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ABSTRACT

The thesis is design and creating a system and application on
Android operating system that use to control the temperature in the closed area
according to need. By circuits have a sensors to measure the temperature and
humidity values in the closed area. The system sends data to store in the database
and interpolate data. Display the values of temperature and humidity in the closed

area. Application was designed to control electrical equipment.
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|_foreground
{Another activity comes |
_in front of the activity |
| ! (" The activity |
{ Other applications | ] " comes to the |
[ need memory —— onPause() : \_foreground |
{ The activity is ne longer visible )
onStop()
¥
onDestroy()

JUA 2.3 Ipinsmsvinuvesennaiady

2.1.5.1 a0 UgynNaIuUeIkanwaLATU

1) 31n3UN 2.3 AwiTudUN onCreate (Bundle) azgniien

i
=

Waleaiasuauinau lunsaininisSenldausan (Method) # Android Frarnework

9z11Bundle object lUtuAinlluweaiis neufineaiinaryiteuy mntuszmuaaiaidu

onStart()

= o w

2) onStart() Agnisenilawesaiiifmasazuaninaaanlul
Al Mntuanuzazgndwluiduaniug onResume witueadifduldansaieu

10 anugaggneeluiduaniuz onStop()
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3) onRestart() ¥QniTeNLilowoATIANAIIYNEUNILAAINE

Tiglfiiusnass Faazmuseaaiug onStart()

'
=

4) onResume() azgniFanilananiifisunaulatugly nas
Inilueniilfazeguugnveawnawaylasudunasiegaingly

U q

= o ana o W § e
5) onPause() aganisuniilawaniinnidsaziudsululu

u

N15v197ULU09Ma1 (Background) Liasannaziueaiifsunvinulsmtunu

=

6) onStop() awgnisenleillegldulidainislduweniid

=Y =t as

Auue lutessesnamiagdeaduneaiifinfigniinauunlivieusaiildlvi wasas

u

| 3 a o | e u’j 1 dld =l
AIUAIBENTUE onRestart() ladaIn1snauNIIUALeaR Aty ualunsdiiszuumde

2/
s

wiaeaudildwe szviharslusigarssweniiifvugluiaslaeeialdiSenundausen
onStop

7) onDestroy szgniSenifiuwsenanviheneuiiuoniiias
Unn9iauly Feoradumszuendidfidnzaunisieu wisssuuvaalsueniiis
Wouimiearusluly

8) F1a1aaviavaa (Entire Lifetime) 1Anduszninawsan
onCreat Adausnluauansidonisen onDestroy

9) gaa1a1fineniiifuansnasenuiliiiu (Visible
Lifetime) 1ARTUTsWI1an15i38nsen onstart uaudisnisiSeniusan onStop d1aandi
Aldasiiueniiiiuuminne wiomesldlfegilesmiuarmeuldfudldlafiang aeauseni
AeniiufuLazndugniinrmununinensieiifsdoatunisuaninaveen il

10) AaLia1fianitifagilasnin (Foreground Lifetime)

U
LAATUTENINNNTSITEALULGERN onResume MUAUTNNISISENLEan onPause Tudlaatiuani

AagegiUomiuaznauldiugldld weriiAniagoninisadunndamidiuazidomas

ndowminuay
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2.2 M5Uszu1uA U9 (Interpolation)
Wiennsantgumiadmngsy  saudimmeassmamenmansaigg  asnuin

Teyanlalay azilugnliseido (discrete points) Seflminudesnisiavnadunsvi

satilearugamaItiu (to fit a curve over those data points) tietluni1sesuiadaya

9

w%aéfaqnﬁmw@iwﬁaaism’mfﬂmaﬁagaﬁﬁ lunniminssuazandumatansenin

YU q
'
=t

curve fitting Feaunsanszild 2 wuamne 35usnldnig Interpolation 380azarnidunsaw

(@afife Haddu) dugayninvesdeyail waideimnzdmiusadeyaiismsu vieudla

] o

2/ 1 2/ i b2 =J s 2 1/ o =
’nﬁm’mgﬂmaaqa bUU ﬂ@l&ﬁﬁlﬂ’ﬂ?ﬂﬂﬁiﬂ?ﬂ?mm‘du‘ﬂau W%E]lﬂﬂ’i‘iﬂ']ﬂ'ﬁ‘lﬂﬂﬂﬂﬁ‘ﬂ?ﬂ’l%

=t

mnsguseaiesdiainfifimiugniegs fedaldaelunisingesas daduanvemils 7l
amnsaineenuiliviansq an uasisiiaasiie 3§ Regression
2.2.1 N15UsEUIAUAN TUYUUULTUEY (Linear Interpolation)

NNNTMIUTA 2.4 Sruduiussening 2 Usinas (U y) pusssuend 7
wsesntsnsAmualmdu feddu o LLsiLﬂaamn%'aHamﬂmiﬁnm VAagsdinn 819
UERITTHG TR, QWL'V]ITIjju B 99 (xo, yo) U (x; , y1) MINANWENAGIAAIERT @11750
AF19ANNSIEURTIT unique HuaRviaesil aunsdumsaiivild Svualiduaums y - p,
60 Al x| ] MnfeanisnsuAwes ety flxp) Adwaids x e favuali
W « ﬁqgﬂﬁ 2.4 ’Luﬁﬁ%wuiﬂgwiwq VUL x LT8R AD xo< x; < *x < 1y
esmnlivsu o lusssunnd tiaurilgndeua 2 90 uazaunisdunseikiog 2 gaid 3
vimsUssiuilsiduaislusssund seflsiduntoaunisidunsaiiadnatiu i)y, P, &

aztuaAesdsndunaula fix,) Avzuszanalldme Py )
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y
o | ﬂx)-“‘)/-"
P (X) P4
- 1) i :
Yy //’?/ J i
f(x,)- o '\'Pl(x)g
P.&x)f——K

T~

| & LTS /-'r\ i ot I 1 X
© % ixE ()

o v v 1
EU'V] 2.4 ﬂiqwﬂqquﬁNWUéSSﬁjqﬁ'ﬂaﬂvﬁ 2

<l ' fw al o ' é | ' ) d o
NNFUN 2.4 szadlarvasilanduiisiumus x; Feogsening x, Hu x; Weamurumannis
[ v ' o o ol '
Wunse muaunisazlagunis P (0 arflanduluswmianaulansslan fix), y, Py (x;) win
[ 1 L A:J L4 d o v 1
Mwuagadeyandnwilviuauas 90 x; W *1 x Wedunamiaunisidunsslugig xix, |
*1 x19glaaunis *p; (o wazlaarfeddumintu iy *P, (x;) Saasidnlnda3e fix)
| ] [ v o a | w oo < | v
1NN wiulaigrdoya (inteval PliAuE1AY Aoviinanontugndeslunis
o | 1 (37 44 o 1 1 a (3 d U
AMwnmseUsvanaumilangunsiumis x; uananaduluime Wensuean (xy,y,) wae (x,

‘J v 1 o o d ‘4
y2) 1NYANEUle Wi anansaUssinumees y @iy x e x; <= x <= x, 1INANNIA 1

y1+(x—x1)(y2—-y1) (1)
(xz_xl)

y:
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253 qquﬁuazmm%uﬁ’uﬁmé (Temperature and relative humidity)

=

231 giunnd

u

=

1) gaungdl wunedis “USunamesssaunuseu viaanudula 4 @wisa

1 U

Y v ay v = 4 o o a ) ¢ a ¢ i
Taseavgungilaain iasesdednimsendt “wmesluiitnad (Thermometer)
Tunisimgamaiiluadousn q dwildean wszdrdslidumsgiulunisivueaing

aqwa o ] o I~ Y & v iy ow
aaunnil Wiluiwiveu msdsszivanagangilugausniudvaassazidugaaes Ala

hiwmideudugnaaesaudy wazidundilaen Weveaswingivaty 9 ASIALAAIAN

o = = ] v el ° Y] ag v o ol
LAABDUIINUTN IULjaqmaﬂqlﬂNﬂjiﬂWWU(ﬂﬂji'ﬁ]ﬂqmﬁﬂﬂl%LﬁuaLﬂaNTmii’]u Iﬂﬂﬂﬂqi
[

o 14 = a @ = ¢« o ! 1 & = a
Avualian q niladugaEutueamall Uy “afiuduey” ailazidsulunuriaves

: |

fens
2) UUUBY (Fixed point)  ntilugamglanizveusazaens u “90
1 330”7 Mwnldluivweslulauiindadalvi Tudigasiu 3 geazedn 273.16 K (0°0

& a4 ] H
ﬂ@ﬂ!(ﬂLEJE]ﬂLL’U\?‘U?NU"I

3) 99574 3 90 (Triple point) vueisanMewaauaannafiluivmes

9 9
3/

llauniind a yallanugnsaiuazsingaieaiu Ao doiuzvauds veuvar uazle ves
aans lugadildiniswasuaniuy Iauiu wazaamgilivdsuwlas uweleuwnasd

\waLgua (Anders Celsius) (W.a. 2244-2287) Wutihasieans uazdnuszius 1iainu

a

[ 2/ ' a = & v v e o
WuaudnAumbisgaumgiesavadea (O lneaslvidnluninsgivlunisdmuaaina

a o

gaumall Auualigadenudavenit Wiy 0°C (flunaweslulauniingd fegasau 3 90)

3 U

ALFBAVBIUT WU 100°C wien1siuiea Wiviisuleyi (Gabriel Fahrenheit) (w.A. 2229-
2279) WutdnWand v1teasiiu Lﬂuﬂummﬂwumammnummmesulam SRECE

ﬂ’T‘Mum[LVii‘]FILEJE)ML"?J\WB\‘IUT BQ“V] 32°F LLﬁEﬁ’iJﬁLF]E]ﬂ‘UE]\?U’] 212°F ’;aLaam 0NU LLlIﬂLﬂ'J‘L!

v aa s

WS9AY (William John MacQuorn Rankine) (W.#. 2363-2415) Wulniland v1nafenwaua

2

DupufnAuniisgamgleriusdiu (°R) Wumiegamglesmduysaiiasnihldifieuiy

gauviiesmviniiulan laegm 0°R ag#l 459.67°F gaufionudewaun wirdu 491.67°R

=)

Jaden neudu tradu (William Thomson Kelvin) (.7, 2367-2450) tJutinWand 417

danqu WlugAnAumbsgamgieaiu (K ldfiesesneeasen) Wumiiegaumaiinldlu
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msAnuluivineslulauniind Inedmualigudasmduysal (0K) Wugasudu Taalyld

Wiguivaansla q eamgliveaiessyi 300K
q‘ = = o) ] 1 v g e
TN 2.2 MsiTeuiigugamgiiluniieeng o lduwluaansuinsgiu

aefYAlTEE | 9AININISY | BeALIIAY B9ANLARTY
Q) lai (R) (K)
CR
IAUIRIAT -273.16 -459.67 0 0
duysal
danuda 0 32 491.67 273.16
paltERlg 100 212 672 373.14

at s d

2.3.2 AMUBUFUNNS
AUIUFLYNS (relative humidity) vngiaAnUIeufisusenitglaves

lewiiflagaisluomavaeiu funavesledilueiniadusgumgiivas Usumsideadiu

Antdulasiudaiaunisy 2 uazaunisn 3

A RuduyTal (—g ) x 100
e I " \cm3
auudiing (%) = - g (2)
J3uauletdusn ( )
cm3
walethiiflegasdusinmeavnedu (L) X 100
; cm3 (3)

& v ow o« 0 _
awduduing (%) = : —— e
walaluemadudiigaumaiivazySunesieaiu
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2.4 wann1sinuva LU’ wazlulasaaulnsa

2.4.1 \WWwBINTIvINQUNgll (Temperature Sensor)

=

M3nsIInguniildsULuunMsdsunlaissauusnulniandyey

swdenlud dyruninea Ineduiusivguungd dyuuuulug 9 vee wuiwes ey

L)

=l

3 3ULUUAI§UN 2.5 Aa Thermocouple fia aunsalinamuugiilaslduannisidsuudas

G
]

a d < o v o a1 a o @ A | & 1%
@mWﬂULUULLﬁﬁLﬂa@u“LWﬁ'] WWNW%?HI@WBW?MWW@WQ%U@HU 2 97 UpNnaUaevaaaILen

L] U
Mgy MUatgaunis Fendn "yraungil’ drudatedndunilsUaealaly 3undn

"IADNEL" NINTIA

as

naamgiiuazyndedediaamaianiuisiiliinisiinssualuises

Ll U q 1
ar [

Thermocouple Resistance Temperature Detector (RTD) fig A3t8utgasgungiintd
nann1stUasuLlaIAIANAIUNILYedlaNE GIAIAMUAIUNIUAINEIIFETANALAIY
gl AruAUuedlaveiiutull Sendt “dudsvansninasuwlalaumgiivuy

vin” deuiiluldlunsingamaiilugas 270 to 850 °C Yaniithuldazulansafiany

ATUMIUTWWIEAT WU Wnandy, eawnukasinia

JUN 2.5 wueinTivingaumgil
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Thermistor 1ugunsalaudunusiafiamisarsasudirnudumuioldsu

3 a kg o 1 @ o v s = ] =
ANeu IngiAim i unuazivdsuuUasuuuliiludadu dfugungll wiadu 2
anwaizAe Positive Temperature Comitial (PTC) iuwsilafiunfasfiananusuniue e
lafumnuiauasyilviidnnudmmugeunuavvanmgd thldldnsiadeussfuain
fou vioiliiAnauieuduiamugunisirsussulairliduenadn 1y 2995d79

I -] s U a o as at € =l 5 i @ 2/

aurnuiivandnludfvesiniesiulvnsviaud (Degaussing coill) LT udu
Negative Temperature Comitial NTC) Lduaiiafiunfaziiariudunugadaladuaiiu
fou Armnudumiuasiias T9nuaunisnsivdeuaImsauliiam uANTEAUNITYNaTY
wiu lusasvenedeaialdnsiaduanuieuniinannisvieundideundulyannisvinenu

v 3 ol L3 ar | a 123 =y 4 L3
1892995 1leras tegUunsaludnazliiinannuouninsuwduluaesnisaegunsal ans
dluldaunisnsatngamgilizuuuunisdsuulasssauusesuluihandygyu

s

awdenlugdnauiines
2.4.2 \BULDSATITINAINTY
\wuiwe$Taem T (Humidity Sensor) iildtuaglugaamnssud
atmenu 3 il fie Capacitive, Thermal Conductivity wag Resistive
1) wuiesinmudunuuaUBan (Capacitive Humidity Sensor)
s TrAuTuLULT AR A udvE (Relative Humidity) fi5Us1antnAaueans
Tuguit 1 finsldaususgneniendlugaamnssy @amdled muidoviennasimis
Wand iwuwesuuuiilassairsiivsznaulufedugruwiuiiduusimanindwes wie
\wiiaaanlas (Metal Oxide) Qnimagﬁwiw&ﬁnimmﬁv’qaaq Tneftuivesiiduurding

'
= i

= 2 a g L ¢
QﬂLﬂﬁﬂUﬂ?UaLaﬂIﬂﬁﬂIa'ﬂgLLUU@J?W?ULW'E]{'@Q ﬂuwuagaaﬁLLa%ﬂEy}WWﬂWﬂLLa@LLﬂ@]L%UL‘?jE]S

4

Y
g
< s et

LUUAUNERANENUNSaNTITUANNT UL NS uaN muIndaulanouaz T ady Wsednis
povausslradradudadrunsiuies Inodlemarududuindiudeuly 1 Wesidusd An

AN WA (Capacitive) AagiUdauly 0.2 fis 0.5 pRauwasuuumU@angnfvuali

QJ = = |

Y
AuANYuzawzReA U ssAnsg vl T linauldd wil gaumgiiasdia 200°CAs

q q

NAUFANILANIINGN1IENTAIVLUY Uavdiunalaszinevesasiaiidnaie
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2 LuLgasaNTuLuUSFAAW (Resistive Humidity Sensor)

g -:’i} L4 -:‘ll o P a = o/
luLEe AN TULUUANAUMUaz Tan1swWAsuudasduiiuaudlnivesfinatge
A% (Hygroscopic Medium) 1As9a519980%ULga35 Resistive Usenausiedidnlngm
lavg 2 dneegduugiumisinaiian1s11e wuulwln3da (Photoresist) BLanlnsnanail
YARINNUTAU Wire-wound Electrodes ldunuidunanafinuseuvaudimsanszuenlugdiu
103§ utugnIATaufIBInGe (Salt) w3elndwas (Conductive Polymer) n15%1191u984

v '

o s o ] o/ @ @1 o Y a o -
wuwesnAegaduletinaylossuiiuands 1WunaliAiarmilwiesinaafiuiy e
AMNAUMINAgURIun1Tasuresautu D uralmiinnszualw i lualuleasin

ngl‘ = o s - i ' s 1 s
nazuasihilaggnulandudyarauisinunssuansunonisderiuludnasuenggiula
ar A v at =3 @ aa ' ot o '

NITVYYUTIAY 2TUTUR LA ULAEeswasdyraeundeniluiineansly Juiieru
NILUIMIAN 9 U9gyliluweiuay Resistive In1ineuausssogaumpilas

3) WWULWOSAIINIULUU Thermal Conductivity wuasiuuiitiu
yilapgrnindiauduanysel lasardanisauianiuuanisemingainisiauieu
1998710 1AW(Thermal Conductivity) Aunisiiaufeuveteinianiilerey lasiile
e nAvseiwwAe Suasianuannsafiazsuanugauioudindt wuwesuuy Thermal
Conductivity #381519132L380 Laaml.szja%mm"i‘tuamumi (Absolute Humidity Sensor)
Uszneusewmadilawmes 2 i deaglunasuiadlasmasiiamessmiaussgagluunlgad
dfirglulasiau uavimeiliawmesdndmilegnivedluusseinia wulgesuuy Thermal
Conductivity finumumugsuazinuluanmuindeniifioamgigedis 300°C uazdanu
i av v - wa = al 9 W = Y e aaa
dolesvieasialilAiduedwivnauaudanivesTaglassasiauniseiliiiufisomis
GREIGGH

2.4.3 NaNN13YIN91UVBY Arduino Uno R3

Arduino Uno R3 uadalulasreulnsaiaasuuu Open-source Uu
wwannasu Arduino 91nENAR arduino.cc Uszmadand sanwuuunlildawlddneg T9aw
ATmega328 Jufin1md 16 MHz wuigaudunay 32 KB usy 2 KB vasaldlwiaes 7 4
12 v fiszduussiuliilunisviaeuuasendyanegi 5V (TTL) i Digital Input / Output
14 91 (u PWM 160 6 47) 3 Analog Input 6 91 Serial UART 1 4@ 12C 1 %9 SPI 1 g 1Teu

TUswnINUUTanILIS
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2.4.4 Wswnsudmsuldaunululasraulnsaiand
Wsunsuildauiululasaeulnsalaassy Arduino Uno R3 a4
= d' o L3 dl o £ ar
1USWASY Arduino IDE tP8ulUswnsuuutATatnauRtmastiau1lulderuny
lulasmaulnsatans lnvasldnwdlunis@eoulusunsy Taeluswnsy Arduino 323AUUL
sUnuulassasievasnislsulysunsuidudiugesquatsqdiu lnsi3onud azdiuin
“Hendu” uazllotrWenduunsaudimeny fazsenin“lusunsy” Tnelaseasianisdeu
TUsunsuves Arduino Ynqlusunsuazysznaulufmeilantudiuunilails udegrioyan
§io3dl 2 WantuAe setup() Lag loop()
< fd w ow oo v ° v 2
1) Setup() : LUUAIATUTIAUNFRIMmualinngluswasy w1
Tsunsuazlisaanisldanuuniddniudesusemaliiane iiswalideadoumdslagly
w 2 o v d w oo X Gy, v o @ o W o
vaeuautnn () Ml duimvuneuwnesilendu Tnailsiduilazlidmiuussyidan
ADINTUSUATUYINUREITaULREY RauSuALnTUYaalUsLATUATILTAWNTY Felan
ATEUALINUNT Setup AINTITVINIUAIEE LEUAISAINUANTIITYEINTTLEITUVBY PinMode
1 o ¥ v A « (-1 v
LagA1 Baudrate dmFumisldnudeaiswasnaynsy Wusiu

2) Loop) : Wudrusndudsduiisesiinualidluynlusunsy

)
o w aw

wusgafuiulendy setup) laeiandu Loopo TazldlunisussaddsiseantsTilusunsy

uduauseuds

2.5 WIRELESS LAN (WLAN)

Wireless LAN %38 Wi-Fi Aaszuudaansteyaidsdyarasiueinialagldaauing

=) < i =3 P (-7 v @ o a o L | I |
wioaaullwanlwi Tnevlidesldarsdyaralunsirdunin illiasetns azainde

oW

[~ s

nsannLagly agldrauing (Radio Frequency) Wudyyia wazldanimiudnidyyiu
n1s\WauRanIadeansnu Msdenreuauliasiiviuuuiteunaseninuniosnauiunes
Mgy uazlourassnituniasrpuinesiiuaynsainzaedymial (Access Point)

WAABUEE LAEANLEIEABNISTENELAS DU
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2.5.1 47m3371 Wireless LAN IEEE 802.11
an1dudminssulniuagdiaansetind (institute of Electrical and Electronic
Engineers) lAfvuaNInsgIuLsnvesssuunIodialfate Tnaldde 1EcEs02.11 udafinas
vimuegsialiesasasnsaaniudummsgiusg q fail
1) WNM3§U IEEE 802.11a
Wuwesigueiedislisiaawauiddliunian msgldanud

g1 2.4 Angdsad daduaudnnnuszsvalelnldlnedase wagn1sngnuszniamdu

9

<f VYW

NW@?’]%’IU@}\?LLWU A.A.1999 333 Fﬁi ﬂﬂJ’Wﬂﬂ‘]’iﬂJ’]ﬁﬁ']ﬁ’lUE]U 5] Mﬂ’]?MLiﬂ‘Hﬂ’iiVI'}ﬁu 4 s3eu

=) 1 =l &

2k 1, 2,55 waz 11 wnzUanaiuin Lﬂ'iEl‘ll"IEJVIIﬁUiﬂ’IiﬂuLWE]?LUG]I?E’IEJLL‘U‘U Hot spot

dnlvgfaslduinsigiu widlaudasingaluussaminsgiuan q wasidgmdyyu

8

2/
a a &=l

sumuseutiegs esnntaauigiu 2.4 Ansdsnditaunsalldametun el

. |

Insdwilany wnlulasivuazugys [usu
2) UMI§IU IEEE 802.11b
Wuesguiiladumdsutuuiasigiu 802.11b aeudd a.a.
1999 willdAesiduiiden Wesmnldaude 5 Ansdsnd daduduildlddalildadn

wsluyn 9 Ussina Tudsemalveguanuadalidalaldituiu gunsalinietisunsigiu

2
[ == =i

ﬁ%\ilﬂﬁﬁ’lﬁﬁ?ﬂlﬂﬁ@ﬁlmﬂ “ﬁ’aﬁmaqmmﬁmuunﬂa Mﬂ']’]i.ll,i"ﬂuﬂ’l‘iﬁ’lﬁua\i 54 Wwnzin

i g a a8 =

winiideidoae Tdeuldlnaga 50 wes wazuenanidsliausaviheusiuiugunsally
1IMS17U 802.11b Uay 802.11¢ Ifiilasainanufisnedu
3) WIMS§TU IEEE 802.11¢
) =4 1 & 174 ﬂl =
Juwmsgruaiedielisiaauay Usenialduesigiudied aa.
Sy A P T 2 ° =t a = °
2003 fdeAninunnigiuay fe daaiilunisvinnugds 54 wnzdauazissosvinnu
lnagaminiuinsgiu 802.11b wenvnildaldguanud 2.4 Ansidsaddaluraanud
Aldeulaetuaramisaldnuiuuinsgiu 802.11b
4) UM IEEE 802.11n
w@Saauysallul Aa. 2000 viuuugIuAIND 2.4 uag 5 GHz lagh

=

aunsnlusnsnsdagtayadaniia 300 Mops iniuausalunisdenaudygia 16

U 9

seuzUszunn 70 wnslulpseasnela way 250 Wwasluinlawas uauauisalunisnu
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dygramuaingunsalouq ldaud 246Hz wieudu uasaiunsasesiugunsalunsgiu
IEEE 802.11b W@ IEEE 802.11¢ L@

5) UMM IEEE 802.11ac

oo w

802.11ac Wumassrulmivesszuuiniatalany (wik) Aifdaae

£
1

Antui991 Tnanisuogian(Modulation) wuulmi USudesdynalifivuialng Tuas

sessunsdidoyaniouduie 8 g Buanuinfbussdunaraiinisiin bandwidth Fuuu
80 iU 160 MHz 8n dawaldf 802.11ac ¥hami§ageanlsl 6.93 Gb/s ustasdasaguudauly
ﬁiﬁqﬂﬂicﬁqum Mmeliuiy na1Ae AP Mdsdyniuazdesd 8 lauasiSudyyin
wdeadl 2@ 4 ya Flunsldewhluiuasibunuuiuassae 2 widudulng v
s 802.11ac Aldliisud

M50 2.3 AENURY0MIMSI U IEEE wiinsine

1A | ANEARl | Bandwidth anTINTdetaya Modulation
(GHz) (MHz) g4ein (Mbps)
IEEE 802,11 2.4 20 2 DSSS,FHSS
IEEE 802.11a 5 20 54 OFDM
IEEE 802.11b 2.4 20 11 DSSS
IEEE 802.11¢ 2.4 20 54 OFDM,DSSS
IEEE 802.11n 5 20/40 600 OFDM
IEEE 802.11ac 3 80/160 6930 256-QAM,OFDM

2.6 Uszlnnvaslsasau
2.6.11593auszuula (evaporative cooling system Evap)
N8 I‘NL%auﬁﬂ’JUﬂﬂJﬁﬂﬂwLL'Jﬂé‘ﬂJEliJﬂ’lfstuLLﬂ@QﬁQEUﬁ. 2.6 \unzgay
dmiunisidsdd adalseSouastiniiu uasdsduonianiazsnudlsaSoulvE LY
auduitiiinlna chuﬁﬂﬁqmwgﬁmaaéwmsjamﬁ"}aaLLasﬁ‘swugmmmﬂaaﬂmauaﬂ

Tsa50u
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NUsers\Jirakitdping 192.168.0.181

inging 192.168.0.161 with 32 bytes of data:

eply from 192. 168.8.1081: bytes=32 time=4nms ITL 255
eply from 192.168.6.1681: hytes=32 ¢

eply from 192.168. ﬂ 181: bytes=32 t

eply from 192.168.6.181: hytes=32 tim v2na TTL 255

statistics for 192.168.0.1681:
t = 4, Received = 4, Lost = @ (Bx loss)
pproxinate round trip times in milli-seconds:
Minimum = 2ms,. Maxinun = Bms. Average = Sns

N\Users\Jirakit>ping 192.168.08.181

-8.1081 with 32 bytes af data:
eply from 192. 163 B.181: bytes=32 ti
Reply from 192.168.8.1681: hyte
Reply from 192.168.0.181: bhytes=32
Reply from 192.168.8.1081: byt:e*ﬂf:lz time=5ms TTL=255

ing statistics for 192.168.0.101:

Packets: Sent = 4. Received = 4, Lost = @ (8x loss),
pproximate round trip tines in nilli-seconds:

Hinimun = 2ms,. Maximum = 5ms,. Average = 3ns

NUsers\Jirakitd_

JUN 4.10 madinaniuznsitieusesyninlulasreulnsamefiudsiaes
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ndantluainisdsardeyariaungivasannududuivsansuiesi
C S TR 2w v o = i a &
lulasreulnsalaeiwddsaluiivdagudoyadaguin 4.1 FanansinguuniiuasAmui
7] [} L%
auwmé‘lum’mwmgmﬁua;&a
T : }d : hamndrtﬂ . .te.r.nﬁeraturh createat humidity2 temperature2 humidity3 temperature3 humidityd temperatured
£ X 1 5960 2510 2015-04-17 05:57:46 64.70 2520 50.00 25.00 67.20 25.00
X2 50 2510 2015-04-17 0557551 6470 2510 8000 2500 5720 2500
# X 3 5980 25.00 2015-04-17 05:57:56 64.80 2510 60.00 25.00 67.30 25.00
X 4 5360 2500 201504-17055801 6500 2510 6010 2500 6750 2500
F X 5 6000 25.00 2015-04-17 05:58:06 65.20 25.10 60.40 25.00 67.90 25.00
# X 6 6020 2500 20150417 0558:11 6550 2510 6060 2500 6810 2500
& X 7 60.40 25.00 2015-04-17 05:58:16  65.70 2510 60.80 25.00 68.40 25.00
X 8 6050 25.00 2015-04-17 05:58:21  65.90 2510 61.00 2510 68.60 2500
& X 9 8070 25.00 2015-04-17 05:58:25 66.00 25140 51.10 25.00 68.80 25.00
2 X 10 6090 25.00 2015-04-17 05:58:30 66.20 2510 61.20 25.00 68.90 2500
IR i, S G 25.00 2015-04-17 05:58:35 6640 2510 61.60 25.00 6920 25.00
PR 130 2500 2015:04-17055840° 6650 2510 8160 2500 920 2500
& X 13 5120 25.00 2015-04-17 05:58:45 66.50 2510 §1.60 25.00 69.30 25.00
PR e 250 2015:04-17 0558550 6660 2510 6180 2500 8940 2500

UM 4.11 Agamgiivasanuiuduinslugiudeya

U
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l | Send |
Humidity 1: 72.40 % Temperature 1: 24.90 *C 6
Humidity 2: 72.10 % Temperature 2: 25.10 *C
(Humidity 3: €8.40 § Temperature 3: 24.70 *C
fMumidity 4: 71.50 % Temperature 4: 24.30 *C
Humidity 5: 75.60 % Temperature 5: 25.00 *C
Humidity 6: €2.00 % Temperature &: 24.90 *C
Homidity 1: 73.10 % Temperature 1: 24.90 *C
Humidity 2: 72.70 % Temperature 2: 25.10 *C
Humidity 3: 6€39.00 $ Temperature 3: 24.80 *C
Humidity 4: 72.30 % Temperature 4: 24.30 *C
Humidity 5: 76.30 % Temperature 5: 25.00 *C
Humidity 6: €8.70 % Temperature 6: 24.30 *C
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HDSUNG Temp, Humidity & Dew point measurement experts

1. Product Overview

AM2302 capacitive humidity sensing digital temperature and humidity module is one that contains the
compound has been calibrated digital signal output of the temperature and humidity sensors. Application of a
dedicated digital modules collection technology and the temperature and humidity sensing technology, to ensure
that the product has high reliability and excellent long—term stability. The sensor includes a capacitive sensor wet
components and a high—precision temperature measurement devices, and connected with a high—performance
8—bit microcontroller. The product has excellent quality, fast response, strong anti—jamming capability, and
high cost. Each sensor is extremely accurate humidity calibration chamber calibration. The form of procedures,

the calibration coefficients stored in the microcontroller, the sensor within the processing of the heartbeat to call
these calibration coefficients. Standard single—bus interface, system integration quick and easy. Small size, low
power consumption, signal transmission distance up to 20 meters, making it the best choice of all kinds of
applications and even the most demanding applications. Products for the 3—lead (single—bus interface)

connection convenience. Special packages according to user needs.
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2. Applications
HVAC, dehumidifier, testing and inspection equipment, consumer goods, automotive, automatic control, data
loggers, home appliances, humidity regulator, medical, weather stations, and other humidity measurement and

control and so on.

3. Features
Ultra—low power, the transmission distance, fully automated calibration, the use of capacitive humidity sensor,
completely interchangeable, standard digital single—bus output, excellent long—term stability, high accuracy

temperaturc measurement devices.

Aosong(Guangzhou) Electronics Co.,Ltd. TEL: 020-36042809 / 36380552 WWW.a0song.com
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4., The definition of single—bus interface
4.1 AM2302 Pin assignments

Table 1:  AM2302 Pin assignments
Pin Name Description
@ VDD Power (3.3V—5.5V)
@ SDA Serial data, bidirectional port
@ NC Empty
@ GND | Ground

4.2 Power supply pins ( VDD GND )

GND

SDA

VDD

PIC1: AM2302 Pin Assignment

AM2302 supply voltage range 3.3V — 5.5V, recommended supply voltage is 5V.

4.3 Serial data (SDA)

SDA pin is tri structure for reading, writing sensor data. Specific communication timing, see the detailed

description of the communication protocol.

5. Sensor performance
5.1 Relative humidity 5.2 Temperature
Table 2: AM2302 Relative humidity performance table Table 3: AMZ2302 Relative temperature performance
Parameter | Condition | min | typ | max | Unit Parameter | Condiion | min | typ | max | Unit
Resolution 0.1 YURH Resolutio 0.1 @
Range 0 99.9 Y%WRH n 16 bit
Accuracy " 25%C 2 %RH Accuracy pudl | =4 1 e
Repeatability +0.3 YURH Range —40 80 °C
Exchange Completely interchangeable Repeat +0.2 °C
Response 1/¢(63%) <5 S Exchange Completely interchangeable
Sluggish <0.3 YRH Response | 1/¢(63%) <10 S
Drift Typical <0.5 YR H/yr Drift +0.3 C/yr
A A
k6 +0.6
EE: = \ / gtﬂ. 1
2 +0.2
£0 - +0
0 10 200 30 40 S0 60 70 K0 90 100 20 0 20 40 60 80

Relative Humidity (%RH)

Pic2: A25°C The error of relative humidity

Aosong(Guangzhou) Electronics Co.,Ltd.
P

TEL: 020-36042809 /36380552

Temperature ('C)

Pic3: The maximum temperacure error
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6+ Electrical Characteristics

Electrical characteristics, such as energy consumption, high, low, input, output voltage, depending on the
power supply. Table 4 details the electrical characteristics of the AM2302, if not identified, said supply voltage of
5V. To get the best results with the sensor, please design strictly in accordance with the conditions of design in
Table 4.

Table 4:  AM2302 DC Characteristics

Parameter | Condition | min typ max Unit
Voltage 33 5 5.5 Vv [1] the accuracy of the factory inspection, the sensor
Dormancy 10 15 HA 25°C and 5V, the accuracy specification of test
Power o ) )
" conditions, it does not include hysteresis and
o il Measuring 500 HA s
consumption P ; : < ,
Average 300 LA nonlinearity, and is only suitable for non—condensing
Low level output environment,
| 300
voltize = U 0 mV [2] to achieve an order of 63% of the time required
t=]
Pllgh output under the conditions of 25°C and 1m / s airflow.
Rp<25 kQ 90% 100% VDD < I
voltage [3] in the volatile organic compounds, the values may
Low input voltage Dedine 0 30% VDD be higher. See the manual application to store

information.

Input High

Voluge Rise 70% 100% | VDD [4] this value at VDD = 5.0V when the temperature
Rpum VDD = 5V - = N - 15 25°%C, 28 / tme, under the conditions of the
VIN = VSS - ' R
turn on 8 mA [5}low output currenc.
Output current e - " e [6] that the pull—up resistor.
Sampling period 2 5

7. Single—bus communication ( ONE—WIRE )
7.1 Typical circuits for single bus
Microprocessor and AM2302 connection typical application circuit is shown in Figure 4. Single bus
communication mode, pull the SDA microprocessor I / O port is connected.
Special instructions of the single—bus communication :
1. Typical application circuit recommended in the short cable length of 30 meters on the 5.1K
pull—up resistor pullup resistor according to the actual situation of lower than 30 m.
2. With 3.3V supply voltage, cable length shall not be greater than 100cm. Otherwise, the line
voltage drop will lead to the sensor power supply, resulting in measurement error.
3. Read the sensor minimum time interval for the 2S; read interval is less than 28, may cause the
temperature and humidity are not allowed or communication is unsuccessful, etc..
4. Temperature and humidity values are each read out the results of the last measurement For
real—time data that need continuous read twice, we recommend repeatedly to read sensors, and each read

sensor interval is greater than 2 seconds to obtain accuratethe data.

Aosong(Guangzhou) Electronics Co.,Ltd. TEL: 020-36042809 /36380552 WWW.a0song.com
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Pic4:

AM2302 Typical circuits for single bus
7.2, Single—bus communication protocol

©OSingle bus Description

AM2302 device uses a simplified single—bus communication. Single bus that only one data line, data
exchange system, controlled by the data line to complete. Equipment (microprocessor) through an
open—drain or tri—state port connected to the data line to allow the device does not send data to release the
bus, while other devices use the bus; single bus usually require an external about 5.1kQ pull—up resistor, so
when the bus is idle, its status is high. Because they are the master—slave structure, only the host calls the
sensor, the sensor will answer, so the hosts to access the sensor must strictly follow the sequence of single bus,
if there is a sequence of confusion, the sensor will not respond to the host.

OSingle bus to send data definition

SDA For communication and synchronization between the microprocessor and the AM2302, single—bus
data format, a transmission of 40 data, the high first—out. Specific communication timing shown in Figure 5,
the communication format is depicted in Table 5.

Response sgnal Humidity high Humidity lows Temp. bgh Temp. low Parity bit
g v T ET FTTTTTTT R O I | TTTTTT
i *
4 L (54 o 0 0 N 0 Y O O |20 O A | T O
St sgng M L M L M L M L M L
S 8 8 S S s S 8 s s
B B B B B B B8 B B B

Pic5: AM2302 Single—bus communication protocol

TEL: 020-36042809 /36380552
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Table 5: AM2302 Communication format specifier

Name Single—bus format definition

Microprocessor data bus (SDA) to bring down a period of time (at least 800 s) [1] notify the
Start signal
sensor to prepare the data.

Reesponse Sensor data bus (SDA) is pulled down to 80 s, followed by high—80} s response to host the

signal start signal.

Host the start signal is received, the sensor one—tme string from the data bus (SDA) 40 data, cthe
Data format )
high first—out.

- Humidity resolution of 16Bit, the previous high; humidity sensor string value is 10 times the
Humidity )
actual hunudity values.

Temperature resolution of 16Bit, the previous high; temperature sensor string value is 10 times
the actual temperature value;

Temp. The temperature is the highest bit (Bit15) is equal to 1 indicates a negative temperature, the
temperature is the highest bit (Bit15) is equal to 0 indicates a positive temperature;

Temperature in addition to the most significant bit (Bicl14 ~ bit U) temperature values.

Parity bit Parity bit = humidity high + humidicy low + temperature high + temperature low

OSingle—bus data calculation example
Example 1: 40 Data received:

0000 0010 1001 0010 0000 0001 0000 1101 1010 0010
High humidity 8 Low humidity 8 High temp. 8 Low temp. 8 Parity bit
Calculate ;

0000 0010+1001 0010 +0000 000T+0000 1101= 1010 0010 (Parity bit )
Received data is correct:
humidity: 0000 0010 1001 0010 = 0292H (Hexadecimal)= 2 X 256 + 9X 16 + 2 = 658
=> Humidity = 65.8%RH
Temp.: 0000 0001 0000 1101 = 10DH(Hexadecimal) = 1 X 256 + 0 X 16 + 13 = 26Y
=> Temp.= 26.9°C
© Special Instructions:
When the temperature is below 0 °C, the highest position of the temperature data.
Example: —10.1 °C Expressed as 1 000 0000 0110 0101
Temp.: 0000 0000 0110 0101 = 0065H(Hexadecimal)= 6x 16 +5 = 101

=> Temp. = —10.1C
Example 2: 40 received data:
0000 0010 1001 0010 0000 0001 0000 1101 1011 0010
High humidity 8 Low humidity 8 High temp. § Low temp. 8 Parity bit

Calculate :
0000 0010+1001 0010 +0000 00010000 1101= 1010 0010 % 1011 0010 ( Validation error )

The received data is not correct, give up, to re—receive data.

Aosong(Guangzhou) Electronics Co.,Ltd. TEL: 020-36042809 /36380552 WWW.3050Ng.com
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7.3 Single—bus communication timing

User host (MCUJ) to send a start signal (data bus SDA line low for at least 8001 s) after AM2302 from Sleep
mode conversion to high—speed mode.The host began to signal the end of the AM2302 send a response signal
sent from the data bus SDA serial 40Bit's data, sends the byte high; data sent is followed by: Humidity high .

Humidity low, Temperature high, Temperature low . Parity bit, Send data to the end of triceer information
P g P £2g

collection, the collection end of the sensor is automatically transferred to the sleep mode, the advent until the

next communication.

Detailed timing signal characteristics in Table 6, Single—bus communication timing diagram Pic 6:

DR800 | BU3E0 BT
s T T
- S
VoD -
| BRSNS | QUSRS (0 | AU AP
5DA
GND ]
< » < > < 4
Tra Tiow Tiow
s HOS1 SN - Sensor signal

Pic 6: AM2302 Single—bus communication timing

Note: the temperature and humidity data read by the host from the AM2302 is always the last measured value, such as the
two measurement interval is very long, continuous read twice to the second value of real—time temperature and humidity values,

while two readtake minimum time interval be 28.

Table 6: Single bus signal characteristics

Symbol Parameter min | typ | max | Unit
The Host the start signal down time 0.8 1 20 mS Whatss o e ilie
T Bus master has released time 20 30 200 Hs ey
Tra Reesponse to low time 75 80 85 Hs of the sensor, the read
Teeh [n response to high time 75 80 85 Hs signal, in strict
Tiow Signal "0", "1" low time 48 50 35 HS accordance with the
Tho Signal "0" high time 22 26 30 Hs design parameters and
T Signal "1" high time 68 70 75 Hs timing in Table 6 and
Teu Sensor to release the bus time 45 50 55 Hs Figure 6.

7.4 Peripherals read step example
Communication between the host and the sensor can read data through the following three steps to

complete.

Step 1

AM2302 have to wait for the power (on AM2302 power 2S crossed the unstable state, the device can not
send any instructions to read during this period), the test environment temperature and humidity data, and
record data, since the sensor into a sleep state automatically,. AM2302 The SDA data line from the previous
pull—up resistor pulled up is always high, the AM2302 the SDA pin is in input state, the time detection of

external signal.

Aosong(Guangzhou) Electronics Co.,Ltd. TEL: 020-36042809 / 36380552 WWW.a050ng.com
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Step 2

Microprocessor [/O set to output, while output low, and low hold time can not be less than 800us, typical
values are down 1MS, then the microprocessor I/O is set to input state, the release of the bus, due to the
pull—up resistor, the microprocessor I/O AM2302 the SDA data line also will be high, the bus master has
released the AM2302 send a response signal, that is, the output 80 microseconds low as the response signal,
tightthen output high of 80 microseconds notice peripheral is ready to receive data signal transmission as shown

to Pic7 :

Releases bus
Strtsignt ™ Sensor response signal
BOHS |
vDD
SDA
GND 1
< >
1MS
s Hist si011 e Sensor signal

Pic7: Single bus decomposition of the timing diagram

Step 3

AM2302 sending the response, followed by the data bus SDA continuous serial output 40 data, the
microprocessor receives 40 data I70 level changes.

Bit data "0" format: 26—28 microseconds 50 microseconds low plus high;

Bit data "1" format: the high level of low plus, 50 microseconds to 70 microseconds;

Bic data "0" bit data "1" format signal shown to pic 8:

Bit data 0" signal Bit data 1" signal
> |4

vDD

SDA

GND

50 1S

Sensor sgrol

w— HGS1 SIGNG]

Pic 8: The single bus break down the timing diagram

AM2302 data bus SDA output 40 data continue to output the low 50 microseconds into the input state,
tollowed by pull—up resistor goes high. AM2302 internal re—test environmental temperature and humidity data,
and record the data, the end of the test records, the microcontroller automartically into hibernation.

Microcontroller only after receipt of the start signal of the host wake—up sensor, into the working state.

7.5 Peripheral to read flow chart
AM2302 sensor read single bus flow chart diagram shown in Figure 9, we also provide the C51 read the
code examples, customers need to download, please visit our website (www.aosong.com) related to

downloadthis manual does not provide the code description.

Aosong(Guangzhou) Electronics Co.,Ltd. TEL: 020-36042809 /36380552 WWW.3050Nng.com
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Sensor power-up
mitialization

» Read the device
sends a start signal

Did not raspond to signals

Release the bus to wai for
the sansor rasponsa signal

Response signal

Reading device to
read 40 data

Validation error

Checksum s correct

Update temperature
and humidity valuas

Wait
{Fixed acquisition cyclel

Right

Pic9: Single—bus to read the flow chart

8. Application of information
I. Work and storage conditions
Outside the sensor the proposed scope of work may lead to temporary drift of the signal up to 300% RH. Return to
normal working conditions, sensor calibration status will slowly toward recovery. To speed up the recovery process
may refer to "resume processing". Prolonged use of non—normal operating conditions, will accelerate the aging of the

product.

Avoid placing the components on the long—term condensation and dry environment, as well as the following
environment.

A, salt spray

B, acidic or oxidizing gases such as sulfur dioxide, hydrochloric acid
Recommended storage environment

Temperature: 10~ 40 “C Humidity: 60% RH or less

2. The impact of exposure to chemicals

The capacitive humidity sensor has a layer by chemical vapor interference, the proliferation of chemicals in the
sensing layer may lead to drift and decreased sensitivity of the measured values. In a pure environment, contaminants
will slowly be released. Resume processing as described below will accelerate this process. The high concentration of

chemical pollution (such as ethanol) will lead to the complete damage of the sensitive layer of the sensor.

3. The temperature influence

Relative humidity of the gas to a large extent dependent on temperature. Therefore, in the measurement of humidity,

Aosong(Guangzhou) Electronics Co.,Ltd. TEL: 020-36042809 /36380552 WWW.30s0ng.com
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should be to ensure that the work of the humidity sensor at the same temperature. With the release of heat of

electronic components share a printed circuit board, the installation should be as far as possible the sensor away from
the electronic components and mounted below the heat source, while maintaining good ventilation of the enclosure.
To reduce the thermal conductivity sensor and printed circuit board copper plating should be the smallest possible,

and leaving a gap between the two.

4. Light impact

Prolonged exposure to sunlight or strong ultraviolet radiation, and degrade performance.

5. Resume processing

Placed under extreme working conditions or chemical vapor sensor, which allows it to return to the status of
calibration by the following handler. Maintain two hours in the humidity conditions of 45°C and <10% RH (dry);
followed by 20—30°C and> 70% RH humidity conditions to maintain more than five hours.

6. Wiring precautions
The quality of the signal wire will affect the quality of the voltage output, it is recommended to use high quality
shielded cable,

7. Welding information

Manual welding, in the maximum temperature of 300°C under the conditions of contact time shall be less than 3
seconds.

8. Product upgrades

Details, please the consultation Aosong electronics department.

9. The license agreement

Without the prior written permission of the copyright holder, shall not in any form or by any means, electronic
or mechanical (including photocopying), copy any part of this manual, nor shall its contents be communicated to a
third party. The contents are subject to change without notice.

The Company and third parties have ownership of the software, the user may use only signed a contract or

software license.

10, Warnings and personal injury

This product is not applied to the safety or emergency stop devices, as well as the failure of the product may
result in injury to any other application, unless a particular purpose or use authorized. Installation, handling, use or
maintenance of the product refer to product data sheets and application notes. Failure to comply with this
recommendation may result in death and serious personal injury. The Company will bear all damages resulting
personal injury or death, and waive any claims that the resulting subsidiary company managers and employees and

agents, distributors, etc. that may arise, including: a variety of costs, compensation costs, attorneys' fees, and so on.

Aosong(Guangzhou) Electronics Co.,Ltd. TEL: 020-36042809 /36380552 WWW.3a0s0ng.com
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11, Quality Assurance
The company and its direct purchaser of the product quality guarantee period of three months (from the date of

delivery). Publishes the technical specifications of the product data sheet shall prevail. Within the warranty period, the
product was confirmed that the quality is really defective, the company will provide free repair or replacement. The
user must satisfy the following conditions:

(D The product is found defective within 14 days written notice to the Company;

@ The product shall be paid by mail back to the company;

@ The product should be within the warranty period.

The Company is only responsible for those used in the occasion of the technical condition of the product
defective product. Without any guarantee, warranty or written statement of its products used in special applications.

Company for its products applied to the reliability of the product or circuit does not make any commitment.

Aosong(Guangzhou) Electronics Co.,Ltd. TEL: 020-36042809 /36380552 WWW.30S0Nng.com
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Technical Specification

EAGLE files: arduino-duemilanove-uno-design.zip Schematic: arduino-uno-schematic, pdf

Microcontroller ATmega328
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per 1/O Pin 40 mA
DC Current for 3.3V Pin 50 mA

32 KB of which 0.5 KB used b
Freshy Menmeyy bootloader !
SRAM 2KB
EEPROM 1KB
Clock Speed 16 MHz

the board
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The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

Exlernal (non-USB) power can come elther from an AC-to-DC adapter (wall-wart) or battery. The adapter
can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads from a
battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V
pin may supply less than five volts and the board may be unstable. If using more than 12V, the voltage
regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

e  VIN. The input voltage to the Arduino board when it's using an external power source (as opposed to
5 volts from the USB connection or other regulated power source). You can supply voltage through
this pin, or, if supplying voltage via the power jack, access it through this pin.

e 5V. The regulated power supply used to power the microcontroller and other components on the
board. This can come either from VIN via an on-board regulator, or be supplied by USB or another
regulated 5V supply.

s 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

e GND. Ground pins.

The Atmega328 has 32 KB of flash memory for storing code (of which 0,5 KB is used for the bootloader); It
has also 2 KB of SRAM and 1 KB of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(), digitalWrite(), and
digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and
has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have
specialized functions:

e Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. TThese pins are
connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip .

e External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low value, a
rising or falling edge, or a change in value. See the attachinterrupt() function for details.

* PWM:3,5,6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.

e SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication, which,
although provided by the underlying hardware, is not currently included in the Arduino language.

e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is
on, when the pin is LOW, it's off.




The Uno has 6 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By
default they measure from ground to 5 volts, though is it possible to change the upper end of their range
using thc AREF pin and the analogReference() function. Additionally, some pins have specialized
functionality:

e I°C: 4 (SDA) and 5 (SCL). Support I°C (TWI) communication using the Wire library.
There are a couple of other pins on the board:

e AREF. Reference voltage for the analog inputs. Used with analogReference().
* Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and Atmega328 ports.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or other
microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is available on
digital pins 0 (RX) and 1 (TX). An ATmega8U2 on the board channels this serial communication over USB
and appears as a virtual com port to software on the computer. The '8U2 firmware uses the standard USB
COM drivers, and no external driver is needed. However, on Windows, an *.inf file is required..

The Arduino software includes a serial monitor which allows simple textual data to be sent to and from the
Arduino board. The RX and TX LEDs on the board will flash when data is being transmitted via the USB-to-
serial chip and USB connection to the computer (but not for serial communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also support 12C (TWI) and SPI communication. The Arduino software includes a Wire
library to simplify use of the 12C bus; see the documentation for details. To use the SPI communication,
please see the ATmega328 datasheet.

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno w/
ATmega328" from the Tools > Board menu (according to the microcontroller on your board). For details,
see the reference and tutorials.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload new code
to it without the use of an external hardware programmer. It communicates using the original STK500
protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial
Programming) header; see these instructions for details.

The ATmega8U2 firmware source code is available . The ATmega8U2 is loaded with a DFU bootloader,
which can be activated by connecting the solder jumper on the back of the board (near the map of Italy) and
then resetting the 8U2. You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac
OS X and Linux) to load a new firmware. Or you can use the ISP header with an external programmer
(overwriting the DFU bootloader).




Automatic (Software) Reset

Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is designed in a
way that allows it to be reset by software running on a connected computer. One of the hardware flow control
lines (DTR) of the ATmega8U2 is connected to the reset line of the ATmega328 via a 100 nanofarad
capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the chip. The
Arduino software uses this capability to allow you to upload code by simply pressing the upload button in the
Arduino environment. This means that the bootloader can have a shorter timeout, as the lowering of DTR
can be well-coordinated with the start of the upload.

This setup has other implications. When the Uno is connected to either a computer running Mac OS X or
Linux, it resets each time a connection is made to it from software (via USB). For the following half-second or
so, the bootloader is running on the Uno. While it is programmed to ignore malformed data (i.e. anything
besides an upload of new code), it will intercept the first few bytes of data sent to the board after a
connection is opened. If a sketch running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can
be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the auto-reset
by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra layer
of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break the connection
until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB connector
and power jack extending beyond the former dimension. Three screw holes allow the board to be attached to
a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple
of the 100 mil spacing of the other pins.
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How to use Arduino

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduino programming language (based on Wiring) and the Arduino
development environment (based on Processing). Arduino projects can be stand-alone or they can
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions for your personal
OS. Check on the Arduino site for the latest instructions. http://arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable.

Blink led

Now you’re actually ready to “burn” your "8 Buinik | Arduing 0017
first program on the arduino board. To I Fio Edt Sketch Toos Hep
select “blink led”, the physical translation @
of the well known programming “hello T

world”, select ’ .

inc ledPin = 13: A4 LEDL connected wo dagital pan 173
File>sketch b00k> A7 The gevup{) method yuns onece, when the sketch starvs
ArdUinO-0017>Examp|es> vord setup () {
. . . A/ initialize the digital pin as an output:
Digital>Blink pinlfods (ledPin, OUTHOT);
)
Once you have your skecth you'll 7/ the loon() method mns aver and over again,
. /7 as long a3 the Arduine has powver
see something very close to the
§ void 1 ()
screenshot on the right. e S
digitalWrite (ledPin, HIGH): // set the LED on
delay(l000) ; s/ wair for a gecond
In Too|s>Board select digitalUrite (ledPin, LOW): ofE
delay(1000) 2 A/ walt for a second
} v

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

e TRy
i H ob o 2b o
Done compiling. i E 3 Tﬁ Eﬁyﬁ
5, . = O -
Press Compile button B2 [y 52
{to check for errors) TX RX Flashing Blinking Led!
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Dimensioned Drawing
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Terms & Conditions

ARDUIND

1.  Warranties

1.1 The producer warrants that its products will conform to the Specifications. This warranty lasts for one (1) years from the date of the sale. The
producer shall not be liable for any defects that are caused by neglect, misuse or mistreatment by the Customer, including improper installation or testing,
or for any products that have been altered or modified in any way by a Customer. Moreover, The producer shall not be liable for any defects that result from
Customer's design, specifications or instructions for such products. Testing and other quality control techniques are used to the extent the producer deems
necessary.

1.2 Ifany products fail to conform to the warranty set forth above, the producer’s sole liability shall be to replace such products. The producer's liability
shall be limited to products that are determined by the producer not to conform to such warranty. If the producer elects to replace such products, the
producer shall have a reasonable time to replacements. Replaced products shall be warranted for a new full warranty period.

1.3 EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS IS" AND "WITH ALL FAULTS." THE PRODUCER DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE

1.4 Customer agrees that prior to using any systems that include the producer products, Customer will test such systems and the functionality of the
products as used in such systems. The producer may provide technical, applications or design advice, quality characterization, reliability data or other
services. Customer acknowledges and agrees that providing these services shall not expand or otherwise alter the producer's warranties, as set forth

above, and no additional obligations or liabilities shall arise from the producer providing such services.

1.5 The Arduino™ products are not authorized for use in safety-critical applications where a failure of the product would reasonably be expected to cause
severe personal injury or death. Safety-Critical Applications include, without limitation, life support devices and systems, equipment or systems for the
operation of nuclear facilities and weapons systems. Arduino™ products are neither designed nor intended for use in military or aerospace applications or
environments and for automotive applications or environment. Customer acknowledges and agrees that any such use of Arduino™ products which is solely
at the Customer's risk, and that Customer is solely responsible for compliance with all legal and regulatory requirements in connection with such use.

1.6 Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements concerning its
products and any use of Arduino™ products in Customer's applications, notwithstanding any applications-related information or support that may be
provided by the producer.

2. Indemnification

The Customer acknowledges and agrees to defend, indemnify and hold harmless the producer from and against any and all third-party losses, damages,
liabilities and expenses it incurs to the extent directly caused by: (i) an actual breach by a Customer of the representation and warranties made under this
terms and conditions or (i) the gross negligence or willful misconduct by the Customer.

3. Consequential Damages Waiver

In no event the producer shall be liable to the Customer or any third parties for any special, collateral, indirect, punitive, incidental, consequential or
exemplary damages in connection with or arising out of the products provided hereunder, regardless of whether the producer has been advised of the
possibility of such damages. This section will survive the termination of the warranty period.

4. Changes to specifications

The producer may make changes to specifications and product descriptions at any time, without notice. The Customer must nat rely on the absence or
characteristics of any features or instructions marked "reserved" or "undefined.” The producer reserves these for future definition and shall have no
responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The product information on the Web Site or Materials is
subject to change without notice. Do not finalize a design with this information.

Enviromental Policies

The producer of Arduino™ has joined the Impatto Zero®
policy of LifeGate.it. For each Arduino board produced is
created / looked after half squared Km of Costa Rica's
forest’s.
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RN-XV Data Sheet

RN-XV-DS v0.3 8/18/2011

Features

Drop in Wi-Fi solution for existing systems
currently using 802.15.4 modules

Based on Roving Networks' robust RN-171
Wi-Fi module

Based on pseudo-standard footprint

Onboard TCP/IP stack provides internet
access to every node

No custom profiles needed

Ultra-low power: 4uA sleep, 40mA Rx, 180 mA
Tx at 10dBm

Configurable transmit power: 0dBm to
+12dBm

Hardware interface: TTL UART

Data rate: 464Kbps using hardware flow
control

Through hole board simplifies system
integration

8 general purpose digital I/O

3 analog sensor interfaces.

Real-time clock for wakeup and time stamping
Complete TCP/IP networking stack

Wi-Fi Alliance certified for WEP, WPA and
WPA2-PSK

WPS push button for easy configuration
FCC / CE/ ICS certified and RoHS compliant.

Applications

Industrial metering

HVAC control

Room temperature sensors
Pump configuration and control
Telemetry

PV/Solar controllers

Robotics

Description

The RN-XV is a 802.11 b/g solution especially
designed for customer who want to migrate their
existing 802.15.4 architecture to a more standard
TCP/IP based platform without having to redesign their
existing hardware.

Based on a pseudo standard footprint often found in
embedded applications, the RN-XV module from

Roving Networks allows for Wi-Fi connectivity using
802.11 b/g standards in legacy and existing designs
that may have been based upon 802.15.4 standard.

The RN-XV module is based upon Roving Networks'
robust RN-171 Wi-Fi module and incorporates 802.11
b/g radio, 32 bit SPARC processor, TCP/TP stack,
real-time clock, crypto accelerator, power
management unit and analog sensor interface.

The module offers additional functionality through its
onboard programmable GPIOs (10) and ADCs (8).
The ADCs provide 14-bit resolution while the GPIOs
can be configured to provide standard functionality or
status signaling to a host microcontroller to reduce the
need for serial polling between the Wi-Fi module and
host microcontroller.

The module is pre-loaded with firmware to simplify
integration and minimize development time of your
application. In the simplest configuration, the hardware
only requires four connections (PWR, TX, RX and
GND) to create a wireless data connection.

809 University Avenue » Los Gatos, CA 95032 - Tel (408) 395-6539 » info@RovingNetworks.com
~ page 1 ~
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www.rovingnetworks.com RN-XV-DS v0.3 8/18/2011

Overview
¢ Host Data Rate up to 460Kbps over UART
» Intelligent built-in power management with programmable wakeup events (timers and 1/0)
¢ Real time clock for time stamping, auto-sleep and auto-wakeup modes
e Configuration over WiFi or UART using simple ASCI| commands
s Over the air firmware upgrade via FTP
e Secure WiFi authentication: WEP, WPA-PSK (TKIP), WPA2-PSK
» Built in networking applications DHCP, DNS, ARP, ICMP UDP, Telnet, FTP, HTML client
e 802.11 b/g power save and roaming functions
e Configurable transmit power: -2dBm to 12dBm
e WPS push button mode for easy and secure wireless setup
e  Built-in HTML web client to send GPIO, UART and sensor data to remote web servers

Environmental Conditions

Parameter Value
Temperature Range (Operating) -40°C - 85°C
Temperalure Range (Storage) -40°C - 85°C
Relative Humidity (Operating) <90%
Relative Humidity (Storage) <90%

Electrical Characteristics

Supply Voltage Min Typ. Max. Unit
Input Power 3.0 3.3 3.7 V
Power consumption
Sleep 4 uA
Standby (doze) 15 mA
Connected (idle, RX) 40 mA
Connected (TX) 180 at 10dBm mA

Analog Sensor Inputs

Parameter Value
Sense 0,1,2,3 wakeup detect threshold 500mVv
AD sense 0-4 measurement range 0-400mV
Precision 14 bits = 12uV
Accuracy 5% un-calibrated, .01% calibrated
Minimum conversion time 35uS (5kHz over Wi-Fi)
Sensor Power (pin 33) output resistance 3.3V 10 ohms, max current = 50mA

809 University Avenue » Los Gatos, CA 95032 -« Tel (408) 395-6539 « info@RovingNetworks.com
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Radio Characteristics

Parameter Specifications
Frequency 2402 ~ 2480MHz
802.11b compatibility : DSSS(CCK-11, CCK-5.5,
Modulation DQPSK-2, DBPSK-1)
3 : 802.11g : OFDM (default)
' Channel intervals 5MHz
Channels 1=~ 14
Transmission rate (over the air) 1—11Mbps for 802.11b / 6 — 54Mbps for 802.11g
Receive sensitivity -83dBm typ.
Output level (Class1) 0dBm to +12dBm (software configurable)
Transmit Power
802.11 b (2Mbps) 802.11 g (24Mbps)
RuiputEoway Current in mA* Current in mA*
0 120 135
2 130 150
4 170 190
) 6 175 200
8 180 210
10 185 225
12 190 240

* Measured at 3.3VDC input. The power consumption is the average power, active during actual power
consumption

‘\ J
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Physical Dimensions and pin out table
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Pad Number | Signal Name Description Optional Function | Direction
1 VDD_3V3 3.3V regulated power input to the module POWER
2 UART_TX UART TX, 8mA drive, 3.3V tolerant ouT >
3 UART RX UART RX, 3.3V tolerant IN €
4 GPIO 8 GPIO, 24mA drive, 3.3V tolerant IN/OUT
5 RESET Optional Module Reset Signal (active low), 100k INPUT
Pull up, apply pulse of at least 160us, 3.3V Tolerant

6 GPIO 5 GPIO, 24mA drive, 3.3V tolerant Data TX/RX ouT

7 GPIO 7 GPIO, 24mA drive, 3.3V tolerant IN/OUT

8 GPIO 9 Enable Adhoc mode, Restore factory defaults, 8mA IN/OUT
drive, 3.3V tolerant

9 GPIO 1 GPIO, 8mA drive, 3.3V tolerant IN/OUT

10 GND Ground GND

11 GPIO 14 GPIO, 8mA drive, 3.3V tolerant IN/ OUT

12 UART_RTS UART RTS flow control, 8mA drive, 3.3V tolerant ouT 2>

13 GPIO 4/SEN 6 GPIO, 24mA drive, 3.3V tolerant/ADC input , (3.3V Association Status IN/OUT
tolerant). Defaults to GPIO 4

14 Not Used No Connect

15 GPIO 6/SEN 7 GPIQ, 24mA drive, 3.3V tolerant/ADC input , (3.3V Connection Status POWER
tolerant). Defaults to GPIO 6

16 UART _CTS UART CTS flow control, 3.3V tolerant IN €

17 SENSOR 5 Sensor Interface, Analog input to module, (3.3V INPUT
tolerant)

18 GPIO 3/SEN 4 GPIO, 8mA drive, 3.3V tolerant/ADC input (3.3V IN/OUT
tolerant). Defaults to GPIO 3

19 GPIO 2/SEN 3 GPIO, 8mA drive, 3.3V tolerant/ADC input (3.3V IN/OUT
tolerant). Defaults to SEN 3

20 SEN 2 Sensor Interface, Analog input to module, 3.3V INPUT
tolerant

809 University Avenue - Los Gatos, CA 95032 - Tel (408) 395-6539 » info@RovingNetworks.com
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Module Schematic
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RXD R SENSOR O R4 D
170k 100k
SENZ R6 SENSOR 2 R7
17K 100k D
GPIO2 RS cPiovsEN RO SENSOR 3 RIO {> Pins 13, 15, 18 and 19 on the RN-XV connector can be
i A7y 3 configured as GPIOs or as sensor inputs depending on the
GPID2 RLL GPlO3sENS  RIZ SENSOR 4RI} D i 1 i
~ o8 PRI 100k installed resistors.
- SENS RiS SENSOR 5 RlS
. 40k L% b When configured as GPIOs, ONLY Column 1 resistors MUST
GPIC_4 RI7 GPIOASENS RIS SENSOR 6 RIY ; .
o eI oo be installed. When configured as sensor inputs, ONLY Column
GPIO 6 R20 arossent k2L SENSOR 7 R22 D 2 and Column 3 resistors MUST be stuffed.
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VDD 3v3 12 ;
. , S——— Default configuration:
[ I 2020 SEN2
XD 3, 1ol GPIO2/SENS
%2 33 Lt GRIOS/SENS Sensor inputs — Pins 19 and 20
GPIO 8 4 17 SENS ;
RESET N 52 :g G CT5 GPIO — Pins 13, 15 and 18
GPIO 5 hs a1 GPIOG/SENT
GPIO 7 7 7 1 14 B
GPIO § - E GPIO4SENG
GPIO1 [ :) | 1; 12 RTS
0, | i GPIO 14

\/ XBEE Compatible Connector
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Design Concerns

1. Powering the RN-XV module: Apply ONLY 3.3V+10% regulated power to pin 1 (VDD) and pin 10 (Ground).
The module does not have any voltage regulator on board and hence MUST be powered from a regulated
3.3V power supply.

2. Antenna: The RN-XV ships with a wire antenna. Custom antenna configurations such as chip, U.FL. and
SMA connector are available with extended lead times

Ordering Information

Part Number Description

Standard configuration, industrial Temperature (- 40 to + 85 C) 802.15.4 replacement
RN-XV-W . : i :

solution with % inch wire antenna

Custom configuration, industrial Temperature (- 40 to + 85 C) 802.15.4 replacement solution
RN-XV-U .

with U.FL. connector

Custom configuration, industrial Temperature (- 40 to + 85 C) 802.15.4 replacement solution
RN-XV-S :

with SMA connector

Custom configuration, industrial Temperature (- 40 to + 85 C) 802.15.4 replacement solution
RN-XV-C . :

with chip antenna

Copyright @ 2011 Roving Networks. All rights reserved.

Roving Networks reserves the right to make corrections, modifications, and other changes to its products,
documentation and services at any time. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete.

Roving Networks assumes no liability for applications assistance or customer product design. Customers are
responsible for their products and applications using Roving Networks components. To minimize the risks associated
with customer products and applications, customers should provide adequate design and operating safeguards.

Roving Networks products are not authorized for use in safety-critical applications (such as life support) where a
failure of the Roving Networks product would reasonably be expected to cause severe personal injury or death,
unless officers of the parties have executed an agreement specifically governing such use.

All other trademarks are property of their respective owners.
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