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Abstract This study focused on the importance of recognizing supervisor support and investigated its
effect on the innovation behavior of organization members. In particular, the mediating effect of job
enthusiasm in the relationship between supervisor support perception and innovation behavior and the
moderating effect of performance pressure in the relationship between job enthusiasm and innovation
behavior were verified. To verify this, a survey was conducted on the incumbent working for small
and medium-sized enterprises in China and an empirical analysis was conducted using the SPSS 28.0
statistical program. The research results are as follows. First, it was verified that recognition of
supervisor support had a significant positive (+) effect on job enthusiasm. Second, it was verified that
job enthusiasm had a significant positive (+) effect on innovation behavior. Third, it was verified that
job enthusiasm has a partial mediating effect in the relationship between supervisor support perception
and innovation behavior. Fourth, it was found that performance pressure has a positive (+) moderating
effect in the relationship between job enthusiasm and innovation behavior. Based on the results of this
study, implications, limitations, and future research directions were presented.
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Table 1. The Result of Factor Analysis

Component  |Commu| Cron,
Variables |Item nali bach
1234 ty |3
a
1 [.133(.907(.064/|.067| .849
Perceived 2 1.269].749(.113|.118| .660
Supervisory | 3 |.203|.818.164(.109| .749 935
Support 4 |.214].801.111|.080 .707 |-
(PSS) 5 1.209(.799|.119(.152| .719
6 |.172(.798|.148(.093| .697
7 1.239].776|.128(.096| .685
1 (.914].071(.035|.011| .842
2 1.800{.135|.210(.149| .724
3 ].798(.195|.071{.135| .699
Work 4 1.818(.232|.115|.093| .744
Engagement| 5 |.821|.194|.168|.067| .745 | .951
(WE) 6 |.773|.216|.178|.144| .697
7 1.790|.216|.165(.109| .710
8 |[.780(.218(.201{.091| .704
9 |[.766.241(.160|.144| .691
1 |-.010]-.010{.046|.923| .855
Performance 2 |.155[.199|.145|.773| .682
Pressure 3 [.174].018(.100(.789| .663 913
(PP) 4 1.103].090{.132|.791| .661
5 1.085[.185|.137(.796| .695
6 |.164[.159|.130{.800] .709
1 (.040 .052(.930].051| .872
) 2 1.216 .132|.773|.165| .689
Innovative ™3™ 958" 1951 786| 169| 709
Behavior |41 169" 110[ 828|158 751 | %7
(B 571931 212].771] 100|702
6 |.183 .094|.826(.098| .734
Eigenvalue 6.46(5.15|4.45(4.26
716|157
. ~153.0[18.4|15.9(15.2
Explain rate(%) 08| 14|10/ 38
Accumulation |23.0{41.5(57.4|72.6
rate(%) 98|12 22|60

KMO=.968(sig=. 000)

43 A 24
AARA BAATE Table 29 AN 2k A}
xl%w% AR (r= AT, 00,
282,

2X001), A5 (r=341, X001)<}F <t
xg(+>z1 ABAAZY Qe Ao Uehhth AR
= A (=289, K001), ZAAF(r=.392,
KOODS §olg H(H)A ARBAT Qe A0E
Vbt Asiehke HA8%E (=310, 001
o3 A(+)A AuBA A A0 Uept,

Table 2. The Result of Descriptive Statistics, Reliability
and Correlation Analysis

Mean. | S.D. PSS WE SPP B

PSS | 3.168 | 1.230 1

WE | 3225 | 1.203| .477*** 1

PP | 3.255 | 1.198| .282%** | 289*** 1

1B | 3.299 | 1.250| .341*** | .392***|.310%** 1

K001, *F K01, *: K05

IARAN 2 A IAARAS AL AR
delao]  HFH = =
Table 39 AAISE Tk AR LA (8= 477,
X001) 0] AFHlol Fodt A (+ <

= Ao ASHA web 7Hd1e g E A

IS
o
0%

Table 3. The Influence of Perceived Supervisory Support
on Work Engagemen

Dependent variable: WE

Unstandardized | Standardized "
B | SE s ’
Constant | 1.656 .183 9.072 [ .000
PSS 49 .055 A77 8.969 | .000

R=.228 Adjusted R%=.225 F=80..441%**
Durbin-Watson=2.009

skl 001, *%,pK.01, *:K.05

Hro} Galgge]

Table 49

_4

t 9%S BNEanE
AA 9} 7} FEE(B=.392, K.001)7}F
Grazol Fo3k A4(+)9] F3S vHts Aol A

K
SEAT w72 A E A

Table 4. The Influence of Work Engagemen on
Innovative Behavior

Dependent variable: 1B

Unstandardized | Standardized "
B | SE ; P
Constant | 2.088 | .180 11.613[ .000
WE .376 .053 .392 7.044 | .000

R?=.154 Adjusted R%=.151 F=49.623***
Durbin-Watson=1.860

s o 001, % pK01, *17K.05
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Table 5. Mediating Effect of Work Engagement:
Perceived Supervisory Support and Innovative Behavior

Dependent variable: 1B

Model 1 Model 2 Model 3
IE) t IE) t &) t
Constant 9.072%** 11.896%** 8.541%**
PSS AT7|8.969%** | 341] 5.997*** |.199| 3.202**
WE .297|4.768***
Vg 228 116 .185
Adjusted .225 113 179
F 80.441%** 35.965%** 22.730%**

% o 001, **:pK01, *17K.05
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Table 6. Moderating Effect of Performance

Pressure:  Work Engagement and Innovative
Behavior
Dependent variable: 1B
Model 1 Model 2 Model 3
B t B t e t
Constant 11.613%** 6.829*** 7.393%**
WE .392| 7.044*** | 330( 5.812%**| .303| 5.442***
PP .215| 3.782%**| 196/ 3.528%***
WE*PP .213| 3.9627**
R 154 .196 .240
Adjusted A 151 .190 232
F 49.623*%** 14.301%** 15.700***
w001, **: K01, *:pK.05.
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Abstract This study analyzes the concepts, characteristics, and development trends of AESA (Active
Electronically Scanned Array) radar and explores its potential applications in military and civilian
fields. The research method involves a literature review to examine the technical principles of AESA
radar, the composition of T/R modules, and application cases across various platforms. The analysis
shows that AESA radar possesses superior detection and tracking performance, electronic warfare
capabilities, and scalability compared to traditional radar. It can be effectively utilized in aircraft, naval
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management, and disaster response. This study also highlights the economic significance of AESA
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technological advancements will contribute to national security and industrial competitiveness.
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A Study on the Effectiveness of Spinal Heat Massage and
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Abstract This study aims to examine the effects of spinal column thermal massage relaxation therapy
and psychological relaxation therapy on the stress and psychological stability of preliminary physical
education teachers hrough gradual relaxation and cognitive restructuring. To this end, the study's 18
freshmen recipients were assigned to two groups: one 9-person group received spinal column thermal
massage treatment, and the other 9-person group underwent a psychological relaxation program.. Both
treatments were implemented twice daily for five days in a week, with each session lasting 40
minutes. Data were collected with the Global Assessment of Recent Stress Scale (GARS), and the
Competitive State Anxiety Inventory-2 (CSAI-2). As the result of this study, the group receiving heat
and massage therapy showed a significant decrease in CSAI-2, and the group undergoing
psychological relaxation showed a were significant decrease in GARS. Analysis of covariance revealed
statistically significant differences in stress and sports competition state anxiety relaxation, indicating
that the two treatments were effective yet distinct. Therefore, it is expected that spinal thermal
massage and psychological relaxation therapies will have positive effects on stress and psychological
stability among pre-secondary physical education teachers.

Key Words : Pre-Secondary Physical Education Teachers, heat&massage device, psychological relaxation, GARS, CSAI-2
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1. Introduction

College students who move from adolescence to
early adulthood must adapt to college life actively in
order to pioneer a new future for themselves. In
particular, students in teacher training have a clearly
defined career path as secondary school teachers after
graduation. From the first year of college, these
education majors study teaching theories and take
practicum to gain teaching experience while preparing
for the teacher certification examination. The students
are inevitably under a lot of pressure managing all
those requirements[1].

Statistics Korea surveyed how stressed students
are from school life in 2018 and it showed 54% of
students enrolled in college or higher education
suffered from stress related to school life. A survey of
university education satisfaction among university
students from seven countries showed that Korean
students’ satisfaction with university education was
2.94 points (5-point scale) and satisfaction with life
was 3.18 points (5—point scale), which was the lowest
compared with students from China, Japan, India, the
United States, Germany, and Brazil[2]. In addition, in
order to prevent the spread of COVID-19 and ensure
student conducted

non-face-to—face lectures and partial practicums

safety, most universities
complying with social distancing rules as the Ministry
of Education require. However, even the downsized
practical teaching sessions could not proceed as
planned due to concern for infection[3]. Amid these
challenges in university education, future secondary
school teachers at the college of physical education
suffered a lot because the curriculum have high
proportion of practical sessions and also many
students were unfamiliar with non-face-to-face
classes[4]. The problem was compounded by lack of
interaction among students at school due to online
classes, not having enough time to adjust to college
programs leading to unsatisfactory learning
outcomes|5].

While experiencing difficulties adapting to school

life with non-face-to—face classes, many students feel
disappointed and frustrated because they had the
expectation for college life that will prepare them to be
a competent physical education teacher and now they
feel uncertain about their future career, which all
causes stress to them[6]. When stress is chronic and
excessive, it negatively affects cognitive and
psychophysiological processes such as concentration,
attention, energy consumption, exercise -efficiency,
coordination, and arousal, leading to narrowing of the
field of vision and they become insensitive to relevant
cues found in physical education classroom situations.
Then the physical ability necessary in teaching PE
decrease and their muscle tension increases leading to
increased risk of injury, and in severe cases, the
students have trouble continuing physical exercisel[7].
As such, an in—depth study will be meaningful that
identifies factors that cause stress to preliminary
physical education teachers and examines ways to
relieve stress.

Among previous studies on stress, some studies
argue that stressful events do not directly affect
responses, but that how individuals perceive and
interpret stressful events and how they deal with the
situation with what abilities and personal resources
they have to respond[89]. Other studies examine
different adaptive results responding to stress as how
to deal with stress has a decisive effect on the
individual’s  physical, psychological, and social
stability[10,11].

Regarding stress coping methods, there are studies
that apply massage as a method to reduce excessive
muscle contraction caused by physical tension[12].
Recently, as people prefer non-face-to-face home
health care, a study shows that home massagers are
effective in relieving anxiety, promoting sleep,
expanding blood vessels, promoting blood circulation,
stimulating or calming the central nervous system,
and relieving muscle tension as well as psychological,

reflex, and mechanical effects[13].
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Also, among other stress relieving methods, the
progressive muscle relaxation is a method that induces
a relaxation response using relaxation techniques such
as  breathing, meditation,
biofeedback and visualization.

As cognitive restructuring takes place along with

muscle  relaxation,

progressive relaxation, the progressive muscle
relaxation is a training method to help a person replace
negative thoughts in situations of anxiety and tension
with positive thoughts. It helps to reduce muscle
tension, anxiety, stress, sympathetic nervous system
activity and cortisol lowering[14], depression[15],
chronic pain[16], and leads to positive cognition,
performance, and behavioral changes[17].

Therefore, this study aims to examine how to
relieve stress and anxiety caused by school
maladjustment in an online learning environment and
pressure of preparing for a teacher certification exam
using massage and progressive muscle relaxation
therapy. This study will compare spine thermal
massage relaxation therapy using the Ceragem
medical device VA(CGM MB-1901) that combines the
principles of chiropractic and thermal massage for the
spine with psychological relaxation therapy through
progressive relaxation and cognitive reconstruction.
The comparative analysis will look at the effects of
two methods on stress relief and psychological

stability of preliminary physical education teachers.

2. Research method

2.1 The subject of the study

The subject of this study was first year students
majoring in preliminary physical education teachers
who were taking online classes due to Covid-19 at S
University located in A city, Gyeonggi-do. The
students take the same theory and practical classes
and they do not have any special problems with their
physical capabilities.

The purpose, the content and procedures of the
study were sufficiently explained to them, and written

consent expressing intention to voluntarily participate

was obtained. Using a random sampling method, out
of 18 students, 9 students were assigned to the spinal
thermal massage relaxation therapy and the other 8
students to the psychological relaxation therapy. The
physical characteristics of the study subjects are

shown in Table 1.

Table 1. Physical characteristics of participants

Group heat gg psycholoégical)
: o relaxation(n=9
Tk dmice (0=) MEESD
Sex(man / woman) 9/0 5/4
Age 20.11£0.6 20.22+0.44
Grade 1 1
Height(cm) 176.77+5.04 172.27+9.03
Weight(kg) 66.88+7.65 64.62+13.81

M: mean, SD: standard deviation

2.2 Research Design

This study designed a repeated measurement
experiment to compare and analyze the effects of
spinal thermal massage relaxation therapy and
psychological relaxation therapy on the stress and
psychological stability of physical education majors.

In order to compare different relaxation therapies,
spinal thermal massage and psychological relaxation
therapy were used as independent variables, and
changes in the competitive state anxiety(CSAI-2) test
and stress questionnaire(GARS) were set as
dependent variables.

Each treatment was performed twice a day for a
total of 5 days. For the spine thermal massage
relaxation therapy group, the Ceragem medical device
V4 was used for about 40 minutes each time, and for
the psychological relaxation therapy group, the gradual
relaxation program was applied for about 40 minutes
each time. The treatments were conducted for 1 week,
and measurements were taken before and after each

treatment.
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2.3 Spinal thermal massage and psychological
relaxation therapy

2.3.1 Spinal Heat Massager

The device used in this study for the spinal thermal
massage relaxation therapy is a spinal thermal
massager  V4(model name: CGM  MB-1901,
CERAGEM, Korea). It applies constant heat to the
human body, automatically adjusts the height
according to the state of the spine used by the internal
catheter, measures the weight distribution, stimulates
the spine massage point, and massages the spine line.
It was applied twice a day for about 40 minutes per

session at lunch and dinner time for 5 days a week.

2.3.2 Psychological relaxation therapy

The psychological relaxation therapy used in this
study was developed by Chung[18] to examine the
important components of eight psychological skill
programs such as achievement desire, goal setting,
self-confidence, positive attitude and language,
relaxation, arousal and anxiety control, imagery, and
attention. The results were reconstructed and used in
this study. Based on this, psychological relaxation
therapy was created based on the basic understanding
of psychological skill training centered on relaxation
training and the need to conduct prior education on the
application process and details. Also therapy was
based on a relaxation training program and image
training used in the study of Jung, & Kim[19],
Park[20], and Hong[21] that found using image
training helpful for cognitive anxiety, physical anxiety,
and state confidence in competitive state anxiety As
an active alternative method, the detailed training
names and content were reconstructed according to
each training stage and session by dividing it into
basic stage, skill stage, and practical stage. Table 2
shows the details of psychological relaxation therapy.

Table 2. Detail of psychological relaxation program
time psychological relaxation program
Education: Jacobson progressive relaxation
Training: Instructing them to progressive
(Eﬁg relaxation in the areas they need on their own.
After, they to do progressive relaxation even in
tense situations.
Education: Self-confirmation, image of individual
best performance scenes
Training: The importance of positive thinking
and magnetization, replacing negative
magnetization with positive magnetization
Education: cognitive reconstruction training
Day3 Training: Physical relaxation + mental relaxation
(5-6) | and image training, after watching yourself and
the best players, and then image resetting
Education: cognitive reconstruction training
Day4 Training: Physical relaxation + mental relaxation
(7-8) and image training, after watching yourself and
the best players, and then image resetting
Education: Suggest success and routines
Day5 Training: Imagery training on best game and set
(9-10) .
on routine

Day2
(3-4)

2.4 Metrics and Tools

24.1 Subjective Stress Survey Tools

1) Stress Rating Scale(GARS)

For the overall evaluation of the participants’
perceived stress, GARS, which is used in domestic
psychosomatic studies, was selected as a scale for
somatization, anxiety, depression, and hostility among
other stress rating scales. The GARS consists of a
total of 8 items, with O point for no stress at all and
9 points for extremely severe, and the higher the total
score, the higher the perceived stress[22]. In this
study, the internal reliability(Cronbach’s a) was 0.655,
and the posterior reliability(Cronbach’s a) was .939.

2) Sports Competition State Anxiety Test(CSAI-2)

We compared the competitive state anxiety
test(CSAI-2) developed based on the Likert-type
scale[23] with the CSAI-2 original English test paper
presented in the ‘Sports Psychology Test Sheet' and
the CSAI-2 translated test paper presented in the
‘Sport Psychology Test Paper Handbook'[24] and
reviewed and revised them for this study. The sports
competition state consists of three factors: cognitive
anxiety, and

state  anxiety, physical state
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self-confidence. Each factor ranges from a minimum
of 4 to a maximum of 36. The higher the score, the
higher the anxiety and the higher the confidence. At
the time of development, the reliability of the
tool(Cronbach’s a) was 0.79 to 0.90, and the internal
reliability(Cronbach’s a) in this study was 0.845.

2.5. Statistical method

All data obtained in this study used SPSS Ver 25.0
Program. In order to examine the group homogeneity
of the subjects of this study, the mean and standard
deviation were calculated through the independent
sample t-test. GARS was used to investigate the
difference between stress and competitive anxiety
levels after the application of spinal thermal massage
relaxation therapy and psychological relaxation
therapy. To verify the mean difference in the total
score of CSAI-2, the mean standard deviation and
statistical significance were examined through the
dependent t-test. To find out whether there was an
interaction effect for each treatment of spinal thermal
massage and psychological relaxation therapy, we
conducted an analysis of covariance(ANCOVA) in
which the prior value was set as a covariate and the
treatment method (2) was used as an independent
variable. The statistical significance level of all data

processing in this study was set to .05.

3. Research Results
3.1 Difference in stress level between spinal
thermal massage and psychological relaxation therapy
The paired sample t-test was conducted to examine
the difference in stress and competitive state anxiety
between spinal thermal massage treatment and
psychological relaxation therapy and the result is

shown in Table 3.

Table 3. Change in stress according to before and after
use of heat and massage device, psychological relaxation

Pre—test | Post—test t p
heat and 266754 | 1755+958 | 1.190| 28
massage device
psychological | oy yrse067 | 140043301 | 3004 o7
relaxation :
#*p<.05

The spinal thermal massage treatment group did not
show statistical significance in stress level, from 22.66+7.54
pre-treatment  to 17552958  post-treatment(t=1.190,
p=203). In the psychological relaxation therapy treatment
group, the mean pre-therapy was 21.44#6.267, and the
mean post-therapy was 14.00#3391, which was
statistically significant (t=3.004, p<.(09).

32 Differences in competitive state anxiety
between spinal thermal massage and psychological
relaxation therapy

Tables 4 and 5 show the changes in stress and
psychological stability before and after 5 days of
application of spinal thermal massager and
psychological relaxation therapy by examining

competitive state anxiety.

Table 4. Change in subjective Competitive State
Anxiety according to before and after use of heat and
massage device

Pre—test Post—test t D
Physical *
avioy | 1911£4013 | 1588:4302 | 238 | of
cognitive *
ety | 1822+3833 | 1311+4702 | 3507 | (g
confidence | 20.66+4.000 18.88+4.781 1.132 20
*p<.05

Table 5. Change in subjective Competitive State
Anxiety according to before and after use of
psychological relaxation

Pre—test Post—test t D
Physical
an¥<iety 18661380 1556377 156 | 14
cognitive
ety 17565463 | 1565390 | 86 | 4R
confidence | 20.88+5.68 19.88+3.98 40 672
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Table 4 shows the effects of spinal thermal
massage treatment. Competition state anxiety was
19.11+4.013 before treatment and 15.88+4.342 after
treatment, which was statistically significant (t=2.348,
p<.02). Anxiety also significantly decreased from
18.22+3.833 to 13.11#4.702(t=3.507, p<0.01). However,
for state confidence, the result was not statistically
significant, from 20.66%4.000 before treatment to
18.88+4.781 after treatment(t=1.132, p=.290).

In psychological relaxation therapy, cognitive
anxiety was 1755463 before treatment and
15664390 after treatment(t=.866, p=412), physical
anxiety was 1866+380 before treatment and
1556+3.77 after treatment(t=1575, p=.154), state
confidence is 20.88+5.68 before treatment 19.88+3.98
after treatment(t=.440, p=.672). None of them were
statistically significant.

Both groups showed an overall decrease in the
mean pre-stress, but there was a significant difference
in competitive state anxiety only in the spine thermal

massage treatment group.

3.3 Changes in stress and competition state

anxiety of spinal thermal massage and
psychological relaxation therapy

Covariance  analysis was performed using
pre-measured values as covariates to verify whether
spinal thermal massage and psychological relaxation
therapy were effective on stress and competitive state
anxiety. Table 6 shows the results of verifying the
statistical significance of the corrected post-test
scores for spinal thermal massage and psychological
relaxation therapy. There was no statistically
significant difference between the two groups in
stress(F=1.119, p=.307) and
anxiety(F=.182, p=.148).

Therefore, it was found that there was no

competitive  state

difference in effects on stress and competitive state
anxiety that spinal thermal massage and psychological
relaxation therapy have for preliminary physical
education teachers.

Table 6. Results of ANCOVA, according to heat and
massage device, psychological relaxation

SS df MS F D
pre_
GARS 9.902 1 9.902 18 | 676
group 60.879 1 60879 | 1.119 | 307
pre_
CSA2 233,660 1 23366 | .182 | .148
group 64.052 1 64052 | 1119 | 437

4. Discussion

The purpose of this study was to investigate the
effect of spinal thermal massage relaxation therapy
and psychological relaxation therapy on stress and
competitive state anxiety in preliminary physical
education teachers. The result of the study shows that
even though there was no statistically significant
result of the pre and post-mean difference in the
stress relaxation of spinal thermal massage, it
decreased in the mean of pre- and post-stress. In
competitive state anxiety, there was a significant
decrease in physical and cognitive anxiety.

In the relaxation therapy control group, stress
reduction was statistically significant, but there was
no significant difference in competitive state anxiety.

The results of covariance analysis show that there
was no difference between the spinal thermal massage
group and the psychological relaxation therapy group
and this means both treatments are likely to reduce
stress. Also as shown in the study results[25] that
shows applying thermal massage to the spine effectively
relieves stress, the combination of acupressure and heat
plays a positive role in relieving pain and stress in the
body and restoring the body to a stable state.

In relation to spinal heat massage relaxation,
looking at the hypothesis in a study[26] that massage
helps release endorphins which promotes muscle and
pain-causing
substances by increasing the pain threshold and

mental relaxation and discharge
increasing local blood flow so it closes the pain gate
large-diameter  nerve

fibers(inhihitory action on spinal T cells), the results

following  stimulation of

of this study suggest that spinal thermal massage and
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psychological massage can be used to effectively
manage the stress of preliminary physical education
teachers who are under tremendous pressure from
preparing for the highly competitive national teaching
certification examination.

There are many studies that support our findings
on effectiveness of spinal thermal massage on
competitive anxiety relief. There is a study that shows
progressive muscle relaxation(PMR) relieves muscle
tension and balances the autonomic nervous system,
which relieves psychological tension[17]. Another
study explains that when the brain detects a stimulus
in a fearful or threatening situation, the muscle
recognizes the signal and becomes tense but reducing
stimulation of the brain—to-muscle cooperative system
decrease the response in the cognitive-memory
domain, thereby reducing muscle tension and relaxing
the smooth muscles of the cardiovascular system[27].
Also studies published overseas show that PMR is
effective in anxiety, sympathetic nervous system
activity and cortisol lowering[28], anxiety, depression,
and pain reduction[29], coping ability against
anxiety[30]. Domestic studies related to anxiety[31,32]
and the study of Kim illustrate that PMR is effective
in reducing test anxiety among college students[33].

In this study, different results for each treatment
and somewhat contradictory results from previous
studies in relation to the alleviation of competitive
anxiety in this study resulted from the differences in
effectiveness between spinal thermal massage which is
a body-centered thermal massage relaxation therapy
and psychological relaxation therapy, which is an
image reconstruction training using imagery based on
emotion—centered approach. It is judged that additional
research is needed considering the addition of a
complex intervention(spinal warming+psychological
relaxation) group and extension of the relaxation
therapy intervention period so that the research on
body-centered relaxation and psychological relaxation
of spinal thermal massage can be further subdivided

into comparative research.

5. Conclusion and
recommendations

In this study, the following conclusions were
obtained based on the results of comparing one-week
spinal thermal massage relaxation therapy and
psychological relaxation therapy for changes in
subjective stress and sports competition State anxiety.

First, it was found that the stress score(GARS)
was significantly decreased only in the psychological
relaxation therapy when comparing the spine thermal
massage relaxation therapy group and in the
psychological relaxation therapy.

Second, for the sub-elements of competitive state
anxiety(CSAI-2), there was a statistically significant
difference in cognitive anxiety and physical anxiety for
the spinal thermal massage group. Also both groups
showed a decrease in the state confidence after each
treatment, but there was no statistically significant
difference.

In conclusion, it was confirmed that the use of the
spinal thermal massage device was effective in relieving
stress in preliminary physical education teachers

Psychological relaxation therapy was more effective
than spinal thermal massage in reducing stress, and
spinal thermal massage was more effective than
psychological — relaxation therapy in  reducing
competitive state anxiety such as cognitive anxiety
and physical anxiety.

There was no difference in effectiveness between
the two treatments, spinal thermal massage and
psychological relaxation therapy. Therefore, it can be
seen that the two treatments had different statistical
significance in relieving stress and competitive anxiety
but both treatments were effective.

It is suggested that further research is needed
considering adding a complex intervention(spinal
warming+psychological ~ relaxation) group  and
extending the relaxation therapy intervention period so
that the research on body-centered relaxation and
psychological relaxation of spinal thermal massage
could be a more detailed comparative study.
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Abstract This paper emphasizes the importance of changing the transportation system from
automobiles to public transportation in the reality of the climate crisis, beyond climate change. This
shift is necessary globally for realizing carbon neutrality and sustainable development in response to
the climate crisis. By improving public transportation in the era of climate change, greenhouse gas
emissions can be reduced, environmental improvements such as noise and air pollution can be
addressed, social costs in the transportation sector can be reduced, and carbon neutrality can be
strengthened. Therefore, transportation policies that improve access to public transportation and make
it available inexpensively can have a great impact on individuals, families, and social communities. In
addition, such policies can improve the environment, create economic opportunities, and help people live
healthier lives. In other words, public transportation can be understood to be directly connected to
improving the quality of life. Therefore, the purpose of this paper is to explore methods for responding
to the climate crisis and improving the quality of life by raising the level of public transportation,
which accounts for about 15% of global greenhouse gas (GHG) emissions, and to draw implications
from the research results.
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Table 1. Domestic Composition ratio by vehicle type

Classification Composition ratio(%)
Internal fuel vehicles 97.9
Hybrid 1.8
Electric car 0.3
Plug-in Hybrid 0.03
Hydrogen vehicle 0.004

source:S.C Kim(2024), Labor Review
/Researcher Reconfiguration
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Table 2. Share of energy sources by means of
transport

Classification Composition ratio(%)
Oil 94.4
Land Gas 3.6
Renewable energy 2.0

) Oil 28.1
Railway -
Electrical force 71.6
Sea Oil 100.0
Flight Oil 100.0

source:S.C.Kim(2024), Labor Review
/Researcher Reconfiguration
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Table 3. CO. emissions by long distance transport

By means of CO,Emissions
transportation (kg-CO/person-km)
Railway 0.04~0.12
Express bus 0.03~0.07
Hybrid car 0.03~0.12
Heavy car 0.05~0.20
SUV car 0.07~0.27
Passenger plane 0.11~0.28

source:S.C.Kim(2024), Labor Review
/Researcher Reconfiguration
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Deep Learning-Based Leafy Vegetable Image Classification for
Smart Farm Automation
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Abstract This study developed a deep learning-based leafy vegetable image classification system aimed
at smart farm automation and conducted an in-depth performance analysis. In addition to the basic
3-layer CNN model, advanced deep learning models such as ResNet and Inception were employed to
classify leafy vegetable images, and the performance of each model was compared. The dataset used
for the study consisted of high-resolution images captured in a smart farm environment, along with
publicly available datasets. Various preprocessing and data augmentation techniques were applied to
maximize the effectiveness of model training. As a result, the deep learning—based classification
system demonstrated higher accuracy and efficiency compared to traditional deep learning approaches
based on original data. It was confirmed that the system could contribute to improving productivity
and reducing costs through smart farm automation. This research is expected to play a key role in
advancing smart farm technologies and contribute to laying the technological foundation for the future
of agricultural automation.

Key Words : Smart farm, leafy vegetables, deep learning, automation, agriculture, image processing, machine
learning

"Corresponding Author :Hongsuk Park(avipak@kumoh.ac kr)
Received September 11, 2024 Revised September 20, 2024
Accepted September 24, 2024 Published September 28, 2024



40 ALY ETAT A4d A3%

1. M2
1.1 7o w2 Zed
A et AAF Avis 7|FHstE
Ao A AA7E v Qlek 71$917] A
S& 9E A&vbsd vy A £ (20508
e e e e e o e e e e &
)1 E dA AT 2xdsy gao] A
AAM o= 715 Wsi(F4, 9, 7He)7h &
A3} AL 2 A3 #A, dAF 5o #
2 AT Ae] Wgrh dojifar
A

= FAA T Lo WEA ALIE
FO2 Figl 3 £ Auig= W37 Ao

g AS ddsta glal AR AA= AHHeR
Y

9

- Zubebs GAIRe A

3 A A%HQ W defuba guk,
%

o
ol A st Aol ozt AARE 7
F ouse] 9 v ee < 4 AU

e
=
du
e
Bl

80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

Fig.2 Yearly Cultivation Area for Leafy Vegetables

4,000,000

3,500,000
3,000,000
2,500,000

2,000,000
1,500,000
1,000,000
500,000
0

QI NN TR ONR PO ANDITNON QDO A
S50 0S8 200838 oo d = d e
SS88338858388058500000000608 00
SRS ARSI AR SO S SR SR SR SR SR SR SO SO SO SR SO S S S

Fig.3 Yearly Production Volume of Leafy Vegetables

el stEol zhm Al vhekeba i3}
| #38t VlEe] HEHA STk dE Eo] A&
o 44 et ANeR AN A%
o glo} el BPow WEFn AW o
z3lo] Wag Bobs Folrt o Ayl
A% @ a ot
s AEEY
ADESY 71488
oo BEE o mp, e
’ ES} S0 AT HIAYE 5 4ol 9E
ai@ 3 m] ‘ | esmer |
5% efole] ep—— 2 21 2
oS EE o omEREs. | BuOESIY

CHO{Ef 2pu =

- DEIPIRE] A
At Aeggol o= W 28

-aTEaYs

Fig.4 Changes in Agriculture: Past and Future

o
:g

B o], Fig.49} Fig.5% [KISTEP 7%

2] 2utEsd2]e HA Ve ¢S
T &=

Mo & oo
r N (T

B = 1 =7
o
~N



41

Deep Learning—Based Leafy Vegetable Image Classification for Smart Farm Automation

© %W T T MR R R HT O WP 5B T e Tl B
& oo Wo 1 T B — S 5 T o B ™ x o uﬁuﬁavd.o_‘_wt ,_,o_.o#a_io%dr.
L T G I TR DA Gl g 8m X xE X g
N A Eaﬁ]ﬂeﬂﬁ X Xog jale o du g N om0 MR E T ®
G A L R N N TESWNT 5B o s X Jo M
ﬂm‘_@u.oﬂlﬂumﬂo#a%aﬂ% 4.@@%.&«%“@0%? %Holho_awevm”mﬁﬂ%%.7e€
ol T N oo E o F e 2 R R EeE” 2F _oﬁoa.ﬁ%
— ~ —_— = J— LS A i - ! mg = Q00
[gEizoTEie SEslealiay  SZiITEE griETS
e ERIea®  wmMoxT g PR GEEEEE s I b T g
I A o R T K w B oo B N O T mm Blg ooy
S I Gl o TS PR T R T L a g
dﬂm_x‘mo_ EEW_ ,m., .ﬂw‘_m T _ i Omdlb‘_ ol oy HW@HW&LOH#.%OEGAI‘OI&O I .._,mollwh
e R - - e o g TEET oks < B R
ro= Mro© Xﬁﬂﬂle1ﬂ ﬁﬂﬂ‘_ﬁoﬂiﬂu Nedr = ° ﬂoﬂl.ﬁoﬂaov%%
o B oIk oge o o~ W oxow o o o] zn 4 R ma%evnnd.iﬂ_nnﬂ °
r EON®e g b JPoop R o B TR mOHﬁ%aa«ﬂﬂ_a%dn&wmﬂ%io
o o) TSP T g B S TR W o WYy o o BB I dbomPwgHag el
T " Regpbpre’ - BPFIH  aWI b o Bl plren o<
[ E o e = AR X el ~ ™ Mlﬁ i - BT o o or B T o T SN
R I LN =N XS H OdNMFTEdR e o X PN Emer LR
~HE TR EREE O ONT AT R o N W T N T T 8.
T~ He WERT o TR oo W S Ho o o e HHARTT oS WP T T S
T o T AR o T X T AT Wﬂeﬂq%ﬂﬁﬁo wn%ﬂamwy'
Ei al ] e < < W 0 o W Rjal
P F owFTe TR L o af Tz TZRERTE 9 Re T
S pogow B TE G B R B ey RO oE Bl oy
mﬂm Mo O BT E PR TE TR . Top " o & aﬂ‘_evlﬂﬂiﬂ
r O = No<NE R I K< S e =B o =t = r K o "
PL omEE L, bR TxedgE® FeUs S REE LT
e ] ' 0
s E THREPoLeT wAawmben upfedge S
e ST U P G Wﬂx@%%% pled¥s
BT o el Baetals Helos w . TEa PR
PR FERNS ST B ok %%Wwi%o_n Bow Y B
u — T x 99T _ o K s TN ooy o & ™ s ™ 5
a XMA , _— s o ~ R X oR
2 R Meel Tixeleca soae  daeq o ®OLL 7
% o} o T W om oo m o MON M OE N
= T 2 B 0 EINC PaTr LK ol i~
= o T K L - Cliny y © IN o« G o N
S o S m B o BE M Tk oo
Ry R s e mwm . PB5 B e
= N v o o Ho T o - o 0
=3 RUNIEY ol ) n =) o Ho .Ioﬂlﬂ_tu — N K — X Jﬁﬂ_tuﬂoﬂ
2 @ e A o DE U hdb B
S mon  Hres WEEREAELT L oL WIS~ W2 T e me U
o & o Mo < o nh o T~ S Ry T = KORH
a2 .ol e~ ol -y o =K B oo N g o) W o — o o
T O T T e <R = -l = O = I N B e B N
2 T g tow ® o X B OTF woR oM = B oM CECE




42

o

AYFEAT A4 A3E

2, 2 g4

Chitranjan Kumar & Vipin Kumar[6]& 25
7EA okl o MES WA oE ovAE &8}
of A¥ES Fdgrt. DT(Decision Tree),
LR(Linear Regression), SVM(Support Vector
Machine), MLP (Multilayer Perceptron),
KNN(K—Nearest Neighbors), NB(Naive Bayes)
T3 2 T ER/7E ARSI
2 olmA] HolHE Yo g wrola] 7} ofx] 7}
Hage g3 275 FAIA. 28 ATE
e WAl 2 7ol ofA] A Fokel A g}
&A1 45s B 7Y gs &
A= (Ace), FU=(PR), AEE(Re), F1 H4
(F1-S)& &3 225 Hrtsiglvt. d#+= MLP
7} 90. 68%4 AR e BRI o U
o

o TR PES ol

=
o] Rd&

o o
ot

dl

U
=
5
3}

=

Shanwen Zhang % [7]12 A4 A g
st7] 8l A= A Ad FAdE A
(TCCNN) = dlo] 7= At o] 222 RGB
= o ouA 9 Al 7HHA] G A 242 E F
sto] AT oA TCCNNY| 7+ A1d
RGB W& o om|=e] 74zhe] A A4 54
dEs ek 24 CNNY 34 &
o A2 S Conv =3 Pooling &2
gy, 29 & 542 4 d4 §F

o] Zlo] Fzo] AW o4

i
u
)

RS

fr e X0 foroh o N ooX o KU UM ko o o oF o2 oo

2

%)

A

e =
= -
WEE dEet) upxwo =z SoftMax @]9
54 HHE AHgsto] = om A& AR
od Y22 EFRIT Ackd WHe 53t
HE 9 oju|X|oA A EAS AFo
ghgola 2HE AWS gidoz AT 4
ot Ad d3s Aot" wo] HE 9 AW
2o HA MHERY 5% Ass L3t
A& A

Raj & [8]& A& £7/E A% oF H49
o718 - & ALt A2 ZA doly Al
EQl Leaf 12 WollA 43 = At} Mobile Vision
Applications 9%t Efficient Convolutional
Neural Network(MobileNet)3} Densely Connected

.@
°
2

Convolutional Networks—121(DenseNet—121)
o] Agte 2ol &g At AStE MobileNet
¥} LR ®F71E %'F DenseNet—1219] A3+
Aoigte 24 0e A FUE wdET

v gls W w7t okt E
el ol g AE e A
v AAgRY AR ¢

T
-
=

=
>
10 o
ffn
g

° Nt

ui e k1o ox pd oo 2 mo

ojwiAel tisf A4 FE, 7PgAE] AA, A
Y, aea Ak ek A 2

Z5ol =T 2 A3, ojw Aol A
2

3. OjojE{ ! m2}OjE]
3.1 HiojEf Al
st Hlo]E]= AI-HUB$} Kaggle, 37 dlo]
B TolA 7t FAAEAT. F dlolEE &
223 70]™ Table. 13} o] <FuljF, A5, AAL,

em,nﬂﬂ,M& e o
ol

m:m
2
2
32
T

o] sl

Table.1 Data class

R = A%t A

AER




Deep Learning—Based Leafy Vegetable Image Classification for Smart Farm Automation 43

oW A= Fuiet =& dlolE® ol gle
B,z ojuAell= mg] F-HE gplo] Fojy
ol gltt. o] 2 g5 dHolHAE ATl
o] olnA9] 5% e

A S ey, 2Ee ghgs g
o= olFojdl oz ot ES HojEe
5 A7bste] Table.2t HolE o] ok
W-golm 15070¢) ouAE 3112 o] I
Pak3lot.

Table. 2 Data Splitting

R [ NSA | oo | A% Ad [ %] gux | 8%

Train 90 90 90 90 90 90 90
Val 30 30 30 30 30 30 30
Test 30 30 30 30 30 30 30

32 ool Mz

o)A HlolE el AL
ANZem, ot ded wdel A b4 gl A}
§3he AN Aslolth =9 8

7 AgdHolng dHoly S4&

o)E1e] A Fig.6%} Fig.7
| &4 dlolget 135 dlo]
go

Fig.7 Confusion Matrix

Fig.6 Acc,Loss

olE dldstr] Hsl, WA FANA o]n|x]e
W3l A4S 7pda | AETY HE3H(Histogram

Equalization), 4% ¥ (Sobel Filter), 7Y
o] x] 7A=(Canny Edge Detection), #}=gtret
Z €] (Laplacian Filter) 4714 71H& E3 o]n]
A7y 7F BEAE AdigetaAt shel.

321 slAET2 BEst

S2Eag FBHE ouA Hek
ANV AR AHEEE o, oA
2ET9S Puskstel 4 ghol nrt #UsH
HEs g

(
i

M od
ol o

a |
b

— xyE F UG WaES e

323 7t dX HE

7H A HEw wol= A, ATTIE
Zhoml FHo oAl sl zE Al Ak
AE E3sts g oA HE &
7heARE ERR S Sl wmol=E AR

o714 G 7hAIE Ade

Ly =IxG
—1 0 +1 —1 -2 —1
G.!':II)lm'* -2 O +2 " Gu:Ithr* 0 0 0
10 41 +1 42 +1

2l AE 2 A Pt AE
e e Adghe B o4 S
_ir_

Nl A gE AAsk CAE



44 AEYETAT A4d A3%

324 2tEEtA e HE

D
L=V=55+ 55
2D St A S Sall oA ] oA F

ojt}. o] & =i gAFe 540l F&sta,

HEE S8l 57149 AF
st 4 5835 ALE) o] & 913 ConvaD]
INMFoz o]Fofzl kst EEF Inception,
Res Neto]gh= Holghs o745 AR&-383aL
Holgtg o 75 7h2 Aol obd Rent

7AA st wdste] ALgaherh,

3.3.1 2D Convolution

2D Convolution ©o]m] A A2} s
oA 9 AMEEHE 7]Eo|th o] Y&
oln| A e} I Alole] JA T} ALES F3) Al
28 oHAE A4t dYE Fig.8d

=
A" omXE FowAd  EBEAS XS,
Convolution 9A4Hs &3 &8 olu|X o] o &
AS Az, olF F3) o ol 2

AAA ARE FEFT 4 Atk Convolution
2D= | E9elA F= ARREHY, e 8T
(Convolutional Neural Network, CNN)olA o]
vz e EAE FEE7] A% A4 74 .4a=
Z-ggtrt. o]& FEl HFH HA Z olwA <l

4 oA we 4nE olFx Atk

output reature wap

Fig.8 2D Convolution

3.3.2 Inception

HE SAl] ALg3ste] &
Aottt olE FI Ede kst
ARE 7% F v} Inception EES
702l Conv2D #elef(1x1, 3x3, 5x5 HE)<9} Max
Pooling #°lol& Fig.9% o] ®HHE=Z X3}

o
tilo
4
e
ob
[ rr
Py
%)
oo o ope o

o
2

1x1 it ‘ 33

Previous layer

Fig.9 Inception

3.3.3 ResNet

ResNet(Residual Network)2 Microsoftel] 4]
Mgt g mdR, mj 2o UES A
= 8tHo] 7ed FERE Al FEl ResNeto
el ololtjo] &= Fig.10% o] '3 A4 (skip
connections)'& Eate] UIESTY #HoloE
AYHE Bolt) ol& Fal WMEHZ ZofA
= OgYJE 2 FAE M4AT & Ut
ResNet< 50, 101, 15270¢] dlojojz 74 ot
&k WMol o, ojnx] FH P A2 Y

oM Holdt Fse Bl



Deep Learning—Based Leafy Vegetable Image Classification for Smart Farm Automation 45

X
3
weight layer
.'F(X) relu
3 X
weight layer identity
Fx)+x G——

i relu

Fig.10 ResNet

3.4 AR o7 ¥ 5o wj/fHS

Aotel =l [adam,
0.0001) ]2 SR =
SoftmaxZ A&t} Epochi= 30004 o= W
kol AdS Agsi o, wiA A7]= 162
2 AASY. Epoch @t thdsiAl WA ste] A
S PP o, HEAH O E Epochs 4508

£2° Learning rateZ
Axdetglon, &3t

4. 37t % EH
41 F- % H2E dejE 23

Agd 2de g HER FaH Ha

A 7p EgE o] gloem dolE o] o] Fof

A Adolty. 0 wE £A dolesh 4F
olele] Aug M Aol FA Auws
4, HaE A%Es &3 5 vasgle
W, A s G5l e A% HehiEE W)
walglth Valel Ashwer w49 Azgrom
Jedals A e vasgiy

ccutnsy and Loss Camparhian by Inags Type and Model
e
=g
i
H
Birt
“- l_r
: / / ;o
‘f rd & 4 ¢
¥ & & Vg 4
Y Py o &
v ; r & #
J
& £ fff’} f‘?
&
E
F

Fig.11 Results of Various Image Transformation
Techniques

Accurucy 804 Loss Compartan by | age T ane Model

Fig.12 Optimal Transformation and Transparency for
Laplacian Filter Application

Fig.12% oA Adgst 7|2 nd=z grE 5
o HIFAMS %

4
o FREsh WHES




46 AAHAHFFAT A4 A3S
Accuraty ard Loss Compartsan by | mage Type and Mode! TableS Fl score
:y . Classification Report
s precision recall fl-score  support
%“’ 0 0.88 0.97 0,92 30
15 1 1.00 0.78 0.85 30
. 2 0.94 0.97 0.95 30
I 3 0.74 0.93 0.82 30
4 0.78 0.93 0.85 30
7 & & 5 0.93 0.93 0.93 30
o & el 6 1.00 0.67 0.80 30
¥ o &
;“FJ =4 & accuracy 0.88 210
& macro avg 0.89 0.88 0.87 210
\,ﬁj weighted avg 0.89 0.588 0.87 210
ra
Fig.13 Three deep learning model Fig.15, Table.3°1A] & 4 gl%o], thiFe
Szl E57F ZHEv F1 A7k =4 vet
Fig.13% tga 99 W& AMgsiglod gz gt 58], 892 29 Y= 55 247
IAM Aol 7 AdsA ve= e & 0959 0.939] ¥ F1 A4S 7158 Aok
Attt o= oﬁﬂ Zejo M =R oZo] v A

stehe A

e, w3 F8 2 0, 1, 3, 4,
4.2 H= °

— Tram Loss
—— validation Loss

MaxPooling2D

— Train Accuracy
Validation Accuracy

Conv2D

[ 0 100 150 220 250 300 a 50 w0 150 200 250 300

Fig.14 Acc,Loss

kernel1x1 1
bias(64)

92x64.

Activation

BatchNormalization

gamma 64
beta(64)
moving_mean <64
moving variance 64

MaxPooling2D

Confusion Matrix

moving_mean 48
moving variance (45

Conv2D Conv2D Conv2D
Kernel1x1x192x64) kernel3x3x48x64) kernel(5x5x64x95,
bias(64) bias (64 bias (95

Activation Activation Activation Activation

ue Labeis

BatchNormalization BatchNormalization BatchNormalization BatchNormalization

gamma(64)
beta64)
moving_mean<64
moving variance (64

gamma(64)
beta(64
moving_mean 54>

gamma<95
beta 95>
moving_mean 96
moving_variance 96

beta(32)
moving_mean (32

moving variance (64) moving_variance (32

Concatenate

Fig.16 Inception Layer
Fig.15 Confusion Matrix



Deep Learning—Based Leafy Vegetable Image Classification for Smart Farm Automation 47

Fig.17 Final Model

shtel ZolA Aol AR e
o2 YR AL FHA= Fig.16%
AT itk EE BR mde] 4

] §18l »FA el Densed 2 713k

-

=
o
=
=
R
N
N
o

to rlo e 7
My

N

e ofN

L2oofr m
o
N

4.3 Grad —CAM

Grad —CAM< Gradient — weighted Class
Activation Mapping®] <FAl=, HEd Edo|
olu|A] EFE T u oW Fo] Folzl F
ol gk A5l 7F Fad FFES HA
Ao Aztst 7ol o] 7|ee KEHo] ow
Fis B 54 FY2E AEsEAE As

r1r

:

1
i

_!

7] 98 AFgEY. 71EAH o7 Grad-CAMS &
9o] vpAu AREH Holojol N FEE 57
Poll dgk TAUAEES Al 2 54 we)
%J&EE— stetgith, 19l e, o] FAEE )
AR o) Ao] HFAE A gl of@

Ho] o) 5] Jhg YFE LA A
2 F3) walo] 54 29

A7H 542 nes

CAME o]m=) &

F4A7)E B Egol

Grad-CAM on Laplacian Image

15

B R

Laplacian Image. Grad-C4M on Laplacian Image

P w B0 e

Laplacian Image

Grad-CAM on Laplacian Image

w 1m0 e

Laplacian Image Grad-CaM on Laplacian Image




48 AHEYFTAT A4d A%

B 168

E] 108

7Hg HAE Ao Fowrt & Ao 1)
9tk Fig.187} o] diAs] 2 4 g} 19e
AR, 298 BB A8, 3P EAUS
dedth 7 gAY o Bel A 5950l o
= A G g dglen oAl 5w i

5.

Held2 vleolH #4e
7 e ARgEE AT &
g dYsAY Bk &
el oH e Aot A< 2 d F
ATabEo] A& oMAE Bt Ao
at7] 9%k thge waled 2 Hed 7]
A gt

o
3 b ol
20 o o0 X

K

A8 BFSHE PAL A5 £}
Ak BEE Hgste] olmA Az FAL
AR F, olF Py mdo] HgAe o)
g% Be BR AES 9 5 A9t 29,
chre deld obluA 3 AAH ma g
3 Aol Mg e AHES J153, A4
FoolulA BRAA Hold A5 nar

Grad-CAM on Laplacian Image

Grad-CAM on Laplacian Image

Original Image aplacian Image Grad-CAM on Laplacian Image
o a

>
ol
N
iy
il
i)
ofo
(<0
o,

o @,
=
=2

:OérE:N:
o

Mo
N o fo fr ot [»

2 e
1jE’OH’:::,
R )
ol
oy =X
el fo rly

it
o

>
N
e
N
N
olf
o,
-
Moo

¥, M Hoox

ot . oof (M e ot i

o of

RN
)
I8
T
1o

o M
El

E: A
Ac)

o Ko

o 7

(O to XN ofl o
>

)
o o% >
g
(2 ofr N
Koo 3@ o g

A & |

Mol el e ALeA Tdsof v, &
AL A HeE AT ASTHQ S
atrh. S, Hrh g4 Ql

=2 f8 AA 7= 5
A A A<D Al =E o] A

2 AAEUY o8 dyEe] w99 AS 7t
T8e wolar 71F Wt Skt 7o
Ao 7lgHrch

REFERENCES

[1] S. K Kim. (2023). Climate change has significant
effects on agriculture in several ways: How to
predict it?. 2060 Carbon Neutrality and Green
Growmth Committee & Ministry of Agriculture
Foun Retrived from :  https://www.2050cnc.go.kr/
storage/board/base/2023/11/10/BOARD_ATTACH_169
9599840812.pdf

[2] S. J. Lee. (2022). The future of agriculture is
driven by data and technology, Smart
Agriculture. KISTI ISSUE BRIEF 40. Retrived
from :  https/repository.kisti.re k/bitstreany10580/
17041/1/KIST1%20%EC%9D%B4%ECH8 A%38%ER
9%B8%8CIEB%A6%ACHED %94 %84 %20%ECHAQ
%9CA0%ED%98%B8.pdf

[3B] S. Kim & H Yoe (2022). Trend and
Standardization of Smart Farm Technology, 7he
Korean Institute of Communications —and
Information Sciences, 47(11), 1965-1973
DOI : 10.7840/kics.2022.47.11.1965



Deep Learning—Based Leafy Vegetable Image Classification for Smart Farm Automation 49

K S Gwak. (2011). Agricultural Labor
Challenges and Solutions. Agricultural policy
Hcus 3. Retrived from : https://www krei.re kr/
krei/selectBbsNttView.do?key=109&bbsNo=75&nt
tNo=124440

S. K Annepu, S. A. Nair, S. Thakur, & V.
Verma. (2021). Climate Change and Resilient
Food Systems. Springer.

DOI : 10.1007/978-981-33-4538-6

C. Kumar. & V. Kumar. (2023). Advances in
Distributed Computing and Machine Learning.
Springer.

DOI : 10.1007/978-981-99-1203-2_44

S. Zhang. W. Huang & C. Zhang. (2019).
Three—-channel convolutional neural networks
for vegetable leaf disease recognition. Cogritive
Systems Research, 53, 31-41.

DOI : 10.1016/j.cogsys.2018.04.006

A P. S. S Ra. &S. K Vajravelu. (2019).
DDLA: Dual deep learning architecture for
classification of plant species. IE7, 13(12),
2176-2182. DOI : 10.1049/iet-ipr.2019.0346

M. Rashid. B. Ram. R. S. Batth. N.
Ahmad. H. M. E. 1. Dafallaa. & M. B.
Rehman. (2019). Novel Image Processing
Technique for Feature Detection of Wheat
Crops wusing Python OpenCV. [nternational
Conterence on Computational Intelligence and
Knowledge Economy(ICCIKE), 559 - 563.

DOI : 10.1109/ICCIKEA7802.2019.9004432

A Z(Ji—Hun IM)

AN 2R Sk

“FHIEoF: Held W e
: wlgns7785@kumoh.ac kr

¥-3 A (Hongsuk Park) [H354]

1996 290 ¢ SEAfReka 7)1 2

(F3b

- 2006 29 1 AMedistal 71EAE

A

- 0119 79 : Texas A&M H1F-8+

@3

-2 39~ @A Fezsta

sk 1

DAY AIR&D, 71E7IAH
il : avipak@kumoh.ac.kr


https://doi.org/10.1016/j.cogsys.2018.04.006
https://doi.org/10.1049/iet-ipr.2019.0346

	1c99590d-117e-438c-94a3-d6b344ccf0f9.pdf
	4(3)-5 편집본 - 복사본
	책갈피
	_Hlk168849954




