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Abstract In this paper, a remote monitoring and control system for hydroponic cultivation using Internet
of Things (IoT) technology was studied to improve the convenience, stability, and accuracy of
hydroponic cultivation. The proposed system combines Raspberry Pi, Arduino, and sensors with IoT
technology to measure the cultivation environment and the concentration of culture medium, It
subsequently transmits this data to the PC server. In the PC, the middle server, database, and web server
are built to ensure stable data transmission, storage, and processing with Raspberry Pi through TCP/IP
communication. This facilitates remote monitoring and control of cultivation conditions, as well as the
mixing of nutrient solutions. Therefore, monitoring and mixing of culture solutions can be conducted
from anywhere, without being limited by location, time, or equipment. Users can access the
management system via a web page to review and perform tasks. The proposed system provides
convenience in agricultural management through remote monitoring and control while maintaining an
optimized growth environment for hydroponic crops. It is expected to have the potential for application

across various type of crops.
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[Fig. 1] Control structure for measurement of
growing environment with Arduino
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[Fig. 2] Control structure for mixing and irrigation of
culture medium with Raspberry Pi
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(Table 1> Growing environment data transmitted
from Arduino to Raspberry Pi

Actual measurements

. Water

temperature humidity (60) pH E@® level

26.30 31.50 8.90 6.60 12.34 55%
Cultivation environment data (Decimal string)

“2630 3150 “0890” “0660” “1234 “0001”

transmission data format to Raspberry Pi
“263031500890066012340001"
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(Table 2) Growing environment data in hexadecimal
little-endian format

Cultivation environment data converted to decimal

Water
level

2630 3150 890 660 1324 1

temperature  humidity CO, pH EC

Cultivation environment data (Hexadecimal Little-endian)

460A 4E0C 7A03 9402 2C05 0100
460A4E0C7A0394022C050100

(Table 3> Data of pump status

Pump status data (Little-endian hexadecimal)

NUtrientisolutionipump Feed water Irrigation
pump pump
Pump 1 Pump 2 Pump 3 Pump 4 Pump 5

No. Status| No. Status| No. Status| No. Status| No. Status
1 ON 2 ON 3 ON 4 OFF | 5  OFF
1 21 31 40 50
1121314050
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[Fig. 4] Data packet structure
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[Fig. 5] Description of each packet structure
according to data content

{Table 4) Instructions and length included in packet

head
Head
body content
Instruction Length
Cultivation environment 0x2002 12 Byte
Request
Pump status 0x2004 5 Byte
Response
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Computer
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, S 10:18:20 lr‘co«n'ng Connection 1
Anec 1 ntials 1
ata - Recv Data size = 6
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[Fig. 7] Screen composition of Middle Server

(Table 5) Database table structure

ClientiD

Mame

Ping Time

CHEHI2ITHI

£9,15,192,98

Cultivation environment and pump status information
Table name: smf100

Column ID Ccolumn name Attr Note
ent_dt Date of occurrence datetime
tmp Temperature('C) decimal(10,5)
hum Humidity(%) decimal(10,5)
co2 Carbon dioxide(ppm) decimal(10,5)
ph pH(Hydrogen ion concentration) decimal(10,5) Parts per million
ec EC(electrical conductivity) decimal(10,5)
wir_lev Water level value (culture medium Char(1) O:low water level ~ 1:high water
volume) level
nut_mf1 Nutrient Pump 1 Status Char(1) 0:0FF, 1:ON
nut_m?2 Nutrient Pump 2 Status Char(1) 0:0FF, 1:ON
nut_m3 Nutrient Pump 3 Status Char(1) 0:0FF, 1:ON
wir_m1 Water pump status Char(1) 0:0FF, 1:ON
mix_m1 Irrigation pump status Char(1) 0:0FF, 1:ON
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1606 0230109104500 2112000 2292000 00.00000 600000 130000 1 o o o o o
1607 20230109 104600 2145000 2392000 00.00000 600000 130000 1 0 0 o 0 o
1608 2730108104700 214800 2302000 00.00000 600000 130000 1 o o o o o
1609 2230109104800 2145000 2392000 00.00000 600000 130000 1 o o o o o
160 2230109104500 2145000 2392000 00.00000 600000 130000 1 0 0 o 0 o
16311 20200105 10,5000 22.13000 2506000 400.00000 G000 190000 1 o o o o o
1632 223010915100 2213000 2586000 00.00000 600000 130000 1 o o o o o
6313 20230109 10:5200 2213000 2586000 00.00000 600000 130000 1 o o o o o
s Schems 16314 20250108 WiS3UU 2211000 2586000 40U.LUULU  6.UDLUU  L3UDLU 1 u u o u o
e YRS MR010 154N 2217000 OSRENN 40000 &.oomnn a0 1 o o o o o
| |36 225010515500 228900 2765000 400.00000 600000 130000 1 o o o o o
. 16317 20230109 10:56:00 2284000 27.68000 400.00000 600000 130000 1 o o o o 0 .
Table: smf100 16318 20230100 10:57:00 23.10000 29.11000 4100.00000 6.00000 1.30000 1 o o o o o Plan
Ccolumns: 16319 2230109105800 2340000 2544000 400.00000 600000 130000 1 o o o o o
! nt(11) ATPK 16320 20230109 10:55:00 2340000 29,4000 00.00000 600000 130000 1 o o o o o
entdt  datetime 1651 WZSUL0STLUOUD ZHAOND A0 AUUW  GUN00 LU0 1 v v u v u
e demalio) 18D VAT ILATN im0 %40 momn Aomon  1amn 1 o o o o o
o eematios 1623 2250109110200 2405000 SLOS0D 00.00000 600000 130000 1 o o o o o
ph enma\[l[l,s 16324  2023-01-09 11:03:00 24.06000 31.08000 400.00000 6.00000 130000 1 0 0 o 0 0
oc cer(10,5) 2022010110100 2106000 303000 00.00000 €.00000 130000 1 o o o o o v
waley crar) L et x Context Help | Snippets
Objecinto Session Output

[Fig. 8] Database table record content
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> node_modules

* public

pp . get(

J5 websocketjs °S
websocketjs client _query(”S

ELIE!

PS C:\Web> node app.js

: result});

nf100 - ORDER - BY -ent_d tmp

4+ EHrok @B -

Server Running on Port 9002! http://localhost:9002/

> e
> B
X @oho

[Fig. 91 Running web server

3.4.3 AMH(WebServer)

[Fig 9= AAHE Adste= LS vehdoh 94
HE= Node.js 9 AT-HEE AMSSIA TSI AR
Z17} localhost 9002 ZEE 53] Web http &7 A
Aol 7ksot A ZE=F Aste] Command Aol
Al node app.js BHOIZ HAHE SAJ3I3Itt. FAH
TEEH AHGAZE PColL HHEY S04 g 4
of H&siA o8 & SlTt

http://localhost:9002/

9 FFAE F4T T e shHol v 18T
2t} [Fig 1012 PC oA & A%, [Fig 1112
muky oA HEY AHE vehdch AASHol
HUEY 9 5 Alo] F FEo& F4=o] Stk By
B FRo)A QLA XHHH&W X*E 97ty uA 5

2 Bt 01—3— S AH8APF 393 o
olEES Helsty YeshA BUEY & 5 ek v
o) pH, EC 5=/t HU5HA gt wigel vighe Aol
32 45 Alo] $EOE oF% 4 Urk. [Fig 12] &
[Fig 1312 PC 273} vl P01 the $57of
spolet. SEAClol 2 Bxel A4 B2 JejS o
A 4 glon] uAoz Aol 4 rk.

£1, 210110 48S) Z¥:4 UTF-8 CRIF {} JavaSeript & 0

FAROA~E w

BLEZ

20234 13 259
27 094] 558

& 2465°C  CO2400ppm  EC 1.3dS/m

EE 3256% PH pH6  #9 359

[Fig. 10] PC environment monitoring screen

SKT 10:32 @ N .
59.19.192.98 O
BUEY
2023 18 25%
ow 100328
e= szsrrc co, s00ppm
rc 130 P "
n pHo a0 sen
< %) @ =
m (@]

[Fig. 11] Mobile environment monitoring screen
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FEHA

SRH OfA| A

202349 138 25¢
2H 094] 568

[Fig. 12] Manual control screen of PC environment

SKT 10:33 @ [T ]
59.19.192.98 O
25H0f

20239118 259
273 104 338

& PC &4 E8sta, 2Hd 304 B A5}
S Fzo] Aloj o= ol FHTh Alo] oA A
A ggo] FAoA Alo] 3 Aot EEstH EA
H7} JSON 3211 BHolE nEAHE WSSt [Fig
14]= Aol oA 1 FUA Bz 52 FAAF]
£ 9ol EHote S vetdt g HHo] 3
Al o2y} Zow, “motor_id"E BI WT, “value”

< AH g& Agstke 2AnjelH.

{*motor_id”:“1", “value”: 0}
O | O 22A0 x| [ WebSock x |+ = m] X
C () T2 | CyUsers/NoHC/D.. A 5 2

Connection opened

Success!

I {"'motor_id":"1","value":0} Send

[Fig. 14] Pump control from the control window

4. 4

oIr

Got

B oA ARG A Al2He] Ay HUE
shodtt. [Fig. 151 A A&/l 25 Uehdt. ot
Folle s 2851o] [oT AAZ Auiehge] 2%, i,
olatsetA, wiFA o] pH, EC B= ¥ A 43
245 $5S Ao 2tzH|e] solo] HEsie
gt=H|2] mlo]oA HlolEle d#e] AHE AA A
FAog PCof| A5t PCoAE n|EAH, HlolEH
olA, AAHE FEoto] doJelo tigt 441, AR,
A 2 3-8 59 715S stk A SAE 5|
ol SA#o| A TCP/IP B4l 270& AJAJsict. =3t ¢
AW} EAS 93t WebServer 43S A5 0H
tloje9] 2|9} 582 3f dlolEHo|AE F55IH:

[Fig. 161 A AA”IS] SEEE Yepdth 2=
2] o)) 27|3tR AJZlsta] A& ofFollofA 78
H 33 HloJelg AIgi 31 dlojelet dA 571 H
o] HeE 7 ulEAH ] HEgict nlEAH o=
SA1E dolEEE dlolEHjojxo] AAEtaL FAaHof
AlZet. AHATE huo|AE H&othd YF 08 AE
o] gy 4 WX AeiE BUEY T 4 Qo 1
I YN FeE 2ASHA ZE] S 45A o]
shHo® olE3sto] zF HIE Aojgt 4= QUr}k. PCOJA
HI AojgFgo] $AIEH A HE P Aojsty HI
9] AHE AdlolESAM thA| PCE AF3lrt.
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[Fig. 15] Overall system structure

g Initialize ;\‘
\ Raspberry Pi J
- I
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measured from Arduino
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[Fig. 16] System flow chart

5. 48

£ ATl M etz o], oboli 8l [oT AIA
2 2854 BUEY 2 Ao} 7Rset A A
2 TR AMBAY Lk, 45, oluske, H)
o] pH, EC S % 49 gl Pel ek =
e wUHRo gy @ Aeigo] Rt 57 ¥
o] Alojz Hjoro] A HRte) ZHAS ol2e. o]

£ ¥Fe® PCoA 53t nlSAH, HolEHo]A Bl
BMHE S ZUEH T Aloje] ¥4 29 7Hs-d3t
TS Akt

At FAA ] AlAE Helo] Bt dAg] By
Bl 2 Alole] A, E= T AE AuiA AR T
g HEE & Ak 123 543 [oT, ATE V)&
o] ggroz AEo] S wolil, BAFelLL A&
A 7HsRE sl 71008 Ao |heiet E3F FE
o] Aol A Thget 2zl et 22]o] Auied %
Y = 5 JEE ITAsE EEolo A H=]
A AlLaEE FEE ool ol HdRt AEel
sl 2t 2Ee] AP EE Agste A Ao %
A As A 5 e 71Eolt. ARSATE FEe AA
P AlAE2 Auighde RUEFetA At ek
e AFOo= vidsial Ao Rt
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