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Juitoddnvesdoyaunedn Wy envesidedinfundsnunineaduaeniing i
dwld essnwaduasendindfvunaladlvguin  widsesglsidufisaasanismageuiu
wuusRasuaEniiadedu

1.4 5n19a ey

mm%a‘iuimqmuu%“numam'iﬂﬂwmqwgwumuma 9 ‘l/’lLﬂE!TZJENﬂ‘UIﬂiNWU G
Seavdn 9 ag 3 L3esdiy fe waluIN Solar Cell, mmmaqmiwumu"umwm ua
‘Lulmmau‘lmamai (Arduino) FafiseaziBeadvluunil 2 mﬂuumummemgw‘lmﬂm
WemesnLUULUUS ewesTruukandeulUsunsy Fullsazndealuund 3 9iniufey
L"a"ul,iwj‘?j‘jumauﬁ’lLﬁun'viLLaxNamiwmaaﬂuwﬁ 4 dwiuuni 5 sduagunanisnaaes
Uyygiinuiae uazuumdlumsiluszgnaldlusuian



unil 2
N U UATNANNIT

2.1 WALUuERTIng

anendilesrusznevadidlugiduinwlelasiau (H) vshalanaiswesneniings
gamgiuazuswivgann  awilifiglelasinuvasusududufiediden (He) wazdude
w§aesninagauviana Fernufeusariasaing Sunuffsendi v UjAseluedes
i (Nuclear Fusion) " wasnumnufeulasuasaihsilmAndaidinuulan uenainddl
Hundsunaunuiid ey wasdundvasoeiianuisothuilduselaniidogalyiume
LAnEsuAnANeindinnasnfiulanidies 51% winh mduiviun 174 finieg
anasiiulan 89 figning) sz mdinunaefindiionutuussennimvestan aviing
aviounduluthudusdufgniuussenimasseganduly  Tasewgtuusseniaay
gandululade 33% MNNEILLAIDRRETILA AwAIsdEuNd I ULAL LA RSN
ﬂN@WﬁG}ETﬁJ"IE‘JJQﬁVUIBﬂLLﬂ@dlﬁLﬁuﬁd‘EUﬁ 2.1 dleRensumdsunaeniindiinnasiialande
Nuiiniennsnauns wuNEAIgEAWnAU 1,412 InsianI1uung (W/m°) LLaSﬁﬁ'lfﬁ;ﬁﬁjﬂ
Wiy 1,325 Taddenisnauns waanuwaseindilundsnunauny (Renewable energy)
ey wuanay wissuani Wusu wdsnusaseiingidnenmas Sarudsdu
LfivavaalUld faiuddinsdmdsnunasefinguldouiusgraumsvateialan

wngadIN
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auln auiou o TUUSIEIMA  weifafanian
axviaulay & i
et RRgRlASY A T fiudialan goama daanm
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gandulan ' B
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2.1.1 ANBATNVBINAIIULESR NG
Fnunmndanunasefindusasiuduuiolanasuansaiy esandnuaznis
g malan waznialnesvesn e findlazgeilivinuluidazganie dmiudssna
nedmsnsannssnursmdunaeindlasndenety Faldsumuniaiie Tulsswadl
ANRIAN3I97 2.1

o ) s a ¢ i 1w 2
A15199 2.1 AT NUARIBRIINITANATENULBSWA SIS D Tindladesa T (kW/m -day)

u.a.- l.N.- b3 8.~ W.A.- fLA f.8.- f.0.- W.8.-
LN, (SURJN W.A. f.A. &.a. F.A. W.8. 5.A.

Anun 1RAY

ATUNWT | 4.66 5.41 4.94 4.62 4.30 4.49 4.55 4.63 | 4.70

Weadlvad | 4.56 5.34 538 4.76 4.40 | 4.67 a.72 4.33 | 4.81

YaUWAY | 4.69 5.01 Y 4.86 4.57 4 85 4.86 458 | 4.81

§d92a 4.97 5.52 4.85 4.64 a.72 4.54 4.19 4.12 | 4.68

WRaAgNIUsZNA 4.75

ndoyadinany dwnniwauaseindiissdvsnmuengaduszuna 15% A
waniuiivssalngluntensiauns szamnsandamduanuatefindlddeiuas 711
W uazdmvintheaduate indiisissavsnmganliludssma dalldnsinsnnnsenues
WA TSR TR 4.75 KW/m -day a¢lamdsnuuseinaiuas 665 W/m’

2.1.2 nIsUIwasuLaIaingunly
nsumaauuaafingluldinu Tulagluudesnld 2 dnvazaurtnues
wasrumhlltselewd Ao T dunduiuanusautaznasanu i

2.2 Twanfwad (Solar Cell)

Wwaauaieing (Solar Cell) wsa wadlwlnlianidn (Photovoltaic Cell PV Cell)
\Dudassivinedidnnsetindiiauanansisind (Semiconductor) iieldSuuasainms
ofindvsauanvannly  waduae indasuasundsunaaiundinulniinnssuanse
(Direct Current : DC)

MENNISIUTLYEALEITRS  SuRInuasafindannsEnuaaLateind e
mMsairamnmzhliiuszgau (Sendh Bidnmseu) uwarUszquan (Seni Tea) deeglunielu
Trssadesessofilduvesasnagith Tnalassadesosromduazsyuifiadeauului
melumadiieuonwme lwiadnsidnasoulilualuiithay  wasiilinmedliihadelea
Taluitthuan - FeiliAsuswiuliiwwunssuansstuiitmisaeailesemaduaanfingidn
Fuesadldlviy (Wu veesld wowes Hudw) Assianszudlriinaluasesiessin



nazualniilvasenangaduasofindlurianszuansedisdy  ddeansdwlnilimu
gUnsallwiildvihnszuaadu desewaduasenfindiiniuduieivas (Inverter) Fadu
gUnsuliilddmiuudadniiinszuansa (00) Tiidulwihnssuaadu (AC)

2.2.1 aspUsznavvadleaisiwas

usudoulniifinaatuanaduaterindifiuwredifuiaziidsiunn a1t
Wanagdoniiadvats 9 wad udefuuuveynsuiteiiumusaadoulniligdy wad
fndefulusuiukazreivnzanionin wewaduaeiiag (Solar Module e
Solar Panel) msviwaduasefindlifuunafiitonuazmnlunisilvdauduntues
wraEad Usenaude uiunszaniifidiunanreandni deflnuandiluniseenliuassiuls
auazfadunedosfundumadondiy  unavadezdasinstestunuiuiioun  mwse
wssegnanauaanasdudunaienun lumsusznevazdeddiiagiifeniuamuuas
Josfumnuduia wuy 8alauuay 598 (Ethelele Vinyl Acetate) ludu wiedunisiosty
wiunszandILULTRNEAd  Fefaslimsvhnsaudietanfifianuuduse  wiunadadlid
ausu driinsiasuenuudansweudunszaniiifiome Sefidmnsanauwnunisvinseu
Iaufu Fojuunawadsedidnsamduuiugoy (aminate) Seazaanlunisiade faaadly
Ul 2.2

ais anlaiisng

1A 1 100 Y,

<=
AAO NG :

piowiminian:
Qi Anodize

l”?’i’fﬁlyl
110 1 TN
Tlroinanr

Etlvlene Vinvl Acetate

(EVA) Tedlar alumininm sandwich

JUN 2.2 uansasAlsynauvadleaniad

2.2.2 vlavaugaduaaning
waduaseiinddoutioenmulaseinld 2 ndu Ao nqundnddmou
(Cystalline Silicon) uaynguauuns (Thin Layer Cells %38 Thin Film Cells) ﬁx‘]LLaﬂﬂug‘dﬁ
x5
naunEnddney 1ldmsiaihideouiutaendnlunisdn weonduaes
¥iin fie wlnndnider (Monocrystalline Cells) wazufinvatendn (Polycrystalline Cells) G4
Humaduasefindfiiussavsnmgauasiaganuluse



naudNUN  Yannansieind  wilivanvanevie  uwiazeialinaud
feiu Bnasdasgldinaludnisdaasisiahuseaasddlungan vioTandug Vi
Funusas 1y ezuefiladaasu (Amorphous Silicon Cells) ionauives duifeu laa
lug (Copper Indium Disclenide :CIS) n3auanax nglsa (Cadmium Telluride :CdTe)
aswaiaggnanidouasuunssanlifianuvunfies 0001 fedums  Feunanndegn
Foniniafiduun wadiaefindnauiiiussaninmeuazsiaignaiy

=

druwaduasefindvialouiad  (Hybrid Cells :HIT) (Jurdanldinalulad

= =

HANNATUIDIIIEBINGY (Welilwaduateiindiiussdniawgafian windlsnagniiae

l ' |

Crystalline Silicon Cells Thin Layer Cells
Monocrystalline Cells Polycrystalline Cells CdTe Cells Amorphous Silicon Cells CIs Cells
Efficiency :15%-18% Efficiency :13%-16% Efficiency :6%-9% Efficiency :5%-8% Efficiency :7.5%-9.5%
HIT Cells
Efficiency :22%

UM 2.3 wandlaavinsunisuivtinuaasiaianding

2.2.2.1 waaudsarindydalulunianaalal
Sondneniiei wuuwdnifien (Single Crystal) vhnunanwdndaneu
Lwiaswaﬁ%ﬂgﬂ‘iwﬁumnﬁhdﬁ’u 3 YU 9 WUUAWREN LUTINAY LASWUUAIINNAL U9
YRALTadil 3 v Ao 4 91 5 17 way 6 §7 AMLVUIRILHNLYAE 0.2-0.3 adunT MGy
WuvSedndy dussdndnin 15-18 wWasidus ﬁ’mﬁmﬂugﬂﬁ 2.4

= 4 a ¢ a a « ¢
JUN 2.4 uanawasuasoinduiinlulunianealay (Wwufannay)



2.2.2.2 \waaudsenfinduiinlndnianaalayl
Sundntantiadn wuundnuay (Polycrystalline Silicon) ¥inandaaau
(lallgvinanddneurawriandadusiuune wiloutuialuluadanealatd) Tevianns
afrwdnuauuasadlusuundowisdvioy  ovdendniaiauds  Fuhdeuundaduusiy
U Sauvunuszina 0.24-03 fdades dwun 6-8 ih Safivwelug i'lme"jqqu
Usvansnmasavaduinlndnianoalaud senin 13-16 Wosigus dvewannauaziduinay
fusevineditu 2y wasdon JUshwesadasfusiudvann fuanduguil 2.5

JUN 2.5 wansaduaseniinduilalndnsanealadl

2.2.2.3 waaudsarinduiinazuasiddanau
Sendntonilin waduuuibneuedugiu Wwadviaiiseaneiandn
Famounaznanwauzldladmdnudneon Julnuuneg usldnisasaruilauuieg 1es
FAADUAIUUMAUNTYIN  WHUALALLAAVS BUHUWAIERN ¢ lALNUaaUAIR1ARELARINTS
wluadiaveriinduilnilitorosfeussavinwe agsewing 5-8 Wesidud aum 0.79
2.44 M51IUURT ANUUUI (NSEaN, WaldRn) 1-3 daduns AUWUNYeINaLEaAaY 0.003
wulues Avenwadanduduaady tima wiethdueusiie G'fmamlugﬂﬁ 2.6

JUN 2.6 uanugaduaseniindviinozuaiiladineuy



2.2.2.4 wasudsefindvyilanauiuas dudsu laiwalua
Seniwaduuu CS wildlaldfdmeuniiounvesueiiladaneu weild
AoUwes Budey Tawalud (CSX) wnu vibilisagendt waglivss@vsningenindae
waduuy CIS 9 fiuszansaim 9-11 wWesidus wasilesandusdiefiduuns Failuiedeu
vunanafnuietaniildnelddndy vunvedead 12 x 0.6 msmms ANV TagTiu
Wiy 2-0 Tadwns warAnuvunvasuiiay OIS Ussuna 1-2 lulaswns avidmiduvied
ﬁaLLamﬂugUﬁ 2.7

JUN 2.7 wanagaduaseindviareuived Buisioy lawalud

2.2.2.5 \waauaserindviiauaailisumglsn
waduladldasfsiniway  Founadoumglsdunuiaaou vl
sImunInIeztesladanou waglillusz@niawas 7-8.5 Wesidud wuiaveuwad 1.2 x
0.6 MMI1UAT ANUVUITBINELLAREELWELTA 0.005 Tadluns wiidideatuaudanaus

2.2.2.6 \waawkdsaiaduialausas

SundnTFeutiall  wadrtaKaLMETY  ldwvealuladnisnasrauiu
seninauuuNan waviuuiauuns laeld@dnoududaduiduuneg (wilouvdandniien)
LaZATNTUNAL U0 asHATA AR LA B UMIATUULLAYAWYDILNUNEN Y lwUseans

P ¢ 2 & W &, - - @ o v al

nwgenga Ussanu 18.5 Wesigun anvislUuLuUEMAsLanLuIe 4 U daue 10.4 x
10.4 MITINLTURLAT LaT 12,5 x 12.5 AISWURMAT JA2101WUN 0.2 Tadwes Iziduidu
\ILaufas

2.2.3 ATfeLRdadaLdIaing
Wunsiusdinsudalniivesmasaduaeifing  nstunasaduaseiiing
nangusaNseny vinla 2 35
1) nMsdenuvaynT  nsReuuUilidesesnsiuusauln Rl
IFanuNaie LAnsEuaRs SRR EaNLRILAE
2) MssanuuIY Mseauvuiiiladainisnszualviniiunniy wiusadulvidi
srdamavinfuiilanuraien



2.2.4 mM3U1geine
mMat1gene el Basufjtaviowummanuszeznaifngay wievh
Thaduase findlognslfome g wasndanssualwiinndign  deild dyiiduasie
nsuanlif1veunasaduaseiing & 4 98
1) Fuivesus unawaduataniinddeiaunalug axdandnlnildnniy
2) ATuaTeuatefind Baatefindanasuuuneunn tzBmdalniale an
Fu windsueuntuwaliiios 1 wad Wi dndald  ervanaundaudais
videsninniy
3) FANAITINNES AISTIRRREd e And iU lUNwunseiing el
wﬁmlﬂﬁﬂﬁ’fmnﬁejm (uuszmalnesznaades 15 ssmdumiilunieiials)
4) pudeu  wawadkate Redazihaulafiuan iy MInLKTRE WA
a19indSou vioaglugamniigwnny sxnaalildvseas

2.3 ArufaIn1TnUgIUYEIRY
2.3.1 Jadganudaniwuinaau
Juthadeiireudaiinnud dgsenisiedyfivlaasinuinisueddd@e  Ta
aeinduodiann dwndeennduaiviednuninisuanseanvnasnuiugnssuaeiy
Snvarvasiivitusing  azinmaiydulauasimunisivion  astutunswaunaiuiu
yosdunazanmiinden  lastulsiinalnenssiananssuvasgasluunialuiy  winduuay
ANNULING BUNANRAWALR AuNvIziasenwlad mnanwiinaendavInmsetaundaty
fuuds fufivezinaaspdulalionmmioiwaunslififieme Wunaliuandas

daa a ]

SUN 2.8 wansan1nwIngendAynidnsnaraninaiyiulaiasiniuinisuasne

Hadeanmuindouviotduneuen  enutimuunumiitinasenisaSaLiv
Tn uavimunnsvasivy Ided
1) Yadefisniudosd (Positive Factors) Wutladeivimlaile
A uasEIe  Aedeansuasaaielilurviunisnsdaansduas ad
o3 elilunsaiydvlauasiannnsiidamiden fvazadaiule
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o = =i

waglvinandaldd dosdiidnmienfiudouse Lﬁa‘lﬁﬁﬁﬁumsaglﬂuﬁﬂwms
Auvanzauiian Faazviilidiusing q vimihdlunsasydvinldegadud

v, gamgil guvnfiivenzaussduaiuliieinisaiydulawagiamunnis
A

a. o lumsesydulauwartauinisvesiiv deenisndsauiildunen
namela Sedesfienimedaiieane elinismeladatuldedafiud
uannifvdsesnfeasueulaeenlediieldlunsduansiuaig

1. th  Judwuszneviidduesidaiidin ﬁ:’lﬁwwﬁﬂﬁ"lumi‘z}w@miﬁm
a3 (Nutrients), MsiAdauinevasaIsduasizs (Photo- synthates)
Wdadnusing 9 uartielunsangamgiaiglusivity

2. Wismawns seenisussmevnaiiteldlunsiaie Wulauaziaunnis
IﬂEJLL‘fﬁ’]G}E]'mTiLWﬁ”If‘: wlliludiussnauiiddgresis  wazazly
NSEAUYUIUNTTAN 9 fsudusianisesdin

2) Yadeitlisndiu wielufosdl (Necative Factors) iuifadeitlaaasi
n. 15A (Diseases)
U, WHaIARgAY (Insects Pest)
A. TUNY (Weeds)
1. ansivfiuiie (Toxic Substances )

2.3.2 thlufiu (Soil Water)

Haguiidsalunisiasauiulneaiv ﬁaﬂ%mmﬁﬂuﬁu%wxﬁmasﬂuﬂ%mmﬁ
wawng liunvsedesiuld LLazﬂwﬂﬁﬁﬂw%mm“f/’iwamuwmzﬁmmwﬂzjﬁmaaﬁuﬁﬂqﬂ
fidy wsiuudazeiafinuautinssuihiunnseiy venanilfifemsudneaznng
\nApuiivasinlufu Lﬁaﬁaxlﬁﬁwléﬂuﬁmmﬁﬁﬂﬁﬁuﬁmm%uwammsﬁumiﬂqﬂﬁ"nmm
ABINNT

2.3.2.1 wiiavaslufy
nsFesvenudafuitliindesiifvuinuarsunsineu e
Aulasuin  diiezedeuidnlledludesiumall  waznsfindiuwdadusisussdamien
seyinluanavesiuwaslinanavesdn (Adhesive Force) wazusidamierszninluianaves
55' 17 s p? nt” =l I Y A % ,; 2/ 1 a
ueiu (Cohesive Force) @asmiauniussgadu (Capillary Force) eundnluagiaumn

a Qs -;l)ql 1 a n' g i&’ d' 1 1 5 =3 a
dosiniiu dnwugiiienddududy (Saturated) waviiiegluresintuanduliumnsgan
adwAuelile  arluiussneuenuinsgyininr e aeisnn el oNaTINUDILSIE AT
sguindianuazdseAulosnInanuIeanvedlanvingen  Uiilvaludnuaued
- 019 [ | & . . | v oala | =~ o ' ¥ Wias
Soninhdase (Gravitational Water) laglutesinidvualugusedamieissniniiey

| | ) Py 1% | ' ' i a4 a M ve o ¥ oa I 1
AN YDA ULARRURLTaenIlutas e TivunEn wWedululasu eglugesing
walvgavssuigeantadliinan 2 - 3 Ju lufuninsszunanled uhdaszazgnisuy
1 o =1 (Y] | o vy [ = ,
panluvun  Aounaviludunsiesions wazagyilvllonnemdiniunuil (Capillary Force)
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ﬂfﬁag”lu"ziaaduﬁﬁmmmﬁnf‘lﬁ%‘aniwfw%’u (Capillary Water) Ssazdinsadouditnun 4
nidasy  wavaglUluiendlafle Tnoasedeuiilugeniiiusigadumniiamase  n1s
gudoiilngszmeandatu  uazaniivgmeiluldagiildnnutulufuanasuiogmmis
Fuhluduerliedeuiisn wzdusiianmesouudaiuazinnaunseiaiialdansn
wlulgla

2.3.2.2 Field Capacity
Field Capacity M U‘%mmmm%ﬂuﬁwé’qawaﬁwﬁaizgﬂixmaaan
Mndesisualngluiurunssiimasuslaseutulududatudesinn sz
wideagluAuinsideudit
AT Field Capacity fnndusiaviwiveulalls iesanluiu
gafimaiedeuiivenihdusasniat uinuduluduaziinedouwasnios lumajidie
hamdundannddusnutin vievgaliduds 2 - 3 Tu Tuduidnisssunedlaad
AUl Field Capacity

2.3.2.3 amﬁmtmmﬁ

Rmmmm'm"m (Permanent Witting Point) fa amwmmmﬂuﬂuu
1J:m1nﬂ,msﬂuwmluawmmmmmm’lﬂmwmwan‘umimam wazimSuiinsiienaiet
01175 (Permanent Witting Point)

o A o | o v s o4 & by o o a

NeRdnsWeIegas  vunede  ondevoatuld D lunesnd

< 4 AT Wl fd € 4 o o )

a1nedulazinnuiudivsvetoninssiin 100 Waesidud Jeivariinisagdeuivaey
110 visldinsgaydeas waiRviudslianduy

mMsigiRvesireintulavatensy  Aeuszfivgaviiuitedlal
287907175 AU maunmﬁuﬁﬁmmﬁ%’aui’m ANUTUYDIBINIAGT ANWSY LAz Wudluning
SnwvIenALasTiuRna ﬂ“wﬂwwwmiamaam Imamimamaaﬂmﬂumn LAy
maamwwwmmmmﬂmuuaEjmwwmaaanmﬂu fufgdonar  Aadiuneiuiuasd
mwmuﬂuagmmmm widlaonimbuas fefavanmuiy svdiuladnenmsidisnaives
fiaflaidnaziun1siis1819011995 09158 B LA TN T wAUpgiuansINsltuve iy
ANNANLALASHANSYAEYaIsINY USuiuenudulufiy  naseauaI @ nlsaveIfiunay
@ ’o} Uy [
vt I Tinalla

narnfiruulufuanaIiegaLiiea1n1IIwa" Hre193zdgn

& a vl = 2 = a i ) | P & M s al ° 2

AnuTuaInAulaan dewdnagiulSunaluuinin nanAernuTuiladliuinwanazyinla
Nuasgauletu udvzaunsavaadestisnliegdelulaantisdusdamile aundnazlasu
g c:' a d'c-l |g < |=’i’d ! -i’ si‘ " SRR 3 dy o
Uiy Aunfluidivdeegiiiondt anuauil Ultimate Wilting Point Anudulufiuaings
Wiga1n1250e Ultimate Wilting Point 138a31 Wilting Range failuminufuiiisuiien
@1nluiuniige aunseiaitemuenssiudoaudulufuds Ultimate Wilting Point

B 1OQ!L, ) .
2.3.2.4 anudunnyinlUlYla (Available Moisture)
Wluguvesrnusiluduifnihlulddduiunseiyivlanfe iy

2
o @

W9ae 521N Field Capacity AUAg1a10175 Aaunadnseninanurulufvassainge
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AUt UL (Available Moisture) mnsdiudifimiluldled dninduesidudlog
ddnvesdiuts Weddudlaeiums vieuanudnvenh wu Autw (Loam) i
amduin Ul 15 fafunsdorrudnvediy 1 wudiwes Hudy whowanui
aunsawdsunimmieniadusamenddd Swauaudussimzusnguesiu wn
vouudnnu viodoau sriinaseusinaniiifvannsadluldldunvieton Wy Auiiiiie
wdoaun i iinegsouquinaudeiirliannsagaluldlddusuuann

A15199 2.2 ansnnansanudunfvi lleladwivaundaciieg

\anu Hadvvndiu UUAV/YU.AY
WaneguNIn LUNIIEREIUNIN 0.40 = 0.75 0.35 - 0.65
Wanegnu 1Y S18ueIU NS18asioen Lay 0.75 - 1.25 0.65 - 1.00
AUNTIBUUAUIIY
WIBABUININEIU U AUSIUUUNTIY wazhu E2B ~~175 1.0 N50
suluNs1LazLaen
Waliunane Wi Ausulunsieazideauin 1.50 = 2.30 1.20 - 1.90
= [ =Y [ n&‘ 1 i 7
fAusruazdusaulunznaunsie taAaude 1.75 - 2.50 1.50 - 2.10
AZ08A WU AUTIUUUAUWMTIE
Austulufutealuaznaunsie waziu 1.60 — 2.50 1.30 - 2.10
L] = &I = 1
sauluiumitisauunsigilaasidanuin Ly
fumilaniunsie
=Y = = = A o
AUMTEIUUAZNAUNIIY  WASAUMLEINNG 2.00 - 3.00 1.70 - 2.50
NMIRUaINYLAzYadn]

ludunsiedinisszureled  dnazianusunneiluldlaluuanidn
Natins 139 Field Capacity ﬁwﬁmiﬁ;ag[,u’dmfmiwdwLuﬁﬂauﬁaﬁ'aumﬂﬁmmﬂwm%
= o JA’ d' = v v = t:l'nl élt) ﬁl’di o £

gnszvigeeniUauvin  Jedlanuvuinnulilates  AunfianudunngaissenlUlgleaun
nasduiuifdefusuinuiunaevisereud@uden  WURUNUTENaUAUM BAZ NaUNIIE
(Slit) 1udlug Anuduniwdlulddwiuauriianeg LHINAITNN 2.2

suUsnAualtnazuesiuddassll  Teedeiwwlulaldundul ue

[ £=Y L% = % ‘D} = v = (-7 1 V‘D) = .

auaduIsaire1aldudaszlaunumioudu wu Tunislidwuudnedey (Sprinkler
Irrigation) Fethasduannfidunasyiliauduuuduineunnisiintiuaeiasa asiaudu
vudnill snweneuvusgaundaselulylitng LLGiaxLi‘Juﬁmmmnﬁaawhliﬁuejaﬁuagj
@ o H =) =1 & & B i v 1 ?
AUTIAUIZIZUIBUIDNIUNGDIUUAIINTUN Field Capacity laeldiiavinle wazaulu
nstiidudeeeiudlny  witiosanilenanivagaluldtliinnin dnly dhduiis
dnaglididruifansan leedeaindudutiasndanals
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23.2.5 msmuBunannuduluiy
nsvUSinarutului dasdesdunuideddnauasunaes
un wiffudesnlusgddururalssmu s udussundasyinldlagns
\Rusegsfufissduaudniidesnsudiussslunsslonfufedsdinindn Tnenmin
fuashadldtieanit 100 nsu ﬁ]’]ﬂﬁuﬁﬁamﬂﬂ?\‘iLLa%aULLﬁﬂuLﬁﬂeﬁﬂﬁqm%Qﬁ 105 @9 110
ssrwadoa Wunaszuna 26 $rluadesuniiuszuieindeiuy dandedl divind
meludatuinvesiiiegluiu

1) Weddudaudulagthmd
wanzdmsunsmUiinaesty  felinsuuimsvesiaegg
duiivnn  viedlonsuanuddumsumnguediueds  nsmwesidudamnuduley
dwiinvilalaeldauntsi 2.1

Py = Wy, / Ws) X 100 (2.1)
dlo Py = wesdudruiulaaiiausuiminvesiuuis

Wiy = dmiinvasiiludu

Ws = wuwminveiiuauuis
€ =n 0 & =

2) WesiwusnudulasUsung

fx]xé?aaiﬂ%mm"uadﬁu‘lmamﬂ%ﬂiwamﬁuﬁ"saehaﬁu (Soil Core
Sampler) Ao wanldaunisn 2.2

Py, = (Vy / Vs) X 100 (Z2)

o — € = (3 ﬂ’l’ <« ar = = o v
s Py = weiwuiamuulasdisuiuliunsvashuisiou
Vw = Usumsvasdiludu
Ve = dwminuosfiuouui

frnsiiumede  Teenisldnseuaniiumae gl nunvtn - din
asauawinny A aatuUSuIasreslluAuesvnny d « A LazuSuesnauAuwinnu D « A
e d waz D AeAudnveiWeglufiuuayAuanUasuvisAumNaIiy 3InaunIs (2.2) Ay
1o

P,=(d-A)/(D-A) x100
wio d = (Py/100) X D (2.3)

lunsdifinsuAmanuandnweUsingusa Bulk Density UaIdu
g = & a & € a ' & &
Wi mMamdTinannuturesiudueiidudilaeUsiasasiiety  Tesnsmenudiudu
Wasiguslaedmiingeasainnindenau uaaldgns

PV=PWXAS (2.4‘)
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Wl Ag Jumuandunizusinguesiu wieilodosnismanuanue
Tufudunuean Py Tuaunis (2.4) adluauns (2.3) Aesld

d = (P, /100) X Ag X D (2.5)
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nsdifauluasniiesuliaiaeturasn  Eanuasuniz
ey nsuasmenutusenssindudug udnienrudnveniderdeddudiy
Tuwsasduswiudueudnesiiiasdediudfurmun

2.3.2.6 matvuamslitunie
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Sudusmarudeyaientuiia fu uazth Fudussdussneuvemsvatssviudeneu il
AoaNs Al

1) USinauniigsaen1siissesiaiaeg aasnaguadiu
2) paanunsauibilavesiuluwasin

Ysuahdivnuyinisvalseviuls wazdinuaiainazlesusitiy

s v o

U3nanhfinesein1sfissesialngnasneguesiu wazann asnsaiuiilildvesiuly

v
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& = o o 2 d vy a al [
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U
|
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nsvnunsuifleusenanantosiian viefihuinneuwsmsdainiulinsetuiifndoinis fay
IsamdonAuindilildlutitldinsdainge

2.3.2.7 fuRunisivuanisliin

findidaaiivlgoniinisliegnanaar Sammsldthaziue

furdauazerguesiiy Ssdenfing gampiuazanwnieonimaug msbiunialuusia
Usunailimsasunnneiuaudeimsvesialuauninasieimualsitlursiive

3

&4
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BIYILUILHELIGTFNLLAGDIA1NIUI UG DIFTUDINAE ﬂ’l?ﬂJﬁIUﬂ'ﬁl‘ViU?LUUL?E]QE{WF’]EQV]QSWEN
&
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< =l
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15

nangeg sediinsnmithadndesdedeuiaresnaensansa fuiu nstmunenwE
Tunslideduludomsuguidovesfiviinsgnine  neialuudnisimuaianiinses
ThuAfivarildaeuy  fe  Taensdunndnuazernistesiiauazlaenisiiansanain
Fruaumuduiidavidesdluu

nafmuenslingd  Tnedunaandnvasennisvesieduaunsealdle
fufimdiseuredn Wy feidandudomnswaneniafonaidedurmi Tneanzeg
elumeutnediieniadoudn d1 fhe deduinsumiiludewveuiuesiddonduiuni
Uni dwiwaldl  lmstmuanslidleed®E  wszndasdunamy  fweneavannih
Anderudunatunumansuwd FuvilinardndlidannmuazUiniaanas

farinidetionisrndrandannaigivlaas Fadudill
Sufuudnsliieiiildesnafomengane  Tneviluudrasdosmuaanidedliiud
fulasnsiansanansmauauiieiluld (Available  Moisture) fifauvdonylufu
LW‘Sﬁxﬁfﬂu’Juﬂ’JﬂﬂJ%}uﬁdﬂﬁ’l’J‘ldzwhﬂljuﬁ%U@ﬂdﬂﬁ%ﬁﬂﬁd‘ﬂ’lﬂé’iﬁ]E‘Jj‘lﬁaLﬂﬁ’l

nsfaglifieiinsisiyivinedwsnduaslinondngs  awdasnas
muqmﬁmummﬁu’tuﬁu’tﬁaqﬂuixﬁuwammzagmua ﬁﬂua'aulwy:mmm@mﬁ;ﬁmﬂaulu
Hl#ogadinauiimntugs Wenudluivanas ussserudiuasiufiasdiuty dmanld
fuhanduanuduliuiiuluitaedisasiiaansagathaldliitemesumiudeinisly §asn
nmssiiulafiazanamienyaasayiule wagnmniintsldiunfivluneut fvureiingy
awsasgiulasaluldmulnflasinsidomeisudndssviebidemeas  #uunsila
o1vazdeverndnneutuluivedlulaen (Witing Point) #asefudunamae iy
fawituenanasyduladeluly uwiasnwuiwandniildanadly

Lﬁaw’miﬁxﬁummLﬁwWaﬁl,ﬁmmnmi‘nwmﬁwfﬁuagﬁwiﬂ warane
gosiy  souluidlefimudnduiisdewenliteana frsazidenliogluszeei
nsznunszifieurerardationiian 1u nsnaaetlihinlnawuin Slvmnutuluiuanas
uidaandunar 1 8 2 Ju lugniidnluadideeentenen (Teaseling) sxvhlvinanan
anasldunds 22 wWosidud uavdlivnilurasiasefudunany 6 8¢ 8 Yuwansn
9199vanasie 50 Wesldus rﬁ’ﬂﬁﬁuﬁwﬁaaﬂﬁﬂqﬂ%ﬁﬂwﬂﬁlﬁmamé‘mqqLLé’ﬁﬁ%ﬁadﬂaqﬁ’uﬁ’lﬁ
arutuluiuanasinddaanaensenegresiu lnsawzegrebslutiirdeantenen

dwiuigunda iy fhe %aﬁn’li‘l“ffﬁﬂuﬁua&mﬁUs LANTAIN
wnafivedindu awlmwmucﬂaﬂ,‘wmummwmuaaaamaamnm wAdvnTuT AT HARE AR
JZARALYULAEITY Imaﬂﬂmmmwﬂwmummmwmaamaamawwaaf\nﬂwmmﬁuaaﬂmaﬂ
Ua"

dwmiuengu lusvesuang “Li.fﬂ’l‘ﬂﬁﬁﬁﬁ,ﬂﬂﬁﬂLLﬁﬂ?iﬂﬂﬁﬁuﬁﬂ’J’m%‘uq\i
aghaualurmdsramnismizugn

fanfeunnvinasnandnananiefinuamiatas  drdnisndi
srovonlanamile ssezaidelinmrmiudesdeliiAsarudemneunuandauniiae
Suniadingd (Critical Period) fatu Tugissvesiadenanilesdosnossnuliaud



16
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2.3.2.8 AununIsAIMUANIT I
= L] at & a ot | 2 a o o v
fainnmsihwenuiuvesivluseiugeegiane  (Wudwagyinlvied
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SEAUANLTUTDIAUNBUNITIAUND1A AL UM LGNS IAIAINUTU
289U AMUFUNUSTENINUTITIAUTULDIRY (Soil Moisture Tension) AUIIUIUAINYY
At lUldle (Available Moisture)

2.3.2.9 ANWAZNITHNTZAIEVDITIN
NIUNNTZAEVaIIINWLAazytaluiviounuy WU adsnue
=1 a v o oaq 2w - a a o P = 1

nszawesnluiluuinuninluszaunlidndn Wyusvdadsnudsasludnuaziinisus
nsznelunuisutles eddlsfnufivedadentiu dnunenisuknszaievessintueyiueile
wazANdnveIiy seauiludAy geniamizlgn saenauduahiliunivlulsazasa

Tnguniiugs  sinfiwaglianunsasenlufuifianutudiningeiaan
a7123l8 (Permanent Wilting Point) fatiugwndituauniunanaglufu Aazvilusindsl
anusaseniululsuilaunu Wesaindrsniedainsesndiaudmsumelanie aetuiugy
Lvenediasninsgivinldaunsiziluszavieandiay - wazwismidulszlevinohiy
sttossziuilifuialuesduszneuniinasenisuinssanavessindnetiamile

lunsdinfunasanudn  IAnANURWBLLIZAUAINABINITVIIIN
Wy Anuanvaesniazwlsiulumueiguazssesiatiiiinisiaiauiule (Active Growth)

LA aa ] o = = =f = a & e [ o

wWuNedetgiuiel 2 o twiinnudnusyan 60 83 90 Lwufiwns Aundengnuiien 3
=t < =l (=3 £ [ 2 = & =l o
04 4 Lhau adisnanyszuna 1.80 89 3.0 Wes LWusu mnudnaesiiniaziaadsysyanu
30 f9 45 uRluns Aeszaziaiivdnisasydiulanidadien egalsiniy anudnvesn
Ryflogiuieanineg dnazgnindalaeaudnuazanaudfvestuiuainnit nande d@au
Tnejuaraziinnuanlatiu 2.0 e AUA1TNN 2.4
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P = <A P 2 o = e A w
M990 2.4 G]']i']\‘iLLﬁF’Nﬂ'?l”IlJEiﬂ’ll@sﬁ’]ﬂW‘ULﬂJaWﬂ]IﬂLﬁlim LAz UL NNYRDINTAADA

ganiadgn
Ny AUANVBITIN-LUAS Ui ile-aa,
nevaUa 0.4-0.5 380-500
naae 0.5-0.9 700-1700
417lna 1.0-1.7 500-800
41794 1.0-2.0 450-600
WATaN 0.5-1.0 450-600
wasla 1.0-1:5 400-600
& (Hnan) 0.5-0.7 300-500
&9 (uin) 0.6-1.0 350-500
fadds 0.5-1.0 500-700
Svaes 0.6-1.3 450-700
NMuUAzIU 0.8-1.5 600-1000
tne 01 % 700-100
win 0.5-1.0 600-900
UL UDWA 0.7-1.5 400-600
Sfuelss 0.4-0.6 500-700
liinauszinndy 1:2-15 900-1200
8gu 0.5-1.0 400-600
duizin 0.3-0.6 700-1000
WIney 0.3-0.5 350-550
dou 1.2-2.0 1000-1500
a{u 1.0-2.0 500-1200

2.3.3 11 (Water)
5 @ o w a ada A a6 & @ '
UnlludulsznavdAgyesdiiaie Ingamgiwiiuiluesiussnavey
Uszanal 75-90% rdunuimsenisiiineasnaunisisaiiulavesiy dusauawdnsueen
uUNTEINBBnAEnNeanKa aivundteduAdunawy 9 ssvilrnyiengla

2.33.1 anuddguesthiiidensisaivinvesiiy
1) thilwasensyuaunissngurasninaiadiuln  Mafiuruaves
wadagdasnisiniioliluruiumsenedvengad  ileftwuin
wadavaneduiueualile Wunalviofoasiudn uasuaszundy
2) dnutldeiidnlunsdideevnsuarudsmens dndussh
azangesuazudsmony iuinavlunsdideasnemis
Tufu Wusdidemnussinevsidundsusnasnity Wasngs
wismaadluduii thandusdidemiussaemsiugs
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25.3.2 ﬁ'a”luél'mﬂ’liﬁwmﬁw (Water Requirement of Plant)
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3) AnsiSian aufinee s asvildieiinsaetdunn

4) pradiuas anwidiauduasge ssilitlgamaiigwuluse
frzaminnn - SwzdoaniaSeansbidildidiome  fuhi
ey fazdu fvasdenaild

5) nsadeansusznevluduiy nmasadulavesiiviy Woswnan
nsnsgdursasisnfuvieisateatunsiasyiivin Finisad
asiietestunsaiyiivinaninunluradiieidussayiule
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2.3.3.3 ms%’mmsﬁﬂ (Water Management)
nsiideuddyuesiinanszusonnalyiulnuasimuinisves
fduegranndu mstanmitimnsausuiededamusniunn msiieldsuilusydu
fwmnsiaiu asdinasensasyiulnvesiiy
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— nﬁ /T
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Leaf

Node ———____

Internode —

Vascular tissue <~ -

AT, R
Lateral root ————2 =

Taproot —
Root hairs ~—_ ____
Root apex ———

Root cap ———"""""

{c) Root

A 1 o ol
E‘LJ‘VI 2.9 WAAITEUUVIDALAEN

) fwilEudluszduiinewny
Smsnsgatmesnin sswihiudnsmsaiedvedly luansduil
WwadAu (Guard Cell) uagiwadiiagsaumiwadai (Companion Cells) uuluagiss vivliian
Tundeslu (Stomata) Umegen fMeanfueulesanlenatnusseniamsduunsidngnisluly
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Tilownsazauiielilunisiesaydiviadusurumn
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2.3.6 & (Light)
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2.3.6.1 ANALUNYBILEY (Light Intensity)
AudlTeds fe USinaanimusifieldsy Femnuduveaasay
wansius L Vi g Lmvuvav‘w Nmnl,dumuadmwmidn 'Luwuwmmnu A
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flwanil 5’113111Jag:ﬂmameﬁﬁmﬂmﬁmamaaqa Tuazluiliazdu
ginnaaigduln  Avondindesgniilusy - anuweady
USatamtheng wagliiuszduenasaniud
p

I R Y] A aw o= -~ 7
- WYAITUNIURY LUV DINISLEINHNITNI NVTDAAAIHULUUYDY

v

2 < e a1 da o
LLENadLan W‘UW’MUUSM‘U@JﬂIUWiM‘IﬂMLLE{QLtﬁﬂ‘i’ﬂ,‘i

- fwnanauds wintinesmsanuiduveduasgs dnsadydulalaaly
P v & 2 A o '
Anannde wintlazufieivgneginly

2) auduveasinAuly
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senladfuthaviios nsnsdaunsieiiamssn dwalifomnstosanulude Fems
ynmsduaseiuatiisiuasaesulunsaiassnsuiisuiuronsisydiviady - 9
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3niulnd wasinanansin videnandniaan e
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- USuwmaelsWad  (Chlorophyll Content) ﬂfnm*’ﬁmaumﬁqq
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Uivawﬁmwmm nsdaaTziuasazaluge
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wilaas vilvnedinisazauiimawnunts uenaind Uigeenildlu
Tunsfuasizviuasfazanianssuaisng  MnliansnIsdLasIzu
WSRAIZGE

2.3.6.2 AUATWYBILEY (Light Quality)

uasfinuandAidurdunivanlnih - dmwemedunaresziu  Taed
LLmEm'ﬁmE‘I‘Ui:;naUé’haLLaaﬁﬁﬂmum’m?{uagﬁwdw 225-2,500 w1 lums (Nanometer,
nm, 1 nm = 10-7 cm) wildserindinnawndaitulan suiauenaduseying 310-2,300
nm saiiesnn edudu vieuawwiledis (Ultra Violet, UV) duluuasididumsiede
Aiiiin Tnedwlngazgngaduld Tneduvedalau (Ozone) luussenna dauasiifian
gMAAULINNILAELAS (nfraRed) PueNIAdUINATY 2,300 nm avgnaadulilngleth
uazariuaulnoenled dauaseniindiinnawnfituialan eraudseantdidu 2 naulvg) 9 Ao

1) pdunasiivesldiiu (nvisible lisht) Tdud waewilodas (Ultra
Violet, UV) 9:9AmeMndy aand 390 wiluwes (Husanisly
nsfudinnalgyivlnvesiis wasues Infrared FaeAnueIAAY
aandn 810 unluiuns wwvinlvildevesiivdngniean
2) pAunasinawdiy (Visible light) aqﬂuﬂamammamﬁiu 390-810
nm usastm e MARuaiiAi ey uaslunguivsinanediv fo
- uaadhe (390-410 nm) wasdasy (411-425 nm) wazdndu
(426-6492 nm) RetesiunineuausIvasiTRaLaTi N
Phototropism wu nsiinenliiunedamudimuas a1stAe
gasimd ey Wusy wasllanuddasenisduasziuas @
430 dmsuraslsilas Lo uay 453 nm dmsunaslsilaa U)

- WA (493-535 nm) sEIUn1SRIgLAUlATBINY

- LAsEWaDY (536-586) Lavuasday (587-647 nm) d@udiuniseen
YBIULER

- uasEume (648-760 nm) @uaSunisienuazriatiufinisianves
wieRwurerde  wazlleuddadensduaseiuas @ 642
dmiunaolsilad 1o uaz 662 nm duiunaslsilaa J)

- wasdlnauas (761-810 nm) Sudinssonveaudn

2.3.6.3 %23ua4 (Light Duration or Photoperiod)
winefessezaenuradaduidazdieiy Fearuansneiua
gana  AuevemiasdidninadeniswsyiRulnuaziRunsvasinueiadu
987910 Tnatawizag1ad Svswaluntsduuiinanszernsdyivlaviaisy
(Vegetative Growth) luiuntawsaudiulavisiunisduius (Reproductive Growth) tiufie
Franaiiavinasenisoenaenuasnsanfvesitueiln  MInouUauBIwETiTRarIwEE
pnaLUteanidu
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~ fiaudu (Short Day Plant, SD) (uilefigosnisauenitiuas du
N9 TUANgRA (Critical Day Length) 3sazaanaanls
_ fiwfue1 (Lone Day Plant, LD) {ufinfidasnisanuemanauas
81N TUINg A Tsazoanaan

Wlunauaussnetislas (Day Neutral Plant) dwwand Walasy
anmiadeuiivingay vieflargwnzay Avzanunsnssnaenls Ingliifedosiutaauas

a

2.3.7 auugil
guvpiifendasiunsaiaiulnvesiis dudiudmenaunseieonneninua
guvpfiifstesiuruiunissanseauda msdaaswiuas nismele nsing Wusu e
udazviadmnusosnisaamgiinidluniseiyiulouanety  samgliiiitestuns
WwigiulauaziauInIsvasne ﬁﬁ%qquﬁmmﬂ gaumpilluiiu - gumniinaeiy  way
gaun)inaeAY
Tooviluudr  gumgiionimziinasdeniaiiapivlaesddiu  Taofuasanis
dupswiuatuazniamely mmumiwz\a 2 AwApy q USRI munsiinvesgmnai
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Uszanm 10°C
gouuigil dunumssuunnuuIUNSIURY Luaaﬁm‘umum‘mw 7 et
Foduly Trefansauveniides Fuiulusiusiovile warRunssuvenidensdutusesy
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- gauvpien finasenisddsiemns luanmamgiisn fvazadeemns
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U
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2.4 Arduino

Arduino T5Emdurndadeu viliswesnidesilunwdnideuin ool
viie unAufisiudn engll w3 o1gedlu Alé Fesufisusulul 2005 §55uvee Arduino
091 Massimo Banzi waz David Cuartielles Faondwaglutiles vrea menzfunnideamilo
Y8IUTENABANG ansauilselaaingunsailsanviulasaoulnsamefsangniitniseu
hnwannsadngs wasdenundudwedaniy  Tswnwdng “lul,ﬁadﬁﬁwﬁﬁgﬂi%’tﬂuﬁ
wAnuasa Arduino heftuusn  Tnelddelasanisvasminiandt  Arduin of lvrea uanan
salalianamasgunsaignifieiieuiululesnevlvsaaeinseaduluviosnanauds

Arduino 811 (91-9-8-1u w3e enelu) Wuvedalulasneulnsiaosasena AVR il
ALY Open Source AefinTailawedoyaviadu Hardware waw Software shuaso
Arduino  gneanuuualilinulding  dufudumnsdmiugSuiudnu  Raldnuds
annsadaulas iy Wandosasiasuain vislusunsuseld

Audgvevein  Arduino Tumsregunsaliadudng  Aedldiuausnsedns
Sidnmsefadanmeuenudidouseduninn /O veweda viewiemuasainanusg
\@ensaiuuasaasy (Arduino Shield) Uselan@ngg iy ArduinoXBee Shield, Arduino
Music Shield, Arduino Relay Shield, Arduino Wireless Shield, Arduino GPRS Shield W
#U U NASUUNURSA Arduino wandsulusunsuimunsiola

Arduino adtuusn Usngseanemvrilanludeutusiey U 2006  Sended
Arduino  Mini fisllagliy Arduino  fluesavatsuuulridenidnumuanuataiazaiiy
WENaINng1 20 U usezgunfituin ALY ANILEY S INEIABUNA  LO1VINR
wangfueenly fussamdnaesawdosuim launssitaiundum
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gﬂ‘ﬁ 2.11 wa@mIuasn Arduino Uno

' i o 5 aa
yaiufiviilifuase Arduino Wuiiieu
- Sedan sy SjUwvuardeugu lidudoumanzd miug susu
il Arduino Community nguAURT LA URRIUNTILGWS

Open Hardware vl daunsamhuesalusissanldaula
eRTRIEUIRTR

Cross Platform anunsawsiunluswnsuuy 0S lafle

P = = o wa ¢ K | ]
13190 2.5 Gt’]‘i%‘lLLE’!NLU?EJ‘UL‘VIEJULVIEJUﬂmﬂiJUGI“UENUEJi@] Arduino LL@BS‘;‘U
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Processor Mpu/Owput Povar Connectvity
wuseATa |
s wisearw Digtal | Analeg| ADC | anatog | pac vin | we | so
roulnsmned | Savuses | EEPAOM | Clock AWM | UART vee SV | 33v | use-Seral |2C| Ethemet
i w flash vo n Bits Out Bits Fange Host | Card
0 (SRAN)
ArduroNO B3 | ATmapalzs 3 s2¢ 1405 12 $ ; A | sV | -1V | ves | ves | ATreqatsiz | 1 N No
. ATmeqa3at < ¢ 1o |18 14 s 1 vas | ves | ATmagatsiz |t ]
o
Ledar v ep
ATmezazesd 1 24 | 160 % 16 A A8V | Yer | ves | ATmeqatguz | 1 No
S50 3
Ardinc Vegh )
ATrepd2sE L2 L 160%s = 1G 12 < 5V | T-18v | Yes | Yes | ATmagaisc | 1 | n03a2is
o€
Redang
ATmaqalind 32¢ e 16 L A ‘a5 | vat 2uitn ]
0350
Ardand WA 05 ATHeqa33 3k i< 18-z i § 9 | Yes A =]
ATmeqadlt « 3¢ 1k LY 1 16 5 1 s 337 | S12v | No | ves ] -]
ATmea3dl ix 3i¢ 1 160 i< § A TAZ/ | Y& | No
ATmeqadld L3 3le 13 160z P 5 2 A LY Yol | Y&l
ATmega3as ¢ 3¢ 1 |1em 5v | &18v | ves | ves t
MduroDUE SAN3NEE 34¢ s12¢ WA | sam 12 |12 ¢ wa | v [ razv] so|vee | aas o vas | %o

2.5 F5n1s¥auszniunuunea (Drip or Trickle Irrigation)

i< v e G < =l a g v 1y vl Lo
LUUﬂ"I‘ﬂ‘WU’ILLﬂW‘ULﬂW’l“’I‘I.JL‘UG]i']ﬂW?I IWEJQJﬂ'1'iﬂ'JUﬂiJﬂiﬂJ’]mu']‘L“!ﬁLLﬂ‘W‘Uﬂ‘NauUEJEJ q

LLGI‘UaFJﬂNE]FJNﬁlJ'WLEﬂJE]ﬂ'JEJE]‘IJﬂ‘im‘V]L‘iEJﬂ’J'I ‘WJQWEILI’] (Emitter) ﬁiﬂﬂdﬂ&?ﬂﬁ?ﬂm“ﬂaﬂﬂﬂ‘ﬂw
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] E a a v 1 L3 < £Y = =
1o afuenussaiulaldoganysalvewun:  uasiulunuanudosnnisvesiia Inedl
AauaNvalzdAyAwalUll
1) Wulsmslmhiedasfastoy q Waundn 250 das/vaL)
2) Jwisnslwdildiaiuiu (wiuannndi 30 wii)
3) 1Wwisnslmingasvseass (ladAu 3 Tunsa)
4) JWuiBnshihlaeassluinawasinisviowsnulu (Uenagwtos 60%)
5) 1Huisnislidheszuuviefildussius (useuivneiiluiiu 20 wes)

/ Solar cell Panel

Plaztic tube

Maximum Power Point
Tracking (MPPT) Unit

Wgter well

JUN 2.12 UaneaaAUTEN UL TYUUYAUTEMULULTER

2.5.1 YaRUBITZUVUIUEA
UssnfaunninszuunIsuILuUay Usendnnunulunisuimsdnnis
& o Y v a o P v & o (T
amuaTuRglinanuAlussezeny nsdnnsgunsalligeenn ldlatununynusennliineg
Juiusiu fAuwdey  wiefunsesiumunukasiuany  aansaldiuiieUssiananagla
Wieuynalla  eariuduienneamside  wangdmsuiuinaweauinaanisldunegig
Usznda Ussndanainisvininu awnsalidauazansialiduqazarsluniouiuiilea

2.5.2 94a91NAYBITZUVLINEA
rosldiunuadussesusn saadlanuiifefuuinumsltihvesiivudasyiad
Ugn Ao idefian1sdnnssyuu L SE8EIAINNT N
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gunIaluazn1saanuuL

3.1 gunsal
3.1.1 lulaspaulusaaas (Arduino Mega 2560 R3)

Mnsaieudiouisiariy (e 25) Mearwitgunsaiitundouded
vaneria oliiRemedensliuaziteouanlunislilulasinisiisld Arduino Su Mega
2560 R3 (Juvesnnaulnga

vuugIures ATmega2560 Uadn Arduino Mesga 2560 R3 Usznauludae 54
91 d1wdu digital 1O @ 15 91ldidu PWM output), 16 21dwu analog input, 4
dm3U UARTs (wasnaynsusninuad) anunsaidensatumeuiameseng USB

Arduino Mega 2560 R3 iluuasa Arduino fleanwuuandwivauisgeddd 110
11nAT Arduino Uno R3 1y 91ufidiesntsudaaain Sensor VSBAIUALNBLNDS Servo
wa1eq &1 ¥ Pin 1/O vasuesn Arduino Uno R3 lieunsasesiuld wiluedn Mega
2560 R3 693A7MUMUIBAIMNTIUY Flash 11nA71 Arduino Uno R3 vinluanunsaideulan
Tsunsadnlulgunnnda Tuauswes MCU iy

U 3.1 uansuain Arduino Mega 2560 R3
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A19199 3.1 M1579UaRY Technical Specifications

Microcontroller ATmega2560
Operating Voltage 5v
Input Voltage
(recommended) e
Input Voltage (limits) 6-20V
Digital I/O Pins 54 (of which 14 provide PWM output , 4 UART TTL)
Analog Input Pins 16
DC Current per I/O Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB
EEPROM 4 KB
Clock Speed 16 MHz

3.1.2 WULaINTIAIUAILNALIUERY (Ultrasonic Sensors)

LA

= .
JUN 3.2 uaen Ultrasonic Sensor

Ultrasonic vnefs edudssiisinuiigaiuniiyugsdar|iou Tneviluuday
vosnuilnaaduayldBudngiiafivudlssnn 15 KHz wihdy wiwnflengdales |
oeeldBudnsidaruignndly  Sadulneunfudidridaniledadafnasmneiniu
Feafilianuiiaindt 20 KHz Tuldasgetuaudasilalilfsyydrdaely

anvafifinninendudusaniledenld  msigdnduaduiifiianiaiil
annsndsedudsdlusatmneidomisidlasasa Fesiifuaumnifivesnduatmi
fenduilanufigduanusnedufasiiduas Samenmedugnnidesdn  (\iviAeedy
panu) vesaiiindeseuidudy afuaud 300 Hz lusniassiarueni s
1 wesiy q Faazemniwesiiirdudssosninandiiudade: nevluinnnesduss
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wnufiveuduusntasidnadesiiinnisnseanefienisedy LLFfﬁ’]ﬂ’ﬂﬂJﬁEji%ﬂlJ’]ﬂgl
Tughu dandileda edradu 40 KHz axfinuenadulusinadieslssana 8 Jadwns
winiudadnn g Dnuesd il i nuidun adudamgliingdewuuiveuims
sanududuauguienSonin Siane

nsiifrnavesrdudesdudaniledavilmiludoulivaeedie wu il
Tlueiosmuausserlng (Ultrasonic Remote Control) La3esdnegungnl (Ultrasonic
Cleaner) Taglvhduiimnuiias edastnrumumesinglasdunmszesmiinduasiton
nduualeriaaudnuasiunilaviemasa Wluedsandundsezunsdlusianie
Tvaaeunisiilvavonio Wuiu Taeewiiliduegiunislinu wu edudssdouiu
yssuemaudy audildfdnazdiinegfeddifu 50 KHz iwsisiinuigeduniil
pnmrgandundudsaiintuinn  ilvssduanauswesedudisiiszemiseonivanas
adeady dunsiudunisuimddeaiainissaivinsdy o Aenaldudludie 1
MHz 9 10 MHz sugienuidu GHz ( 107 Hz ) Afldiulunansg nsldauiishnatsiindu
Foadunissiulaldenie

Sanladamuresdsdunaiadremdsn  Faudunmsfunavesninmd
i ﬂﬁaﬁmau‘uaawé’wmﬁgﬂazﬁauna"ummﬂ’a’mqtﬁmﬁﬂum‘sazﬁauﬂﬁ’umﬂi’mq W7
dunanduludasuges  Taenisesnduszaznanildlunsidunidlunduseadsaiiainis
annsznunnguasianduanluszesng

3.1.2.1 wihwaznsmaudanilslagugas
sURUUANg 9 esdanileiiawueiUsznaudiy mesidusieaiu
daniluiin, Yrasdnn, YUsTINANALASYALDIYINY

U T nosesin; thopre
rarmn

ES5SN)

= ar o . o/ a
E‘Uﬂ 3.3 WaAInannIIVinuYesdansilela

Tnagldidunasunazninds pflsvuudsUssnausediundny
wenfuey 2 @ lusswinnaien wuwesasimsddyanadeddadonin “andws
wad” (Sound parcels) Wauaun1meBidnnsedng veanawheuluiFesnaunsiiaiingg
SunsavioumSusniiaty

3.1.2.2 299TA9KNIU/SU
dusunsviauduiasvesanilatagueas  wdmWIUASUNAY
= a1 ° & o e P a o
LEENNYNIadUNdLanIaTanlasuLUas ﬂauLammUaa&JaaﬂMﬂsgﬂawaulﬁ‘ﬁﬂa
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Tgivianvay  FurueiuarszuunIinnulrsunisasvieuvasniudeiazioundua
AIUTUT 3.3 AunTsvadniuaduendetagludig 2.-200 lulasin

| ‘ HT’T"T‘“'_‘ s

)

UM 3.4 uansdaniladamuges 199sdeu/su

nalunIsiRuaIRduRag DsAaULEY \Hunmsinszasvheaning
ﬁﬁﬁuagﬁ’wﬁma&wuwa{ i:&;sﬁwﬁﬁﬂlﬂuamiugﬂﬂaaé{’mmﬁau'}é‘aﬂ (Analog Signal)
Wy 0-20 mA) dygeaein (Logic Signal) Wy dyaaeein 8 bit) masadisua
Sumasing (Serial Interface) (RS232) vion1wSuutisuriuadnsdsluguvesaiadadii
Sentndiwsy (Time Frame)

Wiossnavaunsadulumunatiinduagieuiunis lilsduluang
auuvesrAuaziou edalaiisanilslawuies fdemnioninvugesuuueoUinea
(Optical Sensor) hanfirduasiaunsiiuney liuaunassdiulaglifusuanudy
vesnduazyiou  asuwhitingdsasagiiourduriannsonsieduldoonsn  fulunadnume
msaindliwdouly  wiluanneiinsasveuiullegdldiniuasiauiidoussinanaain
ansiedlumsmsaduing  Sermviilildannsovhnismseduingliies  anuiindeuly
yasrAuRaTuoudss  SuansenusieRds nsviumesEing (szegvng)  lneasuesumed
¥ausaeaeasandiaed (Wu t = 20 ms) zdinaudeanuiegsainaue mmguﬁ 3.4

F9UU9997879 2 T UR AN UATIILEZ 1IN TV UY A IVT D I UL O S

JUN 3.5 wananamsiivesdaninledawues

3.1.2.3 wansznuvasguugil (Temperature Effect)
mwhwendeslustdiuuseiu uay gamplivefinemdoanuniesi
lunsuszyndlddaniledadiulvgosilszneudug  wasussiuvvesigargnimue vl
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o (3

anuduiusiy - luwsasiigamgiilildgndmualy  Tegpnulwesdewsfindy 1% e

' 2
[ I
I
Caid Environmant
NIV
YYD,
Wars Envromment

s v

JUT 3.6 uananansyvuvesgumaiidedaniileliaguees

a =

QMg 10 °F (6 °C)

3.1.2.4 1uYa9ing (Target Angle)
Tapiifdnuwarnuuiivatuunurosduasavasioundmudos g
wuiweslinniian  fdudummeringdisnty  winulassezdinduludususesls
uesas dwsudanitludedulvayuvesingaisavdosndt niewmniu 10 aem

Targel Angle

-
-

Sensor
ij—i_

JUN 3.7 uanuvasing

3.1.2.5 n3zuea1nd (Air Currents)
NSLUAINATILIBNINAY, WAL, gunstaLuAn u?mméﬁuq
ANUN50TUNIUEUNNIZ A1 E e é}’dﬁ'ﬁuwuma'S‘mmlﬂamwamaﬁui’mq‘luamw
wIndeuwUUE L

& ot J = - -
3.1.3 U InAutuluRY (Soil Moisture Sensor)

U7 3.8 wanauwesineuduludu
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luthgduansoliisumeiinanuiudiotaruiuluiuionsUsing uas
funmatlumssaifierusnzadld  mavhaouresguwefinnuduiiawihnnsia
wazfunudy gunglivesiu wasernia wiadodeyamdriludeudetuiaiesugu
gampll  wardieuadostagrimstedililednlui®  gunsaiwniannsonasaldilu
91A13 luau wisluls wasdiansathlvldiumsudadniladnee

3.1.3.1 wdnnsieuveusuesinanuduluiy
Tunsiemautuluiuiu  avdasihewididninsatnasluluiui
Foansiadefiavannsasumeutureduld ndnms Ae nrsiarieudunIuTEe
Siannsm 2 919
Tunsdifieruarmuduniulétos Aulanfimiuduluduun wiedu
guinlidessah  lunsdifiswmanudumulduinfuaiiiensduluiudosniefuwks
9199805501 Tuduwes Soil moisture sensor module Hanunsalield 2 wuy
1) gruAndunuy Analog munedvgrumanuaunaslveisus 0 fa
1024
2) suAnduwuy Digital TneUSsudisusuaiisely drannadnils
logic HIGH &1ghnnf Low

3.1.4 Wwwasinguugil (DHT11)

DHT11 pins :‘Nf :
1 vee R
2 DATA ‘?'.’." .gl.'g "
3 Ne P R
4 GND

5UM 3.9 Wans DHTI1

3.1.4.1 Specification U84 DHT11

1) guiaanudiy 20-90% RH  TaedlAAanuusdudt + 5% RH A2
azldualun1sin 1 % uaniNaluy 8 Un

2) dingamgil 0 -50 asrwalded laglA1AuLsuEn £ 2 B
Walyd ANavdsalun1sin 1 asAgalivd uanmaluy 8 Un

3) 1 PIN 4 n318asLdunfagui 3.9

4) funseud 0.5 - 2.5 mA MisERuULSIeY 3 - 5.5 VDC

5) 9uAdyIn (Sample Rate) wn 1 3w
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3.1.4.2 RANAITNNIY

qﬂﬂidﬁaﬁﬁ%ﬂﬁiﬁaaﬂiﬁu MCU m18735 Single-wire Two-way Serial
interface (n'n?i'ua*m'eJ‘L;fmlﬁaa1/|"|ﬂma‘bz'j’a"|aLﬁuLﬁm) wiansdeasuuuiagldaodods
Weadufenazdsoyaldisatn MCU lUiid DHT11 warlummanduiy

lunsdeanslagldanadudioniy  Fedldlusinneafinnasiulisening
1 MCU uay gunsaliifisanisdeanseny dufuusn Arduino awds Start signal #ifiu
wsstulaisedushednation 18 lulasiundt Willeuwes Weliauwesiinashauwd so
U 20-00 lalasiundl Wisselsuasnoundu

Wil Arduino ¥iwumesiinieu wulwesazdusfusziunnduly
nsdsussiunneugesnduluazuy 80 lulasiund  9ntuazsedn 80 lulasiundt newd
asoyadnusn Toyadibignds winTauvzdau

MCU sends out DHT11 sends out . y .
Vee Start signal Response signal Sending 0 ! Sending 1

brorma

! |
(e Co|
I |

ps
MCU signal Data transfer begins

e DHT11 signal

< ' o
E‘U‘iﬂ 3.10 NS ILERIYINLIAINTNIUVEY DHT L1

s

dmsunsddmdu "0 Fiumedafsrdunssiuasiun 50
lulasiun wasUdenidussiu "ge" v 26-28 lulasiundt aasuil 3.10 (gaa9 Sending 0)
wigBunsastayadu "1 fdwsienedygiaassium 50 Lilasiund  uasudesls
Buszdugeuu 70 Tulasiundl anuguit 3.10 (geaa Sending 1) wazdstayaauasu 1 9a

Tuusaggmuesdayaiidunain DHT11 # MU $udeyaudnedouen
wase  iel¥diudainesls udazyadeyaszen 40 e uarlfiandsuszuna 40
fiad3undt Tu 40 Onfiden Usenousy 8 bit integral RH data, 8 bit decimal RH data, 8
bit integral T data, 8 bit decimal T data, 8 bit check sum

3.1.5 Teauaani1a3 (Solenoid Valve)
leduoes (Solenoid) L@uqﬂniﬂhuimﬁﬂlwﬁwﬁwﬁa Pfludnnisvhaupdie
Ausiad  (Relay) ma’[uiﬂiaa%’wwa:Tﬂjﬁ‘uaUﬁwﬂ‘izﬂauﬁf;mﬂmﬂﬁﬁ’uat}iauL,m'&mﬁﬂﬁ
meluusznaumeudmanyauuiugaa LuauﬂivLLa"LWWﬂwamuwa’mwwuiauLmeaﬂ
Wliuamangaansliduaudvanfuviamangauuanndudaiuitliasuiasiemu o
2asgndianszuatiiilimamdndiuatmuasunauivan - auieiiaziuwianandiuuu
naugaumsUng Pnudnnnssenanvededusssiaztunlflunsideudugivesszuy
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Tudn msTaansseimdereamaniug Tnsadnewes Solenoid Tnevluudsoandu
2 wiafe doundimeluduesdndindudieauis Single Solenoid Valve) uazidauings
selgduserndnguseleausasinds Double Solenoid Valve) lufitlduuy @ousids
mglydusanainausieauis (Single Solenoid Valve)

Spring

v

H1187(Rod)

U7 3.11 uandlassainavedleduesninga (Solenoid Valve)

3.1.6 Lﬂ%qﬂw@umim% (Solar Charge Control)

uudlgansigaavinnundniifiinssuanseeenyt  arszuuiisenwuuiinissenis
Fununmedeny luuisedasiinnassnuunsdeaniwadanaasiiahiaue fusaonis uda
TinssuALasLsWUTnaslFnusLUEsuLanaaniian ma*’d’mﬁqammhqﬁﬁ"'lﬁﬂﬁt,iﬁaﬁu
waznszualiililiaed ddunisniivssgliiesusddasasstuunmeiseliivssavnm
whitesuaziiddyfensihliognslinueuummeissduasdnie  nsizussiuiinga
PnuaalYasiYad mqﬂ%ﬂﬁ%ﬁl.ﬁun’j’lﬁi’ll.lmﬁuﬁaxﬁwmwﬁmmmLma'%il,ﬂ%immmumwﬁfﬂ
ﬁﬁgﬂaaﬂLL‘U‘LIu’lLﬁ;aﬁ”lsf.ﬁﬂ’l‘i‘ﬁ’]‘i(ﬂﬂﬁ’lL“ﬁ”]LLUG]LWE)%&U&E’JUi%ﬁ%%ﬂ’lmﬁ.uuﬂﬂF‘jﬂ‘ﬁu Sy
o9 F'fummﬁamaﬁt.ﬁmmﬂmiﬂuﬁameLma%"ﬁﬁlmﬁuquﬁuiﬂﬁﬂﬁaﬂ

3.1.6.1 N9VNIUYBILATAIAIUANNITINSD
\nTasPUANNTINSIarAessiuslEafiwad AuuunmeTuasivan
vhanlngargiussiuliihiegluwuneeiagluszdula eglussiuiisiniidal fuedas
muANNTIsIsinsUanivaneenanszutlagviufl (Load Disconnect) Litetlaaiunis
AangUszuaskUmmeI T nAulUkaza i eI domiity  dwlngasdernusaiy
msUaslvaaliiuszana 11.5 Tiad dwfuussdussuudl 12 Taad uenaniliadeseuaunis
y15afagronisviauadiuanlvil (Load reconnect) fuummeiiAusfuiiuTunuiing
1 wuenaedaliit 12.6 Taad dmsuussiuszuu 12 Tad udy
drunsiulunisfawumneilaevialu (Regulation Voltage) azilm
14.3 Tad dwduszuu 12 Taad ileuunwmedninaudiy dUdesuummeineliusaiuas
LummeIIzanay  AauiAissnIuaunsTEIIrTSeinwsERuussiuluLunmeslrasTie
\@ua (Float Voltage) dian 13.7 Taas dwmsusyuu 12 Tan
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indesmuaumssalasviluasyihauwuuiadivuegaty  (Pulse
Width Modulation PWM) Aeldgnaduliilutasdulumsmiausealniliiusunnes
uonINHETIEE s UANN S ILUUSIRRT TITUss @B s nn Lo Uy
wuunddnie  dladsdertiduszuuudiasihlivssavsnmlnesingetuesaivlédn
wszwuameRhnsfuardeystlii-liiugunsalldodaiiuszansamaniy  dudn
vnswdinileld ndesntusumsmiiauuuBuiAg agiiliusyAnsnmnissaaliiinann
usdlwdnfiwadiiazddludsuunimeiifiviuds 40 wWodiud eformasdululfidewunnesd
AussuivIouasuaslu i dunasliinn

Mnmshawiingn  in3eseuaunsyiaansadaoignisldoy
vosuuAMBI LN TuLasn s IUsEURIRe I AT AvE M TRty

31J°7'i 3/12 u,am;ﬂ‘%iaamuaumim‘f% (Solar Charge Control)

s ot L3

3.1.6.2 daudruvie dyanual Ya9LATIAIVANNTITYISY

LY

= ° o s
FUN 3.13 UaMIRILNLIAINY VULATEIAIUANNITYITY (Solar Charge Control)

INFUN 311 @WNI0BTUEAIWMLANUIATIAIUANNITYTT

o/

(Solar Charge Control) i ol



39

1) Temperature  sensor Ingaumpiiazyinnsvaveguuniiavsy
nMsnsauaznsiien Wemudeurewhauauiu 85 e
wades  gsruieauiaulaesaluiiuainsdndunmueasioving
naon LED wansfiunszwiut 9 lunsey q fiu

2) charging status LED indicator W LED uLaasanIuzn1sonsanas
uamusasulieuuanoiginilutiussdiulii  vildusedu
Inhenidnnisidonsie

A15197 3.2 ASLARADIUENITVISD

P AnwUzY9A gauni1saivunsa
Liun fnnaan A89U159
= a =1 a:i 1 s
TR NIENIULSD LUALABITUINNILSIA UL

3) battery status LED indicator W LED LLaﬂdﬁmuwadLLummaé

A13197 3.3 BNTNULAAIAD TULVDILUALABDS

d AnWEYBYE H0TUZHUALADS
\Ue7 AAnaDA Und
LILp) ns¥W UL WA

du fanaan WS 9FUsN
WAY PRRRL UIIRULAY

4) Battery types setting indicator lWuanianuziiiodentiinves
WURLADT

= a =
A19799N 3.4 AT NLAPIYUAVDILUALARDT

YLUAVBILUALNDS ATSLERNIHA
LUALAD AL UUAZN-NTA 1
o v
WUALADILAILUULIA 2
= =
wUAAasLUUEN 3

¥

5) Timer 2 setting indicator IWuansaniuzaziiduludionian 2

L ]
=

6) Timer 1 setting indicatorIWLLﬁmdﬁmua%u‘uu’LmﬁaﬁgﬁLia’l 1
7) LED digital display waaslnuanisvinaulnanuazaniue

8) setting button AmuaMIEnIsTIULEz A onYRaLUAmES
9) solar module terminals \Wourarulea sivad

10) battery terminals WousofuLunLne?

11) load terminals iWausafunisylvan
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3.1.6.3 suuslunsidenldiniesaruaunisuda

1) prwiladosnm unszuudsanisawiiassnmiigadaiunis
WSenimaaseunNn Y3 vuedeshiiuuasdode

2) Mdmnfafiaenndesiussuy nadendessesiuszuuiisenuuuly
Falvunalwanswaduazivanyinauldegraivszansnm

3) AussiunsUanlvanuazdelnandalud®  1n3eaniuaunInde
ATLAaENAINITUAR wazrolnansnludAlraenndeiussuud
sonuuull (msgawemasuunmainiudiuly) insigazansada
Enqmi'i.%’mu‘uaaLLumLma‘élﬁmﬂé&%uuaxé’aﬂaaﬁ’ummﬁwwmaq
Tnanunwiln Jaldsuussduiiiningaldauls

a) Anszuaililulunisianulureseissniugunsmiaiingads
(Parasitic Loss) msdenbiesidnliiientsaneuszqluiamn
wuawesl fudeiesmuaunisniaasligyian

5) msnnsuazsieangliiindiuiaetes doszninuaziidaneddne
annsafanamuiisnelaieuarsing

6) sxuuTALEBN I ABLL A g TveaLUReT - (Battery
Temperature Compensation) Lﬂéadeﬂmﬂﬁi’ﬂ?%ﬁ}ﬁiﬂﬂﬂﬂm
nanstisge dulngasilssuuiind  ToaSesmauaunismsans
vhaumawemnsadiegamgiiluiummeiasuwauiie
UsedvSnmngaaniun1visa

7) UseiuAufuazuiniagen asdendvienisulssiududisiedusng
Hayvn nsveudasavanuagd Jusnimdanisvedio

[

8) 111 lawdulngisamrenniesniuaunisviiaaziuegiu - Aty

2
=

ATEISAINTEUAIWIAVS LR  A1sUaetuATuRuSall way

a & a

fAsossrutsausauldavuInluy d1ReT0IRnIVTERaIe 51A7
ﬁ%qdmulﬂﬁha




3.2 N1929NLUU

Battery

+12VDC

+12VDC

GND]

Solar Charge Controller

GND

[

+12vDC

GND

+IVDC
was
12vDC v 9vDC ©
GND ] @
AD
i (Pump) 12VDC || :s o= il 20 a
® e fnadpAutuludy
2| I
i Valvesdudh 13| g—H— | (S0il Moisture Sensor)
—s .
(Pump) 12VDC @ | Microcontroller @gi —
0| 4 Tnsedvinlugilng
. (o]
-1 (Arduino |« (Ultrasonic1)
Jurinau (Fan) 12VDC 4—6- @ S (2)
Mega 3 4% Tasvaviludaudn
= echo.
12 K3 ) 3 (Ultrasonic2)
1
4 a o
; batA | Imgamgiinielu
¥ 2
(DHT11)
+5VDC GND
4T
™

—

LCD 20%

a o | f W
gﬂw 3.14 U@mBBNLUUNISYaUADRUNTUAUAIAIUAL
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3.2.1 mseanuuuaunsalaiuay (Arduino Mega 2560 R3) Audunv (Input)
3.2.1.1 dauwnasang (Supply)
wa s indfignuamdundaanulnih asgriiuliluwunnes
TABr1ULADIMUANNIIYNSY (Solar Charge Control) tetesruuummedlaliideuaninga
Foussdudildazvinty 12vDC dwiudunounsdendelaariuad wuneed warlvan Tngld
\3esmuANNSITINUIUT 3.15 Fail
1) deanglwanves Battery vaA3ad Solar Charee Controller U8
frveauumined Tsasziinsseaduda dwoaelvignios nluang
anuzLUAARI LA
2) saanelwanyes Solar Cell vonA3as Solar Charge Controller 14U
Suwdlearsiwad Tanszlimareaduts dreanslwgniasuasd
wasunn Trlansanuzvesunsleansigadazin
3) sioanelwgUnsaisiowas DC idhAures Load wewATas Solar
Charge Controller Wsnsgdsnsdeaduia ervasvhldaunsalde
Wandenale

ntiudulasiwivivda 9vDC (Input Voltage 7-12V) 14 9V 1ile
Lailihassdemeatiominussiuiu aiuguin 3.14 Tudgwud 1

MCU
(Arduino Mega 2560 R3)

Solar Charge Controller

Battery @

a - & s ¢ o Y « 5
E‘LJ‘VI 345 LLﬁmm‘immI?jaﬁmaa LLURLEIRT LLE’I%I’M&W ﬂULﬂi@ﬁﬂ?UﬂﬂJﬂ?i’UTﬁ‘F\]



43

3.2.1.2 dauuiwad

ludruwesnmsesnuuunisidionsioleuees  wumeiinruduagian
analog fiu digital \ienldan analog Tunisuaneua fwualsion analog (A0) Twwisessioiy
a1 analog Aeulnsawasd (Pin A0, AL, A2, A3) luluwesinnuduadlinmun 4 7 iite
thinuamanadenusud 3.14 ludiud 2

iwuwesiasziuth agldisuges Ultrasonic lafasesuthiwiven
waziumstauuulldudaiureanas Ylieuweshifonns  dwsuseauludelvg
AMUALAYN trig (Trigl) vaswuwsgasaanuen digital Aoulvsalaes (Pin 30) @uv1 echo
(Echo1) sianuen digital maulvsaiass (Pin 31) mmgﬁﬁ 3.14 ludd 3.1 wazdmiusesu
lutfadn Awmunlvivn trig (Trig2) voamuesaaiuan digital Apulnsalaes (Pin 32) duwn
echo (Echo2) afiuan digital maulnsalaes (Pin 33) mug‘dﬁ 3,14 ludauit 3.2

wumasingamnil 1 DHT11 e ingumgidsdasiuliliniglundos
yasfguvgiigaiuly  Jestulilisasmunndevnaidesingamgil uarazmnlunisda
gampdl Avweliien 2 veasuweidatuan digital Aaulnsataes (Pin 2) mwguit 3.14 Tu
duil 4

3.2.2 nmseanuuugunsalniuau (Arduino Mega 2560 R3) fiutavinm (Output)
3.2.2.1 @7U¥892923UU

luduensastuiu Mhsessiedifemuaunisumdonyavau Dy
wvsmuREmewesiuumuiunga il dldfuenluoensd  Wussuunistiudiudgs
vioszuuitlifeansnmsmuuiuslunimvgavewmemes  vielifesnsiaiesnmludes
vosnuisnalunmseandy widefvensasine awnsoruaugUnsaivieuanliynvin
Fuegiunauudsuwndsielnliiiusiuaudomnsvesimanuiiiy

Tneiindnnsihaudel iSladiluaindmuauniada-Unuewes e
fyarasndesulvsaaesiiviuianeiisiliivlvanssuans  Sedesrhoulini
rouuwaldausedlluoweivy  wasdlorsulnsalmeivendidynnaniinguia
woi Iazlnalinsuissswthaeuunsnavdavililingasnaluiivewes Weliuewmaiven
ViU
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+L2V

MCU
_ Pump 12V
Contril

JU 3.16 wanaastiadietduly (Wawes)

dwsunsduiludy fuiudfusueesinssiuimedaudn (Ultrasonic
Sensor2)  inszavludadniivSunanieeniiidmunasiliidyananiainreulnsaeed
(Pin 36) Wiavilmihreuuneresiiadieuioly 12v0C Werelstinenw tuazvimihi
{ahaenanddluglugfaudnitesanissaisuliivaly nuguii 3.14 ludit 5

dwdunssaihiy duiusiumumesTaauduluiu (Soil Moisture
Senso)  thAiadsveteuge e uTuInn ATt e PRV AT L Ry
asulnsaiaas (Pin 38) Welitusad 2 fuandr vhew wuiu Jusail 2 Weswndldnds
athaiersslsasnisivarenidesinn aldiunsdaildlusaisulilussazmsdilna
Fu Fedoaidugod 2 swelunisdaiiodiusasnisiwaveani Ul 3.14 ludaud 6

uazdmiuinauLite stuegaMsl duiusiuugeiingamal
(DHT11) gaumgiifidmualiavsinigumgifieiosnuaunsmiadmualy (85 °C) dufu
nheamglifidmunasybiidaaiaunaneeulvsaiees (Pin 40) (alainanszunels
gaumniiinas Auguit 3.16 ludaudl 7

3.2.2.2 drundnsnagdniue (LCD)

99 Liquid Crystal Display (LCD) lurauanmaguuuunieiifen
Yranldauiuiusruvanenailadiagiaunsvats 29 LCD  dvianuudassnaliusignase
=l 1 d" = o @ =l o) al' 2/ 1 v
138071 Character LCD szmmﬁmwummanwimaamﬁwmmimmmwammaﬂLLm WAy
memmsmLLamwaLUuiUmw wiaamanwmﬂlmmmmmmaamwaas’ﬂmwuﬁarm Graphic

LCD uaﬂmnumwumﬂuaawumawamwm’tmawumu RIRTEY
SULUULAYSUSanIzate 2lunsudniNg Wy uTiRnIAInea 1asesanay vie ntnia

U U
a

e 1 Husiu
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1) lassadddaesialuaes LCD

Thssadawes LCD vialuazdsznouiudeunuuii 2 wiulssnuiu
ot lngviudorimsinall 6-10 Tulaswns Bavluvanduniasedoustiod il
wuulaiielduanssndnes assnansewiesmhlviuuulasundnvensidurosansiviale
luanavessdnsudiulufieniiuasdesnnssvudendt Alignment Layer wazndnvai
Tlaemluasfiuiuu Magnetic Tas LCD amnsauansmaliismeadiuldioms 3 wuu
AuiuAe

- wuuldnisasdouuas  (Reflective Mode) LCD  wuudildfans
Uixmﬂawmé‘auagj*?imiwé’waa LCD 39 LCD UssLamimans
fumsunldeulufiifuasainadiome
wuuldnisdaiy (Transitive Mode) LCD wuuiiavaanlnls
Fundsee Wovlniseuanianwailddaay
- wuvdsHuuazastou (Transflective Mode) LCD wuuilifunns

Yhiedefivesseuaniua LCD W 2 LUULNS AU

2) NaNNISA8 luN15Mall 2 wuu
- WUU Parallel i 16 41 augu#l 3.17 wazmisni 3.5
- WUU 12C 41 4 91 AugUT 3.18 uazm13ai 3.6

HECDEFGHIJKLMNDP‘
abcdetahidklmnor®

gﬂﬁ 3.17 wasIeuUnLnae LCD 16x2 (Parallel)
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A1519% 3.5 AN519KER9UNYD998 LCD 16x2 kU Parallel

Pin No. | Symbol Description
1 VSS/GND Ground
2 VDD +5VCD
3 VO/VEE LCD Control @m3uUsumINuuLaN89iIenys
4 RS Register Select \Judunwndmiudendeugudoyaluilanas
5 RW | Enable Wiumduwndmiudyau Pulse worasnmsideuniesu
Jaya
6 E/EN
7 DBO
8 DB1
9 DB2
i o Data Ii’ins
11 DB4 i
12 DB5
13 DB6
14 DB7
15 A (LED+) tfluwn Vee dwiu LCD backlight (5V)
16 K (LED-) 1{lur GND dw3u LCD backlight (GND)

U 3.18 uanwnuvasae LCD 16x2 (120)

A13797 3.6 AT UAAIYIVE98 LCD 16x2 WU 12C

Pin No. Symbol Description
1 GND Ground
2 VCC +5VCD
3 SDA Serial Data
4 SCL Serial Clock




ar

dmdunsdeudeiupaulvsaaes awsevile 2 Snvas e NS
\Feusisuuu 8 Um (DBO-DBT) uazn1siiausieuuy ¢ On (DBA-DB7) vsdasuuuumnsneiy
Weasundildde 8 wia 4 0 wavdiausaheuldmilouty edniiudueulunisds
fogauwuy 4 1 dewildtindr 8 21 wilulddhunnaudunalddeasnn Tunisreiu
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Code Program

// Project Model of automatic watering control by solar cell //

#include <LiquidCrystal.h>

LiquidCrystal lcd (12, 11, 4, 5, 6, 7); /* LCD 20*4 Blue and White

// DHT (Temp meter) //
#include "DHT.h"

#define DHTPIN 2

#define DHTTYPE DHT11
DHT dht(DHTPIN, DHTTYPE);

// Soil Moisture //

int MoisturePinl = AQ;
int MoistureValuel = 0;
int MoisturePin2 = Al;
int MoistureValue2 = 0;
int MoisturePin3 = A2;
int MoistureValue3 = Q;
int MoisturePind = A3;
int MoistureValued = 0;
float Moisture = 0;

int SoilMoisture = 0;

* LCD RS pin to digital pin12

* LCD Enable pin to digital pin11
* LCD D4 pin to digital pin 4

* LCD D5 pin to digital pin 5

* LCD D6 pin to digital pin 6

* LCD D7 pin to digital pin 7

* LCD R/W and VSS pin to GND
* LCD VDD pin to +5V

* LCD A pin to +5V

* LCD K pin to GND

* LCD VO pin to 4.7 ohm to GND
o

// DHT pin 2 to digital Pin 2

// Soil Moisturel to analog Pin AQ
// Moisturel = 0
// Soil Moisture2 to analog Pin Al
// Moisture2 = 0
// Soil Moisture3 to analog Pin A2
// Moisture3 = 0
// Soil Moistured to analog Pin A3
// Moistured = 0

// Soil Moisture Value = 0
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// Ultrasonic Sensorl //
int trigPin1 = 30; // Trigl of Tankl to digital Pin 30
int echoPinl = 31; // Echol of Tankl to digital Pin 31

// Ultrasonic Sensor2 //
int trigPin2 = 32; // Trig2 of Tank2 to digital Pin 34
int echoPin2 = 33; // Echo2 of Tank2 to digital Pin 35

// Pump Valve Fan //

int PumpPin = 36; // Pump to digital Pin 36
int ValvePin = 38; // Valve to digital Pin 38
int FanPin = 40; // Fan to digital Pin 40

void setup()

{

// Start LCD //
Serial.begin(9600);
lcd.begin(20, 4);

Lcd. prnt(*******HEL | Ql+x#exr),
delay(5000);

lcd.clear();

lcd. print("++Instrumentation++");

dht.begin();

pinModel(trigPin1, QUTPUT);
pinMode(echoPin1, INPUT);

pinMode(trigPin2, OUTPUT);
pinMode(echoPin2, INPUT);
pinMode(ValvePin, OUTPUT);
pinMode(PumpPin , OUTPUT);
pinMode(FanPin , OUTPUT);
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void loop()
{

// Soil Moisture sensor //

MoistureValuel = analogRead(MoisturePin1);
MoistureValue2 = analogRead(MoisturePin2);
MoistureValue3 = analogRead(MoisturePin3)

2

MoistureValued = analogRead(MoisturePing);

Moisture = (MoistureValuel+MoistureValue2+MoistureValue3+MoistureValued)/4d;

SoilMoisture = 100-(Moisture/10.23);
Serial.print("Soil Moisture: ")
Serial.print(SoilMoisture);
Serial.printin(" %");

// Ultrasonic Sensor1 (Tank of Big) //
long durationi;
int distancel;
digitalWrite(trigPin1, LOW);
delayMicroseconds(2);
digitalWrite(trigPin1, HIGH);
delayMicroseconds(10);
digitalWrite(trigPin1, LOW);
durationl = pulseln(echoPin1, HIGH);
distancel = ((duration1)/2) / 29.1;
if(distancel > 99)

{
distancel = 0;
Serial.print("Level Tankl: ");
Serial.print(distance1);
Serial.printn("em");

}

else

{

distancel = distancel;
Serial.print("Level Tank1: ");
Serial.print(distancel);

Serial.printin("em");

// Average Soil Moisture Value
// Cal analog to percent
// Display Soil Moisture Value

// if distance valvel over 99

// distance valvel = 0

// Display show Level Tank1

// else distancel less or amount 99

// distance valvel = distancel

// Display show Level Tankl
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// Ultrasonic Sensor2 (Tank of Small) //
long duration2;
int distancez;
digitalWrite(trigPin2, LOW);
delayMicroseconds(2);
digitalWrite(trigPin2, HIGH);
delayMicroseconds(10);
digitalWrite(trigPin2, LOW);
duration2 = pulseln(echoPin2, HIGH);
distance2 = ((duration2)/2) / 29.1;
if(distance2 > 99)

{
distance2 = 0;
Serial.print("Level Tank2: ");
Serial.print(distance2);
Serial.printin("cm");

}

else

{
distance2 = distance?2;
Serial.print("Level Tank2: ")
Serial.print(distance2);
Serial.printin("cm");

}

// DHT Sensor //

int t = dht.readTemperature();
Serial.print("Temperature: ");
Serial.print(t);
Serial.printin(" *C");
if(t >= 30)
{

digitalWrite(FanPin, HIGH);
}
else

{
digitalWrite(FanPin, LOW);

// if distance valve2 over 99

// distance valve2 = 0

// Display show Level Tank2

// else distance?2 less or amount 99

// distance valve2 = distance?2

// Display show Level Tank2

// Display show temperature




// LCD Display //
lcd.setCursor(0,1);
lcd.print("Soil Moisture:");
lcd.setCursor(15,1);
lcd.print(SoilMoisture); // LCD Show Soil Moisture Value
led.setCursor(18,1);
lcd.print("%");
lcd.setCursor(0,2);
led.print("Level 1,2(cm):");
lcd.setCursor(15,2);

lcd.print(distance1); // LCD Show Level Valuel
lcd.setCursor(17,2);
led.print(",";
lcd.setCursor(18,2);
lcd.print(distance?); // LCD Show Level Value2
lcd.setCursor(20,2);
delay(5000);
if(distancel >= 10 && distancel <= 45)
{
if(distance2 >= 6 && distance2 <= 20)
{
if(Moisture >= 650)
{
digitalWrite(ValvePin, HIGH);
led.setCursor(0,3);
lcd.print("Status: WATERING>>>>"),
delay(Moisture);
}
else
{
digitalWrite(ValvePin, LOW);
lcd.setCursor(0,3);
lcd.print("Status: NO WATERING<");
delay(Moisture);
}




73

else

{
digitalWrite(PumpPin, HIGH);
lcd.setCursor(0,3);
lcd.print("Status: OPEN PUMP***");
delay(distance?2);

}
else if(distance2 >= 6 && distance2 < 20)
{
if(Moisture >= 650)
{
digitalWrite(ValvePin, HIGH);
lcd.setCursor(0,3);
led.print("Status: WATERING>>>>");

delay(Moisture);
}
else
{
digitalWrite(ValvePin, LOW);
lcd.setCursor(0,3);
led.print("Status: NO WATERING<");
delay(Moisture);
}
}
else
{

digitalWrite(ValvePin, LOW);
digitalWrite(PumpPin, LOW);
lcd.setCursor(0,3);
led.print(">>>WAIT SET WATER<<<");
delay(distancel);
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Solar Charge Controller

LandStar

LS1024R / LS1524R / LLS2024R
—— Solar Light Controller

Specification Summary

Nominal system voltage 12/24VDC*
Maximum PV input voltage S0V

Nominal charge / discharge current

LS1024R 10A
LSI524R 15A
L.S2024R 20A

* The controller will recognize the system rated voltage when start up. If
the battery voltage is lower than 18V, it will recognize the system as 12V,
If the battery voltage is greater than 18V, it will recognize the system as

24V,
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I Important Safety Information

Save These Instructions

This manual contains important safety, installation and operating
instructions

The following symbols are used throughout this manual to indicate
potentially dangerous conditions or mark important safety instructions .

please take care when meeting these symbols.

WARNING: Indicates a potentially dangerous
condition. Use  extreme caution when

performing this fask.

, CAUTION: Indicates a critical procedure for

safe and proper operation of the controller.,

; NOTE: Indicates a procedure or function that

| ? is important for the safe and proper operation

of the controller.

R, | ——

General Safety Information

o Read all of the mstructions and cautions in the manual before beginning
installstion

o There are no user serviceable parts inside the controller. Do not
disassembie or atsmpt to repair it.

o Instaf) externa! fuses breakers as required.

o Discommast the solar module and fuse/breakers near to battery before
installing or adiusting the controller.

e Do nox 2llow water to enter the controller.

o 0SS Sonsecion
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2 General Information
2.1 Product Overview

Thank you for selecting LandStar series solar hight controller that adopts the

most advanced digital technique and operates fully automatically. The Pulse

Width Modulation (PWM) battery charging can greatly increase the lifetime

of battery. It has various unique functions and quite casy to use, such as:

o[ 224V automatie recognitton

¢High efficient Semes PWM charging, icrease the battery hietime and

improve the solar system performance.

else MOSFET as etectronie switch, without any mechanieal switch

sWidely used, automatically recognize day/night,”

eDigital LED menu, only one key solve all setting simply

elntelligent umer funcuon with 1-15 hours option

ol inique dual umer function, enhance the flexibility of street light system

s(iel, Sealed and Flooded battery type option.

*Adopt temperature compensation, correct the charging and discharging
parameters automatically and improve the bautery lifetime.

sklectronic protection:  Overheating, over charging, over discharging,
overload, and short errcunt,

eReverse protection: any combination of solar module and battery

The controller is for off-grid solar system, espectally in solar light system,
and protects the battery from being aver charged by the solar module and
over discharged by the loads. The charging process has been optimized for
long battery life and improved system performance. The comprehensive
self-diagnostics and electronic protection functions can prevent damage from
installation mistakes or system faults.

Though the controller 1s easy to operate and use, please take your time to
read this manual and become familiar with it. This will help you make full

use of all the functions and improve your solar PV system.
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2.2 Product Features

Fugure 2-1  Land Star characteristics
u

| - Temperature Sensor
Measure ambrent temperature and make temperature compensation for
charging and discharging.

2 - Charging status LED indicator

An LED mdicator that shows charging status and also indicates when battery

voltage 1s higher than over voltage disconnect voltage.
3 - Banery status LED indicator

An LED indicator that shows battery status

4 - Battery type setting indicator

The indicator will be on when select battery type.

5 - Timer 2 setting indicator

The indicator wall be on when set timer 2.

6 - Timer | setting indicator

The indicator will be on when set timer |,

7 -LED digutal display

Display the load work mode and status

8 -Setting button

Set load work mode and select battery type (in manual mode used for load
ONOFF).
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Y —Solar Module Terminals
Connect solar modules

10 —Battery Terminals
Connect batteries,

11 ~Load Terminals

Connect loads.

3 Installation Instructions
3.1 General Installation Notes

eRcad through the entire installation section first before beginning installaton

eBe very careful when working with batteries. Wear eye protection. Have
fresh water available to wash and clean any contact with battery acid

eUses insulated tools and avold placing metal objects near the batteries

skxplosive battery gasses may be present during charging. Be certain there
is sufficient ventilation to release the gasses.

s Avoid direct sunlight and do not install in locations where water can enter
the controller,

el.0ose power connections and or corroded wires may result in resistive
connections that melt wire insulation, burn surrounding materials, or even
cause fire. Ensure tight connections and use cable clamps to secure cables
and prevent them from swaying in mobile applications

elUse with Gel, Scaled or Flooded batteries only.

eBattery connection may be wired to one battery or a bank of batteries. The
following instructions refer to a singular battery, but it is implied that the
battery connection can be made to either one battery or a group of
batteries 1n a battery bank.

o Select the system cables according to 3A/mm* current density

3.2 Mounting
NOTE: When mounting the controller, ensure free air
through the controller heat sink fins. There should be at
W least 6 inches (150 mm) of clearance above and below the
controller to allow for cooling. If mounted in an

enclosure, ventilation is highly recommended.

4
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WARNING: Risk of explosion! Never install the
controller in a sealed enclose with flooded batteries! Do
not install in a confined area where battery gassed can

accumulate,

Step 1: Choose Mounting Location

Locate the controller on a vertical surface protected from direct sun, high
temperature, and water. And make sure good ventilation.

Step 2: Check for clearance

Place the controller in the location where it will be mounted, Verify that
there s sufficient room to run wires and that there is sufficient room above

and below the controller for air flow.
L L E I L IO o Gk F

FS0mmi 3 9mches) , Cool air

VNG LN DS ok 7 7

Figure 3-1  Mounting and cooling

Step 3: Mark Holes

Use a pencil or pen to mark the four (4) mounting hole locations on the
mounting surface,

Step 4: Drill Holes

Remove the controller and drill 4mm holes in the marked locations.
Step 5: Secure Controller

Place the controller on the surface and align the mounting holes with the
drilled holes in step 4.

Secure the controller in place using the mounting screws.
q
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3.3 Wirin

I

NOTE: A recommended connection order has been

provided for maximum safety during installation.

NOTE: The controller is a common positive ground

controller.

exceeding the ratings of the controller.

CAUTION: For mobile applications, be sure to secure
all wiring. Use cable clamps to prevent cables from

swaving when the vehicle is in motion. Unsecured

i:\- CAUTION: Don’t connect the loads with surge power

cables create loose and resistive connections which may

lead to excessive heating and/or fire.

Stepl: Battery Wiring

WARNING: Risk of explosion or fire! Never short
circuit battery positive (+) and negative (<) or cables

1 50mmi(5.91nches)

MAX r =
= Battery
Figure 3-2  Battery connecting

6
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Before battery is connected, make sure that battery voltage is greater than 6V
S0 as to start up the controller. If system 1s 24V, make sure battery voltage 1s
not less than 18V, System voltage can only be automatically recognized
when controller start up for the first time.

When install fuse, make sure that the biggest distance between the fuse
holder and the positive terminal of battery is 150mm. Do not msert a fuse at

this time. Confirm the connection correct and turm on the power.
Step 2: Load Wiring

The controller loads can be connected to such electrical equipments as lights,
pumps, motors and others. Controller offers power to loads through the

bartery voltage

o Load

Figure 3-3  Load Wiring
Connect the positive (+) and negative (-) of loads to controller load terminals
as shown in Figure 3-3. The load terminal may exist voltage, connect

carefully to avoid short circuit.

An in-line fuse holder should be wired in series in the load positive (+) or
negative (-) wire as show in Figure 3-3. Do not insert a fuse at this time.

Confirm the connection correct and turn on the power
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If wiring the load connection to a load distribution panel, each load circuit
should be fused separately. The total load draw should not exceed the load

rated current of controller.

Step 3: Solar wiring

WARNING: Risk of electric shock! Exercise caution
when handling solar wiring. The solar module(s) high
voltage output can cause severe shock or injury. Be

carcful operation when installing solar wiring,.

The controller can accept 12V, 24V nominal off-grid solar module(s).
Grid-tie solar module(s) may be used if the open cireuit voltage of solar
mwodule doesn™t exceed the Maximum PV input voltage of the controller,
The solar module(s) work veltage must be equal to or greater than the

system voltage.

Solar Module

Figure 3-4  Solar wiring
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Step 4: Confirm Wiring
Double-check the wiring in step! through 3. Confirm correct polarity at each

connection. Verify that all six terminals are tightened.

Solar Module

I 50mmi 5. 91nches)
MAX® \¥ ™

J’ Battery @

Figure 3-5 System wiring review

Step 5: Confirm power on

When battery power 1s applicd and the controller starts up, the battery LED
indicator will be green.
If the controller doesn't start up, or the battery status LED error exists, please

refer to section 5 for troubleshooting.
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4 Operation
4.1 PWM Technology (Series Pulse Width Modulation)

I'he controller adopts the advanced series pulse width modulation (PWM)
charging mode. With range of 0-100%, 1t can charge the battery quickly and
stably under any condition of solar photovoltaic system.

PWM charging mode use automatic conversion duty ratio pulses current to
charge the battery. The battery can be fully charged satety and rapidly with
the pulse current. Intermissions make some oxygen and hydrogen generated
by chemical reacnon chemically combmed again and absorbed, It can
© chiminate coneentration polanization and ohin polanzation naturally and
reduce the internal pressure of the battery so that the battery can ahsorb more
power. Pulse current charging mode makes battery have more time to react,
which reduces the gassing volume and makes battery improve the

aceeptance rate of charging current,

4.2 Battery Charging Information

BULK
CHARGE Iy

Figure 4-1  PWM Charging mode

‘Bulk Charge
In this stage, the battery voltage has not yet reached boost voltage and 100%

of available solar power 1s used to charge the battery.

‘Boost Charge
When the battery has recharged to the Boost voltage setpoint, constant-
current regulation is used to prevent heating and excessive battery

gassing. The Boost stage remains 120 minutes and then goes to Float Charge.

10
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‘Float Charge

After the battery 15 fully charged in Boost voltage stage, the controller
reduces the battery voltage to Float voltage set point. When the battery is
fully recharged, there will be no more chemical reactions and all the charge
current transmits into heat and gas at this time. Then the controller reduces
the voltage to the floating stage, charging with a smaller voltage and current,
it will reduce the temperature of battery and prevent the gassing, also
charging the battery shghtly atthe same tume. The purpose of Float stage 15
to offset the power econsumption caused by self consumption and small loads
i the whole svstem, while mantaining full bautery storage capacity.

in Float stage. loads can continue to draw power trom the battery. In the
event that the system load(s) exceed the solar charge current, the controller
will no longer be able to maintain the battery at the Float setpoint. Should
the battery voltage remains below the boost reconnect charging voltage, the

controller will'exir Float stage and return to Bulk charge.

‘Equalize Charge

WARNING: Risk of explosion!
, Equalizing flooded battery can produce explosive

gases, so well ventilation of battery box is necessary

NOTE: Equipment damage!

Equalization may increase battery voltage to the level
damaging to sensitive DC loads. Ensure that all load
allowable input voltages are greater than the equalizing

charging set point voltage,

NOTE: Equipment damage!

Over-charging and excessive gas precipitation may
damage the battery plates and ncﬁ\'nte material
shedding on them. Too high an equalizing charge or for
too long may cause damage. Please carefully review the

specific requirements of the battery used in the system.
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Certain types of batteries benefit from periodic equalizing charge, which can
stir the electrolyte, balance battery voltage and complete chemical reaction.
Equahzing charge increases the battery voltage, higher than the standard
complement voltage, which gasifies the battery electrolyte.

If the battery 1s being over discharged, the solar controller will automatically
turn to egualize charging stage, and the equalize stage remain 120mins.
Equalize ¢harge and boost charge are not carried out constantly in a full

charge process to avord too much gas precipitation or overheating of battery

4.3 LED Indicators

Chergmg Starus LED ndicator Battery Status LED indicator

AT

Solar Charge Controller

Figure 4-2  LED indicators

* Charging status indicator
GREEN ON whenever sunlight is available for battery charging,

GREEN FAST FLASHING when battery over voltage.

Please refer 1o section 5 for troubleshooting.

Charging Status LED indicator Table 4-1
Color Indicator Charging Status
Green On Solid Charging
Green Fast Flashing Battery over voltage
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eBattery status indicator

GREEN ON when battery voltage in normal range
GREEN SLOWLY FLASHING when battery full
ORANGE ON when battery under voltage

RED ON when battery over discharged

Please refer to section 5 for troubleshooting

Battery status LED indicator Table 4-2
Color Indicator Battery Status
Green On solid Normal
Green Slowly - Flashing Full
Orange On solid Under voltage
Red On sohd Over discharged

® Load status indicator:

When the load amp is 1.25times of rated current for 60 seconds, or the
load amp 1s 1.5 times of rated current for 5 seconds (overload); or load amp
1s more than 3.5 times of  rated current(Short Circuit) ,the LED digital tube
shows “L" with slowly flashing simultaneously. Please refer to section 5 for

trouble shooting,

Load status LED indicator Table 4-3
Color LED digital tube Load status
Red “L" with slowly flashing Overload or short circuit

e Overheating protection indicator:

When heat sink of the controller exceeds 85 C, the controller will
automatically cut input and output circuit, with LED digital tube showing

[

H™ with slowly flashing simultancously. Please refer to section 5 for trouble

shooting.
Overheating protection indicator Table 4-4
Color LED digital tube System status
Red “H" with slowly flashing Controller overheating

13
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4.4 Setting Operation

Dual timer function

—Timer} — ——Timerd—=
Light ) -1
ON Midmght
Number : Number :
Light ol hours ofhours Ly
r!ﬁF
Sunset Sunrise

he detault mght length 1s 10 hours The controller can learn the might length
refering to the previous mght so as to adapt to the different scasons.
However. it will take somie time to fearn it.
Notes: when the “OFF" time set at timer 2 is later than
'F Inc’:tl suprise time, the controller will turn off the load
output at the sunrise time, which shows light control
first!

. Load Control Settings
I. Dusk 10 Dawn

When solar module voltage woes below the point of NTTV (Night Time
Threshold Voltage) at sunset. the controller will recognize the starting
voltage and turn on the foad after 10 nunutes delay. When solar module
voltage goes above point of DTTV (Day Time Threshold Voltage), the solar
controller will recognize the starting voltage and turn off the Toad afier 10

minutes delay,

2. Light ON = Timer

When solar module voltage goes below the point of NTTV (Night Time
Threshold Volage) at sunset: the solar controller will recognize the starting
voltage and turn on the load after 10 minutes delay. The load will be on for
several hours which users set through LED digital tube. The controller has

dual umer function. Please refer to table 4-5 “Load Work Mode Scttng”™.

3. Test mode

This mode 1s the same as Dusk to Dawn. But there is no 10 minutes delay
when controller recognizes the startmg voltage When below the starting
voltage, the controller will tumn on the load. if higher, it will turn off load.

The test mode makes 1t casy to check the system installation.
14
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4. Manual mode

This mode 1s to turn ON and OFF the load by manual.
» Load Work Mode Setting

Tmerl Setung indicator Load work mode LED digital tube

\ Work Mode |
Mode & Timer 1 . /
Timer 2
Timer2 BatType @

Setting indicator =
4 {8
Qe

Battery type & s
Setting Indicator

Solar Charge Controller Setting button

Figure 4-3 = Settng operation mdicating

Press the setting button once and setting indicators will be changed
once among timer |, timer2 and battery type.

When umer 1 setting indicator 1s on, press the setting button for more
than 5 seconds till the LED (ilgital tube flashes. Then press the setting button
tll the desired number appears according to the following table, The setting
is finished when the digital tube stop flashing.

Timer 2 setting 1s the sume as timer | when the setting indicator is on

timer2
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Load work mode Table 4-5
LED
Timer! Digital

No
Disable n
Dusk to Dawn, Load will be on all might ]
Load will be on for | hour afier ten munutes delay since sunset |
Load will be on for 2 hours after ten minutes delay since sunset 2
Load will be on for 3 hours after ten minutes delay since sunset 3
Load will be on for 4 hours after ten nunutes delay since sunset 4
Load will be on for 5 hours afler ten nunutes delay since sunset )
Load will be on for 6 hours after ten minutes delay since sunset 6
Load will be on for 7 hours after ten minutes delay since sunset 7
Load will be on for 8 hours after ten minutes delay since sunsct )
Load will be on for 9 hours after ten minutes delay since sunset 9
Load will be on for 10 hours after ten minutes delay since sunset 10
Load will be on for 11 hours after ten minutes delay since sunset 11
Load will be on for 12 hours afier ten minutes delay since sunset 12
Load will be on for 13hours after ten minutes delay since sunset 13
Load will be on for 14 hours after ten minutes delay since sunset 14
Load will be on for 15 hours after ten minutes delay since sunset 15
Test mode 16

ON/OFF mode 17

16
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Load work mode Table 4-6

Timer2 LED Digital No.
Disable n

Load will be on for | hour before sunrise |

Load will be on for 2 hours before sunrise 2

Load will be on for 3 hours before sunrise 3

Load will be on for 4 hours before sunrise 4

Load will be on for 5 hours before sunrise 5

Load will be on for 6 hours before sunrise [

[.oad w1ll be on for 7 hours before sunrise 7

Load will be on for 8 hours before sunrise 8

Load will be on {or 9 hours before sunrise ‘ 4

Load will be on for 10 hours before sunrise 10

Load will be on for 11 hours before sunrise 11

Load will be on for 12 hours before sunrise 7

Load will be on for | 3hours before sunnse 13

Load will be on for 14 hours betote sunrise 14

Load will be on for 15 hours betore sunrse 15

Notes: If timer 1is Dusk to Dawn( 0), Test mode (16) or

I: § ON/OFF mode (17), the timer 2 will be disabled.

» Battery Type Setting

When battery type setting indicator is on, press the setting button for
more than 5 seconds till the LED digital tube flashes. Then press the setting
button till the desired number appears according to the following table. The

setting 1s finished ull the LED digital display stops flashing,

Battery type setting Table 4-7
Baltery type Digital tube display
Sealed lead acid battery |
Gel battery 2
Flooded battery 3
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3 Protection, Troubleshooting and
Maintenance

5.1 Protection

PV Array Short Circuit
If PV array short circuit oceurs, clear it to resume normal operation
‘Load Overload

"

[f the load current exceeds the maximum load current rating, the controller
will disconnect the load. Overloading must be cleared up through reapply
power or pressing the setting button

‘Load Short Circuit

Fully protected against load wiring short-circuit After one automatie load
reconnect attempt, the tault must be cleared by reapply power or pressing the
setting button

PV Reverse Polarity

Fully protection against PV reverse polarty. no damage to the controller will
result. Correct the miswire to resume normal operation

‘Battery Reverse Polarity

Fully protection against battery reverse polarity, no damage to the controller
will result. Correct the miswire to resume normal operation

‘Damaged Local Temperature Sensor

If the temperature sensor short-circuited or damaged, the controller will be
charging or discharging at the default temperature 25°C to prevent the
battery damaged from overcharging or over discharged.

‘Overheating Protection

If the temperature of the controller heat sink exceeds 85°C, the controller

will automatically start the overheating protection.

‘High Voltage Transients
PV is protected against high voltage transients. In lightning prone areas,

additional external suppression is recommended.

18
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5.2 Troubleshooting

Trouble Shooting

Table 5-1

Faulis

Possible reasons

Troubleshooting

Charging LED
mdicator ofl during
daytime when
sunshine falls on PV

modules properly

PV
arriy

disconnection

Check that PV and bartery
wIre  connections  are

correct und tight

Green charging LED

Batterv  voltage

Chech. il battery voltage

indicator tast higher than over over high. Disconnect the
flashing voltape solar module

disconnect

voltage(OVD)
Battery Battery under Load eutput 15 nonmal,.
LED mdicators are voltage charpmge. LED ndicator
orange will.  return o green

automatcally when fully
| charped

Battery e Battery The controlier eur off the
indicators RED color over discharged output automatically, LED
and loads not mdicator will rewrn to
workimg green automatically when

tully charged
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Digial wbe displays Over load or short Overload: Please reduce
“L™ with red slowly circuit the load and press the
flashing button  once, the

controller will resume to
work after 3s;

Short circuit: when the
first short-circuit occurs,
the controller will
automnatically resume to
work afler 10s; when a
second short-circuit
occurs, press the button,
the controller will

resume to work after 3s.

Digital wbe displays Too high When heat sink of the
I wath red stowly temperature of controller exceeds
flashing controller 85 'C, the controller will

automatically cut input
and output circut. When
the temperature below

75 °C, the ¢ontroller will

resume towWork

Notes: No LED indicator,
Measure battery voltage with multimeter.

Min.6V can start up the controller,

Notes: No charging status LED indicator with normal

connection. Measure the input veltage of solar module,

4

the input voltage must be higher than battery voltage!
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5.3 Maintenance

The following inspections and maintenance tasks are recommended at least

two times per vear for best controller performance.

e Check that the controller 1s securely mounted in a clean and dry

environment.

o Check that the air flow and ventilation around the controller 1s not blocked.

Clear all dirt or fragments on the heat sink.

e Check all the naked wires to make sure insulation is not damaged for
serious solarization, frictional wear, dryness, insects or rats etc. Maintain or

replace the wires if necessary,

o Tighten all the terminals. Inspect for loose, broken, or burnt wire

connections,

e Check and confirm that LED digital tube is consistent with required. Pay
attention o any troubleshooting or error indication . Take necessary

corrective action.

e Confirm that all the system components are ground conneeted tightly and

correctly

o Confirm that all the terminals have no corrosion, insulation damaged, high
temperature or burnt/discolored sign, tighten terminal screws to the

suggested torque

e [nspect for dirt, insects and corroston, and clear up. -
* Check and confirm that lightming arrester is in good condition. Replace a
new one in time to avoid damaging of the controller and even other

cquipments.

Notes: Dangerous with electric shock!
Make sure that all power source of controller is cut

off when operate above processes, and then make

inspection or other operations !
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6 Warranty

The LandStar charge controller 1s warranted to be free from defects for a
period of TWO (2) years from the date of shipment to the original end user,

We will, at its option, repair or replace any such defective products.

* Claim procedure:

Betore requesting warranty service, ¢heek the Operation Manual o be
certam that there is-@ problem wath the controller. Return the defective
product to gs with shippig charges prepaid of problem cannot be solved
Provide proot ot date and place ot purchase. To obtam rapid service under
this warranty, the returned products must clude the model, serial number
and detailed reason tor the falure, the module type and size, type of batteries
and system loads. This information 1s critical to a rapid disposition of vour

warranty ¢laim,

*This warranty does not apply under the following conditions:

1. Damage by aceident, neghgence, abuse or improper use,

[£9]

PV or load current exceedimg the ratings of product

3. Unauthorized produet modification or attempted repair

4=

. Damaged oceurring during shipment.

"

. Damage results from acts of nature such as lightning, weather extremes

6. Irreclaimable mechanical damage.
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7 Technical specifications

Electrical Parameters

Table 7-1

Description

Parameter

Nominal System Voltage

11/ 24VDC
Auto work

Maximum Battery Voltage

1V

Ratted Battery Current

LSIOAR 10A |
LSIS2R WISA |

LS2024R 20A
Charpe Creunt Voltage Drop D26V
scharge Cireant Vohage Drop <05V
Self-consumption <6mA
Lhreshold Voltage Parameters Table7-2
Deseriptian Parameter

NTTV (Night Tune Threshold Voltage)

SVix2/24V

DTTV (Day Time Threshold Voltage)

6V X224V

F'emperature Compensation Coeflicient

Table7-3

Description

Parameter

Temperature  Compensation
Coefficient(TEMPCO)*

30mV/ T/ 12V625C ref)

* Compensation of equalize, boost, float and low voltage disconnect voltage,
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Battery Voltage Parameters (temperature at 25°C) Table 7-4
Charging  Parameters

Battery

charging Giel Sealed Flooded
setting

Over Volage
Disconnect 16V, x2/24V 16V x2/24V 16V; x2/24V

Voltage

Charging

Lunit Voliage

15.5V.x224V

15.5V;x2/24V

15.5V;x2/24V

Over Voltage
Reconnect
Volta ge

15V, x2/24V

15V, x2/24V

VN2 24V

Equalize
Charging
Voltage

[4.6V:x2/24V

14.8Vx224V

Boost
Charging
Voltage

14.2Vx2/24V

14.4Vix2/24V

14.6V.x224V

Float
Charging
Voltage

13.8V:x2:24V

13.8V:x2/24V

138Vix224V

Boost
Reconnect
Charging
Voltage

13.2V.x2/24V

13.2V;x2/24V

132Vix2 24V

Low Voltage
Reconnect
Voltage

12.6V,x2/24V

12.6Vix224Y

126V x224V

Under
voltage
warning

reconnect
voltage

1 22Vea 224V

12:2Vix2 74%

s s

12 2V 2V

Under
Voltage
Warning
Volage

12V x2724Y

12V, x223V

L}
-
s
IJ
da
pe

Low Volage
Disconnect
Voltage

11.1Vix224\

FLIVix224%

V224V

Discharging
Limit Voltage

10.8V;x224V

108V x2 23\

108V229V

I:qualuc _____ 3 hours g —

duration ;
Boost .

‘ 2 hotrs 2 bours b - bouirs

duration |
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Environmental parameters Table 7-5
Environmental  parameters Parameter
Working temperature -35C to +55°C
Storage temperature -35C10 +80°C
Humidity 10%-90% NC
Enclosure 1P30
LS1024R Mechanical parameters Table 7-6
Mechanical Parameter Parameter

[40(5.51)x65(2.56)x34(1.34) mmv/inches
130(5.12) x 45(1.77) mm/inches

Overall dimension

Mounting dimension

Mounting hole size D45
l'erminal dmm’
Net weight 0.15kg
LS1524R. LS2024R Mechanical Parameters Table 7-7
Mechanical
s e Parameter
Overall dimension 144(5.67)xT75(2.95)x45(1.77) mm/inches
I 135(5.31)x55(2.16) mm/inches
Mounting hole size 7 ®a.5
Terminal 10mm’
Net weight 0.25kg

Final interpretation right of the manual belongs to our company.

Any changes without prior notice!

23
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