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ABSTRACT

Hydroponics is the one type of soilless culture that can improve quality of plant and
efficiency of plant production. ~ This paper presents the design of system used for control
nutrient solution in hydroponics and the simulation of this control system. This system comprises
a computer, /O units, sensors and solenoid valves. The computer and I/0 units are connected
together in form of multi-drop network through serial communication via RS-485. The computer
is a supervisor working as a central monitor and control. It comprises the software program for
control and record the properties of nutrient solution and the status of solenoid valves. In each the
I/O units comprises the analog input unit and digital output unit, the analog input unit is
connected sensors and receive analog signal form them, the digital output unit is connected
solenoid valve and force them on/off. The software program is developed base on Microsoft
Visual Basic 6.0. It can control the system and record data inform Microsoft Access database.
The software program processes the data from sensors and manages on/off solenoid valves in
order to adjust the volume, pH and electrical conductivity (EC) of nutrient solution at there set
points. This network can control, monitor and record the nutrient solution. When the nutrient
solution always suitable for vegetables, so that the efficient of vegetable production will increase.
Moreover the simulation function of software program can analyze the designed system before it

will be built.
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M3 2.4 USavessgiiiiuremswsauaiannve sy

519 3w % 519 Usnm %
DONTIIU (O) 45 HuNTaY (Mg) 0.3
M3voU (C) 44 Tuseu (B) 0.005
laTasiou (H) 6 AR (CI) 0.015
TuTasiau (N) 3 NoaUAg (Cu) 0.001
Woanosa (P) 0.5 HINIIE (Mn) 0.05

Tunmsoy (K) 1.0 IMan (Fe) 0.02
UAMIBYL (Ca) 0.6 F9nz @ (Zn) 0.01
Azou (S) 0.4 TuauAiu (Mo) ~0.0001

2,62 JUnvuvessgesiinsansoi i 1ss Tonild

Tumsdgnivalaolildau  fvenihisgons T 1ddse Tomilugduuumunsted
25 21 duiulunsiamssnemsssdesdilidagiuusessigemsinyenh 1914
TavsnnamlSinaviesudsmvessigaieg ey lugiiudinsams o 101818
Tulaswusglugi No, wie NH,', Wearesaeglugi H,PO, w30 HPO,”, Tnunaidoy oglu

Jlvee K

3197 2.5 Modriasigomsgduuuvedlosoulumsazain wiaile vazgasie

wiaswes | unuvvesleseulu yiinvoaijuinil GERTRRNI]

GRFIHGRL]

Y516 (Macronutrient Elements)

Tulasisu (N) | NO, Ammonium nitrate NH,NO,
Calcium nitrate Ca(NO,),

Nitric acid HNO,

Potassium nitrate KNO,
NH,’ Ammonium nitrate NH,NO,

Ammonium phosphate (mono) | NH,H,PO,

Ammonium phosphate (di) (NH,),HPO,

Ammonium sulphate (NH,),SO,




A3190 2.5 (A9)
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$iiasmeis | jUnuvvesleseuly RATEL LR ITREY gasvesijy
GREGHRL]
Woaweia (P) | H,PO, Ammonium phosphate NH,H,PO,
(mono)
HPOf' Ammonium phosphate (di) (NH,),HPO,
H,PO, Potassium phosphate (mono) | KH,PO,
H,PO," Potassium phosphate (di) K,HPO,
H,PO, , HPO," Phosphoric acid H,PO,
Tnunaaso (K) K Potassium chloride KCl
Potassium nitrate KNO,
Potassium phosphate (mono) | KH,PO,
Potassium phosphate (di) K,HPO,
Potassium sulphate K,SO,
AR (Ca) ca’ Calcium chloride CaCl,
Calcium nitrate Ca(NO,),
Calcium sulphate CaSO,
HuNIEsY (Mg) Mg2° Magnesium sulphate MgSO,.7H,0
M=oY (S) SOA} Ammonium sulphate (NH,),SO,
Calcium sulphate CaSO,
Magnesium sulphate MgSO,.7H,0
Potassium sulphate K,SO,

9a51¢) (Micronut

rient Elements)

Tuseu (B) H,BO,, BO,” Boric acid H,BO,, B(OH),
NoAd (Cu) cu”’ Copper sulphate CuSO,.5H,0

1 Edm (Fe) Fe'' Iron chelate FeEDTA

uuIMHe (Mn) | Mn'™ Manganese sulphate MnSO.H,0
TuauaiuMo) | MoO,” Ammonium molybdate (NH,)Mo,0,,4H,0
danzd(Zn) Zn” Zine sulphate ZnS0,.7TH,0
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2.7 ngEMsnulSinusneIns

viungeansutailagiiuldimsAndugasasazawsigomsuinniiosgas Tl
8

v oda 4 A quw w o a3 = Sa 4 & sy
ﬂﬁllﬁllﬂ@ﬂi‘Ylﬂﬂ‘lluMlLWE]al‘Hmiﬂ:ﬁﬂuﬁW‘H‘i‘UW‘H“}fuﬂuu"]qﬂ%uﬂﬂ@:ﬂiﬂﬂﬂ‘lmlﬂmﬂiﬁi‘ﬂﬂ

o - Y =)
funs lanaiowiia

4 o = d
ﬂ'li'l\ﬂ‘ﬁ 2.6 'ﬂ%ﬂﬂﬁ$ﬂ8‘ﬂﬁ]f}\1ﬁﬁﬂtﬁ'ltlﬁ'lﬁ]ﬂ'lﬁ'lﬁiﬂﬂﬂ-tﬁl"ﬂﬂﬂ pH 5.8

looou ANududY (me/l) 519
NO, 12.2 N
NH,’ 2.2 N

HPO,” 2.2 P

K' 5.2 K
Ca" 6.2 Ca
Mg 1.5-3 Mg
S0, 0.7 S

H v H
M13197 2.7 141N 1 milliequivalent (me) Y3519 1HITHANINY IUE3AZA185190INTS

519/01ya Emﬁﬂﬂmaw?aimaqa Tnau yiminde 1 me
(mg) (mg)

K 39 1 39
ca” 40 2 20
Mg 24 2 12
NH,’ 18 1 18
Na' 23 1 23
NO; 62 1 62
H,PO, 97 1 97
HPO,” 96 2 48
so,” 96 5 48
cr 35 i 35
co,” 60 2 30
HCO, 61 1 61
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8 hvqw o - ¢
TumssmouilldlFesnlsynevvesdisazarusinemisaugasves Tnda-asud

(Coie-Lesaint) [4] AiinnududuvesTulasiou 12.2 men uaziia pH = 5.8 uuiludeoialy

; = 4 g 5 o
MR )snuseems Fmsazaesngomisgasiszmnznuiyinuas 1daen 15

o o I3 a o 1
dszaunaq ) esndsznovvesmsazaivsigoinms Inda-arua uaaslum1snem 2.6 [5)

4 ' a o ]
(10a9InAIANTUTUYDIEITALA18TIAD IS IADA-auAYE DN TUN L8 men Tu

' b 9
mssnuduiiudeadioum me voesgoms IidumisniiminTasmsgudanimiin

' ¥ v [
A0 1 me ¥835190MIsA0MNINlumaed 2.7 3] Tumsnuiminvesijoidesldine 1w 1d

R =
51801113 I me ﬁ]gclslfﬂ’ﬁ]’]ﬂﬂ'ﬁ’lﬂ“ 2.8 (5]

= o a4y ¥ A q g Y
M319M 2.8 1hminveeijondoald (mg) e l¥ 1851901115 1me

Foi]y qAINIAA] ﬁymﬁ'nimaqa YMiTAde 1 me
(mg) (mg)
Ammonium nitrate NH,NO, 80 80
Potassium nitrate KNO, 101 101
Calcium nitrate Ca(NO,), 164 82
Ca(NO,),.4H,0 236 118
Ca(NO,),.H,0 182 91
Magnesium nitrate Mg(NO,),.6H,0 256 128
Ammonium dihydrogenphosphate NH,H,PO, 115 115
Ammonium monohydrogenphosphate | (NH,),HPO, 132 66
Potassium dihydrogenphosphate KH,PO, 136 136
Potassium sulphate K,SO, 174 87
Ammonium sulphate (NH,),SO, 132 66
Magnesium sulphate MgSO,.7H,0 246 123
MgSO, 120 60
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d. Hq 9 3 J
MINNN 2.9 asanlsdseneunmsaiuimesntlse NOUVDITITIATDIYUTINDINIG

At floildnodas
(me/l)

K* | ca” | Mg" | NH, | HO | NO, | HPO, | HPO,” | SO,
ATz 0.05 | 35 | 055 0.2 0.6
HNO, 34 |34 3.4x89x 107 =03 ml
H,PO,
NH,H,PO,
(NH,),HPO, 22 22 22X 66= 145 mg
Ca(NO,),4H,0 3.12 3.12 3.12x 118 =368 mg
KNO, 5.48 5.48 548 x 101 =553 mg
K.SO,
MgS0,.7TH,0 1.23 123 | 123x123=151 mg
Mg(NO,),.6H,0 |
NH,NO,
woswiavun | 553 | 662 | 178 |22 |34 | 122 22 1.83

TunsdumazdananIimanududuves No,, NH, uaz HPO,” nsi fie 12.2, 2.2
o w , y 9 & = vy '
wag 2.2 me/l MudAy  daanuduIuveIsIgomsoumusalasulaslate  ua
8318715 00AZV0I K : Ca : Mg 92ABININ 7D 39.6 : 47.6: 12.8
¥ ¥ 3
Taoludidiodnell  159denIsmsoudIsaza105 IR INiNesRlsenaudsil
K =0.05 me/l, Ca” =3.5me/l, Mg =0.55 me/l, NH, =0 me/l, NO; = 0.2 me/l,
H,PO, = 0 me/l, HPO,” = 0 me/l uaz SO,” = 0.6 me/l 35M13 IABIZITUMINANAIAI A Y
v Y
A15190 2.9 [5] iluddudaii
¥V .
1 iAnmAaszdieslunni 1 lumiioves me
2 1d1 2.2 me ¥93 HPO,” waz 2.2 me ¥93 NH, asluvosvos (NH,),HPO,
v ¥ v
3 minmanaaeslivm pH veniilasmsness unsauazian pH veuiiiaou
1 . v ¥
nudunedsua pH 1414 5.8 vzdealdnia 2.4 me (pH Gudu = 8.3) luhilld nsa HNO, u
¥V
M35150A1 pH AWANAT 2.4 me 2311102 HNO,
E; ' 4 dyd n’ 1
4 M3 1% (NH,),HPO, ldaslumsazaw uazitiesninindeiitigniiluaie wald
d’!’ 1 1 9/ a 9 3 A Y
pH V99e15aa10g9U 1Npaaf1 pH 9zdouaunsa laudosldnsa HNO, Ime/ ioudnauy
{Wluarsves (NH,),HPO, #11% 2.2 men
ke v ¥
5 1d NO, sianuaiuduau 2.4 + 1= 3.4 me 1dan 3.4 asluuna No, ifiosnnluih
= -y A = Yy a a
HoyYa NO, 8gud) 0.2 me tMdooyya NO, NazAouavaslldn 12.2-3.4-0.2= 8.6 me Tay

[

glalugiues caNo,), naz KNO,




dnipnomyanan NIvsuHInAIAN Iz -

4 ' = a o [ 2+ +
6 o ldoyya NO, 8.6 me lugiveundennarnudrfvailumsld K, ca’

SWFUFIU 8.6 me A0 1HipavIn Tl (K) = 05 + (Ca¥)) = 3.5 = 3.55 me Fas2uanunee
fica” swiuk’ agﬂlumsazmﬂﬁwuﬂ (VA 8.6 + 3.55 = 12.15 me

7 1iipenndnsidiudevazuns K : Ca : Mg lumsazawazdeaniiy 39.6 : 47.6 -
12.8 wioilonniilu % ¥4 K : Ca = 30.6 x 100 /-(39.6 + 47.6) : 47.6 x 100/ (39.6 + 47.6) =
Ca =455 : 545 dulumsazaoesd
K'=(12.15x 45.5) / 100 = 5.53 me 151124993 KNO, A ldazmfiy 5.53 - 0.05 = 5.48 me
Ca®* = (12.15 x 54.5)/ 100 = 6.62 me US10¥83 Ca(NO,), H1d 9117 6.62 - 3.5 = 3.12 me

g lda 548 luresgadassnnauuiueuues KNO, fumnmves K iz NO,
AUAAL

9 Tlam 3.12 TugeegannsznIaULILBUYBS Ca(NO,), fuuRaves ca® uaz NO,
MUAI

10 dn51dImsouazun K : Ca : Mg 92A0 UMY 39.6:47.6:12.8 (iofadiu % voa
WA5INYD4 K + Ca + Mg) Tud1sazaiodl Ca = 6.62 Futuazdoald Mg = (12.8 x 6.62) / 47.6 =
1.78 me Mg Turid Mg 9gua 0.55 me darfuaedoaldiitusn 1.78 - 0.55 = 1.23 me 1dTu
31¥03 MS0,.7H,0 Tam 1.23 TuweagadnszninanuIueuyos MgS0,.7H,0 funIRwes
Mg" uaz SO,” mudau

11 Wasmves SO MavuaTlaumify 0.6 + 1.23 = 1.83 %aﬁﬁfnzqamhfiﬂuqm
asemsanies (15 men) udiludiiieglugeildld Aeanududuves sof Tu
M3azawdnsndl 1804 2 me/l

12 lunsdwsdSinumsidesdd @Godny) lunswioumsazatn 1 ans
anmlavguinia me vosrsilFlundazunidae thmindlo taznsait 113 lumsad

¥ ¥
2.3 wog 2.9 laauvarilunuidwesresgaine

2.8 ﬂ‘l‘ilﬂ%ﬂﬂﬁ“ﬁﬂzﬁ]ﬂﬁ]ﬂﬂ]ﬂ]i
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nasnAnIlsinavesmsag ideudinaslniuiemionaisazaiosinomis
v ' ’
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Y Y wd
215021851901 SIVNTUDIN 1
¥ 3
Apamhimswaumua N UTUA
¥

1 a2 ams

2 ldnsa HNO, nu)sinundesldinelsy pH vosmsazaiw 995 das 1H1A pH =
5.8 swiulSinauieudanuiluduiiesnanavesils (NH,),HPO, 1indiedialyd HNO,

¥ ¥
(53.5%) = 0.305 Hanans APENITAZAIWEIABIMIS 1 ans aniuldnsaninua 995 x 0.303 /
1000 = 301 HodaAs
v . w g
3 ldfjoeaesananualugi (NH,),HPO, = 1,000 x 145 / 1000= 145 n5u (Jutidoa
¥
azanwluiin 1 Gns neuwaw)
[ 3 '
4 ludei 1 dewld N, K, Mg Tugives samla, Tuwsn, Womwa, wenTuiloy N
:J " " ar ;y ' - =1 o aan o
azawlnhnounauua ludaiiy ldunadoumaaniamszesinlfnsonunomia
nazsaaIuanaznoy
v i v
5 luntiezld KNO, TudandFina KNO, #ldny 1000 x 553 / 1000 = 553 N3w
- ' ' v a8 A £ i - | EIEY)

(mieorauuald KNO, Tudstins aviauazuialdaem 2 onnsanilala)

6 et MgSO, 11111 1000 x 151 /1000 = 151 N3 %

14 b4
7 ldyasinemmsnanualudail onduman
LY 14
g @il 1alSas 5 ans aumsazawlikauiud  pH vesmsazarwludail

¥ o '
CFADIFNI 3

1502018519911 SVHYHIIN 2
ABIMIMIHAUMINAIRUA ]
¥
1 a2 @as
1 A @ uv @ c:y = c:'s:yal 1
2 ldnsa HNO, me1l5u pH vonirludsil (5 das) Tuitidesld 5x 0303 / 1000 =
1.51 4aaans
' aa = J o o a a"y : a
3 ldflenlunadouiuesdtsznouimualudedl dviidesazawlui 12 s
v ¥ ¥
neu) luniisivzazaivile Ca(NO,), 319U 1,000 x 305 / 1000 = 305 N3y lurh 1.2 das
[ : 2 | o
nasnniudanlaludam 2
' =~ n’z‘ = s g Y a0 =1 ' [ =
4 lamannanualugdfian (chelate) ns1ilFaziiadunauvounanagluyie 0.6 D
a a w 1 a c;dy | 2 = = a a o =) [ c’:
2 ilnanfuaeans luntezlalugy Fe-EDTA (6% Fe) Heliman 0.6 Uaaniuaoans favu
T < 3 3 o =
doaldmanlugy) Fe-EDTA Wanuailuiuau 1,000 x (100 x 0.6/6) / 1000 = 10 A5y Tauh

o =] oy a v
ﬂﬁﬁﬂ@u'llﬂ’]ﬁ]'iﬂi%ﬂﬂﬂtﬂﬁﬂa$ﬁ701uu1 1.2 apsnoy
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¥ - "
5 wnihasludsldnsy 5 ans auansazaisidniud pH vesmsazawluden 2 oz

] ] =
agluy134 096

- o A A o ¥ o - Y ' oYy
Msazawiiaentiiieszii 1% wximsitenaludasiadiu 1:200 wudidesns
1¥esazarusigemisiy 500 ans deel¥msazaroninemaiiududei 1 uazden 2 deay

M (1/200) x 500 = 2.5 an3 nazdsulsuas Taaauii1vasy 500 Ans

2.9 MINTIVABVNIAZNEFINOINIAEN 1A

ndmninioumsazmoad wdsuiudesiiniaitsaeunasazawi g pH
wazAnusudy (E0) Wi landisdasmswiolu

1 M pH vosasazawh 1dvedne|d)seuin 5.8

2 AU AY AT IR0 NS ﬁawasamaaayy_aﬁﬁﬂgiuﬁ"ﬂuﬁyﬁmﬁu

- oA 9) £ o as & () o b4
oyyavesijonazniaildimudhhl Feiaiuniuveaniedoins annsaduanldnngas
. QO
EC = -Lm (2.1)
K

i EC Wumanui v (Electrical Conductivity : mS/cm)
¥
Q Wuanududuveseyyaismualumsazais (g1)

" ¥
K iflusinafioglugas 0.8 i1 0.9 Yusgiuriiavesoyya

91nA29619NNA A Juaeudy  asaihnduasaa i Indhves
v
MIazawngems  nnmnnududuvewaswveseyyananua lumsazaio laoim
. v '
anmduduvosoyyanna1sed 2.9 nazthminauyavesoyyaninamnei 2.7 inlddmaw

Hana lua1319n 2.10



v ¥
[ 3y 9 o
ﬂ]‘ﬂ»ﬂﬂ'll 2.10 M3na EC i]']ﬂﬂ’}'l‘lll‘ill!‘\J‘LJ‘U‘ENNﬁ‘i'JiJ‘l.lﬂQBiﬁ&ﬁﬂﬂﬂﬂﬂiuﬁﬁﬁxﬁWU

20

GITHT ANUNTY (me/l) ﬁymﬁﬂﬂmgammwga (mg) | ANMYUIY (mg/l)

K' 5.53 39 215.67
Ca’ 6.62 20 132.4
Mg’ 1.78 12 21.36
NH," 2.2 18 39.6
H,0 3.4 19 64.6
NO, 12.2 62 756.4
HPO," 22 48 105.6
s0,” 1.83 48 87.84

Wa3 'mmmmggaﬁmuﬂ 1423.47

(130 1.423 g/l)

A1 EC 1A UNINY 1.423 /0.85 = 1.67 mS/cm
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¥ b4 [
Tuidetiosuofmguiugiuaeg  NReITeIRUMIAILNAITAZAI0EIADINIS
é 1 o o ' 1
FanantnnudIAYYeINITAILANMIAZA105 oM MInduguamnuilunsaiiuie
YOIAIALAWTINDIHIT MIAIVANMIANUINIUYRINT Az M uazgduuuns

AIUAUTITOCAIUTIADINIG

3.1 ﬂ)1ﬂﬁ1ﬁﬁllu"lfﬂx‘lﬂ1‘iﬂ3ﬂﬂﬂﬁ1ﬁ aza1gn1n01nIg

°

d'a = o ydn’: 3 4 o o
mannsvzsy@y Inlumsazawsigenms lwanu  azdoalszneudlvileduding

3152n13A0

8
s o A

1 b ldmaudumsazawnae s tsiioawe
2 HOBNTAUBY INIIND
3 ﬁﬂ%’mmm@mmsﬁmm:ﬁu
“lumimuqﬂﬁﬁﬁ?mmﬁmam1sﬁmmzﬂmfu iilumsduiumsinuadostiy
msmugumnnuiunsailuae (pH) vesmsazmonoms  uazAianudutuves
misazaiwnges lasTannmiaauni i (EC) vesmsazaw  ielisansogald

51901M159INT 1AL WTIN0INIG 19A

3.2 msmugumanmiunsailumavesmsazaesinems

Tunmsaugumanudlunsailuae H)  vesmsazawsigeIMITa IO

¥
r=1

poniluiadenan 1ddg

3.2.1 MNUDINSAIWANAT pH YDIA5ALAIUFIADINII

Muns pH Huwiemvesnnudunsatluaavesasazats Tas pH = 7 wiona
msazaeianuiunais /1 pH Aidind 7 fehmsazanaifunse naza pH figendt 7 de
Nmsazaoiuaig

4 e 3 o oo [ v

dinsnnmsazawininiidudnaiianuwdunsa  nane uazeiaiuszdes
Ysznevuduleeouveslalasiou (Hydrogen Ton) 3o [H] uazleoouvesleasonlas

(Hydroxide Ion) W30 [OH] agimuaiﬂu
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looouveoslalasiou [H'] wwuennsnnudunsalumisazaw
losouveslaasenled [OH] szvendennuiluaalumsazawn 25°C

amududuves [H'] uaz [OH] guiiuez 14 10™ Tua/dns fnfu
[H*)[OH ]=10" 3.1)
yuAeRnanududutes [H) ez [OH] iy seiimamtudugai
[H']=[0H ]=10" (3.2)

=

d. k) 3 3 e s - = 9 a8
woldmsuanawaiinlaldielao luiadaay S3iimsaadsnis lasldmaonmany

o Aot o o o 1 a 1 (=Y
(Logarithm) ¥o3tav31u 10 shlianududuniimduiumdsavaunsadiouniua ludaay

18100

p = power = —log (3.3)
pH =—log[H" | w50 pOH = —log[OH ] (3.4)

Inaumsh 3.1) fez 14
pH + pOH =14 (3.5)

Y M
Aniu pH veemsazaovziiiioygszning 0-14 a1 pH 01 7 denasazawiinuilu
naNa M pH @101 7 Beimsazaroifunsauazm pH Ngandn 7 dehmsazmuiluaianie

I

A =1 1 et [ u’/’ =1 o 3
1IN s o mMIsHudor 1nnleglumsazmesigeimistus nwsezgai 114

= gd o P ' a @ >
UszTonildmndouiioslanyuium pH Auenaisiuly danius pi Tuansazawezily

Anven linaufisnnumusovessiniezgasigemisatg neglumsazaesigems 1a

@

Tagdmsazawiia pH 1d1 sz linygasmomisnansy Weavesa TwunmGou waz
QA5IABIMIT TN uAAFuN tazunnidou lddesas Tumendusudiansazatolia pH #

o q ¥ , 4 o o a nwyy =]
ga i lvdygasawIngas sy man dinzd nesuas wazuusmiialdvosas aui

uaaalugin 3.1 (8]
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CALCIUM

4 c:; " 7] = 1 Y
3N 3.1 Anwaunsovess nigasIqemsuaa g o 1dn pH Nuanaiany

3.2.2 aunani1ia pH nlavunlas
QRGN pH  lumsazawsmemisamnsandoun)asdIdninnavaumadu
A = - v '
111991191NN 15 NS INNFAAS OIS lumsazawsIgemisudalaailaos lesouves
+ o " ] °
lalasu [H] uazlesouveslansenled [OH] darsazawsimemts MW pH
nlasumlas @
1 Wygasinomisiil leseuan isu luwsa (NO,) Famla (S0, Womwa
2 " 4 - [ ) -
(P0,") udnlanildoslooouveslansonled [OH] gasazawsiaomsi ldmsazaeiim
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minlSoufsumayssouzyssmsiinudolmsasunamons navesmsazaw

wWudumoldgiuuonaztoulvildlumssassmsmauinmua

5.1 sUupunlFlumsdraeamsiam

TuMsANEIN3 $109MS NI BN T0UEYDINTZUINMIAIUANIITOTHIT
R muagduuuildlumsinemsiinn] 2 929 dail

1. $1009M5IASLUMITAZAIUEINDINII

ﬂm‘immnﬁﬁnmiu‘haﬁyﬂmi‘lumsﬁmaam’%’uumsa:mumﬂmmsmnﬁ'mﬂfh
we 185 manududu uagmanuiunsavesmsazarwsimomsmusuthmuoi
ADIN3 Tﬂumﬁﬂmgn’nﬁ”nimﬁyﬁnuax'Jﬁaihumia:muh’fm’fu

2. $1899IMINIVANITALAIVFIADINIG

ms$raesmsia ludnsasivdunsaesmsialugasiidesnmsnion
MsazawsIems  ieszumiimsaioumsazaioad wdiieineamsarugumsazai
muldfeulunsguswmsazaelilFon  Fohlimsazawinsnlfounlanfue m
arududy  nazmnnuilunsavesmsazawsigemts  lunsaaugudauiisziins

¥
v e a ad 1 i
ALNUNAINONAY AW WMIAzMTNTY ez NAWMIAzAWNIA

5.2 fmudsimugulunmisdiasamsinau
daulsinugulumsnaassiiasamsnavesszuuszutseoniiluasanqueail

5.2.1 aanlslunguanthhminedideanisfiimua (Setting Point)
' W
fausilanuguludiuiiszisznoudau

1. smamsazawsigemsnniugu
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lumsnaassdrassmsian ldsmuaszdvlSnamsazawiinaugy
101137 10 A

2. manududu (EC) nazannuiiluninmig (pH) ¥89a1592A1051901113

lumsnaaesiiasmsiaul@idon uanar  Juitsilfnduiedsly
mimm)uminzmmmmm‘ssﬁa“l%’ﬂqﬂ Tavnna1seit 3.1 agwuiuasndiiinnudeanis
msazmwifinnududu (EC) oglugae 1025 msiem waziiamnilunsadie (pH) o
lug2s 1.025 Taolunmsnanesiddmuamanududu (EC) vesmsazaw' 13 1.7 mS/iem
wazmnnuiiunsasa (pH) vesmsazain 137 5.7

Tﬂuﬁmﬂﬂmhuﬁyﬂ:ﬁmuﬂfiﬂum‘anﬁuﬂmamﬁﬂﬂismmmmﬁ’mﬁmuau

' = o ' =; o Qs n:s'
HUIWBUNNIDINHN ﬂ’}‘i"lﬂ'l“r‘iuﬂiuﬂ’]‘iﬂﬂﬁﬂﬂl‘ﬁullﬂﬂ\‘lﬂ’li’lﬂﬂ 3

ms1an 5.1 awls lunguanthmneidesnsimuanaunuiazmnimua

Funlsiinrunu Mfifmua
seavldsmmsazaiy 10 Liter
maNududuveImszaln (EC) 1.7 mS/cm
manuunsafvesaIazaly (pH) 5.7

5.2.2 swnlslunquans$iapamanisel (Simulate Setting)

dusildaauquludmiisaiuduiioglundh lusunsuvesadruiniuguains

o ¢ & 9
IDAUNANITNU Fa9z1lsznovnu

1 =Y o : a
1. AW IUIMDTUDIUIAY (Water)

Tumsnaasatraeanmsniiau1ddimuan1onsinis Iva (Flow Rate) 19214

Wuduniemnamni i (Ec) wazamnududueyyansa 1idwmsiedi 5.2

' ¥ '
4 - o o o 1 o
ﬂ]iNﬁ 5.2 MWITTURDIVDIUIAVLUDSATINNIHUA

A3 1TAB F U0 IAY Affnua
9A31Y09NT IHa 0.1 Liter/Sec
An i1 WA (EC) 0.2 mS/cm
AU oyYansa 1.25 me/Liter
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' a o .
2 WIS INIRDS UDIAIT Az A LYY (A+B Solution)
Tunisnaanssiansmsiiau ldiinisidendimuamonsinslva (Flow
Rate) 19113 3 A1 o1 ldgadoyaSoufounu 3 g0 1dmivlumsulSeuiivuaussous
a0 ° ' ' [ A ° ' T
VDIFTSTVUUNNINITIIADY mummmmuwmammmm'lﬂ% (EC) uagmaNuvuyu

¥o ¥ o o
ayyansa lanmualidemsei 5.3

. ] a 4 0 d‘. o
A13197 5.3 AN RO VDITT AL AUIVUIULAZATNNIHUA

i

1 =Y o " A e
ATWI TR BT AINNIHURA
Yy ] — ¥ P ¥ a
YDIMTAT VYUY YAVDYAN 1 YAVDYAN 2 YAvOYAN 3
5ﬂ'iﬂlmm'irlﬁ‘s‘l 0.001 Liter/Sec 0.005 Liter/Sec 0.01 Liter/Sec
AR (EC) 100 mS/cm 100 mS/cm 100 mS/cm
Fhﬂmmﬂm'fuawansﬂ 110 me/Liter 110 me/Liter 110 me/Liter

1 = o
3. MWD UBIMITAZAIUNIA (HNO,)
lunsnaassdiaesnsninu ldfsmuaaonsinis Iva (Flow Rate) 71014

Wudunseninnh i (EC) uazawrudndueyyansa 13dimsieh 5.4

4 ' o o | e
mﬂaﬁ 5.4 mmsmmawmmsa:munimm:m'ﬁmwuﬂ

AR VDI TAZAUNIA Affmue
8n31U9IN15 Ina 0.001 Liter/Sec
mnnuh v (EC) 0.2 mS/cm
MmaNuIduduoYyYyansa 110 me/Liter

' a de :‘

4. mWswesassmsiasuuilasvesaisazai

lumsneaanidiaesnisiianuldmmuasasinsanasveslsuinues
41582800 OATINITAAAIVOIANUTUTUVDINTAZAN  LALDATINITARAIVDIAINIY

Wudueyyansavesmsazaiw 13dans1an 5.5
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4 " =) oo - | A o
ﬂ'lﬁ'l\i'?l 5.5 ﬂ']W'li’lllmﬂi‘Tl'Iﬁﬂ\iﬂ'lilﬂﬁﬂuuﬂﬂﬂﬁlﬂiﬁ1'§ﬂ$ﬁ‘]ﬂllﬁ$ﬂ1ﬂﬂ’]ﬁuﬂ

Awisimedsansmsalasunlasvesmsazae | Affmua
a3 INsanasvedsuuvesdisaza 0.01 Liter/Sec
8R3INIAAAIVEINNUTUYUVDITITAZAW 0.001 mS/cm
snsnsanasvesmanududueyyanIAveImIsazaY 0.002 me/Liter

5.3 aUIIDUZUVBINITUIUNIIAIVANAID1HII

TumsmaussouzyeInsEUIUMsSAILAUMIsOIMISTIiIaue  ax)szneudions
MITABINIMNUAOMIAMAUTTOULYDINTZVIUMIAIAUAI OIS gUIUUR TR
fmuall 2 929 warmIsnSeumoumaussouzyeInssuIumMsnunauaSsuneuny

¥ ¥ " ¥
FBsuuuRug Y Aafuranisnaassi lavaiseemilu 3 aeudail

5.3.1 WamMsnAand luNIIIIABIMSIATELAITAZAIUBINDINIS
Tunrsnaaeessiaosmsniau ldaninsidendimuanidnsins Ivavesmsazain

Y ¥ Vv ' P 4 o quyy o o o
HJU‘UulEl'l"l'J IATAIWAITINNS.3 WQ“11ﬂ1ﬂNﬁ%']ﬂﬂ'liﬂ'lﬁﬂ\‘lﬂ'l'jﬂjﬂﬂﬂ 3 Yn Adu

=1

gadoyan

@ ") ¥ - "
muauoa Inavesmisazmoiudulin 0.001 Liter/Sec wamsiiamves
M3f1aBINsAsoUMsAZAWHIREIMISHAAIUR 5.1 MausInusYeINITIanIms

INSUUAITAZA VT INDINITUAAIAINITIIN 5.6

M13199 5.6 AAVTTOULZVDINITIIADINIATONAITAZAIWFIFNDINITVOIYATOYAT |

AERITIEGH ﬂ'v'fimuqu'lﬁ ANUMAAADY
syvznan 1y 3.30 min .
Usuumsazaw 10.356 Liter +3.56%
AN 1.735 mS/cm +0.21%
annuiunIAA1g 5.6906 -0.16%
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| =——Volume (Litres)|

| =—EC (mS/cm)|

3N 5.1 mamshauvesmsinesmsmisumsazarusigemisvesyadoyai 1
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AAUdAs1 Inavesasazmodudu1in 0.005 Liter/Sec HansIIL0a

M3HIADINTINGBNTITAZAWHINDIMITUAAIAITUN 5.2

M3 UUAITAZAWEINDIMITUAAIAIAITIN 5.7

AANIIOULYDINIINIADINTT

M13191 5.7 MAUTIOULVDINITIABINSIASONAITATA WD INOINIIVBIgATOYAN 2

! WIS A0S annuaula ANUAIANADU
T aq ¥ :
52uzIN 19 1.45 min -
YSuimaisazae 10.065 Liter +0.65%
AMANUTUYY 1.8362 mS/cm +8.01%
amanuilunsaaig 5.5742 -2.21%
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(> 3 |
2 ;
14 |
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£
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E N |
1S, —EC (mS/cm)|
=
‘ 0 = B =
s S 03’ e'” DL [ I
85T o'e e'e &5 ,@"‘ 27 o o
Time ‘
10 -~ —— — o
IRRRRRRRRERN
8
E 7 . B S SR RSN Y, .
‘ J
Q. R SR SIS D S . B—
T T . ST . . . R N N NN SN R
.39 .5‘.? .5!9 .59 ‘§ ,-.@ ‘fe .._d’ ';Q ‘Sf ‘5@ ‘9\ ‘9\ ‘9\ ‘9\ ';9\
Time
1 —szuus o
e ] . : - ! |—Wator Vah.a|
& i ' A8 Vahe |
- i ——Acid Vahe |
! ) ) ) | s Pump
& P P oA P é' vP LU R - Y |
-9'? -? e & @ e RN FO P S
Time

3UM 5.2 wamsihinuueanisiiaeansvs s aza1usIRIMITYBIYAYEYAN 2
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LY =

gavoyah 3
auguens lvavesmsazaedudulin 001 Liter/Sec  wamsiauves
MITINDIMIIATONTITAZAIWHIADMIUAAIAIIUR 53 MaussouzveInstiannis

INTOUATAZAIWHINDINITUAAINIAITIN 5.8

M15197 5.8 AAUITIOULYDINIS$IADINITATUUAITAZAIWDINDIMITVIEATOYAN 3

i RCRITI ﬁnﬁﬂ’mﬂn‘lé’ ANuAIAINAEY

szuznnle 1.45 min -

\ Ysinmmsazanw 10.08 Liter +0.8%
AnNUITUTY 1.9821 mS/cm +16.59%
AMANUTUNIAA1 5.4469 -4.44%
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Time
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E
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g '—EC (mSicm) |
)
W
| o : O S : ,,;,7,‘ :
2 \9 o B »
& f.& o w"p e‘a a & 9'?-9 & @""e"?@ |
|
- Time |
10 |
[ R e o L .
8
a7 —pH |
[ T A DS S . (s
5 |
_ 4 | DN S ‘ : ‘, i ,‘ S
[ "? 9 t'P 0? d’ L L
t? \‘P'p i‘ \‘P i‘ h?’ 9 09 ﬁw‘. i’ G‘ . OP ‘9 0? & OP
; Time
|4 - ! 7(-——Staus
ig —Wuer\-‘al\n]
2 ——A+B Vahe
- ‘—Acuvm i
° T | ——Pump 1
N
\'P P \9 P \P 9'?9&9 9'*9 9 9#9@@@ f?",@n?@
Time

3UM 5.3 wamshnuveamsdineamswssuasazawsigeImIsvosyatoyai 3
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5.3.2 wamsnaaedluMsiIaeINIsAILANAIIAZAITINDINIG
lumsnaasssiaesnmsihau ldimsidensmuanidnsims lnavesamisazae
v ¥ Y ' = 4 o ¥ °
Wudue 13 3 M1 awe1s1ei 5.3 dahld ldwaninmssiaesmsaiuauaisazaiusineImis
¥
3 gadoya Aall
gAdoyad |
Auaueas Inavesmsazmodudu’lin 0.001 LiterSec wamsiianuves
MIIADINITAIVAUAITAZAWEIROMISUAAIAIUN 5.4 AIANITOUZYDINIIIIADING

’ﬂ')‘]jﬂuﬁ"liﬁzﬁ1ﬂﬁ1ﬁ]fﬂﬂ"I‘itlﬁﬂﬂﬁwniNﬁ 5.9

M1519N 5.9 'fi'lﬁl]iiﬂux‘uﬂdﬂﬁ'ihﬁﬂdﬂ’ﬁﬂ']‘Uf]i.lﬂ"liﬁzﬁ’l&ﬁW]?ﬂHTﬁ‘Uﬂﬁgﬂ‘ﬁﬂl}”ﬁﬁ 1

RERITGLH minauayle AUNA
Agaqa Adan Aundy oy

Ysummsazaw 10.356 Liter 10.005 Liter 10.158 Liter +1.58%
ANy 1.7290 mS/cm 1.6567 mS/cm 1.7088 mS/cm +0.52%
AAnudunIAA 5.7333 5.6431 5.6771 -0.40%
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1" [ |
10 t
9
|
|87
(< e .
[ ——Volume (Litres) |
Es . e (Lires)|
| : |
84 |
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s |
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P . R e e e L
E
Lo
‘g ——EC (mS/cm)||
e
;I.I.l 14
D 4
&£
4
| |
[ - B J
10 === N
’ ...............
a ,,,,,,,,
|—pH
i—Stalus -
——\Nater Valve
—A+B Vahe |
| ——Acid Vahe |
Pump |

JUM 5.4 HaNMIMLYBINITTINDINIAIVAVAITAZAIWIROINITVOIYATOYAT 1
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v P
yAvaYaN 2
o yé e o
AWANDAT IMavesdisazarududu 1 0.005 LiterSec wamsiiauves
M1591809NIAIVAVAITALAWEINOIHITUAAIAIUN 5.5 MausIauzveInIssiaeems

ﬂ’J‘UQiJﬁ"l'i'ﬂt'ﬁ"lﬂﬁw‘lﬂ'lﬂ'I‘i&l’dﬂﬂﬁﬂﬂﬁ'lﬂﬁ 5.10

M15191 5.10 MAUTIOUZVDINITHIABINITAIVAVAITAZAWEINDIMITVDIYATOYAN 2

wisiines mnuayld AWAIA
Agaqa Md1ga | Aundy indou

Ysmnumsazaw 10.299 Liter 10.005 Liter 10.156 Liter +1.56%
CACRRIEATLAT 1.8417 mS/em | 1.6601 mS/em | 1.7698 mS/cm +4.05%
mmmﬂummha 5.7369 5.5677 5.6512 -0.86%
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—Votume Lires)|

3

EC (mSlcm)

-

—&C msiom)
$ H P S P B N e O
h°\ h& \-Q"5 h‘e. .-S’ u@ u‘P bo \-6\
Time i
=
o

i g g g & d 3 > &® »
" N x : o : A
O O A AR
Time
AR 4
‘.5 »

307 5.5 wamahauvesmssiassmsniuguasazmesIgeIMITvesgAteya 2



¥ o
Yadoya 3
aunudas navesmsazaodndu i 0.01 Liter/Sec  wanisiiauves
AAUITOULVDINIITIADINIS

M3§1803IN15AILAUAITAZAWTINOMTUAAAIUN 5.6

AIANTITAZAWEINDIMITUTAIAIAITIIN 5.11

M99 5.11 MAUITOUZYDINITIIABINTAIVNUAIIAZAIUH IO IHITVIYATOYAN 3

78

NRERIIGEH miinuanld ANUMA
AR mdgn Ay niow

Yimnumsazaw 10.302 Liter 10.002 Liter 10.156 Liter +1.56%

CRAGERIL Y 19852 mS/cm | 1.6574mS/cm | 1.8421 mS/cm +8.36%

manuilunsaaa 5.7422 5.4400 5.6052 -1.66%
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|
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310 5.6 wamaauvesmssiaesmsmuguaIsazaIesIRe I YRIgAToYaN 3
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5.3.3 wanmsiSoumoumMaNsIoUSU0INIT = UIUMS M auenSsuMounuITNS

¥
HUUWUIY

' v
TumsulSoufsumanssouzvodnszuaumsninausiu ld e aussouzveans

muRuMsazMsIResmugadoyai 1 S suifieuiumaussoui 1dnnituuy

3’ " ad J : Y o Y d. [ ey
wug Tasaraussouzandsunuiug iy ladvualiinsnldounlasesmgueania

ummsazmumumﬁwﬁ 5.5 Fhi'fll‘i'jﬂu:'ﬂﬂdﬂ‘l‘iﬂ?lﬁ}hﬁﬁﬁzﬁTU'ﬁW}EJ'IHTi‘UﬂQ%%HU‘U

g 4 o = ¥ b ° Y a
AugwitinnSouiouezsznoudivgadoya 2 1a Tavyausnazimualiinmsay

MsazamoliulSinas anududu nazawnuilunsadnvesmisazmenng 3 Wi

dndoyagaiiaesszdmualiinsdumsazaoiiorivliuns anududu uazminam

Wunsaaauesmsazawnng 1 uIn #anf5ouMouveINsNMsAIUANTITAZAIWEINDINIT

uaAsnazUn 5.7 uarANfSouMoUaNITOUZYBIMIAIUANTITALAIVTIRDINITUAAIAY

=
AT NN 5.12

M13197 5.12 WS 0UMBUM AN TOUZYBINITAIVANAITALAIWEINDINIS

o L4
WITWIRDI

HyuNiaue

(Automatic)

a
HUUWHTIY (Manual)

Ysuamn 1 un

Ysuamn 3 uin

A1 10.356 Liter 10.000 Liter 10.000 Liter
SIERTRLY fhrr?hqa 10.005 Liter 9.430 Liter 8.230 Liter
QRPLELR Aumdo 10.158 Liter 9.715 Liter 9.115 Liter
AnuMAAdEY 1.58% -2.85% -8.85%
GRLERE 1.7290 mS/cm | 1.7000 mS/cm | 1.7000 mS/cm
Anuduy e 1.6567 mS/em | 1.6430 mS/em | 1.5230 mS/em
ARty 1.7088 mS/cm | 1.6715mS/em | 1.6115 mS/cm
ﬂ’J’]‘LIﬂWﬂLﬂ’aiﬂu 0.52% -1.68% -5.21%
Aaqa 57333 5.8140 6.0540
AA MA1ga 5.6431 5.7000 5.7000
Hunsais Aund 5.6771 5.7570 5.8770
ANUMAIREDY -0.40% 1.00% 3.11%
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agUwanmsIveuaz Yota ey
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Tuewnannudosmsiwignuuulelas Iniind (Hydroponics) eHUSImaunuIY
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& A 3 a =1 3 = o = ‘; 3 Y o o
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¥
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Strawberry in peaty substrate

93

Parameter Nutrient solution 1:1.5 extract *

EC (mS/cm) (25°C) 1.7 0.8
NO, (mmol/l) 11.5 4.0
H,PO, (mmol/l) 1.0 0.3
SO, (mmol/1) 1.5 1.1
NH, (mmol/l) 1.0 <0.5
K (mmol/1) 5.5 1.9
Ca (mmol/1) 3.25 1.7
Mg (mmol/1) 1.25 0.7
Fe (umol/1) 20.0 8.0
Mn (pmol/1) 10.0 2.0
Zn (pmol/l) 7.0 3.0
B (nmol/1) 25.0 10.0
Cu (pmol/1) 0.75 0.7
Mo (pmol/1) 0.5 z

a o @ v :
* n31eH lasanadagignai

Classification A




Strawberry in recirculating water
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Parameter Nutrient solution Root environment

| EC (mS em) (25°C) 1.5 2.0
NO, (mmol/l) 10.0 12.0
H,PO, (mmol/1) L.25 0.7
SO, (mmol/l) 1.125 2.5

1 NH, (mmol/l) 0.5 <0.5

, K (mmol 1) 5.25 4.5
Ca (mmol/l) 2.75 45
Mg (mmol/l) 1.125 2.0
Fe (umol/l) 20.0 355
Mn (pmol/1) 10.0 7.0
Zn (pmol/l) 4.0 7.0
B (umol/) 20.0 20.0
Cu (pmol/1) 0.75 0.7
Mo (pmol/1) 0.5 -

Classification B




Cucumber in rockwool (re-use drainage water) (LIRI9NNWALT)

Parameter Nutrient solution Root environment

EC (mS/cm) (25°C) 1.7 3.0
NO, (mmol/l) 12.0 18.0
H,PO, (mmol/l) 1.0 0.9
SO, (mmol/1) 1.0 3.5
NH, (mmol/l) 1.0 <0.5
K (mmol/1) 6.5 8.0
Ca (mmol/1) 2.75 6.5
Mg (mmol/l) 1.0 3.0
Si (mmol/1) 0.75 0.6
Fe (pmol/1) 15.0 25.0
Mn (pumol/1) 10.0 7.0
Zn (umol/1) 5.0 7.0
B (pmol/1) 25.0 50.0
Cu (pmol/1) 0.75 1.0
Mo (pmol/1) 0.5 -

Classification B




Melons in rockwool (Lmumqﬂ)

96

Parameter Nutrient solution Root environment

EC (mS/em) (25°C) 2.2 3.0
NO, (mmol/1) 16.25 20.0
H,PO, (mmol/1) 1.25 0.8
SO, (mmol/l) 1.5 35
NH, (mmol/l) 1.0 <0.5
K (mmol/) 1.5 7.0
Ca (mmol/l) 4.75 7.0
Mg (mmol/l) 1.25 2.5
Si (mmol/1) 0.75 0.6
Fe (pmol/1) 10.0 :
Mn (pmol/1) 10.0 -
Zn (mol/l) 4.0 -

B (umol/1) 20.0 -
Cu (pmol/1) 0.5 -
Mo (pmol/1) 0.5 -

Classification B




Sweet pepper in rockwool (re-use drainage water

2

Parameter Nutrient solution Root environment
' EC (mS'cm) (25°C) L7 3.0
NO, (mmol/l) 12.5 19.0
H,PO, (mmol/1) 1.0 0.9
SO, (mmol/1) 1.0 35
- NH, (mmol/1) 1.0 <0.25
K (mmol/l) 6.3 7.0
Ca (mmol/1) 3.0 7.0
J Mg (mmol/l) 1,125 3.25
l Fe (umol/1) 15.0 25.0
| Mn (pmol/l) 10.0 5.0
Zn (pmol/1) 4.0 7.0
B (umol/l) 25.0 60.0
Cu (pumol/1) 0.75 0.7
Mo (pmol/l) 0.5 -

Classification A




Lettuce in recirculating water

98

Parameter Nutrient solution Root environment

EC (mS/cm) (25°C) 2.6 2.5
NO, (mmol/l) 19.0 19.0
H,PO, (mmol/l) 2.0 1.0
SO, (mmol/1) 1.125 2.0
NH, (mmol/l) 1.25 <0.5
K (mmol/l) 11.0 6.0
Ca (mmol/l) 4.5 7.0
Mg (mmol/1) 1.0 1.5
Si (mmol/1) 0.5 0.5
Fe (umol/1) 40.0 40.0
Mn (pmol/1) 0* 1.0
Zn (pmol/1) 4.0 5.0
B (nmol/l) 30.0 50.0
Cu (umol/1) 0.75 1.0
Mo (pmol/1) 0.5 -

Classification A

* If peat cubes are used no manganese will be added, otherwise 5 pmol/l is advisable.




Tomato in rockwool

99

Parameter Nutrient solution Root environment

EC (mS/em) (25°C) 2.3 3.0
NO, (mmol/l) 13.75 17.0
H,PO, (mmol/1) 1.25 0.7
SO, (mmol/1) 3.75 5.0
NH, (mmol/I) 1.25 < 0.5
K (mmol/l) 8.75 7.0
Ca (mmol/1) 4.25 7.0
Mg (mmol/1) 2.0 3.5
Fe (umol/l) 15.0 15.0
Mn (pmol/1) 10.0 7.0
Zn (pmol/1) 5.0 7.0
B (umol/l) 30.0 50.0
Cu (pmol/1) 0.75 0.7
Mo (p1mol/1) 0.5 -

Classification A
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Tomato in rockwool (re-use drainage water)

Parameter Nutrient solution Root environment

EC (mS/cm) (25°C) 1.6 3.0
NO, (mmol/1) 10.75 17.0
H,PO, (mmol/l) 1.25 1.7
SO, (mmol/1) 1.5 5.0
NH, (mmol/l) 1.0 <0.5
K (mmol/l) 6.5 7.0
Ca (mmol/1) 2.75 7.0
Mg (mmol/1) 1.0 3.5
Fe (Lmol/l) 15.0 25.0
Mn (pmol/1) 10.0 5.0
Zn (umol/1) 4.0 7.0
B (tmol/1) 20.0 50.0
Cu (umol/1) 0.75 0.7
Mo (mol/1) 0.5 -

Classification A
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NUTRIENT SOLUTION CONTROL NETWORK FOR HYDROPONICS SYSTEM

Puttipeng Hemawanit. Suphan Gulpanich,
Vittaya Tipsuwanporn, Virya Kengratana
Faculty of Engineening. King Mongkut's Institute of Technology Ladkrabang,
Bangkok. Thailand 10520, s6061712:@kmitl.ac.th

Ithisuntorn Nuntagij

Faculty of Agricultural Techrology. King Mongkut's Institute of Technology Ladkrabarg,

Banghok. Thailand 10520, kniuthis

kmitl.ac th

Abstract: This paper presents a design of network used for control nutrient solution in
hyvdepenics.  This network consist of a computer and contrel units which are connected
together in form of multidrop network through serial communication via RS-485. The
computer is a supervisor working as a central menitor and control. The control unit
consist of microcontroller which is built-in with 4 data logger. sensars and onoff valves.
The microcontroller process the data from sensors and manage on’'otf valves in order to
adjust the pH and electrical conductivity (EC) of nutrient selution at there set points. The
control unit can monitor three inputs (pH, EC and temperture) and can control two ouputs
(pH and ECY. The control units can work stand-alene and work on network. When it
works in stand-zlone mode. users can control and monitor nutrient solution at the controt
unit. And when it works on network, users can control wnd monitor nutrient salution at
cach of the control units and the computer. The data of pH, EC, temperature and all
outputs are saved in the computer and the data logeer for analysis. This network can
contrel and monitor the nutrient solution. When the nutrient solution is always suitable
for vegetables, so that the efficient of vegetable productian will increase. Copnright ©°
20062 jFAC

Keywords: Network conrel, Computer control. Controi applications, Hydroponics

control

INTRODUCTION

Currently, hydroponics play an imponant rele in
the production of vegctables, because kydroponics
tas many advantages such as can reduce size of
tarm, get higher efficient of production and get
tealthier vegetables.  Vegetables in a hydroponics
svstem are grown in nutrient solution, which consist
two varibles are pHl and EC (electric conductivity).
While the vegetable use nutrient from the solutien.
the value of pH and EC will be change.

Nomaly, when the plant use nutriemt from
natrient solution. the EC value will decrease and the
value of pH will increse. To maintain the setting-
point of LC. the concentrated nutrient solution must
oe filled in the nutrient solution fur increase the FC
value. The velume of concentrated nutriem sclution
which is used for increase the EC, are caleulate from
equation (1)

_UEC, —EC))

) et

EC. =EC,

il

where, () s velume of the concentrated nutrient
solution which s used for increase the FEC. Q) is
vooume of  the nutrient sclution in system before
nerease the EC. EC is EC value of the concentrated
nutrient solution, EC; is EC value of the nutnent
selution in system before increase the EC. ECp is EC
value of the nutrient solution in svstem after increase
the EC.

in the part of pH value of nutrient soluton To
naintamn the senting-paint of pH, the nitric acid must
ke filled in the nutrient solutien for decrease the pH
value K Tengaram 2003), (Inthisuntorn Nuntagi
u}(,j)

2.SYSTEM CONFIGURATION

This system or

st of three components, show
he supenvisor is the main monitor and
contraler It is enanected 1o the control units via RS-

- 377 -
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485 through LSB port and USH 10 RS-158 conveter
Moreover. the supervisor can be linked 1o the remoie
pe vin Transfer Control Protocal  Intemnet Protocal
(TCP-1P} for menitoring and controling from remote
places tJose C. Metrolho 1999)

In the practical, the centrol units are placed in
the each greenhouses and the supervisor is placed in
the farm office. The communications betwecn the
L'SB to RS-485 converter and each contrel units are
on the twistedpair. With RS-185, the rwistedpair can
be up te 1200 meters (3000 feet) long. and
commonly availabie circuits work at 2.5 MB:s
rransfer rate. The user can set the value of EC and
pH at the control unit and monitor the value of EC,
pH and Temperature at the contrel unit in the same
time. The user can set and monitor all of value like
at the contrel unit by the supervisor pc or remote pe
The maximun number of control wnit in this system

e

are limited in 32 unit

Remote

Superisor

Fig. | Svstan configuration

3. HARDWARE DESIGN

The control  unit  use  the TRCSTACY
microcomroller as the CPU (Aumel Corporation
2002)., the PCF8S83 1°C real time clock (Philips
Semiconductor 1997), the 24LC512 512k I°C CMOS
serial  EFPROM  as  the memory  iMicrochip
Tecanalogy Inc 2005) and the SK73176 differential
bus transceciver as the RS-4835 hine driver. The
TEOCS1AC2 bascd on B0CS] core Architecture has
five pon digital 1O linesl. It-in 19-bn
resclution anolog 0 d‘gil:ll conventer (ADCY) with §

mutipiexed inputs

The aralog sinal input from EC probe, pH probe
ard temperature sensor are connected to ADC at
PLO. PLI, PL.2. respectively The digital output
POQ and PO are used for ONVOFF valves of
nutnient soulution  and  acid, respectively The
kevboard is connectd 1 the left of pony and LCD

display 1s connectd o pont2. P3.0 and P31 are used
be the RX[ and XD of RS-485. P4.0 and P41 ars
d be the SCL ané SDA of I°C bus, show in Fig
JFie. 3. and Fig. 4.

Control Unn

Nutnert
Solutien
i Valhes

SCRSOF \
T30 \r

Fig. 2. External connection of control unit

i

LLPROM

Fig. 5. Internal connection of cantrol unit

Fig. 4. lhe control unu
4 OPERATION OF THE CONTROL UNIT

The routines of control unit are divided in the
three step. The first step is the measurement, In
process, the micrecontrolier receive the analog si
from EC sensor. pH sensor and temperature se
through the A/D converter at portl. Then. the ar
iged 1 form the digital data

NS

data are ¢

- 378 -
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sccound step is e record data. In this process. all
daza from sensor will be saved «n memory. The time
of record will be saved on memory cnly once ume
before the first data will be saved The last siep is the
contrel, In this process. the micrecontroller will
determine (e onvoff the nutriert soluiion valves and
eeid vaive in order 1o adiust there vaive into the
sefting point. Afler the control unit finish the last
step, it will ret ¢ the first s1ep azain. The all of
step show in fig. §.
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The routines of control unit

With the 512Kbit memory, the maximam of the
data which can be saved in thecontral unif can be up
10 63336 bytes. The data st in one record consist of
the wvalue of EC. pH and temperture that usz 6 by tes
space in memory. The datalcgger in the control unit
15 designed for record data about cne month and all
duta are recorded even S minute, so that i cach day,
there will be 1728 btses of  data are taved in
memaon

2 ENPERIMENT AND RESULT

The contrel unit a5 tested with the hydraponics
greenhouse which has the 100 liters of all nutrient
In this experiment. the set-point us
EC = 1.8 m% und pll = 5.8,

Ao and Fig 7. show the FC records and pll
records from datalogger in the control uni: whick
measure and record every § minute,

are

Fig. 6 The FC record
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Fig. 7. The pH record.

6. CONCLUSION

This paper presents a sysiem for control the
autrien solution of tydroponics farm. The main poinmt
of this paper intend 10 help farmer and specialist for
control nutrient sclution and analvse problem which
aceur in the hydroponics farm,
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