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ABSTRACT

This thesis/To talk about the drinks with notification device for a drink by the Arduino
microcontroller to control the operation of 2 system. . The-aim: is to easily wait for drinks and fix
errors in the Services found. To reduce the production cost so as.not having to hire a waiter
inside the store. For this project; the work is divided into two parts. A piece of equipment by a
leading drinks microcontrolier Arduing. Mega 2560 R3. Serves! as the information processing is
inherited from the Keypad and display screen. An LCD display with 4 lines of 20 characters.It
then sends the data thiough the device - nRF24L01 wireless signals to fransmit the data to the
second division. An alarmy wilt sound when. to get drinks when the device receives a signal.
Microcontroller Arduino Wne.R3 which serves as an information. processing device. Processing,
and then send the data to the L'€D display 16 characters.om 2 lines. Details in order to drink and
when to drink it. The beverage equipment will alarm again. Which will show the bulb LED

flashing. And emits alerts To allow customers to get the drinks.
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- fanuida Constant 49y Arduino Iéiun
HIGH, LOW, INRUT, «OUTPUT,, SERIAL, -DISPLAY, PI, HALF.PI, TWO PI, LSBFIRST,
MSBFIRST, CHANGE, FALLING;-RISING, false, true, null

- fanuiidu PortVarables & Constants va3-Arduino 1éiun
DDRB, PINB, PORTB, PBO, PB1, PB2, PB3, PB4, PB5, PB6, PB7, DDRC, PINC, PORTC,
PCO, PC1, PC2, PC3, PC4, PC5, PC6, PC7, DDRD, PIND, PORTD, PDO, PD1, PD2, PD3,
PD4, PD5, PD6, PD7

- fanuiidu Datatypes a4 Arduino ¢
Boolean, byte, char, class, default, do, double, int, long, private, protected, public,

return, short, signed, static, switch, throw, try, unsigned, void
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- Franuiiiiuddaves Arduino THud
Abs, acos, + =, +, [ ], asin, =, atan, atan2, &, |, Boolean, byte, case, ceil, char, class, ,,
//, 7;, constrain, cos, {}, -, default, delay, delayMicroseconds, /, /**, ., else, = =,
exp, false, float, floor, for, <, <=, if, ++, I=, int, <<, <, <=, log, &&, |, ||, loop, max,
millis, min, -, %, /*, * new, null, (), PI, return, >>, ;, Serial, Setup, sin, sgsqrt, -=,
switch, tan, this, true, void, while, begin, read, write, print, println, available
digitalWrite, digitalRead, analogRead, analogWrite, attachinterrupts, detachinterrupts,
beginSerial, serialWrite, serialRead, serialAvailable, printString, printinteger, printByte,

printHex, printOctal, printBinary, printNewline, pulseln, shiftOut, pinMode

vlauazUszINYRIRMUs
Tunw@siu dnsfmvus waz Sauun vdsvssdauds T Satindufulnousdas
wilnvrfinmatiRnisliouiisdiu Weltlumafudegedisizuwuuunneieiu fie
- char ldifudioyaidudidnws (characten MifvdeyaiBuavdouuiils 256
i
- [figt li‘tﬁuﬁa:daﬁLﬂuLaﬂﬁ'lmuLﬁn (integen) 1#Autoy addavswauule
65536 AN
- float Wifudoyaifumwmedionwuy Single Precision
- | double iudnsaiidummatisnuuy Double Precision 3¢ anansaifiud
iatnefoniiadmayidunuargnsewsmadasinandnuuy floatfia 2 wh

- void Wi Fusudsiliie

A s o =i
A5 2.1 AAIUATERILUTN Y

wiaduus Fouda Ardayafiiuld
Char 8 -128 63 +127
Int 16 32768 fe +32767
Float 32 3.4E-38 §19 3.4E+38
Double 64 1.7E-308 f4 1.7E+308
Void 0 Laidien
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v ! L ar 4‘ I ' . 1
long liseyliudaauimsusluiuysaienennnd intatu 2 0

an31afl 2.2 AnauBve LU Luus eI uTes ANSEC
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Char ¢ 8 -128:0%+127

signed thar 8 A28 59 4127
unsigned char 8 0'f\ +255

Int 16 32768 fia +32767
signed int 16 | 32768 B +32767
unsigned int 16 0 71965535

shoat int 16 32768 D3 +32767
signed short int 16 32768 04 +32767
unsigned short int 16 0 fi4 65535

long int 32 -2147483648 3 +2147483647
signed long int 32 -2147483648 T3 +2147483647
unsigned long int 32 0 D9 +4294967295
Float 32 3.4E-38 01y 3.4E+38
Double 64 1.7E-308 fia 1.7E+308
long double 80 3.4E-4932 §14 3.4E+4932

12



i - X
nsAvuaYtiafuUsTuNN 19U

UBNANFINUITAAUNINTE VB ANSI-C 919 5 viiafinanluudiiu mwddwenln

2 ° a o 3 v v o ¥ o o = v
fdanunsatmuaiiasuustunnidnuldiesias Tasldads typedef Tosfizuuuunisld

UM

typedef type name

d = ar dy g 1l
type fo Yovesviafmusideinisainatulu

name fio YaNldiiunylifuysas (Fauusnnsgu

ayUviiavasduslu Arduino #ilduesq

boolean ldifuatauatiits 2 91mav-ABTRUE Way FALSE

char lifiusdaydvuin 8 5a lddwiuiussavaifadnes dsannsadmun
Juen wietTouisnustineldiedoming e fla wu ‘A’ vie 0xd1 wie
65

byte liAudegaru 8 On Midusdnhufiinuyhidaiedominenilouiy
0 unsigned. char Tup @) dyaannseiiusdaseld 256 # #0255

int wie integer WifiurTiagaving 16 On Aitdudiduauiu wwuAswdonuny
Tosanusaldiudouale 65536 61 Ao -32768 89 +32767

unsigned int Iifivartioyarun 16 Un Mdumdnids wuulifaeioamune
Tnwanansaldifutayald 65536 #1 A 0-65536

long “AdiiuAdeyauue-32 Un duAnavi s fuwuupnessmune Tne
annaniiiuteyald 429496729660 Fiv -2,147,483,648 §13:2,147,483,647
unsigned ‘long THiAvAByarUIA 32 Tn Hduravduduwuultde
winwe Ingatisaldifiudoyals 4,204,967,296 ¢ Ae 0ffs 4,294,967,295
float lfiAusdeyafidiuarvatiendutanieismihetun 32 Un Tavamnsaiu
AlATEnIng 3.4E-38 s 3.4E+38(-3.4028235¢+38 T4 3.4028235E+38)

double lHiAusdeyaiifuamedoutuiiontuiu float uslidanuandenin
float fla 2 Wi annsaiuAldungs 1.76+308

void Husuusuuuitlifinsiiuailan fe Lifidduies

arrays Lﬂuﬁ’mﬂsﬁlﬁﬁuﬁauﬁwa'}a'1fi'fl"ﬂuc?f’.\u,'d61"3Lﬁaﬁmﬁmuﬁﬁﬁ’omﬂﬁw%’ﬁ
dumismsifudeyasmatu Tnefeeildvimdhilduddiuwninedoya Sand
Index Number Tagfndwurvasioyaluduys aray dumisusnazilandu qud

GHD)
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- string Wushudsldiiudennu wie Mdnuamane s 4 stiing fife array ves
wUsUuY char Huies

- pointer usuusitlildldifuioya uildifiuddumisennsavesmie
asldashadususdmsuiuiogn fauusuuuiiastdviamindidusagiy

SaRuntaLeninTaveIaul U dndinile

nsuvasddiauyslaens cast

Tunwdtu Sndafinstherlusauls feseiadu snnseviiu asiléldna
Snéiaely FafuSefinmudniudes vhnswlassinvessuusividusiinieatunou ud
Fahdudsifunssviiu Seluamen® avseuliiinisdlasdrdoyalushusnnuszian
willududnussavmiladunasdansia Wedrldnsesiaiu Tasdralusuyssusuubign

al 2 - = aal S - o o o
wWaruwladlume FusiSenitnnswuuilin N5 cast fesiguuuusiall

(type)variable
- type van#ny  wlievewnUsTisesn siuioum

- variable 2884 -SSR ALLUUTIRD ISR uAN

fuUsHUY Arduino

frudsuut Array arilanueiunnaeaindudsuuudn. 9 fe sudsuundu q du
dovsynetuluiau@dhuds 1 mtsvaanlifudegald vy idesenis
udeyavansgenfazld Array Wusuusildtuleyemy e lilusisifedodes us
ﬁéf'sLﬁﬂﬁﬂW‘%’U%ﬁ’vWﬂqmmﬁui‘agasi'wﬁu Ineftaail i idustiumntanisiiu
Foyaseiu Tngiaauilivimihiidudadsumisuasteyavesauysutu Aray Foni
Index Number lagengisUissdayalusiouds Aray dauntiiusnisdirnidurudiaue
Fuusuuy Aray annsomalilddmiufivdeyauuladls Woaudiideusiin doyad
gzviulusuls Array ThudeuduLuueammimie Wy array U84 char, array 994 int,

array ¥4 float array 84 double \Jusu lnsgunuumsuszmeasieiuys array fie

YuaUs Tesuls(sizel;

atinsuls Vesulsisizel size2 size3,...sizel;

- wladwys mineil viavasteyaiiauiiulu Array veesuys Fsldlatududsyn
UsEnvuaanwd (WU char, int, float, double

% w i = A w =l o v o - ) W
- YaRus [size] wunets Fovesauds Array Aiseinsadslulaefivuiawiniu m
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- Size waneily vuewes Array Sududnnuiinsliiivteya Tasmsidnisloyaneld
#% Index Baflenszwing 0 B size-1 Tumstiumisvestoyalu Aray
. Sizel, size2, size3,... sizeN w3188 vuAve Array lunsdifidvun Aray 1Ju
Aol
Tneguuuumsinifiudeyates Aray tussivuuuGesdusailiseiuly Wuyaq Guan
aviuusnluaufedwiugaying fegitu

= W w
A3 2.3 NFIAFULUUTBIYAUBY Array

msg[0] msg[1] msg[2] msg[3] msg[4] msg[5] msg[6] msg(7]

A B < D E F G H

= B [ ala
A19190 2.4 ﬂ?iﬂﬁﬁﬂﬂUUﬂ@iu"aﬁﬂﬂ Array WUy 240

8van

RO,CO | RO; €1 | RO, €2° T RO, C3:1}RO, €8~ RO,.C5 | RO,C6 | RO, C7

4aum JR1, CO4R1GCL hRECZ Cl/RY €3 VT RL G4 IcRT, Ga. | RING6 | R1, C7

R2.COFF RIS FRET2 (| RAICIG | B BB, B2 | B3 A& | R2, C7

AS) CALFREI GRS €2/ | 83003 \ TRE LOIHIISh A RS CB Y| R3, CT

- ' 3 s ( aa @ A
Falumsgutoyaiiasaanin Aray iy 2 IR ssldgUiuusal

char buf = msg[A1[07, // eausiann Array msgia s sasnusitl (buf = f0”)

nINdLEFEnsolRE s uR LU s S S uTe s Array Iaeld arfay pointer Tun1sd
y Y PO

suwnuasuRudoLaty Aray lonae lasldgunuy dal

char* pbuf = msg[0]; // kobuf B liidumuaidsfuves Array misg[0]
Serial.printn(pbuf); 7/ Ravienderuiitiag podf

dmdunisudladliiu Aray duiaslin 158 1euvusueiuasvdn 103 Array Viazsiiunus

WURENUAUNISEUY 11U

msg[4][0] = ‘?"; fauaely Array uaafis fadnesiil = 2’

o v o 8§ v a - ) )
Tunsvusly Pin W Outputuaznisd@lv Output Pin 1Wuaedn 0 w3e 1 Fafdeald 1

ANda 99 1Pin

pinMode(2,0UTPUT)

pinMode(3,0UTPUT)
digitalWrite(2,LOW)%38 digitalWrite(2,HIGH)
digitalWrite(3/LOW) %39 digitalWrite(3,HIGH)
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fauUsHUL String

Fusuuu String Aefudsdwiulfiiusdnysmaes Fdlumnaundusiud
wUswuu String Asmdusuusuuy Array Ussianuils ieaudidu Array veaisnusuuy
char Winfutes Fadounnsnaves String AU Array Aifle String Awdaslaviedeyadiud
Yoyadiidumudiane \eswdhlunourmund1ves String lidasfimunadguddie Tay
mwBazduiguddaieliodnsalulh dafulunsimuavuin Aray vee String 1
Featmununues Array Wildwnn s uishusidesmsiaiu 1 duaue Fanwnd
994 Arduino @113aUsENARIYS String lavaneguuuy

Tassasmsdaiudeyavunn 8 Byte lusisil

= 5 o o ) 2
M3ei 2.5 wanslasaaiumsdniiudoyavasiauysuuy Sting

st [0] st [1] st {2] st.[3] st-[4} st [5] st [6] st [7]

A R d u i n (o} \O

FUswUL String @u5aRsavdeudIRTaIRuYsts \neltfads sizeof( ) n3e
[y o o - ) o o | Ly [ )
strien( ); Ingdhlderdy sizeof() Aalfiasdusan Array ANUATAUGH thdeanistuamse
el LAusMSnesesauditaneiafildausne 1 wane dau #9ds strlen( ) axlden
\ ' " v o W i> & e o 1 v ¢ v
ArmemIvad String lovngauRluAus sy Lidusamsuminil i uguése
AuUsuuL Pointer
Pointer Liuduusililfldiivdoys wilfifiurshutiueninsaue wtaenimuen
T e o o ) & ° | - v o '
ldaalingwdsdmiufudogasnu Ieeshulsiuuiagldimindusdamludaiuns

£ - o e e -t v o X
uonnsaveaulstugniivils Taeilzuuuunasigiudsil

wiafuys *Yadauls

- wfiafauys mets” vhavedauysseenns v pointef
- *FadauUs nuneiT-Yeteeanlsuuu-pointer Farimunlidesldiadomune *
Wweuayiuiuassasie
Taglunisldausuusuuy pointer 1y sxfouiieatosiuiaieavians 2 §u fio * uas & lae
wismine * arldlumsdrsliosuusuuy pointer duaiomine &arldlunisimund

FunLaLEAnTaTEIRILUS AU pointer

YDULYAVDIAUUS
AMBlaTuuniuls auveulanisiSunldau senlusail
- b < w l & | a w
- local %38 automatic uuBTIRILUSAUTENATRludUSURuTeslUsWNsH Ty

Block {} Tnesmustazisanldlamniznmelu Block Aivsznialiwintiu wWislusunsy
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UMIYIUAIN Block wiseenuan Block U miremudniiliaineiudsiiazgn
=3 ar cf o | a W Vs el v
snidnly msUssmadudsuuuil mstimuauslliiusud s
P () oA W va oot 1 = = L a
Wosan mswlanmwaslifvuamisusulifiudius uiszBateenddeyaidy
- v o < o v v ow T e
idneglupnudmgninanidasteduys Wuaiduiuuny
global #38 External mnefisulsiiannsaldildsmiunileaidululusunsy
Tnsflvoutannisidauswdgafidusiuyseniadiuds laudugaveuiunves
TWsunsu nedudsuuuiiszUssnanouilaidundn main() ivevinlynilaiduly
Tsunsuannsasenigaula
static Svaurvamslduanizaielu Block ifmualividu Weswwelia iy
nsaiilolusunsu@snuen Block WWuaiAmiswsaitysazdldnueaninly frsinag
Jemsnguazansnsaionldauaiielyle
volatite /1T keyword —lfuseniaiReysniinmsiuanteadgindudsi finns
wWatwuwaseegnamaas uakyn ilulusunsy vemalusunsivan Tusunsutos
w30 Inteprupt Wedanulalintsudanidisinvionisanuuin Cade (Optimize
' ] o Y - wd
Code) dmfinvannsyiiusulsivsemelii
o e 2 o i v & i =
const lsgmadisuantinsudanmw@iindwdiiivasnalituudad
PROGMEM - i1 Keyword iieuanbinisudanas@zindudsnlsenielil
Fosnrsaaiaziivlumiesuddlaid ulvswnsuaes MCU(Program Code
= & g o o '
Memary) 3spa AVR galfusuusiidesnirainbiiaduoenuiliuitesetie
- “al - () - o ok
e Wil sasulasd lusas dsunsuieauey daadsusenimiu
PROGMENMATuU sz ndiaviingamdT SRAM Tun1sunnldasneduds

Araeiily Arduino

. a o o - o P 3 o v o
Tunmw Arduino SinsfayueAdaudsh (constanATvununialvgldienldine

SrunsauaraaInuaztisliasteTuRTImINsvesddslulusunsuldisuasnsa

ANUVNIUINTITU

FALSE (Jufmafibuy Boolean ffnduguivioia

ol

TRUE 1fuenasfiuuy Boolean fandudilaqitlildgud Sseraidu 1 wie -1 vle
AdulaAlsitlalagud srdoduslwSaiaann

HIGH Tdunuaaiuzaain HIGH w3 Logic “1”

LOW Tdunuantugasin LOW wis Logic “0”

INPUT Tlun1simunsn anug input Iffuitaridu pinMode)
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- oUTPUT Wlumsriwuae aauy Output Wikuilai$u pinMode( )
vennFAsiludnAinseiermusliidannnisulanidly Arduino Suldmail
Snuuunils Feiifie Fadiuuuiaeinaudniignimusandldies
elfurensiiogluguvesddiavdnnuiuuuuini q udillewnquauifvesiauls
dmsulilumsiivadiardnnudiiuasiioguinuienatsuuy 19u signed, unsigned,
short, long Fadulumssmunddatadliiunisuvansdfsessinissyyli Compiler
wswieihdavismuslududuidaiauiuule Tag Arduino fmuslildswassnes
AevhesiaY e muae auasiRanzvesinaunudeants lasldsiaddnes U uas
L devhednanieusvenivguanianzyesiiarluwuuiiingeims fewrlifdnusin
Wén wie MilngiRlatiamumamilounu Ao

- uwia U 'l%ua-ﬂ'lﬁm'suﬂammﬂﬁiwﬁvmwﬁﬁmmvﬁuwuu unsigned 19y 33U

- Lvied Muenlimwlamendsiwiaudifavumuuuy Long.itu 100000L

- ul#3e UL ldvenbimatvaniwddidtasitvumuuuy unsigned long Ly

32767UL

Iwatuazaaaiun15vas Arduino

fimad (Expression) Ao Ustlupsndy Fefioitussiusenouitusuillddmivadn
Uselopuuriiiiudedautasniu® lneineultdniultlumsdalvitne sy 2 S1uau
inse¥fidleniindeaing (Operator) Wushraninasnsayiueassua 2 TnsAwes
Sruauns 2 o9 B Aaei Ay vde Ardiaxale « AR

fiaANLtiunig (Operator)
Ao iASownale 4 Aldihvddinaainsaszyiniuses daunw 249wy Geenadu
nsnsyviriusswindeyaiodeys Teyaduduusiaiuwsfiuiudsnls Taodaeiiiums

=i

‘ = ' 2. b P 8 o v ol 5 i a s £ '
ldlunund aflegieofumeeyseinm teldvhuihiidunaeiaiu suldun

\ASBIINY NNALAAERS (Arithmetic Gperator)
- ATINUNY MIATMUAAT (Assignment operator)
- -
- IATBIVINIEY WUUYUN3 (Unary operator)
- 1AT9MNIY WisuWisy (Comparative operator)
- IATRwWILNe 1BIRssn 38 MInseyimnaladn (Logical operator)
- EseaNIe Msnsevinluudn

- ° - i
- ip3eane nsnmuaeauly (Conditional Operator)
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LA RIVINENISARIAANENS
+ Munumsuin
- Tduvuns av
* Tdununis au
/  Tununisnas ws

% unun1s mod wiensmisuuueaeilaanmsmsaly

dasnedwiuimuad
= llumsivusailisauds
++  nsifuen
--  MIasm
+ = nsiadadituAen
- = NISAAAMIAYAINIRUI]
* = AdeniiiuAIn e
/ = AAISnoIAUATINY
% = W9 ea mod AUAIWINYN
Tunwnd anrsadmusalifudindslasnuu unik dadendansiiriuueguns Tagld
PRI+ %30 = lUMSAYURAT faegatL
x+ + WWunsiuli | Sellanumnomiioudu x = x+1
x- = | Wunisapsali Selimramnemiloudu x = x-1

wInmuneitlunsSouiiisy
== JAuvuae wueie witu
[=  fdanusdng vdaeds Bivinnu
< dlenuvangaihed deandn
> damuvng wuiedyuannda
< = fanuving vanei desndnmiaminnu

> = iAuvane wefe ¥nndvsaiany

WwIssuunensnseimaladn
&& finuviane nuneds Logical AND #uUSeuldfiu uaz
|| fierumsne wsneds Logical OR Fau3euldiiu wie
| fipnamiane vaneia Logic NOT daueulsiu lai
A3BINIENISNTRIRULTR

19



& g suneds Bitwise AND aifiunts AND veadn

| fleumsne wineds Bitwise OR Fadun1s OR vesdn

A fiuvune wunei Bitwise XOR Faifiunts XOR vesdn

~  fanumane wneds Bitwise NOT &adlunis NOT vesin

>> dAunany nuneds Bitwise Right %‘mﬂummﬁauﬁm‘lﬂmmﬂ

<< Spnunue Mty Bitwise Left dadunisidautnlunisgie

inSomnudydnuaiduqild

. ieomnny willeaeu () Wdwmiuuennsdugrustlondds

{1 wfemmnmadulnna-(Carly Braces)-Widmuaveuivavaustluaddnie
TUsunsugomg

// iemntudnsynsasupireublulTsiRRIds (comment) Tnadananilagi
mamdusesmineianeluussipiseaiy swiienfudesueuazazhigniiluulase

/* */ | \fRpmnElian e ulRven s doudeius. (comment) lnadenuln qitog

swiaedowny 7 Wiufiedemuny  1usunsrsdioiiiiudiobuisyiomn wazarl

dunudadae Fansidey FesUsuuidesusnsrmannasitinsewmuae /2 aseit nnsld
SNy 7/ SefiaamisussiaiUs IR Winasldiesesine 7 ¥ sganunsaidou
fesuednthuiiussvianis nglusunsuesiaieeioaning /< ugaEusiu vesdesuie

v o - oo
warld iaiamung ¥ Wugsdugaiunisifisudiesung

nsasrvdeudsulylunmndues Arduino
Tunas Bulusinsaosmany iy Samisiszanllédo afadeulslvfy

TWsunsudieidnagnsnnsvhammudiisdos Wuriivndves Arduino fuuideatu Al
fimsaseiddmiunsasuiouluina [Tsesunonidsulusumy

=20t

- if..else

- switch case

- while

- do..while

- break

- continue

- goto

- return
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o Y o @ d 1 J “ I e ‘I' < - d'
Tnefdsdmsunsraeuieulunariiagldmupiuiaiomuneisuiisuuazinieaung
yaladn dmsuldivunidaulanisyihaulatumds alaun
= flanuuningdn wianu

1= fanuvaie ldwindu

< dlamuvinein deundn

> fanumnein wnndd

<= danuvinedn desniwsswinnu

> = danuviiein Wnnimsaninnu

&& ilamuvunedn Logical AND LUssulanu uas
| flanuvunedn LogicakOR 1USauleiiy wae

! fianununta Logical NOT watulgiu lai

dde i
Ay if Wumididvsuldasaasuiionly adslilusunsmdonyiinu munadws

M W A o & ] o W e
fildananansaeesuiteulatosidas tneilguuuumideife

If (3ouly)

{

o o = w o N ey -
Adineeenswidiodouluidugdy

et

o i P o - e v e a d o o a,
msvnuretiusunandlattnisasaadeulvwuui fe dteuludlusSifasvingumusids

'
=l

fogwaateulvusditouluduviaive sy ndudeulyiv

A4 if...else Uy 2 muden

o o % v a i al at % W o s
Ada if..else. IWuRIsdIns9auIulvwAeEaAn if wilddmSunisnsivasy

g
b =

< ] P oL g
weulviiivaaiiutiuda twinden lauii;vuvudidesail

If(iouly)
{
Ardafidasnsiiviuiiedeuluduss
}

else

{

o o oW Vo & o o
Fdennsanisiiidiodeuluduia

|




o4 YR VI X a < ar ds v oA -
Fannguuuumslifds if..else wuuil fienumnemilouduussloaiii ddeuludusie
v o 1 J 1 1 u‘; v o 1 u‘: ¢ &0 =i - [} ez 5
Tivioeneil liwuty Wvinegnatu aaziulai WWsunsuasiimadenlumayinauiiuau
YINMIINISIERAY if 8n 1 maden saudu 2 v Ieemadenusn Wunmadenilusunsy

o 4’ dl' - 1 = é - 4 o ﬂi ﬂi‘
azvhaudloteuluduass dyumadend 2 Wumadeniaslnlusunsuvhanudioteuly

Wuia

o o =

Arda if...else wuuvateauly
O 8P a v - 1 el L v
Mda if...else wuuvatedouly Wunsdwmsivasudauluiudeany if..else uald

dmiunisesavasuieoulyiifliGeuluannnii 1 deuly lesiiguuuuddadig

if (Fouleii1)
{
mdsigosnsimiddiodouled 1duss
}
else if (Cauluii2)
{
dsiidaanasiiindiodoulad 2 Husds
}

else if (i3pulvdin)
{

mdsiidemsliuiedeulad niduass
}
else
{
Ardai
}

L

vo o o =
ENﬂ']ﬂWWTLJJE?NOUhILﬁULWQ

< %o wr . - - a a1 v o
Franguuuumslidd if..else wuuill famumnemiloududseleaiinn ddeuled 1 10y
- v o i (] 1 .l; t 4 ai d' w AH' A - ¥ o -s'
9531 Wiviaud 1 llutuldesasasudeuled 2 wazdndauled 2 Wuase Tivinaud 2
luwudulvnsisasuidoulan 3 wazdndauled 3 1 Duase Ivinaud 3 ladugulv

- - v oo - - v o -
G\S’)ﬁ]ﬂ@ﬁNﬂlﬂ-’Uﬂ n LLﬂgﬂ"LQQUIﬂV] n L'ﬁu‘%iﬂ 1‘/17]'!*5']“1’1 n
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o ar

Ad4q for
e for Wupddmsudslnlusunsuiusouyingu teelin1siivuaaiisusu uay

P '3 -l ! = @ g
Reulvmsauaniuiueu Ineliguiuussil

for (AEuAY; Reaulun1siusey; nMsduAwseansmulsluurassau)
{

o o o v vo v a 'Y Il

Adsndeanisini drdeulunisauseudiliiasa )

i switch/case

fds swich/case 1ddmiudinsrvasuidouly iieidenlilusunsuvinaum
Goulafideansiisaiouludien Swaraimsiuesinds asmiloutuiu if..else wuy
wmaL‘ffaulmﬁuqLwiﬁgmuums’tﬁmuﬁLﬁuizl.ﬁuuuaz'[{fmua"mnfh Fanrsvianuvesdds
i audumshalususidmueliluviinsieaisutumadinanely Saseufiay
WrdeulufudiuadusunsuaginmumusdsioyudsdaulvnisiuTeuwiloudiug e
pnaeudiafariunTsseudeulwsly sulsdugaviny SlirenisiSoudiouling

fudeultlewe-Ateluvharimyfmadogludou default suuuunistiaudis

Switch (s 7agsingmsnnagy)

{
' i o a4 v'o -l i - o
case AFAINd; ﬂ’léfmW-ENm‘ﬂMVl'NﬂuLzJaﬂ'-l‘mmﬁ]ﬁﬂUmmﬂ1 lﬁu%iﬂ

L] d o .-'J d Q‘ i : =
case ANAINZ: AAWABINIS ITIndIuEian s asIRaRUA AL Wuasa

[ 4 © y 4‘-‘0 v o nﬂ' | -I -
case APATIN. - Frdefidaan s udien1snsvaaUA R (Juadt
default : Adandainsimiraudelinsnudeulylag
}

.
ar

Ade while

fda while (usds i ysunsisaUam®i9iu (loop) Wuieafuiusds for
usifimnuuaneinetudl fds for aiisnuseunmaiauiiuiueu widds while 9gviaty
lnsseubifrvaunhdeulvanduiaiasdugansianiluissey Tnefisuuuuded

i
While (Fouln)
{
o o =l w v o - W a '
ﬂ"lﬁ\?‘ﬂﬂ@\lﬂ']'S‘LVWI'NWULIJSNE]UI?]ENL{'H"\]‘NBP{!
}
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3 o a v = i v Vo o
mavhnureshdnsEudussnsasasuieultlnadutey dmuindeulud

- ' 2 ° i S T TR | W s -
\ueeeg Assduiluvhanumudmdifiogwdaieuly iadudnsendunnmasuiauly
Tnil Tngnsyhauazawioudh q sgituiilusasn sundileulvaziliuiadeazeanann

ANde

A1ds do..while

#da do..while Mdmudslilusunsuausauyiaumiloudu for wagz while us
Snwnzmsvhaussuansieiu Taefdsiiasyhaumusdmds do dou udiSwnsvasy
Fouly us while %m'maa'uL'i"aulmriauué’ﬁaﬁwmumuﬁﬁaﬁagjwﬁu?iaul‘u lagtimans

o

ayrvasuldeulvdudusiegnasndultGuiuheausuddiiegnds do 8n auninag

W

wuhideulnduindwesaveindd lngguuuuresdddiliufel

Do
{
A aNADINIS vty

jwhile (Fgula)

fnd break

Fdq break agliTnfUAA sHtanivhuLINse U . do, for, while el
TUsunsamganissumniosmaiinusimsevlaskiauladeuly vanantudadld
Fnda break dviudilAlUsIAsIRUNTSY I IUTBIRNAY switch tiataunisasaareuiiouly

soluluf&ves switch

ﬁ'\ﬁ"a continue

fda continue alddmsvdiusunsadmmainouaesdrdefiagdaludiuou 1
fnd uithdeusdediinelinsaunsvnaueessdadivaiuiutidunsey Wedo, for
war while aziflunsthumsieauly 1 seaudu Faditnastunisvnusimsseulagly

foesansIvdauiauly

0
aF

ANd4 goto
Ads gotorlumdsdmsudlilusunsunselaluvaudsiundsnnslulusunsud
Srafiadaedumia Label Taglhiauladouly Fansnszlaaveslusunsuannsalulinn

femais uniuavoeends Inefisuuvudmdimsldnuvesidadudil
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nstiNsnsElannesnaINau

label:
o “’ A
Adadue

goto label;

=i L v ¥
nsinsnselaatulutnmin

goto label

AdIDU

Label:

label nt1efia it Gbet Tasltidugndredelunastilusunsunselaadnuluvinn
Taenskete label sefaudnuasdorivuniguliotuiunisnsdesauys uildiadomune
Traou ( ) Daviede Teplidodneriamuelpasy ifuamuilivesdede  Juiiies
m‘%awmaﬁm’s’waﬂ'lﬁ'miu:damm%%’ui’tvi'!ﬁgui'ﬁiam'szn'm‘lﬁuLi‘lu Label lsilsisn

s

ANd4 return
o ar w s o ' .i' v oa
And return AglEdMSLIUMIIIRILAIYSUNsUges UanInTuddanunsalily

n1sAuA1 R sLasudaenaulUglYsunTumanene

TUsunsugae (Function)
= | P ' P o a4 v ow v &
Tunsfisulusunsudy WelUsunsuiivuslnguasfinasvinuiadududouunniu
nsldfdimminasieasuleulmegaaditiindrauedtubinsawslunisudlgumile 343
wnAnlunmsuiaimsvhanuvessunsueeniudnqlasusazdunvsgnivuslivimind
' 1 P & v e | d ' < v o vl
st ulnegrmilnuiaidunihi dwduvedlusunsuiignuiuensensenuiielivimiii

agnlaethmile duavgniFendt TWiunsudes Bslunwi@azienda #addu (Function)

JUuuuvaesWrigy

sUnvunsadndu Jodladdu(dfidsliilendul,. 2,..n)
{
wiiaduys Jedauys
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AN

| a1 e ')
return(A1NAIAUNEY)

- sUuuumsdedndy wnei sisvesiudsiadlflunsdasiusainiusunsuges
nduluglusunaumdnvielusunsuivimidugSenliiusunsudes dlidons
dsrindu Wiryusguwginisaseinay (Buvoldunu Tnsguuuunsdadingu
Foasemelinthievasieiduaue

- Foedt vnedy Sevesilerituiidesnatiite %a’lﬁ'ﬁaﬁwumu&wé’nmmm"l.ums
Hdlamilounasdavesius

- gftdalvideidu maneds ﬁauﬂaﬁﬁmmsﬁadwiﬂlﬁﬂaﬁ'&"uﬁmu Fagostmualy
melwady () diegvddediandy duhomastinbituitaidunioni 1
ey posin (Jidusutmenteyausasyneas uadbidosnislifinns
dsiauartuluesh masimunalu void Wi

- dnfldeRundt s ddegaiisesnasdanduludaileiduliSan Tnslunisdeen
Aunavu o saddugBondusdlimds retum Juddslumsdsdanduase

v

viinvaalenu
sUtvyraaileAtunllunied wilegiedouaisusyiuegiuniseanuuy
o L = =y ] o
Wsunsu uazandd @glunistdanuredisunsy Faunsysunsufiinsdawanisvinay
nduunidulusunsudwhaSenldme ualdsunsuilidpasarnaufiuan uvslusunsy
e [ v v as : a g ' o v ot ' v
Afimsdeiuedeyaluliivivsunsrseselududinivinnuiie Ssawnsauusesnld
WUy 2 wuunan 9 fe
- aiduiilifinsderndunndslusunsugiFon
& as - - ok ) - i ) - - €
arfunuuiiaediuuuumsdsrindu 1 void fudiedenldfazGunawsevasileidy
wihiu Fefardunuuil Selludaneniu 2 wuniimsdsiumdeyaunlifuiidulasuuy
lifinsdamiuadoyauliiuiteidu
¢ da oo b ) -
- Heitunfinmsdenndufiusndalusunsudisen
¢ a A v oo T w8 v Co v o - v
Handuwvvilagsiosimuagiuuunmsdsinduliiuiaiduiie gslumsiSenlsauldsunsy

goswuuil Wsunsuiidudrodenlddesadeiuys Sdlviadeyansaiuguuuunisdaa
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nduesteridudn Feilaiduuuud Saiutausndy 2 wuu fie wuuiiimsduisndeyaun
Wifuilaidunazuuuiilifimsdeiudoyaunlifuiiedidy

- msdssusssrineteridu
dmiumadsruideyennitiduiidudedFen WiiuitsiduiiduinogniFentd du

0
as

) az o i a ™ P 3 e - R T ]
ansaldlany feddunvuiiinnsdesdnduandailaidudisannie dlanduiliiinasden

'
as =i

nduandalardudisenila ngdsnsdaumbitufleidull 3 wuuwdn q Ao

ANSANTUANN LRI

NNSAIUAINIE Pointer

NNSAHIUAINIY Array

- misasualiieidugiesaus
Tnerndeyasvgnatinlubifiuiusunsugos iuvnedanys nunt, fag num?2 Fudloaums
Muredlusiasuday sum ArdinisAuA1tes numl+num2 navduu vinulusunsy
di3on Tnslusunsudenssldnssudifuaniibuduuuy int Wseduafiavdinduain
Tsunsutisose laslusotnasaanbiivisnissumfainduineanlusuniugos 2 wuy
ofuRe Num0 = Sum10,5), muidiunisldsaus numo tunissurannldsunsudes
ve9 sum Wanewsenldluskasuded sum azdnnsehuanluln 2-Aa-fo-10 fiv 5 1 10
vgndsinululi numi wae-5 aggndar iy num2 Tnasriidsinduanidsunsudes
Fufy return Fuszgndsnliiugaes numo veslusuniudiBen vndufedeiurie
984 num0 TisundLInanlUsinsigas sum Bnununilsldmad Seralprinttn(Sum(s,2);
ynmssesusfidenduinenlusunsudeulasnsaias Sauutivinliamnsndeulusunsy
Iduniudlduamsiauiindiousu
fds 3o Waridu vae Arduino
- nauddsdamiuldnw Digital /O
- pinMode(pimmode)
- digitalWrite(pin,value)
- intdigitalRead(pin)
- nauidsdmiuldo Analog 1/0

- intanalogRead(pin)

- analogWrite(pin,value)
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nauArdaiudndwmiulFe /0 (Advance 1/O)

- Shiftout(dataPin,clockPin,bitOrder,value)

- Unsigned long pulseln(pin,value)
nquindsdmsuminaian(Time)

- unsigned long millis()

- delay(ms)

- delayMicroseconds(us)
nauAdIndinmansmath)

- minky)

< 7 maxix,y)

- absx)

- contrain(x,a;b)

<+ maptvalue,fromLow,fromHigh,toL.ow,toHigh)

- pow{base,exponent)

= Lsqrtix)
nq’uﬁqﬁaﬂﬁﬁ’lu':fummﬁnmfﬁ(Trigonometry)

-\ sinfrad)

-« cos(rad)

= “tan(rad)
nAuANAIMTENATS W IURandom Namber)

- random(seed)

- long random(max)

- long random(min,max)

nguArdansdeanseyns(Serial communication)
- Serial.begin(speed)
- intSerial.available()

- intserial.read()
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- Serial.flush()
- Serial.print(data),Serial.print(data,format)

- Serial.println(data),Serial.printin(data,format)

nguddaAgafu Digital 1/O

Frdslunduilibunguenda dwsuldnu Pin 1/0 w81 Arduino Tuwuuves Digital
/0 Famuundudluniseesmusninildnundygravedilasneulnsaaed dedes
Funfui Pin 170 T 1savseadnlumusslifiuidamesaedlusa McU Taenss iite
EenimuagULUUN TYINUUBTIdaR MYes-Rin 1/0 61739 T,ﬁﬂﬂmam}‘ﬁmuﬁmﬁaqmi

dm3u Digital 140 Pin Tu Arduino fhy 9eiidruiviedme 16 Pin Tae Arduino 16
fmunITavasiatT L SuRes LR TIAAseIng 0T 13 dwsudreda Disital O W
14 Pin winudnAudTayd Digital O Pin d7udu 2 Pin Fagnasiulidamiuléidunedn
doansoynstl RS232 dmuld Upload Code voslusinsliivuain Junde Digital 1/O
Pin dniuldeudu Digital I/O 93993 M9% 12 Pin' fig Digital /O wsehay 2 03 13
i Taedadslunguilasilogiantu 3 dds e

- _void pinMode(pin,mode)

- void- digitalWrite(pin,value)

- ‘int digitalRead(pin)

voidpinMode(pin,mode)
wihfinsvh e
fndatl Tvimifidansuimualumsinauvest /O Digital 1/O Pin 84
lulpsreulnsaiassmiti Arduino Amudlilademsedingnldeiue Digital /O vila
dieldaudu input e output
sULUUTBIFd:
pinMode(pin,mode)
Amnsiwesiidenis
- Pin wed vanelavswa Pin veswdygndiviimiindiidu Digital /O Pin @4

i
ot

eilviavun w3 14 Pin e 0 fiv 13 Taedosimuaguuuuvesiaiay Ty

RUUIUIULALE
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- mode v wihiinisves Digital 1/O Pin figieenisivun Fsanusarivun

18 2 wind Teeldswadeautu INPUT fu OUTPUT

1 44 @ 3 ':l
AIAUNAUINNRINTY

- lLifinsdsengu
faeg1ansidau
intledPin = 13; //Usgnie@auys ledPin wnu Digital Pin-13
intinPin = 7, //Usgnm@auys inPin wny Digital Pin-7

void setup()
{

pinMode(ledPin,OUTPUT); /fwuaniafives Digital.Pin-13 1 output
pinMode(inPinNTPUT); //favusminivas Digital Pins74Tu intput

}

void logp()

{

voiddigitalWrite(Pin,value)
wihiinsinuvesida
edai] vmididmuranusaomuznie Oltput I Digitat 1Z0/Pin 1de9n1s
Tslanusyeaeinediu Hish e Low Sandranafissdinusagidsi wBIYNAMUA
oAty Output Seuioaudn
SULUUYRIAA
digitalWrite(pin,value)
Amsfweiiideanis
- Pin vl vanelavswa Pin vesndyiniivimiaiilu Digital 1/O Pin 3

¥
Qs

seilviavun §1uau 14 Pin Ao 0 fs 13 Taedosimungluuuresdnas Tidu
wuus AN
<t ' e - ) o
- value et M@ANTUEN Output Y84 Digital Output Pin HBINITNINURA

Faannsafmusmanugliiu Pin 16 2 A1 Ao HIGH waz LOW
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i d = al I3 c'l
AAUNaUIINTINTY

- Lifinsdsanau

fratanis i
intledPin = 13; //Usen@sauwls ledPin unu Digital Pin-13

void setup()

{

pinMode(ledPin,OUTPUT); J/fuavitinfives Digital Pin-13 1 output
}

void loop()

{

digitalWrite(ledPinyHIGH); /A Pirct340u High
delay(1000); /U478 1000ms (imS)
digitalWrite(ledPin, LOW); /A Pin-13 (Uutow
delay(1000); /A Rnad 1000ms (1mS)
}

intdigitalRead(pin)

wihiinsviaanuveedrd

il v i msU weuaran Tz Logic Input 984 Digitat input Pin 373A
anuzilhu High w3e Low'%‘wﬁ:y;mmﬁasﬁ"qe’iﬁuﬁ':ﬂﬁﬂﬁ"ﬁﬁ smpagnimunfuaNURLA
Vi inplt Feusouid
gﬂu.uwmﬁwé’a
var = digitalRead(pin)
Awsiimeiiseanis

- pin waneds vunelarsia.Pin tasndegadvimididu Digital Input Pin

Feaziivianaa 797U 14 Pin e 0 ©9 13 Taedssimunguuuuvesiaay i

Wuwuudnudu (int) s

AMAUNaUINIIINHaNTu
) 2 s 9 R | o & as et '
- var ;uusiuv int dwmsuldsesuaridsfundvuiannieandudadusianiuy

veaednues Digital Input Pin Safidudiu High vde Low
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fegns it

intinPin = 7; //UsEnadaukys inPin wnu Digital Pin7

intval = 0; //Usenaiauys val Wuwuu int Wewiuen Digital Input
void setup()

{

pinMode(inPin,INPUT); //fvuantiiives Digital Pin7 W Input
}

void loop()

{

val = digitalRead(inPin); AT Input To¥-Digital.Pin7 13lu val

}

nguAduAgItU Analog /O
-  analogReferenceltype)
- | intanalogRead(pin)
- “void analogWrite(pin,value)

analogReference(type)
wihimeveTuyesFnds

FAF e I nidmsuBenyilateduswus 18 weeeds Analog to Digital w38
AD iteldanidiu Anatog) Inplt - (analoeRead) , Fapmadnives Analog Input 9%l
AMUAUTLSIAER TIN UL I9UB1988Ue T Anatog Input - 1nB9zEIUAINAGWEVDY Analog
Input I furdegn, 1023Ailousesu Input SAwityuseiudndsfiiimuali
gmwwaaﬁwe‘i’a
analogReference(type)
Amsfimeiisans

- type muefi viaveeA LT IF US98 TisRINSAMUAlER Y MCU 89 Arduino
ANadaNIIMUALSNUETDIANY Analog Input 19 3 WuuRIeiu Ae
- DEFAULT fiA1U59Aus8auminy +5
- INTERNAL flfus9eus1989 1.1V dmiu ATmega88 w30 ATmegal68

wagdlandu 2.5V dmsu ATmega8
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= 1 at } 4 -y at A ar
- EXTERNAL fiausesusiedemuvuinusesuitaulinuun AREF 20

AyuUan

Ve w i)
AnfirunauIInTandu
- Lifinsdsdndu

Unsigned long millis(void)
wihfinsvhauvesds
fnded Mvimthidmsususseznailusunsususiuvhem Teglvresnunly
wiatves milli-Second Feagammnliuszoziiameviinauvedysunsuliugauszuiu
49 u 9 dalus wdawindurmaduvessangiunduluduSududigudlni
EULLUUFT"I?!"\‘]
var = millis()
AN SiRBsdeINTs

- lifinasasaala q Winuwaridu

Afirunduanieddu
e O f 2 var 1 el o ) 2 |
- “var pasmulsiuuiunsigned tong daniultiueidRundusiaaniaidu 3
1“8 1 - e & a v e 1 o
Wuenanmumiaaiulssusiusunsusuauyiteu Ingivdedu mill-

Second (1/1000-mS)

FeE1aNS Y

Long time; /A5 sUat8 tirme dmSu@uAUs long
Void setup()

{

Serial.begin(19200); //fmusaTldunesRaYNIuAmEAT baud 19200
}
Void loop()
{
Serial.print(“Time: ”);
Time = millis();

Serial.printin(time); J/RUNANIAMINUARIUATUTUNTUENYINY
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Delay(1000); //miaan 1 mS
}

Void delay(ms)
wihiinsyinauresiids
fndal] MWvimiitdmduminanan Teediviaedu mS (milli-Second) dvanunsa
Amuaainsasandusdas Uiy s2nine 1 8 4,294,967,295 mS lasdt fn
138784 1 mS zdanvindu 1/1000 mS
ALOGILRES
delay(ms)
Amnsfimasiidens

[

- ms @8 Aanigainasvihabien dvidedu ms Tegrafdualiiusids Wy
vy unsigned long Ssanuasnfvusrnlaasesn 4,294,967,295 usdaalsidy
NINURFTF AT SR HIEAY Arduino suUndity dafvunailag
Feulusyuuurs warundien TWsunsdmaudaned ved Arduino giieh
suavirdiendu integer FafiAaluiiiu 32767 it ShasianupaInIs e
nafiiesannda 32767 fssimungurvudaasliidu unsigned long dae
Tngldiaonws UL mauviasasaay o 19y 09989n 15N muaAInLa1Ia)
Wy 60000ms_ AlWlEgTRLUMsmmAdaeAInNa IiUulYY unsigned
long Ap detay(60000UL) el lsAfignses

Afidunduainiteridy
- lifimsdmanav
fn9819n15 19U
intledPin = 13; /MsEmeiulsPe ledPin unu Digital pin 13

void setup()

{

pinMode(ledPin, OUTPUT); J/tauate ledpin v Digital Output
}

void loop()

{

digitalWrite(ledPin,HIGH); //fvuaiv ledPin = HIGH
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delay1000); //midanan 1000ms (1 Jui)
digitalWrite(ledPin LOW);,  //fMuusli ledPin = low
delay(1000); //muiaanan 1000ms (1 3ui)
}

Void delayMicroseconds(us)

WUIMNTYINIUTBIAIES
o & & o v o W 1 - y P
frdadl Wwtdidmiuniaana Teedindedu us (micro-Second) @ilAnnas

] ar

nurIaNAAY 171,000,000 mS Teededduilmunzdmivlddamiiiaiseozdus u

=

Wil uS nsamnsaimussgalil 16383-us Fainen1sviaiaiiu 1000 us
aswasululdidmuatiaaives delay(ms) Wyuavivsisand)

JULUUAA

delayMicrosecondstus)

s ilweTiFeInTs

- usfe Maaigesnmurnen dminedy micro-Second

AvinduAuannlanTu

- _lifinasdeannay

nuATEmAdinmaas

frdslunguiandundudrdsdusuidlunsdiummdamaniuagsiinaia 39
el dd v unTdeUAn WisuBUAY SaTansiaseihuys wiethluldnumudouled
FDINTT

- min(x,y)

- max(xy)

- abs(x)

- contrain(x,a,b)

- mapl(value,fromLow,fromHigh,toLow,toHigh)

- pow(base,exponent)

- sqrt(x)

- sin(rad)

- cos(rad)
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- tan(rad)

Val min(x,y)
wihfinisviauesnds
dail lvhmihfidmiunsieaeudidian 2 $1uru hrvesiiavyaladidilios
fign dmuirdavyeledidndesiian wAusmesFuaviunduIn
sULUUAds
var = min(x,y)

ANNSITLMDINRBINTS

) =
- x Ao AFUATYALTA NABINTINTINABY

= i ows P 3 y
-y flafdhiavyei 2 1R0InNTnTI9eeY

Ardimunduianitaridy

“ — o ol a ¥ l‘i ) !IJ g ! ar l!. v
7 Jvar_fie muﬂsa’msu‘l‘ﬁwmﬂﬂmunaun’m1nﬁaﬁ'u'u A8 ATYINNILAYYIUBY

P o a 3 o
Wign 220 2 uauialifuilandu

Fod NI

sensVal = min(sensval;100); //muqmﬁ sensvaliigliify 100
nneheteireiu anduvetiesssnsussanglidds minilevihnmssasuuar

Usualufaus e libedlusudsiienduisdmueld Tnelushegnsasvinasusueily

sl TiaAu 100 TrodhwudoArteafauds sensvaldidtionnda 100 Aazairdnsiuly

THanuas uitmuramludiilsves sensval fidaiiy 100 frdsfiaeinasusuanlusiuys

WAy 100 Fufuaives sensval ezl 100 ue

Val max(x,y)

whfinsYuTeIds

Ardadl liviwmihfidmiuasisasudidaian 2 d1uau InAesiuaryaladiaann

<

fian dmuiiaveledawnniige awurvesiaviunduin
gﬂuuuﬁwé’e

var = max(x,y)

Amnsidinesfidesnis

“N ! s

= v
= X AD AAIAVYALIN NABDINTTATIVBU

a 0w P
-y AR AAIATYRN 2 N DINITATIVADU
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Ve a &
AMANNAUINHINTY
- ) a [ ey S | o far A ' Y dai 4
- var fp fmulsdmsuldsuaiidsdunduunanilantuy fle ArvesiariaIuan

4 o J 1 ar 25 L3 I'l
#fianann 2 duaundandulreidu

feg1an1s gy
sensVal = max(sensVal,20);  //AuRulH sensval fiflaidndn 20

ndaendndiu widumainvenisussgndlifids max iieviinisnsieaey
warUsuAilusuys wielildarludhudsildvhninfisdvuel Tnefegreasyiinisuiu
Anlusauuslilisidndinga 20 TaeghwuitA1vesdauys sensval fiduanndn 20 Aaziiien
Tl leuas uigmualuiaunsees sensvatsiaisngi 20 Fadsfiazvinisuiusilu

Yl ar 5 ¥ oo 2 =
Auwdshiiiandu 20 Muirves.sensval Aasiidteugafe 20 taue

abs(x)
WTNI9iTTeIRIas
dded] Lviihdmiudanuvrmdiysaivewauys Fafdensidouday 1
Wuavdruauiu
sUnUUANAS
var = abs(x)

AMNISAPESNIReanas

1
1 o =

- xfe RN IsFsIEY

AfiRundunileidy
- varfig MkdsdmIuldSuRaTAsAunduRIRInWen il Ae Arduysaivesdiiay
Taod1x figdw o viodurrduauiiduuan dafideatanainileidu fe fd

VY —X

constrain(x,a,b)
wihiin1svihauredds

ndatl [vimthitdmsuimifinsisasunaryiuAsanly Tndleneglugnu
Aredifmualslugiuseving a 1 b lnenanisvhnuvessrndmsyivldamadns Judid
wavfisiensening a fia b nduAuun
JUuuUAd

var = constrain(x,a,b)
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fal v

AMNISENDINABINTG

- X Ap APLaYNIABINISNS AU

ol

8 ANARER

3L

N |

b

- b fia A1fiNAgeEn

] -ﬂ‘ at fe'd
AfAuUNauIINTINTY
A [ ) al

- var fie Mudsdmiuldfufidsunduinanilaidu fie Aduavdeaziideglu

ar

gruiiaiimunll Tasdmwuin x fdegluiidafidmun fie fidsenin a te b

AazAurune x nduseniilulusunsimanlaelifinnsusuaives x unegnala

o & o

LAINNUT X TR0 a AndefazyinnasUsuAIves x Inllawindu a

o

udIRuAunaUINMIUsUASUHET Wit awtina1vee x J381u1nndn b Aagia

AIsUTUAYES x WillrivhAy B udAuAtundusTwlUsuasuman

Fog1ensldey
sensVal = constrain(senaVal,20,100); 4@auauli sensVal fifnssndng 20 1100

A e i seiliuvaiiagsnisusegnatidids constrain. ifteyinIs
nsandeuiaziuelusauos s lilirlususiiragludaieisinmunls Toglu
feteasAinisududilusuds hitiilaaseniag 20 631001 Inetwudnfirvessauds
sensval fisewing.20 5100 Aaesheniululdyiutas, asdmiuiiAgeedauys sensval
fiddn 20 dsfagyimaSudludausTviiandiy 20 wavviusaiRgniu damuiia
vpssauls sensval Siengends. 100 Aagrimiufuslududslisiangn 100 dajurves

sensVal AazilAaseniag 20 B 100 \aue

map(value,fromLow,fromHigh,toLow,toHigh)
WNANSYI9TTDIAE
Fdaii M msuhmidivsuslufauds value 9n@ufiiianszwing fromLow i
fromHigh T#flA1551379 toLow f4 toHigh
JULUUAES
var = map(value,fromLow,fromHigh,toLow,toHigh)
Aslimeividenis

- 1w -l v o W o o
- value A9 AMILAYNABINITUTUAINIBAEY map

- fromLow #e Afifasgafilueglutagiuneuysuen
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- fromHigh #e Aifingegeiivdueglutayluneuuue

' '
L =

ﬂ' a | R o v
finsiaafireanIsuTuAmIBAE map

=)

- tolLow Ao AN

- toHigh Ao AfiNafigwaaNsBaNIsUUAMILATAY map
1 nldl o’ fcl)
AMAUNAUIINWINTU

a1 oA o

- var fis fuusdmsuldSuandsunduananilaitu Fadudivinisuiuain

Ad map 138USaBLAD

fogansiHey

/* Map an analog value.to 8.bits (0 to 255) */
void setup()

{

}

void loop()

{

intval = analogRead(0); /8761 Analog 970 Anatog-0-1ilumuys val

val = map(val,0,1023,0,255); //U5uArees valaan 0..1023 Wilu 0..255
analogWrite(9,val); J/ituealusands vat Seilen 0..255 Tifu PWM Digital-9

}
) ' - /9 a o WA ) a0y ‘
et dunisurgomifrads map ileususilusuds val Ssenahanudyanves

Analog Inplit Fdmunfissiirtedsewdng 0 fls 1023 Wildagsewide 0 fly 255

pow(base,exponent)
mTinsiueInia
el Wdwduhmiii-sanamAnMsenfdedrfiay
sUnuUAE
var = pow(base,exponent)
AwsRimesaigonis

- base fie AguvesiaviideamMsiumumaAtenigs Fasaaduuuy float

- exponent Ao Ar9nA1ds Fuduuuu float

N ar

WRuNduIINHantu
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. S a

- var Aeduusdmsuldsuafidsfunduananitendu Jaduamadnsnlaain
mafwnvesdid Jadudrieglusuuuuveaaveniids (exponential) lag

sosldiuusuuu double lunissusmannitendu

faeeneansldanu

void setup()

{

Serial.begin(19200)

}

void loop()

{

Serial.print(“Valué of pow(10,2)=");

Serial.printini{long)pow(10.0,2.0));

Serial.print(“Value of pow(5,3) =-7);

Serial.print(n((long)pow(5.0;.30));

While(1);

}

WASWS

Value of pow(10,2) = 100

Value of powt$,3) = 125

aniiulédn pow(10,2) Airepwes 10 8nfass 2 Fefifie 40 gru 10.85f9edlAvindu 100
dhurues pow(s, 3 AiReATaY 5 BnriTay 3 83iRe 5 S aau 5 u3efiie 5 guiu 3 adh

TULDY

Sqrt(x)
wihiinasyheuvesds
fdsd] Wvhmihfidmsusuinmien Square Root sesdesiirnvusly Seannse
Tfuanduuslaynuuy
sULUUAS
var = sqrt(x)
Awsfinesidenis

- x AD AWLEUTIRBINTIIAINIUMIAT Square Root



Ve as & s
AAUNaUINNIATY

- var A frulsuuu double dwsuldsusiidsfunduananiandu

sin(rad)
wihiinshauvesids
fndail Wviwmihiidmiuduaumie sin vesuuiidvualilu rad Tawasleidn
waansduAdiasuuy double TaediFsening -1 fa +1
Toonveiitmusltuddsssduruuy ey (radian) Gaihdesns
fuusruiiiiuemsenasie (3.14159/480) aue Jearlddfignios
sULUUAds
var = sin(rad)
Amsfineiitneants

- /tad i Angmved radian AFaIIANILINAT sin Swdandunuy float

AfPunduIInHaitu

ar @ udal 4 ] '
- var Ap FUskUY double damsuldsudindsfunduinaintndu Faduan

NaaNs YD sin lapilAasendng -1 e +1

cos(rad)
wiihdinTsvhatuesnds

Frdail Wi idmIudus nmaRn. cosine voauiiimual il fad Taazlvd
waansLurflauiuy double InesimIEnI -1 Tig+1
TnvAowuuiitmualitudadsszduruuy 1ifew (radian) FEnReanisimunani
\Hussmdesnusig (3.14159/180) tane Taadddriignsied
EULLUUﬁﬂgd
var = cos(rad)
AsimesAdeInTs

- rad Ae ALN8A radian AFpsMIFLIMIAN sin Fedpaduluu float
ARunduaInflaidu

)
A A ') o

= ar ar & as d 1
- var Ag MIuUsIUY double dmsuldsuadsAunduunanilaidu Fadudn

NAANSVDY cosin 1aBllA1sening -1 B4 +1
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tan(rad)
wihinsvhauresdd
frdai] v iidmdusiuanmen tangent vouuiitmuallu rad Tnsarlven
wadndidurfiaruuy double TaefiFszning -audts +erius
TasAnveauiifmualifudidaasifuduuy ey (radian) faddeenns
fmunAsdunsmFesgusie (3.14159/180) aue Jaagldriigndos
JULUUAE:
var = tan(rad)

€l v

AMNISLRBINABING

=4 1

- = ° 1 -t
- rad Ao Ayuwedradian TiReIn1sANIMAAT tangent Fasipaduuuu float

AAuUNaUINIANTY
- Var fn FMILUSIUY double dwnsuldsuaadidsdunduunaanlandu Jaduea

naansvas tangent lnelAsEnINg -0 HUADS +atiuA

randomSeed(seed)
whiin i uresfnas

Frdail TimihfidaniudmundiEasulifuad random() “Gadiunisdumn
1wy psslunsdudoyalifudds random eldd msuriansdnmaris v
sULUUAIY
randomSeed(seed)
Amsfinosiisioinns

A Vo al v o ° ) y . ve w ks
- seed'fin. mdMtaiisiensiiluinisdumea) @aunsaltlaiuiiaviuy int

wae long

AAunauIINHandu

- lidinnsaeAndu

Long random(max)
wihiinsvhauresdds
o & Aguoe v ol ary 4 18 v v & ' P~
dail livihmiidwmiugumadou leglinadwsndurnduruy long laeil
Argaaduaviudiy lnefifngsgawintiu max-1
sUluUA
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var = random(max)
i a Tk
AN ILRDINABINTS
- max fie AMIMIUGEATiFeINslunsdIMIILYEIAE random
| el as € as
ANMAUNSUIINTINTY

0
LS

- w L R w = '
- var A9 MuUswuU long dmiuldudfidesdunduunannilandu Fuduen

Jnuiildanmsdumlaeiirngean max-1

ghegnansldau

longrandNumber; AaFiaiaudaunuy tong dmsuldifiuAnisduen
void setup()

{

Serial.begin(19200); /ovusmlvineineyn Ll -baudrate 19200
randonSeed(anatogRead(0)); //iinmﬁhi‘a"umuﬁ%ﬂuﬁ’ﬁdnﬁwaaﬁﬂ'&"q random
}

void leop()

{

randNumber = randem(300); //i‘iuﬁuﬁﬁﬁ‘nﬁ‘u‘mﬁ’ha 084299
serial,printin(randNumber);

delay(50); /MUY 50 ms

}

Long random(min,max)
MNNIYUTedAH
o o Agwo o =o W 2 s 0 w ) o !
frdail Tivimmdiafidansvdnnadwaua lagluuadwsndausniduduuy long lag
Argegaduiarinnudy lnelArsewing min fis-max-1
PAIOILEES
var = random(min,max)
' a fal v
AT TMBINABINTT

x ' o a v oow ' I o o a
- min fis s wuBusuiideinsldlumsdumAiduiuvesdida random

- max fi Aduggeiidenisidlumsgumididnauvesdds random
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i el w ¢ o
ﬂ’t‘lﬂﬂuﬂauf\ﬂﬂﬁﬁﬂ‘ﬂu

- var e MuUsuuy long dmiuldsruvarfidandvanaindlenidu Sudusn

Fruuiilinnsgumlaeiidnsewing min fa max-1

o815 LHY

longrandNumber; //asnuwdsuuy long dwsuldifiudnisgu
void setup()

{

Serial.begin(19200); //fmunlinesnaynsusiae buadrate 19200
randomSeed(analogRead(0)); J7dsR sl sdueIsds random

}

void loop()

{

randNumber = random(10,20), //dunaiAs NavTEmdng 10 e 19

Serial.printin(randNumber);
delay(50); //RUII81 50 ms
}

nguAdaigafunisdamsaynsu

Adanguiflidaniu Mshndadonns sewiny Ardlin fugtnsainiouen usuuuy
yesnsAeanseyny dremidueiesroniiawes PC wisgunsallafld Tnudlafosnissuds
Yoya fonrsdeatseynsu whpsgandevadgqrmlddiuiu 204du Ae PDO(DIgital-
0),PD1(Digitals1)In®

- PDO(Digital-0) Mi¥utihiidunSudygyaifieesynsii(RXD)

- PD1(Digital-1) ‘lﬁ’ﬁwﬁwﬁuﬂumwéaé’mzyﬁmﬁagaaqnw (TXD)

Tneisledanisaslishdilundureanisdearsoynsuiluds andygyia Digital-o,
Digital-1 svgnaslilddmiunsdearseynsudunisianis wazezlianansa
et 2 il Winueedulddn waslulusunsufesdedlifinsldsda
Suqutu PinMode, DigitalWrite fignsfendgyayrants 2 v1il ludaudu q ves
Tusunsudae liisuiuudansiilinisiauianainld Inedidslunduuasnis

doansoynsuves Arduino fiviavium 8 A wine A
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- Serial.begin(speed)

- intSerial.available()

- intSerial.read()

- intSerial.flush()

- intSerial.print(data)

- intSerial.print(data,format)

- intSerial.printin(data)

intSerial.printin(data format)

Serial.begin(int speed)
wihiinsvivedids

fadei] vmialdmiuDanesadoarssunsaniauarmuadar i lums
doans (Baudrate) aufiglédmvin Sssoensivuafsenmiil Wasatunuines
gunsaidndoniledlavsiamsdeansdae Famuuniide inissnesfiames. PC Taad
audaiidunmsguitesldviyfuialulsiun 300, 1200, 2400, 9600, 14400, 19200,
28800, 38400, 57600 waz11520
SULUUATAS
Serial.begin(int speed)
Amsiimaiifesns

- ' - o - | d o a
- speed Ap Armindalunisdeansteyavasreindoanseunsy Budldudusuar

SRy Afiuuide 19200

intSerial.available()
min#in13vhureednds
Fndadl Tvimihiidmiussnasuinudeyailéfunnwesadomseynsuuasify

= 1 4 - o ar L si.u 5
solilu Buffer fimiaeiliu Byte #afifie drurumdnwsnsuiiulilu Buffer vauziduq oy

= ) '3

Arduino 9za$19 Buffer dmuifiuteyaiaziuarnweindearseynsu druau 128 Byte
- v a v o vd o = | v
Tnadlaiudoyariadnly 1 Byte Aagvilinuiiiudeyaves Buffer imdeieuas usilionld
b 3 ' & 4 v P o o
deueroanluann Buffer ulitunisifiudeyaves Buffer Aazifiutiu dgldeudeya

sonluaunue Wuil Buffer dmiuiivdeyafazing @wnseiuteyalwmiidunledn 128
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3/ ar =

Byte) wsthdayagniuuaziiuliawdu Buffer uda wilusunsuliaisagiusenly

LT}
v o

Uszananaldviu fagvibideyafidadnunlwidems
gﬂuuuﬁwe‘i’a

var = Serial.available()

Amsfimeifidens

- lifimsdsenlagnduilandu

'
o

AfAunauIInandu
- Var fia fuusuuu int dmsuldsuafidedunduuiainilendu Fadue s1usu
Teyaniuldnangisdeaiseynsy Teazgalfiulilu Buffer Insawnsaiuuas

iuteualdls 128 Byte trlvsunsuliidsnsnsuteyaeenluvszananalsiu

o

L d =3 o T8 (! Lt 1 ﬂJ
wvirbiveyandwmainnisgymeld weatifiveyaiivlaly Buffer lae Ad

Y Y

dafiusnitaituazilaniiy aud i

intSerial.read()

Fndeil T fidasudssudionaain Buffer veanesadpasoynsu sann
Uszanawalneiiiosudeyaennin 1 Byte Aasvilsiiiud Buffer Aldiiitdoyanomadn
doansoynaninsasdnl Byte aue Ingrnuastoyaiiolas fudeyaignifuselily
Buffer {udaduusn liledisenliidatoyadaluiasgnifewihuiuanselifudduusn
unu lneundrvesdayaveianduausmauiu seving 0255 widihifidoyaiiulily
Buffer Andfasiaiignildaziiptiiu +1 unu
sULUUAA
var = Serial.read()

Amslimedfideanis

- hifinsdrerlagldruileieu
Anfirunduantiaridu

- var fie fudswuu int dmiulisuritdsiunduinainteitu dudun deyed

gnifiusalilu Buffer WWudidiuusn Unfiveildisewing 0-255 uaziladiduaziian

naunilu -1 ndululi dhgndseutioyaluvasiibififeyaifiulily Buffer wae
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Serial.flush()
v d o o y

PUIINITYINUTDIATE
o o AgV o vV oo arooh W w & tﬁ W
RG] ’l'um‘wmwawwé’fqmwagamwmlu Buffer vpawasndoansoynsulvning

4’ ar l-' 1 a s o o n'J A’ Y

ad LwasasU%’ﬂga'[mumzaammuawunﬁmmwmmmuﬁwaaa

FULUUAH

Serial.flush()

AN LIDTNABINTG

- laifimsdernlaqiiiudiandu

AfirunduaInitaity

- lufinnsaerandu

Serial.print(data)
Serial.print(data,format)
Serial.println(data)
Serial.printin(data,format)
whiinianuesdds
Fdad Minwditd w3 udilndesaaan g wesndagasoynsi dorw aidosly
Snwnizvesnisiant Tnedoyaviazdsianidaodde aumseillulUlév deya dhuus vie
Honusins s iidmualilumsfimeimelnidu () eonwime fndeaisoynsu
PATTERLY.
Serial.print{data)
Serial.print(data format)
Serial.printin(data)
Serial.printin(data,format)
Amsdiimesiidens

- data Aeteyaiisipamsdeiud enadudoru Muus luguuuusing fidesnns

= (3

QREGITHGY
- format fle UuuvveIsuUaseya FaduA1ves data ududaududn

fBnws (String) veadniue Tasansarimusgusuulunisuvasdoyailuei

faavlugusineg fe
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- BN Wumsuasddeyaiiveuananaluguiuuvesiavgiuaes (Binary)
wu drdeyaiirn 79 asuanwailu String vosWalay “1001111”

- DEC HunisudasArdeyaifienaninalujluuvvesavgiudy
(Decimal) 1u drdeyadidn 79 szuanwmailu String vesiuay “79”

- HEX Junisudasdrdeyaifeuaninalugiuuuvesavgiudunn

2/

(Hexadecimal) \u drdeyaild 79 avuanwaidu String vasdia

LY

“gp?

= AT Lﬂummﬂaaﬁﬁw“mﬁauamma“luguwammmgmuﬂﬂ (Octal)
v fiadoyailen 79 asuanwnailu String vasiay “117”

< BYTE Wumsilashdoysiiieudnmaluguuossia ASCIl wu d1feya
fien 79 szuaniady String Tosfaan “O” Faswa ASCIl vessdnws

1o “O” fig OxaF %58 79

Fegensididaiasuiuun) sdiam
dnsumdaldlunnsfusirrdesasanludaneindearseunsuly Arduino

= '

(Arduino-0012) xilegdnfiu 2 nay danguAtda Serial print ua:ﬂa:_uﬁ'lé"q Serial.println

Y a

Tnwendats 2 ndudssdquiuunslimuasiinamsvnuiiviiouty srefussaiiddaly
ng Serial.println wfinsduAnstatuussyiaival (0x0D, Ox0A) Tnvhenasyiiuvasds
Wehe uddaudugmildustuug

- Serialprint(b) %38 Serial.print(b,DEC)

- Serial.println(b)-%138 Serial.printin(b,DEC)

[ o = & 1as & { o as A=.l’ o
Wugtuuunmsdsiameiihudseannimesafaansoynsy Tnefdlasyinisulag

Arvesiualufiuys b ludu String vesiia wuuavgudy Moy

int b = 65; //fvualdd b flendu 65 (lavgudu)

Serial.print(b); //azuanamailiu fonwsves “65”

Serial.print(b,DEC); //azuanamailiu fdnwsves “65”

Serial.println(b); //ABUARINALIY FONESUBY “65” F8IUMIEY 0x0D, OX0A

Serial.printin(b,DEC); //aznaninailly #onwsues “65” gauRIe 0xOD, Ox0A
- Serial.print(b,HEX)

a8



- Serial.printin{b,HEX)

LﬂugﬂuuUﬂ1'sﬁaﬁuﬁﬁf?e’f’vgaﬂiaanwwwa{mﬁam'ﬁaqﬂiu Tawrvasiuysvgndautan
Tueh String vesavgILdumn (HEX) ey udisdiainoonly Tnglinanisfinsidu
Aweationy String wiedadnes Muansdduusidulaugiudunn (HEX) wih fhethatu
Int b = 65; //fmunlii b fidndu 65 (avgrudu)

Serial.print(b,DEC); //aguananaiiu fonwsves “41”

Serial.println(b,DEC); //avuananadu fdnwsves “41” qusie 0x0D, 0x0A

- Serial.print(b,0CT)

- Serial.printin(lb;OCT)

Duguwwumsdsiinvidagavesiauseanvsmesdeasoynss lnor1vasdauys

wwgnduUasrTiiidue String vesiauguuua (Octal) riou udaidsiusidroonty
a ' v \ < W ar = 1 G

Tnelinansiuiidudwestoninu Sting Wis fdnus Nudarduusiuavgiu

wUa(Octal) waa shpgnauu

int b < 65; /el b Sy 65 (laugwav)
Serial,print(b,0CT); /faghanawalbu Fdnwsvee “101”
Serial.printtn(b,0CT); /faznansnalu ddneives “101” e 0x0D, 0x0A

nadwsildasiOurdives Strine vasfiay 65 Fagnuuanduddialay gruuln
(Octal) waa A “101”

- Serial.print(b;BIN)

- Sefial.printn(b,BIN)

\Huguuuumsdeiviveyavesiudssenmmesndeaisoynsu Tnervesdauls
asg‘}ﬂé’uwaaﬁiﬂﬁﬁjuﬁﬂ String UB3LAUFINABY (Binary) fiou W23 adaRu e
sl Tnglvmansiuiifusvesdoau String wie Fdnhes Awansasuusidu
LaugIuaas (Binary) Wid FI9E1YuY
int b = 65; //imuals b fandu 65 (avgdu)
Serial.print(b,BIN); //azuansnau fonwses “1001001”
Serial.printin(b,BIN); /fazuaniwailu fdnwsues “1001001” Juse
0x0D,0x0A
- Serial.print(b,BYTE)

- Serial.printin(b,BYTE)
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Huguuuumsdsianitoyavesiuyseenmanesndeanseynsu lasrrveadiauys
srgndaudasdlviilumuossia ASCI oy udrdsdafinidreanty Inglinanis
fuiidur1veatoninu String wie Mmsnwsiluaswa ASCH voaalusuysuu

oLty
int b = 65; //fmuali b fidndu 65 (avgudu)
Serial.print(b,BYTE); //azuananaiiu fdnwsues “A”
Serial.println(b,BYTE); //azuanmallu fnwsue “A” aUA2Y 0x0D,0x0A

- Serial.print(“string”);

- Serial.printn(“string”);

Huguvumsdeiuideasnisonnidwesadearsonasn Tnolinanisiuidy
fonnuinfloufuiisaisiviiusdy fetiadu
Serial.print(* Hello Arduino™); //3vuanadutanin “Hello'Arduino”
Serial.println(“Hello-Arduino”); //asiammaliutaaIs-“ Hello Arduino” ausae
/5% 0x0D, OxOA (Thausavialuel)

2.1.2 lulasmaulnsaaas Arduino Mega 2560 R3

U 2.1 Up3A Arduino Mega 2560 R3
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a9 2.6 uasanmanTRvesUssa Arduino Mega 2560 R3

Specification Value
Microcontroller ATmega2560
Operating Voltage 5V
Input Voltage (recommended) 7-12v
Input Voltage (limits) 6-20V
Digital /O Pins 54 (of which 15 provide PWM output)
Analog Input Pins 16
DC Current per I/O Pin 40 mA
DC Current for 333V Pin 50'mA

256 KB of whichv8'KB used by

Flash Memory boottoader
SRAM e
EEPROM g8
Clock Speed 16-MHz

ANANUATDIUDIA Arduino Mega 2560 R3

RERIRY

Arduino’ Mega 2560.R3 ansinsasuliimunsi@edse USB wislimsinelwidssann

unasdnendsuneuen (Ll USB) arimsnaaldndsauviaaanli ACDC Adapter %38

wumAp3 B9 Adapter ietasnidousielflasmsideudan Suneeudnats 2.1 w.

3 é’ o W ' i - 1 = @ '
'uaSm‘uamwsnmmu"l.ﬂuutmaqil'lﬂIWinnn'\uuan N 6V - 20V4L5 windlnislaninnan 12v

mmuauusulnihfiensldsuamusaugeiulduasyibilinamdemeduueia 1

wugtn@e 7V-12V faslnasusay Pin 1udal

wr o v w 5 o i o
Vin. usasulnfideidniuuesa Arduino 1ABunaIIIenassIuNIBuen 5v 390
nsiboure USB wiedu q wiavnltusedulnirlasnunisdeudaulni
aunsaltle Aanuisavnsusssulndnlalaeniu Pin €

5V. Pin 11 Output5V ussulniinssuanuiiu 5V i 3.3V
3.3V. aitunnamuRuuuueialinssualvgan 50 mA

GND. 971 GROUND
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IOREF. Pin 1 sesuussulvdrazldunasdrendanuiivuizaunsely

ussulviodnadmsunsinnus Ay 5V vie 3.3V

WUIBAIUTY
UB3A Arduino Mega 2560 R3 finursaudnuin 256KB (Inuske Aelddmiu

bootloader) uananiitial 2KB o9 SRAM way 1 KB 183 EEPROM

INPUT/OUTPUT
i 54 Pin wiiazsasalfifuduwauioinding Tasanusaldileidu pinMode()

digitalwrite() waz digitalread() Towazyhaui 5v Sdluusias Pin mmm%’ugaqm 40 mA

Serial : O(RX) uag-1(TX),-Serial-1:19(RX).uaz 18(TX), Serial 2: 17(RX) uax
16(TX), Sefial”3: 15 (RX) uay /14, (TX) l¥lumaglaiu (RX) uazdetioya (T
deyauduaynsu{TIL)

External Thterrupts ; 2(interrupt 0); 3(interrupt 1), 18(interrupt 5),

19 (interrupt 4), 20(interrupt 3), and 21(interrupt 2) lns PIN méﬂ'ﬁlﬂum‘i
fMvuaa A

PWM: 2-13 ae 44-46 favusilu 8-bit PWM output

SPI ¢ S0(MISOY, 51(MOSI), 52(5CK), 53(5S) i Pin fiten lidwi3uidensie
(SPI'communication)

LED: 13 fnsasa LED meludn Afinsidesenu Pin 13

TWI: 20(SDAYand 21(s¢L) 1dmsuidossia (TWI communication)
AREFATUPIN THAMS UL seuing Input Ly Analog

RESET 1flu PIN 7l msu Reset vosalulasroulvsatasd

2.1.3 lulasaaulnsaaas Arduino Uno R3

3U#t 2.2 yeda Arduino Uno R3
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- e ¢ .
A13799 2.7 LARIAANUATDIUDIN Arduino Uno R3

Specification Value
Microcontroller ATmega328
Operating 5V
Input Voltage 7-12V
Input Voltage (limits) 6-20V
Digital 1/O Pins 14 (of which 6 provide PWM output
Analog Input Pins 6
DC Current per I/O Pin 40 mA
DC Current for _3.3V Pin 50:mA
Flash 50 mA 32 KB (ATmega328) of which 0.5 KB used
by bootloader
SRAM 2 KB (ATmega328)
EEPROM 1 KB (ATmega328)
Clock Speed 16-MHz

AnEUURYaIUDTA Arduino Uno R3
fdslw

Arduing ' Uno. R3 atuasasulntiunisiaeisie USB wialinngnulnidesann

unasdnewdssusieuem (sl USB) annspualindasuniaainin AC-DC Adapter %38

o ot 2 - ' = Y a
wuULAB3 91 Adapter fiannsniderdaldlaumsidevan funinaudnan 2.1 mm.

vasatianunsayyulfuuumdssaslneinneuen i 6V - 20Vdaniinislduinnin 12v

fmupuusulwiiiondlastmaniougiuliuasiibitinaudoneivueia da

o = o ! o o é’
luguae 7V-12V mdelnvesumaz Pin Lflumu

- Vin. usesulvfisadinuunsa Arduino 1RgWNaIINENARIUAUBN 5V 1A

§ ' & oo = ar ' | -
nsideude USB wieduq wiovnldussiuluirlasiunidendeulni

anunsoldle Aaunsavisusssulndlalaesiu Pin 4

- 5V. Pin il Output 5V usesulwinszuaruiu 5V w3e 3.3V

- 3.3V, ahstiuainsnauauuuuesalinssudalngegn 50 mA

- GND. 91 GROUND
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- v as [ 08 as P - 2
- IOREE. Pin 1 seduusesuluirazldunasdrondsaruimuizauvioly

uwsasiulin Output dwmdumsvinnusiuiu 5V wie 3.3V

WU AINTY
uedm Arduino Uno R3 ifiwdasanudivuin 32k8 (Inw0.5kB  Todwmiu
bootloader) uBNIINTISE! 2KB 199 SRAM uae 1 KB 183 EEPROM
INPUT/QUTPUT
£ 14 Pin udasfansaldiifu input/Output Tasanansaldiaidu pinMode()
digitalwrite() uaz digitalread() Tngagyinaudl 5V daluusias Pin arunsaiugean 40 mA
vananiunsdnditeriduiime
- Serial: 0RX)-and 1(TX) Tlunaslisu (RX) uazastaya (Tx) Yeyauuvaynsu
(TTL)
- ExfernalTiterrupts Pin2 kaz Pin3 e pin ahitdlunisdwundrdeya
- /PWM: 3, 5,6, 9, 10 uas 11 Mawunidu 8+bit PWM Output
-/ 8Pl : 10(5S), 11MOSI), 12(MISO), 13(SCK) (0 PIN LT miuidousia
(SPI communication)
- ~1ED: 13 fimsadae LED mwlida fifinisi@esiany Pin 13
- _TWI : A4 %80r SDA /pin  kak A5 38 7SCL  Pin’ Ifdmiu@eouse (TWI
communication)
<\ AREF Wy Pin Mg msTws sstlWAn input WUt Analog

-\ RESET AU Pin a3 Reset vosalilaspoulnsages

2.2 Tugasu-dedgyaurallSans nRF24L01

nRF24L01 (2.4GHz Wireless Transceiver Module) iulugaiu-dedrysyinmuuls
ane Feoglugnurnudl 2.4 GHz Tnglugaues nRF24L01 Usznaumeduddies fifleanui
2.4 GHz wagvhwindilusu-deadygrnuuuiuanuus nRF24L01 d5uniseenuuutfufivey
dmiumsldnuuuulfaneilindaanusi TeslFeanuuudmivlfnudmiuanuiiuuy 1SM
Togaglugumnud 2.400 - 24835 uazdail McU (laspeulnsaiaed) iudusenou
WUU extemal passive Bnvialuga nRF24L01 afesiinisnadiuazldarusiiu Serial
Peripheral Interface (SPI) law Interface(SP)) Us¥nausaw SCK, MISO, MOSI uay
paAUsznau CSN Tuluua Stand-by
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9.

' = o = -

gruprwd 2.4 GHz lan 11001 ISM FaduwuuTueygians

fidm3ngeqn 2Mbps, Yasdumssuniy, n1susu GFSK HuszdnSnm, dau
wzandmsumslgumsmuRNgRaMnT I

=i

il 125 Channel fiagmevausimsdeasmaegauasanuiinselon

#in1s5 Modulation WUy GSFK

i1 §0148 s15aurfldlunisnsanaoudefionatn wazvinismuguiieglunis
Ansodoans

wsadus 1.9 ~ 3.6v-luimuldndesaudidnaisldluun anus TMa wdau
anavnioies 1A

@10 PCB 2.4 GHz aiméin Ussaiial 24mm X 24mm, (laisau @einne)
Tugasaiuaifianmsansiiey, fiogdiowdasertdiutoya ScM annsadousio
Totnss Inelinnuvanmaesnisideulisunsiseniiissasainin
Tunaiioduseing v 3 3V, musuuseduliv, Suiius i 5v,3.3v-3.3v

10, grsnsu-dediyepia Insseansgean 80 m

Interface circuit

26 Smm

U 2.3 mmuans Interface circuit ¥asluga nRF24L01
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Pin definition and Rating

13197l 2.8 N1srimun PIN vesluga nRF24L01

1-GND 2 =Y

3=k 4 - CSN

o =50CK 6 — MOSI

7 - MISO B0

Block Diaggﬁﬁ =", Sy 7‘ -

3Uil 2.4 nw Block Diagramwaslaiga nRF24L01Specification

,,,,, Lo - SRS A 26
nasiiduleng snaIuhidmsunislvaunenisAnwL

_ a9 Y 5 P
L,»\ J fLH. ;JW 1dU NN \ )




a319#t 2.9 uananmanRvesluga nRF24L01

Specification

Value

PCB Size

15mm*29mm*0.8mm

Power supply

1.9v~3.6V

Working current

13.5mA-at-2Mbps / 11.3mA at 0dBm Output

powver
IO counts 8
Sensitivity -85dBm at IMbps

Emission distance

70~100-meterat 256kbps

Data rate

256kbps# 1Mbps / 2Mbps

Commuiniteation’ mode

Enhanced ShoeckBurst TM / ShockBurst TM

Working mode

Power-Down Mode /.Standby Mode / RX Mode /
TX Mode

Temperatures

Operating :-40°C ~ 85°C / Storage:-40°C ~ 125°C
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Schematic Diagram

VDD Cc7 R2
'L 33n |JIZ2K
T E x 0402 0402
C9 lCB o|m|o|~|o
I 10n in Nmpnpo'-m‘—u.
0402 | 0402
8888§
oS T 2| CE VoD [
CSN VSS I
SCK 3 nRF24L01 13
SCK ANT2
MOSI 4 12
MISO 5 MOSI ANT1 r
MISO VDD_PA
o = o
ge8gg
O |r~ |00 oy .,?-
IRQ
s —
[ 31-8641
L b
Rt 1M
! ' c2
Ci
L22p 220
0402 0402

zﬂ‘ﬁ 2.5 nnwians schematic Diagram naﬂu@a NRF24L01

nRF24L01 in a star network configuration

nRF24L01 aufiitauneidu RX(PRY) tlefisraynsatentisudeyasin 6 pipes 7
wansnafu Inddoyafiassnsgiivonwsanlidituudlitesdyymunnaidifioatu 3a
wiead v W 6 Tevafiuansinety uas pRE20K01 Seimunsiliu TX(PTX) fia
annsadoarsiu RX(PRX) uay nRF24 Lot Aidmusrdu RUPRYAatisauenuerfeyail
fiuennsatoya 40 O Failllaighiu lnytiaya. pipes 'luwia-qﬁmﬁﬁwhjéﬁu 8 Jnuay
wnitan 32 Tnuemnsaiidideyyiilv pipes ﬁagaﬁy’wumsawminv‘hnﬁ%’u-ﬁﬁagalﬁadﬂa
WnUsEANSAINNTIINIU (shockburst™) wag nRF24L01 Lﬁjaﬁ'umwﬁaxgaﬁaﬂﬁ%’uuﬁqﬁ
azvihvthitds ACK wisumsuennsaiertuuiilediuan wae TXPTX) 7 pipes doya 0 9%

Tlun1s3u Acknowledge
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/ \ . % \ ® 5 [ o \
[ (o) =88 Wil & 277 )\
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A ¥
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N g
N
\\\ //,
s Frequency Channel N {

guﬁ 2.6 mMnuansnsiu-asdyganilSateund nRF24L01 Tu star network

2.3 Youdaaina LCD

1. fnwazkayMbieeas LCO ligawnasiuy

LY |

Ui 2.7 s8uaning wuet CD-16x2

gﬂﬁ 2.8 9pudanINa YumLCD 20x4
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2. fdamuaunsuaninaves LCD luga
wasBunma
1. ipdesnisuansna (Clear Display)
7{5-@-5-'4 {3 2 40
00000 00 'ﬁ
;Uﬁ 2.9 uamansipassnisuaniua (Clear Display)
RS = 0, R"W=0.
- bitd = FipdEINISLARE
- ngdeindulvegiiipshuiioas
2. Hofme Display/

mﬂ ey Display
RS =0, RAV=0
-\ bitt = 1 wesweindylagiyusoiionn

- ﬂa@awﬁnﬂstﬂﬁ'ﬂmﬂm
3. muannsUeudesa (Entry Mode Set)

QUL
%:%:%.

U 2.11 wanslwuansteudeya (Entry Mode Set)
RS=0,RW=0
= g =1
- M (Address Increase/Decrease), M = 0 aRfIuMuLBAATA, M = 1 \fiyl

ANLILDALATA
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. v ¢ ¢ a I <
- S (Shift bit) nsideudeya S = 0 inefigesazidoulunarn S = 1 edilves
Jwagiud

4.N1IAIUANNTIUARING (Display/Cursor)

765 43210

pj'ﬂ 2.12 uamnIinuANNILanIng (Display/Cursor)
RS =0,RW =0
- bit3=1]
- D (Pisplay ON/OFF)-D =0 OFF,/D'= 1ON
- /C(Cursor ON/OFF) € = 0,OFF, C = T'ON
~ /B (Blinking Cursor ON/OFF') B = 0"OFF, B= 1/ON
S.msmufgun’ﬁ@]"autﬂﬂfwai (Curéc;r or Display Shift)

!

p.lﬁ‘ 213 u.anamsmuqnmsLﬁﬁutﬂaiwaé {Cursor or Display Shift)
RS =0, R/W-=0bit
- 4=1
- C(Cursor o Display Shift) C, = 0'shift cursor,C="1 shift display
- M (Move left/right) M=-0.left, M-=-1"Tight

6. Hartdudn (Function Set)

7(6/6/4 3210

Ui 2.14 uanaileriduidn (Function Set)
RS=0,RW=0
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-, bits =1

- D (Data bus size ) D = 0 is 4-bits, D = 1 is 8-bits
- N (lines No.N = 0 is 1-line, N = 1 is 2-lines

- F (font size) F = 0is 5x7, F = 1 is 5x10

7.8 umislu CG-RAM (Set CG-RAM Address)

7i16/8 4 3/2/1|0

0 1 A5 .A4.A3 A2 A1 AD
’: ' 1 1 '
P ' :

P NEPER. BN L.

Uil 2.15 uamennsiumuimisly CG-RAM (Set CG-RAM Address)
RS = 6, RAN =0

- / pit6 =1

¢ | wintiaruiathnsm udeyamidnus CG-RAM (Character-Generator RAM)
< AD-A5 Wudanuuanngale CG-RAM

8..veuvislu DD-RAM (Set DD-RAM Addiress)

>1‘ A A6 (A4 A3 A2 A1 AD
U g T 104

U 2.16 wanan3idvsiumiialu DD-RAM (Set DD-RAM Address)
RS =0,RAW =10
- bitT=1
- wheauidangm Lﬁuﬁmdammam DD-RAM (Display Data RAM)
- A0-A6 LHusumiausaiasalu DD-RAM Faazgnédnasnluda Address Counter

(AQ)
5 ' o d ko 4 ar ' o g
DD-RAM fiamipanudnfifiudeyanisuanina winlisusia ASCI aslumiieanudiiin

A @ = o 13 1
wUIINHNID LCD Un Mlvuy Address 103 LCD umagiiuy
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JU#-2:18 nmude siuis Address ¥e EED20xd,

wunsdifin Leo ligauuy 26 usaiad 2 lu mlumhniﬂwﬂmaddr‘ess = 64 (dec)
vido doH Adeitldle 1 [ A/ ) 2 \\
madutogacantudluga LCD Vsvinse 9 fo maniia 1000000039 BOH 311 OR ffu
address 18 DDRAM 4 5y & AR\ WPaviv £
\tu 80H OR-40H =0C0H m@quﬁﬁﬁmﬁm%]}um LCD vistindt 2

9. N1581U BUSY Ftag aﬁd@é@dress Counter(BFahd ‘MD

Gl

AB A5 A4 A3 A2 ‘A1,AD.
j'vq_‘ ! 1 . fmg

3

-

e

Q‘Uﬂ 2.19 UanIn13e1u BUSY-F&ag'andﬁddréss Counter (BF and AC)
RS=0,RW=1
- BF = bit7 {Jushuenanuzves LCD
- RW =1 sy Read mode
- BF =099, BF = 1 laidns
- A0-A6 = Address Counter (AC)



10. mslieutieyalu CG or DD-RAM

7616 432 % 0
D7 D6 D5 D4 D3 D2 D1 DO

JUit 2.20 msiiputieyalu CG or DD-RAM
RS =1,RW=0

- RS = 1 fvusbildudoya

- RAW = 0 bWy Write mode

- DO-DF= Yeyaiifivensidey
mindeensifgutoyalu CG-RAM tWidvsumis CGRAM Tutiedl 7 fen
yndesnsidoudenaty DO-RAM Widnduviis DD-RAM Tudet-8 rou

11 nsewiieyavan CG-orDD-RAM

W) yeanm

U 2.21 wamanaseudiesaan GG or DD-RAM
RS = 1, R/\W =0
- RS2l Mnnelndudoya
- RW =L figvuslviiu Read mode
- DO-D7 = foimitgmld
mindaen1senudoyalu CG-RAM idnswmiy CG-RAM Tutie 7 fieu
windisan1senudoyalu DD-RAM iiiinsumia DD-RAM lude 8 fieu
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<
nadeulusunsuieaugu LCD

Y
LCD-BBIT

2
B000H—1 £ +5V
Al —34pe  LCD MODULE it B 5
AD — R

O =T ™ = D W M~
oot o GND1

TR 4

sUit2.22 Tas1a579964 LCD Module

Fumpunsdmilusuisudioldans LCD amnsaasuieldasi
1. winidunnsSude iserunsesuiy 4.5y 1% 1Co Tisepghation 15ms walw LCD
Reset #ni4 (Internal Reset)
2. Set FAGHFUSN 7 4fel LD Bavhausiuiitgaing
AMUAINAIVAL
= lE=1
= Tv1RS = 0 pmusLtiuda
= | i RAW £ 0 TEudds
defioyarady 4 4%y
2.1 Function Set (Instruction =.001110008)

Bl % 1 6ihik
N = 1'2. U5391#
F =0 5%/ cot

2.2 Display ON/OFF  (Instruction = 000011108)
D = 1 Display ON
C = 1 Cursor ON
B = 0 Blink OFF

2.3 Entry Mode Set  (Instruction = 00000110B)
M = 1 \ilui DDRAM address u
S = 0 No scroll

2.4 Display clear (Instruction = 00000001B)
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3, Set DDRAM Address iitaidonsumiislunis Display
AMUAYIAIUAN

- WnE=1

- T RS = 0 Amusbudnd

- T RW = 0 [eudds
\tu
100000008 = GIUVLALSIN u.m'?'i 1 (10000000 OR 00000000)
110000008 = FIWMLILsN ke 2 (10000000 OR 01000000)
40H = 01000000B
4. Feuiidnuiiidoinsudaeltfs DDRAM
AMUUAYIAIUAN

- TymE =1

- [ rs =1 fmusiliutisuas

< T RAW = 0 [Ugutoya
wney vdmanisuoRn-sliuiartussusosiniinmaaeys LOD Module wieudiay
Suddedeluniol
Tnun1959399@eY Busy Flag (Bit 7)lu Instruction Register 19t
AMNUALIA VAL

- e =1

- Wi RS = 0 MvusSusnds

- W AW = Teausds

2.4 Junn (Keypad)

nsltaulalnspeuinsaiaesdauuanasiintsldedng elvlulasroulnsaiaes
yaumudaamsanldeuaindiunaubinnidniaunsadelasnssiululasreulvsamesia
widlfruainddudnunniiashliiAsanugsentunsdenisldnudiugléoudoy

! o a « ar ] o a o = i o
Ingifnhaingwane q Museduuuusingaife Yuna tuies
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gﬂ'ﬁ 2.23 fdunn (Keypad) vu1@ dxd

ol es

by

BB T
ATy T
T’

i i *%J
- -y

[] 7
swn w2 1
Bid (T B T~
M ed S
l S5 SWiE :
[ N

€

=l e =3 & o 1 @ U
JUN 2:24 Mmidindvaneiuwaiulutting v axa

Tuanslfoudena drauinuusedssigUnsalunisugrinaniemtoyaifduy
Yunadegunsaiuammaaiuingazidu  7-Segment ungdshanina LED lun1silau
Tsunsuiieldnuduaslsesiuianaslidunayuin 6xa [dunmsgiulunisdreadedrdeya

Faneuduesfesmvua iruntsnisg vasusiaz ABd u e Ty0 I

(R) Yunmvun axa

al @ @ & ' U et o (I =
JUN 2.25 AMUANNUTTENINYNNA 4x4 NUALATATMAUID DY
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umn 3

A1588ALUULAZLATIATINVDITSUY

Tt etnaaIMsooNRUUAMTIUNTYINLYRIsEUY  Besziiveaniseeanuuulu

drusnsaunsiaseeanduls TuteTsaidnurasdIureInIsinieu warlaswEsTesE UL

C dawwusnauvesruudauniosiy
.WWMMN*"’N‘” 2

—

e g e

IR =

+ trmeee s e o — o —— —

luTrimoyiniased
Arduine Mega 2560 A3
o GIRIN - bl i §
| !
\t e, (D AN\ L /
d ¥
sousmRRLCD qumaity d g wime | { 1 Y __of W
2 e nRE2ALOY E { i : soumniug LCD U uamemmubadiondn
Lo = ! A LA vaeat LED uandies

——— e e — " —

= ' . e =i & o |
UM 3.1 dusvnevretssuudussosmdeeiigunsaudusoulunmsiuieioiu

3.1 n1seanuuugUnIalaninuls

= y o o - o ovooa ar | v
1NFUT 3.1 szuvdusiosmilasiigunsaluiadoulunisiuiniesan Ysznoulume
2 dau Ao gUnsalmeddgygraudazldnusgiimiineilnendnau wazgunialniniy
dygauszldnulasgn seazBenluurazduaveyluidedaly
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3.1.1 nMseRnLUUNIAdIRYIN

mﬂdqﬁ’mmﬂmﬁaqﬂnmﬁ'ﬁswmsm’?aaﬁmz%‘uﬁﬁ'qmmﬂunm uddasolubs
lilaspoulnsaaes Arduino Mega 2560 R3 iilausvananamdsiiléisuan nniuagiing
WARIHADENTNIRBLAAMA LCD vue 20xd samiemsdeteyaludigunsainaiudye
andunsdsteyawuulimslugiunnud 24 GHz Taeld nrRF24L01 Wugunsailunsds

1 = ° ' a & ' v o o
Foya Famsviusine 4 asfeturnmsnaunavesld duandlugui 3.2

Ui 3.2 TpseadavpagUnscifusemsiaiesiy

2993 AdIdRy TN

'm'imaz*iqé’ngtmmﬁuﬁ%ﬂu’sﬁmaman%tﬂ%mﬁmﬁu a 91nARRIUS
Usvanana uiadudn man tieyaitlaoentia FaflusoasBuslurmsdurosia wazdsend
Ialudgunseinesudgann Ineasligunsaindn 4 lumsviveu oail

N s v 9 o
- Arduine Mega 2560R3, awmimilueunsaiudnvesszualunasmuaunisinnu

- Keypad 4x4 ymvilunssuntayasnily
- LCD 1w1m 20%4 Vandilunsuansnadoyaile
- nRF24L01 vthitumsidasdnauezdsfoyardyg ol

wdnn13vinu Ao lenadunaaviilideyaideuidiuigndeluds
¢ 5 -l | e v Y et
Tulasroulnsaians Arduino Mega 2560 R3 IeaUszaanadfisun WaI3euaninassn

o - Ao w W y - & o
n1vLandNa LCD 1ue 20x4 7\1'1ﬂuu‘ilzﬁaﬂﬂﬂ']sauauﬂqﬂﬂﬁéaQ'Tﬂﬂ'ﬁnﬂqﬁﬂﬂﬂﬂﬂ‘SQWUQ

£ =

Yoyaivazgnduirugunsaidedygaliane nRF24L01 Tudgunsalmaiudygn oy

L3 1 1 rd

aunsalusazdaziinisifeuseiukiunesnues Arduino Mega 2560 R3 ﬁ'q'lugﬂﬁ 33

%
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B SR E

4 1 <
FUN 3.3 2aTnAaNEsy

wann1siuTesn Ay

MsteTutas Flow chart #9 WioGunaluneitevianisfuliayasivavidenlunis
fuedositn vindutegaivgndsludililasnauinsaaes Arduino Mega 2560 R3 Litavh
nsUszanana Tnsaion1amswasuindinisnn ENTER Wjuns defudunisdesients
\winsnuudaviely Sr0thidmenn ENTER (oBudumidesionisindosiy deyafiazgn
dsluginauansua LCD vunn 20x4 (Reuansradeyadildsuun udlilunaiudrdeyaly
3os q suninxdiman ENTER iieBududeyalunsduniosiu ud3nzihnisddoya
turiugunsaldsdeygndldans nRF24L01 Seaglughumnud 2.4 GHz Wdqunsainiady

dyeyeunold f?fmam'l,ugﬂﬁ 34
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& )
5Uil 3.4 Flow chart uansdupeumaieuwesmpasdiyayin

3.1.2 NsasnwuUNIRIURLNIN

msdutauavesmaiudayniontnsaidfeulunsiuipiastingagluzuuuy
vosmsudieyauuulmelaonssl nRF20L 01 yiwdhitdwiuiudanadeyauilianeiids
u'm'mmnéaé'zquu?ﬂuﬁﬁ nRF24L01 avﬁ'mﬁ'iﬁ%’ué«ﬁtucy1m1-%’a1"aluainun11nﬁ
2.4GHz warfinsVasnnalaslduaialulaseeulusaiens Arduino UdoR3 9niuaszds
foyaludiauaniia (CD AWM 16x2 Ihelanmatayanliduiuagasinsudaiioulas
nsuandnaln LED uasdedotiou suandluguit 3.5

. em
'M.

U 3.5 Tnssairsvesgunsaiudadioulumsiuieiosny
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29INATUA YN
asnpsudygaadunesisusdeyaiudygralfaneiidnnainesgunsal

mpdadtyanas antusrdwieludililasnoulnsaiaes Arduino Uno R3 \euszanana

WA uanmarilfoaninynsveuansua LCD 1uIn 16x2 ieuaniseasidsnlunisds

\w3nsdu uaziinsudadoufigunsaivesdldny Insasiigunsaindng Tunsvinaru dsil

- Arduino Uno R3 vimihiidugunsaindnvesszuulunmsauasinisitenu
- LCD 16x2 ﬁfmﬁ'lﬂumiuamwaﬁay)aﬁ‘lé’%’um

- nRF24L01 vimdhilunsiudeyasiudygaliane

- Speaker vawdilunsdudeosudaitou

- vaealw LED Ymihdiluuanslwudaifeu

mMsvinaw e iegunsaiiu-dadyanaldaie nRF24001 Sudtdeyaunanainds
Fyyruaidgdetoyadaludilulnsmoulnsaiags Arduino_Uno R3 WovUszanana @
Lulasreulnsaiaesarviwvithilugunsaindnvesssutlunsmveun sy fafuTai
wihitrvasideadreludsiansd LCD 16x2 visnaniuatpyailld¥un uonaniu
Llpsroulnsaagidahnmsnumineiudyg unmadsdygnuieliionsudaiou 3
msudafotivzuansaduli LED usvdudenioulnggunsaiusassussiiniadensetusi

¢ o A o -
WoinYed Arduino Uno R3 Aaasdlugui 3.6

e R T -———

d ar ar
U 3.6 NITMAIUARQ I

2



waNNSIUYINIATUAINM

L.

n9Yiauves Flow chart Ao legunsaimasudgauiuArteyaluguuuy

]
dygraliawaingunsainededyyiauds  deyadildfuunfezgndadeluds
lulaseeulnsalass Arduino Uno R3 iitevinmsuseananauavdsteyaludweuanska LCD
YU 16x2 iileuaninatoyaillaiuan nntugunsaimadedyguszdideyaluguuuy
ﬁsuzmm‘l%’awuﬁamuqnmsui’r’qLﬁaumé’aqﬂnstﬁma%’uﬂ’mmmﬁnﬂ%wﬁa Taen1suas

a ' - @ -
\Woussuanamasenmmvaaniv LED wavdudeusiou duanslugui 3.7

o & e 5 § v
JUM 3.7 Flow.chart wameiunaun1siniuesssuigdnsaiulunoy

3.2 N1590NWUUYDNALIS

ludusasgonduaslafinseanuuuntinvsuanina LCD Iaeegunsniiusienis

ik f v a I -
LATEINU LLﬂ3Q‘l.lﬂ1muq‘uﬂau'lun']'isulﬂiaaﬂuﬂ\?u

1. Espresso 3781 50 UM
2. America-no 3181 50 um
3. Cappuccino 31A1 50 UM
4. Latte 7101 45 um
5. Mocha 911 45 um
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v - fos o 4
3.2.1 'VI'LI"ﬁ'.IiJu.ﬂﬂ\!Nﬂ%‘lQUﬂﬁmﬁUi‘THﬂ'l'itﬁ'iﬂﬂﬂ&l
dlediaipiesarusngleonnu ORDER DRINKS SYSTEM WITH NOTIFICATION
DEVICE

ORDER DRINKS SYSTEM

WITH NOTIFICATION DEVICES

o » a w o
g'tj‘in 3.8 N152ONLUULAAIYDANULIHAUNTIININIUVBITE UL

oL UTINTBF N SYSTEM READY... inouamalfuirszuunionldinu

SYSTEM READY...

A e 2/
sUR 3.9 mseonuvudanstanaTzyUnIan iy

wimdnueanasyianuasdl 3 uiyliidense LLORDER; 2.QUEUE, 3PAY

SELECT YOUR MENU
1.0RDER

2.QUEUE
3 PAY

gﬂﬁ 3.10 NNT9DNLUUNUMEDATSHAY

dleideniuyf 1.ORDER avlddmivdunaiesnu lnenaduavmudiduiiyiiasd

Wi e Quantity WiteusnduauwiINavds 9anune ENTER iRedudiunmids

YOUR ORDER
Menu:__ Quantity: _ _

Add [ +] End [ ENT ]

o 2 IR G |
EU“ 3.11 NMS92NLUUNUINITAIATDINY
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ioBudumsdiudlsvuuarasavaeumyesesRuidednasavil lnsuanteny
o - o - & w v v v o v o A& w ] v
Snnuidiligdness fuuygnieenusisinisudiliing ENTER iiveBudu usmligndesli

ne Home tivanduluimtinvdnuesnisyiau

Espresso
America-no

Cappuccino

=N =

Latte

< [ (e ad . =i
gﬂ'ﬂ 312 ﬂ’l‘SE]aﬂLLU‘Uuﬂﬂﬂiﬂﬂﬁb‘tgﬂﬂhdﬂﬁﬁﬁLﬂi@ﬁﬂllkmd‘lﬂ i R q

OK[ ENT ]
NO [ SET ]

< = o Gl \ GJ ~ o . w @
JUT 3.13-M3pBnuuuuaR e duAlunTEnAToMIMYT 5 uaFdTENT fu SET

Weluduinasuassuvisainvigdinypeaeldlunisiuieiods nioums
a 13 a = v P [l
uAReA uURUIFD I wavUIINgUeAIl [ENT] TO-SEND CODE \weddsauay

Pruuduludgunsaitando

Send code [ENT]

g‘dﬁ 3.14 nseanuuuldany Code, Queue, Total

ilenm ENTER wérasusingtienu Send code to notification device NUMBER

- ' £ W ol v L
wolildmnsavgunsaludadiouiideimsdaaya uiina ENTER
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SENT TO
NOTIFICATION DEVICE

Number: __

ol L | - s 2 &
EUW 3.15 ﬂ']'iaaﬂLL‘U‘ULLﬁﬂQWﬂJ'\E‘Lﬁ?]q%]ﬂiﬂiu%%mﬂumﬁqmaﬁﬂ'ﬁl.ﬁ]ﬂl,@ﬂu

Usingtemanu SENT TO NOTIFICATION DEVICE SUCCEED wamiingunsalsy
ensiesesnnldddeyalufmunsaludafoudiiuds uarssuvasndudngnimaniag

oALULR

SENT TO
NOTIFICATION DEVICE

SUCCEED

o [ if [ a ¢ v ‘= = 2 v
UM 3.16 niseanuutdaianMuitdsdyauut adouluSigunsaindaoulisuioeud

SELECT YOUR MENU

1.0RDER
2.QUEUE

2 PAY

d L Qr o
E‘Uﬂ 3.17 ' ANF9anNLUuHUIaNNISYIIETUY
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7U#1 A.1 mwaeasaUnseinndsdeyyn

mngﬂﬁ A1 anasmadsdygradunsal fed vasalilasreulnsaiaes
Arduino Mega 2560-R3, Battery, 9auaning LCD wue 20x4, June uavgunseiiu-de
dynlfane nrE24L01 Famsdensonssliseaaden fatelu
i 1 \Fausie Battery 6V fuvoinlilasproulnsaiaes Arduino Mega 2560 R3
gl 2 ieuseaunssian Pin 12C fUTaudndua LCD vLm 20x4 ot

Pin 1 91 Gndwafit Pin 1 91 Gnd U84 LCD

Pin 2 MusadulEne Ve (+4:5V/+55V) davisu seffu-Pin 2 Ve 194 LCD

Pin 3 inlusanunasUsUsEaAuLsWUlA ARt Pin 3 VEE 999 LCD

Pin 4 #9fiu Pin 4 RS %38 Register 4849 LCD

Pin 5 si@iu Pin 5 RW %38 Read not Write 984 LCD

Pin 6 #8fiu Pin 6 EN %38 Enable w84 LCD

Pin 7 sleffu Pin 7 (DBO v3® Data Bit 0) ve3 LCD @elaflalday

Pin 8 sierfu Pin 8 (DB1 w38 Data Bit 1) ves LCD #alailildau

Pin 9 #lafiu Pin 9 (DB2 w38 Data Bit 2) ve4 LCD Felailéldau

Pin 10 #iefu Pin 10 (DB3 e Data Bit 3) ves LCD dslailéldanu

Pin 11 #@nu Pin 11 (DB4 w58 Data Bit 4) Y94 LCD
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Pin 12 siafiu Pin 12 (DBS %38 Data Bit 5) w83 LCD

Pin 13 siafiu Pin 13 (DB6 %5o Data Bit 6) 184 LCD

Pin 14 siaru Pin 14 (DB7 %30 Data Bit 7) 984 LCD

Pin 15 LED+ (fuw Vee d3U LED backlight @iak1u +5V Wy Jumper

Pin 16 LED- 1¥uw Gnd d w3y LED backlight Aueulln-Ua
dauil 3 [Weusegunsalan Pin 12C fuvesalulasaoulnsaiass Arduino Mega 2560 R3
Toy

Pin Gnd #iariu Gnd 83 Arduino Mega 2560 R3

Pin Vcc +5V (+4.5 +5.5) siafiu. Vec+5V. 184 Arduino Mega 2560 R3

Pin SDA serial data 98¢ 12C #aiu Pin 20 SDA%@Y Arduino Mega 2560 R3

Pin SCL serfalclock w84 12C #iafiu Pin 21 SCL-v99 Arduine Mega 2560 R3
il 4 WeurelinaiuUasalulasepulnsalass Arduino Mega 2560 R3

Pin‘Lasuna #efiu Pin 22 9849 Arduino Mega 2560-R3

Pin'2 v03Uun® Fi8tu Pin 24 984 Arduino Mega-2560 R3

Pin 3 vesluna e Pin 26 Y84 Arduino Mega 2560 R3

Pin<4 vaatlune fBfiu Pin'28 14 Arduino Mega 2560 R3

Pin 5 vasjuna dianu Pin 30 ¥83 Arduino Mega 2560 R3

Pin.6 vastunn #iany Pin 32 ¥4 Arduino Mega 2560.R3

Pin 7 yoeyinn viefiu-Pin 34 wo¢ Arduino Mega2560 R3

Pin 8 o atluna #WONU Rin 36 ¥e1 Arduing Mega 2560)R3
dit 5 Feusialdina. nRF24L01 Auvedalilaseaulnsatans Arduino Mega 2560 R3

Pin 1'Gnd @®fiv.Gnd 184 Arduino-Mega 2560 R3

Pin 2 Vcc'3.3V mafiu.Vee 3.3V 983 Arduino Mega 2560.R3

Pin 3 CE iU Rin“10 189 Arduino Mega 2560 R3

Pin 4 CSN #iafiu Pin 9 989-Arduino Mega-2560 R3

Pin 5 SCK siafiu Pin 52 SCK v84 Arduino Mega 2560 R3

Pin 6 MOSI #iaffu Pin 51 MOSI 984 Arduino Mega 2560 R3

Pin 7 MISO #iafiu Pin 50 MISO v84 Arduino Mega 2560 R3
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NNt 7.3 2smesudygyailgunsal il vedalulasreulnsaians
Arduino Uno R3, Battery, asuanna LCD u1n 16x2, gunsalfu-dedgygraliany
NRF24L01, waeelu LED, d1lwa Sensideusessasiisneanden demeluil
dwil 1 Wousie Battery 6V Auuasalulasroulnsaiaes Arduino Mega 2560 R3
dwit 2 Wousiogunsaian Pin 12C U Sauansna LCD vum 16x2 Tay

Pin 1 91 Gnd #®fiu Pin 1 971 Gnd ¥83 LCD

Pin 2 wusafliiAs Vee (+4.5V +5.5V) dwiu dleffu Pin 2 Ve 993 LCD

Pin 3 Ulusefiunasuiuseauuswuld sefu Pin 3 VEE w83 LCD

Pin 4 siaffu Pin 4 RS w38 Register ¥83.LCD

Pin 5 fiafiu Pin 5RW-38 Read not Write ¥89-LCD

Pin 6 siafu'Pin 6 EN 39 Enable 189/L.CD

Pin 7 #afU Pin 7 (DBO-w30/Data Bit 0} 44 LCD-Fetillaldan

Pin/8 Martu Pin 8 (DB1 w3a Data Bit 1) wes LCD Felailaldn

Pin'9 sartu Pin 9 (DB2 wia Data Bit 2) 181 LCD-ddlilaldan

Pin 10 #iofu Pin 10 (DB3 #¥8 Data Bit 3) 9031 1L.CD #alalteflgiany

Pinct1 siafy Pin 11 (DB4'W39 Data Bit 4) 484 LCD

Pin 12 #iafiu/Pin' 12 (DB5\w3a Data Bit 5) 1@ LCD

Pin.13 #iafyPin 13(DB6 %38 Data Bit 6) 484 LCD

Pin 14 defl Pin 14 (DBT w38 Data Bit 7) U194 LCD

Pin 15LED+ (Ut Vee d&miy LED backiisht AioniA5V sy Jumper

Pin, 16 LED-+Uuw1 Gnd dwidy LED backlight Aaumuiln-Ua
il 3 [eusogUnstian Pin 12¢ Auteialklasaeulnsaiass Afdliné Uno R3 Tag

Pin Gnd #igfu Gnd @83 Arduino Mega 2560-R3

Pin Vce +5V (+8.5%5.5) wiofu Vec +5V 1849 Arduinodno R3

Pin SDA serial data %84 12€-@afil Pin Ad-SDA 84 Uno R3

Pin SCL serial clock 84 12C siafiu Pin A5 SCL 984 Arduino Uno R3
dwil 4 Feusialuga nRF24L01 Auuedalilasreulnsaiass Arduino Uno R3

Pin 1 Gnd #iafiu Gnd ¥4 Arduino Uno R3

Pin 2 Vcc 3.3V siafiu Vee 3.3V 994 Arduino Uno R3

Pin 3 CE #iafiu Pin 10 984 Arduino Uno R3

Pin 4 CSN #iafiu Pin 9 84 Arduino Uno R3

Pin 5 SCK #afiu Pin 13 SCK ¥849 Arduino Uno R3

Pin 6 MOSI #iafiu Pin 11 MOSI %849 Arduino Uno R3
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Pin 7 MISO #iafiu Pin 12 MISO 483 Arduino Uno R3
il 5 Wousonasnln LED fuvesalilasreulnsaiass Arduino Uno R3
Pin Gnd #91iu Gnd %84 Arduino Uno R3
Pin Vcc #9fiu Pin 5 4849 Arduino Uno R3
dwil 6 Weusdedinefuvesalulasreulnsaiaas Arduino Uno R3
Pin Gnd #@fiu Gnd ¥84 Arduino Uno R3

Pin Vcc @y Pin 7 984 Arduino Uno R3

wHunwaUnsalnasudayn

[ R T e

JUiA.4 wrunamaUnselanasudan e

123




NS
\§

=8
2 Sy —
¢\§ .

- on®an,

DEAVIYUNS ¥28282¢)
Y \\/ - :
SRR W“ w
AANANAS
A TAN qu -

ienanstiduenasfianulidmsumsldnuiondfituitu lisygalihlldusslasddunism

hinnsallanvisdu Snihudlidnudasien wazdaenddiadvesenaisynasaninisialls



lulasaaulnsatassd Arduino Mega 2560 R3

Arduino MEGA 2560 [0)

. 853
CRUNNICATEN

Product Overview

The Arduino _Mega 2560 'is' a mictocontrailer board’ based, on the ATmega2560
(datasheel) It has 54 chgital inputioutput pins {of which 14 can be used as PWM outputs),
16 analog inputs, 4 UARTs (hardware senal poris), .a 16 MHz crystal osdillator, a USB
connection, a power jack, an ICSP| header, and a reset bution. It containg everything
needed to support the microcontrofier, simply connect it 10'a computer with a USB cable or
power it with-a AC-t0-DC adapter or battery to get-started. The Mega’ is/compatible with
most shieids designed for the Arduina Duemilanove or Diecimila.

Technical

Specifications rage s
How to use Arduino " Page 6
s 1 i
A ‘e " Gl 1 : i ", v’/"’f;‘:‘ : . -
g by 8
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Technical Specification
EAGLE files arguno-mega2560-reference-design.zip Schematic arduno-mega2560-schematic.pdf

Microcontroller ATmega2560
Operating Voitage 5V
Input Voltage (recommended) 7-12v
Input Voltage (limits) 6-20V
Digital VO Pins 54 (of which 14 provide PWM output)
Analog input Pins 16
DC Current per I/O Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 256 KB of which.8 KB used by bootioader
SRAM 8 KB
EEPROM 4 KB
Clock Speed 16 MHz
the board
Power
120 | Led
e
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The Arduina Mega2560 can be powered via the USB connection or with an external power supply. The power source is
selected avtomatically, External (non-USB) power can come either from an AC-to-DC adapter (wali-wart) or batiery 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 Mega2560 difers from all preceding boards in that it does not use the FTDI USB-to-senal driver chip. Instead, it
features the AimegaBU2 programmed as a USB-to-serial converter.

The power pins are as follows

*  VIN. The input voitage to the Ardunc board when it's using an external power scurce (as opposed 1o 5 volts
from the USB connection or other regulated power'source) You can supply voltage through this pin, or,
supplying vollage via the power [ack, access 1t through thes pin

*  5V. The regulated powet susply used lo power the macroconiroler and other components on the board. This
can come either from VIN via an on-board regulator or be supphed by UWEB ‘or another requiated 5V supply.

*  IVI A 33 voltsupply generaled by the arboard megulator, Maximum current draw is 50 mA,

* GND. Grourd pms

The ATmaga2560 has 256 KB of fissh mematy for sioring code (of which 8 KB is-used for the bootisader), B KB of
SRAM ang 4 KB of EEPROM (which.can be tesd and witten with-the EEPROM s,

L PR ARG TENEWNEENA L0 T

Each of the 54 degial-pinson the Mega can ‘be used @s an Inpt of oUtpUY Lsing. spcdet). digampivrte() and
digitaliRgad() functions They operale al § vals Each pin can providé or receive a maximum of 40 mA and has an
interrial puliup resistor (distonnected by default) of 20-50 KOhms. I8 addition, 'soma pirs have specsalized functions:

*  Seriak 0 (RX) and 1 (TX); Serial 1: 18 (RX) and 18 {TX}; Serial 2: 17 (RX) and 16 (TX); Serial 3: 15 (RX) and
14 [TX). Used to recave (RX) and transmit (TX) TTL seral dita Pins 0 and 1 are aiso conpected to the
corresponding pins of the ATmegaBuU2 USBE-1o-TTL Serial chip

*  External Interrupts. 2 (interrupt 0}, 3 {interrupt 1), 18 {interrupt 5}, 19 (interrupt 4), 20 (interrupt 3), and 21
(Interrupt 2). These pins.can be confgured 10 trigger an interrupt on-a low value, a riging of falling edge, or a
changs in value. Ses the aftashinteraaptl) function for detass.

*  PWWM: 0o 13. Provide B-bit PWM puthut with the anslgg¥niel Junciion

* SPI; 50 (MISO), 51 (MOSI), 52 (SCK), 83 [88), These mns support SPI communicaton, which, although
provided by the underying harthware, i not currently ingluded i the Arduino language The SPI pins are also
broken out on Ine ICSP header, which is physically compaldle with the Duemilanove #nd Diecimila

* LED: 13 There is.8 bult-in LED 'gannecied o digital pifi 13. When the pira HIGH value. the LED is on, when
the pen is LQWIit's Off

* I'C: 20 (SDA}).and. 21 (SCL).cSupport FC (TWI) communicatlion Using the Wi Bbrary (documentation on the
Wiring website) Nate that these ping are ngt in the samefecation as the “C pirs on the Duemilanove

The Mega2560 has 16 analog inputs;.each ofwhich provide 10.bits 'of regoftion (e 1024 different values). By default
they measure from ground to § voits, thoughis.it.possible 10 changethe upper end of therr range using the AREF pin and
analogReference() function

There are a couple of other pins on the board

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

The Arduino Mega2560 has a number of faciiities for communicating with a computer, another Arduino, or
other microcontroliers. The ATmega2560 provides four hardware UARTSs for TTL (5V) senial communication
An ATmegaBU2 on the board channels one of these over USB and provides a virtual com port to software on
the computer (Windows machines will need a inf file, but OSX and Linux machines will recognize the board
as a COM port automatically The Arduino software includes a serial monitor which aliows simple textual
data to be sent to and from the board The RX and TX LEDs on the board will flash when data is being
transmitted via the ATmegaBU2 chip and USB connection to the computer (but not for senal communication
onpins 0 and 1)

A SoftwareSenal ibmary allows for serial communication on any of the Mega's digital pins

The ATmega2560 also supports 12C (TWI) and SPI communication. The Arduino software Includes a Wire
library to simpiify use of the 12C bus, see the documentation on the Wiring website for details. To use the SPI
communicabion, please see the ATmega2560 datashee!

SR A R e e TN . T T

The Arduino Mega2560 can be programmed with the Arguino software(diwnioad) For details, see the
reference and Witonsls.

The Atmega2860 on the Arduino Mega comes preburied with ‘& bootioader thal aliows you o upload new
code 10 1t withoit the use of an extérnal hardwarg programmer, | communicates using the onginal STKS00
protocol (refamnce. C hesds? filis ).

You can also bypass e bootioader and program the miCrosontroller through-the ICSP. (In-Circut Senal
Programming) header, see inagenstiuctung for details
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Automatic (Software) Reset

Rather then requinng a physical press of the reset bution before an upload, the Arduino Mega2560 is
designed in a way that aliows it to be reset by software running on a connected computer One of the
hardware flow control lines (DTR) of the ATmegaBU2 s connected to the reset ine of the ATmega2560 via a
100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops iong enough to reset the
chip. The Arduino software uses this capability to allow you to upioad code by simply pressing the upicad
button in the Arduno environment This means that the boolicader can have a shorer tmeoul, as the
lowenng of DTR can be well-coordinated with the start of the upiocad

This setup has other impiications. When the Mega2560 is connected 1o either a computer running Mac 0OS X
or Linux, 1 resets each me a connection is made to it from software (via USB). For the following half-second
or so, the booticader is running on the Mega2560. While it is programmed to ignore malformed data (ie.
anything besides an upload of new code), it will intercept the first few bytes of data sent 1o the board after a
connection is opened. If a skeich 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 Mega contains a trace that can'be cut o disable the auto-reset. The pads on either side of the trace can
be soidered togeiher 10 re-enable it It's labeled "RESET-EN" You may'aisoibe able to disable the auto-reset
by connecting a 110 ghm#es:stor from SV 10 the rese! line, see this forum Mwga for details

uSB Uvercurrent Protection

The Arduing Mega has a resetiable poiyfuse thal profects your compuler's USB ports from shorts and
overcurrent Although most computers provice their own termnal protection, the-fuse provides an extra layer
of protection.if mona than 500 mA is appiied 1o the USB port the fuse will automatically break the connection
until the short or overpad s removed,

haracleristics and Shield Compatibility

Physical L

The maxmum length and wigh of the Mega PCEB are 4 and 2.1 inches respectively, with the USB connector
and power sack extending beyond the iomer omension. Three scfew holes aliow the board to be attached 1o
a surface orcase Notethat the distance Detween dgita! pins 7 and B 5/160 MED 16°), not an even multiple
of the 100 mil spacing of (he other pins,

The Mega s designed 10 be compatible with most shieids desgned for the Diecmila of Duemdanove Digital
pins 0 1o 13 {and the adjacent AREF ard GND pins), analog inputs 010/ 5, the power header, and ICSP
header are all in.equivalent locations Fufther the main UART (senal port) is/located.on the same pins (0 and
1). as are external mterrupts U and 1 {pins 2 and 3 respectively) 'SPl s avalable throughthe ICSP header on
both the Maga and Duemianave [ Diecimida Please note that I°C is not located on the same pins on the
Mega (20 and 21) as the Duemitanove / Diecimila (analog inputs 4 and 5).
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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 Arduing programming language (based on Winng) 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 Arguing sile for the latest instructions. http /arduino cc/en/Guide/HomePage

Linux Install Windows Install Mac install

Once you have downicaded'unzipped the arduino IDE. you can  Plug the Arduing 1o your PC via USB cable

Now you're actually ready 10 "bumn” your
first program on the afduino board “To
select "biink led’, the physical transialion
of the well kfown programiming “hello
world”, selegt

File>Sketchbook>
Arduino-0017>Examples>
Digital>Blink

Onca you have your skecth you'il
see somathing very ciosa 0 the
screenshotion the right.

In Tools>Board select MEGA

Now you have to go'to
Tools>SerialPort

and select the right senal o, the
one arduino 15 attached o
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lulasaaulnsataas Arduino Uno R3

Arduino UNO

MADE

Product Overview

The Amiuing: Uno i & mictecontroler board based on - the ATmegad2d (dsteshasl) U has 14 digital
inputfoutput-pints (of which 6 can beused ag PYWM nutpuls), 6 analog mputs, @ 16 MHZ crystal oscillator, a
USB cannection, a‘power jack, an ICSP headet, and g teset bution Il comaing evenything needed to
suppart the microcontroligr; simply conract i 10 8 computer with 3 USH cable or power 1 with & AC-10-DC
adapter or baltery 1o gel started The Unpo dtfers from all preceting boards  that it does not use the FTDI
USB-to-senial drver Chip, Inglbaq, It features the AtmegaBU2 programmed s a USB-to-senal converter

“Uno™ means one in ltallanand s named o mark the upcoming release of Arduino 1.0 The Ung and version
1.0 will ba the reéference versions of Andlino. moving forward: The Liro is tha latest in @ series of USB
Arduino boards, and the reference-madal for the Asduing platformy for & comparison with pfevious versions,
see the ngex, OLACGING boards

Technical

Specifications Page 2
How to‘usg‘ Arduipg)m ks Page 6
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Technical Specification

EAGLE fm8  Sluiio dusmasnoee «lio- GEgn. 49 SChomate ardulio: wiik-SChEmet. sd

Summar
Microcontrofier ATmega328
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20v
Digital /O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per /O Pin 40 mA
OC Current for 3 3V Pin 50 mA
: 32 KB of which 0 5 KB used b
Flash Memory booBoadias y
SRAM 2KB
EEPROM 1 KB
Clock Speed 16 MHz
the board

LR TR
WNG S

]
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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

External (non-USB) power can come either 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 oparate on an external supply of 6 to 20 volts. If supphed with less than 7V, however, the 5V
pin may supply less than five volits 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

*  VIN. The input voitage 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 vollage via the power jack, access it through this pin

*  5V. The requlated power supply Used 1o power the microcontroller and other components on the
board. This can come eithar from VIN via an on-board-reguletar, or be supplied by USB or another
regulsted 5V supply

*  IVI A 33 voltsupply generated by the onboard reguistor. Maarmiam turrent draw is 50 mA

*  GND. Ground pins

The Atmagad28 has 32 KB of flash meniory for stonng coda. (of which 05 KB 15 Used for the bootioader), It
has also 2 KB of SRAM and 1 KB of EEPROM (which con be tead and written with the EEPROM library)

Each tf the 14 digital pins an e Uno can b used as an vipatos cutpet, Leing wiobiege(), digitalyVnie, and
digitalRpadt} functions: They aperate at 5 voits, Each pin can provide or raceive & maximum of 40 mA and
has 8n inlemal pull-up resston (discannected by detault) of 20-50 kOnms] In addibon, soma pins have
specialized funclions

*  Serlal 0 (RX) and 1 (TX). Used to reosive (RX) and transmit (TX) TTL senal dafe. T These pins are
conpected 1o e corfasponding pins of the ATmegalil)2 USB-to-TTL Sefal chip

*+  Extarnal Interrupts: 2. and 3. Thesa pins can be cobfigured O trigges Bn Intermpt on & low value, a
rising or faling edge, ora change m value, See te gilschiniemul(l function for detadls,

* PWM: 3 5.6, 9, 10, and 11, Prowde 8-bit PWM outpat with the ansogWrite() function,

*  SPI 10°(88), 11 (MOSI), 12 (MISBO), 13 (SCK). These pins support SPI sommunication, which,
although provided by the underying hardware. (s nof cutrently included in the Arduino language

*  LED: 13. There s built-in LED connacted to ddial pin 13 When the pin is HIGH value, the LED is
on, whentha pin w LOW, it's off
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The Uno has 6 analog inputs, each of which provide 10 bits of resolution (iLe. 1024 different values) By
5 wvoits, though is it possible to change the upper end of their range
the analogReferance() functon Aoditionally, some pins have specalzed
* FPC: 4 (SDA) and 5 (SCL). Support I'C (TWI) communication using the Wire ibrary.
There are a couple of other pins on the board

AREF. Reference voitage for the analog nputs. Used with analogReference().
Reset. Brng this line LOW to reset the microcontrolier. Typicaily used to add a reset bution to
shieids which bilock the one on the board

See also the mapping between Arduing pins and Aimegal2i pors

Communication

The Arduino Uno has anumber of faciities for communicaing with a computer, another Arduino, or other
microcontrollers. The ATmegal2s prayides UART| TTL (5] senal-communication which is available on
digital pins 0 (RX)and 1 (TX). An ATmegaBU2 on the board efianne’s this senal communication over USB
and appears as a virtual com poft to-software on the computer. The “8U2 firmware uses the standard USB
COM drivers, and no external griver s needed. However, on Windows,an *inf file is reguired

The Arduino software includes a sefial monitor which allows simpie textual data to be sentto and from the
Arduino board The RX and TX LEDs on'the toard wil lash.when data is being iransmitted via the USS-to-
senal chip and USE connecton 1o the computer (but nat forsarial communicationon pmns 0 and 1)

A SofwareSenal ifrary aflows for senal communication on any of the Ung's digital pins.

The ATmegal2t asiso support 12C (TWI) and SPt communicaton:. The Arduma software ingluges a Wire
library to samplify use of tne 2C bus. ses the gociamentafion for detai's (To use the SPl communication,
piease see ine ATmegalls datashes!

The Amiuino Uno can, be programmed wiln| the- Arduing - software [(Gawnigad) Seed “Arduinc Uno w/

ATmegad2s” fram the Tools > Board menu (actording i the microcantroller on your board) For details,
see the MiAEENCE and Wiodals

The ATmegad28 on the Ardwno Lino comes prebumed with a bodlicades that allows you 1o upioad new code
o it without the use 4f an external haroware programmer. fi communicates using the onginal STK500
protocol (refarence. C Neaner fles)

You can aisc bypass, the, bodligader_and program the, microcontroller through the ICSP (in-Circult Senal
Programming) header. see thgse iNsiictions for details.

The ATmegaBU2 firmware source code 'S avadable. . The ATmegaBUZ is loaded with a DFU booticader,
which can be activated by connecting the solder jumperon #18 back of the board (near the map of italy) and
then resefting the BUZ. You can then use Almels 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
(overwnting the DFU booticader)
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ftware] Reset

Rather than requinng a physical press of the reset button before an upload, the Arduing Uno is designed in a
way that aliows il to be reset by software running on a connected computer. One of the hardware flow control
fines (DTR) of the ATmega8U2 is connected to the reset line of the ATmega328 via a 100 nanofarad
capacitor. When this line 1s asserted (taken iow) the reset ine drops long enough to reset the chip. The
Arduino software uses this capability 1o aliow you 10 upioad code by simply pressing the upload button in the
Arduino environment. This means that the booticader can have a shorter tmecut, as the lowering of DTR
can be weli-coordinated with the start of the upload

This setup has other impiications. When the Uno is connected to ether a computer running Mac OS X or
Linux, 1 resets each tme a connection is made 10 it from software (via USB). For the following half-second or
0, the booticader 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 wails a second after opening the
connection and before sending this data

The Uno contains a trace thal can becut fo disable the auto-resel. The pads on ether side of the trace can
be soidered together to re-enablé it It's labeled "RESET-EN". You mayaisobe able to disable the auto-reset
by connecting a 110 abm resistor from. 5V 10 the reset finle; see s forum Segan for details

USB Overcurrent Protection

The Arduing Uno has a resetiable polyfuse that protects. your compuder's USB ports. from shorts and
overcurrent Although Most compulers provide e own Wilermal protection. the Tise prowdes an extra layer
of protection If more thas. 500 mA is apphed o the USB pan, e use wili automatcally break the connecton
until the Short or overioad 18 resmoved.

Physical Characteristics

The maxmium lengin and waotn of the Uino PCB ame 2.7 and 2.1 inchies respectively, with the USB connector
and power sack extending beyord the former demension. Three screw Hojes afliow the board to be attached to
a surfate or casa Note Thal the distanca between dgital pins 7 and B s 160 m (0,18°] not an even muttipie
of the 100 mil spacing of the other pins
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How to use Arduino [e0)

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controliing lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduing programming language (based on Wirng) 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 Arduing sile for the latest instructions.  hitp./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 10 “bum™ your [ P
first program on the arduino board-To Py A Pt gt
select "blink led”, the physical translalion {
of the well known programming “hallo
world”, select

File>Sketchbook>
Arduino-0017>Examples>
Digital>Blink

Once you have your skecth you'll
see something very close lo the
screenshot on the right

in Tools>Board select '

Now you have to go lo
Tools>SerialPort

and select the ngh! senal port, the
one arduino is attached 1o
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Wireless Transceiver Module nRF24L01

nRF24L01+ Product Specification

. SEMICONDUCTOR

1 Introduction

The nRF24L01+ is a single chip 2 4GHz transceiver with an embedded baseband protocol engine
(Enhanced ShockBurst™ ), sudable for ultra low power wireless applications. The nRF24L01+ is designed
for operation in the world wide 1SM frequency band at 2 400 - 2 4835GHz.

To design a radio system with the nRF24L01+, you simply need an MCU (microcontrolier) and a few exter-
nal passive components

You can operate and configure the.nRF24L01+ through.a Serial Peripheral interface (SP1). The register
map, which is accessible through 1he SPI, contains all configurabion régisters in the nRF24L01+ and is
accessible in all operation modes of the chip

The embedded baseband protocol.engme (Enhanced ShockBurst™)is based on packet communication
and supports varioys modes from-manual pperation 1o advantced awtonomous protoeo! operation. Internal
FIFOs ensure @ smooth-dala fiow between the radiv front end-and the-system's MCU Enhanced Shock-
Burst™ redutes system cost by handling all the high spead link layes.cperations.

The radio front end uses. GFSK medulation f has user configuradle parameters like frequency channel,
output power andair data rate. NRF24L07+ supports an-airdata rate of 250 kbps. Y'Mbps and 2Mbps. The
high air data rate combined with two puwer saving modes make the NRE24L01+ very suttable for ultra low
power designs,

nRF24L01+w drop~n compabible with nRF24L01 and on-air combetible wih nRF2401A. nRF2402.
nRF24E7 and nRF24E2 Intermodulation and wideband blocking valoas i nRF24L01+ are much
improved in-comparison 1o Ihe ARF24L01 and the additon of internal fitering to nRF24L01+ has improved
the margns for meeting RF requiatory standaros.

Internal voltage reguiators ensure a)high Power Supply Rejecfion Rato (PSRR) and a wide power supply
range.
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. NORDIC nRF24L01+ Product Specification

Features

Features of the nRF24L01+ include

*  Radio
» Worldwide 2 4GHz ISM band operation
» Common RX and TX intarface
» GFSK modulation
» 250kbps. 1 and 2Mbps air data rate
» TMHz non-overiapping channel spacing at 1Mbps
» 2MHz non-overiapping channel spacing at 2Mbps
«  Transmitter
+ Programmable cutpul. power 0, -6, -12 or -18dBmY
» 11.3mA at 0dB8moliput power
+  Recewver
» Fast AGCor improved dynamic range
» Integrated channes fiters
» 13 5mA at 2Mbps.
» AB24Bm sensitvity at-2Mbps
» B5dBrm sensitvty al- {Mbps
» -84dBm sensitivty at 250kbas
*  RF Synthestzer
» Fully imegrated synthesizes
-mwmwvmmuﬁmwmm
mmwmsmm
=110 32 bytes dynanic paylaad lengih

. valage
e 5.0 3 6V muppiy fange
.mmmwm«ﬂmuwwwﬂmm
» 26uA Standby- mode, S00nA power down made
o Max 1.5ms stan-up Fom powes down mogde
.M-U:!&um-«mme
«  Host intedace
» 4-pint hargware SP)
Max 10Mbps.
» 3 separate 32 bytles TX apd RXFIFOs
» 5V tolerant inplts,
+  Compact 20-pin 4xdmm OFN package
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nRF24L01+ Product Specification NORDIC

12 Block diagram

RF Transmittor Baseband

» - - : * CSN
™ aras THFFOn -
oa - - -

v P Mo e ol B * SCK
e * MISO
o MOSI
e IRQ
¢« CE

Figura 1. aRF 24001 tigek diagram
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& nRF24L01+
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|« } . ANT
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Frgure 2 nRF24L01+ pin asssgnment (Top view) for the QFNZ20 4x4 peckage
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22 Pin functions

‘ -

ﬁz .;, -
RS talnput Al
|5  |m%0 SPI Slave Data Output, with tri-state option
: 8 '1RQ Maskable interrupt pin_ Active low

7 | vDD Power Power Supply (+1.9V - +3.6V DC)

8 vss Power Ground (0V]

9 xc2 Analog Output | Crystal Pin 2
.10 x1  Analoginput |Crystal Pin 1

n VDD PA Power Output  Power Supply Output (+1.8V) for the internal

nRF24L01+ Power Amplifier. Must be connected

e =TV 10 ANT1 and ANT2 asshownin Figumd2 =~ |

12 am = JAnenna, e 1 .

13 ANT2 o~ Antenna.i 2 =l
TR 'vss ~ | Power

: ver “‘"G'W""m_'f : o
5 b/ — Bowik ||/, 5“29'7"":7“7-'*35"0‘33 i
16 Fiagr  Anaiog inpit f%&uu,wt Connect a 22k(1 resistor to
Ve g ground-See Figue 32.
A R o (S
18/ voo : = ) y (+A9V - +3

Table 1. aRF 24L01% pin function

140



3  Absolute maximum ratings

Note: Exceeding one or more of the limiting values may cause permanent damage to nRF24L01+

V88 to VDD l VS8 to VDD }

(5]
Total Power Dissipation _ < : ]
PD (TA’BS"C) 60 mw ]
Temperatures : ; !
Operating Temperature b 40 ? +85 ' o -
'Storage Temperature P s —,, W +125 L IR

Tabis 2, Absaluyte maximum ralings

4  Operating conditions

_ he e ; otpe] Mir | il
voD Sumwvoﬁp. o e >3 &V / T\ 2 NI 17 | 3613.3 | V]
TEMP  Qperating Tefpersfure -~ 7 U0 T PR T P |HIR N +88 | °C |

Table 3, Operating conditions

6 Radio Control

Thus chapler describes the nRF24L01+ radio transceiver s oparating modes and the parameters used to
control the radio,

The nRF24L01+ has a built-n state mathng thal controis the transitions between the. chip's operating
modes. The state mactine takes inpul from user defined register values and inteal signals

6.1 Operational Modes

You can configure the nRF24L01+ if pawer down, standby, RX or TX mode. This section describes these
modes in detail

6.1.1 State diagram

The state diagram in Figure 4. shows the operating modes and how they function. There are three types of
distingt states highlighted in the state diagram

* Recommended operating mode: is a recommended stale used during normal operation.
* Possible operating mode: is a possible operating state, but s not used during normal operation.
+ Transition state: is a tme limited state used duning start up of the oscillator and settling of the PLL.

When the VDD reaches 1.9V or higher nRF24L01+ enters the Power on reset state where it remains in
reset until entering the Power Down mode.
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Figura 4 Radho contro! stol diagram
6.1.2  Power Down Mode

In power down mode ARF 24001+ i disabled using mmmme hmghbr valves avail-
able are mantained and tha SP1 s kept active, om&hnqmof figur

loading ©f data registers. FOr Start up imes see
setting the BWE 470 bit in the CONFILG register low.

6.1.3  Standby Modes
6.1.3.1 Standby< mode

By setting the #w=_ UMbl In the CORT 175 register 10 1, the-device &filers starigby-imode. Standby-1 mode (s
used 1o minimize -mmmmmmmmmwmm shori starl.ép times_ In this mode only
part of the crystal oscillator is Bctive "Change to active modes only'Rappens If CE is set high and when cx
is set low, the nRF24L01 retumns to Standby -1 foade from Both the'TX and RX modes
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6132 Standby-I| mode

In standby-Il mode extra clock buffers are active and more current is used compared to standby-1 mode.
nRF24L01+ enters standby-1l mode if CE is held high on a PTX device with an empty TX FIFO._ If a new
packet is uploaded to the TX FIFO, the PLL immediately starts and the packet is transmitted after the nor-
mal PLL setting delay (130us).

Register values are maintained and the SPI can be activated during both standby modes. For start up
times see Table 16. on page 24

6.1.4 RX mode

The RX mode is an active mode where the nRF24L01+ radio 1s used as a receiver. To enter this mode, the
nRF24L01+ must have the PWR_UP bil, PRIM_RX bit and the CE pin set high,

In RX mode the receiver demodulates the signals from the RF channel, constantly presenting the demodu-
lated data to the baseband protocol engine, The baseband pratocol engine constantly searches for a valid
packel If a valid packet is found (by @' matching address and a.walid CRC) the payload of the packet is pre-
sented in a vacant slot inthe RX FIFOs. If tha RX FIFOs are full, the.received packet is discarded.

The nRF24L01+ remains in RX-mode-uriti the MCU/ confiqures it to standby- mode or pawer down mode.
However, if the automatic protocol features {Enhanced ShockBurst ™ yin the baseband protocol engine are
enabled, the nRF24L01+ can enter other modes in order to execute the protocol

In RX mode a Received Power Datector (RPD) signal s available. The RPD is a signal that is set high
when a RF signal higher-than -64-dBm s gelected inside Ihe receiving frequency channel The intemal
RPD signal is filtered before presented to the 2P0 register The RF signal must be present for al least 40us
before the R70 is set igh. How to use the RPD is described in Seetion 8.4 onpage 25

6.1.5 TX mode

The TX mode is an-active mode for transmitting packets. Yo enter this mode, the nRF24L01+ must have
the PWE_UP_bit set high! PRTH X bit set iow, a payload in the TX FIFD and a high pulse on the cE for
more than 10us.

The nRF24L01+ stays in TX mode untl it finishes transmitfing a packet. If CB =0, nRF24L01+ returns to
standby-l mode. If CE = 1, the status of the TX FIFO determines the next action. If the TX FIFO is not
empty the nRF24L01+ remains in TX mode and transmits the next packet. If the TX FIFO.is empty the
nRF24L01+ goesinto standby-ll mode. The nRF24L01+ transmitter PLL dperates in open loop when in TX
mode. It is important never to keep the nRF24L01+ in TX mode for more than 4ms at atime. If the
Enhanced ShockBurst™ features are enabled, nRF24L.07+ s never in TX mode langer than 4ms
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6.1.6 Operational modes configuration
The following table (Table 15 ) describes how to configure the operational modes

0 1 ‘Data in TX FIFOs. Will empty all
‘ levels in TX FIFOs" '
10 Minimum 10ps Data in TX FIFOs Will empty one |
high puise ivel in TX FIFOs” 5

.
!
3

e S L e sodullohont, SRNEEESIEEI
: 4 TX FIFO empty. |
1

RMA: (TS mmmm )

# kel

a nCluMohqh.ITxFIFleemouodmdlquCKmdm:nmnw-
ried out. The transmission continues as long as the TX FIFO is refilled. If the TX FIFO s empty when
the CE = still high, nRF24L01+ enters siandby-itmode. In this mode the transmission of a packet is
mw-mummnwhmﬂnwmd'mnmnro

b This operating mode pifses ™8 CE high for at ieast 10us. ThiSsliows'ane packet to be transmitted
This is the normal Gperiting mode. After the packe! |s ransmitied, thenRF24L01+ enters standby-|
mode

Table 15 nhRF24L01+ map modes
6.1.7 Timing Information
The tming information in-this section relates o mmw mm the timing for the CE

pin. The transison from TX made 1o RX mode or vice versa 8 the same as he transiton from the standby
m;u"rxmduomxmm 130p8), udnmm-n '

*

)

a See Jabie : nmﬁnﬂ ﬂbf .M? ;ﬁm
Tabie 16 Operational timing of NRF24L01+
For nRF24L01+ to.go from power down mede to TX orRX mode #t must first pass throwgh stand-by mode
There must be a delay of Tpd2stby (see Table $8 ) after the nRF24L01»(eaves power down mode before
the CE is set high.

Note: tf'mouwdfhmguhr valuais lost and you must configure nRF24L01+ before enter-
ing the TX or RX modes.
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