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ABSTRACT

According to global trend, despite the overall scale of agricultural industry has been downsized, agriculture
accommodating cutting-edge ICT technologies has been proliferated, and various timely-issued relevant researches
have been on progress to deploy the future food cultivation. In this paper, we propose an effective nutrient
management system with web-based monitoring with functionality of controlling temperature, humidity, pH
(hydrogen ion), EC (Electric Conductivity), LED and cooling fan to maintain the hydroponic nurturing
environment being optimal. In this paper, in order the arduino hardware and java software are employed to
control the nurturing environment automatically in optimal fashion. In proposed system, due to the usage of WiFi
router with the socket communication and DB-assisted Web server with proper interfaces, it allows to facilitate
the management to keep monitoring and controling overall hydroponic nurturing environment. Since the proposed
Web-based management system provides the superior reliability, the short nurturing period and the robustness to
the pest by controlling LED emitting color rather than conventional system, so it can be applied and appropriate

for in-house vegetable factory overcoming limitation of time and location.
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Sensing data : The measured data by a sensor such as

Sensing data
temperature, humidity, pH and EC

Control unit : measurement and control for the sensor data and

Control unit LD

; Wi-Fi Tx : Wi-Fi connection and data transmission
Wi-Fi Tx
Management DB : update the sensing data based on the period of
| Yes pre-determined time
Management L
Control Y. DB Monitoring System : Monitoring system to take a string table or
' graph from the data of database
M:;'S‘::,"""‘ Control : The command system for control the LED and cooling fan
Table Page and Graph Page : Web pages for the growing

Table Page environmental monitoring

1 P;
ConticlEars and Graph Page

Control Page : Web page for control the LED and cooling fan

T2 1. oAl 7 muEEe 13 AA Az
Fig. 1. Flow chart for Hydroponic environmental
monitoring
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ServerSocket server:

gorver - now SSEESERRSIcerverPort, 100)
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[£. Markers ] Properties 4} Servers Y& Data Source Explorer [E] Console 57
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1464356557963
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MySQL connect success
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msg:Hello
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Fig. 4. Socket server and database access and a number
of clients currently connected

TEM_DT temp humi  tem_dy

# ¥ 2016-05-09 09:48:10 2496 33 20160509
# X 2016-05-00 094814 2498 3283 20160509
# ¥ 2016-05-09 09:48:16 2499 3276 20160509
# X 2016-05-00 094820 2502 3506 20160509
# X 2016-05-09 09:4824 2506 3565 20160509
# X 2016-05-00 094826 2506 3500 20160509
(@
tem_dt ph tem_dy

2016-05-09 21:22:09  6.540 20160509
2016-05-09 21:22:13  6.540 20160509
2016-05-09 212216 6.540 20160509
2016-05-09 21:22-20 6540 20160509
2016-05-09 21:22:24  6.540 20160509
2016-05-09 212226 6.540 20160509

®)

tem_dt ec tem_dy
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2016-05-10 08:49:20 1310 20160510
2016-05-10 084924 1340 20160510
2016-05-10 08:49:26 1.350 20160510
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2016-05-10 0849:30 1310 20160510

()

SRR NS
KX AKX XX

ShhhNN
KA K KKK

J2 5. dleleulo]xef AXZEe R §fdlo]EH AL
Fig. 5. The sensor values updated in real time to the
database

1135

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-09 Vol.41 No.09

a5 49 815 32 AR 2 AS glEY I
vehle], 285 T8l F=e| sidshe Adshd
vreRdict Start kE= 2AXME i) 917 2
EAAIT} Startrunningd] AW A|ZF HAIAE L
zkedo] 3L Connection IFEE Ho]EH|o] 22| url
2, ool 2 sxg]= AAs} MySQL A< A

AAE dEl= 2kde]w, Client number FHE= A
Al A5 FEPIE 5 dEFE Sl
Slolelmeld] By A4 A WAA9) Hello 7}
ulel] At gk 2l vepe] 717)9h 4] AR
2 wolZololaly] Wl Wel2dls A o))
o A6l M1 4 T sk, L= o}
ve] LA} 4—1‘—4 s A 2= o)
sto] FAlell 2 AF 5 lek F, LN SAAAE
Witk a9 5 o] ZEfe|dEel A4 A3k
() 255 AlA, (b) pHAA, (c) ECAX7} 27 ¥
dloJejullo] el H&ato] SR FhEe] AR
2ke] dolthz qiulel= W wolch

é oﬁ fr Koo

2.4 ZUER Y Ao Al
2 AHollx= #21 el HolE RuEE Al
qah 2R ek o=y RuEE AladE 2
LED, 2% Alo] A|2~sle] sl Argic} wujes
2 Ale] Alzgle 2.3 A 3Fo] A5l E d|
olejulle] 2 7uko g AASIIE 17 62 Al 54
s HeolER mYElR)e] 7Fedh AJ2aHlo]t).
glo]E muUEs A28l jQuery UIQl jqGrid =F
o|Heje]E o] &3l om, Akt Hlo]E <k ol
Hlo] 2o Julo]ERt HME F3|ale] ARFH
dlolel & Al HolEE ZHF L T 184
7F 71 RUEH Thestes AAskdrh e
3 BUE R A" FdsiA dielefuo] el o
dle] B3k AR5 F3]ste] RuUEFe] 7Fssta 71

AEIY ABE2UEY °

a8 6. EHlolE R A2H
Fig. 6. Table monitoring system

1136

()

pHE0F

L ______________Jdogoe

(b)

EC(mS/cm) Ef|0] &
1245 Gjo

(©)

J% 7. ze=y mueE) AxE
Fig. 7. Graph-type monitoring system

2 v el AR 237} rheeles 9Hs ol
ste] AAEATE 18 72 (a) 5%, (b) pH, (0
ECe| 1= RuER] Alxw] mgolrh
= 2wueE] A]~E-2 1Graph2] Line charts
2lo] Beje] & o]-8-5191 01 2447k WY dlo[elE &
13t —’F U=E AARBKACE (a) 2 HlolE 54
o Ao SR dolthE AHA
}i Z3)3 25515, pH, EC2] 453t
Q1% = gl LED 2 =99 A&
& Zelolal=s} A9 2} OnjOft eigk
=5 éﬂ*]ﬁ"]ﬁ]"ﬂ, Aol Fdgt 54 mAAI7E &
Aorslr] witol] Fefold B} AH ZF wA%]|
FETEE AolE w, TERCY AL H4
2F 4709 ZFFo® Al F dlojerlo]~E F ¥
2jsk glek %) 8 Onjoft Alo] Aldlelk
Ao] Agle WAslelA] Onoft W A
A o st WES estar dlelelmo]23)s)
o] AAZEe R Alofghs HATo =R A Aol
O dlolelvlol s % Aulel) sttt 5 9w 4

_ﬂﬂ%o}mi'

il

3

=

www.dbpia.co.kr



ON/OFF Control

07 Ol j 07F Ol J

B

e

373 8. LED ¥ Zd On/Off Ao A|~d
Fig. 8. LED and cooling fan On / off control system
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Table 2. Growth Environment optimal parameter values

Temperature (C) 18T ~ 25T
Humidity (%) 40% ~ 60%

pH (pH) 5.0pH ~ 7.0pH

EC (mS/cm) 1.2mS/cm ~ 1.7mS/cm
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Fig. 9. Petri dish with LeafLettuce, Cheong Chi Ma and
Tatsoi seed
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E 3. oR] 9k okl A%

Table 3. Yamazaki Leaf lettuce nutrient solution composition table

Fertilizer types 100 drain Unit 100 drain Unit 200 drain Unit 200 drain Unit 200 drain Unit
P /1000L /1000L /1000L /1000L /1000L
Calcium nitrate 236 | k 472 944 2832 | kg | 2832 | k
¢ (NO3), . g 7 g g . g . g
A fluid | Potassium nitrate
KNO, 20.2 kg 404 g 808 g 24.24 kg 2.424 kg
Fe-EDTA 1.5 kg 30 g 60 g 1.8 kg 0.18 kg
Potassium nitrate
KNO, 20.2 kg 404 g 808 g 24.24 kg 2.424 kg
Ammonium
dihydrophosphate 5.8 kg 116 g 232 g 6.96 kg 0.696 kg
Magnesium sulfate
M50, 12.3 kg 246 g 492 g 14.76 kg 1.476 kg
Copper sulfate
.50, 39 g 0.1 g 0.156 g 4.68 g 0.468 g
B fluid Boric acid
H BO, 176.3 g 35 g 7.052 g 211.56 g 21.156 g
Manganese sulfate
MhSO, 61.5 g 12 g 2.46 g 73.8 g 7.38 g
Zinc sulfate
S0, 8.8 g 0.2 g 0.352 g 10.56 g 1.056 g
Ammonium
molybdate 9.2 g 0.2 0.368 g 11.04 g 1.104 g
H, MoTNg Oy,

& B3 Blslde). 13 10 7] WolA 6
olo] 7skel HA|vks} ulekul Hope] “%014.

oF 7dell4] 82 35} Frol] Jelaulzlel $2 4 e
W welh sl s ol Alge] whArl 2
2ok §71 Gobibol 498 Asisiek 2] ]
F;]FJ /\ls-l 7:5,]_ o]:on ]:x]ji Bl ]_ gl o Al X

— R =
o) LEDSH <o) 5736l ol alAoblel Aoz A7

4

T2 10. 6% ZstE AAuke} wlepl
Fig. 10. Six days elapsed LeafLettuce, Cheong Chi Ma
and Tatsoi
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Fig. 11. Fifteen days elapsed LeafLettuce, Cheong Chi
Ma and Tatsoi
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7 2R o Ao ZdFel W A7

a8 12. 359 7t
Fig. 12. Thirty-five days elapsed LeafLettuce,
Chi Ma and Tatsoi
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