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Reliability Verification of Shoulder Joint Range of Motion Measurement

Using OpenCV and Motion Capture
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As the population ages, the concept of active seniors has been emerging recently. Among various body parts that are
cared for by an active elderly, the shoulder has a unique exercise structure. Therefore, the incidence of shoulder injuries
might be high. In the case of a shoulder disease, the method of measuring the movement angle of the shoulder is mainly
used. To measure the movement angle of a shoulder accurately, a goniometer is used. In addition, we suggested self-
diagnosis, believing that if shoulder disease could be detected early through self-diagnosis, rapid treatment will be possible.
This paper measured and compared shoulder angles with the goniometer, OpenCV, and motion capture systems to
determine measurement errors between them. Through experimental results of this paper, the possibility of self-diagnosis
with precise measurement of the movement angle of a shoulder oneself with a goniometer was confirmed even if the

expert could not measure the shoulder angle.
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Fig. 1 Two motions to check for shoulder injuries (a) Forward
elevation, (b) External rotation

(b)

Fig. 2 Motion used at experiment (a) Forward elevation, (b)
External rotation

(a) (b)

Fig. 3 Example method of measuring goniometer (a) Forward
elevation, (b) External rotation
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Fig. 4 Example of calculating first moment of area
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Fig. 6 OpenCV system setting used in the experiment (a) OpenCV
system, (b) Forward elevation, (c) External rotation
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Fig. 7 Motion capture system used in the experiment (a) Motion
capture system, (b) Forward elevation, (c) External rotation
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Table 1 OpenCV experimental result (degree)

Measurement method  Measurement

Goniometer error

Ist OpenCV [%]

Rotator cuff te:ar forward 128.55 12779 0.59
elevation

Rotator cuff t.ear external 36.17 35.91 072
rotation

Uninjured forward elevation  169.92 168.24 0.99

Uninjured external rotation 80.37 79.69 0.85

Table 2 Motion capture experimental result (degree)

Measurement method  Measurement

Goniometer ~ Motion error
2nd capture [%0]
Rotator cuffte?ar forward 132,54 13328 0.02
elevation
Rotator cuff t.ear external 43.05 43.58 12
rotation
Uninjured forward elevation ~ 169.54 169.19 0.08
Uninjured external rotation 83.65 83.26 0.54
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Falls are common among older people. Age-related changes in toe strength and force steadiness may increase fall risk. This
study aimed to evaluate the performance of a fall risk prediction model using toe strength and force steadiness data as input
variables. Participants were four healthy adults (25.5+1.7 yrs). To indirectly reproduce physical conditions of older adults, an
experiment was conducted by adding conditions for weight and fatigue increase. The maximal strength (MVIC) was
measured for 5 s using a custom toe dynamometer. For force steadiness, toe flexion was measured for 10 s according to
the target line, which was 40% of the MVIC. A one-leg-standing test was performed for 10 s with eyes-opened using a force
plate. Deep learning experiments were performed with seven conditions using long short-term memory (LSTM) algorithms.
Results of the deep learning model were randomly mixed and expressed through a confusion matrix. Results showed
potential of the model's fall risk prediction with force steadiness data as input variables. However, experiments were
conducted on young adults. Additional experiments should be conducted on older adults to evaluate the predictive model.

1. Introduction

With aging, physical functions such as muscle strength and sense
of balance may decrease, and various problems may occur [1,2]. In
particular, falls are the most common problem in older adults, and it
is reported worldwide that about 28-35% of older adults aged 65 or
older experience falls every year [3]. Moreover, post-falls physical
dysfunction and complications are social and economic factors that

threaten the lives of older adults [4], and falls are one of the severe

Copyright © The Korean Society for Precision Engineering

Manuscript received: March 2, 2023 / Revised: May 5, 2023 / Accepted: May 23, 2023

problems reported as the sixth cause of death for older adults [5,6].

Older adults tend to have an increased fear of falling after
experiencing their first falls, and an increase in fear of falling may
further increase the incidence of falls in the future [7]. Therefore,
there is a need for a method that can prevent and safely manage
falls of older adults by classifying risk groups before experiencing
falls. Accordingly, various tools for evaluating falls or quantifying
the falls risk have been developed and used in clinical settings.

However, the tools used to date lack consistency in validity and

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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reliability [8] and have several limitations. For example, the PPA
(Physiological Profile Approach) questionnaire, which evaluates
the multidimensional risk factors of falls, is highly reliable for
assessing falls risk, but requires a lot of time [9]. In addition,
although falls history is used as an indicator of falls risk in clinical
practice, there is also a limitation in relying on the participant's
memory [10]. The Tinetti scale and Berg test are mainly used in
clinical practice as a way to assess an individual's falls risk [6,11].
However, this evaluation method must be done by experts, and can
be affected by floor-celling effects [12]. In addition, some
evaluation methods rely on simple functional measurements and
are less sensitive so that they can be applied only to older adults
with visually detectable variations in falls-related physical
functions [13]. To overcome these limitations, studies have been
conducted to prediction of falls by learning the results of collecting
and analyzing biological data using wearable IMU (Inertial
Measurement Unit) sensors through machine learning and deep
learning [14]. The sensitivity of falls prediction studies using data
from inertial sensors was 0.43-0.93, the specificity was 0.545-1,
and the accuracy was 0.57-0.90 [14]. These studies conducted
models by including variables that change with aging, such as
stride, gait speed, total gait time, and maximum angular velocity.
However, there needed to be a consensus on the variables used in
the prediction model [14].

The risk factors of falls are divided into external and intrinsic
factors. Intrinsic factors include an increase in age, a decrease in
balance ability, a decrease in muscle strength, a falls experience, a
decrease in vision, and a decrease in cognitive function [15]. In
particular, the decrease in muscle strength and force steadiness
caused by aging can lead to significant problems [2,16,17]. Muscle
loss and muscle function decline due to aging appear more severe
and faster in the lower body muscles responsible for walking than
the upper body muscles [2]. In particular, a strong association
exists between toe flexion strength and gait and balance ability in
older adults [18]. Previous studies have shown that the older adults
have about 35% lower toe strength than young adults, and older
adults with falls experience have about 20% lower toe strength
than older adults without falls experience [19]. Furthermore, it has
been reported that force steadiness is associated with functional
performance in older women [20], and low force steadiness is
found in people with falls experience [21].

Despite the strong association of toe strength and force
steadiness with the falls risk [22], studies have yet to be conducted
using toe strength and force steadiness in deep learning modeling
to predict of falls risk. Therefore, the purpose of this study is to
evaluate a falls risk prediction model using toe strength and force

steadiness data as input variables.

2. Methods

2.1 Participants

The participants were four healthy adult men (Mean+SD; age:
25.5+1.7 yrs; mass: 77.6+17.3 kg; height: 174.5£7.3 cm; body fat:
23.9+4.7%) who had never experienced falls before. In addition,
those with a history that can affect balance ability and those who
have undergone neurosurgical surgery on the lower extremities
over the past six months were excluded. Before participating, all
participants received sufficient explanations and training on the

experimental goals and processes.

2.2 Experimental Setup

In order to indirectly reproduce the physical condition of older
adults with a high falls risk, two conditions were added to the
experiment. Weight increase conditions to reproduce the increase
in fat accumulation due to aging and fatigue increase condition to
reproduce the decline in muscle strength and nervous system
function [16,23,24]. As for the weight increase conditions, the
experiment was conducted by adding 10% and 20% of the
participants' weight using a weight vest (weighted best
heavyweight vest, body X, and China). As for the fatigue increase
condition, the fatigue protocol was performed using a toe
dynamometer custom-made device. The fatigue protocol
maintained toe flexion at 50% of the MVIC (maximal voluntary
isometric contraction) for 6 seconds and repeated rest for 4 seconds
[25]. If the toe strength during toe flexion did not reach a threshold
corresponding to 50% of the MVIC, the fatigue protocol was

discontinued based on the assessment of increased fatigue.

2.3 Toe MVIC and Force Steadiness

MVIC and force steadiness were measured using the
dominant foot, and the foot used to kick the ball far was
selected as the dominant foot. MVIC was measured in a chair
posture using a custom-made toe dynamometer. The toe
dynamometer and measurement posture are shown in Fig. 1.
Participants placed the dominant foot on the toe dynamometer
while sitting comfortably in a chair with both feet shoulder-
width apart, and the right foot was placed on a scale of similar
height to match the height of the right foot. The first and second
phalanges were hung on the toe dynamometer ring to adjust the
ankle-fixing device’s position, and the ankle was fixed with a
strap so that the foot’s position did not change. After getting up
from the chair and supporting the weight evenly with both feet,
the toe flexion was maintained for 5 seconds with maximum
effort according to the inspector’s signal and rested for 1

minute. Force steadiness was measured similarly to MVIC
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Fig. 1 Toe strength measurement posture

measurement. The toe flexion was maintained for 10 seconds
by aligning it as close as possible to the target line
corresponding to 40% of the MVIC. The force value of the load

cell attached to the toe dynamometer was sampled at 1000 Hz.

2.4 One-leg Standing Test

Static balance ability was used as a variable to prediction of falls
risk. One-leg standing test was used to prediction falls among the
items performed in the BBT (berg balance test) [26]. Participants
prepared for the experiment on a force plate (OR6-7-2000, AMTI,
USA) to flexion the hip and knee joints of the non-dominant legs
by 90° and stood on the dominant legs with both hands crossed and
fixed in front of the chest to maintain balance. The balance was
maintained for 10 seconds while staring at the display point of the
monitor 3 m ahead with the eyes open [27]. The one-leg standing
test posture is presented in Fig. 2. The force and moment data of
the force measuring plate in the three-axis direction were sampled

at 1000 Hz during the one-leg standing test.

2.5 Timed Up and Go Test (TUG)

Before TUG (timed up to go) test, the belt with the inertial
sensor (MetamotionRL, Mbientlab Inc, USA) was fixed to the
thinnest part of the waist. The location of the inertial sensor
attachment is shown in Fig. 2. Participants stood up from the chair
according to the instructions, turned around the cone in front of 6
m, and sat back on the chair. While standing up and walking, the
acceleration value of the inertial sensor in the tri-axial direction

was sampled at 100 Hz.

2.6 Data Analysis
The MVIC of the toe was normalized by dividing it by weight

Fig. 2 One-leg standing test (left) and IMU sensor position (right)

among the data collected for 5 seconds from the load cell of the toe
dynamometer. Force steadiness used intermediate 6-second data
from 10-second data. The TCOP (total distance center of pressure)
was calculated using the middle 6 seconds data among the 10
seconds data collected by force plate during the one-leg standing
test, and the foot length was standardized. The representative data
of one participant are presented in Fig. 3. The ACC (acceleration)
value obtained with the IMU was a linear acceleration value that
eliminated the influence of gravity, and data collected during the
TUG test were used from the time of rise to the time of re-sitting in
the chair.

2.7 Deep Learning Algorithm

This study used a deep learning technique to prediction of
falls risk using MVIC data, Force steadiness and ACC data.
Various algorithms exist depending on the purpose of deep
learning, and this study used LSTM (long short-term memory)
algorithms to prediction of falls risk using signal data. LSTM
algorithm, one of the RNN (recurrent neural network)
techniques, was used as a deep learning method. LSTM
algorithms have a circular structure and are advantageous for
continuous and repetitive signal data by passing the values of
previous state data to the current state [28].

Based on 16 existing data (4 participants x four conditions), we
multiplied by nine values (0.95-1.04) per data to compensate for the
insufficient data. The total of 160 data were conducted under seven
conditions. Seven deep learning conditions are presented in Table 1.

The TCOP data, which is a falls risk variable used as the label
value, was organized in ascending order and labeled as 0 = Low
and 1 = High, and 0 and 1 were classified based on the TCOP
value 25 by 80 each to equalize the number of labels [29]. The data

were divided into learning, verification, and test data at a ratio of



522/ July 2023

(o)
(=]

N
(e}

(%MVIC)
S

Force steadiness

S

(b)

N—O—NW

Linear acceleration
(m/s?)

Time 7

(c)

Fig. 3 Raw data post-analysis for deep learning A: MVIC, B: Force
steadiness, C: ACC; MVIC: maximal voluntary isometric
contraction, ACC: accelerometer

Table 1 Input data conditions of deep learning experiment

Conditions Input data
A MVIC
Force steadiness
C ACC
D MVIC + Force steadiness
E Force steadiness + ACC
F MVIC + ACC
G MVIC + Force steadiness + ACC

MVIC, maximal voluntary isometric contraction; ACC accelerometer

64 : 16 : 20 and trained in a deep learning model. The results of the
deep learning model were randomly mixed with data to evaluate
reliability, and the average value of the results was expressed
through a confusion matrix. Formulas from previous papers were
used to calculate sensitivity, specificity, and accuracy [30]. In
formulas, TP (true positives) and TN (true negatives) denote the
prediction of falls risk classified correctly by the algorithm as
positive and negative, respectively. While FP (false positives) and

FN (false negatives) denote the prediction of falls risk misclassified

positive and negative, respectively.

Sensitivity = TP/(TP+FN) )
Specificity = TN/(TN+FP) 2
Accuracy = (TN+TP)/(TN+TP+FN+FP) 3)

In addition, additional deep learning experiments were
conducted by classifying data labeling into three categories to
provide information on the degree of falls risk rather than the
dichotomy of classifying the falls risk as ‘there is’ or ‘no.” 0 =
Low, 1 = Moderate, and 2 = High were labeled, and 0, 1, 2 were
designated according to the TCOP values of 50, 60, and 50 each
to make the number of labels uniform. Additional deep-learning
experiments were also conducted under the same conditions as

previous experiments.

3. Results

In this study, we used paired t-test to compare the variables by
aging condition before deep learning algorithm. Force and balance
was significantly decreased in the fatigue condition compared to
the baseline (p < 0.01, p < 0.05). And to perform a falls risk
prediction using toe strength and force steadiness, we built a deep
learning model consisting of LSTM. Then, we trained, validated
and tested it using signal data.

The sensitivity, specificity and accuracy of validation algorithms
with two-labels is shown in Table 2. And Table 3 shows the
performance in terms of sensitivity, specificity and overall

accuracy of the algorithm with three-labels.

4. Discussion

This preliminary study used toe strength and force steadiness
data as input variables to create a prediction of falls risk model
through deep learning and evaluate the model’s performance. As a
result of t-test, force and balance significantly decreased in the
fatigue condition. But, there is no significant in other conditions.
This could be considered that the increase of fatigue indirectly
affected the aging condition. While, deep learning algorithm with
achieved 86%
conditions. This study showed the possibility of prediction of falls

force steadiness accuracy in two-labeling
risk using force steadiness. However, there are limitations in
optimizing the algorithm used in this study. We considered that
further research should complement the algorithm using in this

study.
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Table 2 Classification performance (two-labels)

Fallsrisk  Conditions Sensitivity ~ Specificity =~ Accuracy
High A 0.56 0.61 0.58
B 0.80 0.94 0.86
C 0.75 0.77 0.76
D 0.71 0.68 0.69
E 0.67 0.73 0.70
F 0.68 0.71 0.69
G 0.74 0.74 0.74

A: MVIC, B: Force steadiness, C: ACC, D: MVIC + Force steadi-
ness, E: Force steadiness + ACC, F: MVIC + ACC, G: MVIC +
Force steadiness + ACC; MVIC: maximal voluntary isometric con-
traction, ACC: accelerometer

Table 3 Classification performance (three-labels)

Fallsrisk  Conditions  Sensitivity ~ Specificity =~ Accuracy
Moderate A 0.55 0.83 0.74
B 0.90 0.65 0.73
C 0.70 0.62 0.65
D 0.68 0.93 0.85
E 0.77 0.67 0.70
F 0.65 0.64 0.64
G 0.68 0.76 0.73
High A 0.74 0.81 0.61
B 0.76 0.85 0.71
C 0.56 0.78 0.72
D 0.76 0.82 0.61
E 0.72 0.85 0.78
F 0.78 0.87 0.77
G 0.72 0.85 0.75

A: MVIC, B: Force steadiness, C: ACC, D: MVIC + Force steadi-
ness, E: Force steadiness + ACC, F: MVIC + ACC, G: MVIC +
Force steadiness + ACC; MVIC: maximal voluntary isometric con-
traction, ACC: accelerometer

The sensitivity, specificity, and accuracy of the model using
force steadiness as input variables showed the potential of falls risk
prediction than other models. Force steadiness is an important
aspect of muscle strength control, because accurate force control
ability is essential in performing physical movements [17,31].
Aging can affect force steadiness, and the ability of older adults in
force steadiness is impaired [32], and force steadiness is associated
with falls in older adults [17,21]. Therefore, the results of this study
are considered to reflect the results of previous studies that force
steadiness affect falls due to aging. However, it should be noted
that the one-leg stand test and force steadiness test used similar

contraction mode, and which may have exaggerated the sensitivity

of the model. In addition, the results of this study are the results of
conducting experiments on young adults, not the older adults.
Therefore, the model should be re-verified through experiments on
older adults in the future.

Unlike force steadiness, the model with MVIC showed low
accuracy in overall experiments with two labels. These results are
contrary to the results of previous studies which found that [33]
impaired balance ability and falls in older adults are associated
with decreased toe flexion muscles [18,19,34]. Toes play an
important function during walking and balancing, especially in
activities such as walking on unstable or uneven terrain [22].
However, in this study, a one-leg standing test was performed on a
flat ground force plate to label the falls risk, it is a static balance
ability rather than a dynamic balance ability. Therefore, the results
of this study could be interpreted that the MVIC of the lower limb
muscles did play a minimal role while maintaining static balance
[35], which is partially consistent with previous studies. However,
a previous study found that the older adults use more tremendous
toe pressure than young adults when maintaining static balance
[36]. Considering the previous study results, we assume that
further investigation would lead to much better results if actual
older people were tested.

To provide more detailed information about falls risk,
additional models were created and evaluated by labeling falls
risk as ‘low, moderate, and high.” There was no significant
difference compared to the model results made by two labeling.
Previous studies that predicted falls risks through modeling for
older adults reported that the sensitivity was 0.43-0.93, the
specificity was 0.545-1, and the accuracy was 0.57-0.9 [14].
Therefore, it seems likely that the model’s predictive ability
shown through this study is comparable to the results of previous
papers studied in various ways regardless of the labeling method.
Our future work will build on current experiment, but we will

experiment with actual older people.

5. Conclusion

This study evaluated a prediction of falls risk model through
deep learning using toe strength and force steadiness data as input
variables. The deep learning algorithm with force steadiness have a
potential for prediction of falls risk prediction. However, this study
is an experimental study that reproduces the physical ability of
older adults by adding weight and inducing fatigue in healthy
young people with a relatively low falls risk. Therefore, further
experiments should be conducted on the older adults in the future

research to improve the model’s predictive ability.



524 / July 2023

s
i
o
12
OH
]
o
Bl
=
N
o
r#
=
~
foi

ACKNOWLEDGEMENT

This research was supported by “Regional Innovation Strategy
(RIS)” through the National Research Foundation of Korea (NRF)
funded by the Ministry of Education (MOE) (2022RIS-005).

REFERENCES

1. Um, S, Jang, S., Park, M., Lee, S., (2022), Impact of wearing
functional supporters that prevent seniors from falling on muscle
function, Sense of Balance, and Overcoming Fatigue, Fashion &
Textile Research Journal, 24(1), 156-163.

2. Lee, Y.-S., Chang, L.-Y., Chung, W.-H., Lin, T.-C., Shiang, T.-Y.,
(2015), Does functional fitness decline in accordance with our
expectation?A pilot study in healthy female, BMC Sports
Science, Medicine and Rehabilitation, 7(1), 1-6.

3. Annese, V. F., De Venuto, D., (2015), Gait analysis for fall
prediction using EMG triggered movement related potentials,
Proceedings of the 2015 10th International Conference on
Design & Technology of Integrated Systems in Nanoscale Era
(DTIS), 1-6.

4. Rubenstein, L. Z., (2006), Falls in older people: Epidemiology,
risk factors and strategies for prevention, Age and Ageing,
35(suppl_2), ii37-ii41.

5. Yamashita, K., Umezawa, J., Nomoto, Y., Ino, S., Ifukube, T.,
Koyama, H., Kawasumi, M., (2007), The role of toe-gap force
for the evaluation of falling risk on the elderly, Proceedings of
the World Congress on Medical Physics and Biomedical
Engineering 2006: August 27-September 1, 2006 COEX Seoul,
Korea “Imaging the Future Medicine”, 405-408.

6. Senden, R., Savelberg, H., Grimm, B., Heyligers, 1., Meijer, K.,
(2012), Accelerometry-based gait analysis, an additional
objective approach to screen subjects at risk for falling, Gait &
Posture, 36(2), 296-300.

7. Pajala, S., Era, P., Koskenvuo, M., Kaprio, J., Tormikangas, T.,
Rantanen, T., (2008), Force platform balance measures as
predictors of indoor and outdoor falls in community-dwelling
women aged 63-76 years, The Journals of Gerontology Series
A: Biological Sciences and Medical Sciences, 63(2), 171-178.

8. Tiedemann, A., Shimada, H., Sherrington, C., Murray, S., Lord,
S., (2008), The comparative ability of eight functional mobility
tests for predicting falls in community-dwelling older people,
Age and Ageing, 37(4), 430-435.

9. Lord, S. R, Menz, H. B. Tiedemann, A. (2003), A
physiological profile approach to falls risk assessment and
prevention, Physical Therapy, 83(3), 237-252.

10. Ganz, D. A., Higashi, T., Rubenstein, L. Z., (2005), Monitoring
falls in cohort studies of community?dwelling older people:
Effect of the recall interval, Journal of the American Geriatrics

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Society, 53(12), 2190-2194.

. Bogle Thorbahn, L. D., Newton, R. A., (1996), Use of the berg

balance test to predict falls in elderly persons, Physical Therapy,
76(6), 576-583.

Panella, L., Lombardi, R., Buizza, A., Gandolfi, R., Pizzagalli, P.,
(2002), Towards objective quantification of the Tinetti test,
Functional Neurology, 17(1), 25-30.

Podsiadlo, D., Richardson, S., (1991), The timed “Up & Go”: A
test of basic functional mobility for frail elderly persons, Journal
of the American Geriatrics Society, 39(2), 142-148.

Chen, M., Wang, H., Yu, L., Yeung, E. H. K., Luo, J., Tsui, K.-
L., Zhao, Y., (2022), A systematic review of wearable sensor-
based technologies for fall risk assessment in older adults,
Sensors, 22(18), 6752.

Kim, E.-K., Lee, J. C., Eom, M.-R., (2008), Falls risk factors of
inpatients, Journal of Korean Academy of Nursing, 38(5), 676-
684.

Yeung, S. S., Reijnierse, E. M., Pham, V. K., Trappenburg, M.
C., Lim, W. K., Meskers, C. G, Maier, A. B., (2019), Sarcopenia
and its association with falls and fractures in older adults: A
systematic review and meta?analysis, Journal of Cachexia,
Sarcopenia and Muscle, 10(3), 485-500.

Tajitsu, H., Fukumoto, Y., Asai, T., Monjo, H., Kubo, H.,
Oshima, K., Koyama, S., (2022), Association between knee
extensor force steadiness and postural stability against
mechanical perturbation in patients with Parkinson’s disease,
Journal of Electromyography and Kinesiology, 64, 102660.

Menz, H. B., Morris, M. E., Lord, S. R., (2005), Foot and ankle
characteristics associated with impaired balance and functional
ability in older people, The Journals of Gerontology Series A:
Biological Sciences and Medical Sciences, 60(12), 1546-1552.

Endo, M., Ashton-Miller, J. A., Alexander, N. B., (2002), Effects
of age and gender on toe flexor muscle strength, The Journals of
Gerontology Series A: Biological Sciences and Medical
Sciences, 57(6), M392-M397.

Seynnes, O., Hue, O. A., Garrandes, F., Colson, S. S., Bernard,
P. L., Legros, P., Singh, M. A. F.,, (2005), Force steadiness in the
lower extremities as an independent predictor of functional
performance in older women, Journal of Aging and Physical
Activity, 13(4), 395-408.

Carville, S. F., Perry, M. C., Rutherford, O. M., Smith, I. C. H.,
Newham, D. J., (2007), Steadiness of quadriceps contractions in
young and older adults with and without a history of falling,
European Journal of Applied Physiology, 100(5), 527-533.

Mickle, K. J., Munro, B. J., Lord, S. R., Menz, H. B., Steele, J.
R., (2009), ISB clinical biomechanics award 2009: Toe weakness
and deformity increase the risk of falls in older people, Clinical
Biomechanics, 24(10), 787-791.

Choi, S. J., (2014), Sports Health Medicine: Getting to know fat,
about fat between muscles in korean, SPORT it, 128, 66-71.



ro

ZHUSSSX| M40H M7E

July 2023 /525

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

https:/kiss.kstudy.com/Detail/Ar?key=3281553

Vuillerme, N., Boisgontier, M., (2008), Muscle fatigue degrades
force sense at the ankle joint, Gait & Posture, 28(3), 521-524.

Bigland-Ritchie, B., Furbush, F., Woods, J., (1986), Fatigue of
intermittent submaximal voluntary contractions: Central and
peripheral factors, Journal of Applied Physiology, 61(2), 421-
429.

Hong, S., Kim, Y.-W., Cho, W., Joa, K.-L., Jung, H.-Y., Kim, K.,
Lee, S., (2017), Berg balance scale score classification study
using inertial sensor, Journal of Rehabilitation Welfare
Engineering & Assistive Technology, 11(1), 53-62.

Kim, J., Lee, J.,, Kim, D., Islomjon, B., Lee, K., Yoon, T.,
(2021), Acute response of toe-spread-out exercise on medial
longitudinal arch height and balance, The Asian Journal of
Kinesiology, 23(1), 27-33.

Yu, Y., Si, X, Hu, C., Zhang, J., (2019), A review of recurrent
neural networks: LSTM cells and network architectures, Neural
Computation, 31(7), 1235-1270.

Doheny, E. P, McGrath, D., Greene, B. R., Walsh, L.,
McKeown, D., Cunningham, C., Crosby, L., Kenny, R. A.,
Caulfield, B., (2012), Displacement of centre of mass during
quiet standing assessed using accelerometry in older fallers and
non-fallers, Proceedings of the 2012 Annual International
Conference of the IEEE Engineering in Medicine and Biology
Society, 3300-3303.

Zhu, W., Zeng, N., Wang, N., (2010), Sensitivity, specificity,
accuracy, associated confidence interval and roc analysis with
practical sas implementations, NESUG proceedings: Health care
and life sciences, Baltimore, Maryland, 19, 67.

Hirono, T., Ikezoe, T., Taniguchi, M., Yamagata, M., Miyakoshi,
K., Umehara, J., Ichihashi, N., (2020), Relationship between
ankle plantar flexor force steadiness and postural stability on
stable and unstable platforms, European Journal of Applied
Physiology, 120(5), 1075-1082.

Tracy, B. L., (2007), Force control is impaired in the ankle
plantarflexors of elderly adults, European Journal of Applied
Physiology, 101(5), 629-636.

Maki, B. E., Holliday, P. J., Topper, A. K., (1994), A prospective
study of postural balance and risk of falling in an ambulatory
and independent elderly population, Journal of Gerontology,
49(2), M72-M84.

Lynn, S. K., Padilla, R. A., Tsang, K. K., (2012), Differences in
static-and dynamic-balance task performance after 4 weeks of
intrinsic-foot-muscle training: the short-foot exercise versus the
towel-curl exercise, Journal of Sport Rehabilitation, 21(4), 327-
333.

Ema, R., Saito, M., Ohki, S., Takayama, H., Yamada, Y., Akagi,
R., (2016), Association between rapid force production by the
plantar flexors and balance performance in elderly men and
women, Age, 38(5), 475-483.

36. Tanaka, T., Noriyasu, S., Ino, S., Ifukube, T., Nakata, M., (1996),

Objective method to determine the contribution of the great toe
to standing balance and preliminary observations of age-related
effects, IEEE Transactions on Rehabilitation Engineering, 4(2),
84-90.



526 / July 2023

o

ZHLUSSSX| M40H M7

Jin Seon Kim

Ph.D. student in the Department of Smart
Health Science and Technology, Kangwon
National University. Her research interest is
toe strength and fall risk, development of
smart device.

E-mail: yuw9184@gmail.com

Seong Un Choi

M.r. degree graduate in the Department of
Smart Health Science and Technology,
Kangwon National University. His research
interest is fault detection and diagnosis.
E-mail: cotur1215@kangwon.ac.kr

Chang Yeop Keum

M.r. degree graduate in the Department of
Smart Health Science and Technology,
Kangwon National University. His research
interest is drug delivery and protein engi-
neering.

E-mail: sr7692@kangwon.ac.kr

Jaehee Lee

M.r. degree graduate in the Department of
Smart Health Science and Technology,
Kangwon National University. His research
interest is glucose biosensor.

E-mail: worry234@gmail.com

Woong Ki Jang

Post-Doctorate researcher candidate in the
Department of Smart Health Science and
Technology, Kangwon National University.
His research interest is micro/nanoscale sur-
face texturing technologies and the design of
medical devices and Al application system
design.

E-mail: wkddndrl@kangwon.ac.kr

Kwang Suk Lim

Professor in the Department of Biotechnol-
ogy and Bioengineering, Kangwon National
University. His research interest is drug
delivery and protein engineering.

E-mail: kslim@kangwon.ac.kr

Hyungseok Lee

Professor in the Department of Mechanical
and Biomedical Engineering, Kangwon
National University. His research interest is
3D bioprinting.

E-mail: ahl@kangwon.ac kr

Byeong Hee Kim

Professor in the Department of Smart Health
Science and Technology, Kangwon National
University. His research interest is micro
and nano system design and precision con-
trol of machine tools he design of medical
device and Al application system design.
E-mail: kbh@kangwon.ac.kr

Tejin Yoon

Professor in the Department of Physical
Education, Kangwon National University.
His research interest is neuromuscular
fatigue and development of smart device.
E-mail: tyoon@kangwon.ac.kr



roh

tEXelZsks|X| M 402 M 75 pp. 527-532 July 2023 /527

J. Korean Soc. Precis. Eng., Vol. 40, No. 7, pp. 527-532 http://doi.org/10.7736/JKSPE.023.055
ISSN 1225-9071 (Print) / 2287-8769 (Online)

- EZ| - ADE/L|X|IE @AAO0] 7|&(Smart/Digital Healthcare Technology)
BETHAES S235 TICsly| ZXM B2 7 2M

— =0 b
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Abstract The purpose of this study was to check the position classification prediction rate based on the movement data of
field hockey players using the random forest algorithm. In order to achieve the purpose of this study, movement data were
collected using wearable devices in 15 practice matches. The collected information was then analyzed using the Random
Forest algorithm, one of the ensemble techniques, with Python, a high-level, general-purpose programming language. As a
result of this study, first, the position classification prediction rate was 52.4+3.3% when data measured by GPS sensors
were used. Second, when using the data measured by an inertial measurement unit (IMU) sensor, the position
classification prediction rate was 50.8+2.4%. Third, when both Global Positioning System (GPS) and IMU data were used,
the position classification prediction rate was 55.6+2.0%. As a result of the study, it showed that the prediction rate was the
highest when both GPS and IMU data were used.
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1. M2 CHRE ZofellA m4l=d (Machine Learning)s -3t A&
Ao FAZ qtzoly e, S5 e 97t A=l
LxzzoA F719E A dEsh] HsiAe vt ¥ ZIRYE AL QIHS]. 53] wAle Y-S HFE7} dolEE 7o s
IE= asiof =H, 714, A4, A=eky dlolg7t a4t AFEo R shgolo] A S WEl=s ERATIE ol
HEH1]. gt HolH e APE Axxo)A | defey 9 uf F2 FEHI e dAFoRe HAEZ(Perceptron), 24|
AR, H7HEE S $8% ARRE FEEHI Q2] 53] 28 SH24, AARE A SVM), K- ©o](k-NN) 5=
7] FHAE dlolHE Z8ste] Ao ZAA A A4 8ol FHEMpeL ol =2 Mg TR TRt Zofl
T e AEAQ] ARE F85taL Q7] fi2ell[3], Bkt o A A dl&she A7E 3= o] 6]
== HeiAe FEEE guidt & bolErt dasty oz Hale g o] A2 Aol pAle=HE Agekal A-sst
Al A5o] dasitt. sh, AAEo R dElE tiFe] HolHE A elskal ojAEA
BEEFN e W= sto] HirH, IS 285t W of W 4= SUrk= Holr. ofHdt 52 1x9 °F 1,00071
tiek el dloleE skl 24o] BolsiAltt4]. o|= Qlsto] of diolgE e o= 2laL, etet sjeS 2elste] 3719

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



528 / July 2023

rol
Hl
o
ng
OF
]
o
>
=
N
o
H
=
~
ho

uiy 5
A S olefe AZEZoA W A7} H go}q

OIAY Ax=E Hrp A3 odSsh] sk thdt Wl
EHEkE’J glolg7F 8750 Halede s ] flsiMe B &
& Hibs e 7IHe 28k 7). WY ZHAEE
%V‘o% SREHel dFom ERet sqiEse %t daElsl
2 AR darelEe Sl B TS SRkl =
AL QPARI A5 2 ACR A QITH8]. Lo
AREE Z8et A2 4719 A, AR, FdRel o
Tk =] WAL qlk Al 'ﬂoq:rL—— ”J%E‘i’i ke ”J_ Ae

87. 5%4 Oﬂ%% Q“ﬂ‘é} om[9] %141 L*X} _EL?U:UH 2
th EZlAE] ﬁ%’%&#% 5—6}04 85%

& O}ﬁi—Etﬂ E
5.18%9] ASES SSIATH 1]
Axzo|A A4E] A UE Aot WS A 7}
27} ol A WA 21F9)4dS 283t GPS (Global Positioning
System), Afo|2AF I (Gyroscope) 7FEEA AAHAS 283t
IMU (Inertial Measurement Unit) AlA], 7}l JARS E31 o

0.

AFA7)E 58 B9 A4E A7 F 2FY gRe A
o7 fyjeie] Zr|gRA 9 Ry 5 chekat RopolA o
7 AHE L QrHI2). ol HY FHY HRE AE=oA A
459 4718 Brleks $a% dolHe 28w 9] o

2. odpHHH

2.1 AL
Qe 2999 o4 5] ASES PO 151 A%
ﬁﬂoﬂm 8209 Bu8 ot 48 A gl o

L
I
Y

i)
ik
i
Zi

_>r~1_‘
ofn

é

A?:
Ea

mi

mlo

_O|L

2

O

2~ 7]7](Vector, Catapult) =22 %}%’6}@‘11} Fig. lJJ( z
o] A7IAIA 307 A FHU7} s 2715 &Hgstal fojeE

Hutol 2% ol WATAOH, A7t B F rujol»g 4

Fig. 1 Catapult wearable device

Table 1 Wearable device measurement variables

Sensor Factor

Zone 1 distance [m, %

Zone 2 distance [m, %

Zone 4 distance [m, %

GPS

[m,

[m,
Zone 3 distance [m, %

[m,

[m,

Zone 5 distance [m, %

]
%]
%]
%]
%]
]

Zone 6 distance [m, %
Velocity [km/h]

Meter per min [m]

Playerload

Playerload per min
IMA Acc low [n
IMA Acc med [n
IMA Acc high [n
IMA Dec low [n
IMA Dec med [n
IMA Dec high [:

—_

—

IMU

—_

[l

—_

n

—

2.3 Q47184
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ok A 9497112] glofE] FolA BIAEE f15ke] 20%<1 1907
o] dlojelE &8sk}l o] & EA]Ho] Forward?l tlo]E 48
7, Midfield 907}, Defender 527)|7} &%)t}

A Forward?] o|&ZA7}= HH Precision 50%, Recall 2%,
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Precision 51%, Recall 91%, Fl-score 66%= L}EFITEH
Defender+= Precision 75%, Recall 35%, Fl-score 47%= Ve
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EﬂiE&QE 2O|EE slo] 1099] HAE Al P e
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Table 3 GPS data prediction results

Precision [%] Recall [%] F1-score [%] Support
Forward 50 2 4 48
Midfield 51 93 66 90
Defender 75 35 47 52
Accuracy 54 190
Weight avg. 57 54 45 190
11
10
09
§ 08
513‘ 07
06
o | Wraning accuracy
e e w0 o sooldeoomo
Number of training samples
Fig. 1 GPS data conformity test
Table 4 GPS data K-fold cross-validation
Fold 1 Class Distribution: [0 216 404 234]  accuracy: 0.505
Fold2  Class Distribution: [0 216 404 234]  accuracy: 0.558
Fold3  Class Distribution: [0 216 404 234]  accuracy: 0.526
Fold4  Class Distribution: [0 216 404 234]  accuracy: 0.537
Fold5  Class Distribution: [0 216 404 234]  accuracy: 0.526
Fold6  Class Distribution: [0 216 404 234]  accuracy: 0.516
Fold7  Class Distribution: [0 216 404 234]  accuracy: 0.463
Fold8  Class Distribution: [0 216 404 234]  accuracy: 0.484
Fold9  Class Distribution: [0 216 404 234]  accuracy: 0.537
Fold 10  Class Distribution: [0 216 404 234]  accuracy: 0.585

Fold CV accuracy : 0.524+0.033

Table 5 IMU data prediction results

Precision [%] Recall [%] Fl-score [%] Support

Forward 35 15 21 48
Midfield 50 84 63 90
Defender 47 15 23 52
Accuracy 48 190
Weight avg. 45 48 41 190
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Fig. 2 IMU data conformity test

Table 6 IMU data K-fold cross-validation
Fold 1 Class Distribution: [0 216 404 234]  accuracy: 0.526
Fold 2 Class Distribution: [0 216 404 234]  accuracy: 0.516
Fold 3 Class Distribution: [0 216 404 234]  accuracy: 0.474
Fold 4 Class Distribution: [0 216 404 234]  accuracy: 0.484
Fold 5 Class Distribution: [0 216 404 234]  accuracy: 0.516
Fold 6 Class Distribution: [0 216 404 234]  accuracy: 0.558
Fold 7 Class Distribution: [0 216 404 234]  accuracy: 0.516
Fold 8 Class Distribution: [0 216 404 234]  accuracy: 0.516
Fold 9 Class Distribution: [0 216 404 234]  accuracy: 0.495
Fold 10 Class Distribution: [0 216 404 234]  accuracy: 0.479

Fold CV accuracy : 0.508+0.024
Table 7 GPS+IMU data prediction results
Precision [%] Recall [%] Fl-score [%] Support
Forward 67 4 8 48
Midfield 51 97 67 90
Defender 83 29 43 52
Accuracy 55 190
Weight avg. 64 55 46 190

3.3 GPS+IMU H|O|E{
Table 72 GPSE =4 Uo]g]2 8r&slo] o235t Axjo]

o}, A7) 949712] tlole] FolH HlAES Siato] 20%el 1907)
sh83}9iTh. o] & i 40| Forwardsl Ho]E 48
7N, Midfield 907}, Defender 52717} &&= ¢)ch.

AFE B Precision 67%, Recall 4%,
AE B Precision

o gole

HA] Forward®] &
Fl-score 8%= UEIG O H, Midfield?] o=
51%, Recall 97%, Fl-score 67%= LEFITE. Defender= Precision
83%, Recall 29%, Fl-score 43%= LEFFO

AL AHoln = 5592 olE] Q).

o= o=

0.508+0.024°.F L}ERL} 50.8+2.4%2] o|&&EF ElE i),

Al o

g R g R ———
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Fig. 3 GPS+IMU data conformity test

Table 8 GPS+IMU data K-fold cross-validation

Fold 1 Class Distribution: [0 216 404 234]  accuracy: 0.537
Fold 2 Class Distribution: [0 216 404 234]  accuracy: 0.547
Fold 3 Class Distribution: [0 216 404 234]  accuracy: 0.589
Fold 4 Class Distribution: [0 216 404 234]  accuracy: 0.558
Fold 5 Class Distribution: [0 216 404 234]  accuracy: 0.537
Fold 6 Class Distribution: [0 216 404 234]  accuracy: 0.558
Fold 7 Class Distribution: [0 216 404 234]  accuracy: 0.537
Fold 8 Class Distribution: [0 216 404 234]  accuracy: 0.558
Fold 9 Class Distribution: [0 216 404 234]  accuracy: 0.547
Fold 10 Class Distribution: [0 216 404 234]  accuracy: 0.596

Fold CV accuracy : 0.556+0.020
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n of Facial Paralysis Class Measurement System Using OpenCV
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Bell’s palsy is a disease that occurs primarily between ages of 15 and 60, especially in middle-aged individuals.
Although this disease gradually recovers within weeks to months, recurrence and permanent sequelae are possible.
Its causes are diverse and unclear. Appropriate treatment is unknown, threatening lives of patients with this condition.
In this study, we measured the degree of facial paralysis in a model of Bell’s palsy patients using OpenCV and the
H.B grade measurement method and classified measured values according to H.B grade classification. This enabled
prediction of the type and risk of diseases that might occur depending on the degree of facial paralysis. Additionally,
we utilized more coordinate data to confirm movement of facial muscles by region to address limitations of the
Nottingham system measurement method. We graded the level of this movement to enable intuitive confirmation and
confirmed differences between existing Nottingham system and the H.B grade. This simple system could determine
the level of paralysis in patients with Bell’s palsy and their corresponding risk level for related diseases. It enables
information on causative disease of patients with Bell’s palsy to be quickly obtained, enabling prompt treatment and
support.

Manuscript received: April 28, 2023 / Accepted: June 8, 2023

1. M2

NOMENCLATURE

, A AAALR Q= Agshrh A3 Folrh. A=yt ofy
HBGS = Houée-Brackmann Grading System o uleArE el o melshl ARgloss olmest
NS = Nottingham System £ A BAoR tolrka gick. AA BA7]H(WHOY=
Rb = Raise Eyebrow L529 Bh(Active Aging)S AFRHE©] Yo7t Solgel wt
Ce = Close Eye Tightly o} A7} B, QP 4] AL A7) I3t Tgoleta
SO = Supraorbital HolFITH1]. T3 SAUN)S s} 9 27} b, 7159] A
I0 = Infraorbital & 7hsd, B RIS FEE ¢ e =7 E A Akl
LC = Lateral Canthus ol Wt Al diaf ASot leH, MAZLR 5524
M = Mouth ?l T sH(Active Senion)o] gt THlo] FolAa Qo] A7ht
of ofe} Ak3lo] F7RIE AlE]A e ' “JEAQl k=3 E ¢l
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Fig. 1 Output results for Nottingham System scale and House-
Brackmann grade. (a) Inserted Pictures, (b) System output
results
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Fig. 2 Example of displaying face landmarks for virtual models
using the OpenCV system. (a) Normal, (b) Mild facial
asymmetry, (c) Severe facial asymmetry
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Table 1 Measurement results for the Nottingham System and HBGS grade

Raise eyebrow Close eye tightly Smile .
. Nottingham  House-Brackmann
No. Side ASO to 10O from rest ASO to 10 from rest ALC to M from rest ~ Sum o
) ) Y Scale [%0] grade
[pixel] [pixel] [pixel]

Left 253 20.7 38.6 84.6

1 97.1 2
Right 28 18.2 36 82.1
Left 29.8 6.3 159 52.1

2 99.4 2
Right 24.7 9.5 17.6 51.8
Left 19.9 22.6 19.6 62.1

3 97.9 2
Right 22 18 23.4 634
Left 27.6 16.5 16.5 60.6

4 68.7 3
Right 22 10 9.6 41.6
Left 1.5 12 23 37.1

5 64.8 3
Right 45 49 14.5 24
Left 1.4 5.9 15.7 23

6 84.8 2
Right 1.9 7.4 17.8 27.1
Left 20.5 1.5 26 48.5

7 54.4 3
Right 36.5 22 30.6 89
Left 0.6 15.6 0.7 17

8 26.4 4
Right 17.4 15.6 315 64.4
Left 5 5.6 2.8 134

9 249 5
Right 1.4 17 354 53.7

(SO A Infraorbital (I0)7}2]2] 78] & Lateral Canthus (LC)
ol 4] Corner of Mouth (M)7}#]2] 72| 243} v|t)3] 4259
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Table 2 Improved eyebrow and mouth corner muscle measurement results for each of the three points, and grade of facial muscle movement

Raise eyebrow+Close eye tightly

Smile

Grade of facial

No. Side AEyebrow to 10 [pixel] AMouth to LC [pixel] muscle movement
Point 1 Point 2 Point 3 Point 1 Point 2 Point 3 Eyebrow Mouth

Left 37.09 44.94 44.55 38.62 27.24 34.55 1 1

! Right 38.54 47.41 46.31 35.96 26.36 31.80 1 1
Left 28.31 33.57 35.80 15.93 18.83 15.87 3 3

2 Right 31.80 36.14 35.10 14.86 17.58 14.54 3 4
Left 36.41 44.88 43.88 19.59 23.98 17.65 2 3

. Right 27.46 37.01 38.78 23.42 26.82 20.75 2 2
4 Left 37.53 38.57 37.84 16.51 16.15 17.12 2 3
Right 31.88 36.26 38.15 9.60 6.97 9.67 2 4

Left 14.23 12.89 11.80 23.60 15.35 21.58 4 3

i Right 10.90 12.54 12.50 14.55 7.41 11.54 4 4
Left 8.21 15.27 7.58 17.81 15.53 16.09 4 3

6 Right 7.88 12.70 7.43 15.70 10.83 9.78 4 4
; Left 20.53 28.37 32.68 26.43 26.30 26.36 3 2
Right 40.38 51.15 48.44 30.58 27.87 27.55 1 2

. Left 14.88 5.85 1.80 0.75 5.87 1.14 5 5
Right 41.48 46.64 43.40 31.45 28.21 30.06 1 1

9 Left 5.13 5.60 3.17 2.85 5.77 1.41 5 5
Right 27.16 31.59 28.92 35.38 33.38 35.37 3 1
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Fig. 4 Additional measurement locations for facial muscles
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A Study on Electrochemical Resistance Change through the Pressurization
Process of MEA for PEMFC
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In this study, the electrochemical characteristics of fuel cell were evaluated after applying a compressive load to the
activation area of membrane electrode assembly (MEA) in polymer electrolyte membrane fuel cells. The effects of the
pressed area under the compressive load were systematically investigated using polarization curves and electrochemical
impedance spectroscopies (EIS) of the fuel cell. Interestingly, the performance of the fuel cell was improved as the pressed
area of the MEA was increased from 25.2% to 100% of the active area. In addition, the increased pressed area led to a
decrease in the ohmic resistance and the activation resistance of fuel cells.
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1. M2 RolY o2 ARAAY WAL ST olefd 7142 dshe
oA M) 28 W AR Bl sl A B

AR (Fuel Cellsys o} A4-0] F7I38F HES-S 0}83t 4 UrhS]. HAAT) M PEMFC] 452 7Ho) 542
of Ane| LIRS A7l A2 M ABSR= A o HSHAL Gasketel S th2A jo] PEMFC 2% A MEA

A A A olT}1,2]. theFet ARA] FollA= A} Hala of Y& 7oz WHORE AE XYFTH6-10]. AP Aol
ut o Z 4 %] (Polymer Electrolyte Membrane Fuel Cells, PEMFCs) A= PEMFCo| &2 7181] 98iA ARdxE =8E o
= LEAR o]Fofxl ukE A= AME-SlaL ¥ /A (PYC) EE AA8S S7H7IAY § ZalATAE o 8skelaL, =
S-S AREEIH2]. PEMFC= AFa-2%7F WL, o|A] Uert gt 1o wE PEMFCE] #718kehs E4& A8k A=
FOM 78, AEE 5 TR ofoll A ARE-E AL QUTH3]. FHEATH6,9]. AmHAof AFslFo] 7Helxl A= f3ka

o|ZA| theFel wofell A AMESEY] QA= AAIRE & e ASE o] 8sto] USetE FFE Btk ATt
= Sl WHdol F4asith PEMFCY W+4S& AAsk= & E|QITH7.8]. et s Zulj5(Catalyst Layer, CL)O|l SF
2lofl= ofd ZFAI7F QItH4]. 21 ol 53] A4st Yoz 5 71 A= FE Y= 5ol STVl uhet A3k
ul H= A3 (Membrane Electrode Assembly, MEA) ZA3}o| 2 Zu) ﬂﬁo] 57}?'1‘:}3’— B 11]. AggA-to4 PEMFC
)

on], 1 A9le] wekd Z1AA, 94, shehA-d7| et
A WFR BRE 4 4] 1 F 71AE Gsks Ago|

o B3t =S risl= A 7FASAE(Gas Diffusion Layer,
GDL)9| 7|5 & Y= Qsix AdrHA e dso] H4adt

3
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Fig. 3 Images of acrylic plates and actual experimental image
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A Study on the Multi-focus Method of Microscopic Images for Oil-
painting Analysis
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During digital microscopy of an oil painting surface it is inconvenient to analyze an entire image due to multiple defocused
areas. The defocusing is usually caused by the small depth of the lens and the rough surface curve. Thus, these
microscopic images in an oil painting have multiple focal points, which indicates multi-focus images. We present a multi-
focus fusion synthesizing a focused image from scans based on focal direction and selection of focused places. Based on
microscopic characteristics, a common scanned area of the images was defined to unify the lens multiplication. A focus
index was applied to each pixel to identify well-focused pixels and generate a mapping image in the focal direction.
Subsequently, a median filter was applied to the mapping image and a multifocal image was acquired based on actual
pixel values obtained from the mapping image. The proposed method was utilized in analyzing oil painting samples
carrying rough surface curves. The multifocal image facilitated the analysis of the oil painting surface and resulted in
enhanced quality compared with other methods. The proposed method can be used to generate useful images in scientific
and industrial microscopy.

Manuscript received: December 26, 2022 / Revised: March 3, 2023 / Accepted: March 13, 2023
This paper was presented at KSPE Autumn Conference 2022

NOMENCLATURE n = The Number of Images
S« = Image after Horizontal Sobel Operation
. = Image Resize Ratio Sy = Image after Vertical Sobel Operation
@ = Specified Image Resize Ratio S”. = Images of Common Area in Source Images after Sobel
F = Focus Index of Source Images Operation
F". = Focus Index of Images of Common Area §", = Images of Common Area in Source Images after Sobel
le = Local Image of Common Area Operation
Iy = Well-focused Image in Source Images X — Horizontal Position in an Image
I = Multi-focus Image after Image Fusion X — Specified Horizontal Position in an Image
I, = Source Images y = Vertical Position in an Image
I'. = Resized Images y" = Specified Horizontal Position in an Image
I"; = Images of Common Area in Source Images z = Camera Position in Focal Direction
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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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z = Position of Maximum Image Index in Source Images
z' = Filtered Position of Maximum Image Index in Source
Images
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Camara

| XY stage |

Fig. 1 Multi-focus image scanning system and scanning images of
oil painting
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| Image reconstruction | | Image reconstruction

end end

Fig. 2 Processing flows of conventional transform method (left) and
proposed method (right)
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Fig. 3 Images of common area after applying Tenenbaum gradient
to individual pixels

Fig. 4 Mapping images of origin and median filter after applying
Tenenbaum gradient individual pixels

z'(x,y) = median(z) (11)
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painting

Table 1 Specification of scanning apparatus

Components Contents Specification
Resolution 1392 x 1040
Camera Pixel bits 12 bit
Frame rates 73 Hz
Spectral range 190-1100 nm
Magnification 0.58X-7.5X
Microscope Working distance 8442 mm
Depth of field 0.05-2.75mm
XYZ stage Accuracy +5 um
. Type Halogen
Light source Power 150 W
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Fig. 6 Scanning targets to test multi-focus fusion algorithm
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Fig. 10 Scanning images of second target in an oil painting

Fig. 12 Multi-focus fusion image of second target
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Table 2 Comparing results with other methods
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Correlation Analysis between Clinical Rating Scales and Inertial Signal
Features in Parkinson’s Disease Patients
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), Inertial measurement unit (24 MIA{), Rating scale (&7} X|3), Correlation (A2A)

In this study, the Inertial Measurement Unit (IMU) signals and clinical evaluation scales for Parkinson's disease were
correlated. The study included 16 patients diagnosed with Parkinson's disease. Each subject was evaluated based on
Korean Mini-Mental State Examination (KMMSE), Unified Parkinson's Disease Rating Scale (UPDRS) part 3, New Freezing
of Gait Questionnaire (NFOGQ) parts 2 & 3, and Hoehn & Yahr Scale (H&Y). All subjects performed the Time Up and Go
test by attaching IMU sensors to both ankles and torso. Based on the tilting angle of torso and the time of first step, the
freezing and non-freezing windows were determined. Seven IMU features involving the ankle signals were calculated in the
specific window. Spearman’s correlation analysis of clinical evaluation scales was performed. As a result, the freezing index
and power of locomotion band (0.3-3 Hz) were recommended to determine UPDRS part 3. Also, the intensity of the
locomotion band facilitated evaluation of NFOGQ part 3 regardless of freezing of gait.

1. M2

A AlA (Inertial Measurement Unit, IMU)= AHHA 072 9]
RRRE PEE SR W 2SS Sge] uag 4o
)z 22 9 28 Ao, 1034 5 okl
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saAzle] mikel B gojel A
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S B4 AlA 249 7e7] e 4k 58 SA%e
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53], Aol 28 7hsrt B A9 542 HyoA i
Aote g s BAE 97 4 Qlt o2
S4E ATRRE 93 ghe olgsto] Eae] oA W #7E
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Table 1 Patients’ information

No. Age Height Weight Duration KMMSE UPDRS H&Y NFOGQ
[yr] [cm] (ke] [yr] Part 3 Part 2 Part 3
1 70 170 64 7 26 74 4 15 7
2 80 166 66 9 21 48 3 17 7
3 77 165 57 11 24 41 3 16 6
4 75 164 79 7 28 41 2 11 5
5 76 162 58 9 21 85 2 19 9
6 81 160 56 21 20 81 4 19 9
7 75 165 58 16 26 55 2 10 7
8 74 166 68 4 13 68 3 16 8
9 76 168 74 7 27 74 3 17 9
10 75 170 67 2 28 63 3 17 8
11 68 147 48 6 23 81 3 11 8
12 76 155 62 2 27 50 2 9 3
13 77 167 67 5 24 57 2 19 7
14 75 169 73 1 25 58 2 12 8
15 74 169 76 3 25 72 2 9 4
16 76 170 73 2 22 86 4 10 6
Mean 75.31 164.71 65.58 7.44 23.75 64.63 2.75 14.19 6.94
Std. 3.04 6.20 8.43 5.33 3.70 14.69 0.75 3.66 1.71
4 B3 HES 93 dFE0] 5 °o|FAL SITHI11]. ol 3t Rating Scale (UPDRS)¥} R 3<% 0bo] S 2453l er,
151 ehAe] 52 23y W A, AR A o F A=g Plotnik F[191& o111 2kt HejoA YFadseol w2
7tel|lEo] 4 B3-S A3}t Ei= SflAA7| LR} S A HE Hay iefu|g o] Haks F7Islivh. ey o] gh A A1
oz gk I ookt WA 91 A3 dnbA|o] H3Y A O g At 32k sEF 4 W K weu|EE Foff g
o] &F TS FRlotal o] HF o R 54 o] & Aol 53 I HWskS B ] 459 S 24
el 2330 AEE dlE[12]8h= dloll 2857 = 3tk < ke B2 AFEA Gt Bt g A E 283t 711
o] E3}F th2 okt fAHA, HAl 2ldE& S8t AbelE0l & SR ] dAqtellAe BAE @At iR d A%
2Hrs] A=A ek o3t e S W AEEs £ AAIBEL Qe o= TAe] JH T AAES B F
v o 2 theFel B4 7he] dAke Fal Al&RitH13,14]. o] & Tk Atolo] TS A EA] Tt whebA, 2 dAgtell A= Tt
4 AES Bt xEEA FY AR oy el St 15 S oz Xdte] AMgE= A4 Ao g Al
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=t 7ol A AlA el (Korean Mini Mental State Examination,
KMMSE), UPDRS part 3, H&Y, New Freezing of Gait
Questionnaire (NFOGQ)2] part 22} part 32 & 57}4] 3=
A1 00 7t 9] §Ae] HE Table 19] 718}t

KMMSE [20211& 85je] x4 A4t s datels 5o
& F 308 =3 A F8l B/ Jayskith. KMMSE=
AIZHS), B4x(5), 719 557 H 3H6), ALKS), Al®), AlF
F ()2 B7E E5to] ALtE ATk

UPDRS [22]+= International Parkinson and Movement
Disorder Society25E] 7712 0] $iajo] e} 41 4w =
Hot7] 915k HmmA] 198730 A A E ek,

UPDRSE 4714 ShE (part 1: Qg olAle] a5 54
783, part 2: Aol 48] 25 ZF, part 3: 2574 HAL, part 4:
B4 WPBIZ TAEO] QO £ AT) A UPDRS part
32 B8 w7e Bxte] L54L BRlsgit. 1871]e] et
7], 92171, 271 & 3ol thste] 2+ Normal(0), Slight(1),
Mild(2), Moderate(3), Severe(4)2 H7}3lH o, 1 &3S &
o A LFrUSS Fehent

H&Y [23}= AIA|19] Aol A=S 174 AZE Sl 0914 5
o] HHE 1Akt S48l §1e(0), TEFT =AIE((D, +
= of BRI S DAL Q). oK BAL Hf o1y
o] BESh EYAOR SAAQ), AL FoolAut Eg
glol AU A%E = AUF@), =] §lol= BA & ARESt
At ol Al 2 (S).

NFOGQ [2412 3714] shE& F4wlo] 9oLk, 3 shEo] it
4 By A e AR B 2Rl AN 52
w3y Aol ZAsl%At. NFOGQ part 20]4= 7 23S 7
AP Agoh PANES SATIE 711 AL B9 7} 03
o] o5 7153, NFOGQ part 30A= 52 H3j U7
A S e AR U R Fo) b 9B 03502 ¥
7¥sto] AT WA B e et QALS Bkt

2 o

o

2.2 HA H|OJE] H
B3 A olE
sheto] 7} gl A
AR & EEI AZHTT)el 37719 ¥4 AA(MTw Awinda,
Xsens, Netherlands)E F-2F514 M (Fig. 1), &JAJo|A 719 &
oF 3 m 7te] WS 7k 3814 selelck. Alglo] ARl
ok fabe] A7kt oFE HFEOREE 100 Hzol 3% 7MSE

&3
W SRS 24},

2 dAtollA= 6% TS hxfe] K flojE A E ot
83 & /1% sjol A4 wae BEsitk 1) 7Y ¥ 52
oyl &4k 2) AZAZY F7|& 0.3 s o]AH(Locomotion Band,
0.3 Hz) [25]; 3) & &S] 4 Steps o4} B3 3. 91¢f 37}4] 7]
Fofl FAS Hae T Ho] WH extor A4St
ek T4 2] W e A 94 % Ao dde

) X Axis
) Y Axis
- Z Axis

Fig. 1 IMU sensor attachment
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Fig. 2 Window segmentation in IMU signals

Table 2 Features of IMU signal

Mean of acceleration within given window in gravity axis

Mean 1 "
Acc n D Ace_y;
i=1
Mean of angular velocity within given window in sagittal plane
Mean | n
An, -S4 .
g -y dng_x,
i=1
Standard deviation of acceleration in given window in gravity
Std. axis 5
Acc /\/Z:’ \(Acc_y,—Acc_y)
n
Standard deviation of angular velocity in given window in
Std. sagittal plane :
Ang \/27 (Ang_x,—Ang_ x)
n
LBP Ratio of signal power in locomotion band (0.3-3 Hz)
FBP Ratio of signal power in freeze band (3-8 Hz)
- Area under the PSD curve in freeze band

Area under the PSD curve in locomotion band

Notes: Acc = Acceleration; Ang = Angular velocity;
LBP = Locomotion band power; FBP = Freezing band power;
FI = Freezing index; PSD = Power spectral density

= = QA ARSI SRS Bt
Sk A Raeel ¥ AlA o) 54 gE 1] Spearman /gt A

= E3) S Felskgon, pvalue < 0.055 7|E0 &,
203+ A= Table 30| YeRH T

Table 3 Spearman’s correlation coefficient between IMU features

and clinical rating scale (p-values < 0.05)

o teare KMMSE [ may R Ny
Mean Acc 450 =542 407 - -487
Mean Gyro - - - - -
Std. Acc .390 -.538 - -427
All Std. Gyro  .499 -470 - - -441
LBP 334 -.646 - - -.601
FBP - - - - -295
FI - .642 - - 355
Mean Acc - - - - -
Mean Gyro - - - - -
Std. Acc - - - -471 -409
FoG  Std. Gyro - - - - -484
LBP - -.658 - - -.626
FBP - - - -.642 -
FI - 707 .500 - 480
Mean Acc 532 -.654  -396 - -521
Mean Gyro - - - - -
Std. Acc 624 =570 -424 - -421
nFoG  Std. Gyro  .696 -.505 - - -415
LBP 385 -.614 - - -.589
FBP 470 - -.595 - -378
FI - .605 - - -
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AlZE g9 % oAl Mean Acci= NFOGQ part 25 A 9|3t
B ARSI ol YERO ™, Mean Ang:= oWt 2|3
obe AlmAdo] =aubr] ookt Std. Ace?} Std. Ang= KMMSE,
UPDRS part3, NFOGQ part 39} AbtAdo| =@yt 1 =
A >0.59] 733t AdaAl= Mean Acc®} UPDRS part 3(p =
-0.542), Std. Acc®} UPDRS part 3(p = -0.538)0]| 4] Lrebytc}.

Fak g9l EAoA LBP= KMMSE, UPDRS part3,
NFOGQ part 39} AHH4do] Uehgton, FBP: NFOGQ part 3
@} AAdo] =8ytt). Fli= UPDRS part 32} NFOGQ part 32}
el Btk I 5 | >0.59] A3 AueAl= LBPt
UPDRS part3(p =-0.646), LBP2} NFOGQ part 3(p =-0.601)
9 FIQ} UPDRS part 3(o = 0.642)0]| 4] &2l ict.

%4 majo] ATk FoG Aol ARk Gele] B4 ghs
© Il o] Rt AREAE tehiglom, Fie G
£ 6 el folat AueE dehg gt

A7r gl EA 7S & Mean Acc®t Mean Ang= o]m3h
& HolA] oglrt. ¥k, Std. Acc=
NFOGQ part 22} part 394 AAAdS EFOH, Std. Ange=
NFGOQ part 39} A8 Kt
Ful4 g9 EA FHE 5 LBP:= UPDRS part 3(p =
-0.658)€} NFOGQ part 3(p = -0.626)0l| 4] 735t AFaAE
Elfi9lem, FBPE= NFOGQ part2(p = -0.642)2} 733t Akt
AE Jel ). FI= UPDRS part 3(p = 0.707) @ H&Y (p
= 0.500)2} 73t ARHAE Ve 9L, NFOGQ part 39}F -
ot e Heloh

3.3 =4 =23 n|ws EEt

nFoG FehollA] ¥4 A2 547 oA B7F A3 119
WS o2 Zoh A Ygels= 1] A9 o3t A
AE Bylon, i JollAs 770 9] Folgt A
Upegiet.

Mean Acci} Std. Acc= NFOGQ part 25 A|QJst & X &
2 TS YEFHICE Mean Ang?] 79 oW gt A EQ} =
Aol EduA] ekot, Std. AngolAl KMMSE, UPDRS
part 3, NFOGQ part 39} {-2J3F ZJHHAS Uetslth %
KMMSE®} UPDRS part 3+= 3714 A A15.9] Al7F 9o EA4
I g > 0.59] 7t AAIE UER Lo, NFOQG part 3
+ Mean Acc (p = -0.521)} 75 AA4AIE YeERY It

Zuls> oJojo] EXo|A] LBP= KMMSE, UPDRS part 3(p
= -0.614), NFOGQ part 3(p = -0.589)2} A4Al-S =8Uict.
FBP+= KMMSE, H&Y (p = -0.595), NFOGQ part 39} 72|35t

AEAE Vel 9l e, FIi= UPDRS part 3(p = 0.605)2} 7+
o Ukt

3t EAE

19

okL

r
T rl:i o2

4. 11

[}

41 Y I A=

2 Aol A AR Y B7F @ 9 W8-S 2= KMMSE,
UPDRS part 3, H&Y, NFOGQ part 2, NFOGQ part 3.2 4
|9t} o]% KMMSES Al2ldt BE A} A He B4 55
T O Fol|7} AR J|2E= Har) A FrbE o A
AE0] EAET 2o ARRAS Uehich vhel, KMMSES
Y Qo] AYREE £ 4B Y570 2 QY
B} AR} M o) RES 10 ATASE Lhehiiet

AA A 9 nFoG Heto A o] 4 A3E 5, KMMSE,
UPDRS part 3, NFOGQ part 3= H|nwZ] T2 A X590 E
A FofRE o] Wol Uehktou), H& Y9} NFOGQ part
2 oA v Ae AJEEAZE Yepyth H&YS]

o] dAz AollE sy wlwoll AlEgt %7P7P °lT°1
A A QAT TR, & Aol A HATE SIS tiFE H&Y
P 2402 I Z27F @A gtk ole 3% ¢ W 222
_1_‘6‘]— J,]-?]Al:ﬂ p:]—x]___ EH/R]—OE HL'_]E ajoq EI—_'?:S___]- _JEJ_Q]}-
T 3, NFOGQ part 204 =ARE 54 Hal A9 3
A Az B gh Atololl A AT AA vt A
2ok oA LEE AR HeEH, S 2 5)
£ WgsHA] 27| dlee= HetE

Kim F[26]0] L33t =olA= Hafo] =X AY Ao
ZolR= A& H&YHRUH= KMMSE®Q} o] gickal uhél vt
it} T4 Fkato] Bl ol R A ot o] glom, F9]
2 Agor Qs Haf WEAdy; ol HakE AR &
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A Study on the Characteristics of the Retainer applied to Taped Roller
Bearings under High Speed Operating Condition
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Factors such as weight reduction and improved fuel efficiency of vehicles interfere with the efficiency of roller bearings in
automobiles under harsh conditions. In particular, studies are ongoing to increase the load capacity and rigidity under high-
speed conditions. The development of tapered roller bearings that can be used under high-speed conditions is accelerating. In
the case of high-speed bearings, factors such as centrifugal force, gyroscopic moment, and slippage have a greater influence
on the performance of the bearing, unlike the traditional operating mechanisms. The resulting lubrication characteristics have a
profound impact on the failure mode of the bearing. In particular, unlike traditional roller bearings, system failure due to
damage to the retainer frequently occurs, suggesting the need for prompt investigation. In this study, the rotational
characteristics and strength of three models, a steel cage and two plastic cages for tapered roller bearings with the same
internal structure, were examined. A comparative analysis of retainers with different shapes and materials can reveal the
factors contributing to optimal performance under high-speed operating conditions and the optimal design of bearings.
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Fig. 1 Retainer designs of tapered roller bearing
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Fig. 2 3D-model of tapered roller bearings and retainers

Table 1 Bearing data

Classification Reference TRB
Inner diameter [mm] 29.98
Outer diameter [mm] 62.0
Pitch circle diameter [mm] 51.721
No. of rolling element [EA] 20
Rolling element diameter [mm] 6.16
Rolling element length [mm] 12.0

Table 2 Material properties

Material Young's modulus [MPa]  Piossion's ratio
Steel 210,000 0.3
Engineering plastic 9,951 0.36

B9le} 7.5 MPac] X4 gelo] WARON, B3 A1 Hel
o Zelolii 0,039 mme] AjdeR & WYe wylow,
38.7 MPa2] S-2fo] WAch. £5 A% Eein eldlolu o]
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1/20 cyelic symmetric condition

centrifugal force due to rotational acceleration

Fig. 3 FE analysis model - Boundary and load conditions
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Fig. 5 Results — Equivalent stress distribution
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Fig. 6 Results — Max. equivalent stress

Table 3 Results — Displacement and equivalent stress

Reference Advanced Steel
polymer retainer polymer retainer retainer

Classification

Max. displacement

0.009 0.039 0.022
[mm]

Max. Equivalent stress
[MPa]

Max. Equivalent stress /
Tensile strength [%]

7.5 38.7 302.9

39 204 73.9
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Fig. 7 Dynamic simulation model
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Fig. 8 Simulation result - Normal polymer retainer (3,500 RPM)
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Fig. 9 Simulation result - Normal polymer retainer (20,000 RPM)
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Fig. 11 Simulation result - Steel retainer (20,000 RPM)

Table 4 Results — Max. displacement and torque

Classification Max. displacement Average bearing torque

[mm] [Nm]
Reference polymer retainer
(3,500 RPM) 0.006 0.317
Reference polymer retainer 0.072 0.621
Low torqu.e polymer 0.055 0.626
retainer
Steel retainer 0.007 0.622

S, Mises
(Avg: 100%)
+1.877e+01

» :+1.77e+001A@

+0.392e+00
+7.829e+00
+6.266e+00
+4.703e+00
+3.139e+00
+1.576e+00
+1.314e-02
Max: +1.877e+01
Elem: PART-1-1.22§
Node: 1297

Fig. 12 Equivalent stress under Max. displacement on retainer
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A Study on Aerodynamic and Acoustic Characteristics of Blades by

Biomimetic Design for UAM
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Urban air mobility (UAM) is rapidly growing as a new means of transportation. As a result, noise pollution is emerging as a
new technical challenge. Therefore, the sawtooth-shaped biomimetic designs were incorporated on the trailing edge of the
blade to reduce flow-induced noise. The biomimetic virtual design was analyzed using the CFD software, ANSYS FLUENT
V20.2. Based on the steady-state RANS flow solution, the acoustic power was calculated using the broadband noise
source model to evaluate acoustic radiation. Four different cases with cutting lengths of 3.1 mm, 3.7 mm, 4.3 mm, and 4.9
mm of blades were compared with the base model at the rotational blade speed of 6,000 RPM. The maximum acoustic
power level of the biomimetic blades ranged from 37.24 dB to 39.88 dB, resulting in a 10% reduction compared to the
original blade (42.02 dB). The novel design affected the blade area, which inevitably reduced the slight thrust performance.
However, the thrust was reduced to approximately less than 5% compared with the base blade in case 1. The biomimetic
blade reduced the thrust due to its aerodynamic characteristics. However, the design of a blade with an appropriate cutting
length has a greater effect in reducing noise rather than thrust.
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Table 1 Detailed specifications of the UAM blade

Number of blades 2 EA
Diameter 0.24 m
Rotational speeds 1,000-6,000 RPM
Weight 67.7 g

2' ~

(a) Base model

S

(b) Case 1

(c) Case 2

(d) Case 3
——

(e) Case 4

Fig. 1 Base model and four different blade cases of biomimetic
design
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(b) Y+ contours on the blade from the front view

Fig. 2 Y+ contours on the blade
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Table 2 Boundary conditions for the virtual analysis

Rotational speeds of propeller [RPM]

Inlet boundary Total pressure [Pa] 101,325
Outlet boundary Static pressure [Pa] 101,325
Rotational speeds for validation [RPM] 1,000-
Blade 6,000
Target speed for analysis [RPM] 6,000
5
~f@=Exp."! =@=Base model
«fe—=Case 1 =49=Case 2
4 —@— Case 3 —¢—Case 4
—_3
£
L
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22
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'—
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=% A 0
0 ‘ 1000 ‘ 2000 : 3000 ’ 4000 ' 5000 . 6000 ‘ 7000

Fig. 4 Comparison of RPM and thrust with the experimental and

numerical data for five different blades
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Fig. 5 Velocity vectors on the blade tips at 6,000 RPM
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Fig. 6 Vorticity contours around the airfoil cross-sections at the base model and Case 1
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Fig. 7 Pressure contours around the airfoil cross-sections at the base model and Case 1
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Acoustic Power Level [dB]
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(a) Base model
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(b) Base model at detailed view of leading edge

(d) Case 1 at detailed view of leading edge

Fig. 8 APL contours around the airfoil cross-sections of the base model and Case 1
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Fig. 9 APL around the airfoil cross-section at the blade
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Fig. 10 APL contours with different cutting depth on the blade
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Fig. 11 Average APL at the cross sections of the rotating blade
neighboring flow field according to /R

Table 3 Aerodynamic and aeroacoustic performances of the blade at

the 6,000 RPM

MAX. APL Thrust
[dB] [N]

Base model 42.0187 4.125
Case 1 37.2402 3.9318
Case 2 39.875 3.8432
Case 3 39.7792 3.8035
Case 4 37.2997 3.7616
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A Study on the Effects of Edge Length and Substrate Slope on
Residual Stress and Deformation Characteristics in the Vicinity of the
Repaired Region for Straight Damaged Region Repair Using a DED
Process
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KEYWORDS: Directed energy deposition (0f|L4X| M|{E 2= Z7]), Edge length (2=t Z210]), Slope (AL,
Residual stress characteristics (Xt7 224 £-M), Deformation characteristics (H& £4)
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The design of a substrate greatly affects the residual stress distribution and the deformation behavior of the repaired region
by a directed energy deposition (DED) process. The objective of the present study was to investigate effects of edge length
and slope of the substrate on residual stress and deformation characteristics in the vicinity of the repaired region for the
repair of the straight damaged region using a DED process. Two-dimensional finite element analysis (FEA) was carried out
using SYSWELD. Materials of the substrate and deposited powders were AlSI 1045. The maximum residual stress during
the deposition decreased when the edge length of the substrate increased, but increased when the slope of the substrate
increased. The residual stress after a cooling state increased when the edge length and the slope increased. The
displacement of the specimen increased when the slope of the substrate augmented. Finally, the methodology to select a
proper edge length and slope of the substrate are discussed in this study.

Manuscript received: March 2, 2023 / Revised: May 5, 2023 / Accepted: May 23, 2023

NOMENCLATURE G = Flowrate of Shielding Gas
F = Flowrate of Powder Feeding Gas

o = Slope of Substrate 0 = Linear Intensity of Heat Flux
L = Edge Length of Substrate X — X Coordinate
P = Power of Laser y = Y Coordinate
V= Scan Speed of Laser t = Scan Time of Laser
r = Radius of Heat Flux h, = Natural Convection Coefficient
r(z) = Radius of Heat Flux according to Penetration Depth ]_qf = Forced Convection Coefficient
o = Penetration Depth }_teq .y = Coefficient of Equivalent Heat Loss Model
n = Efficiency of Heat Flux Nu = Nusselt Number
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k = Thermal Conductivity

D = Diameter of Nozzle

€ = Emissivity of AISI 1045

p = Stefan-Boltzmann Constant
T, = Surface Temperature

T, = Environmental Temperature
oz} = First Principal Stress

Oip,m = Maximum Value of First Principal Stress

D, = Displacement in X Direction
D, = Displacement in Y Direction
D, = Magnitude of Displacement
1. ME
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Deposition strategy : Zig-Zag

1SO View

(a) Model concept and deposition strategy

(b) Design of substrate and deposited region (Center section)

Fig. 1 Schematics of the repairing model
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Table 1 Deposited areas for different shapes [mm?]

L [mm] 3 5 7 9
6 =30° 249 32.6 40.4 48.3
0 =45° 19.8 27.6 354 432

Table 2 Characteristics data for deposited bead [7,18] Adapted from
Refs. 7, 18 on the basis of OA

P \% r 1(z) G F
[W] [m/min] [mm] [mm] [//min] [//min]
500 1,000 0.5 ~r ~ 10 x4

L=7mm

(a) 0 =30°

L=7mm

(b) 0 = 45°

Fig. 2 FE models for different edge lengths and slopes

Table 3 Conditions for 2D FE analysis [7] Adapted from Ref. 7 on
the basis of OA

Width of bead Thickness of layer Hatch distance
[um] [um] [um]
1,000 ~150 750

Table 2= FE Bdof| 2-§d 237 54 dlojgoltt. 4]
28 23 4ol Fig. 1(a)2t 2ol 40 mmo|H, g4 A= 2

G @fo] WA= SXF ©olA 224 F-71A A A
Zeisch. BE AR Fig 1@} 20 A1 (Zig Zag)
A= Ayt
2
o= Exp[—x WV?] ()
nor'V 0.5xr(z)

N+ -V <r(z) for —-8<z<0 ©)

% $xe) FE 29g AAsielon], 2 meol ot 24
(Mesh) A3A] A= Fig. 29} Zt}. Table 32 FEA| &84 1_']

% zAolth. Fig 3 4% 34 % 9 4% 34| ghawl ¥
3z T H8EH= 3.% A 27Eolth. FEAY|A o]
o A1) W A(2)2} Zo] AE Zlo](Penetration Depth, §)2}
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===p Natural convection =«---- » Equivalent heat loss

A, B : Measured locations of displacement
Clamped condition : Fix

A B

15 mm

AN SANNY

25 mm
Fig. 3 Boundary conditions of FE model (6 = 30° and L = 3 mm)

7F-A19H(Gaussian) FH FY e FE2E 7M1= 33 A4 E
2 (Volumetric Heat Flux)©.2 7143} 7,14,18,19]. 340
AgHE 99 mEme 0320]0H7]. AT H w4 3=
(Elastic Recovery)o] ie®l Wyzh-& =3t & 34 AR
30,0002= AAstch B FE2 AFo] FRE F 6027t
At A7 2= QA

5o AYPe= Aol 71AF S ALt B 7
X Hol| &= o]& 2} tjF(Natural Convection)7} ZHAJ3HC}H
I 7PgsEl o o] ehaE § V|ARer ASHo nE ¥
oA 2% o& A 77t WSt Ao R 7H OP“EP =
o] XPF AlHoA ] AFHe} 7|AF A= o=
7h2sof| ORt Al i W ALl o3t PAdo] areE ook st
7] & 571 E<£A(Equivalent Heat Loss)o] Z-8% it
[7.14,18,19]. siAo] A&H 7} 7|5 L A7 270 =
L% ©F A B A Fig. 49k 2ok A B A (k)
257 DA A (hegrye A2 A A @)l oJste] A

ZEcHIS) 288 4R 7 AS R 57 A& Aet 2t
7} Figs. 5 9 63} 2t

}_lf= Nz;)xk 3)

heg.y = hyt e0(T, + TL)(T,+ T,) 4)

3105 38 2x BN EAM
o AP B 9 B4 AL ool AEw w1
9] 7]%o] Bi= v 8-(Ist Principal Stress, o, )& Al

=
A3ATH7]. Fig. 72 FEA oA o &8 7|45 AAlztat 2ot
ool w2 zh7 &8 EX wisto|t}. Fig. 79 52 H35%

b, (W/m2-°C)

Temperature (°C)
(a)L=3mm
| ——Side -----Upper - - - Lower
3
I P rrs— :
T et
l=
800 1200
Temperature (°C)
(b)L=5mm
——Side -----Upper -- - Lower
o 800 1,200
Temperature (°C)
(¢)L=7mm
Upper - - - Lower
S
< o
T N T
=
800 1,200
Temperature (°C)

(d)L=9 mm

Fig. 4 Natural convection coefficients for different edge length
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Fig. 5 Forced convection coefficient
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Fig. 6 Equivalent heat loss coefficient
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Fig. 7 1st principal stress distributions for different edge lengths
and slopes of the substrate
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Fig. 8 Excessively stressed regions for different edge lengths and
slopes of the substrate
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Fig. 9 Effects of the edge length and the slope of the substrate on
the maximum value of the 1st principal stress
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Fig. 10 Time histories of 1Ist principal stress distributions at the
occurrence location of the maximum value for different
edge lengths and slops of the substrate

Table 4 Number of layers for s, at the occurrence location of the
maximum value and maximum residual stress after cooling

stage
o Number of layers Sipm after cooling stage
0r1 L [mm] for Sipm [MPa]
3 4 388
5 2 392
30
7 1 397
9 1 410
3 3 425
5 3 426
45
7 3 433
9 1 436
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Table 5 Times of maximum deformation and finishing times of

deposition for different edge lengths and slopes

Time of maximum .
Finishing time of

0[] L[mm] . deformation [s.] deposition
Point A Point B
3 328 30,000 629
5 342 30,000 834
3 7 363 30,000 1012
9 364 30,000 1195
3 343 30,000 517
4s 5 370 30,000 698
7 372 30,000 906
9 378 30,000 1,080
7h ashe ARko] Ykt
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Fig. 11 Displacement distributions at times of maximum

displacement for points A and B
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I Year of Launching

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

I Aims and Scope

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

I Fee

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

Publication Fee:

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

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

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

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

I Contact Us

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

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



I Rules for Submitting and Publishing Papers

Article 1 Purpose

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

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

Article 3 Responsibilities and Compliance with Code of Ethics

A.The Authors are responsible for the submitted paper.

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

Article 4 Scope of Research

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

Article 5 Categorization of Submissions

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

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

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

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

Article 6 Submission

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

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

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

D.The submitted paper shall not be returned.

Article 7 Review and Decision to Publish Paper

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

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

Article 8 Copyright

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

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

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

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

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

Article 10 Manual of Style

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

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

Article 11 Publication Fees

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



I Guidelines for Manuscript Writing

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

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

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

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

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

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

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

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

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

I Author’s Check List

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

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

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

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

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

8. Is the English abstract within 200 words?

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



I Rules for Reviewing Papers

Article 1 Purpose

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

Article 2 Submission and Reception

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

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

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

Article 3 Selection of Reviewers

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

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

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

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

Article 4 Review Procedure

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

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

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

Article 6 Deadline for Author’s Revision

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

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



I Rules for Reviewing Papers

Article 7 Decision over Publication

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

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

Article 8 Review of Special Papers

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

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

Article 9 Confidentiality

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

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

Article 10 Objection

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

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

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



I Code of Ethics for Academic Activities

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

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

Chapter 1
Overall
Rules

Chapter 2
Author

Article 1 Purpose

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

Article 2 Application Area of Code of Ethics

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

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

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

Article 3 Scope of Misconduct

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

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

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

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

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

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

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

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

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

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

Article 4 Honesty of Author

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

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

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

Article 5 Authorship

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

following 4 criteria:

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

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

Final approval of the version to be published; AND

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

0



I Code of Ethics for Academic Activities

Chapter 3
Roles and
Responsibilities
of Members
of Society

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

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

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

perverting the research result.

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

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

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

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

plagiarism and is not allowed.

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

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

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

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

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

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

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

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

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

C.

results for the submitted paper.

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

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

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

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

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

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

paper can be examined by another EBM.

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

of the society or the Editor.

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

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

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

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

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

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

GREEN TECHNOLOGY -

INTERNATIONAL
JOURNAL OF
PRECISION

ENGINEERING AND
MANUFACTURING

Impact Factor

4-660 by'JCR in 2021

Ahout IJPEM-GT

IJPEM-GT is co-published by the Korean Society for Precision Engineering and Springer Nature.
The journal is published bimonthly, and JCR 2021 impact factor is 4.660,
which ranks it top 18% (24/137) journal in the category of Engineering-Mechanical.

cover novel research con- Guest Editors
tributions of precision engineering and manu- Professor Beomjoon Kim
facturing - theories and applications in the field of

The University of Tokyo, Japan

Professor Sung-Tae Hong
University of Ulsan, Korea

Professor Hoon-Eui Jeong

UNIST, Korea
The potential focus areas to be covered in this Special
Issue include, but are not limited to: Submission Procedures
. Deadline for Submission Date
RE100 (Renewable Electricity 100%) November 30, 2023
Green Manufacturing for Aerospace and Small Publication Date
Modular Reactor ayLalsn
" . . Vol., No.
Smart and Sustainable Manufacturing for Semicon- Vol. 11, No. 3

ductors

Al-assisted Manufacturing

@ Springer KE...;E Korean Society for

3 Precision Engineering
the language of science
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International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY

International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY
JANUARY 2023 II"” | | ‘

VoLuME 1, NUMBER 1

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

academic journal which will be published by the Korean Society for

Precision Engineering (IKSPE).

Aims and Scope

ISSN29514614 Pt KEFE

1SSN 29516382 onine

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:

+ Big Data Analytics and Informatics

v Sensors, Instrumentation and Process Monitoring

v Prognostics and Health Management (PHM)

 Industrial Internet of Things (IIOT)

v Industrial Artificial Intelligence

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

+ 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. 1 No. 1 January 1, 2023
Vol. 1 No. 2 July 1, 2023

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

www.ijpem-st.org

KE: E= Korean Society for
I

Precision Engineering

Editorial Board

Editor-in-Chief

Sang Won Lee / Sungkyunkwan University, Korea

Co-Editors-in-Chief

Jay Lee / University of Maryland, USA

Jun Ni / University of Michigan, USA / Shanghai Jiao Tong University, China

Editors

Hyeong-Joon Ahn / Soongsil University, Korea

Hae-Jin Choi / Chung-Ang University, Korea

Chih-Hsing Chu / National Tsing Hua University, Taiwan
Martin B.-G. Jun / Purdue University, USA

Dong Yoon Lee / Korea Institute of Industrial Technology, Korea
Seungchul Lee / POSTECH, Korea

Sangkee Min / University of Wisconsin-Madison, USA
Seung-Ki Moon / Nanyang Technological University, Singapore
Duhwan Mun / Korea University, Korea

Simon Park / University of Calgary, Canada

Editorial Board

Seung-Kyum Choi / Georgia Institute of Technology, USA
Haseung Chung / Michigan State University, USA

Youngkuk Jeong / KTH Royal Institute of Technology, Sweden
Yongho Jeon / Ajou University, Korea

Jay-l. Jeong / Kookmin University, Korea

Hyungjung Kim / Seoul National University, Korea

Yangjin Kim / Pusan National University, Korea

Jihyun Lee / University of Calgary, Canada

Wonkyun Lee / Chungnam National University, Korea

David Rosen / Agency for Science Technology and Research, Singapore
Joo-Sung Yoon / Kyungnam University, Korea

To be added
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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

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

LIC.

ISSN 1225-9071(Print) / 2287-8769(Online)

Editorial Board

« Editor-in-Chief
Bo Hyun Kim(Soongsil University)

« Editors
Jihwan An (Seoul National University of Science & Technology) Seung Hwan Ko (Seoul National University)
Baeksuk Chu (Kumoh National Institute of Technology) Moonkyu Kwak (Kyungpook National University)
Won-Shik Chu (Gyeongsang National University) Sung-Mook Kang (Daegu Catholic University)
Doo-Man Chun (University of Ulsan) Changwoo Lee (Konkuk University)
Koo Hyun Chung (University of Ulsan) Chang-Whan Lee (Seoul National University of Science & Technology)
Duhwan Mun (Korea University) Hyunseop Lee (Dong-A University)
Jihong Hwang (Seoul National University of Science & Technology) In Hwan Lee (Chungbuk National University)
Young Hun Jeong (Kyungpook National University) Hyung Wook Park (UNIST)
Jonghan Jin (Korea Research Institute of Standards & Science) Min Soo Park (Seoul National University of Science & Technology)
Dong Sung Kim (POSTECH) Sang-Hu Park (Pusan National University)
Ho-Chan Kim (Andong National University) Jung Woo Sohn (Kumoh National Institute of Technology)

Yang Jin Kim (Pusan National University)

AWARDS INDEXED IN Submission to JKSPE
Search for JKSPE

st EUSeE K|z 2= - SCOPUS _
- IR MUTES|X|of| LHE =2 F J4E « Korea Citation Index (KCI) . http!//éft'C'e-kSDE-or-kr
EFIBt 71R|Q| =S AIXIO | AL o [Keren Setanee « http://jkspe.kspe.orkr

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

+82-518-2928(T) paper@kspe.or.kr

+82-518-2937(F) http://www.kspe.or.kr
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JOURNAL OF THE KOREAN SOCIETY FOR PRECISION ENGINEERING

WelIANAL OF THE KOREAN SOCIETY FOR
[ZR=01SI0N ENGINEERING

Indexed in SCOPUS, KCI SCOPUS S1Z1(2017~), KCI SA4Z1 (2001~)

198444 27t A7H123], 02 19 L3
ISSN 1225-9071(Print) / 2287-8769(Online)

INTRODUCTION 1. 27\0ict 58 Frjof 02 Exl=2 714
2. 2 SN SEUS LE =R ZS =2 MHEAH 000000
3. WED =2 .3
PUBLICATION FEE I2ED H2ED
712 8Ho|x| 200,000 | T =Le| State] U =2,
27 |AIA7} BIS B2
1HO[X] Z=7t 30,000# Hr| AE S|
ST|(AAD F=7¢ = 5240| 50% 37t HA|
ADVERTISEMENT 2 7| Y Ay jEe| i = AiE S, 2 Suthsh EARE Gt - 2 Mdx|of| B
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TOPICAL ISSUE

IJPEM-ST

INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING-SMART TECHNOLOGY

2023 New Joumal 20234

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

2022: MEAMYE ZHMe 1SS 28 JIE

TOPIC
2023: ADIE/C|X[E EAAN 7|&

International Journal of
Precision Engineering and
Manufacturing

SMART TECHNOLOGY

DECEMBER 2022

247}

AZh A7 23 18 TR Y

INTRODUCTION 1. Full Open Access

2. Research papers, Short communications, Technical briefs, <SoE

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 (lIOT) + Autonomous Things

+ Industrial Artificial Intelligence

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

Metaverse

WEBSITE www.ijpem-st.org



IJPEM

INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING

2021 impactFactor: 2:041 YR Yoe TN e = k|

20004 2+ZF HZH 123, D2 1Y kel
ISSN 2234~-7593 (Print) / 2005-4602(Online)

INTRODUCTION 1. Regular paper, Short communication, Review paper
2. =X StaiE| U =2 5 2 == MY = XY
3.2 CIRRE S 2 =R AN Y EL

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

IJ PEM'GT INTERNATIONAL

JOURNAL OF

INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING-GREEN TECHNOLOGY ENGINEE%%'SAE’;

MANUFACTURING

2021 Impact Factor: 4.660 Y R Ye TN o2

20144 32 AZt6s|, 2 1Y Ll
ISSN 2288-6206 (Print) / 2198-0810(Online)

INTRODUCTION 1. Regular paper, Short communication, Review paper
2. IM stEdE| YE =2 5 2+ == M 2 A
3. 91, CI2RC 4 £2 =2 AN U B

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
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