(6), 428-440.

Derigent, W., Cardin, O., Trentesaux, D., (2021), Industry 4.0:
contributions of holonic manufacturing control architectures and
future challenges, Journal of Intelligent Manufacturing, 32(7),
1797-1818.

Zhang, X., Tang, S., Liu, X., Malekian, R., Li, Z., (2019), A

novel multi-agent-based collaborative virtual manufacturing
environment integrated with edge computing technique, Energies,

12(14), 2815.

D’Aniello, G, De Falco, M., Mastrandrea, N., (2021), Designing
a multi-agent system architecture for managing distributed
operations within cloud manufacturing, Evolutionary Intelligence,
14(4), 2051-2058.

Abid, A., Hammadi, M., Barkallah, M., Choley, J. Y., Louati, J.,
Riviere, A., Haddar, M., (2018), Generic framework for holonic
modelling and multi-agent-based verification of reconfigurable
manufacturing systems, International Journal

Engineering and Manufacturing, 19(0), 1793-1809.

of Precision

Salvador Palau, A., Dhada, M. H., Parlikad, A. K., (2019),
Multi-agent system architectures for collaborative prognostics,
Journal of Intelligent Manufacturing, 30(0), 2999-3013.

Saadat, M., Saeidlou, S., Tan, M. C., (2017), A holonic
workforce allocation model for labour-intensive manufacturing,
Cogent Engineering, 4(1), 1324747.

Adolphs, P., Auer, S., Bedenbender, H., Billmann, M., Hankel,
M., Heidel, R., Waser, B., (2016), Structure of the administration

18.

19.

20.

21.

22.

23.

24.

25.

shell - Continuation of the development of the reference model
for the Industrie 4.0 component, ZVEI and VDI, Status Report.

Shin, S. J., Lee, J. H., Park, J., Um, J., (2021), Integrating
PMML and PFA with asset administration shell for interoperable
smart factories, Journal of the Korean Institute of Industrial
Engineers, 47(3), 242-251.

Park, K. T., Cho, H., Kim, S., Kim, H., (2019), Implementation
of digital twin and virtual representation for energy efficiency
improvement of dyeing and finishing industry, Journal of the
Korean Institute of Industrial Engineers, 45(6), 491-502.

Park, K. S., Seong, J., Park, S., (2020), Requirements analysis
and AAS design for Energy digital twin, Journal of the Korean
Institute of Smart Media, 9(4), 109-117.

Tantik, E., Anderl, R., (2017), Integrated data model and
structure for the asset administration shell in Industrie 4.0,
Procedia CIRP, 60(0), 86-91.

Heppner, S., Miny, T., Kleinert, T., Becker, M., Schmitz, K., Alt,
R., (2023), Asset administration shells as data layer for enabling
automated simulation-based engineering, Proceedings of the
2023 1EEE 28th International Conference on Emerging
Technologies and Factory Automation (ETFA), 1-7.

Jungbluth, S., Hermann, J., Motsch, W., Pourjafarian, M.,
Sidorenko, A., Volkmann, M., Ruskowski, M., (2022), Dynamic
replanning using multi-agent systems and asset administration
shells, Proceedings of the 2022 IEEE 27th International
Conference on Emerging Technologies and Factory Automation
(ETFA), 1-8.

Kim, J. T., (2002), Combination of schwarz information criteria
for change-point analysis, Journal of the Korean Data and
Information Science Society, 13(2), 185-193.

Panescu, D., Pascal, C., (2016), Holonic coordination obtained
by joining the contract net protocol with constraint satisfaction,
Computers in Industry, 81(0), 36-46.



March 2025/213

_\
g

Yeoung Sin Kang

M.S. candidate in the Department of Indus-
trial Data Engineering, Hanyang University.
His research interest is Autonomous manu-
fact.

E-mail: ccr9601@hanyang.ac.kr

Seung-Jun Shin

Professor in the School of Interdisciplinary
Industrial Studies, Hanyang University. His
research interests include Cyber-Physical
Production Systems, Manufacturing Artifi-
cial Intelligence, Environmentally conscious
Manufacturing and Industrial Standards.
E-mail: sjshin@hanyang.ac.kr

Cheolho Kim

Ph.D. in the Industrial Transformation Tech-
nology Department, Korea Institute of
Industrial Technology. His research interest
is precision engineering.

E-mail: cheolho@kitech.re.kr

Jaehyun Park

B.S. and Ph.D. degrees in the Department of
Mechanical Engineering from Korea
Advanced Institute of Science and Technol-
ogy (KAIST), Daejeon, South Korea, in
2011 and 2017. He is currently a Senior
Researcher at Industrial Transformation
Technology Department, Korea Institute of
Industrial Technology (KITECH), South
Korea. His research interests include preci-
sion engineering.

E-mail: jh8145@kitech.re.kr






S UISE|X| M 42 H X 35 pp. 215-221

March 2025/215

J. Korean Soc. Precis. Eng., Vol. 42, No. 3, pp. 215-221

http://doi.org/10.7736/JKSPE.024.107
ISSN 1225-9071 (Print) / 2287-8769 (Online)

HSH W PHTY JISS 2 35 23 CHY 22 S 4
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In this paper, a deburring tool with 3-axis compliance is presented for deburring using a robot manipulator. Compliance is
provided with beam structures instead of pneumatic pressure, which enables integrated 3-axis force sensing and variable
stiffness. Two radial compliances were achieved using 4-PSS (Prismatic-Spherical-Spherical) legs, with P joints composed
of cantilever beams. The one axial compliance was configured with two ball bushings and a linear spring. Strain gauges
were attached to cantilever beams and a load cell was mounted between the linear spring and the universal joint to
perform force sensing. The stability of vibrations and force sensing were verified through deburring experiments using the
proposed deburring tool. Additionally, experiments on automatic offset for applying a constant force during deburring were
conducted and results were validated by comparing the workpiece before and after the deburring process.
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1. Introduction

Through post-machining processes in production, such as
deburring and grinding, parts can achieve high value. Therefore,
it is essential to perform deburring economically while
minimizing scrap and rework [1]. In this context, workers are
exposed to high levels of noise and vibration. Furthermore, it is
becoming increasingly difficult to find workers willing to
perform highly repetitive tasks. To address these issues,
specialized CNC (Computer Numerical Control) machines can
be used for deburring operations; however, the high investment
costs are considered unsuitable for high-mix low-volume
processes. The deburring using robot manipulators has been a

focus of research for a long time as a cost-effective and suitable

Copyright © The Korean Society for Precision Engineering

This paper was presented at KSPE Spring/Autumn Conference in 2024

alternative, but transitioning from research to industrial
applications has been challenging [2]. The robots are rarely used
for contact operations such as machining and finishing. The
contribution of robots in machining and finishing applications
remains only about 2% [3]. Studies [4,5] on the challenges and
obstacles of robotic machining have identified and discussed
problems such as complex programming methods, low accuracy,
and insufficient rigidity.

In the manufacturing industry, mechanical interaction with the
environment or the object being manipulated is required. In this
context, robot manipulation is performed within a confined
workspace, and interaction forces related to the task are
encountered. For tasks requiring constrained manipulation, such as
deburring, both the position of the robot’s end-effector and the

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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contact force should be considered. Therefore, the interaction force
should be accepted rather than resisted [6]. Robotic deburring is
generally performed using a spindle driven by a pneumatic rotary
actuator. Typically, robotic deburring is performed in two ways,
where either the deburring tool is fixed while the workpiece is
manipulated by the robot, or the workpiece is fixed while the
deburring tool is manipulated by the robot. Additionally, when the
spindle contacts the workpiece during the deburring operation,
impact forces are generated, causing impulse peaks in the system
and potentially leading to unexpected large vibrations. Therefore,
deburring operations using robots with high stiffness can be
challenging [7]. In the case of robotic deburring, it is challenging to
achieve high precision deburring through position control due to
the varying geometric dimensions and material properties of the
burr on the workpiece. To address this issue, recent studies have
focused on force/position control strategies, and the compliance
control of robotic deburring based on force impedance has also
been studied [8].

Currently, in some manufacturing industries, robotic deburring
operations are enhanced with increased stability due to the
compliance provided by commercial robotic deburring tools, such
as those from ATI [9] and SCHUNK [10]. Commercial robotic
deburring tools provide compliance through a pneumatic system.
Additionally, recognizing the importance of force sensing, most of
the precise deburring operations are performed by installing
commercial force/torque (F/T) sensor between the deburring tool
and the robot end-effector. However, the integration of sensors and
robotic tools can lead to increased costs, additional interfaces, and
more complex control.

Chatter is a vibration that occurs during machining, negatively
impacting surface quality and machining efficiency. Studies
[11,12] have focused on detecting and predicting chatter, as well as
reviewing research and advancements related to chatter stability.

In this paper, a deburring tool with 3-axis compliance was
proposed. The compliance is provided by simple beams and
springs instead of pneumatic pressure in commercial deburring
tools, which enables integrated force sensing and variable stiffness.
The hybrid mechanism for 3-axis compliance was designed based
on the previous research of compliance devices [13-15]. The
mechanism of the proposed deburring tool was explained, and the
static analysis was performed. A prototype of the proposed
deburring tool was developed, and stability in vibration and force
sensing was verified through experiments. An automatic offset was
applied to perform deburring with a constant force. Additionally,
the experiment results of the automatic offset were presented, and
the results were validated by comparing the workpiece before and

after deburring.

2. Mechanism of Robotic Deburring Tool

The proposed 3-axis deburring tool mechanism is a hybrid
structure consisting of a 2-DOF parallel mechanism and one
prismatic joint in series, featuring two radial compliances and one
axial compliance, respectively. As shown in Fig. 1, the two radial
compliances are achieved by the 2-DOF parallel mechanism. The
moving platform is connected to the fixed base by a universal joint
and two rotational motions by the universal joint are supported
with four PSS (Prismatic-Spherical-Spherical) legs. The P joint of
each leg is composed of a cantilever beam (k), and the S-S chain of
each leg is constructed using rod-end-bearings. The one axial
compliance is achieved by connecting a P joint between the
moving platform and a spindle base. For constraining axial
rotation, the P joint is constructed with two ball bushings, and a
linear spring (k, ) is installed for one axial compliance.

In the deburring operation, the interaction force is generated as
F at point Q. The center of the moving platform is denoted as
point P, and the center of the universal joint is denoted as point

O . The center distances are defined by
PO=1,,00=1, (1)

The Jacobian matrix with respect to point O is obtained by

Si1 Si2 Sy Sy S3 S4 S5 0
1 %12 521 S22 %3 %4 %5 Uz
J = @
ISy ISy ISy FSyy I'S3 S, IS5 S
where s\, =+j, s, =, 85 =—1,8p=+i, s3=+i, 85, =+j,

ss = ¢ = + k. Also, for the simplicity of expression, rs=rxs is
defined and r is obtained by

T

I"S(*¢) 71}'] >
rs(n—¢) -417,

ry = [rc(-9)
ry, = [rc(n—¢)

r,=rs =14

where r is distance between point P and S joint in Fig. 1, and c()
and s() denote cos() and sin() functions, respectively.

The stiffness matrix is obtained as follows.
K=Jk, J @)

where k; = diag [k, k, k,k, k, k., k_,k,]. k and k, are defined as

the stiffness of the cantilever beams and linear spring. k; and £,
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(a) Experimental configuration (b) Measurement results

Fig. 2 Joint calibration for each cantilever beam

are defined as the structural stiffness of s;, s, and s, in the
universal joint. Furthermore, k;, and k, are approximated to
infinite values compared to k£ and k,, the compliance matrix can

be simplified as

C= Ilim K' =
kpk,—> 0
i 2 P il
2k(1,1,) 2k(1,~1,)
2 2
0 ly - 0 g ; 0 0
2k(1,~1)"  2k(l,~1,)
0 o L1 9 0 0
k, )
_P
0 ‘0 L 0 0
2k(1,-1)"  2k(l,-1,)
2k(1,1,) 2k(1,~1,)
i 0 0 0 0 0 0.

In the compliance matrix, the elements other than (1,1), (2,2)
and (3,3) elements are relatively very small.

The algorithm of calculating the force vector at point Q is as
follows. First, joint forces of the beams and linear spring are
measured. The beam and linear spring deflections are calculated.
Here, the infinitesimal displacements along the joint axes are
defined as og = [Ox ||, 0x 5, OX5;, OX5,, 0, 0, Oxs, O]T. The deflections
at point Q, 6D, can be calculated through the forward kinematics

or the Jacobian matrix.
oD =J "5q (©6)

where the Jacobian matrix is a non-square matrix and is calculated using
the pseudoinverse matrix. When 6D = [dx, oy, oz, 56, 66, 60.]
and the interaction force is given as oF = [of,, of,, of., 0, 0, on,],
the relationship between the force and deflection vectors is
calculated through the compliance matrix by 6D = C JF . Finally,
the forces at point Q can be obtained by

2 2

2k(1 1 2k(1,~1
5f, = MUy L) - D s, 5;3:—(92—’)5% . =koz. (1)
l : !
q q

3. Prototype of Robotic Deburring Tool

3.1 Force Sensing

For sensing the interaction force at the end of the proposed deburring
tool, it is required to measure the joint forces and calculate the joint
deformation. The joints composed of cantilever beams are equipped
with strain gauges (CAS AP-11-T30S-120-EC [16]) attached to the
beams to measure strain. Additionally, the joint calibration is performed
to define the forces generated at the joints, and the interaction forces in
the two radial directions are calculated using Eq. (7). The joint
composed of linear spring is measured for force using tension/
compression load cell (CAS SMNT-25 [16]). Therefore, the interaction

force in the one axial direction is calculated using Eq. (7).

3.2 Joint Calibration

Each cantilever beam for force sensing was attached with strain
gauge and a half-bridge circuit was utilized. The strain gauges
were attached only to the two cantilever beams, excluding the
symmetric PSS legs. As shown in Fig. 2(a), weights (1.034 kg
each) were incrementally added to the end of the cantilever beam,
up to a total of four weights, and the voltage from the strain gauges
was measured. Additionally, the weight of the hooks used is 0.05
kg. The inverted cantilever beam was also measured, and the
measurement results are shown in Fig. 2(b). The maximum RMSE
(Root Mean Square Error) is 9.7167 mV, which is within 1% of the
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Table 1 Natural frequency analyzed by FEM

Mode Natural frequency [Hz]
1 55.15
2 57.35
3 379.0
4 669.79
5 692.68

measurement range. Therefore, the gains G ,(i=1,2) for each
calibration results are G, ; = 26.3457 and G, = 26.6698 [N/

mV], respectively, for force sensing of the deburring tool.

3.3 Natural Frequency

The proposed deburring tool utilizes high-speed rotation for the
deburring process, which may result in significant vibrations due to
the material of the workpiece, the type of tool tip, and the high-
speed rotary actuator used. Although the vibration frequencies in
machining are variable, the proposed deburring operation utilizing
high-speed rotation generates at least several kHz [17,18].
Therefore, the natural frequency of the proposed deburring tool
was analyzed using FEM (Finite Element Method), as shown in
Table 1. The proposed deburring tool is stable against the
vibrations of the deburring operation, as its natural frequencies up
to the 5th mode are below 0.7 kHz.

3.4 Variable Stiffness Capabilities and Prototype

In deburring operations, the interaction force is calculated based
on the stiffness of the proposed deburring tool. To vary the two
radial stiffnesses, a variable component was equipped to change
the effective length of the cantilever beams. The beam stiffness can
be significantly varied, as it is inversely proportional to the square
of the effective length for the beams. When the beam stiffness is
k, with the initial beam length /, the gains for force sensing are
obtained as follows, based on the variable beam stiffness k&
corresponding to the variable beam length /, as shown in Fig. 1.

k
G, = Go.ii- ®)
0

where k, = 72.3[N/mm] . As the cantilever beams are assembled
with the variable component of the deburring tool, the effective
length is reduced. Therefore, the stiffness and gains for force
sensing are respectively satisfied by ky<k and G, ;<G,. The
minimum stiffness was calculated as £ = 116.8 [N/mm], and the
experiments were conducted with this minimum stiffness.
According to Eq. (8), the value of G, was obtained as
G, = 42.5294 and G, = 43.0526 [N/mV], respectively.

Moving
platform

Fig. 4 Configuration for performance evaluation of the prototype

Table 2 Performance evaluation results for the prototype

Resultant value [N]

Item Reference value [N] (standard error)
Reaction force 50.51 54.50 (0.0320)
Repeatability - 0.35 (0.0399)
Resolution 0.50 0.44 (0.0199)

As shown in Fig. 3(a), the configuration for the proposed
deburring tool is illustrated, and 3(b) presents the prototype of the
proposed deburring tool. Additionally, a pneumatic rotary actuator
for deburring is mounted on the moving platform.

The resultant values from the experiments in Fig. 4 were
compared with the reference values to evaluate the performance, as
shown in Table 2. All values in Table 2 represent the averages of 10
measurements. For the reaction force, an error rate of 7.3% was
calculated; however, the repeatability is 0.35 N, allowing the error
rate to be minimized through error compensation. In the case of
resolution, measurements were taken after first hanging 50 N to

eliminate mechanical losses, followed by an additional 0.50 N.
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Fig. 5 Configuration for deburring experiments (with the tool
rotating in the z-axis direction based on the {Q} frame)
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Fig. 6 Experiment result of maximum vibration occurring at
minimum interaction force during the point deburring

4. Deburring Experiments

4.1 Measurement Experiments in Two Radial Directions

Deburring experiments were conducted using the prototype of
the deburring tool, as shown in Fig. 5. For the deburring
experiments, a collaborative robot (UR10e [19]) was position
controlled, and the workpiece was composed of a rectangular
aluminum plate (material: AL6061). The mounted pneumatic
rotary actuator was operated at approximately 20,000 rpm under
a pressure of 6 MPa. The tooltip for deburring was equipped with
a cylindrical grinding stone. Initially, to focus on the analysis of
the two radial directions, the mobility and measurements in the
one axial direction were deliberately excluded from the
experiment.

Through a simple deburring experiment, it was experimentally
demonstrated that a reduction in interaction forces leads to

increased vibrations. Therefore, assuming a low force of 5 N, it

.10 .10 N
Z 0 % 0
< .10 -10
0 1 2 3 4 5 0 1 2 3 4 5
time[sec] time[sec]
_. 10 _. 10
z Zz L
50 =0
-10 -10
0 1 2 3 4 5 0 1 2 3 4 5
time[sec] time[sec]
(a) Point contact (b) Point deburring
_ 10_/\/\_ _ 10M
z z
¥ z 0
-10 ‘ -10
0 2 4 6 8 10 0 2 4 6 8 10
time[sec] time[sec]
10 10
z = T~
= o/ = 0
2> >
-10 -10
0 2 4 6 8 10 0 2 4 6 8 10
time[sec] time[sec]

(c) Line contact (d) Line deburring

Fig. 7 Experiment results for deburring using the deburring tool
prototype (average values of 50 data for reaction forces f,
and f, on the x- and y-axes based on the {Q} frame)

was confirmed that vibrations of less than 1 N were observed
during deburring at a single point, as shown in Fig. 6.

In subsequent experiments, the interaction force of the deburring
tool was measured with 1 ms, and the experiment results were
recorded every 50 ms by averaging 50 data.

Figs. 7(a) and (b) show the interaction performed at a single
point on the workpiece using the deburring tool, while Figs. 7(c)
and (d) show the interaction performed along the edge line of the
workpiece using the deburring tool. Figs. 7(a) and (c) show the
only contact performed on the workpiece using the deburring tool,
while Figs. 7(b) and (d) show the deburring operation performed
on the workpiece using the deburring tool. As shown in Fig. 7(b),
during the deburring operation at a single point, force was applied
in the -x-axis direction based on the {Q} frame, resulting in a
measured +f; value as the reaction force. Additionally, the force
generated by the deburring operation resulted in a reaction force
f, - As shown in Fig. 7(d), the path for line deburring is defined
from the {A} frame to the {B} frame of the workpiece in Fig. 5.
The f; value is affected by the size of the burrs present along the
path on the workpiece, and as the burr size increases, f, value also
increases. Therefore, f, value generated during the deburring
operation is also affected by the size of the burrs. In other words,
the proposed deburring tool adapts to the size of the burrs and
performs the deburring operation with a force proportional to their
size. Finally, according to the experimental results, significant
vibrations did not occur, and the performance of stable force

sensing was verified.
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Fig. 8 Experiment results of automatic offset for line contact with (a)
G,=15 and (b) G, = 5.0

4.2 Deburring Experiments with a 3-Axis Deburring Tool

In this section, deburring experiments were conducted using
the proposed 3-axis deburring tool. In previous experiments,
deburring was performed with compliance to the shape of the
workpiece, resulting in force sensing that varied depending on
the shape of the workpiece. However, when deburring operations
require a constant force, automatic offsets should be applied
along the working path.

First, the working path was divided into 50 working points
between the paths of the line deburring process. At each working
point, an automatic offset was applied based on the force measured
at the previous working point. The robot's working speed was set
to 10mm/s with an acceleration of 20 mm/s%. Additionally,
position gain (G,) was added to the automatic offset, and
measurement experiments were conducted along the working path
with contact only, as shown in Fig. 8, where f, is generated as a
pre-load of 17.94N, corresponding to the initial deformation
(2.3 mm) of the applied linear spring stiffness (k, = 7.8 [N/mm)]).
The appropriate G, is shown in Fig. 8(a). When G, is large,
overshoot and undershoot were observed, as shown in Fig. 8(b).
Therefore, it was verified that maintaining a constant force (15 N)
was achieved through the automatic offset with an appropriate G,,.
Also, the effect of f, can be identified. Second, the deburring
experiment was conducted under the same conditions as before,
and the results are presented in Fig. 9. It is noted that a large force
occurred during the initial contact due to deburring. Although a
constant force was maintained through the automatic offset, it was
sustained at approximately 12.5 N rather than the target force of
15 N. Furthermore, the surface condition of the workpiece before
and after the deburring process is shown in Fig. 10. The difference
in surface roughness from the experiment result of the deburring

process is presented in Table 3.

510—/1_—__\,\‘___,\_
X
0 :

0 5 10 15 20 25 30 35
time [sec]

<10

= Wﬂ
0 i

0 5 10 15 20 25 30 35
time [sec]

0 5 10 15 20 25 30 35
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Fig. 9 Experiment result of automatic offset for line deburring

Fig. 10 Comparison of surface conditions (a) before and (b) after
deburring in experiment result of the deburring process

Table 3 Surface roughness comparison in the experiment result of
the deburring process

Item Before After
Surface roughness [pm] 8.75 1.92

5. Conclusions

In this paper, a 3-axis deburring robotic tool with compliance,
force sensing, and variable stiffness capabilities were presented and
evaluated. The proposed deburring tool is designed with a hybrid
structure consisting of a 2-DOF parallel mechanisms and one
prismatic joint in series, and the prototype was fabricated. The
performance of the prototype was evaluated through experiments.
The deburring experiments were conducted using the prototype of
the deburring tool, mounted on a collaborative robot. In conclusion,
the proposed deburring tool was demonstrated to be stable against
vibrations, and its effective force sensing performance was verified.
Additionally, an automatic offset for maintaining a constant force
during deburring was applied to force measurement experiments for
line contact, and differences based on position gain were observed to
determine the optimal position gain. Through deburring experiments
on the workpiece, it was observed that a slight deviation from the
target force occurred, but the ability to maintain a constant force was
verified. Finally, the deburring results were validated by comparing

the workpiece before and after the deburring process.
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Drones are increasingly used in various fields such as agriculture, logistics, and disaster response due to their agility and
versatility. In indoor plant factories, small drones are used to monitor crop conditions and collect environmental data.
However, small drones require frequent recharging due to their limited battery capacity, making autonomous charging
systems essential for uninterrupted operation of drones. This study proposes an autonomous charging station designed for
small drones in indoor plant factories. The system employs a wired charging mechanism to enhance charging efficiency,
and a 3-degree-of-freedom (DOF) pose alignment system, utilizing an XY plotter and turntable, to correct drone landing
errors. The alignment system ensures that drones, landing with random positions and orientations, are automatically
adjusted to the correct position for charging. Experiments demonstrated that the charging station successfully aligned and
charged drones with a 93% success rate on the first aftempt. Even in cases of failure, the system automatically retried until
a 100% success rate was achieved. This autonomous drone charging system has the potential to significantly enhance
operational efficiency in indoor plant factories and can be adapted for various drone models in future applications.
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Fig. 1 Conceptual design of autonomous drone charging system

Table 1 Design requirements for autonomous drone charging
system

Subject Requirements

Width: Min. 300 mm

Landing area

(Upper Plate Area) Height: Min. 300 mm
Manipulator DOF ¥ translafi(gl?li rotation)
Manipulator Whole landing area

workspace 360°
Payload Min. 100 g
Camera FOV Whole landing area
Charging method Wired charging
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Fig. 2 Additional components attached to drones for autonomous

drone charging system
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Fig. 3 Detailed structure of drone pose alignment manipulator
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Fig. 6 Experimental environment to verify position control

performance of drone pose alignment manipulator

Fig. 7 Experimental environment for payload measurement of
drone pose alignment manipulator
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CFD-based Performance Evaluation of Smart Bathroom Systems with
Space Heating, Direct Drying, and Dehumidification
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This study presents results of Computational fluid dynamics (CFD) analysis conducted to evaluate performances of various
functional products developed for smart bathroom systems. The primary objective was to analyze the efficiency of space
heating, direct drying, and dehumidification functions in a winter bathroom environment. Representative bathroom models in
South Korea were selected and detailed CFD simulations were performed on these models. Results showed that bathtub
models exhibited higher efficiency overall in space heating and dehumidification than shower booth models. This was
attributed to differences in bathroom structure and internal air flow. Additionally, the direct drying function showed higher
efficiency in bathtub models, determined by the placement of air outlets and inlets. This study provides essential
foundational data that can contribute to the design and enhancement of smart bathroom systems' functionality, offering
valuable insights for the development of optimized smart bathroom products.
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NOMENCLATURE

Xmo =
n; = Air Density Mipo =
P = Pressure May =
R = Specific Gas Constant for Dry Air q -
T = Temperature
Tp = Dew Point Temperature mmy. =
Puso = Partial Pressure of Water Vapor (in hPa) Cio =
e = Vapor Pressure, which refers to the partial pressure O =

exerted by water vapor in the air

Volume Mixing Ratio of Water Vapor

Molar Mass of Water (in g/mol)

Molar Mass of Dry Air (in g/mol)

Specific Humidity (Ratio of Water Vapor to Air
Mass)

Mass Mixing Ratio

Mass Concentration of Water Vapor (in g/m?)
Molecular Concentration of Water Vapor of Water

Vapor (in molecules per cubic meter)
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Fig. 1 Product installation space according to ceiling height and
structure of domestic bathrooms
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(a) Bathtub-type Case 1: Space heating, direct drying, and
dehumidification model

mm Inletfor space heating and dehumidification
mm Inlet for directdrying
w Outlet

L

(b) Bathtub-type Case 2: Space heating, direct drying, and
dehumidification model

mm Inlet for space heating and de humidification
mm Inlet for directdrying
ww Outlet .[

= i}
EI IL ‘ g |

(c) Shower booth-type Case 3: Space heating, direct drying,
and dehumidification model

mm Inlet for space heating and dehumidification
= Inlet for directdrying
W Outlet

o)

E=y

(d) Shower booth-type Case 4: Space heating, direct drying,
and dehumidification model

Fig. 2 Four different smart bathroom concept designs and functional
inlet/outlet schematics
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Table 1 Material properties

. Density Therm.al. Viscosity Mole_cular
Material ke/m Conductivity [ke/(m's)] Weight
[W/(m-K)] [kg/kmol]
Air 1.225 0.0242 1.789¢-05 28.966
H,O 0.554 0.0261 1.340e-05 18.015
Table 2 Mesh information
Case Nodes Elements
Bathtub-type case 1 221,578 1,192,793
Bathtub-type case 2 259,202 1,386,598
Shower booth-type case 3 267,962 1,399,958
Shower booth-type case 4 271,192 1,401,348

2.3 CFD Mesh

REHS] CFD 412 Sa5}7] 915} 2} Alo]2o] thaf ke
3 2912 Wsgat 7, 3D CFD a4 Rlg 1251900k, o]zl
2 AR G4 BN WA 4= e Tt 27
ao] AAE9ow, THeslEl Zalak Mesh 72 Fig. 3]
Ao} 9.

Grid Convergence Index (GCI) ®'H-& #-8-35}0] Mesh?] =3
e 288 Susty] o) AES ST, T AT 25 mm
Mesh Afo]zoll4] 34 227} Mesholl e W] o 2
of =kl AL sholstalnt. 7+ CFD welo] it (Node)o} 8.4
(Element) <= Table 20 AzZ|Zo] Qlt}. Meshe] £
Tetrahedron MeshE Agj3le] B33t 7|alska] AS Fes)
Al FASFALA}F Sk

FSE ¥ 13§50 A2 F71sl7] 98 Fluent AZE
Hofoll A B HAe-3-2(To) #h& Ao, ol 7]vke
2 okghe] A Q)2 BEI y+ S AXBHTt. W
A R S e
ZEO R, y+ AAte] XA @ 4ot} y+ FHe thgat e
Hos AL oA, To= e ek (Pa), yi= 3 WAl
W FA7A) AR AL 0.025m), v 25 B4 A
22(1.7894 x 10° m¥s), pi= B7] WiE(1.225 kg/m)yS Lpepdich.
AKPR Bl g2 2k yr ZES Tables 33} 4o] o]
QUTF. AR y+is 150014 278 Afole] ke 7hAIm, ol 7]
Q17 Aug vhgoz ghelHoleka hekEnhs]. ol2jg y+ ¥
She o 24 R4S Aol Jolg ANFoR HuT 4 9

st, CFD 84 23] 4l=jde Bt =

off

E
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l-J

o =%
s 55

o2 Fof Mesh 57|19} Wbt il be] 2@L A, 3
HBHES ol F7PA AR Hl§- A2 4 gIgic.

‘- E’ (1)

LUy

2o

y 2

(a) Bathtub-type Case 1: Space heating, direct drying, and
dehumidification model

(b) Bathtub-type Case 2: Space heating, direct drying, and
dehumidification model

SN

(c) Shower booth-type Case 3: Space heating, direct drying,
and dehumidification model

(d) Shower booth-type Case 4: Space heating, direct drying,
and dehumidification model

N N\
> >

-V I-

(e) 3D modeling simplification

Fig. 3 3D analysis model and mesh
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Table 3 Wall shear stress

Case 1 [Pa] Case 2 [Pa] Case 3 [Pa] Case 4 [Pa]
0.011593 0.024933 0.039465 0.010736

Table 4 y+ Values for each case
Case 1 Case 2 Case 3 Case 4
150.42 220.61 277.55 144.76

2.4 CFD oiiM= flst R 29 2 JFY

o4 29 Sho} 2ol 3 CFD Aol 22 71
O 4 SHSHICY SIS FAL YR 5 1 9
3} Ansys®] Fluent 2ZEoj(HA 2024 R2)« AR5} 0
o, 45 B2 Realizable k-¢ &S A-83}9c) ke 2E
&AW 371 5 9 F A sfAolA 7Pt de] AR EE ¢
% 29 % ol AWt BEAT Pl Slofuinl, Bxte
B Wi 5 Aol sttt 53], AW 37 fselA

tor|

apeist 8 AdsH: o At
CFD sj42 BRA 0% 435 9Jstel B AToAL:
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nlE 84 XA Ao Hrlslgirt. AnfE 84 x| AHO)
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Heglsto] a4 9] 4= e ghHslr] fivtol
24§52 89 AR 37 Fd

7] WEo] AT 4= Stk ey & AtoflA = o]y
g R 7] £ 9 R 3] BES sk sttt ol
24 £55 39 37 ey e w5 2], QR
25, o 7] f5 WeF 59 ndg A waeE WA
= A9 =8 HA2 &4 i 37 550 d AY A

B, A0kE 84 A2E] BE W S Aol A5E B
=

=

) 37 BE AR ALY Wi A
SO 371 1405t $HE AT 45l e
A3

317] Y3l #H|4fE = 21 (Closed Domain)

S Y SIS 5027 skl e, S R Hat
=S AR 27] 2 s e HEE] Hefsi] 9
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o] L5 WIS gro ', ol ARl AU B8-S sh7]ol=

x o o o

60
55
50
45
40
35
30
25
20
15

10 sec (Ave 37.7°C)

20 sec (Ave 49.2°C)

1 sec (Ave 17.9°C)

A

30 sec (Ave 54.7°C)

40 sec (Ave 57.4°C)

50 sec (Ave 58.7°C)

[C]
(a) Bathtub-type Case 1: Space heating
60 1 sec (Ave 17.4°C) 10 sec (Ave 36.4°C) |20 sec (Ave 47.8°C)
55
50
45
40
® 30 sec (Ave 53.6°C)
30 .
//Q'\;
25 -, |
20
15
[C]
(b) Bathtub-type Case 2: Space heating
i 60 1 sec (Ave 17.7°C) | 10 sec (Ave 35.7°C) 20 sec (Ave 45°C)

(c) Shower booth-type Case 3: Space heating

60
55
50
45
40
35
30
25
20
15

I .

[C]

1 sec (Ave 17.2°C)

20 sec (Ave 44.3°C)

10 sec (Ave 34°C)

(d) Shower booth-type Case 4: Space heating

Fig. 4 Space heating analysis results: 1 to 50 seconds
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Table 5 Space heating variable values

TenIlm;z{cure Wind speed Air inlet Air angle
[[:, C] [mv/s] temperature [°C] [°]
15 12 60 45
Table 6 Direct drying variable values
Terrllmgz{rure Wind speed Air inlet Air angle
F, C] [m/s] temperature [°C] [°1
25 25 120 90
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120
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91
82
72
63
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44
34
25

1 sec (Ave 28.8°C)

10 sec (Ave 57.5°C)

20 sec (Ave 78.6°C)

40 sec (Ave 101.8°C)

50 sec (Ave
107.9°C)

-
\\T/ “

\
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(a) Bathtub-type Case 1: Direct drying

120
110
101
91
82
72
63
53
44
34
25

c T

1 sec (Ave 27°C)

10 sec (Ave 59°C)

20 sec (Ave 71.4°C)

50 sec (Ave 95.6°C)

(b) Bathtub-type Case 2: Direct drying

120
110
101
91
82
72
63
53
44
34
25

I

[C]

1 sec (Ave 28.6°C)

10 sec (Ave 55°C)

20 sec (Ave 75.5°C)

30 sec (Ave 89.6°C)

40 sec (Ave 99.4°C)

50 sec (Ave
105.9°C)

|

-

(c) Shower booth-type Case 3: Direct drying

[C]

1 sec (Ave 26.9°C)

10 sec (Ave 42°C)

20 sec (Ave 55°C)

30 sec (Ave 65.5°C)

40 sec (Ave 74.1°C)

50 sec (Ave 81.5°C)

(d) Shower booth-type Case 4: Direct drying

Fig. 5 Direct drying analysis results: 1 to 50 seconds
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5 sec (Ave 81%)

20 sec (Ave 59%)
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60 sec (Ave 50.8%)

80 sec (Ave 50.2 %)
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32
1%l ‘ 5 o
(a) Bathtub-type Case 1: Dehumidification
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(b) Bathtub-type Case 2: Dehumidification
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(c) Shower booth-type Case 3: Dehumidification
5 sec (Ave 81.8%) 20 sec (Ave 59.4%) | 40 sec (Ave 54.6%)
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(d) Shower booth-type Case 4: Dehumidification

Fig. 6 Dehumidification analysis results: 5 to 100 seconds

Table 7 Dehumidification variable value
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= s Bathtub-type case 2

109 = Shower booth-type case 3
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Fig. 7 Comparison of indoor average temperature over time
between bathtub and shower booth types - Space heating

120 Direct drying efficiency
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Temperature [TC]
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= Bathtub-type case 2

mmmmm Shower booth-type case 3
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Fig. 8 Comparison of indoor average temperature over time
between bathtub and shower booth types - Direct drying
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Fig. 9 Comparison of indoor average humidity over time between
bathtub and shower booth types - Dehumidification

Table 8 Comparison of results

Space heating Direct drying Dehumidification

Case efficiency efficiency efficiency
Bathtub-type . . .
Casel High High High
Bathtub-type High Medium Medium
Case2
Shower booth- .
type Case3 Low High Low
Shower booth- .
type Cased Low Low Medium
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Study on the Design of a Small-Scale Soft Jamming Gripper
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In soft robotics, gripper technology based on granular jamming offers the capability to adapt flexibly to objects of diverse
shapes and material properties. Specifically, small-scale jamming grippers can address tasks challenging for conventional
grippers either by enhancing gripping performance or by extending functionality when combined with rigid grippers. This
study investigated effects of membrane morphology, thickness, and material on performances of small-scale jamming
grippers to identify optimal design parameters. Experiments were conducted with three membrane morphologies, two
thickness levels, and two material types. Results indicated that a concentric-pocket membrane morphology, a membrane
thickness of 1.5 mm, and a soft material such as Dragon Skin 10 achieved a superior holding force of 430.7 gf. These
findings indicate that softer materials can improve the membrane's ability to conform to objects, while increasing thickness
can minimize deformation due to tensile forces, thereby enhancing gripping stability. Furthermore, experiments
demonstrated that this configuration could enable the gripper to safely grasp objects of various shapes and perform
additional tasks, such as rotating valves and handles, with effectiveness.

Manuscript received: November 15, 2024 / Revised: December 27, 2024 / Accepted: February 5, 2025

FHIE o183t EAIE AU S MEA7 = 71Eelt3-6].

NOMENCLATURE o] 714e B4 el BAlo] FofuA] ek oFYHQl AL

D [mm] = Diameter of the Jamming Gripper Membrane R 4= gl Aol Qlof, Btk egollA e f1%k 1w
H [mm] = Height of the Jamming Gripper Membrane [6,7] = 25L0] e s =9t Zho] el ofofl 2-8-0] 7hs
t [mm] = Thickness of the Jamming Gripper Membrane SITHB]. 535] Le|T fofollA 71 A &1t 7Nt Le|H 7t
a17] e & e AAE EUAY A2 vE EAE S S

A2 [9] A e e} Enpeel AatEof vhE a8 dea
ol 2 A T AT Ay JTH10,11].

1. ME =
A7 ko] Zi7leh ;e el AR W @A e AA
AXE 2R HopoA] AR} AW (Granular Jamming)S ©]-& aaso] a8y gl vAe FFE B4 AFE0] 28
g Jelw 714e o BAle) ket B 0] Sois o] ghon, o) Fal vt 1% 9 o Alo] 28 Axsta
4 4 o AHE AU, o2 Fa) 22 Boko) g W TemME s ATl wIHSACINe. G Sol
N2 Wl FUT /e AWAT ok B AR Brown S 4} lek ejwle] 27 9w olo] tha A
o £rE 2sel ge[12) YA AW Ak BA B W Bgelx T Akl uAE SRe APshn £
ol AAE A F AT AL Jblo] A el AT HF A5 WASIIHITL et Aol W vAE Faw
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by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



242 [ March 2025

3 ulo] &4 Membrane Morphology)ol] That ¢t=
oFZ] Rt A7 olh[18,19]. Thegt wuf /ol thet At X3
=L glont dhof| tigk A=, —:—Wﬂﬂ 22 v E H]‘:’fLoi 3

53 £ s 2t
T D T ¢—r
o A2 WA 4 Gl A 2AZ SISk Sk

2. A% e 2o &AH 2 ol e

2% A 12w o] vt f%“o*% 37HA] FF= AASHI Fig. 1
= A 7] whe] 4 Bl whHE el SAet Fig. 1(a)y= R 34
o=, 7|E g AW 2ejuoA 23ekE el A u AR5t
9 ] gelel FERRAL AAs Q)5 s B
AABIAT. T F 714 B BARS Howard 59| 304 A3}
PRZE B BT FE B FAR ol B2
:‘—3:- AABFHAL, o5 7]HEe = 7574];}“4[19] AR e
Je|H e A 7HA] AHE Uﬂﬂq 7IRke = et e &
W AWHA, A& apE ol TrX]EﬂG{oldmg Force)
7] sl 9 HE HAS -"]EH§]'°]"C‘ To] FAdof Lsh=
7hxIet. FRA, e 7E 24 ?401]/\1 = uf 12w vt
o] ofgifiilo] EAIE e Ae=m 4% o] dojuk 7+
Jo] ‘*’%‘f‘h:} AR, ZA4o] thet Xs &Y 5= =07
2ju o] Fofol] 2A Fx= Uehdtt. o]#g E4o] vty
3= Figs. 103) 2 1(c) FAdell eIt Figs. 1(c) 87>
1(b) B4 th2A] S4Y 2ok s 7183t o] Al7HA]
B 71 BT Z20] A= MFE EHU} s

o o‘:1

Sy
o N

|roofh R HE oX 2 OBL
o 2

o

rﬂj%r
oﬂL:?:I‘U
LI

Hlmslglon] melel nae ol Sigk F49 sheto] e )
o} g of Ay :erm 52 wlwsp] Sle) Atk

Fig. 19141 D, H, t = 22} 4 5k9] X%, $el, Ffolct.
A 71 e v S W ol Al vl S8 FUsH

AAISEATE A7]= o)t 42, AF0] 28.5 mm AA|Sto] A2
712 YARIsH e AW wro] FAILE A zofl thafjA] W= <
FE dobir] I8l 37HA] B4l el FA7F 1, 1.5 mm, |f
Nz7b A= thg 2714 dejEog skl & 127119 A9
of e Aty 12jw o] A5 vlastleh ol 9 A== 7]
= A 9t Azt o] ARg-3k= AlE]#[21] % Dragon Skin
10 Medium¥} Dragon Skin 2022 EA2 Table 13} Zt}.
Dragon Skin 10 Medium-& Dragon Skin 20 H|3j| ¥ =9}
4ol S0t 8 EAS 5% itk G4, A o )
ol v P2 SISk 9J) 1249 AT 1ejnE A
A5t Ay TPl BAE Bol Beln HATE B 38
a0l Aulig oA s o,

— S ——

(a) (b) ©

Fig. 1 Membrane morphology of jamming gripper and cross section:
(a) Hemisphere shape, (b) Pocket shape, and (c) Pocket shape
with concentric ring pattern

Table 1 Properties of dragon skin 10 medium and dragon skin 20

Dragon skin 10 Dragon skin 20
Shore hardness [A] 10 20
Cure Time (Hours) 5 5
Elongation at Break [%] 1,000 980
Tear strength [pli] 102.5 119
Tensile strength [psi] 525 575

o 2| M=
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(©) (d)

Fig. 3 Fabricated jamming gripper membrane and rubber granular:
(a) Jamming gripper of a hemisphere shape, (b) Jamming
gripper with small pocket shape, (c) Jamming gripper with
small pocket shape and concentric ring pattern, (d) Rubber
granular for jamming gripper
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Fig. 4 Circuit and pneumatic line diagram of jamming gripper
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Fig. 5 Experimental setup for measuring holding force of the
jamming gripper: (a) Overall experimental setup
configuration, and (b) Close-up of the connection between
the load cell and the target object
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Fig. 6 Comparison of holding force for different jamming

membrane thickness
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Fig. 7 Comparison of holding force for different jamming

membrane material
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Fig. 8 Various object grasping experiments using jamming gripper:
(a) Ball valve, (b) Vise handle, (c) Weight of 400 g, and (d)
Socket driver
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This study aimed to develop a regression-based model for predicting tool life in manufacturing environments, with goals of
enhancing productivity and reducing costs. In machining operations, particularly roughing processes, high cutting forces can
accelerate tool wear, often leading to process interruptions and increased defect rates. Previous research on tool life
prediction has frequently relied on empirical models and statistical methods, which face limitations in reliability across
diverse machining conditions. To address this issue, we proposed a data-driven approach that could collects tool wear data
under varying machining conditions (such as cutting speed, feed rate, and depth of cut) and applied regression models to
predict tool life effectively. The model’s performance was validated under multiple conditions to assess its predictive
accuracy. This study offers a practical tool life management solution for manufacturing settings, optimizing tool usage and

enhancing operational efficiency.
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Table 2 Regression analysis results considering all factors

Dep. Variable  Change time R-squared 0.852
Model OLS Adj. R-squared 0.842
Method Least Squares F-statistic 90.88
No. Observations 102 AIC 701.5
Df Residuals 95 BIC 719.9
Coef Std err P>t

Const 89.6003 10.723 0.000
Tool diameter 1.0519 0.114 0.000
Tool length -0.1058 0.013 0.000
Axial depth -6.4502 1.583 0.000
Radial depth -1.169 0.253 0.000
RPM 0.0202 0.005 0.000
Feedrate -0.066 0.006 0.000
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Table 3 Optimal model according to number of factors

Total number of

Number of Optimal model’s  Optimal model’s
factors models AIC R-squared
(6C Number of factors)
1 6 846.374911 0.323
2 15 807.371033 0.547
3 20 737.66595 0.776
4 15 725.029324 0.806
5 6 713.717091 0.829
6 1 701.488 0.852
Table 4 Regression results excluding feed rate
Dep. Variable  Change time R-squared 0.641
Model OLS Adj. R-squared 0.623
Method Least squares F-statistic 34.32
No. Observations 102 AlC 789.5
Df Residuals 95 BIC 805.3
Coef Std err P> |t|
Const 64.3783 16.243 0.000
Tool diameter 1.1872 0.176 0.000
Tool length -0.0970 0.020 0.000
Axial depth -5.2698 2.444 0.034
Radial depth -0.8871 0.390 0.025
RPM -0.0322 0.004 0.000
Table 5 Regression results excluding spindle speed
Dep. Variable  Change time R-squared 0.829
Model OLS Adj. R-squared 0.821
Method Least squares F-statistic 93.36
No. Observations 102 AIC 713.7
Df Residuals 96 BIC 729.5
coef std err P>t
Const 89.1781 11.437 0.000
Tool diameter 1.0958 0.121 0.000
Tool length -0.1037 0.014 0.000
Axial depth -6.1713 1.687 0.000
Radial depth -1.0786 0.269 0.000
Feedrate -0.0479 0.003 0.000
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Fig. 5 Predicted values vs. measured values

Table 6 Model evaluation results

Index MSE RMSE MAE R2
Model 1 184.735 13.592 10.084 0.293
Model 2 206.285 14.363 9.434 0.210
Model 3 166.541 12.905 9.332 0.362

dlolE|e} =2 YA EE Wt o= @4 HlolEE 7|Wteg gt
3|9 o] Al TN A o7 28 THs/dS HolEr)

793t mdlo] tf2 o] Hls)] X217 H7istr] $lal A
:1]0] HE 83 2d HrHs skt shgoll ARSE A
11712] A5 dlofele] il AAg mEe] A &5gke vl
a, Flg 501]*1 & ¢ %o AAHo R AARES F 3

S . £3], Model 32 HHA|H22HMSE)
166.541, -g{j 41‘413?<}(MAE) 9.3%= 7}20% ro ko J|25hg]
t}. Table 62 7} B9 oS A5
st XLLE [ ot E‘OJHE}

oAl AR HE IARE AQet 5719 AR 55 435}
nge HZ dlolE Jﬂ7}°ﬂ/‘1 M =2 S AYg=E UE
o} ol HE BeE XS EH'O] A AxA v

10

]_

o El &2 OIN
o7
rir mﬁ

_O|l"
%‘-
s
T
2
_1

[e)

squared,

o) B TS 93 BAH BT mrjol (A A A
o] BeTelE BlsT
5. 42

Az glojgl 7Rk oS &

FQ 7H Z79 HAF :E ol £, A o], I+ A
5 WA QREo] B Se] WAL e FHon &
Hehi, Ee) 43 BAH PHE A W Heo] wel

53], BE W4E Ee mEnd OR 8y Wes A
wo] A A% dolEelA o B % AIES HlTHs
Ae B A7) Fagh APEAS ekt ol Bs] BAA
Arelo] st o, A% B4 Bed B4 N W
S Ao o5 A% AH HE THsAS ol slofa
the 2 A

o g rr
g&'
FJ
Y

HASe o Lo dus) Jse SEFo RN
7k 2AANME A=Y e 37 1 Sl 7

ooyl
2 AFsket olels AT vk T 4 A% 2 we A
8] el Fofat 2 glon, Al dgelA BT SEE
Hojslan AAE PN Ao 28 5 S
Zele}.

ACKNOWLEDGEMENT

o] EEE 20249 BRGSO Ao FRATAIL)
AP wol =aE 7] 2 AFAFA (No. NRF-2021R111A3048752)
3} AEAAARMOTIER} §H520]1 27|43 712 (KETEP)]
A G Wrol 42883t AL A YUY Tl (No. RS-2024-00394769)

REFERENCES

1. Li, W, Liu, T, (2019), Time varying and condition adaptive
hidden markov model for tool wear state estimation and
remaining useful life prediction in micro-milling, Mechanical
Systems and Signal Processing, 131, 689-702.

2. Yang, M. Y., (1997), The Theory and Practice of Cutting
Processing.

3. Cook, N. H., (1973), Tool wear and tool life, Journal of
Engineering for Industry, 95(4), 931-938.

4. Park, J.-J., (1990), Adaptive observer and computer vision for
online flank wear estimation, University of Michigan.

5. Lee, S.-H., Kim, B.-S., Kang, T.-H., Song, J.-Y., Kang, J.-H.,
Seo, C., (2004), Development of reliability prediction program
for tool life, Proceedings of the KSMTE Spring Conference
2004, 317-322.

6. Chen, Y., Jin, Y., Jiri, G, (2018), Predicting tool wear with multi-
sensor data using deep belief networks, The International Journal
of Advanced Manufacturing Technology, 99(5), 1917-1926.

7. Sun, H., Cao, D., Zhao, Z., Kang, X., (2018), A hybrid approach
to cutting tool remaining useful life prediction based on the
wiener process, IEEE Transactions on Reliability, 67(3), 1294-
1303.



252/ March 2025

10.

11.

Kim, B. S., Kang, T. H,, Lee, S. H., Kang, J. H., Song, J. Y.,
(2005), Development of a tool life prediction program for
increasing reliability of cutting tools, Transactions of the Korean
Society of Machine Tool Engineers, 14(3), 1-7.

Wang, M., Zhou, J., Gao, J.,, Li, Z., Li, E., (2020), Milling tool
wear prediction method based on deep learning under variable
working conditions, IEEE Access, 8, 140726-140735.

Chen, Y., Jin, Y., Jiri, G, (2018), Predicting tool wear with multi-
sensor data using deep belief networks, The International Journal
of Advanced Manufacturing Technology, 99(5), 1917-1926.

Liu, Y., Hu, X., Sun, S., (2019), Remaining useful life prediction
of cutting tools based on support vector regression, IOP
Conference Series: Materials Science and Engineering, 012021.

Hyun Chul Kim

Professor in the Department of Future Auto-
motive Engineering, Kongju National Uni-
versity. His research interest is intelligent
manufacturing system and precision
machining.

E-mail: khe@kongju.ac.kr



St=UISS|X| Xl 42 # X 3= pp. 253-261

March 2025 /253

J. Korean Soc. Precis. Eng., Vol. 42, No. 3, pp. 253-261

Ed=letsa AlEHolME EE
= X=}

3

http://doi.org/10.7736/JKSPE.024.137
ISSN 1225-9071 (Print) / 2287-8769 (Online)

M= #Hojokre| S2|X uix|

Optimization of Manufacturing Layout Using Deep Reinforcement Learning

and Simulation

KEYWORDS: Facility layout planning (A4 HHX| 7|&]), Manufacturing optimization (K= Z|=

E|of X", ZglA’, AL

Ye Ji Choi', Minsung Kim', and Byeong Soo Kim'"#

1} (Department of Applied Artificial Intelligence, Seoul National University of Science and Technology)

# Corresponding Author / E-mail: bskim@seoultech.ac.kr, TEL: +82-2-970-9779
ORCID: 0000-0003-2534-7353

=5}, Deep Q-Network (B Q-UIEQ|3),

Deep reinforcement learning (El4&tSkS), Simulation (A[Z24|0|M)

Facility Layout Problem (FLP) aims to optimize arrangement of facilities to enhance productivity and minimize costs.
Traditional methods face challenges in dealing with the complexity and non-linearity of modem manufacturing environments.
This study introduced an approach combining Reinforcement Learning (RL) and simulation to optimize manufacturing line
layouts. Deep Q-Network (DQN) learns to reduce unused space, improve path efficiency, and maximize space utilization by
optimizing facility placement and material flow. Simulations were used to validate layouts and evaluate performance based
on production output, path length, and bending frequency. This RL-based method offers a more adaptable and efficient
solution for FLP than traditional techniques, addressing both physical and operational optimization.
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2.2.1 Multi DQN (Multi Deep Q-Network)
2 dAtollA= Azl HA3E A sidsh] flaEl 7=

DQN 125 gAsto] HEYIE 712 AAISI). o= 3
T EAZE Gd HELARE o] ofel S AdEiet 8
& 3AhE xSl £ /A A A BAE A0l s
glof 317] Yotk 7|12 Q-Learning H|olE 7|9 JTLHO
2 gt A FelA vlagFo|oi14]. Egh, Rkl
DQN2 T HEYA F22 sl oy 2 FAlo] <53}
il 5H UEQAY] ks oA TS 4o 4= Ut
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Of

T4 amo] Wixel A 5 A4S WEHoR SaY 4
2 39k, o2 B 7 whlo] EA4L mIboR vrdsiA
Azetl 2Hs} ol washe B4 Aok 2du A
282 FAlo] et 5 Y= st

A(Taskz} Ao] FRE AReHE ARoleh £ 7 22
el sheelr) Slal AAESL o) 943 % el WE Q-
YIE YT (Regular Q-Network, Cell Q-Network)} 1] A}3-3
Y R LLEEE FERE R L L EEre

E 2o 7 sh53%1) Regular Q-Network= 14] Q4 vjj%]

o
=
918 219] WF-2 S5, Cell QNetworki= 7k 9] £57
!

el

N

e

Al

gorithm 1 Multi DQN

Initialization

Initialize Replay Buffers:

* Regular Task Replay Buffer Dg,,,,, with capacity N
* Cell Task Replay Buffer D, with capacity N
Initialize Networks:

* Regular Q-network Qp,,,/,, With weights Gy
* Cell Q-network Q,;; with weights 6.,

egular

» Target Regular Q-network Q;egu 1ar With weights «9;
* Target Cell Q-network Qge,, with weights QCTG,,
=0.1

egular

Set exploration parameters & = 1.0, &,
Set t =0

in

Training Loop

1:

[V B NS )

O o0 3 O

11

12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:

23: L =

24:
25:
26:
27:
28:
29:
30:

for t<t,,. do

:If t#1 then s, =s,,,
: else get the initial observation s,
: end if

: Determine Task Type task type based on environment

conditions

:If p<e: then
: Select a random action a,
: else

: Select a, based on the task:

argmax 0, oguiar (S @:0peguiar).  if Regular Task
a{ argmax ,Q c.i(8, a;6c.11), if Cell Task
: Execute action a,, observe a,, r,, done
Store experience e, = (s, a,, 7, 5,.1,done) in
Dpoguiar if Regular Task, D, if Cell Task
Sample mini-batch:
If len(Dgogyy,r) Z batch _size then
sample from Dp,q,/a,
If len(D¢,;) = batch _size then
sample from D,
Compute Target Q-values y:
y =r+ymax,0.(s',a’;6;)(1 —done)
where 07 € (Qregutar Ocetr) O € (Oregutar Ocen)
Compute Loss L:

L5 (- 0(s, a;0)

* batch size
where Q € (QRegularQCell) > Oe (HRegulaVHCell)
Train and update Q network’s weights
Minimize L using Adam optimizer

Every C steps, copy:

elze-egular <~ eRegular > egell <« eCell

Update exploration rate:

& = max(g,,;,, €xdecay rate)

in>
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Table 1 Parameters in algorithm 1

Parameter Value Description

N 10,000 Replay buffer capacity

a 0.001 Learning rate

y 0.99 Discount factor

& 1.0 Initial exploration rate

Enin 0.1 Minimum exploration rate

Dacay rate 0.995 Exploration decay rate

C 100 Target network update frequency
Batch size 32 Number of samples in mini-batch

Table 2 Architecture of algorithm 1

Layer Input Size Parameter
Input Layer 20 x20
Fully Connected (fc1) 20 x 20 20 x 20 x 64 + 64
Dropout 1 (p=0.3) 64
Fully Connected (fc2) 64 64 x32+32
Dropout 2 (p=0.3) 32

Fully Connected (fc3) 32 32 x Action Dim + Action Dim

Table 3 Manufacturing line data

Station # of Stations # of Tasks Cycle time
Station 1 1 1 344
Station 2 1 1 38.6
Station 3 2 1 32.8
Station 4 2 1 347
Station 5 2 1 31
Station 6 1 3 349
Station 7 2 1 342
Station 8 1 1 33.1

oF. g, Sk TPolA AL HIEYIZe] 2L Table 20]
eht olck. ag mEe 2 dolee] AL Boln Fr
EAS FE317] 93l Fully Connected #|©]o}2} DropoutS 2
Fotol TARATE. 3 dolofe] Aol 2+ HAe BE 2
ol weh Outputo] ZebA|A| .
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2 235}l Q). o|E 9o, Stations 1, 2, 6, 82 ZHZF 17)9]
2ol m FAEo] glom, o]F 1x1 H7]9] LFo]de
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Fig. 2 Factory environment
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Fig. 3 Action system for task 1
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Fig. 4 Action system for task 2
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Episode 0 Episode 2500
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Fig. 5 Learning process at the starting point(0, 4)
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Final Layout Start: [6, 6], End: [4, 15]
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Final Layout Start: [6, 1], End: [10, 9]

Final Layout Start: [3, 6], End: [17, 7]
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Fig. 7 The top three scenarios

Final Layout Start: [0, 5], End: [9, 16]
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Fig. 8 Most inefficient layout

Table 4 Indicator analysis

Start Point Production # of Conveyors # of Turns Space usage
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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.
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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
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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.
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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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International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY

DECEMBER 2022

ISSN 2951-4614(Print) / 2951-6382(Online)

INTRODUCTION 1. Full Open Access

2. Research papers, Short communications, Technical briefs, <So=

Position papers, Industry case studies —

AIMS AND SCOPE + Big Data Analytics and Informatics + Augmented, Virtual and Extended Reality

+ Sensors, Instrumentation and Process Monitoring + Human-Robot Interaction, Augmentation and

 Prognostics and Health Management (PHM) Collaboration

+ Industrial Internet of Things (IlOT) » Autonomous Things

+ Industrial Artificial Intelligence

+ Digital Twin, Cyber-Physical Systems (CPS) and

Metaverse

WEBSITE www.ijpem-st.org
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INTRODUCTION 1. Regular paper, Short communication, Review paper
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AIMS AND SCOPE - Precision Manufacturing Processes + Machine Tools
- Measurements and Control - Nano/Micro Technology
+ Robotics and Automation + Bio Health
- Manufacturings System - Additive Manufacturing

- Design and Materials

SPECIAL ISSUE TOPIC  2023: Robots for Manufacturing Processes and Systems
2024: Semi Conductor Manufacturing

IJPEM - GT INTERNATIONAL

JOURNAL OF

INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING-GREENTECHNOLOGY ENGINEE%TE%%RIE
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INTRODUCTION 1. Regular paper, Short communication, Review paper
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AIMS AND SCOPE + Energy Saving and Waste Reduction in + Design and Manufacturing of Green Products
Manufacturing Processes - Materials for Green Manufacturing
+ Manufacturing of New and Renewable Energy < Management and Policy for Sustainable
Devices Manufacturing
SPECIAL ISSUE TOPIC 2016: Hybrid Manufacturing

2017: 4D Printing

2018: Sustainable Manufacturing in 4th Industrial Revolution

2019: Energy Harvesting

2020: Green Smart Manufacturing

2021: Soft and Green Manufacturing and Applications

2022: Green Manufacturing Coping with Climate Change and Pandemics
2023: NetZero, Achievable by Manufacturing?

2024: Advanced Manufacturing for ESG

2025: Autonomous Manufacturing with Green Technology
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INTERNATIONAL JOURNAL OF
PRECISION ENGINEERING AND MANUFACTURING

GREEN TECHNOLOGY

A
About IJPEM-GT
[JPEM-GT is co-published by the Korean Society for INTERNATIONAL
- L : JOURNAL OF
Precision Engineering and Springer Nature. PRECISION
The journal is published bimonthly, and JCR 2023 ENGINEERING AND

MANUFACTURING

impact factor is 5.3, which ranks it top 9.5% (17/180)

journal in the category of Engineering-Mechanical

and top 23.5% (16/68) journal in the category of \
Engineering-Manufacturing. Q

Impact Factor

.3 by JCRin 2023

4
Topics of the Special Issue cover novel research
contributions of “Green” precision engineering | Guest Editors
and manufacturing - theories and applications in - Professor Martin B.-G. Jun
the fle|d Of Purdue University, USA
. ) - Professor Young Tae Cho
Autonomous Manufacturing with Changwon Natonal Universt Korea
Gree“ Technologv - Professor Sanha Kim
KAIST, Korea
. . . - Professor Seok Kim
The potential focus areas to be covered in this r fOSORAM
) ) o Changwon National University, Korea
Special Issue include, but are not limited to:
+ Al-driven Process | Submission Procedures
TS Digital Twin Deadline for Submission Date:
. . . November 30, 2024
+ Automations in Green Manufacturing Publication Date: May 1, 2025
+ Environment-conscious Intelligent Manufacturing Volume, Number: Vol. 12, No. 3

@ Springer KE...:E Korean Society for

) Precision Engineerin
the language of science 9 9



OPEN ACCESS

International Journal of
Precision Engineering and
Manufacturing

International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY
s 2021 i

VOLUME 2, NUMBER 2

SMART TECHNOLOGY

ISSN2951-4814 _Po
ISSN 29516382 ol

IJPEM-Smart Technology (hereinafter ‘1JPEM-ST’) is a new-launched

academic journal which will be published by the Korean Society for

Precision Engineering (KSPE).

Aims and Scope

Submit an JPEM-ST

http://submit.ijpem-st.org

Under the great wave of the 4™ industrial revolution, smart technology is becoming ever more important
in the precision engineering and manufacturing fields. International Journal of Precision Engineering
and Manufacturing-Smart Technology (IJPEM-ST) is a fully open access, international journal that aims
to rapidly disseminate relevant fundamental and applied research works of high quality to international
academic and industrial communities. The journal's specific focus areas in the precision engineering
and manufacturing fields include, but are not limited to:

v Big Data Analytics and Informatics

v Sensors, Instrumentation and Process Monitoring

+ Prognostics and Health Management (PHM)

+ Industrial Internet of Things (110T)

v Industrial Artificial Intelligence

+ Digital Twin, Cyber-Physical Systems (CPS) and Metaverse
v Augmented, Virtual and Extended Reality

v Human-Robot Interaction, Augmentation and Collaboration
v Autonomous Things

IJPEM-ST covers various kinds of papers;
Research papers, Short communications, Technical briefs,
Position papers, Industry case studies

« Publication Date (Scheduled)

Vol. 3 No. 1 January 1, 2025
Vol. 3 No. 2 July 1, 2025

« Publication and Distribution
by the Korean Society for Precision Engineering with Open-Access

K= : E= Korean Society for
IR

o o www.ijpem-st.org
Precision Engineering
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Simon Park / University of Calgary, Canada
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Scope

« 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
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« Editors
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July 6 sun— 11 Fri, 2025

Chiang Mai Marriott Hotel, chiang Mai, Thailand

Important Dates Participating Journals
February 3 (Mon), 2025 1 *SCIE, SCOPUS [ Impact Factor 2.6 (2023)
2
March 31 (Mon), 2025 -
* SCIE, SCOPUS [ Impact Factor 5.3 (2023)
3 |
May 1(Thu), 2025 f
May 1(Thu), 2025 4
*SCOPUS

Awards & Honors

- Best Paper Awards
- Young Researcher Awards
- Outstanding Presentation Awards

Orgqnizer <= : E= Korean society for Precision Engineering (KSPE, Korea)
LA

_ . Chiang Mai University Science and Technology Park, LQUSPED  The Japan Society for ™= Taiwan Society for
Co-Organizers CP U (cMu, Thailand) Chiang Mai University (STeP, Thailand) U Precision Engineering (JSPE, Japan) TS- £ precision Engineering (TSPE, Taiwan)

Secretariat Homepage www.presm.org | Email presm@kspe.orkr | Tel +82-2-393-0725
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