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ABSTRACT

In this study, we compared the performance of machine learning models for predicting Vapor Pressure Deficits (VPD) in greenhouses
that affect pore function and photosynthesis as well as plant growth due to nutrient absorption of plants. For VPD prediction, the correlation
between the environmental elements in and outside the greenhouse and the temporal elements of the time series data was confirmed,
and how the highly correlated elements affect VPD was confirmed. Before analyzing the performance of the prediction model, the amount
and interval of analysis time series data (1 day, 3 days, 7 days) and interval (20 minutes, 1 hour) were checked to adjust the amount
and interval of data. Finally, four machine learning prediction models (XGB Regressor, LGBM Regressor, Random Forest Regressor, etc.)
were applied to compare the prediction performance by model. As a result of the prediction of the model, when data of 1 day at 20
minute intervals were used, the highest prediction performance was 0.008 for MAE and 0.011 for RMSE in LGBM. In addition, it was
confirmed that the factor that most influences VPD prediction after 20 minutes was VPD (VPD_y__71) from the past 20 minutes rather
than environmental factors. Using the results of this study, it is possible to increase crop productivity through VPD prediction, condensation
of greenhouses, and prevention of disease occurrence. In the future, it can be used not only in predicting environmental data of

greenhouses, but also in various fields such as production prediction and smart farm control models.

Keywords : Machine Learning, Vapor Pressure Deficit(VPD), Prediction model, Smart Farm, Light Gradient Boosting Machine(LGBM),
RandomForest

HA#Y 7]¥te] &4 VPD 9& ®d H|w

Xt 74 |:||T . Ol %4 HHH . %I _g_ 3_4‘”1‘ . 2 5t %'H‘H . Al Xt ﬂ‘?'ﬂ‘ﬂ . |:_||} ;g _<'3_‘?'H“H

£ dFode Aed IR T bE A AgET o= 71 71% ‘3< J“OHE qFe 7 ]% A9 $37]42HVPD, Vapor
Pressure Deficit)fl 52 1%t w4l=td EQ~4 ‘d5< vlusy 7 e as g AAE golg o AR 84F
| ABBAE Flstal FARA 2 24E0] VPDO| 01‘14 ‘5‘*— UI l% 1 010}@":} % 2do| 3% 457 A 24 AAL

glole 9] K1Y, 3%, 79), 7HE(20%, 1/‘]7]’)01 A% 450l PlAE T SRlste] Holel9] gt 7HAS 2okt mER|Rte =2 4719] wAlzyd
o= 2 (XGB Regressor, LGBM Regressor, Random Forest Regressor §)& Z-8st0] R o= A5 v|uct Zd9] o= Axa 208
7+49] 149] HoJEE AREFS W LGBMOA MAE= 0.008, RMSEE 0.0119] 71 &2 d& A58 2o E3F 208 & VPD dl&o] 714
£ 43S nAE 24 344 QQlHtH= A 208 Ao VPD(VPD_y_ 71)YS &Qlstqitt. 2 A9 AuE g835k0] VPD g&2 £
250 PAdS wola, 240 AR, ¥ B4 oY 5o] Zheoith FF 2419 87 HlolE oS8Rt ofugt T Yoyt BARF A&, AntEg
Aol Bdl 5 ot #opol] &8 4= IUZ Aojh

7|9E : 7|AISks, £57IYAKVPD), HIE2 Y, ADEXE, Light Gradient Boosting Machine(LGBM), RandomForest

=,

oAl 7[8te] 24 VPD 0|& 2@ Hjw 125
https://doi.org/10.3745/KTSDE.2023.12.3.125

1. M E
% This research was supported by “Regional Innovation Strategy
(RIS)” through the National Research Foundation of Korea funded
) S| o B . H Uk
by the Ministry of Education(MOE)(2021RIS-002). Al Ao - QR -5k, v 5 QdF EX9 @
t %4 5] 9 entehn AREABIAT AR e Zo|1 L%, 5, Y 5 A= Ao Wag s
# & 8 € eAoL JRBAFIT AR i i
1 8 o e AREATIAT A 048 249] 2402 AofE 4 glo] w3 Aol vlef 2
et v 3] SR FuEABHUR sty 20| 2ot £ o] ZPsiTH1]. ol FHow 4
it g 8 9 eASL ARASIEE 15 A Savate] =29 AX WRo] A&Fod ZAEL
Manuscript Received : November 30, 2022 T o\l "o vl ST — ST
First Revision : January 13, 2023 HhH(198849 2,138.0x103ha — 20184 1,595.0%103ha,
Accepted : January 25, 2023 -
OF 25.4% 4) AAA Y] $=¢F HAo] FEs] F7H2018

* Corresponding Author : Park Jang Woo(jwpark@scnu.ac.kr)

% 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.



126 HEX2|SE=2X/ATEYN L HojH 38 M127 H35(2023. 3)

W 53,274.2ha, 9 135.7% Z7H3tL U2l

50| AYAof Tofotm] A A Ao] 7Hedt 84 F
Z7]14AHVPD, Vapor Pressure Deficitis 2404 43
HE 229 AUSE 58 Bl AAEE goE AE i
9] & 59 F2 dsEoly, A5 YR 5o FF=
HX]E ghioltt, A2 GUR S5 wE AE GgEgt
otye}l 7|F s ¥ FEFE TS 71AH3, 4. A
501 VPD A7} =2 A39(2.2kPa o4, F&71 =2
) AE2 7152 AL, 71F "2 Qe FRAE
AdtH, 84 5 ZFS Aol AgE ool YR
Fot 84S FAaAT)= Aol A5, 6l AAE VPDE
ZXdolo] EntES] F IS JRATE A AT QLTI
B3 VPDE ZE24 F4b JlojA £257] 558 BAY &
Ues 78 AR, ¥ I A, 42 o7, WA AV
< Wrkotet ARSEI QUTH8I

ZT 24 W 5% A AAZez 2Tt Asste] ¥
VPD7} 7|shg4d o2 S716tal ] Auje] 39 2=t
F&9 2Ho] E7Fsoto] A& A% 49 VPDE RAS
7] ol IRt SHA|TE Al Aufe] F9-o] YR T 94E
ZAslo] % AlE 2% 9] VPD?! 0.4kPa~0.8kPag A
& 4 UTHO, 101 59] mmert 249 2k 7t
22~25°C, OF7F 18~20°C, HFEE= 70~75%% TeJs|FofoF
gic}. ol#gh g 7o H3gt VPDE F3F 0.66kPa~
0.95kPa, ©Fzt 0.52kPa~0.70kPa°]tH11, 12]. YEHE9)
HEAR] AntET &34 7]l ‘ZejuK(priva) o] 24
5 T AA”OA= VPD HlolElE Alsto] 345t 9]
o, u=9] A4AE 24 FJARI Argus Control Systems
o= VPDO] AojE 98 1.25kPa o]4to] Hw &4 Y=
o] 7l AlA"E 7FEste] VPDE ZEste] 2419 #4S
RATIH13].

£ AoAe 24 ZEY B TS 71A+= VPDY
&S 9o 24 WE dlolelE &8st VPDY #= ot

o o o, i

x|

2, 33
ABAS BAEot 1 5 Bao] ALgHE Holg o
Gt 7HAG WSAA oS o] AT HolHE Ayt
1, A HolHE E3bsto] thfet ol & & 28510
ZZog 9| VPD d& S 2yt

2 o] Avle ggate] 249 VPR ofe} £,
CO25E 59 oZo] H& 7Psslch. E £ A7 g5
A AntER 53 7] SEo| 2 83ke] VPD Hlolg]
2 7oz o 24 Ao} AAde FEIRIA Ak

2. Hiojy #& H HXe

2.1 HO[Ee

24 34 dolgHe dd 150 HA3t Hzy 2
(Venlo type greenhouse)olA =33t W2 242 7]
Aol ol 5ARJAY AE &7t wobA Wol AFEE

External

Environmental Elements
(Solar, Wind, etc.)

/ Interior of a

glass greenhouse

dﬁ ,gﬁ ,gﬁ ,gﬁ fan
X K %4

] heat dissipation I

| heatabsorption |

Fig. 1. Structure of Goheung Semi-enclosed Greenhouse

© 739 =4dolt14]. Auistal e e FFe T
g7tolal, 242 Whdwgoln Fx+= Fig. 13 Lt

O] Afolz2g Fasfste] 249 2-FEE AL
Ui 5719 =2 93 5ot f2d @7|Ho] ZEdnt
o5 Aed 5 95 249 &k Aol7t E AHeol= A
g S|EHZE o|&3le 2 55 2Esto] w7} Al
of ekt &S FASHL U

o] 242 3t 79 Foll & 4719 EF0lA sz rtE A
Hista glom, E5HRE F 4719 HE AA7E AR =0 gl
o & dolMe 4719 E5 5 19 £59 HolHE AR
Shltt. o] 4o dAHo gl AIME i st Wi
&73 dlolEfet 9 g HlolE= Table 13} o] & 1371
2 7450 St

glolele 20% Aoz SPHEeH oF 14701€(2020-
12-30~2022-02-22) &< <8€ dol8E AHEstol 24
SHlt.

Table 1. Environment Data Collection ltems

Sortation name Description Unit
in_temp Air temperature °C
Wtemp Wet bulb temperature °’C
Internal Dtemp Dew point temperature °C
Environm
ent data in_RH Relative Humidity %
Enthalpy Enthalpy kJ/m’
CcO2 CO2 concentration ppm
out_temp Outside temperature °C
out_RH Humidity %
wind_d1 wind direction °
Ext'ernal wind_s wind speed m/s
Environm
ent Data RI Radiation intensity W/m’
Rilave] Stand.ard rz.Ldlatlon W/t
intensity
RI[sum] Radiation sum J/em’
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Fig. 3. Monthly VPD Distribution Chart
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Table 2. Accuracy Comparison based on Amount of Data

&8 H123 HM35(2023. 3)

Table 4. Accuracy Comparison According to Model Change

Sorta- | 1Day(24Hours) | 3Day(72Hours) | 7Day(168Hours) et 20 minutes interval
tion | RMSE | MAE | RMSE | MAE | RMSE | MAE RMSE MAE
- Ridge 0.012 0.008

Ridge 0.012 | 0.008 | 0.012 | 0.009 | 0.014 | 0.010

Lasso 0.020 0.014

Lasso | 0.020 | 0.014 | 0.020 | 0.014 | 0.019 | 0.014 GradientBoostingRegressor 0.012 0.008

XGBRegressor 0.012 0.008
Table 3. Accuracy Comparison According to Data Spacing LGBMRegressor 0.011 0.008
RandomForestRegressor 0.012 0.008
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wind_d1_10 0.000291
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