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ABSTRACT

This study focuses on efficient production, away from research that
focused on automating cultivation facilities and increasing convenience. In this
study, we discuss a model that predicts the internal temperature of the IoT
crop cultivation system using machine learning, which derives the internal
temperature prediction model of the crop cultivation system and ensures crop
growth under optimal environmental conditions.

In this study, weather data were collected through external temperature
data, internal temperature data, controller temperature data measured in crop
farming systems and Agricultural Weather Information Service API before
deriving the optimal prediction model. Afterwards, the collected data was
refined to the appropriate form for the analysis. And preprocess of the data
was carried out with process of parsing the information needed for the
analysis and missing value. One of the learning methods of machine learning,
Supervisited Learning, is used to predict optimal internal temperatures by
utilizing pre-processing data, and multi-layer perceptron algorithm is utilized
as a neural network model to efficiently derive predictive models. In addition,
two predictive models were classified according to the input variables. The
effect of cultivation materials on the system, which is one of factors that
affect internal temperatures data, i1s Formulated. And by comparing the
results of predictive models that applied this formula with those of predictive
models that did not apply the expression, we derive a model that predicts

patterns similar to the temperature within the real system.
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Tab;e 1 Environmental control system external components

Categorize

Standard

External size

2,000mm x 1,000mm x 1,500mm

Internal size

2,400mm x 900mm x 1,400mm

External Sandwich panel 50T
material (Styrofoam stuffing inside) & External insulation
Finishipg L-BAR molding
material
- Use of rivets, use polyurethane foam for seams
p ) to improve heat insulation
i%%etizglg - The internal and external finishes are waterproofed

using transparent silicone
- Process the panel into a prefab

Fig. 2 Environmental control system
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Table 2 Components of the Environmental control system controller

Categorize Standard Quantity
RFH-2000 Small heater(220V-400W) 2EA
heating MWAO4BTW WINIA Small air cooling
and cooling (220V-550W) 1EA
control Temperature sensor for heating and cooling IEA
control
Ventilator SHINIL Ventilator (220V-36W) 2EA
Temperature/
humidity STA Temperature / humidity sensor 3V ~ 12V 2EA
sensor

AT Mega Process Enter the sensor value,
Control board ] 1EA
environmental control value output

3. FF AN FAZEZEE 4

0T ¥ ZZEFS MQTT ZZEZS g83ld HolgHE AWz Ad
AEE dolHE dolguolaz AHAsta A&7 e =
FHE 374 AA dHolHE FREYUHPS L FHS AAT F =S v

o] BAl R EZS AAST

Table 3 Example of WBML MQTT Server Information

Categorize MQTT Protocol

WBML/ poriacocos_box/ [GATEWAY_ID]/

Device -> Server
[UUID]/ down

Topic

WBML/ poriacocos_box/ [GATEWAY_ID]/

Server—> Device
[UUID)/ up

Message ST | command | function | type | dataset | ET -




4.1 B3 A AN ZH oy 3
AEA A 2gle] Y Q5 Ao]r] &% doly & Wastdch Ul
SEAA 1, &5 2EAA 1N, Alej7] 2= deolHE FHsart
g}o] 4 (Python) 2ho]H.2]2]Ql pandasE &3] csvitd

JRLx Ao]7] &% Ho]EE DataFramed Bl 9jo] &t}

4.2 471 B3R BEAH 2 API 714 HolE 3

ARG d71GdelHE ARSI 98] 83 7 GA R HolHE RV 3R
A ] 2o A 2016 F-H 20200714 9 1072 bdzte] AlFE e =
L 7)ol HE AT

FA71S A B AR 20 A AFstE API(Application Programming Interface)
+ XML(Extensible Markup Language) @El=2 dHolHE A&t AT

XML 9He] dHelHE =ZEskr] 9@ ol (Python) #helH2<l
urllibrequests &3kt Q15719 AR Aotolt & XML Hlol¥ F4o F7F

ANA FQ7IEERAN 20 A 23] A2 102 ARE T

ol

Table 4 XML data address and parameters

Categorize Data

http://weather.rda.go.kr/openapi/inquiry_openapi_xml.js

XML data . . ..
? = -
address p?mberid=UserID&regist_ky=authentication
key&period=day&day=Year-Month-Day&ghn=1
mberid - UserlD, regist_ky - authentication key, period -
Parameter

day, day - YYYY-MM-DD(Year-Month-Day), gbn - 1




This XML file does not appear to have any style information associated with it

. The dacument tree is shown below.

v<Hoot
v<lnfox
<stncode>B9597) 4001 </stncode>
<stnnane=H| F 4l ZZ2]</stnnanes
<day>2020-10-25 00:10</day>
<temp_150214. 1% </tenp_150>
<tmprt_5013,.9¢ </tnprt 50>
<tmprt_400=13.8'c </tnprt 400>
<hd_150>53. 1%</hd _160:=
<hd_50x—%=</hd_50>
<hd_400>-%</hd _400=
<wd_3002307, 0</wd_300>
<wd_150>—</wd_| E0>
<pd_ 1 000=0, 0</wd_ | D00=
<ary |ty _300-3. 0= fary |ty _300>
<ary | ty_150=—</ary|ty_150»
<ary|ty_1000=0,0</ary | ty_1000>
<afp>0.0nm</atp>
<afyz-mm/afys
<sunshnTime>0. 0hr</sunshnT ines
<50/ radly=0, 0N/ mt </s0 | radly>
ZdwenTine=0.0hr</dwenTine>
<prwalp>-hr</pnwgTps
“irfirTp=11.9c </frirTp>
<udarHeattCndetvt>-100. 0 </udarHeat t Cndetyt
<udarTp_10x18.5% <fudarTp_10=
<udarTp_B>~'c </udarTp_5>
udgrTp_20=27,7¢ <fudarTp_20>
<0l IMitro10:31, 2</50i IMitr_10
<sol IMitr_10Cmst />
<soi IMitr_20=40,8</50i M tr_20
<soi IMitr_20Cnst>-</soi Mitr_20Cmst>
<goi [Mitr_30e-</s0i IMitr_30>
<zoi [Mitr_30Cmst>-</soi [Mitr_30Cmst>
</Infoz

Fig. 4 API provided by Agricultural Weather Information Service
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5. 2= EZ et dlolH A2

w2121 (Machine Learning) 22< EZ317]d] 94 -8 A A oA~
g dolE ot TA7EARAH 2 APL 714 HolHE A o2 JEe & A=
Holg & sttt o] % dAed vlol8 & F&ste dte] DataFrameol] A
ettt & dolgAs ‘TdeEE=oly S (hold-out validation) &3
S g83to] dhrdlol B Al(train dataset) 2 H ~EH o] E] Al(test dataset) F 7F

Az wedste] Bl =55 93 dolg FHE skt

5.1 "oy AAz R %
1% F712 89409 7} csvitd o] 2RdelHE 102572 HolE 3}

g AWsT AU EE AGsR Aol A3} £o= doHE P

toretd ASdelE = vtz ok dolHS 1R A volHE &8st 254 o

c o This XML file does not appear o have any style infon
measured_value measured_date ' ".‘.“'?,". -
stncode=EIS0TI AR < utnco 'Io-
26  2020-10-25 0:01 tnane B S Al 22| </ats

L
"‘EIE"‘-IE‘-E‘S- m |L 11

263  2020-10-25 0:03
263  2020-10-25 0:05
263  2020-10-25 0:07
262  2020-10-25 0:09

26  2020-10-25 0:11
259 2020-10-25 0:13
258  2020-10-25 0:15
261 2020-10-25 0:17
263  2020-10-25 0:19
263  2020-10-25 0:21
262  2020-10-25 0:23
261  2020-10-25 0:26 w01

26 2020-10-25 0:28 Pl

Fig. 5 CSV file of System data Fig. 6 Weather information data API
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weather system_in system_out system

avy
o
ok
!
9,
Yo
ki)
olN

HZ H2Ed o EAl(test dataset) o2 A A3te] A= AE W

10-25 00210 15.00 26.00 1410 2610
10-25 00:20 15.13 26.30 1410 2650
10-25 00:30 15.20 25.80 14.00 27.30
10-25 00:40 15.00 26.20 1410 2620
10-25 00:50 14.93 26.20 1420 2670
10-25 01:00 14.80 25.90 1430 2630
10-25 01:10 14.23 26.20 1430 26.30
10-25 01:20 14.93 26.00 1440 2680
10-25 01:30 15.07 26.00 1450 2650
10-25 01:40 1517 2620 1460 2640
10-25 01:50 1503 26.20 1460  27.30
10-25 02:00 14.82 2590 1470 2630
10-25 02:10 14.73 26.30 1480 2630
10-25 02:20 15.00 26.00 1480 2650
10-25 02:30 1523 2610 1480 2610

Fig. 7 Integrated dataset

(hold-out validation) ¥
W F ‘geE ol 7 (hold-out validation) o] & 2 A

BRSO gLev ol AMl(train dataset) O 2 A AdFal X FE
H
h=]

)

t) o] E] Al (train dataset) 0. & 3drs5o] mlzl 5 Ao (Label) o] A3l A

H2Edo|HAl(test dataset)S 283t g5y daz]F9]

& B WA A4S 7 de W olthT7]
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train_weather train_system_in test_weather test_system_in

10-25 00:10 15.00 26.00 11-02 00:10 11.60 26.10
10.25 00:20 15.13 2630  11.02 00:20 173 26.40
10-25 00:30 15.20 2580  11-02 00:30 11.67 26.00
10.25 00:40 15.00 2620  11.02 00:40 11.57 26.40
10-25 00:50 14.93 26.20  11-02 00:50 11.50 26.00
10-25 01:00 1490 2590 11.02 01:00 11.57 26.40
10.25 01:10 14.83 2620 1102 01:10 11.73 26.00
10.25 01:20 14.93 2600 1102 01:20 11.60 26.50
10.25 01:30 15.07 26.00 1102 01:30 11.50 26.00
10.25 01:40 15.17 26.20 1102 01:40 11.43 26.40
10-25 01:50 15.03 26.20 1102 01:50 11.47 26.10
10-25 02:00 14.83 2590  11-02 02:00 11.47 26.40
10-25 02:10 14.73 2630  11-02 02:10 11.20 26.00
10-25 02:20 15.00 2600  11-02 02:20 11.23 26.30
10-25 02:30 1523 2610 11.02 02:30 1143 26.00
Fig. 8 Train dataset Fig. 9 Test dataset

AA dely 102 259 004 1025-E 119 09¢ 234 507k41 9] dlolE <
50%¢1 10€ 259 00A] 10+ 1149 01 234 50274 Hlo|El & St o] E
Al(train dataset)® A7 3tal, U A 50%5 11¥€ 029 00A] 10578 11€ 094

2321 50%E71# 2] dlo]H & H~EH o] EAl(test dataset)Z A s A
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Model B
System internal temperature
predicted by the influence
of materials

Weather information data,

Model A

System external temperature, Controller temperature

Table 5 Prediction model Input variables

C
EEREE

Input
variables

Categorize

To-

o

7

A

S}
=

7F= Al

=
T

sttt

S

, A7) o9} 9]

2498 Model AZ A
Model BE A A 319t}

,13,

[e)

=

)



o] =
L.

Auhet Ade] A= FEFe Aoz ZFsr] el AlAFE A7 |
FEel A SA4E HolHE ZEstilth ol AlaE AAETE (e AN

Ae Wy 2=delE, o EHolHE ofr gt

Ao

2. 522 =54
dEFrds =Z7|Ysl 42k adEw ddVIE T U Halyyd
Machine Learning)s 28331 th. #2121d (Machine Learning)o] @ 7] 7] 8}<50]

F 2715 3t ol ¥ A 5 (Artificial Intelligence, ADS T-&3&t7] 93 3 W

o2A AFET} Aol Sk At gol dae

0{1
il

W RIS ol H

olf S5 T8l SAAA S AU AMEE ARE EEdhs A 28]

2.1 d&rd gH5ua
d=rds et WrlorE X wd5(Supervised Learning)e] 3]

(Regression)S  AF&3}ith. A =8k (Supervised Learning)ol @&  ™Aley
(Machine Learning)®] ©lo]g &< ¥ = stz EA & (Input)el W& A
H(Labeho] Azl HlolHE Sg5AA HFHF 222 A3E o FstAY 43

Stes st WAS on|dth. 39 (Regression)®F A =385 (Supervised

SRS SFA7]7] g dugFoReE GIHAEER AAINEYS AL
L3t b5 3 A EE (Multilayer Perceptrons, MLP)¢] & %] ® S (Input layer)¥}
=9 Z(Output layer) Abolo &4 =(Hidden layer)= 17} o]kl Fof H] A3 %
¢l dor EHHE dHelgol taiM®E Shgo] Jhestes 3 darg] ol
=9 A E 2 (Multilayer Perceptrons, MLP)<2 ¢ 2 Z(Input layer)S S w2
HeolHE TdAE A e &4 3 (Hidden layer)s Sl ol &

Al AH st5S Wdye FH 25 (Output layer)S T3 HFTHo=2 o5 3

il
£
)

,14,



Hidden layerl Hiddenlayer2 Hidden layer3

Fig. 10 Multilayer Perceptrons, MLP architecture
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Table 6 Data set for Model A

Categorize Train dataset Test dataset
Start date 10-25 00:10 11-02 00:10
End date 11-01 23:50 11-09 23:50
Input data Weather information data,

System external temperature, Controller temperature
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System internal temperature
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Predicted system internal

temperature
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Fig. 11 Model A Train dataset Input data(weather information data)
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Train Dataset Input Data(external temperature)
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Fig. 12 Model A Train dataset Input data(system external temperature)

Train Dataset Input Data(system control temperature)
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Fig. 13 Model A Train dataset Input data(controller temperature)
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Test Dataset Input Data(weather)
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Fig. 14 Model A Test dataset Input data(weather information data)
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Fig. 15 Model A Test dataset Input data(system external temperature)
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Test Dataset Input Data(system control temperature)
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Fig. 16 Model A Test dataset Input data(controller temperature)
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Fig. 17 Model A Neural Network architecture
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Table 7 Dataset for the influence formula by material

Categorize Dataset

Start date 08-17 00:10

End date 08-30 23:50

Input data Weather information data, System external temperature
Output data | Weight and Bias used in the influence formula of material
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Table 8 Dataset for Model B

Categorize Train dataset Test dataset
Start date 10-25 00:10 11-02 00:10
End date 11-01 23:50 11-09 23:50
Weather information data,
System external temperature, Controller temperature,
Input data

System internal temperature predicted by the influence of

materials

Target data

System internal temperature -

Output data

Predicted system internal

temperature
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Fig. 22 Model B Train dataset Input data(weather information data)
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Train Dataset Input Data(external temperature)
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Fig. 23 Model B Train dataset Input data(system external temperature)

Train Dataset Input Data(system control temperature)
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Fig. 24 Model B Train dataset Input data(controller temperature)
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2 Train Dataset Input Data(data predicted by the influence of materials)
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Fig. 25 Model B Train dataset Input data(data predicted by the influence of materials)
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Fig. 26 Model B Test dataset Input data(weather information data)
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Test Dataset Input Data(external temperature)
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Fig. 27 Model B Test dataset Input data(system external temperature)

Test Dataset Input Data(system control temperature)

30
5
‘% z: m M 'Lln" Ml QL 'N M’ l’“r '“JWH» "IWWH '“ I ul W M" r "W W M’ P F ”M b'Ir'HL
'J | (.
2121 -02 | ‘I‘I-IOS | ‘I‘I-IU4 | 1‘1105 | 11-06
50 Test Dataset Inpult Data(:;:em co;l'ltrol temlperature)l
5
% :: ‘| Mwn li ’MM nw ul I M‘ Il |
H “Jﬂ |
;_3121 06 ‘I‘II[)? 11-08 11:09 | 11-10
Date

Fig. 28 Model B Test dataset Input data(controller temperature)
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s Test Dataset Input Data(data predicted by the influence of materials)
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Fig. 29 Model B Test dataset Input data(data predicted by the influence of materials)
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Weights and Bias values
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Fig. 32 Comparison of Model B Predict data and Observation data
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Fig. 33 Compare the details of Model B Predict data and Observation data
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Table 9 Data set for Model A & Model B

rob

Categorize Model A Model B

Train dataset B _
Start date 10-25 00:10

Train dataset B .
End date 11-01 23:50

Test dataset ) .

Test dataset ) _
End date 11-09 23:50

Weather information data,

System external temperature, Controller temperature

Input data
System internal temperature
- predicted by the influence
of materials
Output data Predicted system internal temperature
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Fig. 34 Comparison of Model A & Model B Predict data and Observation data
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Correlation Matrix
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Fig. 36 Model B Correlation analysis results
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Fig. 37 Model A RMSE evaluation result
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Comparison of RMSE Model A and Model B
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Fig. 39 Comparison of Model A & Model B RMSE evaluation result
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Comparison of RMSE Model A and Model B
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Fig. 40 Compare the details of Model A & Model B RMSE evaluation result
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Fig. 41 Observation data Outlier
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