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[Abstract]

This paper proposes an optimized fruit set prediction model for cucumbers using an Al-based automatic
growth control system. Based on data collected from experimental farms at Sunchon National University
and Suncheon Bay cucumber farms, we constructed and compared the performance of models using three
machine learning algorithms: Random Forest, XGBoost, and LightGBM. The models were trained using 19
environmental and growth-related variables, including temperature, humidity, and CO2 concentration. The
LightGBM model showed the best performance (RMSE: 1.9803, R-squared: 0.5891). However, all models
had R-squared values below 0.6, indicating limitations in capturing data nonlinearity and temporal
dependencies. The study identified key factors influencing cucumber fruit set prediction through feature
importance analysis. Future research should focus on collecting additional data, applying complex feature
engineering, introducing time series analysis techniques, and considering data augmentation and
normalization to improve model performance. This study contributes to the practical application of smart

farm technology and the development of data-driven agricultural decision support systems.

» Key words: Al-based agriculture, Cucumber vyield prediction, Machine learning, Smart farming,
Environmental control systems
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II. Preliminaries
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Fig. 3. Control System Prototype Design
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1.2 Methodology for Optimization Prediction Modeling

dlole) A2 L 2@ TAAE Qo] A 52
93l clole} MA=] e AR 3 ojAleld Bde 7
stk

/\}gg zQ 9 J‘La 5 3 HE zeAE, XGBoost,

il nJ_Q_o]- E}\-]

I_. = I— L L=
NES HAE NER 2313

Breiman, L& t}30] AA E2j2 24" 28719
Agolct 7} Ealt Qe HEjA RAfgle Aus
o] BBzt 7]ulsto] ARSI 2T T AE
st 5= 7 E2jo] o} Abgo) ojEgicy,
374 AHgstol Qs o fol ARte Asty, %
2ot AJBIAeL 2 Aolo] WA Boizt. of
Bt EEVEFJOHE A
Q=] 248 Tts

ﬂ‘l
1o
L oo dm
M Hc rE oox o2

Cheni} Guestrine XGBoost= &4} 7155}l
Qe BAE ajojuejelz, E8) HA
_g%)ﬂo] :rLoiO 7:] ]—l:)f o] }\]/\Eﬂo §] }\(-)]
25, 7Rl Qe guels, 2=
E2] k& 0] ARl 7]2S EOH AX
FYAIZHs]

%3t Ke, G, Meng, Q., Finley, T. &= LightGBM &
& el Jsieln Heel Aig

OEO
)
=
M dJo

U of nl o re
ik 1o

XE o]

H1 oo r
iy re B

=

> n
1p

sl A 2ol Al 9 Rl 2 o
B H}\-]O }\] 7};(] E':“J }\-] g H]
2 RMSESQ} MAEZ} Y242 R- squared7} = E#% =]
29| o5 5ol 4t or UEEHT. A gt of
% go) AR 248 24 7 20| o3 RS A
7

7hR0 2 9l

o )

Flis 7} USIT XaBoost 222 L A5 5

WE ot S52 BN, Htule &

Moz Uepgth LightGBM RHE2 XGBoostQ} o/\}s

52 HolRA o W2 s 452 Byo, AL

olEPIoIAE TRIEY] 9ol Qi Zol EIESICHI0)
2 g5 W et 18 A stolmuatle £y

S AR, L M 59 W Aestdn

S22 09 nRplE Agalste, A

HsPAL 71E S92 wEstol, ol) 2a
59 522 59l ol HHES £U 4

=

@)

f
~ CE

o]z{st ¥

r

dlm
o,

}

d
U
17

—
—_
—_

30 &2 o
G
]

— X o o
ol
Jr O
l‘l[‘



116  Journal of The Korea Society of Computer and Information

1.3 Select data preprocessing and analytical
properties
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Table 1. Performance Evaluation Index by Model

Item RMSE MSE R”2
Random Forest 2.0067 4.0271 0.5780
XGBoost 2.3471 5.5090 0.4228
LightGBM 1.9803 3.9216 0.5891
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Fig. 4. Attribute Importance Analysis Graph
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Fig. 5. Performance Evaluation Indicators for Ensemble Models
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III. The Proposed Scheme

1.1 Considerations for configuring predictive
models with machine learning

2 A7oA LA 00] Ak o5 nle) 4 Bt
Aikg vigoz, oAl Sl 5y ofE 2 g Al
ChSa} 22 AES mefsiof gitt,

LightGBM 2®o] 714 =2 R-squared 7}(0.5890)=
Random Forest®=®2 (.5780, XGBoost T&o| o
0.42285 UERACE o] ol melgfo g g & AMX x|
oA HFo] A2 7] of2ig-2 elstairt.

0|

DU RMSE d|2

20
15
w
@«
=
1o
05
00

LightGBM

Model

[ Ensemble
B Liohicem

Bl Random Forest

1] xcBoost

Ensemble Random Forest XGBoost

Fig. 6. RMSE Comparison Analysis by Model



Modeling Optimized Cucumber Prediction Using Al-Based Automatic Control System Data 117

O+ 238 54 $85 $4oR 4n33RE+
FE F7NY FAIE AlIAE) stof g4 ol AE 29
AE RHOl 24 5% #A AWE ZEstH, o5
A 7195ke B Edee AEskL ol HiEeR &
g AEE 2R3 ol RHE) BAYS Folil AY
= A5k b =80l E 4 ok 2 dolME 19779
42 ARESIRIRE &8 AN E B8 5a 0 =2
A9 107] =] BT ARgSte RH9] A5 Hels
WS ot dthe Al &silt

Model

. Ensemble
B Lighieem

. Random Forest

_ XGBoost

Ensemble

LightGBM  Random Forest =~ XGBoost
29

Fi

g. 7. Model-specific coefficient of determination R™2
comparison analysis

I3 62 w5 ARAI AlZel Jefjre ulAd|d
133t A 29 2% R-squared Z}o] 0.6 0]gto & LjE}
el o dlolE9] vjAdddo] S35 ZAEA] 49t
= 71732 AARI Hlole 54 2 Aqets &%t 9
Al 2o /50l tha AlPAQl A2 Hloj§ Q] o] 5=

sHA] gAY HlolHe] 227t 2+EE 4 7] meol

IV. Conclusions

2 Aoll= Al 7I89F Q0] A& Abs Alo] A|ARE
2gsiol A o5 U7 AR 2UL st
o2 mristyitt. AWE  ZYAE(Random Forest),
XGBoost, LightGBMOo|2h= Al 7HA] tlAlefd L&
AFg3to] Js-e U@ BA3H AT, LightGBM 20| 7}
A e4st =g vt LightGBM Z®9] RMSE=
1.9803, R-squared Zf2 0.58912 UER}OH, ol= ¢t
© ZHEE0 § 22 o5 =S BT v, Y
THAE @l RMSE 2.0067, R-squared 3F 0.5780,
XGBoost 2&-2 RMSE 2.3471, R-squared 3F 0.4228
2, Judos B2 452 Hith

J24 2 AN ARgE 2EE9] R-squared 34O
25 0.6 oRte2 UERtE, o= HlojHef vldgd

1WA 7 4RGeS B EASIN 23] BRoe

=)

Hr oy
1%
i
)

53], Al gt A Qi s 2%
5=, CO2 5= )0 sl &= U= SAT W
ol2{eh Qels o] BIAYA WAE o] 55| WY
SHA Z3t Ao] 59 Agkz sttt

TSt 19709 54 wa(ofl: &%, nid4S, CO2 5%
Z)2 Algolol A ofE REL oL B9l
o A, WolE WY ol ABe] SN 54 Sut 2
= a3t Has ;s oot oF Ad50] AstEldlS
7¥s7do] At} ol2fqt Haso] melof BHER] kg0
2 Q5 ol Auprt AA Alaae} Xo]E Bolon, of
= E3] LightGBM ©®9] R-squared o] 0.58910f 1
Al 2@ oloz Baar)

59 HlojElE ReIze] MEHoR Qe At
ol]=F melshil ot o] AFoA Al HolE Egt

olefgt 1eolx 2 s} Ree] o5 Wetest Alsh Zo
2 uolth. o Sof, Aol 2AH L&, &, CO2
5 59 dojelt Al WEY B2 o2 Eats
1 9lou), ol2igt o] A7} Bele] Aol HgAe]
2 ojRe 7hsol Yok

F10R, B APAHE Anaol A oEye
2fstA] elolth. Akt ARl e} wateh
g HRIAIEE, B AolAE of2lat A1ZbH W
18 25o] EQEA] Ik ol Atua
% A3tz olojzlon), 5] Aunol A
817 28 o] B Ao Rl 4%

.

'_.

k

—_

na
i
ol

LS

It
2
o

o o o
>~ M

b

o re I
=
0R oX

o uE o2 Jm

to 3 &
£
@

oS
IO -l)i' O.?‘l.‘, [

g

L g ton
-1
=
o)
rr
0
glo

R
ms
rlo
N
==
-
ol
I-'O
o
)
pre)
3
=
)

=

or
sl

[

d
o
i

b
d

[e]
Astol welo] iyt 4ol A4S

= yad
It 3], glo]E]Q] oA s ndl A

S D U
=
Y
in}
)
o
il
o

(¢}

et 5 ARUY Kg, 54 AxUel L 53
239) 452 O AL 4 Ak oS S0, 54 ¥
2o RYOI B B4 W A2 WA B3l
of Aso] FFL AL THH 2SS uct Hmst
A wrgsr 2 Qlck. ol2let B 54 ARl 7]
o tlo] BHYNY WAS O B BT 4 Y=S =



118  Journal of The Korea Society of Computer and Information

2 Zojct.
AAG B 1Y w QT EQS B, Aaps A
7ol me wish wjelo] Eaisls] theo] A4 2

=Qske 2ol Faslo, olso B5%2
LSTM(Long Short-Term Memory)i} 22 A|AE =
A189191 A1l B2 Hakael vl A2 oj5e

olelat Bae J1E wdlo] AR EDA

U "Huow
328 4 Qg70E HUE, 5% Ao
A ¥

r 4 12 > alo
o o
32
11

1%
%
i
Ju

5 9Jal
o & Zloltt.

dolel 57 % ek, dolele] &
si2st] gial dlolel 57 718 A}

E3t, olElo] B aiet oAA] A
8P K1gste] dlojelo] B4 &oln
M 4 Ik olot 22 T Wt
o BSo) H5S TS FYAT &
o] 7jolg 4 942

2 o7 59 HofolA] Alo IoT 7]
B 719 oA R|9 AlARLO] Alg s
£ Aj22 289 4 9ok

|
%ﬂ
i)

o A
e

ol
o
$0,
O.
[~

[¢)
_l

o
o2
an
Ho
o
kI

ne
lo 19 qjo
ox,
olr
o
N
=

o M

]

3
5
=2
°

O
<
N

3 |°
o oc|-)rlrll ko

ADLET 7|4 dbx o]

rulm iy P
4o o }_ﬁ
ey N
opf oo —

e
223
N £

REFERENCES

[1] D. B. Lobell, et al., "Climate Change and Agriculture: Impacts,
Adaptation and Mitigation," Science, Vol. 372, No. 6546, pp.
239-250, May 2021. DOI: 10.1126/science.aat4343

[2] J. Smith, et al,
Journal of Agricultural Technology, Vol. 37, No. 2, pp. 145-160,
April 2022. DOI: 10.1007/513593-022-00755-x

[3] Y. S. Kim, et al., "loT-Based Environmental Monitoring in
Greenhouse Horticulture," Sensors, Vol. 20, No. 3, pp. 771-790,
February 2020. DOIL: 10.3390/s20030771

[4] S. C. Kim, J. H. Park, and S. K. Lee, "Development of Machine
Learning-Based Prediction Model for Cucumber Yield in Protected
Cultivation," Journal of The Korean Society of Agricultural
Engineers, Vol. 63, No. 2, pp. 69-77, March 2021. DOL: 10.5389/
KSAE.2021.63.2.069

[5] Y. S. Kim, et al,, "Development of Al-based Cucumber Disease

"Smart Farming: The Future of Agriculture,"

Diagnosis System," Korean Journal of Agricultural Science, Vol.
48, No. 3, pp. 677-688, September 2021. DOI: 10.7744/kjoas.
20210056

[6] H. J. Park, S. Y. Lee, and J. E. Son, "Development of a Machine
Learning Model for Predicting Optimal Environmental Conditions
in Cucumber Cultivation," Journal of Biosystems Engineering, Vol.

46, No. 4, pp. 405-414, December 2021. DOIL: 10.1007/s42853-
021-00110-0
[7] L. Breiman, "Random forests," Machine Learning, Vol. 45, No.
1, pp. 5-32, October 2001. DOL 10.1023/A:1010933404324
[8] T. Chen, and C. Guestrin, "XGBoost: A scalable tree boosting
system," Proceedings of the 22nd ACM SIGKDD International
Conference on Knowledge Discovery and Data Mining, pp.
785-794, August 2016. DOL: 10.1145/2939672.2939785
[9] M. Kuhn, and K. Johnson, "Applied predictive modeling,"
Springer, New York, NY, 2013. DOL: 10.1007/978-1-4614-6849-3
[10] Y. S. Kim, S. Y. Lee, and J. 1. Son, "Development of a Deep
Learning-Based Cucumber Disease Diagnosis System," Korean
Journal of Agricultural Science, Vol. 48, No. 3, pp. 677-688,
September 2021. DOL: 10.7744/kjoas.20210056
[11] H. J. Park, S. Y. Lee, and J. L. Son, "Development of a Machine
Learning Model for Predicting Optimal Environmental Conditions
in Cucumber Cultivation," Korean Journal of Bio-Environment
Control, Vol. 30, No. 4, pp. 405-414, December 2021. DOL: 10.
12791/KSBEC.2021.30.4.405

Authors

Heung-Sup Sim received the B.S. Information
“ and Communication Engineering, received the
M.S.degrees  in science  from
Chung-Ang University, Korea, in 2010, M.S.
and Ph.D. completion Dongyang University,

Korea in 2013.
He is currently a Professor in the Computer & Military

advertising

Department, Dongyang University. He is currently a professor
of computer and military science at Dongyang University. He
is interested in ESG data analysis, smart farm advancement,

and I0T-cloud computing.



