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This thesis presents a prototype development of wireless sensor networks for
precision agriculture in greenhouse. The system features different types of sensors for
evaluating parameter values which are the variables for controlling adjustable devices.
General telecommunication and control technologies including optimum design for
greenhouse are used in this system. We can control various parameters in greenhouse
easier than those in open air field. System components could communicate among
one another via Wi-Fi with UDP protocol by using Raspberry Pi as gateway. Incoming
parameter data, which are collected from the sensors, are saved to cloud server.
Decision process applying Fuzzy logic controls adjust devices for appropriate
environment in greenhouse. This built-in Wi-Fi system is well-known and beneficial for

many newcomer and compatible device.
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2.2.3 WSN Using XBee for Precision Agriculture of Sweet Potatoes
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2.2.4 WSN with Analog Scatter Radio and Timer Principles
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2.2.5 PotatoSense
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2.3 NodeMCU
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dudnlasalansuuuiignsuiiedesiuduazeasuaziaiuan lngA1ANNTUIRIUREULUALA

'
=

dielectric constant (A1AINvaelaBLANNSN F9ARDaUIL) INTALAANITHUNIUYDIAIAIY

o o

Fruntuiansiidi TaaidleAranududuimsivasuly 1 wWesidud Araarugli

(Capacitive) flsgsldeuly 0.2 &1 0.5 pF
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Electronic humidity sensors

Porous Hygrescopic
. platinum material
electrode
Polymer
or oxide
Platinum
:lal,o:cmc electrodes
— Platinum
electrode Substrate
Substrate
Capacitive Resistive

5UN 2-15 dnwauzues Capacitive Humidity Sensor
Tudruveamasiiawmas [14] ¥3o38ndN8g199FIA1UNIUAIINSDY (Thermal Resistor) WU

v o a

el o D 1 ax & =t o 5t ! a
gunsalivimihinsadugumgiguluasisnihivinannlavgesnleddslirenisivieu
gaunilaesliaveslainasniiuivirdiiinoamngiiduvia Negative Temperature
Coefficients (NTC) Inganunsauansmuduiusvasauimuniukazaungilanegun 2-16
dyq./ L v a
wenNUsanunsaansmNEITUEN AU slanuannsa (2-1) uag (2-2)

"
ATTHATENIY
&

FIC

WK |

w0 L NTC

T T T T L T L T L

50 o 0 100 150 200 250 300 RUH{E (DR 1T AT )

a IS

SUN 2-16 ANUAUNUSVBIANUA UM UNUUNNT (lwaLTea)

v 9 U

mﬂgﬂﬁ 2-16 @UN1SANNFUNUSVDY NTC Ap

B
R(Q) = A * eTemp® (2-1)

1%

lng A wag B 1 Jumaanids B astusgiunmevesseqlniilusanilng
visodeuleilu
-B B
R(Q) =Ry*e ToxeT (2-2)

a8 Ry ABAIAMUATUNIUA T,
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2.4.2 Wuwasinanuduludiu

duwesineutulufuuuuuisdidnlnsatinlagldvdnnsasnseualuih
NnursianazsuAraudumulufiuluuieusdonlneiiluga LM393 siwmiiieuuay
Wisuisuaanutumnlufuiiauguiuinnmsiliihfazdanudsuasaudun
rarndueluldsnnssduanuty Wugunsaifmangdmiumaguasziuauruiuly

AuusnauizUgnuaransaldnuivueiaussnneglumluladanuueiagui 2-17

{ LY < o & a
JUN 2-17 dnwaizveaduwesinauauludu
(Source: https://www.arduinoall.com/product/184/soil-moisture-sensor-module)

< & 1
2.4.3 GULDITINAINUAINNUVDILES

[V 1

TSL2561 finuniaegu 2-18 Lﬁuimaamiaa)aﬂmmmmammﬁL‘mnz

v A d‘

dmuldruiifunisvesogluddldnisdenseuvu 12C iddgfeannsaidousieldfiu
lulasreulnsataesnnadauilifondunauvuuousden Wuduwesidsaluum anely
Usznaumedunsnsawasilaaiunasulalen (infrared and full spectrum diodes) Favinlvid
anantAluntsinauasdunsisawazuasiinyudueadiu Taldlurag 0.1-40,000 Lux 39

lolaans 2 finsnevaussiowauanInUFLTUSAIIUN 2-19

gﬂﬁ 2-18 dnwalEYad Luminosity Sensor (TSL2561)

(Source: https://www.arduinoall.com/product/629)
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SPECTRAL RESPONSIVITY
1 /f-""\,
0.8
Channel 0
Photodiode
/ \
04 / //-\\\\
0.2 / \
/ Channel 1 \
Photodiode
. L

300 400 500 600 700 800 900 1000 1100
& =Wavelength - nm

Figure 4

Normalized Responsivity

5UR 2-19 nsmevauasanaadlalonly TSL2561

u

2.5 qﬂﬂiﬂj Raspberry Pi

Raspberry Pi Wureufialnesuasailien (single computer board)
~ = & a s 2 a o Y oA o a s 1 Y a
L‘UiEJULﬂ@JE]ULﬂiENﬂ@MW’JL@@iﬂuqﬁLaﬂVl‘VlN'\uVLG]LViiJE]UﬂUﬂ?JMWQL@@iﬂqﬂaﬁl’NLLangﬂ’J’]Mﬂ

Raspberry Pi fuflthunl#ifusu Raspberry Pi 3 Model B &nwaizdsguil 2-20 Su1sionesn

'
a [ o

wnuedannsaliilululaseeulnsamesiiaguiu \WuwaaseudndAniinliaunily

saa °

arusailandnnisinnuesrsuiianeslaine wazdudugunsaindenianldlunis
a | Ly . o [ I A [V
AIUANGRAN5#197 tness Raspberry Pi anunsainunvindu Server iienaesasfudayaves

szuvdanAereulsnnidugesluaudidiaunsaUszinanadeyatusiedanesiuidau

1 [

13 8nvie Raspberry Pi julnsiaiunsaviminnvdesdayeyias Wi-Fi oanunladsanunsaldanu

FuAuldaiu NodeMCU winzgdmiunisihunldiduandgiunazyaiassdyayiaiie
= v & & = o ¢ ' S = = P 1Y)
WendanU UL TlUATININITHINITUATAlAIUANKIY Wi-Fi uagiilaasalIauiiauiu
ABUMALADSUUUUDIALAEITUBUNFINITIN 2-2 [15], [16], [17] wudnieuiusiatLasy

AMNANNTaTIEIR U gaLlun T lgE S UIUIdBTULLAY Raspberry Pi 3 Model

B fmnumisngauuarANANgn



Ras berr?' Pi3

Broadcom

BCM2837 64bit
Quad Core CPU
at 1.2GHz,
1GB RAM

Bluetooth 4.1

MicroSD
Card Slot

ode

DSI Display Port

40 Pin
Extended GPIO

Dimensions
B 85.6mm x 56mm x 21mm

Micro USB Power Input.
Upgraded switched
ower source that can
andle up to 2.5 Amps

elementiu

18

4 x USB 2
Ports

Output Jack

CSI Camera Port

Full Size HDMI
Video Output

Ul 2-20 dnwauzves Raspberry Pi 3 Model B

(Source: http://www.thaieasyelec.com/products/development-boards/raspberry-pi-3-model-b-1gb-detail.html)

M1319% 2-2 WW3guLiiey Raspberry Pi 3 Model B fiupauiialnasuainifieiguaue

ITEM Raspberry Pi 3 Model B Beagle Bone Black ODROID-C2
Price 35$ 55$ 40$
1.2 GHz 64-bit quad-core AM335x 1GHz ARM® 2Ghz quad core Amlogic
CPU
ARMV8 CPU Cortex-A8 ARM Cortex-A53(ARMvS)
eMMC5.0 HS400 Flash
Storage microSD , USB 4 GB eMMC, microSD Storage slot / UHS-1
SDR50 MicroSD Card slot
210-460 mA@5V 350-800 mA@5V
Power T00mA@5V (3.5 W)
(1.05-2.30W) (1.75-4W)
Size (mm) 75x53 86.4x53.3 197x115
USB ports 4 USB 2 ports 1 4
Debian, Angstorm, Ubuntu 16.04 on Kernel
Raspbian, Ubuntu,
Operating Android, FreeBSD, 3.14
OSMC, Window 10 IOT
System Nintendo, Gentoo, Android 5.1.x on Kernel
Core, LIBREELEC, PINET
LinuxCNC, NetBSD 3.14
15pin MIPI camera 16b HDMY,
Video interface connector, 1280x1024(MAX), HDMI 2.0 4K / 60Hz

HDMI (FHD), MIPI display

1024x768, 1280x720,
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interface, TRRS 1440x900,
connector 1920x1080@24Hz w/EDID
Network Wi-Fi 802.11n /
Gigabit Ethernet +
Connectivit Bluetooth 4.1 & BLE / Ethernet
Infrared(IR) Receiver
y 10/100 Ethernet

McASPO, SPI1, 12C,

GIPO(69 max), LCD, GPMC, 40 + 7 pin port
40 GPIO pins (IIC, SPI,
Interfaces MMC1, MMC2, 7TAIN(1.8V GPIO / UART / 12C /125 /
UART, IIS (audio) )
MAX), 4 Timers, 4 Serial ADC
Ports, CANO

2.6 Wi-Fi

Wi-Fi Aoimaluladausnnsgiu EEE 802.11 Fadunilslumaluladfivinligunsal

a & a

Sidnmsetindanninideusedeansiuldinlassinel$medeseunquituilluszey 100 was
fidr9nudfildsiufie 2.4 GHz uag 5 GHz fiaamslunisdsdeyagenin ZigBee uaz
Bluetooth Lilasanarunirlunsdstogatuasindt 54 Mops msldaudiusnniaiunld
Tunisliudnsdumesidn avmidenldinalulad Wi-Fi ms1zdonist NodeMCU Bsdl
arwannsolunindenses Wi-Fi Tusdranldlussuuinliandlddelunsindslulddan
nilsmudeibissuulidudeuainnisldimaluladnisdoassuiuuifion ufsanuiuay

Anuuiuglunsdetoyags

a ) a

Mg IEEE 802.11 [18) I¥nsdednyqanvunauingfiaaud 2.4 GHz Fady
AR ISM (Industrial, Scientific and Medical) Band aunsodsdeyalariednsininusa
Aeudnasi Ao 1 uay 2 Mbps Wity lngldmatianisdadayaamaney 2 JUkuy Ao DSSS
(Direct Sequent Spread Spectrum) wag FHSS (Frequency Hopping Spread Spectrum) R
ONANAULIAINNUILITUNINS Asdedeyarauiie 2 sunuuazldaiuninavesdesdayay o
(Bandwidth) fisnnninnisasdayaramuy Narrow Band wivilidayanaiianuusannninga
feranIInTaduNINNIUY Narrow Band Fandsainiinuiasg i 802.11 AldAnuiasgu
802.11 muunanunnelaeudmusysutureanaluladidu 4 seduie PHY (Physical
Layer), MAC (Media Access Controller), OS (Operating System) llag Application 11013571U

802.11 MsinazAuALiufIeE1YY
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- IEEE 802.11a T¥aduaud 5 GHz lumsiudsdaynrudeyalimeseniuifigaan
54 Mbps ldwnalulag OFDM (Orthogonal Frequency Division Multiplexing) 5845U8757
mﬂm%waqmsda%’aga winiu 6, 9, 12, 18, 24, 36, 48 Lay 54 Mbps 8n51A10L52luN1S
Sudstoyaamnsnusussiulitnaafiefinszesmanaideudeliunntuld dodefenui 5
Ghz TuvangUssimasieszimalnglioyngalild wazeunsalsesiuriniuansgiudu
Laila

- IEEE 802.11b M waluladfiiondn CCK (Complimentary Code Keying) Huanfiu
DSSS (Direct Sequence Spread Spectrum) ilaU¥uUsANANNIAve9gUnTail T Uds
foyaldsemiuiigaan lésunisiadelnidn Wi TaeldSunmsiusennasguuasimun
suaztdualaungu WECA (Wireless Ethernet Compatibility Alliance) AauaudRves IEEE
802.11b annsnudsdoyaldneninusigiand 11 Mbps Tagldmnuiaduinedl 2.4 GHz
THwafiansdsdyainuwuy DSSS Tnagruaaudaildidu 1SM (industrial, Scientific and
Medical) Band sgmnuiiafideudnsmiiies 11 Mops iilelfisuduszuy LAN 11nsg1u
tlaqUiuegfiszdu 100 Mbps LavaanumsgIuAINEd 1 Gbps Mdaduilveuiuuasdenld
q’mu’m%uﬁam QWi IEEE 802.11b Aaudnetininann LLGijWﬂ?ﬂIUQﬁﬂﬂJa%quﬁ 2.4 GHz 71
IEEE 802.11b 1dogtiudafigunsaiduy tauldauegdrovareviin du Insdwiliane,

Bluetooth ka1 tulasiin Ad1AuLAaLNARAUNTAINAINITANNNUTINAULE Fannd

o

el |

aunsalimaniiviaueglnd Auasevis IEEE 802.11b Aawvinbinanusilunisiudadeyat

' '
a 1 o

ad urgalAuAeniIsidAIudnfuINgAoUTIAN Liee 2.4 GHz tuvinlv IEEE 802.11b

9

szgymalunsindeseningunsalrsutilng yliyawnsetieliatewuy IEEE 802.11b 1l

Jndudesdyasudsdygyiu wiofiuniuin Access Point w3e Hot Spot 1110 FeUsendn
Algaelan

- IEEE 802.11¢ ldmAuAud 2.4 GHz Tunssudedyaadeyalsaemeninuiigen
54 Mbps #imu131AN15UIeIMALUlaE OFDM ¥8¢ 802.11a mﬁ’ﬂﬁlé’mmﬁ’sﬁqm’h

<

1M 802.11b Feaursaususzauanusilunisdearsasuds 2 Mbps bany
1% A g v Ao w -:4 v ] Y
ANTNUINAOUVDUATOYIETLEIU IALAUNAIAY VDY 802.11g Ava1usaldusIudy

802.11b 7iflogudala umsgruiiluneeusuanglddudiuiuninuazindazidiuiwnud

802.11b TusunAndulna

- IEEE 802.11n Wmduaiud 2.4 GHz way 5 GHz Tun1ssuds Foyayudeyaliane e

AILEIEIEA 150 Mbps wag 300 Mbps fiauanansalunisdsnaudayaialissezussunn
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70 weslulaseadnele waz 250 wasluilawds wuanuaunsalunsiudyyiasuniu
3 ngunIalaug Nldaud 2.4GHz wmileuiu wazaiu1sasesSugunsaluinsgiy IEEE

802.11b way IEEE 802.11¢ L¢ Fe9r95zuzndelddnisimuinisdedyyiauuy "Dual

o

o

d
Band" n3an1sldnauaudlugiu 2.4 GHz waz 5 GHz Tun1ssudsdgen (azldauinnii

o

1 suauly) vhlwanunsavianudalagads 300 + 300 Mbps w3aisandus 31 N60O

2.7 Ww@asda (Fuzzy Logic)

MAeillahiedasia [19] nldillesnndusssnmansiaunsatiesndulalagld
winakuuUszanadlalldgnuein mngdmivihudszanarmailwesiiietluaiuay
szuulviiinadnseanunlavainvae

fladania wiaisundnad 1931 nssnAansrquIATe JuwAnfiededuautiaziiy
wi9seuduanAiuilieann assiuanuasiequnsetuldlunisszyairauduaudn

' . 2 & < v ¢ =~ a X
Yo wirAuitaziutduszyanudululavesaniunisalusassuuuuiiondasiiniu
nIsnFEnsAquUIA3aTiL awnsaszyAIailuauITnuangn (Set Membership Values)
AIEA1981319 0 wag 1 viliiAnsedufenatsdudnyusrsdmniuenannuikag g

= = Y v v U v o 1 ne Y won Y " Yo <
Wiguieulatunisssyseautusieanagu antee" "deuda" "un" taglda1ainudy
AU1TNVBNIAVIIEIU ATINAIANSARULATERIAUFUNUSAULR AT (Fuzzy Set) wag

nguinudululs (Possibility Theory)

59 v s 4:4 & ° v
n1sUszgndldarunssnatansnauinsalaeniliagldlunisdiasainuinie
Usraumsalveadideiviglaenisldvanarsanisdnaulaivgnisalanegvesuyed 11150
Weneglusuideniwiaansvedseuunginuel (Rule-based System) Ao ouly IF/THEN
w38 agluguduviniiguiu wu wvsndiudeunyile® (Fuzzy Associative Matrices) n15ld
wgnan1sfndulanianisnavanewaign1Tiavesywd lngUnfvslidnuairAauiaIe
wun1sUssliuaaunsalniensszynisnevausdlaglildssydumuiueudaau i

gninaesbilungunaeismeienisuily

2.8 gunsallulasaeulnsamesdmiualuquaunsalusuanmnuindey
2.8.1 Arduino UNO R3 + Esp8266-01

Tuanudseillaldueda Arduino Uno R3 [20] 3adulalasmeulnsataesildlulasdy

ATmega328P ﬁé’ﬂwmmmmﬁqgﬂﬁ 2-21
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=

sUN 2-21 dnwazvadlulasaoulnsa@as Arduino Uno R3

v

a v

fauauvAfolululasaoulnsaiaosauin 8 On vire1ufiaa1ud 16 MHz &
wdeAuT Flash 32 Alalud usu 2 Alalud vidlearudrdeyawuu EEPROM 1024 lud
fruesaldlnides 7-12 Thad seuusesfulfinlunsviauuazundyguegi 5 v (TTL) 4
Digital Input Wag Output 14 1 %aaﬁ”wé’zgzym PWM (Pulse Width Modulation) e 6 91
31 Analog Input 6 mﬁﬁlamﬁagaagmuﬁl,wu UART (Universal Asynchronous Receiver
Transmitters) WUy 12C #38WUU SPI (Serial Peripheral Interface) WeulUsinsuuugoniiug

Arduino IDE waglUswnsua1unasn USB

1{184910 Arduino Uno R3 Liflanuanansalunisidenseinietie Wi-ri ladsdead
Tugaunsiodiuaiiodousoidniuedetns Wiri fwdouliddunuideili Esps266-01
unaedld Tng ESP8266-01 [21] Sldnwaizssgudl 2-22 fauandine Wulugavuadn s1a
grann Tndseush Tauldvarnvatszuuuuia Client, Access Point uag Client + Access

Point aunsalglafuuinggiu 802.11 b/g/n
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a
ESP-01 o
&
PINOUT g
a
8 B
& 5
: H
< B
8
vorxp [FTE El | )
sexcs2 FITNE EJ G vitxo
NOTES
[ POWER Il SP. FUNCTION(S) aTyp ax. 12mA)
I 1/0 COMM. INTERFACE For GPIOT6 and
I Aoc I PIN NUMBER EXT_RS’ 1016 will output
LOW f 5
Wl einh -\ P 0On boot eup, keep GPI015 LOW
Iwnze and GPI02 HIGH

Uil 2-22 dnwauzvesliuga ESP8266-01

2.8.2 Wemos D1 R2 V2 (wasuan 2.8.1 dldununiands)

<

WEMOS D1 1lululasnaulnsaiaosnsena ESP-8266 nanlaguT¥n Espressif
Systems dm¥usuidsniendadiuaruauuagunnld WEMOS D1 R2 V2.10 [22] 3

ONLUULALAALUAILA8D1999910 Arduino Uno Mlsunawazenratenuialminemnanisiy

Y

Nulnefidnuaeiegun 2-23 auauiAvesvesadilfenieluaziluga ESP-8266EX Ja1du

lulasreulnsataes, 83U USB TTL CH340 daduduiilédlu Arduino julraudeiisiatsiniy

a o 14

Unf, Brarudnfulanu Arduino Uno, ¥nanudndulaiu NodeMCU, s1unuundadulans

AdviadunaLaziedne 11 97, Sruundudusundandune 1 91, Iszuu OTA (Over The
AN Wunisonlnanlusunsuwuuliany, Suuwsssuluidale 9-24 Thad, vineunussu 3.3

Tad, Anusalunisuszanananiudymiauiin 80MHZ/160MHZ, #ui8a1187 Flash

LY v

w9 8 lunnzlud, Mdyaafdvannuieniue DO aunsadsdgyias PWM (Pulse Width
Modulator), @a15alsHendu Interrupt, @1115aH9ATYU 1-Wire, 5095UN5LT0NRABUUY 12C

wagnudn [23] mniigun1sidauiu Arduino Uno #idessia Serial fiuluga Esp-8266 ania

A @

= { 1 . . Y o o ) Y 6 o o
RUWNDIUYDHAN I Wi-Fi LLa'JZLIﬂ'J']?,JWill’]Zﬁuﬁ’lﬁﬁﬂlﬂmﬂsﬁLUUI@JIF]SF]@UIV]?@Lﬁﬁliﬂ'ﬁ/ﬁﬂ

[
= 1

NUIYTULINAT



Uil 2-23 dnwazveslilasnoulnsaiaes WEMOS D1 R2 V2

24
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nseanuuUsEUUlASIdBuwesifaeuazssuuAITUANSALLIR

3.1 AMMNTIUVBITSUU

éfmwuszwimwhaLs‘z‘jul,sziaﬂ%fmaﬁm%’umiﬁwLﬂwsl,uiu&i’ﬂm‘%amwwﬂqﬂu:u'q

panlu 5 diude d@uduiweslun (Sensor Nodes Part), @uuszanana (Processing Part),

druunenndadu (Web Application Part), @auuennalatuuuansnlny (Smartphone

Application Part) iaggiunauAu (Control Part) LLamﬁquﬁ 3-1

/" Sensornodes
Temperature & k_)\
Humidity Sensor O-—-

Light Intensity Sensor ua

[ Base Station\

Raspberry Pi

Soil moisture Sensor —

<

AN

Control

Control

>
Soil moisture

—>
Temperature

—>
Humidity

——> Light /

@

4 Moblie )
Application

Cellular/
3G/4G

\.

o—
0

Internet

o~
< |

o

Monitoring Application

______ »

JUN 3-1 N MTIUVRITEUY

Data flow
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32.1.1 duduiwes

druduwesusznaulumedugesinninuaing, Wwwesingunglinasaiuiuy
Fuimnsluainie, Wuwesinanudulufuwas NodeMCU f9vntiniidnAauaingvadias,
e, Anududuinsuazauduluauntgluuinansewnizugnneaed waddEIY

9 Y

A3 Wi-Fi lUfasraueImedadudiudseuiana

3.1.2 dyudszanana

[y

dulsznanauszneulumenaueInedassieadivaunialisnmnes (Router) uag
naA1lildeudyqins Wi-Fi aquinuiliivelddmsunisieusdadiunieguesssu dniii
UszinanateyailasuinmeiledasiataztuiinA i@ inieiaanaudidmansuseais
= o o A

Fadumdmuauluiduauay

3.1.3 dauIukennaiatu

g Iunenndndulsznaulumediunananaluguuuusiuledligldausadnga

I < 6 = v & s = ¢ v
szuulalngniuivusniges dauuniiuledzuansdisaniugvesgunsalsuanimaigly
Soumelgn Avesdulsaagiinuldeinidueesuuy Nearly real-time wagnswsiawys

an nwindeuse FuTinivanunsaliglddniuaugunsaiwiasimlinindesnis

3.1.4 @ULBNNAATUUUANISA LN

druuenndieduuuainsalnufediundrdaiuleddmsunisiiheienenndiadu
usnMesdmsuldnudumesidavuaunsaliu lnevsfsdayadiisqunandidiinesuas
LansanugA UL NN A TuBYIu iz auiunsidauuuansaliuie g ly

anunsavifeszuulaegaiuseansamusieglnaniniseumedan

3.1.5 @uAuay

v o o

drumuanUsznaulumesigluiiiiluga ESP-8266 Sudayardamsdeyeyias Wi-Fi

a ca A ¢ v v o o o A !
lﬂﬂ’JU@ﬂJiLaEJV]L%@NW@ﬂU@‘UﬂimﬂﬁUaﬂ’]Wﬂﬁlﬂu@ﬂI‘VWI'W]']llﬂ']ﬁﬂwﬂizﬂjamauq"ﬂqﬂaju

Uszananalpgsiadazdalanselngunsalusazimiudiuaddenlasuun uinenasldiuasy

wlduasa WEMOS D1 R2 unueigluuazluga ESP-8266
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Aukuuszuulasmeduesiianedmsunisiineasuiudluseumigugn wua

o [ 1 (% 4 1 o < 4 .
FTUUNMTNUBNUU 4 mu‘waﬂimm TUSUATUNISYINOUVDUTULY DS (Sensor Processing

Programs), lUsunsuni1sUsenitananiefsdaesia (Fuzzy Logic Processing Program),

gm%agammaaw%a (Real-time Database) LLazT,UiLLﬂiam’ﬁmU@M (Control Programs)

WaRaRaguU 3-2

.
Soil
moisture

ﬁpplication Kﬁ\
Web Moblie
Application
Browser
\ e
Raspberry Pi

Database
Graph figures

- Control
Consequence of ]
FLC

5 V- Gateway Wi-Fi
Qﬂz.lly
— e

Fuzzy Logic

Processing program

1
WifF'I:UDP

Control programs

i
Pump Bulb

JUN 3-2 lnpgunsumsianuvessyuy

Internet

Cloud Server : I
Firebase Google

Real-time
Database

Values from Sensors
and Devices status
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3.2.1 TswnsuNIsYnuaaguLres

TUsUASUASYNIUIRLFULges (Sensor Processing Programs) Aadau

'
a ¥ -]

TWswnsufivihmthfiaiuausasfsdoyaainduges Falusunsuazisuiuinguile

' '
=

3181919 NodeMCU TUsunsuaziiuiinn1seuaIandugesidoudangiu
NodeMCU w&134d9lufl Raspberry Pi fadudiuuseanananiuin3atng Wi-Fi aae
UDP WslnAoa

o

ludiuvendumasazailieuainn 2 uiiilag NodeMCU 4 fazdl 1 fafl
A 1 [y @ 4 gj LY @ 6 o 1 @ 6 @ cglJ a

WWRURDAULTULEDINY 4 A1AD WUBSIAANNETINY, WuwasinAuduludiy way
@ 6 a o dy U v & o v o % d‘ a a LY d'

GugeTIngaumalinuanududuimsdmiuldlunmsduinsieiletasia 8n 3 fIn
WwideazilauralieudumasinanudulufuiiaTran i nanudulufuusnudu ey
TUsnsuazly Arduino IDE wWulusunsueulanddasidusasinaziazilausis
Fuwzve s U U s A LTl uRUTIa N TawaRItIaNTan Ty, FawUs

wazlaus1INUlAAIUA15199 3-1

= & °o W  w 0 )
A19199 3-1 TaNTULaEAFWaNBIlausITuAaLA?

Component
Library Access Command Function Call Variables
. sensors_event t event; Light
Adafruit_TSL25 | sinclude <Adafruit Sensor.h> ) _
- tsl.getEvent(&event); intensity
61-master #include <Adafruit TSL2561 U.h>
event.light; (Lux)
Humidity (%)
DHT-sensor- dht.readHumidity(); AR
#include "DHT.h" Temperature
library-master dht.readTemperature(); 0
N/A
analogRead(); Soil moisture
Using map =
map(w X y z); (%)
function

ludusunaunszuiunsdeiudoyaazsuTulusinsuUTEaIanaL 8 1A,

14 [ f ¥ o = [ 1 . | 1 % PN
LUTANINWLLIAADUANNLTULLDILAIUUNALUUAT int 159 float AULAUTZLANAILUTN
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3.2.2 Waunsun1sUszananadeiledasia (Fuzzy Logic Processing Program)
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TUsunsun1sUsERlananiuie@asdn (Fuzzy Logic Processing Program)
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Temperature
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M19199 3-2 ngivuadudmsuldlunisAuudy Inference

Rule No. Rule Condition

1. IF the soil moisture was *dry, THEN the water pump will turn *on.

IF the soil moisture was *moist AND the humidity was *moist, THEN the
> water pump will turn *on
3. IF the soil moisture was *moistly, THEN the water pump will turn *off.

IF the soil moisture was *moist AND the temperature was *cool OR the
* Humidity was *damp, THEN the water pump will turn *off.
5. IF the temperature was *warm, THEN the Fan1 will turn *on.
6. IF the temperature was *hot, THEN the Fan2 will turn *on.
7. IF the temperature was *cool, THEN the Fan1 will turn *off.
8. IF the temperature was *cool, THEN the Fan2 will turn *off.

IF the temperature was *warm AND the humidity was *damp, THEN the
> Fan2 will turn *on.

IF the temperature was *warm AND the humidity was *humid, THEN

10 Fan2 will turn *off.

IF the light intensity was *dark during day time, THEN the light bulb will
H turn *on.
12. IF the light intensity was *bright, THEN the light bulb will turn *off.

44' ° s & o & Y Y | o PN va
Lll@Naﬂ’]iﬂquqm%uuLai"\]?ﬁu‘ﬂg‘l@ﬂqwa@ﬂll']@]'ﬂ@ﬂ'm@lﬂgﬂﬂ 3-8 Iﬂﬂisﬂauwm

v 6

Nn@ueslaun aamgll 30°C, ANUTWENTING 70%, Armaulufiu 55% uavAlu

Luas 3000 lux WnglugUasuansisrnguin3adslaunainnisaiuialagly Max-Min

Method nadnsilatagtluldrmumaalvanaiiedineldlunisinduludenniuay

UNTAIUTUAN N YINEgATEUUALENANTOYATUFIUTRLAUUAAIIALAL IR

muAulUdnIuAN
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0.0 0.2 0.4 0.6 0.8 1.0

Output membership activity - Light Bulb

0.0 0.2 0.4 0.6 0.8 1.0

Output membership activity - Fan2

0.0 0.2 0.4 0.6 0.8 1.0

UM 3-8 HAGNSNIAWINTY Inference
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3.2.3 §1UUBYaN1UIA1939 (Real-time Database)

TusAteilaldgrudoyanes Firebase Google Lufliiudayads Firebase
ABgIUTBYAUTELAN NoSQL AzuAnd19aIng 1udayauseian MySQL, MSSQL,
RDBMS uay g1udeyatssnmainsnssiigudoyanansussaninanunduisnuoe
msdaiuilunnsedeya, wusmeduiswdadnistvusviinvesdeyaliegadaau

lnegudeyauszianilagldniw sQL lun1shsteya, 1iudeya, auteya nsenses

No 22

M3V Firebase Falugmudoyawuu NoSQL axlaitin1w SQL uilduay

e

P1@ @y
& Y o § v = ' v Y < v P~
m3esnuuutuazduiliiaudavgundouiuauslunisldanunniiandnis
Nudeyavesgrudeyaussiavilaziiuiduviiniedu USON) usazglifinnsns awnse
dindeyaativlueauidalagld mndesnisiiudeyaduensdassesld Key as1sld

\Uusngedatu PUT 130 PATCH 1Tudu

dmsunswseugiudeya Firebase wialdlunuidy duwsn Tidluiiules
https://firebase.google.com/ waaaan “GET STARTED” a1nuutsnyinn1sasnalus
3 o P o = = o & Wy v .:4'
WATRIRILRITLATEMINEUIN AIgUR 3-9 Fanasnlusdaliudiasuansiolasanig
Jusdmasuauynile

fufidaudug Firebase

siiaa1n Google dmiuriaualiion
indulendurinlamanuug

HRERERITEH

O 3

Bouiviudy = wnawmlenay O psaduayy

Tasamisanan

WSN for Precision
+ Agriculture

Winlasons

0O @matasonsanda

UM 3-9 Buadalusiialy Firebase
dl' 1% ° = Y v v ! A U N a a Y = v
Weasralasenisdusauaidududaunfenisusudsuansnsidinedeya
dielianunsainlli@eusasaruuwivledladauisarilalaanis nadlasens
wadenunUsien1saudieluf Database WadldonuauUnTINA19aRlUN “ng”
(RULES) 4dau5unn read wae write Wil true ieagaindenisuiladoyaniends

fauandluzuil 3-10
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" Firebase WSN for Precision Agriculture ~

A Project Overview Database = realimeDatabase ~
DEVELOP Hdaua ng adas msldom

= Authentication

{
‘rules”: {
".read":| true,
".write’|: true
i
X

[ 2 I TCR R

£, Crashlytics

@ Performance

[ TestLab

SUT 3-10 msvuAsuansiinfdeya Firebase
w&anuilvansnsidfgutegafezamsadounazudlogdoyald dq
anunsaldlUsunsy Python wae Arduino IDE W@ewlusunsulagld Key finns firebase
a%ﬁﬂ"ilﬂuﬁwé’%’ﬂuﬂ'1sLLfﬂmﬁagaﬁﬂlﬁ%’a;ﬂaﬁé’nwmzaaﬂmé’qgﬂﬁ 3-11

=|-- wsn-for-precision-agriculture
5. Devices

------ Fan1: "On"

Fan2: "Off"
------ Light: "0ff"
------ Valve: "0ff"
=~ NodeMCUO1
3. 2018-04-03_19-14
------- date: "20818-84-83
------- Humidity_percent: "99.96°
------- Light_lux: "113.8"
------- SoilMoisture_percent: "45"

------- Temperature_C: "36.18°

------- time: "19-14
JUT 3-11 fegretoyalugmutaya Firebase Google

324 I‘UiLLﬂimmim‘U@u (Control Programs)

[y

TUsunsun1sAIuAs (Control Programs) Aielusunsuiimadnsmdsiilaain

Wsunsudssanananieflsdasiaundiniuausiad Milisuseagivaunsniusu

Y 9

A A

anunasulngsiadardnlannsaUnaunsainuAdInbasunInaIanuulus sy

9

X <

gdnananIuzvetgunIaiuasfmIuuIUlYd Tnun139AEIRIUANLARIFIAITI

#1 3-3 uaguruan197auredlusunsunsAIuANLEAssgUR 3-12
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LaFda Pann vaoalil Winaudaf 1 Waaushil 2
1 (0] O O (@]
2 (0] O O X
3 (0] O X (0]
4 (0] X O (0]
5 X O O (0]
6 (0] O X X
7 O X (0] X
8 X O (0] X
9 (0] X X O
10 X O X (0]
11 X X O (0]
12 (0] X X X
13 X O X X
14 X X O X
15 X X X (0]
16 X X X X

R9F1 1P, Port WAz Gateway anuFumsdouste
wiotw wi-Fi Aa¥rlay Raspberry Pi
Fehidnimemadl iz tmumynidmsusey
ﬂ”ﬁaﬂuw‘m
nsr9Fouiiideyads )
Wanfnodntnioly
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ginsalFuanmuiadenrieunudynnofad
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3.3 N1599NUUULIVLBNNALATY

Ausuuszuulassisduresiianedmsunisiuneasududlusounizdgn

L% 1 [ ¥ %4 =3 i3 1 4 = = =
sonuwuulvianunsaiigszuurwivledls lnglundiivleduiagniasiiseaziduata
Armnsfiwesaneluszuunandld Tunihusngavsend Home aziludiuvesdoyadigad

Nuldannidueeslundeazuansatniaglann Ju, 1al, ANTUdusImS, ANuai1sve e,

a o

ANuUluAY warguull fandluguin 71 3-13
NodeMCU1 Data Table

Date Time Humidity % Light_Lux SoilMoisture_% Temperature_C
2018-04-21 13-31 7240 15885.0 75 37.00

NodeMCUZ2 Data Table

Date Time SoilMoisture %

2018-04-21 13:30 53

= v v a 1y =3 s

JUN 3-13 fredretayaiinandluntusnvedIvusiiges
Tudaudauraziluiade Control Devices azuansfisaniusvosgunsalusy
anmwinaewns 4 MIntansetUaegviligldaiusansivaniugresgunsaiudoglnasin

Seunnzugnlameaniugiudsiaslugun 3-14 laegldamnsanadudslvigunsalvinau

Fins1lareTs ON/OFF snudnsvesgunsaludags

é

Water pump Status :

Off

(=)le]

UM 3-14 fregimaaiansanuzveguniaiuuaninwingey
meuazduludiuvesiau Guide Feazuuginfeseazidealaznmsldanuadiunsguy
< 3 a LY wa = o v @ & o [ =
Aulesuarigazideavesssuumuausnludaniufuusihnsldauivleddmiuiaseu

wzdgn wazdiuanvingluiade About This Project dzuuzinsuaziBendaquaz3Uves
NI



40

uni 4

nsafslassinglianeuasszuualuaudnluda

4.1 myadraFaumizUgnuunadnd msuldlunuise

P57
[

INUUIANNTEBNLUUNLANA1INN NeuBudesasuToumzlgndmiunuife iy
Tngaenuuuldnegui 4-1 TneiuyniuveaioumzUgnuunadnidurunszannanainilu

Yluntmniuuagziangssuieieindaiiuaall 2 5 dnvazvesioumisugnuuinidn

dnsuldlunuidendaUseneunaninagui 4-2

06m

0.15 m= -

2 1.5m

1.0m

JUN 4-2 dnvaizrasdoumzUgnuuadnvdsusenauiasa



41

Y <

4.2 Msas1uazinasdruvaadulgaslun

ANANBULLALATITITUNNANDUTUDSTUUNT 2 TIUTINITDDNLUUTZUUBALNIS
° < a P | < P PEY) P
uvesdugeailuuni 3 aunsaaisludiuvenduresiuntaslasaienulanagui
4-3 3919 NodeMCU 1 fisafuduleasing 3 sdmsusiuamianuaiialdlunisaiuiamig
@, lugun 4-4 9818 NodeMCU wrazimoisvsiudueesinanuuluiudn 3 f uwasd

' 1
saa (%

roudueinfnsduioumslgnuuindnizuwandugui 4-5

O— B — 6
Voltage Regulator
White LED NodeMCU_no.1
33V - |
2 Voltage Regulator
Red LED
5v
DHT22
I | s
::3 (Temperature & Humidity Sensor)
Transformer
e 220V —> 12V TsL2561
(Light Intensity Sensor)
1 LM393
HAC220 (Soil moisture Sensor)
ﬂl L3 ldl U U L%
3UN 4-3 9UNTULNIIIINARNY NodeMCU #alksn
LM393 (for NodeMCU_03)
(Soil moisture Sensor)
®
LM393 (for NodeMCU_02) LM393 (for NodeMCU_04)
(Soil moisture Sensor) (Soil moisture Sensor)
Voltage U346y
33V
3 A 4
NodeMCU_no.2 NodeMCU_no.3 NodeMCU_no.4
LM393 (for NodeMCU_01)
(Soil moisture Sensor)

sUTl 4-4 9Un3aifisensasiu NodeMCU 8n 3 ¢
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LM393 (for NodeMCU_03) DHT22

o
(Soil moisture Sensor) (Temperature & Humidity Sensor)

TSL2561
(Light Intensity Sensor)

LM393 (for NodeMCU_02)

(Soil moisture Sensor)

LM393 (for NodeMCU_04) LM393 (for NodeMCU_01)

(Soil moisture Sensor) (Soil moisture Sensor)
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nseulanmelusinsu Visual Studio Code Fadunilslu Text Editor Program #il3eu

e HTML (Hyper Text Markup

3

TUsunsumaneang lngnrwalddmsunmuivles

Language) wag JavaScript LLaﬂﬂlﬁﬁﬂg‘dﬁ 4-8

A FrontPage html - Visual Studio Code
File Edit Selection View Go Debug Tasks Help

B FrontPagehtml X = Unfitled
4 OPEN EDITORS 1 UNSAVED

FrontPagehtml Ci\Users\Micro..,

s

4 NO FOLDER OPENED

You have not yet opened a folder.

Open Folder

JUT 4-8 Msdisulusunsuiieimuniuledanalusunsu Visual Studio Code

a1

vuduwenndinduariidmussnounneBalneandeadiguin 4-9

HOME

— — — —
Devices Status
Monitoring
| QOverall Monitoring Web Detalls User/Password
& require for most

Devices On/Off
button

Quick Guide the content

Chart Link Fuzzy Rules in use

Humidity Chart Temperature Chart  Soil moisture Chart | | Light Intensity Chart
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NodeMCU1 Data Table
Date Time

2018-04-21 12-59

NodeMCU?2 Data Table
Date

2018-04-21

NodeMCUS3 Data Table
Date

2018-04-21

NodeMCU4 Data Table

Date

2018-04-20

Humidity_%

69.20

Overall Monitor

Light_Lux ScilMoisture_% Temperature_C
295740 75 37.70

Time SoilMoisture_%

12:58 50

Time ScilMoisture_%

12:58 66

Time SoilMoisture_%

17:04 3
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gunsalusiazfaziiudmniulanieUngunsaltansnanauseninegenisiiu

Toyavni@ugesseudaly uasauavemiiazdy Fuzzy Rules Mildludqu

Usgunananarino U1 IuvLazaIu1sadauaabugentn Home, Guide,

About This Project Wagtuy Log in/Log out @fﬂg‘dﬁl 4-11

¢

Water pump Status :

Off

=EE

Fuzzy Rules:

Devices Status

¥ * *
Light bulb Status : Fan1 Status : Fan2 Status :

On On Off

EE=E EE= EE=E

1.) IF the soilmoisture was *dry, THEN the solenoid valve will turn *on

2.) IF the soilmoisture was *moist AND the humidity was *humid, THEN the solenoid valve will turn *on

3.) IF the soilmoisture was *moistly, THEN the solenoid valve will turn *off.

4.) IF the soilmoisture was *moist AND the temperature was *cool OR the Humidity was *damp. THEN the solenoid valve will tun *off.

5.) IF the temperature was =warm, THEN the Fan1 will turn “on.

6.) IF the temperature was *hot. THEN the Fan2 will tum *on

7.) IF the temperature was *hot, THEN the Fan2 will tum *on

6.) IF the temperature was *hot. THEN the Fan2 will tum *on

9.) IF the temperature was *hot, THEN the Fan2 will tum *on

10.) IF the temperature was *hot, THEN the Fan2 will tumn *on.

11.) IF the light intensity was *dark during day time, THEN the light bulb will turn *on

12.) IF the light intensity was *bright, THEN the light bulb will turn *off

JUN 4-11 Vuuenndiadumntin Control Devices
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suvuaginavaadausalildowiaulaud Home page, Devices Page, Guide uay About this project
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About This Project

Thesis : A Prototye Delvelopment of
Wireless Sensor Networks for Precision
Agriculture in Greenhouse
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nieeliinsen Username wag Password (enafiuny Log in Aaguf 4-14

Login Form

Username

Enter Email

Password

Enter Password
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Choose any chart to view.

NodeMCU1 Chart

Humidity Chart Soil moisture Chart Light intensity Chart

NodeMCU2 Chart

Soil moisture Chart

NodeMCU3 Chart

Soil moisture Chart

NodeMCU4 Chart

Soil moisture Chart

g‘dﬁ 4-15 it Sensors Chart
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7.) Humidity Chart, Temperature Chart, Soil moisture Chart iag Light Intensity
Chart 1umihilezuansdoyafusunsmlsinanlu 3 flusaranduansiaogng
nymauPuluAuaIN NodeMCU ¢l 2 Tusudl 4-16

NodeMCU no.2 SoilMoisture percent %

Last 3 hours

5
12:56
13:00
13:04

13:08
320
|
8
10

}
13:50
54
13:58

14:02
14:0
14:10

14:18

=

5Uf 4-16 Freghensnaadulufiuain NodeMCU st 2

v
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Time

Input amount of data you want to fetch.

1 Submit
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[

Wi-Fi 1 Raspberry Pi {lusuasaiiiegainuatiesvosdoyayio

A

al a & 1 I
isesilelumsvagay 1) gunsaldiuduiesiug

2) gunsalduussaians
3) gunsaldruaIuny
4) Aoy IMaINadlUsWNTHU Arduino IDE

5) d@e USB wisumenauimasnululasreulnsaass
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WM INeday 1) WeuAdnsIainAsEiumMatvedyaantoudasenieeunsal

drudugesluniudiulszinanatasdiuniuauivaUssaana

void printWifiStatus() {
long rssi = WiFi.RSSI();
Serial.print("signal strength (RSSI):");
Serial.print(rssi);

Serial.printin(" dBm");
}

LY [

2) ihlulpsreulnsaaesasmdnainAseAunasve iy
N15430use
3) hgunsaldudugesiuauazdrumunuoaniisaindtiuegns

ey 10- 15 WnshazyiNsWeusenseRuiaeuaddoya o
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PNMIvaaeUinA1sEAUMawesdy Ui d I uesTuafudIuUTEINaNE
wazdlruUszulanadiudruniuaudeauanseenuiazsiduiavinaunaziivuie dBm
(Decibel-milliwatts) 11nA1 dBm UlA18Ue8 (1Na 0) MuBAUINTEAUAYQYIILEIR
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A I

Advesdyny 1nediiaunayussun -84 dBm Feglunaannanaldladwanslugun 5-1

[y [

lulaspaulnsaiaeseigluiiieuseany ESP8266-01 deagludiuniunuiaA1seauniiaives

[
A 1 1 o

deyyraieusiaagUseuins -762 dBm aglulnauginuguinfsdudyyiauniauazu1nnis

Y

Wousialanaoaiainwuandluguin 5-2 3elaiin1sdn WEMOS D1 R2 waeudnunldununioy
nageuinAseRuidwesdyaadeudalausyann 75 dBm Feeglunaeinfduanslugy
#5-3
.Connected to wifi
S5ID: Pi AP

IPF Address: 192.168.42.27
3ignal strength (R55I):-£4 d4dBm

[y [

JUT 5-1 Assauidsdayaues NodeMCU Tudinudugesiun

Attempting to connect to WPA SS5ID: Pi_AP
Connected to wifi

SSID: Pi_AP

IP Address: 192.168.42.45

signal strength (RSSI):-762 dBm

[ .Y

JUN 5-2 ArseRumasdiyn1nve019lunagESP8266-01 Tudiuatunu

....... Connected to wifi

SSID: Pi_AP

IP Address: 192.168.42.45
signal strength (RSSI):-75 dBm

[y [

Ul 5-3 Ansziumdsdyanaves WEMOS D1 R2 luguniuau
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usiuApaABNI3EIAT Membership Function duludunadilddmsunisiuialae
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1.) IF the soil moisture was *dry, THEN the water pump will turn *on.

2.) IF the soil moisture was *moist AND the humidity was *humid, THEN the water
pump will turn *on.

3.) IF the soil moisture was *moistly, THEN the water pump will turn *off.

4.) IF the soil moisture was *moist AND the temperature was *cool OR the
Humidity was *damp, THEN the water pump will turn *off.

5.) IF the temperature was *warm, THEN the Fan 1 will turn *on.
6.) IF the temperature was *hot, THEN the Fan2 will turn *on.
7.) IF the temperature was *cool, THEN the Fan1 will turn *off.
8.) IF the temperature was *cool, THEN the Fan2 will turn *off.

9.) IF the temperature was *warm AND the humidity was *damp, THEN the Fan2
will turn *on.

10.) IF the temperature was *warm AND the humidity was *humid, THEN Fan2
will turn *off.

1 1.) IF the light intensity was *dark during day time, THEN the light bulb will turn
*on.

.) IF the light intensity was *bright, THEN the light bulb will turn *o
12.) IF the light i ity was *brigh he light bulb will *off
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[) WSN Front Page

€« C | @ Secure | http o m o %l ® @ :

WSN for Precision Agriculture ~  Database

- 2018-04-29_19-30
= 2018-04-29_19-32
Overall Monitor Humidity_percent: -39.90

Light_lux: “150.0

SoilMoisture_percent: “87
Temperature_C: “28.60

date: "2018-084-29

time: “19-32

INodeMCU1 Data Table
©- 2018-04-29_19:29

Date Time  Humidity % Light Lux SoliMoisture_% Temperature_C L 20180820 1931
2018-04-29 1932 99.90 150.0 87 28.00 ‘ _percent: -93']
f P { |- date: “2018-84-29
NodeMCU2 Data Table
| time: “19:31
Date Time SollMoisture_% y -
| ©- 2018-04-29_19:29
2018-04-29 1931 9
= 2018.04.29 1931
NodeMCU3 Data Table SoilMoisture_percent: “95
r‘ date: "2018-84-29
Date Time SoliMoisture_%
- time: “19:31
2018-04-29 19:31 95
©- 2018-04-29_19:29
NodeMCU4 Data Table --2018-04-29 1931
‘Dm Time SoliMolsture_% | date: "2018-84-29
1M : *9l
| 20160820 o % SoilMoisture_percent: *9
time: “19:31
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[ WSN Front Page x
&« C | @ Secure | https;//wsn-for-precision-agriculture.firebaseapp.com/De t % @9 @ :

Control Devices

= wsn-for-precision-agriculture

=~ Devices
Fan1: "On
Fan2: "On"

Devices Status

Light: "Off
Valve: "0ff

® 7 * *
Water pump Status Light bulb STJtus Fan1 Status Fan2 Status

Off On On
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[ Firebase Basic Example X

e

C | & Secure | https//wsn-for-precision-agriculture.firebaseapp.com/NodeMCU1_humidity_cha

NodeMCU_no.1 Humidity %

Last 3 hours
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[} Firebase Basic Example X

< C | & Secure

https://wsn-for-precision-agriculture.firebaseapp.com/NodeMCU1_temp_chart.htrr

NodeMCU_no.1 Temperature 'C

Temperature *C

Time

31]17; 5-20 n511 Temperature Chart 3 “ﬁljﬂméﬂ?jﬂ 971 NodeMCU ¢l 1
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NodeMCU_no.1 Soil Moisture %
Last 3 hours

Soil nwisture (%)

Time
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& C | & Secure | https;//wsn-for-precision-agriculture.firebaseapp.com/NodeMCU1_light_chart.htm

NodeMCU_no.1 Light Intensity (Lux)
Last 3 hours

Light Intensity (Lux)

Time
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NodeMCU_no.2 Soil Moisture %
Last 3 hours

Soil moisture (%o)
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[ Firebase Basic Example X
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NodeMCU_no.3 Soil Moisture %

Soil nwisture (%)
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Home Page
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Insn3aUantin Command Prompt

40 norok % e @
ngrok HOWITWORKS ~ PRIONG  DOWNLOAD  DOCS wor  (EEIEEE

U

2)

Public URLs for SSH acces.

Spend more time programming. One command for an instant, secure
URL toyo st server through any NAT o firewall.

Get started for free —+

Web Interface
Forwarding

r 0
\ ht 782.ngr 10 -> localhost; 80
hy g ocalhost: 80

warding https://bco50782. ngrok.io -> localhgst 80

Connections ttl opn rii res p50 poo
0 o} 0.00 0.00 0.00 0.00
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Az@aldNandy app.run() Weldaldanu Web Service 1ll8931n Flask 11954u

o o

fananluiimaasentd Flask Tu Command Prompt

]' flask Flask, request, json
socket

UDP_IP = "192.168.42.45"
UDP_PORT = 4848

app = Flask(__name_ )

@app.route('/Control/Devices', methods=['POST'])
f sendcommand() :
MESSAGE = request.form['code']

sock = socket.socket (socket.AF INET, # Internet
socket.SOCK DGRAM) # UDP
sock.sendto (MESSAGE, (UDP_IP,UDP_PORT))

5 name: ==

app. run (debug= '0.0.0.0", port=80)

=
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fanl_on() d
if (fanl_state === "Off"

if (valve_state On" && light_state === "On" && fan2_state "On" ar params = "code=1"
if (valve_state === "On" & light state == n" & fan2_state "Off" ar params = "cod
if (valve_state On " && fan2_state n r params = "¢
else if (valve_state === "Off" ight_: “On" && fan2_state n ar params =
if (valve_state " && fan2_state g ar params

else if (valve_state == 3 “On" && fan2_state == s params

if (valve_state = ; "Off" && fan2_state "on" params

params = “c
vle.log("Fa

xhttp LH
xhttp.open
xhttp.setRequestHeader("C
xhttp.send(params);
ar response = N. parse(xhttp.responseText);
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import socket

i sys

firebase

time

numpy &s np

skfuzzy as fuzz
matplotlib.pyplot as plt

HOST = '192.168.42.1" #(UDP_IP) Symbolic name meaning all available interfaces
PORT = 5005 #(UDP_PORT) Arbitrary non-privileged port

# Datagram (udp) socket

firebase url = 'https://wsn-for-precision-agriculture.firebaseio.com/"
try ¢
sock = socket.socket (socket.AF INET, socket.SCCK_DGRAM)
print ('Socket created')
socket.erxror as msg :
yrint ('Failed to create socket. Erxor Code : ' + str(msgfO0]) + " Message ') + msgfl]
sys.exit()

a

sock.setsockopt (socket.SOL_SCCKET, socket.SO_REUSEADDR, 1)
# Bind socket to local host and port

sock.bind( (HCST, POCRT))

ot socket.error as msg:

print ('Bind failed. Errxor Code : ' + str(msg[0]) + ' Message " + msgfl])
sys.exit ()

print ('Socket bind complete')

#now keep receive message client and upload data to firebase
while 1:

print 'loop start'

# receive data from client (data, addr)

d = sock.recvifrom(1024)

String value = d[0]

addr = df1]

String value: # can't read data

eak

Humidity,Temperature,Light_ Lux,SoilMoisture = String value.split(",")
print 'split data'

# Generate universe variables complete

X_temp = np.arange (0, 41, 1)

X _humid = np.arange (0, 101, 1)
X_soil moist = np.arange(0, 101, 1)
x_light = np.arange(0, 65537, 1)

x_valve = np.arange(0, 1.1, 0.1) # on/off
x_fanl = np.arange(0, 1.1, 0.1)

x_fan2 = np.arange(0, 1.1, 0.1)
x_light_bulb = np.arange(0, 1.1, 0.1)
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# Generate fuzzy membership functions
temp_lo = fuzz.trimf(x temp, [0, 0, 20])
temp _md = fuzz.trimf(x temp, [0, 20, 40])
temp hi = fuzz.trimf(x temp, [20, 40, 40])
humid lo = fuzz.trimf (x_humid, [0, 0, 50])

humid md = fuzz.trimf(x humid, [0, 50, 100])

humid hi = fuzz.trimf(x_humid, [50, 100, 100])

soil moist_lo = fuzz.trimf(x_soil moist, [0, O,
soil moist md = fuzz.trimf(x soil moist, [0,
s0il moist_hi = fuzz.trimf(x soil moist, [50,

50]1)

50, 100])

100,

light_dark = fuzz.trimf(x_light, [0, 0, 5000])

#-- light dim = fuzz.trimf (x_light bulb, [0,
light_bright = fuzz.trapmf(x light, [0, 5000,65536,

valve off = fuzz.trimf (x_valve, [0, 0, 1])
valve on = fuzz.trimf(x valve, [0, 1, 1])
fanl off = fuzz.trimf (x_valve, [0, 0, 1])
fanl _on = fuzz.trimf(x_valve, [0, 1, 1])
fan2 off = fuzz.trimf(x_valve, [0, 0, 1])
fan2_on = fuzz.trimf (x_valve, [0, 1, 1])
light_off = fuzz.trimf(x_valve, [0, O, 1])
light_on = fuzz.trimf (x_valve, [0, 1, 1])

###%#% INFERENCE #3###%
###% Applying Rules #3#

FloatHumidity = float (Humidity)
FloatTemperature = float (Temperature)
FloatLight = float (Light_Lux)
FloatSoilMoisture = float (SoilMoisture)

temp level lo = fuzz.interp membership(x temp, temp lo, FloatTemperature)
temp level md = fuzz.interp membership(x_temp, temp md, FloatTemperature)
temp level hi = fuzz.interp membership(x_temp, temp hi, FloatTemperature)

humid level lo = fuzz.interp membership (x_humid, humid lo, FloatHumidity)
numid_level md = fuzz.interp membership(x_humid, humid md, FloatHumidity)
humid level hi = fuzz.interp membership (x_humid, humid hi, FloatHumidity)

soil moist_lo = fuzz.incerp_membership(x_soil_moist, soil_moisc_lo, FloatSoilMoisture) #dry
soil moist_md = fuzz.interp membership(x soil moist, soil moist_md, FloatSoilMoisture) #moist

s0il moist_hi = fuzz.interp membership(x soil moist, soil moist_hi, FloatSoilMoisture) #moistly

light_level dark = fuzz.interp membership(x_light, light_dark, FloatLight)

13, 25]) # not use
65536])

100])

#cool
Fwarm
#hot

#dry
#humid
#damp

light_level bright = fuzz.interp membership(x light, light bright, FloatLight)

# Rule 1. IF the soilmoisture was *dry, THEN the solenoid valve will

valve_rulel = np.fmin(soil _moist_lo, valve_on)

# Rule 2. IF the soilmoisture was *moist AND the humidity was

###active_rule2 01 = np.fmax(temp level hi, humid level lo)

accive_xulez = np.fmin (humid_level_md, soil_moist_md)

valve_rule2 = np.fmin(active_rule2, valve_on)

# Rule 3. IF the soilmoisture was *moistly,

valve_ruleS = np.fmin(soil_moist_hi, valve_off)

THEN the solenoid valve will turn

*on.

THEN the solenoid valve will turn

*off.

*on.
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# Rule 4. IF the soilmoisture was *moist AND the temperature was *cool OR the Humidity was *damp, THEN the solenoid valve will turn *off.
active_rule4 0l = np.fmax(temp_ level lo, humid level hi)

active_rule4 02 = np.fmin(active_rule4 01, soil moist_md)

valve_rule4 = np.fmin(active_rule4 02, valve off)

# Rule 5. IF the temperature was *warm, THEN the Fanl will turn *on.

fanl_rule5 = np.fmin(temp_level md, fanl on)

# Rule 6. IF the temperature was *hot, THEN the Fan2 will turn *on.

fan2_ruleé = np.fmin(temp level hi, fan2_on)

# Rule 7. IF the temperature was *cool, THEN the Fanl will turn *off.

fanl rule7 = np.fmin(temp_level lo, fanl off)

#an2_rulel0 = np.fmin(active rul

10, fan2_ off)

IF the light intensity was *dark during day time, THEN the light bulb will turn *on.

light_rulell = np.fmin(light_level dark, light_on)

# Rule 1.

IF the light intensity was *bright, THEN the light bulb will turn *off
light_rulel2 = np.fmin(light_level bright, light_off)|

### Visualize this inference
switchO = np.zeros_like(x_valve)

### Aggregate all output membership functions together

# 1l.Valve output

Valve_aggregated = np.fmax(valve_rulel, np.fmax(valve_rule2, np.fmax(valve_rule3, valve_ruled)))
# 2.Fanl output

Fanl_aggregated = np.fmax(fanl_rule5, fanl rule7)

# 3.Fan2 output

Fan2_aggregated = np.fmax(fan2_ruleé, np.fmax(fan2_rule8, np.fmax(fan2 rule9, fan2 rulelld)))

# 4.Light output

Light_aggregated = np.fmax(light_rulell, light_rulel2)

##% Calculate defuzzified result

#(1.)

all_valve = fuzz.defuzz(x_valve, Valve_aggregated, 'centroid’)

all valve activation = fuzz.interp membership(x_valve, Valve aggregated, all valve) # for plot
#02.)

all_fanl = fuzz.defuzz(x_fanl, Fanl_aggregated, 'centroid')

all fanl activation = fuzz.interp membership(x fanl, Fanl_aggregated, all fanl) # for plot
#(3.)

all fan2 = fuzz.defuzz(x_fan2, Fan2_aggregated, 'centroid')

all_fan2_activation = fuzz.interp membership(x_fan2, Fan2_aggregated, all_fan2) # for plot
#(4.)

all_light = fuzz.defuzz(x_light_bulb, Light_aggregated, 'centroid')

all light_activation = fuzz.interp membership(x_light_bulb, Light_aggregated, all light)
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# Visualize this
fig, (ax0, axl, ax2, ax3) = plt.subplots(nrows=4, figsize=(10, 8))

ax0.plot(x_valve, valve off, 'b', linewidth=0.5, linestyle='--', )

ax0.plot (x_valve, valve_on, 'g', linewidth=0.5, linestyle -*)

ax0.fill _between(x_valve, switchO, Valve aggregated, facecolor='Crangs', alpha=0.7)
ax0.plot([all_valve, all _valve], [0, all valve activation], 'k', linewidth=1.5, alpha=0.9)
ax0.set_title('Valve aggregated members and result (line)')

axl.plot(x_fanl, fanl off, » linewidt! linestyle: e |

axl.plot(x_fanl, fanl on, 'g', linewidth linestyle='--')

ax1.fill between(x_fanl, switchO, Fanl aggregated, facecolor='Crange', alpha=0.7)
axl.plot([all_fanl, all_fanl], [0, all_fanl_activation], 'k', linewidth=1.5, alpha=0.9)
axl.set_title('Fanl aggregated membership and result (line)')

ax2.plot (x_fan2, fan2 off, 'k', linewidth=0.5, linestyle='--', )
ax2.plot(x_fan2, fan2 on, 'g', linewidth=0.5, linestyle='--')

ax2.fill between(x fan2, switchO, Fan2_aggregated, facecolor='Crangs', alpha=0.7)
ax2.plot([all_fan2, all_fan2], [0, all_fan2 activation], 'k', linewidth=1.5, alpha=0.9)
ax2.set_title('Fan2 aggregated membership and result (line)')

ax3.plot(x_light bulb, light_off, 'b', linewidth=0.5, linestyle='--', )
ax3.plot(x_light_bulb, light on, 'g', linewidth=0.5, linestyle='--')

ax3.fill between(x_light_bulb, switch0, Light_aggregated, facecolor='Orangs', alpha=0.7)
ax3.plot([all_light, all_light], [0, all light activation], 'k', linewidth=1.5, alpha=0.9)
ax3.set_title('Light aggregated membership and result (line)')

Turn off top/right axes

or ax in (ax0, axl, ax2, ax3):
ax.spines['top'].set_visible (False)
ax.spines['right'].set_visible (False)
ax.get_xaxis().tick bottom()
ax.get_yaxis().tick left()

o

| plt.tight_layout ()
#current time and date
time_hhmm = time.strftime ('3H-3M")
date_mmddyyyy = time.strftime ('3Y-3Im-3d')
fig.savefig('fig/Fig'+ date_mmddyyyy + '_' + time hhmm + '.png', dpi=fig.dpi)

plt.close (fig)

T_hh = time.strftime('%H')
Hr = int (T_hh)

### Use fuzzified result for hard decision control and send it to arduino

# include probability that the light will turn on at night(instead of no need to turn on)

all_valve >0.5 all_light >0.5 a all_fanl >0.5 = all _fan2 >0.5 : MESSAGE = '
all valve >0.5 1 all_light >0.5 1 all fanl >0.5 1 all fan2 <=0. = 6) MESSAGE =
all_valve >0.5 all_light >0.5 1 all_fanl <=0.5 all_fan2 >0.5 €) MESSAGE
all_valve <=0.5 all_light >0.5 1 all_fanl >0.5 all_fan2 >0.5 6) : MESSAGE
all _valve >0.5 and all light >0.5 and all fanl <=0.5 % €) : MESSAGE
all valve <=0.5 1 all light >0.5 all_fanl >0.5 all fan2 <=0.5 €) : MESSAGE =
all_valve <=0.5 and all_light >0.5 and all_fanl <=0. all_fan2 >0.5 and €) : MESSAGE
all_valve all_light >0.5 all_fanl <=0. all_fan2 <=0.5 Hr <= 6) : MESSAGE = 'lg'

all _valve all_light >0.5 all fanl >0.5 i all_fan2 >0.5 : MESSAGE =

all _valve all_light >0.5 all_fanl >0.5 =0.5 : MESSAGE
all_valve all_light >0.5 1 all_fanl <=0.5 >0.5 : MESSAGE
all_valve all_fanl >0.5 >0.5 : MESSAGE
all _valve all fanl >0.5 >0.5 : MESSAGE
all_valve all_light >0.5 all_fanl <=0.5 <=0.5
all_valve all_light <=0.5 and all_fanl >0.5 <=0.5 :
all_valve all_light >0.5 all_fanl >0.5 <=0.5
all_valve all_light <=0.5 all_fanl <=0.5 >0.5
all_valve all _light >0.5 and all_fanl <=0.5 >0.5
all_valve all_light < all_fanl >0.5 >0.5

all valve
all_valve
all valve
all valve
£ all_valve
: MASSAGE

all_light <=0.5
all_light >0.5
all_light
all_light
all_light

all fanl <=0.5
all_fanl <=0.5
4 all_fanl >0.5
all fanl .5
all_fanl <=0.5

ey
.5
[ <=0.5
all_fan2 >0.5 : MESSAGE
all fan2 <=0.5 : MESSAGE

### send command via UDP

UDP_IP 192.168.42.45"
UDP_PORT = 4848
#MESSAGE = (hard decision command)

("UDP target IP:", UDP_IP)
("UDP target porct:"”, UDP_PORT)
("message:", MESSAGE)

#sock = socket.socket (socket.AF_INET, # Internet
# socket.SOCK_DGRAM) # UDP
sock. sendto (MESSAGE, (UDP_IP,UDP_PORT))

#insert recoxd

#firebase_url = 'https://wsn-for-precision-agriculture.firebaseio.com/'

fb = firebase.FirebaseApplication(firebase_url, None)

result = fb.patch('/NodeMCUOL/' + date mmddyyyy + '_' + time hhmm, {'date’:date mmddyyyy ,'time’:time hhmm,
\'Humidity percent':Humidity, 'Temperature C':Temperature,
\'L _lux':Light_Lux, 'SoilMoist: ercent':SoilMoisture})

nt ‘uploaded data'
sock.close ()
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#include <Wire.h>
#include <Adafruit Sensor.h>
#include <Adafruit_TSL2561_U.h>

#¢include <SPI.h>
¢include <ESP8266WiFi.h>
$¢include <WiFiUdp.h>

#$include "DHT.h"

$¢define DHTPIN DS

$¢define DHITYPE DHTI22 // DHT 22 (AM2302), RAM2321
int sensorPin = AQ; // 29 RO 294 Arduino

int sensorValue = 0; // SOUUS2DY ANMAUTUInAL

int status = WL_IDLE_STATUS;
char ssid[] = "Pi_AP"; // vyour network S55ID (name)

char pass[] = "Raspberry"; // your network password (use for WPA, or use as key for WEP)
int keyIndex = 0; // your network key Index number (needed only for WEP)
unsigned int localPort = 5005; // local port to listen on

// char ReplyBuffer[] = "acknowledged"; // a string that send to pi

char MessageBuf[30];

Adafruit_TSL2561_Unified tsl = Adafruit TSL2561_Unified(TSL2561_ADDR_FLOAT, 1234S5);

WiFiUDP Udp;
DHT dht (DHTPIN, DHTITYEE);

void setup() {
//Initialize serial and wait for port to open:
Serial.besgin(9600);

Serial.println("I'm awake");

// attempt to connect to Wifi network:
WiFi.mode (WIFI_STR);

WiFi.b=gin(ssid, pass);
Serial.println(™"):
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// Wait for connection
while (WiFi.status() != WL_CONNECTED) ({
delay(500);
Serial.print(".");
}
Serial.println("Connected to wifi");
printWifiStatus();

Serial.println(™\nStarting connection to server...");
// 1f you get a connection, report back via serial:
Udp.kegin(localPort);

dht.begin();

if(!tsl.begin())
Serial.print ("No ISL2561 detected”):
while(l);
i
tsl.enableRutcoRange (true);
tsl.setIntegrationTime (TSL2561_INTEGRATIONTIME 13MS):;

void loop() {
// check Wifi if not connected
if (WiFi.status() '= WL_CONNECTED) {
delay(l):
restartWIFI();
return;

sensors_sevent_t event;
tsl.getEvent (sevent);
if (event.light)

{
String string lux = String(event.light, 1); // Light_intensityValue LUX

// Reading temperature or humidity takes about 250 milliseconds!

// Sensor readings may alsc be up to 2 seconds 'old' (its a very slow senscr)

flcat h = dht.readHumidity();

// Read temperature as Celsius (the default)

flcat t = dht.readTemperaturs();

// Read temperature as Fahrenheit (isFahrenheit = true)
float £ = dht.readTlemperature(true);
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// Check if any reads failed and exit early (to try again).

if (isnman(h) || isnan(t) || isnan(f)) {
Serial.println("Failed to read from DHT sensor!");
return;

}

// Compute heat index in Fahrenheit (the default)
float hif = dht.computeHeatIndex(f, h);

// Compute heat index in Celsius (isFahreheit = false)
flcat hic = dht.computeHeatIndex(t, h, false);

string h = String(h,2);
string t = String(t,2):;
string £ = t:ing(f,Z)d
string hic = String(hic,2);
string hif = String(hif, 2);

w

// read the value from the sensor:
sensorValue = analcgRead(sensorPin);
sensorValue = map(senscrValue, 350, 965, 100, 0);

String soilsensorValue = String(sensorValue);

String Message = String(string. h + ","™ + string t + ","™ + string lux + "," + soilsensorValue);
Message.toCharArray (MessageBuf, 30);

Serial.print (MessageBuf);
Serial.println(™ %/ C / lux/ $");

// send a reply, to the IP address and port that sent us the packet we received
Udp.beginPacket ("192.168.42.1", localPort);
Udp.writes (MessageBuf);
Udp.endPacket();
}
else
{

Serial.println("Sensor overlocad");

delay(120000);
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veid restartWIFI(void) {
WiFi.mede (WIFI_STR);
WiFi.bsgin(ssid, pass);
Serial.println("reconnecting WIFI™);

// Wait for connection

while (WiFi.status() != WL_CONNECTED) {
dalav(500);
Serial.print(".");

}

Serial.println("Connected to wifi");

void printWifiStatus() {
// print the SSID of the network you're attached to:
Serial.print("SSID: ");
Serial.println(WiFi.SSID())d

// print your WiFi shield's IP address:
IPAddress ip = WiFi.lccallP():;
Serial.print("IP Address: "):
Serial.println(ip);

// print the received signal strength:
long rssi = WiFi.RSSI();
Serial.print("signal strength (RSSI):");
Serial.print(rssi);

Serial.println(™ dBm");
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WeMos_monitor_Show_command.ino

#¢include <SPI.h>

#¢include <ESPE26eWiFi.h>
¢include <WiFiUdp.h>
#¢include <FirebaseArduino.h>

// Config Firebase
#¢define FIREBASE HOST "wsn-for-precision-agriculture.firebaseio.com”
#define FIREBASE AUTH "4MY1K3pz8JPiISfbYzGjrySSGIicke9fiQYtKRGMI™

IPAddress ipesp(192, 1lé8, 42, 45);
IPAddress gateway (192, 168, 42, 1); // set gateway to match your network
IPAddress subnet (255, 255, 255, 0); // set subnet mask to match your network

int inl = D7; // pump
int in2 = D6; // light
int in3 = DS; // fanl
int ind4 = D2; // fan2

int status = WL_IDLE_STATUS;

char ssid[] = "Pi_AP"; // vyour network SSID (name)
char pass[] = "Raspberry"; // your network password (use for WPA, or use as key for WEP)
unsigned int localPort = 4848; // local port to listen on

char packetBuffer([2]; //buffer to hold incoming packet
//char ReplyBuffer[] = "acknowledged”; // a string to send back

WiFiUDP Udp;

void setup() {
//Initialize serial and wait for port to open:
Serial.begin(115200);

WiFi.config(ipesp,gateway, subnet);
WiFi.mode (WIFI_STR);
Serial.println("I'm awake”™);

// attempt to connect to Wifi network:
WiFi.begin(ssid, pass);
Serial.println(™");

// Wait for connection
while (WiFi.status() != WL_CONNECTED) {
delay(500);
Serial.print(".");
}
Serial.println("Connected to wifi");
printWifiStatus():
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Serial.println{"\nStarting connection to server..."):
// if you get a connection, report back via serial:
Udp.k2gin{localPort);

Firebase.begin (FIREBASE_HOST, FIREBASE_AUTH);

pinMcde (inl, OUTPUT) ;
digitalWrite(inl, LOW);
pinMode (in2, OUTPUT) ;
digitalWrite (in2, LOW);
pinMode (in3, OUTPUT) ;|
digitalWrite (in3, LOW):;
pinMode (in4, OUTPUT) ;
digitalWrite(in4, LOW):;

void loop() {
// check Wifi if not connected
if (WiFi.status() != WL_CONNECTED) {
delay(l);
restartWlIFI();
return;

// if there's data available, read a packet
int packetSize = Udp.parsePackst();
if (packetSize) {
Serial.print ("Received packet of size ");
Serial.println(packetSize);
Serial.print ("From ");
IPAddress remotelp = Udp.remctelP();
Serial.print(remotelp):
Serial.print (™, port ");
Serial.println(Udp.remotsPorc());

// read the packet into packetBufffer
int len = Udp.read(packetBuffer, 2);
if (len > 0) {

packetBuffer[len] = 0;
}
Serial.print ("Contents:");
Serial.println(packetBuffer);
int convert = atoci(packetBuffer);
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Serial.println{convert);
switch(convert) {
case l:Firebase.setString("Command/Current”,

digitalWrite(inl,
digitalWrite (in2,
digitalWrite (in3, HIGH);
digitalWrite(in4, HIGH);
Firebase.setString("Devices/Valve",
Firebase.setString("Devices/Light",
Firebase.setString("Devices/Fanl"”,
Firebase.setString("Devices/Fan2",
delay(10000);

digitalWrite (inl, LOW);
Firebase.setString("Devices/Valve",
delay(80000);

digitalWrite (in3, LOW):
digitalWrite (in4, LCW):;
Firebase.setString("Devices/Fanl",
Firebase.setString("Devices/Fan2",
break;

HIGH) ;
HIGH);

digitalWrite (inl,
digitalWrite (in2,
digitalWrite (in3,
digitalWrice (in4,
Firebase.setString("Devices/Valve",
Firebase.setString("Devices/Light",
Firebase.setString("Devices/Fanl",
Firebase.setString("Devices/Fan2",
delay(10000);

digitalWrite (inl, LOW);
Firebase.setString("Devices/Valve",
delay(80000);

digital¥Write (in3, LOW);
Firebase.setString("Devices/Fanl”,
break;

HIGH);
HIGH);
HIGH);
LOW) 7

2:Firebase.setString("Command/Current”,

"l.Pump:0n, Light:0n, Fanl:0On, Fan2:0n");

"on™)
"0n")
"Oon") ;
"Cn") ;

’
’

"Off");

®Off™) ;>
"Off");
"2.Pump:0n, Light:0On,

Fanl:On, Fan2:0ff");

"on");
"on") ;
"on");

"O££") ;
"O££") ;

"Off");

TusU Wswnsalugdm Wemos Tudiunismiunu @i 3 asdiduauiouluns 16 4s

welunillaendiagnaun 2 Weuly
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FrontPage.html X

[:pocType htm1,
lang="en"

WSN Front Page
charset: f

y
background-color: .r‘gb(ZSS, 229, 174);

body {font-family: Arial, He

Login

;">Welcome Admin/Log out
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FrontPage.html @

Overall Monitor
style

‘>Sensors Chart

Current Command:
styl

NodeMCU1 Data Table
class=

clas
th styl

Time
Humidity %
Light_Lux
SoilMoisture %
Temperature_C

NodeMCU2 Data Table
class=

class=

Date

Time
SoilMoisture %
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FrontPage.html @

3>NodeMCU3 Data Table
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FrontPage.html @

L Src=

apiKey:
authDomain:
databaseURL:
projectId:
storageBucket: '

messagingSenderId:
¥

firebase.initializeApp(config);
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@ JS WSN_app_advice.js
date@l = document.getElementById("d
time@1l = document.getElementById(
humidel = document.getElementById("hum
» 1lightel = document.getElementById("
~ soilmoisture®l = document.getElementByI
temp@l = document.getElementById("t

date2 = document.getElementById("date2");
~ time2 = document.getElementById(" 3
soilmoisture2 = document.getElementById("

~ date3 = document.getElementById( "date
» time3 = document.getElementById("
r soilmoisture3 = document.getElementById("

date4 = document.getElementById("
time4 = document.getElementById("
soilmoisture4 = document.getElementById(

~ current_cammand = document.getElementById("c
~ current_state = "";

>

advice = document.getElementById("a 23 1

NodeMCU@1Ref = firebase.database().ref().child(’ 1 8").limitToLast(1);
~ NodeMCU@2Ref = firebase.database().ref().child(’ U_©2").limitTolast(1);
NodeMCU@3Ref = firebase.database().ref().child("NodeMCU ').limitTolLast(1);
NodeMCU@4Ref = firebase.database().ref().child(" ').limitToLast(1);

r CommandRef = firebase.database().ref().child("C

CommandRef.on("v: » Tunction(snap){
current_cammand.innerText = snap.child("C t").val();
advice.innerText = snap.child("Advice").val();

1)

NodeMCU@1Ref.on("c » fu
date@l.innerText = snap.child(
time@1.innerText = snap.child(
humid@l.innerText = snap.child(’
light@1l.innerText = snap.child(" 3
soilmoisture®l.innerText = snap.child(
temp@1.innerText = snap.child("T "3
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@ JS WSN_app_advicejs X

NodeMCU@1Ref.on("child ch

/O date®l.innerText = snap.child(’
time@1.innerText = snap.child("t
humid@l.innerText = snap.child("Humidi ent”).val();

? lightel.innerText = snap.child(" )-val();
soilmoisture®l.innerText = snap.child(’ nt").val();
temp@1. innerText snap.child("T

s

NodeMCU@1Ref.on("child_r -
date®l.innerText = snap.child(’
time@l1.innerText = snap.child(’
humid@l.innerText = snap.child(
light@l.innerText = snap.child(”
soilmoisture®@l.innerText = snap.child(’
temp@l.innerText = snap.child("T

1)

NodeMCU@2Ref.on( " 1 inction(snap) {
date2.innerText = snap.child("date").val();
time2.innerText snap.child("time").val();
soilmoisture2.innerText = snap.child("S Moi

1)

NodeMCU@2Ref.on("child changed”, function(snap) {
date2.innerText = snap.child("date™).val();
time2.innerText = snap.child("t
soilmoisture2.innerText = snap.child("Soil t").val();

1)

NodeMCU@2Ref.on(" 1d_remo -
date2.innerText = snap.child(
time2.innerText = snap.child("t
soilmoisture2.innerText = snap.child("SoilMoisture percent”).val();

' ' '
0 Y Aa ¥ = ¥ £

lngynAdsinnutoyaly NodeMCU fail 2 fieian 4 agldyaddaguuuuiaeniu

9
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ﬂ NodeMCU1_humidity_chart.html - Visual Studio Code

File Edit Selection View Go Debug Tasks Help

NodeMCU1_humidity_charthtml X

doctype html

Firebase Basic Example

nodeCounts = 90
onClick() {
nodeCounts = parseInt(document.getElementById("d
initGraph(nodeCounts)

i

initGraph(nodeCounts) {

cdata = [];

humid = [];

time = [];
ar ref = firebase.database().ref(’ ") -1limitToLast(nodeCounts);
ref.once(’ inction(snap){

snap.forEach( on(childSnapshot){
C .log('child’, childSnapshot)
iteml = childSnapshot.child( idity percent™).val();
item2 = childSnapshot.child( ").val();
', item1)
', item2)
len = childSnapshot.length;

cdata. push({
label: item2,
value: iteml
s
FusionCharts.ready(fu
ar firebaseChart =
type: i
renderAt:
width:
height
dataFormat:
dataSource: {
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ﬂl NodeMCU1_humidity_chart.html - Visual Studio Code
File Edit Selection View Go Debug Tasks Help

NodeMCU1_humidity_charthtml X

s
firebaseChart.render();
s
1
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ﬁl NodeMCU1_humidity_chart.html - Visual Studio Code
File Edit Selection View Go Debug Tasks Help

NodeMCU1_humidity_charthtml X

1)
}

initGraph(nodeCounts)

iv id="chart-container” ]
3>Input amount of data you want to fetch.
t type="text" id="data nodes” value=""
onclick="onC
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