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Abstract

The IoT device used for measuring temperature and humidity controlled over
the internet has been developed. The device was built with the NodeMCU
microcontroller board and the DHT22 sensor. The NodeMCU connects to the Internet
using a built-in WIFI module. The NodeMCU'’s firmware that controls the sensor and
internet connection has been developed with C language. The website used for
displaying the temperature and humidity was written with HTML. The sensor readings
are sent to the IoT Cloud Platform every 10 mins. The readings are saved in the
Could’sever database. The MQTT protocol is used to connect between sensor and
website. The website is capable of displaying real-time readings and the 5 hours
recorded data in graphical format. The sensor was tested with the BT-1 Pro
humidity/temperature meter. The readings of DHT22 sensor were 2% higher than the
BT-1 Pro.
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$ e |oT Analytics - Quantifying the connected world
Applications Overall popularity (and selected examples) Scores
8 06
! | [ 1
O @ smarvome | @Y ' = e I o o 0w
)
@ o Wearables ‘_«.iﬁﬁ- ﬂ- 63% 33k 20k 320
@ ﬂ Smart City Mﬂ. 34% 4k 05 B0
@ &  smantgid :‘ 28% ak 0k e
Industrial =
O N | R R
@ % Connected car m- 19% 5K 12k 50
Connected
® ﬁ Health '. o 2K 0 5k 5
@ Smart retail l 2% 02k 1
Smart supply
@ chain I e Ok 0.2k 0
W smart farming | 1%
1k 00k 1
1. Monthly dh Google hes for the app 1 2 Monthly Tweets containing the application name and #IOT 3 Monthly Linkedin Posts that include the
apphcation name. All metrics valid for Q4/2014.
{ Sources. Google, Twitter, LinkedIn, loT Analytics
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2.2 WIAAYDY Internet of Things

WUIAA Internet of Things 5umﬂﬁﬂﬁu1ﬂﬂ Kevin Ashton Tud) a.61. 1999 FaiwiSudy
1A339n15 Auto-ID Center iun1inende Massachusetts Institute of Technology W30 MIT
nmalulad RFID mwﬂmﬂummmus giulandmiu RFID Sensors #ineq flazidousiafiu
1ol sioanlugandad a.m. 2000 lanfigunsaididnnsedndeenunfiusuiuannuaziinislasn
11 Smart W’L‘umuma smart device, smart grid, smart home, smart network wag smart
intelligent transportatlon R4 mmuaaumiﬂiquwumuwam'ﬁmfnaumaﬂuiaﬂ
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2.2.1 A wireless sensor network (WSN)

LUUM?LLUiﬂWﬂEUﬂ”I‘W?U Internet of Things ‘vﬂ,“ﬂumaaaaﬂs Tuliieaud
Internet network iy uAFadFauUsaud L LierT0edn & Gafife Sensor node WW]
mmumﬂwﬂ‘wmm wireless sensor network (WSN) Iffugunsaisneg duanunsnideuse
\Pnlel @9 WSNs mmmmsamwwﬂﬂﬂgmmmqq (physical phenomena) luaSatie
Isﬂmﬂ gniBE U L gaumigil arwsy sy Lwaaqm'ﬂ;dmaﬂﬂim"i,uivwlwmmuma

Funudue soluly

S'n)/ :
@ @ ©
/ ©
@ @ @ @ @ @ Routing Node
@ © Ssensor

giJ 1 2.6 Wireless Sensor Network
2.2.2 Access Technology
MR Internet of Things 1y wenainasiammaluladlutly Hardware

1éun processors, radios way sensors S?J!\‘iﬁluﬂﬂ’i?m%}?ﬁ'mﬁuﬁﬂﬂ’j’l a single chip N30
system on a chip (SoC) udn shudamur WSN lunwSeuq fushe uaz memmm'ﬁwamaiu
Uagtuldfinnaiaunmalulagdmiumsidousod iy Access Technology fiaviua 3 1304
lawn

1) Bluetooth 4.0

2) IEEE 802.15.4e (1msgumsvhauvanadetisldane)

3) WLAN IEEE 802.11™ (Wi-Fi)
Ine/luusiaz Access Technology ﬁ?uﬁmi&‘ia‘é'fauvaﬁLLmﬂﬁhaﬁumumiNﬁ 2.1
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gy

|EEE 802.15.4e Bluetooth WLAN IEEE 802.11
Frequency | 868/915 MHz 2.4 GHz 2.4 GHz 2.4, 5.8 GHz
Data rate 250 Kbps 723 Kbps 11 - 105 Mbps
Power Very low Low High

2.2.3 Gateway Sensor Nodes
L@Jauiﬂ'ﬁﬁ‘ma Sensor nodes Ua2 NINTuvzdHoil Gateway Sensor Nodes
ieTsidouseludslandumesifings Ined Gateway Hazvhmihilieusalusuntathy
Internet Immlwaﬂnmmwm‘luimww Sensor nodes dfayaidgdumasidnladuies
uay Gateway fiaragnield Local network Feain1sfimunaiuseluin Gateway nuld
Local network #irduaslidounalus internet Iesgudelal dndiouselush Internet “Laﬂm
aﬂﬂsmwwamamuﬂu Gateway ﬂmﬁmvaamsnulmawwvmalu Local network Lmuu

O Edge Node >~ '

4 O p“@/{ LAN l
d@‘@ (o I
’®]  WSN Nodes T~ '

) // Communication J

©

UM 2.7 WSN Nodes

Things Local Network The Internet Back-End Services

OV 7
O 7 /—-@"‘i‘g

i \-ﬁ

\

User access and control
Wired'wireless
Power line
BAN, PAN. LAN
‘7 V ‘! ’
(O Sensor & Actuator { " Processing ]/ Communication ‘
-~ 4 | Business Data Analysis
L v . |

.e" = d’ 1 o A
EU‘VI 2.8 1@ammuaﬁmammauma Gateway a1 local network



2.2.4 N1SWUINGN Internet of Things
Uaguuiinisudangy Internet of Things panaumainnisldaudy 2 nau

Touna

1) Industrial IoT A9 WLU931n local network ﬁﬁ‘wawmﬂ‘[uiagﬁumﬁiwﬂuiu
1A39%18 Sensor nodes lnedagunsal loT Device ’Lunamummammwu IP network ita
\ihgBumesitn

2) Commercial IoT v wU1391n local communication 7113y Bluetooth %58
Ethernet (wired or wireless) Inefgunsel IoT Device Iuﬂauuﬂ“aaaﬁmaluﬂau Sensor
nodes (Renfuviiunieduluy local devices \iNeNDEN LA awlmlmjamaaumasmm

controliod or iewod and they

*Thinga” £an ba rmmololy
can sond helermetty for anatysis

network (CAN) in connected cars,

This may be a controller area
4 local natwork in homes, elc

axcant 100 powvar grids or classifod

Most “Trings® connact 1o e intecnet.
governmant cystems.

ancd Boces control butwesn Ihe

Cloud serviors provide the reposdory
“tang” wd s controfer

Smartphonos, 1ablets and Gihar
SMart devices can control alt
typos of *thngs, *

g‘dﬁ 2.9 Network Layers Internet of Things %84 IBM

2.2.5 IPv6
IPv6 %30 IP Address Version6 A mumﬂm"uaﬂ Internet of Things Tneda

gun3al loT devices ce‘mf] fuardeaiimneiausy ULwa'lfﬂummamiLUﬁﬂULauauwaamu
YDUTIULDI LAz m'ifmavm'maUﬂﬁmmmuum%mummumﬂ (5i9euAnTl asudniy
29N1") mmm‘h’ﬂumiaamﬂmqwﬂuwmaa’bﬂ IPv6 snfuiiielilemneiaaiilyisn iy
wazdadldlis

- loT network ‘ﬁlLﬂu LAN, PAN uag BAN: Body Area Network w%amiﬁam?umrﬁh
Sensor UIeNENYE

- Internet network (protocols) ‘ﬁlrﬂu IP, UDP, TCP, SSL, HTTP, HTTPS LLaz?j"LJS]



2.2.6 WWslnnea (Message Queue Telemetry Transport, MQTT)
MQTT LUuIﬂﬁimﬂaamammmum‘saams%um ﬂ?'?x‘lLﬂ‘iENﬁ]ﬂiﬂU
\3Bedns (machine-to-machine) mmmwauaﬂuw Internet of Things mmamswuﬁm
mmaunummmumiaw@mmau (Message Queue) Un# LLmlmumiwwu'ﬂmawmm
AU Internet of Things uNBs3 017 mmvmmsias‘uu,avmumLLaqummiﬂawmaUnm
Al MQTT léeae ﬁlmmmmnmamnmﬂmaaauﬂ Ao T,Ui‘[mﬂaaua”mawaﬂnmwm
Wil susdgne \38n91 MQTT Broker Lwamwmmuawauawaaaﬂﬂmaumim MQTT
wilounuy
MQTT Protocol agUsgnauluaie Broker, Publisher wa¥ Subscriber “?iﬂl,wiazﬁ’)ﬁ

Y
L4 v Al

wiidisadl

1) Broker 3% mmmmﬂumﬂawﬂaﬂwms message laga198adae topic “N
TUsunsuiilivin MQTT Broker Ivaneaaelilday wilslududelusunsu Mosquitto LTu
OpenSource MQTT Broker au'uauu MQTT Broker V3.1/3.1.1

2) Subscriber mmwmmaamﬂmUaauLmawaa message 9B ae topic L1tu
ammwmmmawau’lﬁmmmﬂaammaqm)vm data wlgeuls

3) Publisher mmwmmawawalﬂmmmauu5]

TUslmpea MQTT ua1mmmlﬂwﬁumaﬂﬂmmﬂmwmmqS] NU Internet of Things
ey Cloud serwce #1199 “Lﬂaﬂmnma 919 smart home, smart offce smart farm sy

vmanmmmﬂuﬂamumﬂmmqq 989 Internet of Things firfduintuuazdy
trend wmawumaaiumm ¢f AedrAfe foTl;lemEJmaﬂnsm Smart device 194
W1RN199838z (Apple Watch) viaaneadeilooauniniiiy unsudasounqulyi
gunInlsingg aﬂ‘wmﬂwmamummwlnalﬂsjwmnwmaamamﬂﬁmaﬂma lnglusunamnis

wlavmilulasiannedugiiulidsema sunda LﬂsawﬂmﬂUﬂumuaﬂﬂmwm%ma'ﬁmm

msﬁmamaavﬂaﬂumwmmaLm’lﬁlﬂiumNmammaamimw Aa9i199 arilAeaunan
U84 Internet of Things mmawwa']mﬁmﬂanulm

2.2.7 10T Reference Model

loT Reference Model aunsautsloilu 4 Layers mugﬂ‘ﬁ‘ 2.10

S
Application loT
laver Applications
B Service -
support and Generie Support Specific Suppornt
5 || Application Capabilitics Capabilitics

support layer

Alundeg

sanijiqede y

-
Network L Networking Capabilities

layer
| Transport Capabilities
| .

(U\'\l\.\' Device Galeway
layer Capabilities Capabilities

o

saunpigede) L1an2ag dusuan

atnjiqede) wowaleueyy dpisadg
sanipqede ) Kjundag auyiaadg

E

atnpiqede ) wawafeur)y Suauan

L

g‘d‘?f 2.10 loT Reference Model
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lasusiay Layer wialdsail Ao
Layer 1 Application layer Usznauluaie loT applications.

Layer 2 Service support and application support layer Usznauldsig

- Generic support capabilities LYua @ uIsaRn2 LU 0T applications L
data processing #3® data storage Ly Generlc capabllltles mmmwn‘l‘diﬂﬂ specific
support capabilities LWE]Ei'i’Nﬂ'J'ma’inJ’l‘iﬂLawwau‘| “U‘lﬂmJ

- Specific support capabilities 1UUAIUAIUITARNILAINAIILFDINITUD loT

applications Un9un

Layer 3 Network layer Usznauluae

- Networking capabilities: '[*ffmuau functions Ms\deuseves network LW access
and transport resource control functions, mobility management or authentication Wag
authorization and accounting Wudu

- Transport capabilities: ’L'ﬁmuqumsﬁamuwm loT service LLas%’aggaLawwwm
application i’mﬁhm'ﬁﬁﬂﬁhu’umﬁaﬂga loT-related control and management

Layer 4 Device layer Usgnauluaag

- Device capabilities: ﬂﬂummsﬂmaa@ﬁaﬂﬂ‘szﬁsmq

- Gateway capabilities: Lﬂ‘uaﬂﬂsmmmmmmmium'iruaamamiamamm Sk
feifu Inganansadouse LAN vateq w3etreildluslanoasei LLav’L‘uaaaa‘uauama
wilaiulaegnelifidndane [1]

2.3 Lszfuwaéﬁ'ﬂamwnﬁuavﬂmu%u DHT22

aﬂnsmms'aﬁm‘uaturu'lcumaﬂsmmmawanama°1 \iu gl ATY Fee ua wae
nsduda [Judu LLa';LUaau'LnaaluiﬂwaaammmwﬁamauawaamﬂamLLa yingauiudIu
vasnsimuadoulomsdyyio Iﬂamumasmlﬂuwuwauﬂa DHT22 iy High
Accuracy Digital Temperature and Humidity Sensor ﬂaa’lm‘imﬂlﬂmamwﬂuua“m’lu‘ﬁu

DHT22 L‘U‘Ll’e)‘l]ﬂiﬂJL‘UUL‘II@iﬁ’l%iUWlE}m"HﬂmLa gAMUAUF NS (Temperature &
Relative Humidity Sensor) saaa'm'1iammﬂmnm’tmwmamuswuauaqnaﬁamlm
UAINVIAY LU ﬂ’l‘i'JﬂLLﬁuﬂﬁﬂ’JUﬂNBMﬂﬂNLLﬁ"ﬂ’ﬂLl‘UU suuuuuwn’nauammnuammu
LLﬂuﬂ’J’]iJ‘U‘lﬂUﬂﬂﬁ ianduuuuiinea 'lwwamfummmaa;waqLaumaa’[umswamaﬂu
Arduino Lwaa"luﬂ'mnwjuwai
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- & = :iy
JUN 2.11 WwuwesingumniuarANiu DHT22

Tuniseuteyasinleddu ldudygrafisaduidoafia DATA M50 SDA) any
d@oanianiy wazluaniuy vUnfdgyeyio DATA aziu HIGH 'lumﬁa'lumaualma zadq
lulasmoulvsaaesavsosimualian DATA Wuterinm uazaradn START Favzdaady
LOW @813ty 800 us mnuum'i.mﬂu HIGH agnatios 20 ps wdsaniudunissonisneu
Navu (response ‘uadlafﬁ Faw1 DATA ﬁ]vmamnmasumuauww

\flansmaunduisudu ‘Lamuuanwmzﬁmmmﬂu LOW wag HIGH aduiutisay 80
ps IngUssuia ((5en91 Response Bit) mnuumwvmumiawanawa Ua 573 40 U9 (929
LOW m1uma8929 HIGH) 931 LOW wasusiasdnayniramiidy usessafulutng HIGH dwidu
Tnditiandu 0 vise 1 (4runtadie HIGH TunmsduunArvesdn) [8]

Reww sgral Fumoty bigh Humdty ew Temp bch Temg bwe Fardy
PV LTSN TROCRNNT T VEPTT T I Dl T IR E 1T
l)E: j
B it 1 02 100 v ISRY el LEL i LIZLL | | Vo
e s s 8 5 5 5 s /s s
B 8 B B B B B 8 2] B

Ui 2.12 ddiuvesdeyatnlunisetumainlediomn 5 Tus (40 Om) aaslususndmiu
Aty aesludreandmivgaumgiiuazludgaieidu checksum w3o parity
bits

sovis, TR ;, W . _ 70%
SDA ’ 1
. N ' : 30%

p:
h 4

w— OSSO e SR80 SR

U7 213 divvesdeyadnlunseumainleduasainunitewestne LOW way HIGH



13197 2.2 Aruanifves Sensor Tagamgiiuaraud DHT22

Accuracy humidity +2% RH (Max +-5%RH)
Accuracy temperature +0.5 °C
Resolution or sensitivity humidity 0.1% RH
Resolution or sensitivity temperature 0.1 *C
Repeatability humidity +1% RH
Repeatability temperature #0.2 “C
Humidity hysteresis +0.3% RH
Long-term Stability +0.5% RH/year
Sensing period Average 29
Temperature range -40-80 °C
Humidity from 0-100% RH
Input Voltage 3.3-6 V
Standby current 40-50 pA
Measuring current 1-1.5 mA

2.4 NodeMCU Board

12

NodeMCU Lﬂuuaamluiﬂiﬂauiwsat.aaﬁmLﬂuummauwmmmwmmwwun*uiama WIFI
(ESP8266) smmwﬂamﬂmium'ﬂmaumanuaumanumuumd Aluna ESP8266 uumaa
AgiunaIsguLIn mmmaawumnmﬂu ESP-01 Tautlagiuiie ESp-12 LLaquanU”Lu
NodeMCU version 1 uuL‘Uu ESP-12 wailu ver5|on 2 uay 3 Yuaelddy ESP-12E Lmu R
nsldnulasrudliunnsiesiumnin NodeMCU Thdidnuasageiu Arduino sefsnedn
dunaLIwe built in w1lugh dwsagulusunsuneulnsagunsal 10 Ialaglsidaanay
qUn3aiduq wasanusendy Arduino IDE Wausuiy NodeMCU ¢ Feanunsaldnim ¢
Tunseulusunsuld vilisanunsaldasiuldvanwarsnni iy NodeMCU #&a1savi

o | = o 4 1 as ' °
@3151@%@78@875 I@EJLQW']%LTQQ‘VILﬂU’NJ@\?ﬂU loT lﬂJ'ﬂq"\]gLﬂUﬂjiwq Web Server ﬂuqﬂLﬁﬂ

a = i 7 < =l
M3AuANMUnTnlWk WIFI wagduq Snnngne (4]

Ealf

Uil

=0

2.14 NodeMCU Board
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2.5 HTML uwag Dreamweaver CS6

HTML LflumwmauﬁamaﬂuiﬂLLuuuﬁqﬁWﬁm%'ua%ﬁwﬁwﬁu (Web Page) tilaifiu
‘lJEJMEi'U']’)ﬂ’]'S‘I/IGI@dﬂ’]ﬂUSU‘UENLﬂﬂmﬂmﬂaimﬂ‘d (Hypertext) mmmauummmmwauim
i FunilslugaminGudug 16 Taelassadraves HTML ﬂvummn‘u W3ouiin (Tag) d w3y
Wlumsmugunisuanwavesdoninu gunm msie uazdngduq duduiusriewes (Web
Browser) [2]

lusunsu Dreamweaver CS6 1Julusunsuilddmivadranaswauniuinald
Usv@vSnmgauazarainginiid Jagdu Dreamweaver Ianmidu ¢s uér Fadulusunsy
afrsdumauvuiaiiousievesde Adobe Faiaeligidosnisairaumalifondouniu
HTML w3elfnlusunsy uefidmvimaiaigends "WYSIMYG” TUsunsy Dreamweaver 4
Harduivih gl danunsainansdoniu sUn I 1319 vosu Fdlesaufeeadusenaudug
maﬂ,unuLwa"lﬂamqmmmmwﬁl‘umaams Tnglifiodldnviansudiigeenndudoumilou
\deriou DreamweaverQJWGIU‘SuUUﬂ{]UG}ﬂﬁLL&Jﬂau‘Wa‘U (Macintosh) wazlulasgoni
Juled anw&ENammmmuuusvuwgummﬂmuaum}muiﬂmnmmaaaamq WINE &
aney mnawumamaﬂﬂmnsumum Adobe Dreamweaver CS6 [5]

2.6 AETABITe
Tul Aue. 2014 we.as.gswwwg nMudvsen wagausld@nvIvdnnisueenisnsady
Aumisvasinlwiilaeedeszuu GPS (Global Positioning System) m‘luﬂawuuaaiu
gunsnideanslaeialy snsogray aminwuLLa.,a;mﬁmmmmmamm’h’r‘lumammm
wazUszaanalunisubwessaliia a dresensn Tnefinseanwuuludiuresdiuinde
Jlirwlusunsuvssgnadiniudldansning Welddldusnissalnianunsayszanaiia
wazsuntveasoliiiideanisarldusnslnoifeaunining uasinmsoonuuuludiuve
16 Seven Segment Litel4lunisuaniiainisuadsassalndia o Theaense 991003
AABUNTITY9U WU suwwwwuwummsaivunammm‘uaasn‘lwﬁﬂmammnmm
wananil ’Luimamiwwuulﬂumsmmesﬂmamﬂaumsamﬂi.,aﬂm"lﬂumiamﬂimm
nsdedoyaszniteansvinuiuiniesuinisifu (WebServer) Fasnduasdoeings
Anredeansiuszuulnsiwiiledo 36 FaINNNsRRNLUUATINAARIAGUIASE WUTY dnsD
anUSuumsdstayanuszu 36 16 Imﬂﬁmmanﬁawaaﬁauaé’alzjmﬁ;ammaa Farluf
wieAud gliansoanailddelunmsdedayariusyuu 36 dmsunislduinisiusunsy
Uszanafigniaunduldthues (6]
lul A, 2016 AauAIng Qiigvidna wavanwing gasud IAnwasimungUnsal
719 'lwmmmmmuuumu'mmad Internet of Things T.mamm'immu-aanﬁ'l,'mulumu
f199 W INTU 1y n1sUszgnaldenilu Smart City nsusvgndldulugnamnssuuay
nwnsnssu saluiemsihsyiuaznsifoussregunmussyud Tuunanudsnisiild
odunellenwves loT Segnilonlag IEEE uaznamisniidedieeg TupesiiAgadosiunis
Uszgnamsldanu 1o demsiihssuavifoussdogquamassyud gavneunaLaue
wuavreImsimannsnsusvanadeyavuieive) (Big Data) Inanslélusunsy Hadoop
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4 a ¢ v < W = Y
Walnsvideyaniearsaumeangniaiulivuszuu Cloud Faasifiuuszlowifunisii
syluazmaAsuisdeguawBIyegLuY Cloud Computing Tueawian [7]
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25115AL ULy

SL‘U‘U‘V]H‘{I ﬂﬁ’i?ﬂ\?ﬂ’]i’ﬂaﬂLLUUﬂ’]iﬂﬂﬁlaﬂE}aqiﬁu‘WT}qF]’lL%uL‘UBi?ﬁamﬂﬂﬁLLﬁS

g

m’m‘uu 29 LCD waztiulas IﬂF.Ii.lﬂ’]i?N‘lJE]&JﬁN'miuUULﬂiﬂ’U’lEJ loT snﬂ‘ts NodeMCU iy

‘Mﬂ"ﬂﬁ']ﬂﬂliuﬂ”liﬂ'évﬂﬂ.]ﬂ’li'ﬂ']\‘ﬂu"UENL‘dUL‘Uﬁﬁﬁﬂ’]ﬂ’]'ﬁﬂﬂ’]i L‘UE)&JG]E)UU’]ﬂUEJuLVIE]'SLUﬁWhu

v
LY

WIFI e 3u-dedoya wduansigamgiuazanufuuuse LD wasuuwSules Snkeds
dunsamuaumMsiuwssgUnsaliuiuledlitnge Seiseassonsadelui

3.1 VUABDUNITOINLUUINDS

o FENEEFTUTR TR NOON

NodeMCU

ARDUINO

<
EU“{] 3.1 LLWHJ‘]’]WI@@&WS&J‘U@\? NM1399NLUUINAT
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3.1.1 Jangunsalildlunisvaaas
1) NodeMCU

luduiiazld NodemcU Tumsmuaunsviiuwessuiges waves LCD Tng
MaBeulusunsuAds Arduino IDE dnunsauanslafagui 3.2 4]

U1 3.2 NodeMcu

T,maﬁuwuﬁwmmLﬂaLLammiﬁmuﬁquﬁ 3.3

DEVKIT

5003

GND

s S
ol

o7 o I st
EN D9 GPIO3 H_ mj
RST D1@ wion |—{ noe ]

GND GND GND

Vin 3v3 3.3v

DO(GPI016) can only be used as gpio read/write, no interrupt supported, no pwm/i2c/ow supported.

UM 3.3 91m15¥euTes NodeMCU

U
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2) DHT22 Temperature & Relative Humid'ty Sensor
Iuﬁ’JuL‘UuLﬁtﬁaiﬁ]‘fL‘ﬂLUu DHTZ22 mﬂuaﬂﬂ‘smwuwasmmmﬂam‘wﬂuLLa“
mwmummﬁmamimmsﬂw 3.4 [8]

™
-
| ]
L ]
L
L
n

HEEEET

=2
%

gﬂﬁ 3.4 DHT22 Temperature & Relative Humidity Sensor

N15¥9IUY99 DHT22 Temperature & Relative Hum|d|ty Sensor
- dusadulwidesldlutag 3.3V 84 5.5v DC (Facualdlaiu 3.3V uae 5V)
- Ingamaiilalugag -0 °C {a 80 °C (+0.5 °C accuracy)
- Samutuduimglalutas 0-100 RH% (2-5% accuracy)
- ONIINTINGIER 0.5 Hz
- ADULUNADSLUY 4 1 (0.1" / 2.54mm spacing)
Pin 1= N@
Pin 2 = SDA (Serial data, bidirectional)
Pin 3 = N.C. (Not Connect)
Pin 4 = GND

3) LOQWED
ludruweses Liquid Crystal Display (LCD) fafiudauaninauuuiineais
YN 16x2 Y138 16 fI8nws 2 UsHin ualile91n11ve9 NodeMCU Sliinefazsoriugn LCD
1§94 1PC 1danahelududeusafuasuaning LCD LLamlﬁé’agUﬁ 3.5

gﬂﬁl 3.5 puanama LCD

149330
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99 LCD vmmimaummwv € ‘vﬁaL‘JEJnaﬂaEJ'N'mﬂ')3L°z$aumaLLwauﬂ‘smyL“Uma
LCD sssuawhluiinndoutuuede °C Bus vilnsldauldasemnsety Tuguuuu 12C ag
THulumsidensosululasnoulnaiaesifies 4 41 smml?’i'lmmlmwl,l,auavmnmﬂawu
ansanansldanaisesuand 3.1 LLaugﬂw 3.6 wanan1sdousta 1°C 994t9e LCD

A13199 3.1 NNIAIUANNITUAAINATDIID LCD (|2C)

Pin No Symbol description
1 GND Ground
2 VCC 5vDC
3 SDA Serial data
4 SCL Serial clock

o = '
U7 3.6 mseum IC

91NM19999 3.1 03unelad N15AUANNIBNITF 1Y Taevialuae LCD 9uildry
AuAu (Controller) Tugiagud- mmmmsaaqwamaaamsumuﬂumsmmuﬂuaq LCD
(I70) wiudeaiuiuae LCD BULERRY ﬂa‘swammﬁ‘lﬂumﬁmurﬁmuummaunu A9
mqmﬂuw"lumﬁuawaua Fave LCD 16x2 wumaawauaﬁmw‘u PC aglgviiies 4 @0
wihulunisideuse teun

1) GND 18y Ground 14siaszming Ground wasszuulalasmoulnsiassiu LcD

2) veC Wulwdssasittoulvitu LD Sivuin +5VDC

3) SDA (Serial Data) Lﬂu%ﬂﬁi&ﬂum‘a%’uﬁqsﬁaga

4) SCL (Serial Clock) iumndyaauniinilums$udsdoya
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3.2 /N15NAa99
1) ﬁimwsﬁ’qgﬂﬁ 3.7

v 2
Qs al o as

2) finfiy Board NodeMCU 1% Arduino IDE Tneiituneunisinsessi

- amtilvan Arduino IDE 99n3ulast hitpsy/Avaw.arduino.ce/en/Main/Software u& ey
TUsunsusgud 3.8

(o]~
Genuino
ARDUINO

Home Buy Download  Products ~ Learning -~ Forum Support ~ Blog LOG IN SICN uP

Download the Arduino Software

Windows installer
ARDUINO 1.6.5 Windows ziP file for non admin install
The cpen-source A 5 E

Mac OS X10.7 Lion or newer

onment is
g and other open-

Linux 32 bits
Linux 64 bits

Release Notes
Source Code

gﬂﬁ 3.8 wiAeAIdlvan Arduino IDE
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- \fiu Board we4 ESP8266 laen1iUalusunsu Lden File-> Preferences wdald URL &
http://arduino.esp8266.com/package_esp8266com_index.json asluludoansauduas
Fa5UT 3.9

() sketch_sep01a | Arduino 1.6.5 =

o
File | Edit Sketch Tools Help

o i Preferences n
Open.. Ctrl+0
Open Recent b Sketchbook location:

Sketchbook » : C:\UsersiVittayasak \Documents \ardung Browse
Examples » 5% 5 00 editorlanguage: | System Default v {requines restart of Arduinc)

Close Cerle W Editor fontsize: 12

Seve CtrleS || Show verbose output dumg: [ complation ] upload

Save As... Ctrl+Shift+ S e, o 4l Compler wamings: [Nene

Page Setup  Ctrl+5Shift«P ] Display line numbers

Print Ctri+P - Enable Code Foldng

Preferences  Ctri+Comma || []Venify code after upload
[Juse external editor
Quit Cat-Q |1 1) Chedk for updates on startup

[¥] Update sketch files to new extansion on save (.pde -> .ing)
[¥] Save when verifying or Uploading

‘ Ad&b«u{BaardsMa'\agerm.u:lh'.na:;,"ardxm.esp&:bﬁ‘cummaduge_esozx&om_mx.m —I c
More prefer o P s b OB Trectly e §

| C:\users\Vittayasak\AppData\Roaming \Arduino 15'preferences. txt

I¥ = ¥ ¥Hien ACCUTI0 17 NOt fLr g

’ ok | Cancel

gﬂ'ﬁ' 3.9 sl Board uee ESP8266

Y = T A VI 1Y =l
- NA OK kaanaulIivuvian taen Tool -> Boards Manager AU 3.10

ﬁsip;_ i _ AN AT Y P 4 : _

Auto Format Ctrl+T

! Archive Sketch
; Fix Encoding & Reload
Serial Monitor Ctrl+Shift+M

| Board NodeMCU10 €SP-12E Moduiey
CPU Frequency: "20 MHz"

Boards Ménager... : '

|

{ Upload Speed: "115200" ¥ Arduino AVR Boards
i Port : Arduino Yin
Arduine Uno
Programmer: "AVRISP mkll" '

| \ Arduine Duemilanove or Diecimila
! Bootlo ;
L B”f'_‘_ _.0.0 aﬂder . - — o 1 Arduino Nano

1 Arduino Mega or Mega 2560

a EYI o o
JUM 3.10 mihesWeandueIesile
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- WA91 esp8266 by ESP8266 Community ﬂanﬁ'ﬂu Install ﬁqguﬁ' 3.11 vnvuselvan

=
VUL

Boards Manager

@

Type Al v | | Filer vour search

Intel i686 Boards by Intel
Boards included in this package:
Edison,

More info

| AMEL-Tech Boards by AMEL Technology
| Boards included in this package:

} SmartEverything Fox.

| ©nline help

| More info

|

|

esp8266 by ESP8266 Community version 1.6.5-947-939819f0
Boards included in this package:

| Generic ESP8266 Module, Olimex MOD-WIFI-ESPB266(-DEV), NodeMCU 0.9 (ESP-12 Medule), NodeMCU 1.0 (ESP-12E Module),

Adafruit HUZZAH ESPE266 (ESP-12), SweetPea ESP-210,
Online help

More info

g‘dﬁ 3.11 e Boards Manager

- e audandulumiman ionvedn NodMCU 1.0 ESP8266-12E FagUR 3.12 tieunis

Anea

[Tools| Help

 Sourd: ‘NodehCU T E5P-12€ M)

Auto Format Ctel+ T
Archive Sketch
Fix Enceding & Reload

Serial Menitor Ctrls Shift+M

A
CPU Frequency: "0 MHz" "~ 3 Arduine Mega or Mega 2550
Upload Speed: “115200° y (" Aediiing Megs ADK
Port | Arduino Lecnardo
Arduino Micro
Programmer: "AVRISP mkll* L Arduino Esplora
Burn Boctloader ArddmaiWin
Arduine Ethemet
Arduino Fio
Arduino BT
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3) MsMAFRUNSIToNRET8Y NodeMCU fu WiFl Taedend] File —> Examples
--> ESPB266WepServer --> Laon HelloServer ﬁ'ﬂg‘dﬁ Biz

File] Edt Shetch Took Help
Hew Cir=H
Open Cul-0
Open Recent .
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o =
- CereW 0 L3
ol e P : ' AdvancedWebberver
Temk: . [S—
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w rmme | wn ¢ ' FSBrowser
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e o M . !{ HelloServer
Cuit Ctie aabive ¥ L — C————— S—
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f /,/
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SeftwareSen
v
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- AANT Serial Monitor Liegdanuiiuana figuil 3.15

{ |Connected to Emunsion
IP address: 192.162.0.101 Y " o
M| MDNS responder started la'ﬂ&lﬂﬂ WlFI /99

M HITP server started

| | 115200 baud v |

‘gﬂﬁi 3.15 w814 Serial Monitor
4) @319 loT Cloud Platform @a1fudqy MQTT Brokers Tun1s Publish/Subscribe
vosgunsal Beluauidelazly 10T Platform ves netpie uay thingspeak AuTURBUAIT

- Wiulast https//netpieio/ login —> RESOURCES —-> d8n APPLICATIONS AU
3.16

CONNECT EVERY 1 NG

AL CYAL PLALL ( LKL S

GET BTANTED NOW

3U 3.16 wishaiuled NETPIE



24

- (fion create application uénldde APPID faguil 3.17

UM 3.17 M3 create application

- ld¥e application key Wiiden Session key ﬁﬁgﬂ‘ﬁ 3.18
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WI1TpC2Zz2L2b1

[:lThingSpeak" Channcls ~ ~ Apps  Community  Support ~

My Channels Help
Name Created Learr to Cren # ne tral
o Temp&Hemi_Senser w17 “
Examples

b

U9 3.20 nihsiaweaiuled ThingSpeak
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- YMSAIANNDMUT channel La3audql¥nn save channel AagUN 3.21

ntips. thingspeak com

[IThingSpeak™ channeis~  Apps Support - HowtoBuy  Account=  SignOut

Community

New Channel

Name
Description
Channel Settings
Field 1 Frid Labet 1 ’
® Channel Name: Ertera unigue name for the Thingbpeak channe
Field 2 * Description: Enter 2
* Field#: Lheck the
Field 3 channel can have up
* Metadata: i nte
Field 4
Field 5 Ha
Fleld6 o o . = longhdeSpecd) thapautionlihe sersar or thing that collects data in decima
Field 7 aters
Field 8

Uﬁ' 3.21 1158579 Channel

- Woai19¥e9 Channel @39 Wndnluswosiisnadiady udanmituay AP Key tivotudin
LS > @ n=‘
Widt Key 13ldlu Arduino IDE sfaguit 3.22

Temp&Hemi_Senser

Channel 10: 215146 senser to loT
Author: emunsion
Access: Public

Private View Public View Chann ttings AP[ Keys Data Import, Ex

Write API Key

Key YFCXDY®GDSYZ60IP

[ o
B e

Read API Keys

Key AVMKV36E4BCIOIBL

Uﬁ 3.22 WieauRITHE AP Key
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5) Walvsunsu Arduino IDE ldlAnnsvieu aanduadniilu Verify uga3a Upload
flaguil 3.23

Sensor_LCD_i2c_Graph_ThingsSpeak

gﬂ‘ﬁl 3.23 w9713 Upload

9 < v o o 3 . < 2 =l @ =l
- a99InH Upload ta5alvindandl Serial Monitor WNBQUBANNYILEAINE P3UN 3.24

Chat dht data -->31.00,70.70
Ting to api.thingspesk
Ting URL: /update’ap.
dht datea --> 31.00,70
te api.thingspeak.com
updatezapi |

Fofieldl=21,00:fieldz=

1e1d2=70.80

I

P o TN R e 1

dht data --> 31,
ing ta api.thingspeak
Requesting URL: /update?a
dht data --> 31.00,7
ing to api.thingspea
Requesting URL: /update?api ki

9QPopmEaonmao

0GDSYZE0JPifieldl=31,00z 1eld2=70.20

CXDYOGDSYZE0JPsLieldl=31.00a 1e1dz=70.80

YFCXDYOGDSYZ6CTPafieldl=d1, 00sfield2=70.80

31.00, 7
[= ing to &pi.thiagapeak,

=l v o .
JUN 3.24 wisinamevinavealdia Arduino IDE
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6) Whlufiiu NETPIE a}uaaLﬂmmmmaﬂnimmammammﬂ pieplug Tufla NodeMCU
summmaqwaumauavawauﬂwmJ NETPIE GN'S‘IJW 3.25 (L‘UmmDﬂUL’JUlSIJMV]’iluaTNGIEﬂU

APPLICATION (APPID)

Il BellSmartHome

DELETE

O Device Key, @+ Session Key

APPLICATION KEY

¥ O Node1 [online 1]

& pieplug

2 ©w Sensor_Temp_Hemi [online 0]

\ §_aed aetehainalslabliany gaql

g‘dﬁ 3.25 wienuaninsdeunaseniie NodeMcU AU NETPIE
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Lmewnmawa’luﬁUmemﬂﬁw”luLw thingspeak ﬂm 3.26 hnsldluiuledniazad
noll)

TEMPERATURE HUMIDITY

20 00 21 00 2200 2300

/ly—-.— B

Temperature (C)

Humidity ()

Time Time

UM 3.26 wihssmstuiingampfuagauiy



29
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3) WalUsunsu FileZilla Client wagnsan host, user wag password ALY
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d7uva4lAn Arduino IDE

#include "DHT.h"

#include <ESP8266WiFi.h>
#include <MicroGear.h>

#include <EEPROM.h>

#include <Wire.h>

#include <LiquidCrystal_I2C.h>
LiquidCrystal_I2C lcd(0x3F, 16, 2);

#define WIFI_SSID "Emunsion”
#define WIFI_PASSWORD "0859754447"

#define APPID "BellSmartHome

#define KEY "TTAwWmBEBe3aGlh1"

#define SECRET "'wi1TpC2Zz21.2b1TnVInjgeP9Ga"
#define ALIAS "pieplug"

const char® host = "api.thingspeak.com";

const char®api ="YFCXDYOGD5YZ6QJP":

#define RELAYPIN DO

#define LEDPIN LED_BUILTIN

#define EEPROM_STATE_ADDRESS 128
#define DHTPIN D4

#define DHTTYPE DHT22

WiFiClient client;
AuthClient *authclient;

MicroGear microgear(client);
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DHT dht(DHTPIN, DHTTYPE);
int lastPublish = 0;

float humid = 0;

float temp = 0;

String data;

char state = 0:

char stateOutdated = 0;

void sendState() {
if (state==0)
microgear.chat("webapp","0"):
else
microgear.chat("webapp","1");
Serial.printin("send state..");

stateQutdated = 0;
}

void updatelO()
{
if (state >=1) {
digitalWrite(RELAYPIN, LOW);
digitalWrite(LEDPIN, HIGH):

EEPROM.write(EEPROM_STATE_ADDRESS, 1);

EEPROM.commit();

}

else {
state = 0,
digitalWrite(RELAYPIN, HIGH);
digitalWrite(LEDPIN, LOW);
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EEPROM.write(EEPROM_STATE_ADDRESS, 0);
EEPROM.commit():
}
}

void onMsghandler(char *topic, uint8_t* msg, unsigned int msglen) {

char m = *(char *)msg;

Serial.print("Incoming message -->");
msg[msglen] = "\0";

Serial.printin((char *)msg);

if (m == 04| m == 19§
state = m=='0"70:1;
EEPROM.write(EEPROM_STATE_ADDRESS, state);
EEPROM.commit();
updatelO();

}

if (m=="0"|| m=="1"|| m=="7?) stateOutdated = 1:

void onConnected(char *attribute, uint8_t* msg, unsigned int msglen) {
Serial.printin("Connected to NETPIE...");
microgear.setAlias(ALIAS);
stateOutdated = 1;

}

void initWiFi(){
if (WiFi.begin(WIFI_SSID, WIFI_PASSWORD)) {
while (WiFi.status() 1= WL_CONNECTED) {
delay(10);



Serial.print(".");

}
Serial.printin("WiFi connected");
Serial.printin("lP address: ");

Serial.printin(WiFi.locallP());

void setup() {
lcd.begin();
Serial.begin(115200);
Serial.printin("Starting...");
pinMode(RELAYPIN, QUTPUT):
pinMode(LED_BUILTIN, OQUTPUT);
dht.begin();
EEPROM.begin(512);

state = EEPROM.read(EEPROM_STATE_ADDRESS)==121:0;

updatelO();

initWiFi();
microgear.on(MESSAGE,onMsghandler);
microgear.on(CONNECTED,onConnected);
microgear.init(KEY ,SECRET):
microgear.connect(APPID):

}
void loop() {

lcd.backlight();
lcd.setCursor(0,0);
lcd.printin("Temp:(C)=");
lcd.setCursor(9,0);
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lcd. print(temp):;
lcd.setCursor(0,1);
lcd.printin("Humi:(%)="):
lcd.setCursor(9,1);

lcd.print(humid);

if(WiFi.status()!=WL_CONNECTED){
WiFi.disconnect();
initWiFi();
} else {
if (microgear.connected()) {
microgear.loop();
if (millis() - lastPublish > 1000) {
float h = dht.readHumidity();
float t = dht.readTemperature();
if (tisnan(h)) humid = h;

if (lisman(t)) temp = t;

data = String(temp)+String(",")+String(humid);

Serial.print("Chat dht data -->");

Serial.printin(data);

lastPublish = millis();

microgear.chat("webapp",data);

String data = "{(\"humid\":" + (String)humid + " \"temp\":" + (String)temp + "}";

Serial.print("connecting to ");

Serial.printin(host):

WiFiClient client;

const int httpPort = 80;

if (!client.connect(host, httpPort)) {

Serial.printin("connection failed");
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return;
}
url += api;
url +="&field1="
url +=t;
url +="&field2=";
url += h;
Serial.print("Requesting URL: ");
Serial.printin(url);
/I This will send the request to the server
client.print(String("GET ") + url + " HTTP/1.1\r\n" +
"Hgsi™ + host 1) "\n'Sr
"Connection: close\r\n\r\n");
delay(10);
// Read all the lines of the reply from server and print them to Serial
while(client.available()){
String line = client.readStringUntil("\r');
Serial.print(line);
}
}
if (stateOutdated) sendState();
telse{
Serial.printin("connection lost, reconnect..."):
microgear.connect(APPID);

delay(10);
}
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dquvealan HTML

<script src="https://cdn.netpie.io/microgear.js"></script>
<script src="js/justgage.js"></script>

<script src="js/raphael-2.1.4.min.js"></script>

<style>
body {

text-align: center;

#temp, #humid {
width:200px; height:190px;
display: inline-block;

}

#name {

font-size: 20px;

color: blue;

}

#esp8266 {
display: inling;

}

#nectec {
padding: 10px;
width:127px;
height:30px;

}

/* SWITCH */

.cube-switch {

border-radius: 10px;



border:1px solid rgba(0,0,0,0.4);
box-shadow: 0 0 8px rgba(0,0,0,0.6), inset 0 100px 50px rgba(255,255,255,0.1):
/* Prevents clics on the back */
cursor:default;

display: block;

height: 75px;

position: relative;
overflow:hidden;

/* Prevents clics on the back */
pointer-events:none;

width: 75px;

white-space: nowrap;
background:#fffff;

margin: 15px;

/* The switch */

.cube-switch .switch {
border:1px solid rgba(0,0,0,0.6);
border-radius:0.7em;
box-shadow:
inset 0 1px 0 rgba(255,255,255,0.3),
inset 0 -7px 0 rgba(0,0,0,0.2),
inset 0 50px 10px rgba(0,0,0,0.2),
0 1px 0 rgba(255,255,255,0.2);
display:block;
width: 60px;
height: 60px;
margin-left:-30px;
margin-top:-30px;

position:absolute;



top: 50%;
left: 50%;

width: 60px;

background:#666;

transition: all 0.2s ease-out;

* Allows click */
cursor:pointer;

pointer-events:auto;

/* SWITCH Active State */
.Cube-switch.active {
[*background:#222;
box-shadow:
0 0 5px rgba(0,0,0,0.5),

inset 0 50px 50px rgba(55,55,55,0.1);*/

.cube-switch.active .switch {
background:#333;
box-shadow:
inset 0 6px 0 rgba(255,255,255,0.1),
inset 0 7px 0 rgba(0,0,0,0.2),
inset 0 -50px 10px rgba(0,0,0,0.1),

0 1px 0 rgba(205,205,205,0.1);

.cube-switch.active:after,

.cube-switch.active:before {
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background:#333,;

box-shadow:

0 1px 0 rgba(255,255,255,0.1),

inset 1px 2px 1px rgba(0,0,0,0.5),

inset 3px 6px 2px rgha(200,200,200,0.1),

inset -1px -2px 1px rgba(0,0,0,0.3);

.cube-switch.active .switch:after,
.cube-switch.active .switch:before {
background:#222;
border:none;
margin-top:0;

height: 1px;

.cube-switch .switch-state {
display: block;
position; absolute;
left: 40%;

color: #ffffff;

font-size: .5em;

text-align: center;

/* SWITCH On State */
.cube-switch .switch-state.on {

bottom: 15%;
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/* SWITCH Off State */
.cube-switch .switch-state.off {

top: 15%;

</style>

<script>
var temp,humid;
window.onload = function(){
temp = new JustGage({

id: "temp",
value: 0,
min: 0,
max: 100,
title: "TEMPERATURE",
label: "Degree Celsius",

showMinMax: false

humid = new JustGage({
id: "humid",
value: 0,
min: 0,
max: 100,
title: "HUMIDITY",

label: "Percent "

</script>
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<script>
const APPID = "BellSmartHome":
const KEY = "7fAwmBE8e3aGlh1";
const SECRET = "w1TpC2Zz2L2b1TnV9njgeP9Ga";

const ALIAS = "webapp";

var microgear = Microgear.create({
key: KEY,
secret: SECRET,
alias : ALIAS

var x=0,timestamp=0;

function switchPress(){
if(document.getElementByld("cube-switch").className == "cube-switch
active"){
microgear.chat("pieplug","0");
lelse if(document.getElementByld("cube-switch").className == "cube-
switch"){

microgear.chat("pieplug","1");

microgear.on('message',function(topic,msg) {

var split_msg = msg.split(","):

if(split_msg.length==2){
temp.refresh(split_msg[0]);

humid.refresh(split_msg[1]);



if(msg=="1"{
document.getElementByld("cube-switch").className = "cube-
switch active";
telse if(msg=="0"){
document.getElementByld("cube-switch").className = "cube-

switch";

microgear.on(‘connected', function() {

microgear.setAlias(ALIAS);

document.getElementByld("data").innerHTML = '<p><img src="img/kmitl-
logoEng.png" style="vertical-align:bottom;width: 130px;hight:140px; id="nectec"
onclick="location.reload()"></p>";

microgear.chat("pieplug","?");

microgear.connect(APPID);

</script>

<div id="data"></div>
<h3><font face = "Century Schoolbook"><h1 span style="color:
#fftfff,">loT Sensor Project</h1></span></font></h3>

<div id="esp8266">

<div id="temp"></div>

<div id="humid"></div>

<center>

<div href=""' class="cube-switch" id="cube-switch" onclick="switchPress()">
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<span class="switch">
<h3><span class="switch-state off">0ff</span>
<span class="switch-state on">0On</span></h3>
</span>
</div>
</center>
</div=>
</br><iframe width="450" height="260" style="border: 1px solid #ccccce;"
src="https://thingspeak.com/channels/215146/charts/1?bgcolor=%23FFFFFF&color=%2
30066FF&days=18&dynamic=true&results=1500&timescale=10&title=TEMPERATURE&ty
pe=line&xaxis=Time&yaxis=Temperature+%28%C2%B0C%29"></iframe>&nbsp&nbsp
<iframe width="450" height="260" style="border: 1px solid #ccccce;"
src="https://thingspeak.com/channels/215146/charts/2?bgcolor=%23ffffff&color=%2300
CCo0&days=18&dynamic=true&results=1500&timescale=10&title=HUMIDITY &type=line
&xaxis=Time&yaxis=Humidity+%28%25%29"></iframe></br>
<h3 style="text-align: center;">
<font face = "Century Schoolbook">
<h3=><span style="color: #ffffff;">Mr.Weerachai Udomsamuth</br>

<span style="color: #ffffff;">Associate Professor. Wichit Sirichote</br></h3>

</font>

</h3>

<center><img src="img/naruto.gif" height="50" width="50"></center>

<font face = "Century Schoolbook"><h4><span style="color: #ffffff;">Department of
Applied Physics, Faculty of Science, King Mongkut's Institute of Technology
Ladkrabang. (KMITL)</br></h4></font>

</div>

<style type="text/css">

html {



background-image: url("img/blackwood1.jpg");
background-repeat: no-repeat;
background-position: center center;
background-attachment: fixed;
-0-background-size: 100% 100%, auto;
-moz-background-size: 100% 100%, auto;
-webkit-background-size: 100% 100%, auto;
background-size: 100% 100%, auto;

}

</style>
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Digital relative humidity & temperature sensor RHT03

1. Feature & Application:

*High precision *Qutstanding long-term stability

*Capacitive type *Extra components not needed

*Full range temperature compensated *Long transmission distance, up to 100 meters
*Relative humidity and temperature measurement *Low power consumption

*Calibrated digital signal *4 pins packaged and fully interchangeable

2. Description:

RHTO3 output calibrated digital signal. It applys exclusive digital-signal-collecting-technique and humidity
sensing technology, assuring its reliability and stability. Its sensing elements is connected with 8-bit single-chip
computer.

Every sensor of this model is temperature compensated and calibrated in accurate calibration chamber and the
calibration-coefficient is saved in type of programme in OTP memory, when the sensor is detecting, it will cite
coefficient from memory.

Small size & low consumption & long transmission distance(100m) enable RHTO03 to be suited in all kinds of
harsh application occasions. Single-row packaged with four pins, making the connection very convenient.

3. Technical Specification:

Model RHTO03
Power supply 3.3-6V DC
Output signal digital signal via MaxDetect 1-wire bus
Sensing element Polymer humidity capacitor
Operating range humidity 0-100%RH; temperature -40~80Celsius
Accuracy humidity +-2%RH(Max +-5%RH); temperature +-0.5Celsius
Resolution or sensitivity | humidity 0.1%RH; temperature 0.1Celsius
Repeatability humidity +-1%RH; temperature +-0.2Celsius
1
MaxDetect Technology Co., Ltd. http://www.humidityen.com

Thomas Liu (Sales Manager)
Email: thomasliul98518@yahoo.com.cn , sales@humiditycn.com
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Humidity hysteresis

+-0.3%RH

Long-term Stability

+-0.5%RH/year

Interchangeability fully interchangeable
4. Dimensions: (unit----mm) Vee Ve
3mm | i f NMCU 2| RHTO3
e st —id
Beses w1 B 4
=292 20,007 =
88 = |
1 [_ — ! ! v
8.5 14 Gnd
-y 5
=05

Pin sequence number: 12 3 4 (from left to right direction).

Pin Function
1 VDD-—power supply
2 DATA-signal ' |
3 NULL |
4 | GND J

5. Electrical connection diagram:

6. Operating specifications:

(1) Power and Pins

Power's voltage should be 3.3-6V DC. When power is supplied to sensor, don't send any instruction to the sensor
within one second to pass unstable status. One capacitor valued 100nF can be added between VDD and GND for
wave filtering.

(2) Communication and signal
MaxDetect 1-wire bus is used for communication between MCU and RHT03. ( MaxDetect 1-wire bus is
specially designed by MaxDetect Technolosy Co., Ltd. , it's different from Maxim/Dallas 1-wire bus, so it's

incompatible with Dallas 1-wire bus.)

[lustration of MaxDetect [-wire bus:
Data is comprised of integral and decimal part, the following is the formula for data.
DATA=8 bit integral RH data+8 bit decimal RH data+8 bit integral T data+8 bit decimal T data+8 bit check-sum

&9s

MaxDetect Technology Co., Ltd. http://www.humidityen.com
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If the data transmission is right, check-sum should be:
Check sum=8 bit integral RH data+8 bit decimal RH data+8 bit integral T data+8 bit decimal T data

Example: MCU has received 40 bits data from RHTO03 as

0000 0010 1000 1100__0000.0001 0101 1111 11101110
16 bits RH data 16 bits T data check sum

RH= (0000 0010 1000 1100)/10=65.2%RH
T=(0000.0001 0101 1111)/10=35.11
When highest bit of temperature is 1, it means the temperature is below 0 degree Celsius.
Example: 1000.0000 0110 0101, T= minus 10.1(]
16 bits T data

When MCU send start signal, RHT03 change from standby-status to running-status. When MCU finishs sending
the start signal, RHTO3 will send response signal of 40-bit data that reflect the relative humidity and temperature
to MCU. Without start signal from MCU, RHTO3 will not give response signal to MCU. One start signal for one

response data from RHTO3 that reflect the relative humidity and temperature. RHT03 will change to standby
status when data collecting finished if it don't receive start signal from MCU again.

See below figure for overall communication process, the interval of whole process must beyond 2 seconds.

! Host pulls up ! i Sensor pulls upi«- - Transmission
: I -» i . .3 |
and wait for H igetreadyto | Sensor output chnsor output 1 bit data of "1" i ended, RL pulls up
i i i i I i
‘sensor's responsc! { outputsignal ; 1 bit data of "0"

ce e e L g e i ]
VC& e _-._ugﬁ g W Uq' < . Yg ;
| | o 3 L]
| W » tg i
& I3 ; }
| ' ! ] |
o | i 51 : - » - 1 e
GN D...A.._E T —— R . . ‘3,..;}..,7_,..‘;(. - - .H.‘;...-..'_:, S ———
i : i ! : ! | :
iHost send ! Sensor sendf I Sensor output alterative data of "0" or "1" i Sensor
: ; | : ; ]
—p startsignal o _’_ out respons eg‘_ ;‘_based upon real value pulls low |
poasure ] | Ensticratte |
Host's signal Sensor's signal

MaxDetect 1-wire bus illustration
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1) Step 1: MCU send out start signal to RHT03 and RHT03 send response signal to MCU

Data-bus's free status is high voltage level. When communication between MCU and RHTO03 begins, MCU
will pull low data-bus and this process must beyond at least 1~10ms to ensure RHT03 could detect MCU's signal,
then MCU will pulls up and wait 20-40us for RHT03's response.

When RHTO3 detect the start signal, RHTO03 will pull low the bus 80us as response signal, then RHT03 pulls
up 80us for preparation to send data. See below figure:

I —»| Host pulls up jg— —wiSensor pullsup e
! 20~40us S0us
i
: ,
i AN R AT e S T
; Host pulls low 80us Start data transmission
' lms minimum -l > Sensor pulls low <3

R N
Host's signal Sensor's signal

MaxDetect 1-wire bus illustration

2). Step 2: RHTO03 send data to MCU
When RHTO3 is sending data to MCU, every bit's transmission begin with low-voltage-level that last 50us, the
following high-voltage-level signal's length decide the bit is "1" or "0". = See below figures:

j Sensor outputs 1 bitdataof "0 " i
— e
| ; 26~28us !
|
N R DN 3 RTINS " i

vee
hﬁ;ﬂ.:.wm

! Start transmit next 1 bit data
|

GND

| =——easias ] (S
Host's signal Sensor's signal

MaxDetect 1-wire bus illustration
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Sensor outputs 1 bitdata of " 1 |

70us

T R e T B SN !.STIS‘;:'.‘.ETL’:?MJ:"?% e BRER b
%M‘HSEJ’:‘E *

Start transmit 1 bitdata | | Start transmit next 1 bit data

— - i
Host's signal Sensor's signal

MaxDetect 1-wire bus illustration

Attention:

If signal from RHTO3 is always high-voltage-level, it means RHTO3 is not working properly, please check
the electrical connection status.

7. Electrical Characteristics:

Items Condition Min Typical Max Unit
Power supply | DC 8.3 5 6 V
Current supply | Measuring 1 | ha mA

Stand-by 40 Null 50 uA
Collecting Second 2 Second
period

8. Attentions of application:

(1) Operating and storage conditions

We don't recommend the applying RH-range beyond the range stated in this specification. The RHTO03 sensor
can recover after working in abnormal operating condition to calibrated status, but will accelerate sensors' aging.
(2) Attentions to chemical materials

Vapor from chemical materials may interfere RHT03's sensitive-elements and debase RHT03's sensitivity.
(3) Disposal when (1) & (2) happens

Step one: Keep the RHTO3 sensor at condition of Temperature 50~60Celsius, humidity <10%RH for 2 hours;

Step two: After step one, keep the RHTO03 sensor at condition of Temperature 20~30Celsius, humidity
>70%RH for 5 hours.

MaxDetect Technology Co., Ltd. http://www.humidityen.com
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(4) Attention to temperature's affection

Relative humidity strongly depend on temperature, that is why we use temperature compensation technology
to ensure accurate measurement of RH. But it's still be much better to keep the sensor at same temperature when
sensing.

RHTO3 should be mounted at the place as far as possible from parts that may cause change to temperature.
(5) Attentions to light

Long time exposure to strong light and ultraviolet may debase RHT03's performance.
(6) Attentions to connection wires

The connection wires' quality will effect communication's quality and distance, high quality shielding-wire is
recommended.
(7) Other attentions

* Welding temperature should be bellow 260Celsius.

* Avoid using the sensor under dew condition.

* Don't use this product in safety or emergency stop devices or any other occasion that failure of RHT03 may
cause personal injury.

MaxDetect Technology Co., Ltd. http://www.humiditycn.com
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|—B Hebei I.T. (Shanghai) Co., Ltd.

LED SPECIFICATION

ATTENTION

OBSERVE PRECAUTIONS
FOR HANDLING
ELECTROSTATIC
DISCHARGE
SENSITIVE
DEVICES

A
Aad

> Features/#1iE :

® Single color/fH-f

® High bright output/&+& /& i i

® | ow power consumption/fit Ik

@® High reliability and long life/
RN, Fak

> Descriptions/i#iid:
® Dice material/its i 41 Jii:
® Emitting Color/ /& .54«
Super Bright Blue/ {25 i (4,
® Device Outline//™ {4
& 8mm Round Type/ 8mm [ Ji
® Lens Type BEAEI(H :
Water Clear/ 7%

InGaN

> Directivity/Ji a4 & :

Part No./&5: 825LB7C

— 7.9 —
— 7.6 —
g /’\\ f/‘\
o
e
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L

2.54+0.1

All dimensions are millimeters/X A7 : mm.

2. Tolerance is +/-0.20mm unless otherwise noted/

BEAT BRI 72534 5 +0.20mm.
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LED SPECIFICATION

Part No./&lS: 825L.B7C

> Absolute maximum ratings/f&fR &% (Ta=25C)

Parameter Symbol Test Condition Values %1 {f Unit

¥ we B 26 1 Min Max, | B
e VR IR =30u A 5 - v
F’ow%rgT )(;D,gljl: %atlon Py 11/ N\ 90 _yy
?E‘Z&;E;: lpeak | Duty=0.1mS, 1kHz | - 100 | mA
Operjji{r/}gglrgn?g%ature A% 20 +85 C
Stora;%?f:%%}eﬁrg%eﬁtlature Tetr T 95 +100 C

> Electrical and optical characteristics/JtFZ%¥ (Ta=25C)

Parameter Symbol Test Condition Values #(ff Unit
2 5 MR 2 Min. | Typ, | Max. | BAE
Forward Voltage
x 2 AV |E= — { ;
iE I HLFR 4 F=20mA g7 | 38 | V
Reverse Current B
R 11 L3t “ b 7/ — | 30 | vA
Dominate Wavelength
h, IS ‘X d = [ e
Peak Wavelength
A = i -
e 31 p [F=20mA 468 nm
Spectral Line half-width % 3 [E=90mA - N .
e G ’
Luminous Intensity
AN PR e o Iv IF= ——— == d
B 20mA 5000 mc
Viewing Angle
" 20172 [F=20mA e 15 s !
T8 1 f ¥ B deg

www.ledz.com
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LED SPECIFICATION
Part No./Z5: 825LB7C

> Typical electrical/optical characteristic curves/>t 45 th 4k .

Fig.1 IE[ i Vs. IE i H JE Fig.2 #HXI=E Vs. IE A HL
50 ] 25
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0 «/4 3 ‘
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I—B Hebei I.T. (Shanghai) Co., Ltd.
LED SPECIFICATION

Part No./&'S: 825L.B7C

> Lead Forming/f%E

1. Any lead forming or bending must be done before soldering.

BRI INAE SRR 58 o

2. When forming leads, there must be a minimum of 2mm clearance between the base of the LED lens
and the lead bend.

oo i W RS 2 28K TS S 4R
3. Avoid bending the leads at the same point more than once.
S R R EFTAR 2

4. During assembly onto PCB, the lead pitch of the LED must match the pitch of the mounting holes
on the PCB during component placement.

BIZBEEEH/HU{%TI['?I[HLIJ$HIHJJE @ZJL%){‘&J_. i&o

> Soldering Condition//F 8544

Careful attention should be paid during soldering. When soldering, leave more then 2mm from solder
joint to case, and soldering beyond the base of the tie bar is recommended.

SR TSR A R, RS B LEDE R AR 2 mm A |,

Avoiding applying any stress to the lead frame while the LEDs are at high temperature particularly
when soldering.

7E LED 4bT ikl Rl R 7Ef ey, 1R g Xt S 28 i s

www.ledz.com
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i—B Hebei L.T. (Shanghai) Co., Ltd.
LED SPECIFICATION

Part No./Z&5: 825L.B7C

Recommended soldering conditions/#E3F B 44

Hand Soldering DIP Soldering
T LR =1
Temp.at tip of iron | 300°CMax.(30WMax.) | Preheat temp. | 100°C Max. (60 sec Max.)
RSERISE | SmiliE300°C (Bh | PUAELRE | mRREE100°C At 60
ANEIE3000) 2
Soldering time | 3 sec Max. Bath temp. |260°C Max
JR-HE I ] I ) AN 30 RIS | Ri260°C.
Distance 2mm Min.(From Bath time. | 3 sec Max.
R solder joint to case) GARETE | AR
RIF22K (AR SF
AR
Distance 2mm Min
REME | KT28K

> Cleaning/i& ¥t

1. Do not clean LEDs with water, Alcohol are recommended solvents for cleaning. When using other
solvents, it should be confirmed beforehand whether the solvents will dissolve the resin or not.

RIEF AT, A PR UE, 0 M SEAR YA S S I S 0 A VA R 5 W

2. LEDs may be damaged by ultrasonic-washed. Before cleaning, a pre-test should be done to confirm
whether any damage to the LEDs will occur.

LEDA i A 78 A i vh ot B eb AR, b T AR Se4y, ZERSVERT, WS2EM0IA.
> Storage/{RIF
1. Environmental temperature: -40°C---100°C, Recommended: -20°C---50°C
B : -40°C---100°C, #EFF{HEFH-20°C---50°C;
2. Environmental humidity: 30%---70%, Recommended: 40%---60%
WG 30%---70%, HELEITHI40%---60%;

www.ledz.com
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I—B Hebei L.T. (Shanghai) Co., Ltd.
LED SPECIFICATION

Part No./Z!5: 825LB7C

> Static Electricity/&

1. Static Electricity or power surge will damage the LED.
It is recommended that a wrist band or an anti-electrostatic glove be used when handling the LEDs.
i HEL B e S 4 LED .
SR VLA FH RO AR B (SR o i B FR R AR
2. All production machinery and test instruments must be electrically grounded.
I A= B AR A A 2%, 6 2t
3. Maintain a humidity level of 50% or higher in production areas.
PP IR0 B L SRR FFAE S 0% B i
4. Use anti-static packaging for transport and storage.

BT, EmAE .

www.ledz.com
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Datasheet
12C 1602 Serial LCD Module

Product features:

The 12C 1602 LCD module is a 2 line by 16 character display interfaced to an 12C
daughter board. The 12C interface only requires 2 data connections, +5 VDC and GND

to operate

For in depth information on 12C interface and history, visit: http://www.wikipedia/wiki/i2¢c

Specifications:
2 lines by 16 character
12C Address Range 0x20 to 0x27 (Default=0x27, addressable)
Operating Voltage 5 Vdc
Backlight White
Contrast Adjustable by potentiometer on 12c interface
Size 80mm x 36mm x 20 mm
Viewable area 66mm x 16mm
Power:

The device is powered by a single 5Vdc connection.



Pinout Diagram:

\o-C1602 0 OTIC

- 3]
.o
L
.=

spAt o
oleoc: s
O HOYA .

B, Funcino

Contrast Adjustment A0 A

;IO —-——x00 0

Pin/Control Descriptions:

[BEPIn# . & gL |8 e ¥ SN Desc
11 . Power Supply & Logic ground
12 Power | Digital VO 0 or RX (serial receive}
3 SDA VO | Serial Data line
4 CLK | Serial Clock line
AQ A0 Jumper | optional address selection AQ - see below
Al Al Jumper | Optional address selection A1 - see below
A2 ; A2, |Jumper Optional address selection A2 - see below
Backlight .. _jJumper | jumpered - enable backlight, Open - disable backiight
[ Contrast Pot Adiust for best viewina
Addressing:
i Sl Address T |
{ 0x26
0x25
0x24
0x23
w22
0x21
0x20




Software:

Download the required LCD Arduino™ library for this device from:
http://www.circuitattic.com/downloads/category/3-sample-code. htmI?download=9%3Aanother-i2c-library-easier-to-use

Replace current liquid crystal library found in the Arduino library directory with the above
(Note: If you use the examples included with the library, be sure to change address to 0x27)

Simple example using library above.

#include <Wire.h>

#include <LiquidCrystal I2C.h>

#if defined (ARDUINO) && ARDUINO >= 100

#define printByte(args) write(args);

#else

#define printByte(args) print (args,BYTE);

#endif

LiquidCrystal I2C lecd(0x27,16,2); // set the LCD address tc 0x27 for a
//chars and 2 line display

void setup()

led.init?); |// initialize ‘the Acd
lcd.backlight () ;

led.clear () ;

delay (100) ;

ferling) i o L5311 %+

lcd.backlight () ;
delay(250) ;
lcd.noBacklight () ;
delay(250) ;

}
lcd.backlight () ;

¥oid loop()

int =0 ;

lcd.clear () ;

lcd.setCursor(2,0); //Start at character 0 on line 0
led.print("Hello,World") ;

lcd.setCursorfo,l1); //Start at character 0 on line 1
lcd.print (" opencircuit.nl") ;

delay(3000); //Wait 3 seconds

lcd.clear() ;

lcd.setCursor(0,0); //Start at character 0 con line 0
lecd.print ("Cursor Blink");

led.blink() ;

delay (2000) ;

lcd.setCursor (0,0);

lcd.print ("Cursor noBlink") ;

lcd.noBlink () ;

delay (2000) ;



— LCD-016M002B

Vishay

16 x 2 Character LCD

FEATURES
* 5 x 8 dots with cursor

E e D + Built-in controller (KS 0066 or Equivalent)
@ H% H HHHHH » + 5V power supply (Also available for + 3V)

.@wuuuuuuuuuuuuuu

* 1/16 duty cycle
+ B/L to be driven by pin 1, pin 2 or pin 15, pin 16 or A.K (LED)
* N.V. optional for + 3V power supply

MECHANICAL DATA ABSOLUTE MAXIMUM RATING
ITEM STANDARD VALUE UNIT ITEM SYMBOL STANDARD VALUE UNIT
Module Dimension 80.0 x 36.0 mm MIN. | TYP. | MAX.
Viewing Area §6.0x 16.0 mm Power Supply | VDD-VSS | -0.3 = 7.0 v
bt Size A Ll Input Voltage vi -03 [ - | voD | V
Character Size 2.96 x 5.56 mm

NOTE: VSS = 0 Volt, VDD = 5.0 Volt

ELECTRICAL SPECIFICATIONS

ITEM SYMBOL CONDITION STANDARD VALUE UNIT
MIN. iLYP: MAX.
Input Voltage VDD VDD = + 5V 4.7 5.0 5.3
VDD = + 3V 2.7 3.0 5.3
Supply Current IDD VDD = 5V - 1.2 3.0 mA
-20°C < - -
Recommended LC Driving VDD - VO 0°C 4.2 4.8 5.1 vV
Voltage for Normal Temp. 26°C 3.8 4.2 4.6
Version Module 50°C 3.6 4.0 4.4
70°C - - -
LED Forward Voltage VF 25°C - 4.2 4.6 \
LED Forward Current IF 25°C | Array - 130 260 mA
Edge - 20 40
EL Power Supply Current IEL Vel = 110VAC:400Hz - - 5.0 mA

DISPLAY CHARACTER ADDRESS CODE:

Display Position

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

DD RAM Address 00 o1 OF

DD RAM Address | 40 4 4F
Document Number: 37217 For Technical Questions, Contact: Displays@Vishay.com www.vishay.com
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LCD-016M002B

Vishay 16 x 2 Character LCD
PIN NUMBER SYMBOL FUNCTION
1 Vss GND
2 vdd +3Vor+5V
3 Vo Contrast Adjustment
4 RS H/L Register Select Signal
5 RIW H/L Read/Write Signal
6 E H —L Enable Signal
7 DBO H/L Data Bus Line
8 DB1 H/L Data Bus Line
9 DB2 H/L Data Bus Line
10 DB3 H/L Data Bus Line
11 DB4 H/L Data Bus Line
12 DB5 H/L Data Bus Line
13 DB6 H/L Data Bus Line
14 DB7 H/L Data Bus Line
15 AlVee + 4.2V for LED/Negative Voltage Output
16 K Power Supply for B/L (OV)
DIMENSIONS in millimeters
3.55
2.95 0.6
0.6
0.55
5 DOT SIZE
T e
R
80.0 0.5
r [EEEEE
4.95 ] 71.2 &
7.55 66.0 (VA)
12.45 56.2 (AA)
@ BE |0 P2.54* 15 = 38.1 H1 MAX 9.7 MAX
Nl o] N = 10 H )
W ol = 7| ™| | 30| |18 16@1.0PTH | S A ¥ he 51
1 |
‘ ! [ ‘ L
PPV 4 ©) '
Il [ =S K - =1
w0 o
AEErr=rin | =
e = I | i
G| N o v ¢ w] T I @
L E“-— NRNRNARNRND
L ' 75 =
491.0 ‘ 40.55 | ‘ \ 4-@ 2.5 PTH 1.6 B 1.6
2.5 75.0 | TEESGERD EL OR NO B/L
LED - H/L B/L
HIGH LOw
H1 13.2 12.1
H2 8.6 7.5
www.vishay.com For Technical Questions, Contact: Displays@Vishay.com Document Number: 37217
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