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Optimization of Growth Environments Based on Meteorological
and Environmental Sensor Data

Sook Lye Jeon'", Jinheung Lee', Sung Eok Kim’, and Jeonghwan Park'

Abstract

This study aimed to analyze the environmental factors affecting tomato growth by examining the correlation between weather and
growth environment sensor data from P Smart Farm located in Gwangseok-myeon, Nonsan-si, Chungcheongnam-do. Key envi-
ronmental variables such as the temperature, humidity, sunlight hours, solar radiation, and daily light integral (DLI) significantly affect
tomato growth. The optimal temperature and DLI conditions play crucial roles in enhancing tomato growth and the photosynthetic effi-
ciency. In this study, we developed a model to correct and predict the time-series variations in internal environmental sensor data using

external weather sensor data. A linear regression analysis model was employed to estimate the external temperature variations and inter-
nal DLI values of P Smart Farm. Then, regression equations were derived based on these data. The analysis verified that the estimated
variations in external temperature and internal DLI are explained effectively by the regression models. In this research, we analyzed and
monitored smart-farm growth environment data based on weather sensor data. Thereby, we obtained an optimized model for the tem-
perature and light conditions crucial for tomato growth. Additionally, the study emphasizes the importance of sensor-based data analysis
in dynamically adjusting the tomato growth environment according to the variations in weather and growth conditions. The observations
of this study indicate that analytical solutions using public weather data can provide data-driven operational experiences and productivity
improvements for small- and medium-sized facility farms that cannot afford expensive sensors.

Keywords: Weather Sensor data, Growth environment sensor data, Temperature, DLI, Smart-farm, Tomato

.M B

!0l o] 1] 4 3 2~ (ABCLABS Inc.)

206, Seongnam Global Convergence Center, 46, Dallaenae-ro, Sujeong-gu,
Seongnam-si, Gyeonggi-do, 13449, Korea

2 5 A3 AP Q1 B (F)(Agricultural Corporation ParmFarm Co., Ltd)

24, Jangmaru-ro, Gwangseok-myeon, Nonsan-si, Chungcheongnam-do, Korea
“Corresponding author: sljeon@abclabs.co.kr

(Received: Jul. 8,2024, Revised: Jul. 15,2024, Accepted: Jul. 22, 2024)

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(https:/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.

J. Sens. Sci. Technol. Vol. 33, No. 4, 2024

iy

A5 299 59 2 A 71 ek Hiwst
Sl B E S JUH11].

ZmfEg 7]%e] o R Y S AR LA A
g oA Elglom, 58] 3 22 A, ARE QIETHL (IoT),
AFAIS(ALD, BlElolE] 4] 5o Hal 71%S 83t A&
A& A Y 5 9 284S Fuislsla ivh2,7].

oeld 71eEe L

L 5

o

3]

olN

7}

718 A HlolE = 2rkER 290 /o] T8 84 5 5t
Lol o3 717 221& BUEPgo 2 &4 UiF 45
aAHoR AT F Yt A& 5o, o 2o} A= |
oHE 7INte R 24 W v B B A e AeoR &
st Dol wet LEDS 23 AISEE 2H5A1A 242
3 e 29T F ATY]

2 el Al 2ol 7 71l He S 2719 st
toltt. mb 7151 skt 7A & 7 2 27 st a<1kl


https://crossmark.crossref.org/dialog/?doi=10.46670/JSST.2024.33.4.230&domain=https://jsstec.org/&uri_scheme=http:&cm_version=v1.5

Optimization of Growth Environments Based on Meteorological and Environmental Sensor Data

o

7)) Wk 2 Aol e e
Light Integral: @192 (m*)ell ME==
A& = (PPFD: Photosynthetic Photon Flux Density))= 315
Bt A=o] W= FAol Ha s T FHS vEhH, 2HE9
B BE& A9

A4 DLI= #=9] 334 S53 4532 318t
8107 g3ttt #29 DLI=
7151, S A7) Hl 7] gt B
lo1X & 717 wlolEl 719k DLIS] AA
48| digk AFE 3 AHI7F T3]

EntEs AAF SR Fa3 AAE A= T shuE, 49
A 2708 2= A AT F4 3l vig- Fast
Th5]. Z=rFE Al Afle] thEA Q] 2Rl EvpE] gk &
A 2xol F7Fe] e EvlE A5 Aibdol] E JES v
2= F2 W0 tH10]. KomerS} Challa[8]E ErE o) g
A 2] & AlEgold HEE T8 AFE 7 # oy
2] Aol tigh AE AAIgE v Utk

A ] 28} F S AT N AE] ST A

‘d3e] AAIE A3 ub A 13]. Fan [12] LED 3%
Fell ¥ DLIE Ao 22X EntEe] gto]=lla) 71
o] F7tet o] AEA ol TS BalsklL,

AR ol A o] A& The R b 913 oA

8%

e

\;ruzi,

DLI®| ¥sl=
FEE Hrkstaal st 018 Bl 2nER 20 o] 3
73 Aol To4E BRI, 714 AlA 2 2ulER 3 4
A &4 dlolg 7[¥te] 2842 ErfE 4537 #A] Mg
Tk d 7198kt skl

o=

o

il

o4 Open APIZ O 2 A|F3l=
838t 74, 7H F A4
FAEE =] 34
System)(d x| X 4: S
| AM S3 dlolElE &8sst

231

e i

°|H
AT

717 AA Hlel® 7heH 7]12(Temp., °C), %=
(Humidity, %), 735~ (Rain, mm), 2% A]ZH(condense Time,
hrs), Y= Al7k(sun_Time, hrs), A (sun_Qy, MI-m?) Hl 9]
HE 4l ARgsislon, At 374 87 AlA S4 b

= 1
OHEE &ntER AJE YR 71, £5, CO, 2 Al ¢
Fol X" AWSY] 2%, Fk, e, AN KA 24
e ggsle] Bt

3% 373 3@ 9 DL (mol'm™d") 418 Ssix= AL
HolE & g-gsle] Eitslsint.

2.2 7|4 HM 2 ADtEHE 84 MM H0|H X2, &
A gl AlZt5}

7173601 E1= Python 223 (Ver. 3.12.4)2 AL&-5lo] H] o]
A ok B Ho|HE FENeH, BAE A w4 o
AHF HoJE]E ©]-&-3t>IDLI %5 AlLtsisitt.
THE 714 4 8 AA 4 deolHe AAE AR E T
3| A=Zk(missing value) 2 ©]’dgk(outlier) A 2]E HASIATE
dlolE] ¥4 A w4 7S ARt =T 7 ¥
ol S+, T, EFAA 55 ANl Ve BAEE A
Z3I0L, o5 g8l HolEle 7] 54 veleiiith
37 A <=(Pearson correlation coefficient)E A 2+5}o] |
dlxjof 2utEd 5 3 AA dlolH F 7] dlolH
o] AAIAE BAEIAL, 71 AlA oF AntE Wi 8 Al
Z ALkl gHakek DLIF B 9] AadAIS &
L ZF 7] IFHAIE Yol 7] fl5ted A3 AR
A3 ARG S ARE-ste] HolE 7+ A

FAE el RS AlNYsle] &

A=)

1%

Ame] 714k AlA eolEjsh

J. Sens. Sci. Technol. Vol. 33, No. 4, 2024



Sook Lye Jeon, Jinheung Lee, Sung Eok Kim, and Jeonghwan Park

2ulEg EvlE Al Al AX| SA % Jé
£ oz sttt 717 dlolg e 7
AR A7, 5w, AN tlolE | DLH A%
Arrelar, 7t 24 FEH 7Y ol sHAwHS Tl AlA
£ A3} s thFig. 1 (a)).
717 AlA ElolEl ] A+t 7]
o 28.6°C, v

|1

L WYL= HA 9.7°CAAN FH

2 502%C14 H) 945%=E 7123 F5

= 7, 8900 71 RHoR, 25 A 0 mmelA] Hr) 275
mm$loP, e} A7)7F EFE 79 7H Bk

AR AIZRE F 24 0.038 7k A 10147, Ha 2247
o]ttt € & AR AI7R 11900 193.1 AlZke2 71 19

Temp. (C) Histogram of Temp. ()

% > BN /
5 £20 .
H < =

I

o /

e

—10 o 10 20 30

Humidity (%) Histogram of Humidity (%)

so
g’ ao
> 2 1N
2! G =0
2 c
£ ¢ 20
3 a /
T 10

°
Rain (mm) H\stogvam of Rain(mm)
)
7 s0
i 2
H ng' oo
= |
o = — -
o 10 20
sun_Time (hrs) Histogram of sun_Time (hrs)
? a0
s 230
g ]
3y § 20
£ 0
B 10
29 o | i | | [p—
2 2 4 6 10 12

B .y m) Histogram of sun Qy (M:m
£ 30

25

2 .
4 .

Solar radiation (M)
,
N
o

DLI (mol-m™d1)

ay

oU ot
Densi

RN

w o

|

|

\

/

hrs)

. 20 30
condens Time () Histogram of condens Time (hr)

2
£
]
§ a0
o] P | \
20 | |
o =2  a

&

ion Time (F

Condensat
]
o

20201 20103 202105 202107 202109 202111 2022:01
(a) (b)

Fig. 1. Annual changes in agricultural meteorological measurement
sensor data in Gwangseok-myeon, Nonsan-si, Chungc-
heongnam-do, 2021; (a) the time-series visualization of var-
ious environmental parameters based on 7-day moving
average data, (b) their respective histograms. Parameters
include Temperature (°C), Humidity (%), Rainfall (mm),
Sunlight Duration (hrs), Solar Radiation (MJ/m?), DLI (mol/
m*day), and Condensation Time (hrs).
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Fig. 2. Annual changes in indoor and outdoor environmental mea-
surement sensor data at P smart farm, 2021; (a) the time-series
data for indoor and outdoor temperature (°C), DLI
(mol-m?-d-') both indoor and outdoor, outdoor solar radiation
(MJ/m?), indoor humidity (%), and indoor CO? concentration
(ppm) based on 7-day moving average data, (b) histograms
illustrating the distribution of these environmental parameters.
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Weather vs. Outdoor Temperature Correction
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Fig. 3. Need for supplemental heating or cooling based on outdoor and indoor temperature in P smart farm environmental measurement sensor
data and weather sensor data for temperature in Gwangseok-myeon, Nonsan-si, Chungcheongnam-do, 2021; (a) Weather vs outdoor tem-
perature correction, (b) 7-day moving average and corrected predictions (c) 7-day moving average of temperatures with tomato growth
conditions, (d) Number of days requiring heating or cooling per month.
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